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DIVISION DE EDUCACION CONTINUA 
CURSOS ABIERTOS 

ILUMINACION EXTERIOR PRINCIPIOS DISEÑO Y APLICACIONES 
DEL 19 AL 30 DE SEPTIEMBRE DE 1994. 

FECHA 

Lunes 19 

Martes 20 

Miérc.21 

HORARIO 

17:00 a 17:30 hrs. 
17:30 a 18:00 hrs. 
18:00 a 18:45 hrs. 

19:00 a 20:00 hrs. 

20:00 a 21:00 hrs. 

17:00 a 17:30 hrs. 

17:30 a 18:30 hrs. 
18:45 a 19:45 hrs. 

19:45 A 21:00 hrs. 

17:00 a 21:00 hrs. 

Jueves 22 17:00 a 18:45 hrs. 
19:00 a 21:00 hrs. 

Viernes 23 17:00 a 18:45 hrs. 

19:00 a 21:00 hrs. 

Lunes 26 17:00 a 21:00 hrs. 

TEMA PROFESOR 

Apertura Ing. Carlos·García 
Evaluación 
Fuentes de luz Ing. Ernesto Men

doza 
Balastros Ing .Alfredo Badi-

llo · · 

Alumbrado 
Público-Ter
minología 

Ing. Javier Romero 

Principios de Ing. Javier Romero 
Control de la 
Luz 
Fotometría 
Práctica de 
Análisis de In--
formación Fotomé-
trica 
Luminarias para Ing. Carlos ·Gar
alumbrado públi- cía 
co 

Diseño y Cálculo 

Análisis de costos 
Iluminación con Arq.José Amor 
super postes 
Iluminacion de 
pasos a desnivel 

Alumbrado General Ing. Jaime Ga-
de áreas lindo 
Consideraciones 
de proyectores y 
su fotométria 
Cálculo de Ilumina
ción de áreas 

Ing. José Luis 
Bonilla 

Iluminacion de 
áreas deporti
vas, Canchas de 
futbol, basquet 
bol, tenis, alber
cas, etc. 
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-,,Martes 27 

Miérc. 28-

'•"' 

1 Jueves- 29-
"...;., 

Viernes 30 

-HOJA 2-

.. ,17:00 a 21:00 hrs. 

17:06 a 19:~0.hrs._ 

19:15 a 20:~5 hrs. 

20:15 a 21:00 hrs. 

17:00 a 1§:~Q hrs. 

19:00 a 21:00 hrs. 

17:00 a 18:45 hrs. 

18:45 a 19.:00 hrs. 

19:00 a 21:00 ·hrs. 

Iluminación Arqui
tectónica de Exte
riores, Considera
ciones plazas, jar
dines y fachadas, 
ejercicio de aplica
ción 

Instalaciones de 
alumbrado públi
co, postes, bra
zos y anclas, 
transformadores, 
duetos y bases 
Equipo de control 

Arq. Enrique 
Quintero 

Ing. Emilio 
Carranza 

Ing.Alberto 
Souza 

Dispositivos para 
el ahorro de ener 
gía 

Ing. Ernesto 
Mendoza 

Diagnóstico de 
instalaciones de 
alumbrado públi
co para el ahorro 
de energía 
Ejercicio de Apli
cación 

Metodología e Ins
trumentos para me
diciones en campo 
Evaluación 

Mesa Redonda y 
Cal usura 

Ing.Carlos 
García 

lng. Ernesto-. 
Mendoza 

Ing. carlas 
García 

í 'v-•~ 
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EVALUACION DEL PERSONAL DOCENTE 

CURSO:IIuminación Exterior Principios, Diseño ·y Apliacaiones 

FECHA· d S b d 19911 ·Del 19 a 30 e ept1em re e 

CONFERENCISTA DOMINIO USO DE AYUDAS COMUNICACION . PUNTUALIDAD 
' . DEL TEMA AUDIOVISUALES CON EL ASISTENTE 

lng. Carlos García 

lng. Ernesto <Mendoza 

lng. Alfredo Badillo - -

lng. Javier Romero . 

Arq. José Amor 

lng. Jaime Galindo 

lng. José Luis Bonilla • 

Arq. Enrique Quintero 

lng. Emilio Carranza 
. . 

lng. Alberto Souza 

lng. Ernesto Mendoza 

EVALUACION DE LA ENSEÑANZA. 

ORGANIZACION Y DESARROLO DEL CURSO 

GRADO DE PROFUNDIDAD LOGRADO EN EL CURSO 

ACTUALIZACION DEL CURSO 

APLICACION PRACTICA DEL CURSO 

EVALUACION DEL CURSO 

1 CONCEPTO 1 CALIF. 1 

CUMPLIMIENTO DE LOS OBJETIVOS DEL CURSO 

CONTINUIDAD EN LOS TEMAS . 

CALIDAD DEL MATERIAL DIDACTICO UTILIZADO 

.· _'::C ... CJ . · :· :~:: 
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. l.- ¡LE AGRADO .SU ESTANCIA EN LA DIVISION DE EDUCACION CONTINUA/ 

11 Si NO 11 

SI INDICA QUE "NO" DIGA PORQUE. 

2.- MEDIO A-TRAVES DEL CUAL SE ENTERO DEL CURSO: 

PERIODICO FÓLLETO GACETA OTRO 
EXCELSIOR ANUAL UNAM MEDIO 

PERIODICO FOLLETO REVISTAS 
EL UNIVERSAL DEL CURSO TECNICAS 

3.- ¡QUE CAMBIOS SUGERIRlA Al CURSO PARA ME)ORARLOl· 

4.- ¡RECOMENDARlA El CURSO A OTRAIS) PERSONA(S)l 

IGIJI NO 
11 

;,- ¡QUE CURSOS LE SERVIRlA QUE PROGRAMARA LA DIVISION DE EDUCACION CONTINUA. 

6.- OTRAS SUGERENCIAS: 

.. 



... 
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• LIGHT ANO SIGHT_l.=.= • 

l. Definition of Light ' 

a. Light is a part of an energy group called radiant energy. 

b. The Illuminating Engineering Society defines light as 
radiant energy evaluated according to its capacity to 
produce visual sensation. 

e. Light is measured in a uni t called lumen-hours· ( lm-h); the 
symbol is Q . 

(1) Illumination is the result of light falling on a 
surface and is measured in footcandles. 

(2) Luminance (Photometric Brightness) (L) is the luminous 
flux per unit of projected area and unit solid angle 
either leaving a surface at a given point from a .given 
direction or arriving at a given point from a given 
direction. Luminance is also defined as the luminous 
intensity of a surface in a given area of the surface 
as viewed from that direction. 

d. Light can be represented diagrammatically as shown in 
Fig. 1-1. . 

e. Light exhibits properties of wavelength (A) and frequency 
(f). In many applications these characteristics are not 
necessary and light can be represented simply by an arrow 
indicating its direction • 

• f. The velocity of light (e) is approximately 186,000 miles 
per second in air or vacuum. 

IIAGNETIC ,IELD 

Fig. 1-1. Simplified graphic interpretation of electromagnetic 
energy •. Oscillations perpendicular to direction of energy flow. 

1-1 
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g. Scientist1i ___ today-use-two · concepts in explaining the 
~------ --nature of .light. These are the "electromagnetic wave 

theory" and the "quantum theory." The electromagnetic 
theory conceives that luminous bedies emit light in the 
form ef radiant energy, that this energy is transmitted 

2. 

in the form of electremagnetic waves (Fig. 1-1) and that 
these waves act upon the eyescto produce the sensation of 
light. The quantum theo~y conceives that luminous bodies 
emit radiant energy in discrete "bundles," that these are 
ejected in straight lines, and act upon the eyes to produce 
the sensatien of light. The movement of light through spac• 
may be explained best by the electrornagnetic theery. 

The effect ef light en matter (a barrier layer cell light 
meter, fer example) is best explained by the quantum theory. 

Picture of the Radiant Energy Spectrum 

a. In additien te light there are ether ferms of radiant energy 
The entire energy group is called the electremagnetic 
spectrum, er the radiant energy spectrum. See Fig. 1-2. 

b. ~adiant energy travels at a censtant velocity ef approxi
mately 186,000 miles per secend in air or vacuum. 

c. Wavelength represents the distance between the crests of 
adjacent waves. See Fig. 1-1. 

d. Frequency represents the number of waves· (wavelengths) that 
pass a given point in a second. 

e. wavelength is expressed in severa1 units, depending upon 
the part of the spectrum referred to or unit system used; 
i.e., picometers for the short cosmic rays to miles for 
the long power transmission waves. The wavelength of light 
is measured in a unit called nanometers (mn). 

Fig. 1-2. The radiant energy (electromagnetic) spectrum. 

1-2 
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f. Radiant energy is measured in units called watt-hours (Wh) •. 

g. Radiant flux is measured in units called watts (W). Radiant 
flux is also called radiant power. 

J. Visible Light Spectrum r 

a. In 1666, Sir Isaac Newton passed a beam of light through a 
prism and discovered that it contained all colors of the 
rainbow. 

b. 

c. 

Though the colors of the visible spectrum blend continu
ously, each color is arbitrarily divided in bands. See 
Fig. 1-3. 

The primary colors of light according to the Young-Helmholz 
color theory are red, blue and green • 

Fig. 1-J. The visible spectrum; white light is composed of all 
the colors of the rainbow . 

IJ-RAY 1 UI.TttA 
VIOL[T 1 

I.IGHT 

IACT(RICIOAL ' . 
1 

[RTTH[..._l , 
100 . EFFECT \ 

~ .. 00 z 
o .. co ., 
~ 
e 
~ 

40 
> ¡: 

lO • -' 
~ .. 

IN NANO"( T[IIS 

Fig. 1-4. The ultraviolet spectrum. 

4. Ultraviolet Spectrum 

!ICITITIC* O' 
.L&CKLIGHT 

fLUORUC(HT 
lllll(RI&lS 

a. Ultraviolet energy is invisible to the eye • 

1-3 



-. 

'• 

'• 

'o 

'• 

.. 

-

• 

b. Though the sun is a source of the near ultraviolet, man
made sources are available for producing the entire ultra
violet spectrum. 

c. Three effects are produced in this band; these are indi
cated in Fig. 1-4. 

5. Infrared Spectrum 

a. Infrared energy is invisible to the eye. 

b. The sun is a natural source. Generally speaking, incan
descent lamps radiate up to 5,000 nm. The region from 780 
nanometers and up is known as the infrared spectrum. 

J 

100 

10 

i 
1 .. .. 
!! 

= r 

Fig. 1-5. The near infrared spectrum. 

c. Special lamps are available for therapeutic and industrial 
applications of the near infrared region. See Fig. 1-5. 

6. Structure of the Eye 

a. The eye is a fine precision instrument; in many ways it 
can be compared to a camera. 

b. Following is a comparison of the eye and the camera: 

Eye 

Sclera 
Choroid 
Retina 
Iris 
Pupil 
Lid 
Lens , 

Camera 

Covering_or housing 
Middle Lining 
Film 
Diaphragm 
Aperture 
Shutter 
Lens 



c. A description of parts of the eye: 

(1) The sclera is the outer coat or covering: it is tough, 
white and opaque: it holds the eyeball in shape. Toward 
the front it becornes transparent and is here called the 
cornea. 

(2) The choroid is the rniddle lining: it consista of a 
layer of blood vessels, and serves as the nourishing 
and feeding coat of the eyeball. In front it becomes 
the iris: this is a colored diaphragm which serves the 
same purpose as the diaphragm in the camera. It auto
rnatically controla the amount of light which enters the 
eye: for example, by expanding the pupil under low levels 
of light. Tne pupil is the hole in the center of the 
iris and corresponda to the aperture in the shutcer of 
the carnera. 

(3) The Retina and Its Parts. The retina is the inner 
lining: it is the seeing part of the eye and corresponda 
to the film in the camera. It consists of a delicate 
layer of nerve tissue, in which there are nerve fiber 
endings called eones and rods. In addition, there are 
two spots in the retina: one for rnost distinct vision, 
called the fovea or yellow spot: and the other called 
the blind spot, where the optic nerves enter the eyeball. 

(a) eones. There are approximately 7 rnillion eones. 
They are packed most closely in the fovea or yellow 
spot. eones do the seeing in daylight~ They are 
also responsible for seeing colors. Color blindness 
is due to improper functioning of the eones. 

(b) Rods. There are also approximately 135 million 
rods. They fan out and are located all the way frorn 
the fovea or yellow spot to the periphery of the 
retina. They come into predominance during early 
darkness and are used for night vision. They cannot 
detect color. Rods are many times as sensitive to 
blue light as eones at low levels of illumination. 
For this reason blue was ruled out and the red 
light preferred during the war blackouts. 

(4) The aqueous humor is a watery solution between the 
cornea and the iris. 

(5) The lens is suspended and held in place by rnuscles 
irnmediately behind the pupil. It is a flexible, 
rnultiple layer body forrned in the shape of a lens 
and corresponda to the lens in a camera: however, it 
is an autornatic focusing device, whereas in a carnera 
focusing is accomplished by moving the lens. Eye fdcus 
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accomplished with muscles which actually change the 
shape of the lens. The eye is at rest and normal when 
viewing objects at distances of 20 feet or more. At 
close distance, such as work or reading at the usual 14 
inches, the eyes accommodate and converge. Continued 
convergent activity for long periods may result in a 
sense of fatigue. 

(6) The vitreoús humor is found behind the lens and fills 
the remaining space in the eyeball. It is a jellylike 
mass. Its purpose is to work in conjunction with the 
lens to refract or bend light rays into the fovea (or 
near fovea) region for night vision). 

(7) Visual purple is the photochemical substance found in 
rods. Under the action of light it bleaches and 
decomposes into a succession of products. 

OI'TIC fiiUV[ 

~TREOUS ...... 

Fig. 1-6 Cross section of the eye. 

7. How We See 

Let us follow a beam of light. When electromagnetic radiations 
between 380 nm and 780 nm pass through the transparent protec
tive outer layers of the eye, the cornea, they are bent or 
refracted; from the cornea they pass through the aqueous humor' 
and through the pupil. The amount of light coming through is 
controlled automatically by the contraction or expansion of the 
pupil. Light passes through the pupil and through the lens, 
which focuses the rays through the vitreous humor and on to the 
retina. Here the eones and rods come into action. From this 
point on the process is electro-chemical. Pulsations are set 
up and are carried from the eones and rods to the optic nerve, 
which transmit them to the brain·where they are interpreted as 
light, or where they cause the sensation of vision. The brain 
and the eye cooperate in transforming radiant energy into the 4 
sensation of sight. 
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Seeing Characteristics of the Eye 

a. Accommodation refers to the focusing activity of the lens. 

b. Adaptation refers to photochemical changes in the light 
sensitivity in the retina. It is this ability that is 
responsible for the tremendous range {1,000,000 to 1) of 
luminance levels to which it is sensitive. 

o 

\ 1 1 

• ,' 1 • 
t••.UGHT ,' 1 \DAY 

(SCOTOPIC) 1 (PHOTOPIC) 

' 100 CONf 
1 VISIONI VIS ION 

1 1 • 
1 i 

5 
1 

1 1 
1 1 • 

1 1 

3 
1 1 
1 1 1\ 1 1 1 

' 1 1 \ 
1 

' ' '/ '-~0 A20 A60 500 540 .SS0 620 660 700 7A0 

WAVELENGTH IN NANOMfTERS 

' 

Fig. 1-7. Relative spectral sensitivity curves for photopic {cene) 
and scotopic {rod) vision showing the Purkinje Effect on the wave
length of maximum sensitivity. {Values beyond 700 nanometers are 
very low.) 

c. The function of the iris is to control the amount of light 
that enters the eye to a limited degree. This degree of 
control is in the range of 16 to l. 

d. The standard spectral luminous efficiency curve graphically 
indicates the relative ability of the eye to evaluate 
radiant energy at the various wavelengths in the visible 
spectrum. This curve is also called the eye sensitivity 
curve. The eye has maximum sensitivity at 555 nanometers 
which is in the yellow-green portien of the visible spectrum. 
The sensitivity of the eye decreases as the wavelengths get 
shorter or longer. When radiant flux {watts) is weighed 
according to the spectral luminous efficiency curve and 
multiplied by a constant, the result is luminous flux {lumens). 
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e. Purkinje Effe6t. The standard (photopic) eye sensitivity 

curve is based on "cene and rod vision." At very low levels 
of illumination, where the luminances are of the order of 
0.01 to 0.001 footlambert, the eones no longer function and 
the rods take over the entire seeing process. In rod or 
scotopic vision a new sensitivity curve becomes effective, 
of the same shape as the photopic curve, but displaced 50 nm 
toward the blue end of the spectrum. This is called the 
Purkinje Effect. 

f. Visual Field. The normal visual field extends approximately 
180 degrees in the horizontal plane and 130 degrees in the 
vertical plane, 60 degrees above the horizontal and 70 
degrees below. The fovea subtends an angle of about two 
degrees. This is the central field. The surroundings 
which are most effective are usually considered as 
extending from the ·outer limit of the central field to 
a circle approximately 30 degrees from the optical axis. 

LINE OF 

SJGHT 

Fig. 1-8. Normal field of view of a pair of 
human eyes. The central white portien represents 
the region seen by both eyes. The gray portions, 
right and left, represent the regions seen by the 
right and left eyes, respectively. The cutoff by 
the eyebrows, cheeks, and nose is shown by the 
dark areas. 

EYE 



( 9. Light and Sight are Interdependent. 
A perfect eye in darkness is no more effective than a blind 
eye. In order to properly recommend and apply light, both 
light and sight must be considered. 

a. Distant vs. Near Vision. The normal distance for seeing 
at which the eye is practically at rest is 20 feet or 
more. Most seeing tasks are performed approximately 14 
inches away from the eyes. 

b. Large vs. Small Objects. Tasks such as many in agricul
ture, trapping, lumbering and the like are simple eye tasks 
as compared to bookkeeping, watch repairing, proofreading, 
sewing or reading. 

c. Daylight Hours vs. Day and Night Hours. Sunrise to sunset 
was a normal day forman living in a simple age. Today, 
after a normal day's work, usually under artificial light, 
man continues to use his eyes far into the night, reading 
at home, viewing movies and television, driving his car at 
high speeds, as well as performing other seeing tasks. 

d. Natural Illumination Levels vs. Artificial Illumination 
Levels. The illumination levels of daylight are many 
hundreds and even thousands of times as great as those 
encountered under artificial illumination. The following. 
are representative values that may be checked with the 
aid of a footcandle meter: 

(1) Natural light 

(a) Open field-noontime in 
sUIIDiler 

(b) Shade of tree-noontime 
(o) On porch-noontime in summer 
(d) Cloudy day-any s~ason 
(e) Threshold of darkness-midway 

between Civil Twilight 
(f) Nighttime-full moon 

(2) Artificial illumination not 
necessarily recommended 

(a) Offices, factories, stores, 
schools and homes 

(b) Average well lighted roadways 
l. Freeways 
2. Major and Expressway 
3. Col lector 
4. Local 
5. Alleys 

• A 

Approximate 
Footcandles 

7,000 to 10,000 
1,000 

300 
200 

3 to 5 
0.01 

5--200 

0,6 to 3 
1 to 3 

0.5 to 3 
0.4 to 1 
0.2 to 1 
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10. Changing of Eyes with Age 

a. Physica1 changes (presbyopia). At the age of 40 or more 
there is often a gradual lessening of elasticity of the 
lens so that the muscles cannot readily reshape the lens 
for close vision. Glasses can correct ~~is condition and 
high-level 1ighting is a big help to older peop1e. 

b. Per cent defect vision (see Fig. 1-9). 

11. Elements of Seeing (See Fig. 1-10). 

a. The eye. Little can be done with our eyes except to 
sharpen vision by using glasses. 

b. Light. 

c. Object (task). 

12. Factors Re1ating to Visibility as used for Lighting Roadways . 

lOO 

"' e o ... 
V ... &O ... ... 
o ... 40 
z ... 
u .. 20 .. .. o 

a. The size of an object and its critical detail. See Fig. 
- 1-11. 

b. The luminance of an object on or near the roadway. See 
Fig. 1-13 • 

. 
c. The 1uminance of the background of the roadway. 

d. The time available for seeing the object. See Fig. 1-14. 

e. The contrast between an object and its surroundings. Fig. 
1-15 shows a relationship between contrast and luminance 
that was determined by Dr. Blackwe11. 

OYER 6 o 
~~60 

;._ 

40-~0 

30-40 

~ SOURCEOF 
~ LIGHT EYE<:j. 

20r=-30 -

UN[)A 20 

AGE 

Fig.l-9. Prevalence of 
defective vision by ages. 

Fig. 1-10. Factors in seeing. 

r ·-...., 
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f. The ratio of pavement luminance to the surroundings as 
seen by the observer. 

g. Glare - This term as it affects human vision is divided 
into 2 components. 

(1) Disability Glare (which usually is not apparent to 
the observer). It acts to reduce contrast orones 
ability to see or spot an object. It is sometimes 
also referred to as "blinding glare" or "veiling 
glare." 

(2) Discomfort Glare - It produces a sensation of ocular 
discomfort but does not necessarily affect the visual 
acuity or the ability to discern an object. 

SEEING BECOMES MORE OIFFICULi ___ _., 

co co co co co 

Fig. 1-11. Gap in the 1etter e is 
the critica1 detai1. 

SEEING IECOIIES llORE DIFFICUU ----

EJIII 

Fig. 1-13. I11umination constant 
surfaces ref1ecting differing 
amounts of 1ight. 

Fig. 1-12. I11umination constant, 
surfaces ref1ecting differing 
amounts of 1ight. 

IIOTATION OF OISCS IS CONSTANT 

ILLUMINATION 
HIGH 

ILLUIIINATION 
IIEDIUII 

ILLUIIINATIDN 
LDW 

SEEING BECOIIES ILUIIRU 

• 

Fig. 1-14. The time factor in seeing. 
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Fig. 1-15. Field Use Curve. All unknown field tasks may be 
related by the Visual Task Evaluator to this curve of a four
minute circular disc which has been weighted to.-. represent 
"moving-eyes" field conditions and maximum fiel-d accuracy .• 
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13. Method of Discernment 

a. Discernment by Silhouette. An object is discerned by 
silhouette when the general luminance level of all or a 
substantial part of the object is lower than the luminance 
of its background. This method of discernment pre
dominates in the observation of distant objects on 
lighted roadways. Silhouette discernment depends upon 
the pavement surface reflectance. 

b. Discernment by reverse silhouette. Án object is discerned 
by reverse silhouette when the general ldminance level of 
all or a substantial part of the object is higher than 

. the luminance of its background. 

c. Discernment by Surface Detail. When an.object is seen 
by virtue of variations in brightness or color over its 
own surface,· without regard to its contrast with its back
ground, it is discerned by surface deta.~l. 
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TEST YOURSELF (QUESTIONS) 

Explain the nature of light. 
Name two effects that occur when there is a change of 
the retina. 
What is the difference between scotopic and photopic 

4. What are the four fundamental factors that affect 
visibili ty? 

S. What is the eye sensitivity curve? 
6. What is the relationship between colored light and 

white light? 
7. How does the illumination level of moonlight compare 

with the minimum level of alleys? 

TEST YOURSELF (ANSWERS) 

l. According to the best information available, light 
appears to be dualistic in nature: propagation is best explained 
by considering light as a form of electro-magnetic energy, 
whereas interaction with matter can be best explained with a 
corpuscular theory. 

2. When a change of light occurs on the retina, adaptation 
and adjustment of the iris take place. 

3. Photopic vision refers to the normal or day vision when 
the luminance in the visual field is in the order of one 
footlambert or greater. This condition is also called the light
adapted eye. Scotopic vision refers to night vision when the 
luminance in the visual field is less than 0.01 foot-
lambert. This condition is also called the dark-adapted eye. 

4. The four fundamental factors of visibility are size, 
contrast, luminance, and time. 

S. The eye sensitivity curve shows the relative visual 
effect of the various wavelengths in the visible spectrum. 

6. White color represents all colors of the visible spectrum 
in proper proportions. 

7. Moonlight at .01 footcandles is about one-fourtieth of 
the illumination recommended for residential alleys. 
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A. Fundamental Lighting Terms and Units 

l. 

2. 

3. 

Solid angle' (w) is defined as the ratio 
(A 8 ) to the square of the radius (R). 
measured in a unit called the steradian 

w m A
8

/R2 (Equation 2-1) 

of spherical areas 
Solid angle is 
(sr). See Fig. 2-1. 

Luminous Flux ( ~) is the time rate of flow of light. The 
unit of luminous flux is the lumen (lm). This is a concept 
of a rate and may be considered similar to the rate at which 
other quantities flow; for example, gallons per minute, cubic 
feet per hour, etc. Although time is not indicated in the 
unit of luminous flux (lumen), it is implied. 

Example: Light is emitted from a 100-watt incandescent 
lamp at the rate of 1750 lumens, while the flow of light 
from a 40-watt fluorescent lamp is about 3200 lumens. 

Note: It is possible to make use of the idea of a lumen 
without being concerned with the time concept. In popular 
usage the rate of flow concept is not necessary for normally 
encountered lighting calculations. 

Luminous intensity ( I) is defined as the solid-angular 
luminous flux density in a given direction. The unit used 
to measure luminous intensity is the candela (cd). 

I = ~/ . w (Equation 2-2) 

Candlepow~r and luminous intensity are descriptive terms 
and are used in the same sense. From an operational stand
point, candlepower or luminous intensity indicates the ability 

· of a light source to produce illumination in a given direction. 

4. Illumination (E) is incident luminous flux density. When 
the unit of luminous flux is the lumen and the area is in 
square feet, the unit of illumination is the footcandle (fe). 
When the area is in square meters, the unit of illumination 
is the lux (lx). See Table 2-1. 

E • +!A (Equation 2-3) 
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Table 2-1-Multiplying Factors for Conversion from 
Customary Units to SI* Units 

Values in 
Customary Multiplying Values in 

Units X Factors - SI Units 

fe X 10.76 - lx 
fL X 3.426 - cd/m2 

cd/in2 X l. 55 - kcd/m2 
ft X 0.3048 - m 
in X 2.54 - cm 

*Systeme International d'Unites (International System of Units) 

5. Luminance (Photometric Brightness) (L) is the luminous 
flux per unit of projected area per unit solid angle 
either,leaving a surface ata given point from a given 
direction or arriving at a given point from a given 
direction .. When the unit of luminous flux is the lumen 
and the area is in square feet, the unit of luminance is 
the footlambert (fL). Luminance is also defined as the 
luminous intensity of a surface in a given direction per 
unit of projected area of the surface as viewed from that 
direction. When the luminous intensity is in candelas and 
the area is expressed in square inches, the unit is in 
candelas per square inch cd/in2. The relationship between 
footlamberts and candelas per square inch is: 

1 cd/in2 • 452 fL (Equation 2-4) 

a. Subjective brightness is the subjective attribute of any 
light sensation giving rise to the percept of luminous 
intensity, including the whole scale of qualities of 
being bright, light, brilliant, dim or dark. 

Note: The term brightness often is used when referring 
to the measurable "photometric brightness." While the 
context usually makes it clear as to which meaning is 
intended, the preferable term for the photometric 
quantity is luminance, thus reserving brightness for 
the subjective sensation. 
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b. Reflectance. The illuminating engineer is particularly 
interested in the total reflected light so that he 
defines reflectance as: 

Total reflected li~ht 
P • Total lncldent llg t 

for diffuse surfaces • -i 
Note: Refer to the lES Lighting Handbook 

Note: Reflected light is luminance in footlamberts, 
incident light is illumination in footcandles. Since 
footlamberts are reflected lumens per square foot, the 
footcandle meter can be used to approximately measure 
the reflected light when the surface is perfectly -
diffuse. Incident light is measured in footcandles 
with a footcandle meter. 

c. Transmittance 

T • Total transmitted light 
Total lncldent llght 

T for diffusing media • -i 

1 ..,, 
~' ~/ 

~/ 

J' 1 .. , 

, .. 
\(" 

\~ 
\~ 

\ 

' Fig·. 2-l. Relationship of a spherican area, radius, and so lid 
angle. The solid angle subtended by the area A,B C,D is l 
steradian solid angle • spherical area/ (radius)2 . There are 
4w steradians in a sphere. 

Note: Again, the footcandle meter can be used to 
measure transmittance within certain limita. 

AlBo: L • ( p) (E) 
L • ( T) (E) 

(Equation 2-5) 
(Equation 2-6) 
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6. Luminous efficacy of a light source is the ratio of the 
total luminous flux emitted by the source to the total 
power input to the source. In the case of an electric 
lamp, efficacy is expressed in lumens per watt (lm/W). 

7. Color Temperature. The color temperature of a light 
source is the temperature at which a blackbody radiator 
must be operated to have the same color appearance as 
that of the light source. Color temperature is a speci
fication of the color appearance only and has no concern 
with the energy distribution of the light source. Most 
incandescent filament lamps, however, in addition to 
having the same color appearance as a blackbody, approach 
the energy distribution of a blackbody quite closely. 

Although the energy distributions or fluorescent lamps 
do not approách that of a blackbody, a color temperature 
designation is given when the color appearance is similar. 
The blackbody radiator serves as the laboratory standard 
in kelvins. 

Table 2-2 - Color Temperature of 
Various Sources 

Noon sun 5500 K 
100-watt tungsten inside 

frosted 2800 K 
100-watt tungsten 

daylight 3500 K - 4000 K 

B. Terms Used in Roadway Lighting* 

l. Candela, cd. The unit of luminous intensity; one lumen 
per unit solid angle (steradian) see Fig. 2-1. 1 candela 
per square inch • 452 footlamberts. 

2. 

3. 

Candlepower. Luminous 
expressed in candelas. 
light output. 

intensity in a specified direction 
It is no indication of the total 

Candlelower Distribution Curve. A curve showing the 
variat on of iuminous intensity of a lamp or luminaire with 
angle of emission. A Vertical Candlepower Distribution 
Curve is obtained by taking measurements at various angles 
of elevation in a vertical plane through the light center; 
unless the angle of azimuth is specified, a vertical curve 
is assumed to represent an average such as would be obtained 
by rotating the unit about its vertical axis. A Horizontal 
Candlelower Distributi~n Curve representa measurements made 
at var ous angles of azimuth in a horizontal plane through 
the light center. 

*American National Standard Practice for Roadway Lighting 

-----
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Coefficient of UtilÚation. The percentage of rated lamp 
lumens which fall on either of two striplike areas of 
infinite length, one stopping in front of the luminaire, 
the other behind the luminaire, when the luminaire is level 
and oriented over the roadway in a manner equivalent to that 
in which it was tested. Since the roadway width is expressed 
in terms of a ratio of luminaire mounting height to roadway 
width, the term has no dimensions. 

Cutoff Light Distribution. A classification with prescribed 
limits of control of candlepower distribution above the 
maximum candlepower. 

Footcandle fe. The unit of illumination when the foot is 
the unit of length; the illumination on a surface one square 
foot in area on which is uniformly distributed a flux of 
one lumen. It equals one lumen per square foot. 

Footlamberts, fL. The unit of photometric brightness (lumi
nance) equal to 1/W candela per square foot. A theoretical 
perfectly diffusing surface emitting or reflecting flux at 
the rate of one lumen per square foot would have a photo
metric brightness of one footlambert in all directions. No 
actual surface completely fulfills this condition. 

Glare. The effect of brightness or brightness differences 
within the visual field sufficiently high to cause annoy
ance, discomfort, or loas in visual performance. 

a. Direct Glare. Glare resulting from high brightness or 
insufficiently shielded light sources in the field of 
view, or reflecting areas of high brightness and large 
area. 

b. Reflected Glare. Glare resulting from specular reflec
tions of high-brightness sources in polished surfaces in 
the field of view. 

c. 

d. 

Discomfort Glare. The sensation experienced by an 
observer when brightness relationships in the field of 
view cause discomfort but do not necessarily interfere 
with seeing. 

Veilin~ Glare. The effect produced by candlepower 
emitte in the direction of the eye which has a veiling 
effect within the eye that reduces the ability to see. 

9. Glint. The reflection of light from a specular surface. 

10. Isocandela Line or Trace. 
appropriate coordinates to 
about a .source of light in 

A line or trace plotted on any 
show all the direction in space, 
which the candlepower is the same. 
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For a complete exploration the line is a closed curve. A 
series of such curves usually for equal incremente of 
candlepower is called an isocandela diagram. 

11. Isolux (Isofootcandle) Line. A line or trace plotted on 
any appropriate coordinates to show all the points on a 
surface where the illumination is the same. For a complete 
exploration the line is a closed curve. A series of such 
linee for various illumination values is an isolux 
(isofootcandle) diagram. 

12. Lateral Width of a Light Distributien. The lateral angle 
between the reference line and the width line, measured in 
the cene of maximum candlepower. This angular width 
includes the line of maximum candlepower. See Fig. 2-2. 

13. Light Distributien Pattern. A diagramed description of 
the behavior of the light from a luminaire. 

a. Lateral Distribution Pattern. A candlepower curve 
pletted in a specified cene with the luminaire at 
the vertex. See Fig. 2-2. 

b. Vertical Distribution Pattern. A candlepower curve 
plotted in a specified plane perpendicular to the 
roadway and containing the luminaire. See Fig. 2-3. 

14. Light Loes Factors. Factors based on physical conditions 
causing a reduction or depreciation of the lumens received 
en surfaces in the vicinity of a luminaire, usually due to 
other than ideal operating conditions. Such factors are: 

a. Luminaire Ambient Temperature. With some luminaires, 
the effect of temperature is considerable. Important 
considerations are: lamp ambient temperature, mounting 
position, and the effect of introduced air. 

b. Voltage. Voltage to the luminaire, when varies from 
equipment design, may affect ballasts adversely, and may 
alse have an indirect adverse effect on lamp life and 
light output. 

c. Ballast Efficiency. All ballasts·, other than standard 
laboratory reactors, will vary lamp light output by some 
small amount, which increases with poor electrical 
supply values. 

d. Luminaire Component Depreciation. Luminaire surface 
depreciation resulte frem adverse changes in aluminum, 
paint, and plastic componente, which reduce light 
output. Clearly this is an important consideration in 
design calculations. · 

) 
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Fig. 2-3. An example of a vertical 
plane through maximum candlepower 
showing a verticallight distribution. 

Fig. 2-2. An example of 
a cone of maximum candle
power showing lateral 
distribution of light. 

• 
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Chanye in Physical Surround. New construction or 
demo ition within or adjacent to the roadway that 
was not considered at the time of design of the 
lighting system. 

'Burnouts. As a practical matter, the number of lamp 
outages is determined by the quality of the lighting 
servicing program incorporated in the initial design 
procedure and by the quality of the physical performance 
of that program. 

Lamp Lumen Depreciation. The loss in light output 
resulting from lamp aging. Its amount should be 
determined by reference to manufacturers statistics 
for the performance of each particular type. 

Lurninaire Dirt Depreciation. The loss in light output 
resulting from the accumulation of dirt on the luminaire. 
This factor is determined from the relationship between 
light output of a clean luminaire and that of the same 
luminaire immediately prior to the next planned cleaning. 

Lon~itudinal Roadway Line. (LRL). May be any line along the 
roa way parallel to the curb line. 

16. LuminairP.. A complete lighting device consisting of a light 
source together with its direct appurtenances such as globe, 
reflector, refractor, housing and such support as is integral 
with the housing. The pole, post or bracket is not considered 
a part of the luminaire .. 

17. Maintenance Factor. A value to be used in calculation 
formula, that is less than a whole number, and is to be 
known as the Light Loss Factor. 1-t is the product of all 
the separate factors listed in section 14, each of which 
has been determined after careful consideration of those 
conditions that will cause a depreciation. This depreciation 
point is at the end of a time period imrnediately prior to 
any recovery procedure. 

18. Mounting Height. The vertical distance between the roadway 
surface and the center of the apparent light source of the 
luminaire. 

19. Noncutoff Li~ht Distribution. A classification with no 
prescribed l~mits of control of candlepower distribution 
above maximum candlepower. 

20. Overhang. The distance between a vertical line passing 
through the luminaire and the curb or edge of the roadway . 
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21. Reference Line. Radial lines where the surface of the eone 
of maximum candlepower or of the roadway is intersected by a 
vertical plane parallel to the curbline and passing through 
the light center of the luminaire . 

22. Sernicutoff Light Distribution. A classification with pre
scribed limits of control of candlepower distribution above 
maximum eandlepower. 

23. Spacing. The distance between successive lighting units 

24. 

25. 

26. 

27. 

measured along the center line of a roadway. 

Spacing-to-Mounting Height Ratio. Ratio of the distance 
between luminaires to t e mounti¿g height . 

May be any line across 
to the curb line. 

Uniformity of Illumination. The ratio of average 
illuminat1on level on the roadway to the mínimum illumination 
at any point on the roadway. 

Utilization Curves. A plot of the quantity of light falling 
on horizontal plane both in front of and behind the luminaire. 
It shows only the per cent of bare lamp lumens which fall on 
the horizontal surfaee and is plotted as a ratio of width of 
area to mounting height of the luminaire. 

28. Visual·Angle. The angle subtended by an object or detail 
at a point of observation. It usually is measured in minutes 
of are. It is determined by the size of an object and its 
distance from the viewer. 

C. Lighting Laws 

l. The inverse square law states that the illumination (E) on a 
surface varíes directly with the candlepower (I) of the 
souree and inversely with the square of the distance (D) 
between the source and the surfaee. The inverse square law 
refers to point sourees. 

~ormal = I/D2 (Equation 2-7) In Fig. 2-4. 

El = I/ (Dl) 2 = 100/1 - 100 fe 

E2 = I/(D2)2 • 100/4 = 25 fe 

E3 • I/(D3)2 • 100/9 - 11.1 fe 
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Table 2-3 - Most Often Used Lighting Terms 

DESCRIPTIVE ABBREVI-
TERM SYMBOL UNIT ATION DEFINITION 

Light o Lumen-Hour lm-h Radiant energy the 
eye can evaluate 

Luminous Flux ~ Lumen lm Time rate of flow of 
light 

Luminous In ten- I Candela cd The solid-angular flux 
sity - Candle- density in the direc-
power 

Illumination E Footcandle fe 
tion in question 
The density of the 

Lux lx luminous flux incident 
on a surface 

Luminance L Footlambert fL The luminous intensity 
(candelas (cd/m2) on any surface in a 
per square given direction per 
meter unit of projected area 

of the surface 

a. Lumen Concept. The inverse square law can also be derived 
from a luminous flux viewpoint. Assume spherical surfaces 
being subtended by a unit solid angle. If these areas are 
one, two, and three feet from the center, the areas will :; 
be one, four, and nine square feet. Now, assume the 
center contains a uniform emitting point source of 100 
candelas. Since luminous flux is defined as z (I) ( ), 
the lumens contained in the unit solid angle are I or 
(lOO) (1) a 100. Illumination is also defined as incident 
luminous flux per square foot. When is in lumens andA 
is in square feet, illumination is in footcandles. 

E .. ~/A 

Then: E¡ • ~/A¡•l00/1 .. 100 fe 

E2'" ~tA2•l00/4= 25 fe 

E3 .. ~~ A3•100/9al1.1 fe 

These agree with the resulta obtained using the candlepower 
concept. The candlepower concept is therefore used to 
determine illumination ata very small area (on a point). 
The lumen concept is used when the area becomes large .. 
Note: Average illumination. When the luminous flux is 
not uniformly distributed on an area, the illumination 
is said to be average. 
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Conclusions and Assumptions 

(1) Any point on a spherical surface equidistant from a 
source of uniform candlepower will have the same 
illumination value. The work point is used in the 
sense that it has a small finite area. 

(2) Any spherical area equidistant from a source of uniform 
candlepower will have the same illumination value. 

(3) In any case, whether the lumen or the candlepower 
concept is assumed, the illumination at the same 
distance on a point or area is the same. 

(4) The inverse square law applies to point sources and 
from a practica! standpoint this is true only if the 
distance is more than five times the maximum 
dimension of the source. 

(S) This 1aw measures only direct illumination from the 
source . 

(6) Illumination from more than one source is added 
arithmetically: 

E ¡=E¡+ E + E tota 2 3 (Equation 2-8) 

The cosine law states that the illumination on 
varies as the cosine of the angle of incidence 
normal to the surface and the direction of the 
light). See Fig. 2-4. 

any surface 
(between the 

incident 

. 2 
Et =(I/D )(cos tl = (Enormall (cost) (Equation 2-9) 

Table 2-4 - Basic Lighting Equations 

111 
S A /R2 Equation 2-1 

S 

I .. .,bl Equation 2-2 

E - t¡A Equation 2-3 

1 cd/in2 • 452 fL Equation 2-4 

L a ( P)(E) Equation 2-5 

L .. ( 't)(E) Equation 2-6 

Enorma1 • 11° 
2 Equation 2-7 

Etota1 • El+ E2+ E3 Equation 2-8 

Ee • (1/D2) (cos e ) Equation 2-9 
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WHERE: 

~ = luminous flux in lumens 

I = luminous intensity in candelas 

E = illumination in footcandles 

L = luminance in footlamberts or candelas per 
square inch 

w = solid angle in steradians 

e = angle in degrees which the illuminated plane must 
be rotated to be normal to the projected ray from 
the source 

D = 

A = 

A = 

R = 

p = 

T = 

distance in feet from source to point 

area of illuminated surface in square 

spherical are a 

radius 

reflectance 

transmittance 

~~-· ~.ft. 
Az • 4 SQ.ft. 

~.-tSQ.ft. ' 

in question 

feet 

Fig. 2-4. Inverse square law. Normal illuminations 
on a point (small finite area); surfaces of all 
points are perpendicular to the direction of candle
power. When these areas become very small they may 
be assumed to be flat with little sacrifice in accuracy. 
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a. Lumen Concept. The cosine law can be derived from a 
luminous flux viewpoint. It may be easily visualized 
by considering a right pyramid whose apex solid angle 
is one steradian and with a base one square foot 
(see Fig. 2-5, p. 2-15). The altitude of the pyramid 
is the normal to the base. If the apex is assumed to 
contain a point source of uniform candlepower of 100 
candelas, the solid angle contains <• = I·~) • 100 
lumens; the illumination on the base (E • ~/A) is 100 fe. 
When the plane containing the base is rotated through 
some angle e, as indicated in Fig. 2-5, the solid angle 
will intercept an area (A') equal to the área (A) of 
the base divided by the cosine of the angle rotated 
through (A' = A/cos e). Therefore: E = ~/A' = · 
(~/A)~os9) 

TEST YOURSELF (QUESTIONS 

Lighting Terms 
Place the letter in the parenthesis that corresponda to the 

term defined. 

a. luminous flux g. light 
b. illumination h. wavelength 
c. luminous·intensity i. adaptation 
d. luminancé j. accommodation 
e. reflectance k. brightness 
f. transmittancP 

( ) l. 

( ) 2 o 

( ) 3 o 

( ) 4. 
( ) 5o 
( ) 6. 

( ) 7 o 

( ) 8 o 

( ) 9 o 

Units 

The ratio of the light reflected by a body to the 
incident light. 
Radiant energy evaluated by its capacity to produce 
a visual sensation. 
Solid angular flux density in the direction considered. 
Density of luminous flux incident upon a surface. 
Time rate of flow of light. 
The luminous intensity of any surface in a given 
direction per unit of projected area of the surface 
viewed from that direction. 
The focusing activity of the lens of the eye. 
Adjustment of the iris and change in response of 
the cells on the retina. 
Sensation 

Place the letter in the ( ) corresponding to the units used to 
measure the term indicated. 

( ) l. luminous flux a. candela 
( ) 2 o luminous intensity b. footcandle 
( ) 3. illumination c. footlambert 
( ) 4. wavelength d. nanometer 
( ) 5. luminance e. lumens/watt 
( ) 6 o light f. per cent 
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( ) 7. light source efficacy g. lumen 
( ) 8. reflectance h. watt 
( ) 9. solid angle i. lumen-hour 
( )10. electric power j. steradian 

Abbreviations 
Place the letter in the ( ) corresponding to the units used to 

me asure the term indicated. 

( ) l. Candela a. ft 
( ) 2. Footcandle b. lm/W 
( ) 3. Footlambert c. cd 
( ) 4. Wavelength e d. lm 
( ) 5. Efficacy e. fe 
( ) 6. Lumens ·f. nm 

TEST YOURSELF (ANSWERS) 

Lighting 
Terms Units Abbreviations 
l. e l. g l. e 
2. g 2. a 2. e 
3. e 3. b 3. a 
4. b 4. d 4. f 
5. a 5. e 5. b -6. d 6. i 6. d 
7. j 7. e 
8. i 8. f 
9. k 9. j 

10. h 

TEST YOURSELF (PROBLEMS) 

Place the number and unit in the space provided which will 
complete the statement correctly. 

l. A surface subtends two unit solid angles and one lumen of 
flux; the source illuminating the surface has a luminous intensity of ______________________________________________________ __ 

2. A surface two square feet is ten feet from a point source; 
if it receives four lumens it is illuminated to __________________ __ 

3. A point source of 100 candela is five feet from a point; 
the normal illumination at the point is __________________________ __ 

1 



] 

J 

---- ·-- ---- -- - - -

4. A surface (reflectance ten per cent) has an area of five 
square feet; if it receives 20 lumens, it has an average illumi-nation of ____________________________________________________ __ 

two 
the 

5. ·A source of ten candelas has a total lumen output of 

6. One square foot of a surface is normal to a light 
lumens; if the surface is rotated through an angle of 

beam of 
60 degrees, 

average illumination would be ______________________________ __ 

7. A surface has an average luminance of lOO footlamberts and 
a reflectance of ten per cent; it has an average illumination of 

8. A point source of 100 candelas is six feet above and eight 
feet to the left of a point; the horizontal illumination at the point is ______________________________________________________ _ 

9. A point source of 100 candelas is five feet from a point P; 
if the source is moved toa distance of ten feet from P, the 
luminous intensity of the source would be ______________________ _ 

10. · A square foot surface (reflectance 20 per cent) receives 
lOO lumens; it has luminance of ________________________________ _ 

·· " ' TEST YOURSELF (A!~SWERS) 
Problem§ .:'. : 

l. 1 • +lw • 1/2 cd 
:.!· 

2. E • +/A • 4/2 • 2 fe 
J. E • 1/Jil = 100/25 • 4 fe 
4. E = +/A • 20/5 • 4 fe 
5. F = l.w • (10)(4w) • 125.7 
6. E60 " <•IA)(oos 60) • (2/1)(0.5) • 1 fe 
7 . E '"' IJp • 100/0 .1 • 1000 fe 
8. EH • (1/Jil)(oose) • (100/100)(6/10) • 0.6 fe 
9. 100 cd (candlepower does not c:hlqe with distance.) 

10. L • pE • {p){+/A) • (0.20){100/1) • 20 fL 

REFERENCES 
lES Lighting Handbook, Fifth Edition, llluminating Engineering 
Society, 345 E. 47th St., New York, NY 10017, 1972. 

Fig. 2-5. Cosine law and average illumination. Note that the planes 
are flat rather than spherical and the illumination on every point on 
either flat plane varies; hence, the illumination is said to_be 
average illumination. Eavg• +/A. E'avg• +/A'• ( +/A) (cos e). 
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General 

Light control may be·provided in a number of ways, all of 
which are applications of one or more of the following phenomena: 
reflection, refraction, diffusion, and absorption. 

Reflection 

Reflection is the process by which a part of the light falling 
on a medium leaves that medium from the incident side. Reflection 
may be specular, spread, diffuse, or compound, and selective or 
nonselective. Reflection from the front of a glass plate is called 
"first-surface reflection," and that from the back, "second
surface reflection." Refraction, diffusion, and absorption by 
supporting media are avoided in first surface reflectors. 

l. Specular Reflection. If a surface is polished, it reflects 
specularly; that is, the angle between the reflected ray and 
the normal to the surface will equal the angle between the 
incident ray and the normal as shown in Fig. 3-1. If two or 
more rays are reflected, these may forma virtual, erect, or 
inverted image of the source. A later.al rever sal of the image 
occurs when an object is reflected in an odd number of plane 
mirrors. 

2. Specular Reflectors. Examples of Specular reflectors are: 

a. Polisheq and electroplated metals, such as gold or copper, 
and first-surface silvered glass or plastic mirrors. Inside
aluminized, sealed-beam lamps utilize first-surface 
reflectora in which the incident light strikes the thin 
metal reflecting surface without passing through the 
glass, as shown in Fig. 3-2b. 

Light reflected from the upper surface of a glass plate, 
as in Figs. 3-2a and 3-2c, also is an example of first
surface reflection. As shown in Fig. 3-3, less than 10 
percent of the incident light is reflected at the first 
surface unless it strikes the surface at wide angles from 
the normal. The sh~en of silk and the shine from smooth or 
coated paper are images of light sources reflected in 
the first surface. 
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b. Rear-Surface Mirrors. Some light, the quantity depending 
on the incident angle, is reflected by the first surface. 
The rest goes through to the silvered backing and is 
reflected back through the glass, as shown in Fig. 3-2c, , 
parallel to the ray reflected by the first surface. 

c. Reflection from Regular Curved Surfaces. Fig. 3-4 shows 
the reflection of a beam of light by·a concave surface and 
by a convex surface. A ray of light striking the surface 
at "T" obeys the law of reflection, and by taking each ray 
separately, the paths of the reflected rays may be 
constructed. 

In the case of parallel rays reflected from a concave 
surface, all the rays can be directed through a common 
point "F" by properly designing the curvature of the 
surface. This is called the focal point. The focal 
length is "f" (FA). 

d. Spread Reflection. If a surface is figured in any way 
(corrugated, deeply etched, or hammered) it spreads any 
rays it reflects; that is, a pencil of incident rays is 
spread out into a cone of reflected rays, as shown in 
Fig. 3-Sb. 

e. Spread Reflectors. Depolished metals and similar surfaces 
reflect individual rays at slightly different angles but 
all in the same general direction. These are used where 
smooth beam and moderate control are required. 

f. 

g. 

Corrugated, brushed, dimpled, etched, or pebbled surfaces 
consist of small specular surfaces in irregular planes. 
Brushing the surface spreads the image at right angles to 
the brushing. Pebbled, lightly hammered, or etched sur
faces produce a random patch of highlights. These are 
used where beams free from striations and filament 
images are required; widely used for sparkling displays. 

Diffuse Reflection.. If a material has a rough surface or 
is composed of minute crystals or pigment particles, the 
reflection is diffuse. Each single ray falling on an 
infinitesmal particle obeys the law of reflection, but 
as the surfaces of the particle are in different planes, 
they reflect the light at many angles, as shown in 
Fig. 3-Sc. 

Diffuse Reflectors. Flat paints and other matte finishes 
and materials reflect at all angles and exhibit little 
directional control. These are used where wide distri
bution of light is desired. 
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]-----h-.-coñoun·d-ae-nectlon.-· Most -common-materials are compound 
re ectors and exhibit all three reflection components 
(specular, spread, and diffuse). In sorne, one or two 
components predominate, as shown in Fig. 3-8. Specular 
and narrowly spread reflection (usually surface 
reflection) cause the "sheep" on etched or embossed 
aluminum and semi-gloss paint. 

J 
J 
J 
.., 
' j 

] 

J 
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J 
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i. Diffuse-Specular Reflectors. Porcelain enamel, glossy 
synthetic finishes, and other surfaces with a shiny 
transparent finish over a matte base exhibit no direc
tional control except for the specularly reflected ray 
that is shown in Fig. 3-Ba which usually amounts to 
from S to 15 percent of the incident light. 

j. Circular Contour--C lindrical and S herical. These 
re ectors assume a oca polnt or ine at a center of 
radius, with the reflector surface at equal distances from 
the focal point or line. Light emitted from a source 
located at the focal point or line will be reflected back 
through the same point. The cylindrical reflector has 
a flat dimension parallel to the axis of the focal line 
and a circular contour on a plan perpendicular to the 
axis. The spherical reflector has a circular contour in 
any plane intersecting the focal point. · 

k. Parabolic Contour. The parabolic reflector has the 
property that reflects light emitted from the focal point 
back along a direction parallel to the axis of the 
parabola. The parabolic reflector has a contour that is 
a parabola on a plane parallel to and intersecting its 
axis. 

l. Other Reflectors--Combinations. When the contour of the 
reflecting surface follows the path of an ellipse of a 
hyperbolic reflector, respectively, both of these 
reflectors will p'roduce a diverging beam of greater or 
lesser width, depending on position of the light source 
along the reflector axis. 

Combinations of the above basic reflector shapes (which 
can be calculated mathematically) can be combined to 
produce a more complex, but predictable light-redirecting 
function to produce beams of different characteristics 
and lumen content. A complex contour, not easily 
calculated, can be determined by graphically working 
backwards from an approximate required candlepower 
distribution curve. 

In all of these cases a true point source of light flux 
and a truly specular surface are assumed. Departures 
from true specularity, or an increase in the size of the 
light source, will have the effect of smoothing out or 
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rounding off the final distribution curve. This will 
increase as the proportion of diffuse reflection 
component to the total increases or as the light source 
size increases in proportion to the size of the reflector. 

m. Total Reflection. Total reflection of a light ray at a 
surface of a transmitting medium (see Fig. 3-9) occurs 
when the angle of incidence (i) exceeds a certain value 
such that its sine equals or exceeds nz/n1 . If the index 
of refraction of the first medium (n~) is greater than 
that of the second medium (n2), sin r" will become unity 
when sin "i" is equal to n 2!n1 . At angles of incidence 
greater than this critical angle (le)• the incident rays 
are reflected totally, as in Fig. 3-9. In glass, total 
reflection occurs whenever sin "i" is greater than 0.66-
that is, for all angles of incidence greater than 41.8 
degrees (glass to air). Both edge lighting and efficient 
light transmission through rods and tubes are examples of 
total reflection. 

When light, passing through air, strikes a piece of ordi
nary glass (nz/nl=l.S) normal to its surface, about 4 
percent is reflected from the upper surface and about 3 
or 4 percent from the lower surface. Approximately 85 to 
90 percent of the light is transmitted and 2 to 8 percent 
absorbed. The proportion of reflected light increases as 
the angle of incidence is increased. See Fig. 3-3. 

n. Reflection Factor--Reflectance--Coefficient of Reflection. 
A reflection factor is the number representing the ratio 
between reflected brightness (footlamberts) and incident 
illumination (footcandles). Practically all surfaces have 
both a specular reflectance component and a diffuse 
component. Therefore, · the combined reflectance or . 
reflection factor also depends on the direction of incident 
light and the direction at which the reflected flux is 
measured. 

This is particularly important in roadway lighting 
applications where there is a relatively high specular 
component of pavement surfaces (this can be true with 
either asphalt or concrete pavements). When observed 
at the low grazing angles of the motorist's position on 
the roadway, a high pavement brightness condition is 
observed when illuminated by high emission angle light 
flux projected to the roadway at near grazing angles. 

Because of this directional aspect, the reflectance 
characteristics of roadway surfaces must be represented 
by curves relating the reflection factor to the angle of 
emission and observation rather than by a single factor. 
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Every-surface-absorbs somc -of the-light--fluxTt- receives .
The overall percent reflected or coefficient of reflection 
varies greatly with different materials. The total 
reflectances or reflection coefficients of some common 
materials are shown in Table 3-1. 

Refraction. When a light ray passes from a transparent medium 
of ene density into a medium of another density, the light ray 
is bent. This is due to the change in velocity of light 
which varies as the optical density of the medium changes when, 
passing into a medium of greater density (such as glass, 
plastic, or water) the velocity is reduced and the light ray 
is bent towards the normal to the entering surface, as in 
Fig. 3-lOa. 

When the light ray enters a medium of lesser optical density 
(such as air), the velocity is increased and the light ray is 
bent away from the normal to the surface, as in Fig. 3-lOb. 

The law of refraction (Snell's law) states: 

where 

n1 sin i = n2 sin r 

n1 = the index of refraction of the first medium 

i = the angle of the incident ray with the normal 
to the surface 

n2 = the index of refraction of the second medium 

r = the angle the bent ray of light takes with 
the normal to the surface 

If the first medium is air (usually the case with lighting 
equipment), the index of refraction is assumed to be 1.0. 
(Actually, this is the index of a vacuum with the index for 
air being in the neighborhood of 1.000293, depending on wave 
length of the light ray.) The formula then is: 

sin i = n2 sin r 

If a ray of light is passed through a piece of clear glass 
with parallel faces, the light ray emerges from the glass 
in the same direction as the entering ray, as shown in 
Fig. 3-11. 

a. Refraction by Prisms. If the two surfaces of the glass 
(or plastic) are not parallel, as in a typical prism, 
then the emerging ray of light is bent into a different 
direction than the entering ray, following the law of 
refraction stated before. Some typical examples of 
prismatic action on a light ray are illustrated in 
Fig. 3-12 a, b, and c. 
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b. Reflection by Prisms. As shown in Fig. 3-lOb, when a 
light ray enters a rarefied medium, as when emerging from 
glass to air, the angle of refraction (r) is greater than 
the angle of incidence (i). If the incident angle increases, 
the refraction angle also increases until it reaches a 
maximum of 90 degrees. At this point the emerging ray lies 
in the surface of the medium; it does not escape into the 
rarefied medium. Beyond this angle the ray is reflected 
back into the denser medium, following the rule for surface 
reflection, angle "r" = angle "i". The angle at which 
internal reflection takes place is called the "critical 
angle," and its value depends upon the index of refraction 
(n) for the particular medium in which it occurs. 
Representative values are: 

Water- Critical angle = 48.6 degrees (n = 1.33) 

Crown glass - Critical angle = 42.1 degrees (n = 1.51) 

Flint glass - Critical angle = 34 .. 7 degrees (n = l. 75) 

Figs. 3-13a and b show the bending of the incident ray by 
90 and 180 degrees, respectively, by the process of 
internal reflection. In each case the incident ray within 
the glass right-angle prism strikes the inner surface at an 
angle of 45 degrees, and hence results in reflection. There 
are many practical applications of reflecting prisms in 
common use, in prism binoculars, for example, and in 
reflecting roadway marking signals., as well as in prismatic 
glassware for the control of roadway lighting. 

4. Lenses. A type of refraction, known as lens action, uses 
curved surfaces to produce gradual bending of rays of light. 
Lenses as such are not generally used in roadway illuminating 
equipment, but often the lens action may be used on a prism 
face instead of a flat surface as described in the next para
graph. Some simple tens actions are illustrated in Fig. 3-14. 
A plano-convex lens is shown in Fig. 3-15. The convex surface 
is so chosen that light rays from the light source will be bent 
into parallel rays. 

Without altering the light ray bending characteristics, the 
convex surface can be regressed into small prismatic steps, 
as shown in Fig. 3-16. Each prism consists of two surfaces, 
the active or refracting surface and the intermediate surface 
(sometimes called a "riser"), which connects the· two adjacent 
refracting surfaces. The riser is made inactive by arranging 
it to be parallel to the light rays within the glass. This is 
known as a Fresnel lens. Lenses of this type, of similar 
design except on curved sections and in combination with other 
prismatic configurations, are used extensively for lighting 
equipment. 
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Another type of prismatic action using curved surface prisms 
is the diffusing Blondel prism of flute. The action of 
spreading incident light into very wide angles is shown in 
Fig. 3-17. 

Control by Transmission 

l. Materials which transmit no light are called "opaque." They 
cast shadows when held in a beam of light, attesting to the 
fact that light ordinarily travels in straight lines. Opaque 
materials reflect sorne light and absorb the rest. 

A transparent material, one which transmits light without 
scattering, can be either clear or colored. 

a. A clear transparent material will pass the highest 
possible percentage of the light flux directed to its 
surface. Approximately 4 percent of the light will be 
lost due to surface reflections when the light rays enter, 
an additional 4 percent will be lost when the light rays 
leave the opposite surface, with perhaps as much as 1 
percent lost in absorption within the medium itself--the 
total loss being approximately 9 percent. (Special surface 
coatings can be applied that will reduce surface reflections 
and thereby increase the transmission. This type of 
coating is extensively used in precise optical instruments.) 

b. A colored transparent material, while having no scatter 
effect, does reduce transmission selectively in the 
spectrum, absorbing some wave lengths and passing others in 
varying percentages, producing what is known as a filter 
action. The color of light rays actually seen through a 
filter depends on both the nature of the filter and the 
spectral characteristic of the illuminant providing 
the light flux. 

An enclosing medium of more or less transparency is sorne
times used in an outdoor lighting fixture, as a protection 
from the weather and from insects or dirt infiltration. 
No optical control of light is intended when the enclosure 
is transparent and colorless. Transparent and colorless 
material does exhibit control characteristics when one or 
both surfaces are roughened or configurated, as in the 
form of prisms or other contours which redirect and/or 
diffuse the light into desirable patterns. Wide use of 
refracting glassware and plastics in street lighting 
warrants special emphasis, as will be found elsewhere 
in this chapter under "Control by Refraction." 

c .. A translucent material is one that transmits light so 
that it is emitted in a diffuse, scattered or non-image
forming condition. It can be produced by suspending a 
scattering or absorbing material within the transmitting 
medium or by treating the surface of the medium in some 
manner. 
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Translucent materials generally are considered to be those 
that contain a colored or white scattering and/or 
absorbing pigment or substance as part of the material. 
Depending on the nature of the mixture, more or less light 
is transmitted and a large portion of that not transmitted 
is reflected back from the material. The more diffusing 
the material, the more hiding power it has, but also the 
more light it will absorb or reflect. Different compositions 
of translucent materials will produce varying degrees of 
spread or diffuse transmission and/or reflection. 

d. Surface-treated materials can be in the form of frosted, 
etched, sand-blasted, configurated, or prismatic types. 
While these generally are not as highly diffusing as the 
pigmented variety (except in the special case of prismatic 
diffusion), they do permit higher transmission. This surface 
treatment can be applied to colored materials as well as 
clear, although the latter is by far the most common. 

e. 

f. 

g. 

As in the case of reflectance, transparent and translucent 
materials vary widely in the degree of light·transmitted or 
absorbed, and in the resulting pattern of emission. 
Several types of transmission are generally recognized. 

Regular transmission takes place in clear glass, or other 
transparent media. A ray of light entering the medium at 
right angles to the surface continues through the material 

.with no change of direction, and no scattering or 
dispersion. If the ray entera the medium at an angle 
with the surface less than 90 degrees, it will be bent 
py the process of "refraction" while passing through the 
medium, but will be bent back to its original direction 
upon emergency, provided both surfaces of the medium are 
parallel. In regular transmission, as in regular 
reflection, emerging rays retain their relative position, 
making it possible to "see through" the material. See 
Fig. 3-18, "Regular transmission." 

Diffuse transmission occurs in translucent material such 
as white or opal glass. Rays of light are scattered in 
all directions by particles or pigmenta dispersed through
out the medium. Total, "perfect" diffusion follows a 
particular pattern in accordance with "Lambert's Cosine 
Law of Emission." See Fig. 3-19 for a graphic representation 
of Lambert's Law. 

Stread transmission occurs when the translucent medium is 
o a relatively light density white or opal glass, for 
example. The result is retention of some directivity of 
the incident ray, but with a spreading out of the pattern, 
the maximum candlepower of which is parallel to the incident 
ray. Frosted or acid-etched glass if sufficiently heavy, 
may produce spread transmission. See Fig. 3-20. 

f 



' 1 

.J 

1 
J 

.., 
J 

2 . 

• - 9 -

n. Mixed transmission occurs with still lighter density media, 
or with configurated surface material of high transparency. 
In this case the emerging pattern combines a diffuse or 
spread component with a component of regular transmission, 
a characteristic of certain types of pebbled, rippled, or 
configurated surfaces of otherwise clear glass or 
plastic. See Fig. 3-21. 

Transmission Factors - Transmittance. A transmission factor is 
the ratio of transmitted light flux to the incident light flux. 
This generally is assumed to be total transmittance, although 
diffuse, regular, and spectral components can be measured. 
Sorne typical transmission factors are listed in Table 3-2. 

Figures shown in Table 3-2 are based on the thickness of the 
material generally used for lighting purposes. The amount of 
light transmitted depends on thickness, particularly of the 
more opaque materials. 

Control by Absorption 

Because the process of absorption represents a loss of light, 
we do not think of it as a tool for "control" of light except in 
certain limited applications. For example, selective absorption 
of light finds practical application when it is desired to change 
the color of light from a particular source. Common examples are 
the use of colored lenses or filters for signal lights, and for 
theatrical or display lighting. A limited application in roadway 
lighting is the use of colored glass or plastic enclosures to 
produce a golden yellow "cautionary" color in the emitted light. 

Practical Applications of Light Control in Roadway Lighting 
Eguipment 

l. Luminaire Optical Designs 

a. Control by Reflector Only: Luminaires having control of 
light by retlector only, have been built both without any 
closure, and also with a transparent flat or contoured 
enclosure. 

The problem with vertical source luminaires has been that, 
as shown by Figure 3-22, as the angle of beam maximum is 
increased the amount of light available from the· reflector 
for beam direction drops off drastically. With a horizontal 
type luminaire it is possible to compensate for this by 
extending the luminaire in a horizontal plane as shown in 
Figure 3-24 to obtain satisfactory short and medium 
distributions. 
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As can also be seen from Figure 3-24, lateral control of 
light from a reflector-only optical system depends upon 
its lateral contour, specular or diffuse reflecting 
surface, and upon the lateral positioning of the light 
source within the reflector. In order to concentrate 
as much flux as possible in directions up and down the 
roadway, the reflector will have a generally parabolic 
section on either side. Theoretically these parabolic 
sections could extend and close at either end on each 
other in a point, but as a practical matter they are 
generally joined each end with sorne sort of curved sections. 
Offsecting the light source effects sorne control of the 
lateral emission angle as shown in 3-24. The main 
advantage of a reflector only and reflector with a flat 
lens or flat plate optical system is to permit very sharp 
cut-off above the main beam with very little light emitted 
above the beam and complete cut-off at horizontal. 

b. Diffusers. Luminaires consisting of diffusers along have 
limited application in roadway lighting except for 
special areas where architectural style trends have been 
the dominant factor in ruling out conventional roadway 
luminaire designs. The function of the diffuser, from an 
engineering viewpoint, is to reduce the brightness or 
glar~ from today's light source. Its effectiveness is a 
function of optical density, or obscuring power, and of its 
physical size. A larger globe, for a given size of lamp, 
results in lower brightness per square inch of surface. 
With high quality diffusers, this can be accomplished with 
efficiencies as high as 80 percent. By their very nature, 
however, diffusers militate against ccncentration of light 
in asymmetric patterns; hence, they are ineffective in 
controlling vertical or lateral light distribution in the 
usual sense. 

c. Refractors. Unlike the reflector-type luminaire, the 
refractor can be designed to entirely surround the lamps, 
thus making it possible to control a relatively high 
percentage of the available lamp lumens. Practical 
refractors, in glass or in plastic, rely upon refracting and 
reflecting prisms in the surface to collect a major portion 
of the light flux and redirect it vertically and laterally, 
as required to meet a preconceived distribution pattern. 

As in the case of reflectors, the refractor is also sensitive 
to lamp type and size as well as to the position of the 
light source within the refractor. Phosphor-coated 
mercury lamps will produce a broad distribution as compared 
to a clear mercury lamp, and the maximum candlepower may 
be markedly reduced. Likewise, a shift in lamp position 
vertically will raise or lower the angle of emission; a 
shift laterally will cause a shift in the lateral angle of 
emission. These effects are utilized in practice to meet 
varying needs with a minimum of equipment types. 
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Figure 3-23 illustrates the effect of lamp position on 
vertical emission from a refracting globe. The use of 
refractors alone for roadway lighting has long been 
superseded by the reflector-refractor type, but a modern 
version with an open bottom has found wide acceptance for 
rural and residential areas as a replacement for the 
obsolete radial-wave reflector. Figure 3-25 shows a 
section of such a refractor. Vertical control prisms 
are formed in the exterior as shown in the elevation. 
The plan view shows lateral control prisms on the interior 
surface, producing an asymmetric, ANSI Type I distribution. 

d. Reflector-Refractor Combinations. The luminaires in general 
use today combine the effective shielding of the reflector 
with the unique control features of the refractor. A most 
important feature of these luminaires is that the reflector 
and refractor are designed to work together as a complete 
optical system. Certain models of such systems have the 
reflector and refractor spun together to make a tight 
seal. See Figure 3-26, but generally the Refractor is 

e. 

held in a door. 

In modern versions of the reflector-refractor type for 
mercury and other metallic vapor sources, the lamp is 
generally placed in a near horizontal position. Reflector 
contours are carefully shaped to redirect the upward light 
to the refractor bowl where the prisms take over the 
function of elevating or depressing the beam, and by shaping 
the lateral pattern of emission to meet a particular ANSI 
standard type. Figure 3-27 illustrates the control 
features of a typical oval-shaped reflector-refractor 
luminaire designed for mercury vapor lamps. 

Influence of Light Source Dimensions. The degree of 
precise optical control attainable depends on the physical 
dimensions of the source, and the limiting dimensions of 
practical reflector-refractor combinations. All practical 
light sources have finite dimensions; they are not "point 
sources," which form the basis for many optical system 
designs. The effect of such practical sources is to broaden 
the distribution pattern as compared to that attainable 
with a point source. Such a broadening is advantageous 
to the extent that it may eliminate striations, or uneven
ness of the light which reaches the pavement. 

The trend to gaseous sources, and particularly the use of 
phosphor-coated lamps, aggravates the control problem, and 
complicares the design of luminaires. By making the 
reflectors and refractors as large as possible, acceptable 
control can be achieved. As mentioned elsewhere, the 
distribution pattern from a particular luminaire depends 
upon the particular lamp used and upon its position in the . 
optical system. 
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Questions: 

l. Almost every street luminaire uses the principle of 
"reflection" of light. How? · 

2. What "type of reflection" or "degree of Specularity' is 
most generally used? 

3. Mention is made in the chapter of "true point sources." 
Name one. 

4. Refraction is the bending of light with prisms. How much 
can a light ray be bent? 

Answers: 

l. The most common luminaires of "ovates" employ a "reflector" 
above the lamp to: a) redirect the light to a generally 
downward direction, and b) to forma "beam" or concentration 
of parallel light to provide the "punch" to light remete 
areas on the street. 

Another use of "reflection" employed in most street 
luminaires is the house-side "shielding" section of·the 
refractor which utilizes totally internally- reflecting 
prisms to redirect unwanted "house-side" light back to 
useful directions. 

2. To concentrate light into a "beam" requires specular 
or near-specular material. This is generally obtained by 
using a "reflector-sheet grade of aluminum, then chemically 
or electrically brightening and anodizing. Occasionally 
non-compound curvature reflectors will be fabricated from 
pre-finished specular "lighting sheet." 

3. There is really nó such thing as a "true point source" for 
street and highway lighting. (Short-Arc Xenon lamps come 
closest such as those used in theatre projection and Solar 
simulators, but they are completely impractical for street
lighting.) The term usually means a short line source such 
as clear mercury or metal halide, or high pressure sodium 
where the are stream is perháps l/8"- to· 1/ 4" in- di ame ter . 
and from say 1 l/2" to several inches long. 

l 

4. The limitation of how much a light ray can be bent by re
fraction is usually dictated by the "sharpness" or how 
small the miter of the prism can be in the molding equipment. 
As a practical matter light can be bent by straight refraction 
about 45° maximum. By manipulating the prismatic structure 
so one face reflects internally and the second face of the 
prism refracta, light can be bent as muchas perhaps 90° 
but a greatly reduced efficiency . 



J 
., 

1 
..) 

-

., 
1 .. 
l 
..,¡ 

o 

• 
- 13 -

FIGURES 

---. ·- .. L.._. __ . .. ~"""~~l 
---~----

--- -~-

1 

IOutcr 

NOIMAL 

b e 

Fig. 3-1. The law 
of reflection states 
that the angle of 
incidence i = angle of ~ 
reflection r. 

Fig. 3-2. Reflections from (a) clear 
plate glass and (b) from front and (e) 
rear silvered mirrors. 
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Fig. 3-4. Focal point and 
focal length of curved surfaces. 
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ANGLE OF lNCIOENCE, t, IN OEGREES 

Fig. 3-3. Effect of angle of inci
dence and state of polarization on 
per cent of light reflected at an 
air-glass* surface: a. Light that 
is polarized in the plane of inci
dence. b. Nonp~larized light. 
c. Light that is polarized in plane 
perpendicular to plane of incidence. 
*For spectacle crown glass, 

n ~ 1.523. 
' Fig. 3-5. The type 

of reflection varies 
with different sur
faces: (a) polished 
surface (specular); 
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(b) rough surface 
(spread); (e) matte 
surface (diffuse). 
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CYLINDRICAL OR 
SPHERICAL 
~EFLECTOR PARALLEL 

RAYS 

Fig. 3-6. 
spherical 

Cylindrical or 
reflector. Fig. 3-7. Parabolic reflector . 
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Fig. 3-8. Examples 
of compound reflec
tion: (a) diffuse 
and specular; (b) 
diffuse and spread; 
(e) specular and 
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Fig. 3-10. (a and b) - Principles 
of.refraction. 

SOURCE 

EMERGING RAYS 

.... INCIDENT AT 
CRITICAL ANCLE 

Fig. 3-9. Total reflection occurs 
when sin r = l. The critical angle 
varies with the media. 
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Fig. 3-11. Regular refraction 
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Fig. 3-12. (a, b, and e) - Refraction 
by prisms. 
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Fig. 3-13 (a and b) - Total 
reflection by prisms. 
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Fig. 3-15. Plane convex lens. 

Fig. 3-17. Blondel 
diffusing prisms. 

• 

: : 

Fig. 3-14. Converging and 
diverging lens control. 
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Fig. 3-16. Fresnel lens development 

F!~. 3-18 (a and b) - Regular 
transmission. 
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Fig. 3-19. Diffuse 
transmission. 

Fig, 3-20. Spread 
transmission. 

.. 

Fig. 3-21. Mixed 
~ransmission. 

Fig. 3-24. Offset light 
center vs. lateral 
emission angle. 

Fig. 3-22. Reflector 
light center vs. 
vertical emission angle. 

--

..... 
Fig. 3-25. Vertical and 
lateral control by street 
lighting refractor. 

Fig. 3-23. Refractor 
light center vs. 
vertical emission 

Fig. 3-26. Light control angle. 
by modern relfector-
refractor combination, 
vertical lamp 
position. 

Fig. 3-27. Optic&l system for 
horizontal lamp position of 
gaseous discharge sources. 
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Tables 

Tahle 3-1-Total Reflection 
Co~fficients of Various Surfaces 

Material 

Highly polished sil\ler 
Glass lined mirrors 
White blottina paper 
Emerald green paper 
Black paper 
Oark blue suit 
Dark blue overcoat 
light grey suit . 
Grey suit 
Caucasian (maJe) face, front 
Negroid (male) tace, front 
Roadway (total of specular and diffuse) 

Macadam 
Concrete 
Dirt and grave! 

Blac k velvet 

Reflectance 

0.92 
O. 70 to 0.85 
0.82 
0.18 
0.05 
0.03 
0.02 
0.11 
0.07 
0.30to0.50 
0.10to0.30 

0.06 lo 0.13 
0.08 to 0.15 
0.03 to 0.07 
0.004 

Table 3-2-Total Transmission Factors of 
Light-Transmitting Material 

Material 

Glass 
Clear transparent and prisma tic 
Configurated, etched, frosted 

and sandblasted 
Opalescent and alabaster 
Flashed (cased) opat 
Solid opa! 

Plastics 
Oepending on type 

Transmittance 

0.9()-0.95 

0.711-ll.85 
0.55-0.80 
0.30-0.65 
0.15-0.40 

ll-l!.95 

.i1 
1: 
i' 
! 
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OBJECTIVE 

Photometry is the science _of measuring light. Photometric 
data is the information needed to provide the engineer with the 
quality and quantity of light he requires to give the proper 
visibility and comfort in typical street lighting systems. There
fore, the objective of this lesson is to describe the general 
equipment and methods of reporting data that will promete the 
uniform evaluation of the optical performance of roadway 
luminaires. 

EQUIPMENT 

l. 

2. 

Luminaires. Luminaires selected for test should be represen
tative of the manufacturer's typical proauct. 

Lamps. Test lamps should be selected for close conformance 
to the manufacturer's design dimensions and construction, 
and seasoned in accordance with I.E.S. recommendations. 

3. Genio - Photometric Equipment 

a. Photometric equipment should be calibrated throughout the 
entire usable scale. Individual readings should be 
reproducible within a tolerance of plus or minus two 
percent. Angular settings or readings should be repro
ducible within plus or minus one degree. It should be 
noted that a tolerance of plus or minus two percent cannot 
be expected at a given angle without taking into account 
angular tolerance. 

b. Provision should be made for correct optical positioning 
of the luminaire in relation to the photometer axis, and 
for candlepower measurement at any angular setting in 
both horizontal and vertical directions. Provisions 
should be made for eliminating stray light and/or reflected 
light from the test setup. 

4. Test Distance. For adequate accuracy in light measurements 
the test distance should be at least five times the largest 
dimension of the light emitting section of the luminaire. 



S. Electrical Requirements 

6. 

a. Regulation of supply. Where luminaires are intended for 
multiple supply, supply voltage should not vary more than 
plus or minus one half of one percent during the test. 
For series supply, the current should be held within the 
same limits. 

b. Wave form of supply. 
RMS summation of the 
three percent of the 

The ac power should be 
harmonic component does 
fundamental. 

such that the 
not exceed 

c. Instruments. Instruments should have reproducibility of 
indication and large scale deflection for conditions under 
which they are used. Lamp current and wattage, depending 
upon type of light source, should be checked with a 
calibrated instrument with reproducibility of plus or 
minus one quarter of one percent. Instruments also should 
be free from frictional and/or heating errors. (See Section 
6.1.1 of the "IES General Guide to Photometry.") 

Temperature. A temperature of 25 °C 
in the laboratory during all tests. 
the test luminaire should be free of 

+ 1 °C should be maintained 
The air in the vicinity cf 
drafts. 

TEST PROCEDURE 

l. Photometric Calibration. Calibration relates the light output 
of test lamps to an assigned lumen value. 

2. Relative Method. From a practical standpoint the relative 
method is desirable because a calibrated photometric reference 
is not necessary. Final candlepower values are as if the 
test lamp is delivering designed lumens. 

3. Direct Method. 

a. In the direct method both the test lamp and photometer 
should be calibrated against photometric standards. Lumen 
and candlepower standards are light sources which have 
been calibrated by a recognized standardizing laboratory. 
Lumen output or candlepower in a given direction is 
established. 

b. The test lamp should be calibrated in an integrating 
sphere (see fig. 4-1) for lumen output and on a bar 
photometer to establish directional candlepower. 

c. The photometer, photoelectric or visual type, should be 
calibrated against candlepower standard. 

d. The luminaire candlepower distribution should be read with 
a calibrated test lamp anda calibrated photometer. 

,, 

1 



- j -

---J-4-.-Special~Pho-tometer Calibration. 

j a. If it is desired to provide photometric data for optical 
.J performance of a luminaire using a specific ballast and 

lamp, the factor for the ballast must be obtained and 
entered into calibrati~n. The report should include 
ballast information . .... 
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b. Calibration of temperature sensitive lamps should be 
performed in still air at an ambient temperature of 25° 
C ± 1° C. The report should include ballast information 
and relative light output versus luminaire ambient 
temperature. 

5. Positioning Lurninaire. If the light center of the test lamp 
(If more than one lamp, the geometric center of the lamp light 
centers) is below the reflector opening, the luminaire should 
be mounted on the goniometer so that the light center of the 
lamp is at the goniometer center. If the lamp light center 
is above the reflector opening, the luminaire should be 
positioned so that the center of the reflector opening 
coincides with the goniometer center. It is also desired 
to keep the luminaire in a constant position during the 
test. 

6. Light Source Positioning. If the lamp is not rotated inside 
the luminaire, the filament (or are tube if mercury or 
sodium lamps) should be aligned and the position recorded 
in the test report. It is extremely important that are dis
charge lamps be held in the same position throughout the 
test. A change in position will affect the lumen output of the 
lamp and therefore have a result on the lamp luminaire photo
metric data. 

7. Cleaning. All glass, reflectors, and other optical parts 
should be thoroughly cleaned before any measurements are 
made unless the purpose of the test is to determine the effect 
of dirt on the luminaire. 

8. Measurements. Sufficient candlepower values must be taken in 
each vertical plane or lateral plane to adequately describe 
the performance of a particular type of luminaire distribution. 
Many laboratories have incorporated the use of automatic 
recording equipment and data processing equipment to help 
speed up the preparation of photometric data. 

LBMINAIRE CHARACTERISTICS 

l. Luminous intensity distributions are taken along various 
surfaces. For the luninaire as an entity, an isocandela 
diagram is plotted and three methods of isocandela diagrams 
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are shown in figures 4-2a, 4-2b, and 4-2c. From this, all 
necessary information about a luminaire can be either read or 
calculated. The lines on the isocandela diagram are "curves 
traced on an imaginary sphere with the source at its center 
and joining all the points corresgonding to those directions 
in which the luminous intensity is the same." 

From this basic distribution of luminous intensity, several 
of the more commonly used distribution curves and tables 
are also plotted. 

2. The vertical distribution of candlepower through the lateral 
angle of maximum candlepower is shown in figure 4-3. 

3. The lateral distribution of candlepower through the cene of 
maximum candlepower is shown in figure 4-4. 

4. Isolux curve is obtained by calculating the horizontal foot
candle values from the candlepower values, by applying the 
inverse square law and the cosine law. Lines are then drawn 
thru points of equal footcandle values to produce the 
isofootcandle chart. 

S. Luminous flux. Luminous flux measurements give a breakdown 
of light in quadrants: upward, downward, for both street and 
house sides of the luminaire, and the total. In addition to 
giving these values in lumens, they are also given in percent 
of bare lamp lumens. This represents the true efficiency of 
the luminaire in percent. (Figure 4-6) 

6. Utilization curve. Utilization curves are available for various 
types of luminaires and afford a practica! method for the 
determination of lumens per square foot (average footcandle) 
over the roadway surface where lamp size, mounting height, 
width of paved area and spacing between luminaires are known. 
Conversely, the desired spacing or any other unknown factor 
may readily be determined if the other factors are given. 
Figure 4-7 illustrates an example of a utilization curve of a 
typical luminaire. The utilization curvé indicates how much 
light falls on the roadway in terms of "coefficient of 
utilization" reveals very little of the way in which the 
light is distributed. 

7. Angles commonly used in roadway lighting are as follows: 

Vertically -

Laterally -

O degrees at nadir 
90 degrees at horizontal 
180 degrees at Zenith 

• 
Measured clockwise viewing luminaire from above. 
O degrees at right angle to curb toward street 

side. 
90 degrees parallel to curb. 
180 degrees at right angle to curb toward house 

side. 
270 degrees parallel to curb. 
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-----a-. -Moíinting height correction factors (figure 4-16) 

ROADWAY LIGHTING DISTRIBUTION CLASSIFICATIONS 

l. General. Proper distribution of the light flux from the 
luminaires is one of the essential factors in efficient roadway 
lighting. In order to have a definite system of light distri
butions, the Illuminating Engineering Society Roadway Lighting 
Comrnittee has established the following terminology to 
describe roadway lighting distributions. There are three 
general criteria used to describe distributions. 

a. Vertical light distributions. 

b. Lateral light distributions. 

c. Control of light distribution above the maximum candlepower. 

2. Vertical Light Distribution 

a. Short distribution (figure 4-15) 

b. Medium distribution (figure 4-15) 

c. Long distribution (figure 4-15) 

3. Lateral Light Distribution. The lateral light distributions 
are further clsssified into the following: 

a. Type I Distribution (figure 4-8) 

b. Type I way distribution (figure 4-9) 

c. Type II distribution (figure 4-10) 

d. Type II 4 way distribution (figure 4-11) 

e. Type III distribution (figure 4-12) 

f. Type IV distribution (figure 4-13) 

g. Type V distribution (figure 4-14) 

4. Control of Light Distribution 

a. Cutoff distribution 

b. Semi-cutoff distribution 

c. No cutoff distribution 

(Note: See the American Standard Practice for Roadway Lighting 
for specific limits for each light distribution.) 
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TEST REPORT 

l. General. Test results should include the following. (A 
typical data sheet is shown in Figure 4-17). 

2. Luminaire Description 

a. Manufacturer's name 

b. Catalog number and/or adequate description to identify. 

c. Dimensions to give a general idea of size. 

d. Light center location by dimensions, if necessary. 

e. Other essential inforrnation such as auxiliary 
reflecting devices. 

f. Goniometer center location with respect to luminaire. 

g. Test distance. 

3. Lamp description. ANSI type service and designation rating 
in watts, volts, or amps and lumens. 

a. Bulb shape and base type. 

b. Filament construction and light center length lamp. 

c. Rotation speed. 

d. Location of support rods of lamp. 

4. Photometer Data. Sufficient data to permit classifying light 
distribution in accordance with the latest ANSI/lES 
recommended practice. 

a. Isolux diagram (isofootcandles) (see Figure 4-4) 

b. Utilization efficiency (See Figure 4-6) 

Four quadrant efficiencies (See Figure 4-5) 

d. Curve or table of values for relative light output. 

e. Mounting height conversion factors (Figure 4-16) 

S. Optional information 

a. A complete isocandela diagram. 

) 

j 
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b. Curve or table of relative light output when luminaire uses 
a lamp and ballast combination. 

FIELD MEASUREMENTS 

l. General. Field measurements are extremely useful in 
demonstrating the effectiveness of a good lighting design. 
The measurements will clearly indicate what the footcandles 
are on the roadway and whether the maximum to minimum light 
ratios have not been exceeded, etc. The field readings can be 
used for an effective before and after story or how dirt 
accumulation affects footcandle levels. The "lES Guide for 
Outdoor Illumination Tests"* should be followed for meaningful 
results. (Note: The observer should avoid wearing light 
colored clothing so that no light rays are reflected from the 
clothing and into the footcandle meter. Extreme care should be 
taken so that only direct light rays are recorded.) 

2. Footcandle meters of various size are shown in figure 4-18. 

3. Luminance meters are shown in figure 4-19. 

4. Quantities measured. The illumination characteristics are 
descrtbed in terms of illumination in footcandles from 
luminaires at specified mounting heights and spacing arrange
ments: The illumination on a horizontal plane is always 
measured, and in some installations measurements on vertical 
planes may be needed in addition. 

S. Conditions of test 

a. The test stations should be located so that the test 
results represent the effective illumination. Suggested 
test-station locations for typical street lighting 
illumination tests are given in Figs. 4-21 and 4-22. 

b. If the test is made for the purpose of checking the 
.performance of the installation after depreciation in 
service, the condition of the luminaires and lamps should 
be noted; the number of hours the lamps have burned and 
the current, voltage or wattage supplied to the individual 
lamps should be determined or estimated. Otherwise, the 
luminaires should be cleaned, new lamps (preferably seasoned 
and rated) installed, and both lamps and luminaires 
properly adjusted. If improvement due to cleaning is to 
be determined, measurements should be made both before 
and after cleaning. 

c. Discharge lamps should be operated for at least a half-hour 
to reach normal operating temperature before measurements 
are .made. 

*Reprinted from August 1951, Illuminating Engineering. 
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d. Test should be made when the atmosphere is clear, during 
the dark of the moon, and when extraneous light is at a 
minimum. Suggestions for making tests when these 
conditions can not be realized are contained in Appendix A. 

6. Test Equipment 

a. Test Surface-Regardless of whether the photometer is of 
the visual or photoelectric type, the test surface should 
be accurately leveled. For accurate results a test plate 
or photoelectric cell compensated for departures from the 
cosine law must be used. 

b. Use of Filters- If a visual photometer is used, any 
existing color differences should be minimized by filters, 
and ~roper allowances made for their absorption. This is 
especially important where the illumination to be measured 
is from mercury and sodium vapor lamps. When possible it 
is best to calibrate visual photometers with neutral 
range-changing filters in place. Where photoelectric 
photometers are used, correction may be made with color 
filters so that the spectral response of the system 
follows the standard (CIE) spectral luminous efficiency 
curve within practicable limits. The proper multiplying 
factors for use with uncorrected cells may be obtained 
from the photometer manufacturer but for maximum accuracy 
should be determined by separate laboratory test on the 
particular cell employed. 

c. Electrical Instruments - All instruments should have good 
reproducibility of indication and large scale deflections· 
for the values that are to be read. 

d. Photometers - Visual photometers with a split field are 
preferable to those with a concentric field. (See 
Appendix A. ) 

7. Test Procedure- Use a recently calibrated photometer and in 
the case of visual photometers check the comparison lamp current 
(or voltage) at each reading station throughout the test 
(see Appendix A). Several readings should be taken at each 
station and the average recorded. Repeat readings at the 
first test station at the middle and end of the test. Photo
electrié photometer readings should be reproducible within 
5 per cent; visual photometer readings within 10 per cent. 
Keep the electrical operating conditions of the lighting 
equipment as near to rated values as possible throughout 
the test. 
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__ 8.:_:_. _Test Report. __ The __ test report should-present the- significant ___ _ 
data in a manner that will permit further derivation of useful 
information. It is recommended that the items listed below 
be included. 

a. Description of installation and conditions 

(1) 

(2) 

(3) 

(4) 
(5) 
(6) 
(7) 

Location (city, street and section thereof, alley, 
pathway, bikeway, date, etc.). 
Description of lamps luminaires, floodlights 
or projectors. 
Mounting height, spacing and arrangement. (For 
street and highway lighting include overhang and in 
the case of steep hills or streets record the grade. 
If foliage interferes with the illumination at any 
test station, so note and give an estimate of the 
extent of such interference.) 
Diagram showing test stations. 
Electrical operating conditions. 
Condition of luminaires and other accessories. 
Describe environment, particularly any extraneous 
light sources which could not be controlled, weather 
and sky conditions, location and reflectance of 
buildings influencing lighting. 

(8) Describe environment as to surrounding dirt. The 
· adjacent atmosphere is the product of the effect of 
the contributions from the neighborhood, such as an 
asphalt plant, open dirt areas, heavy or light 
industry - in fact, any sources that can supply 
contamination to the air that will get to the luminaire. 
The second source of dirt is the surrounding atmosphere 
that comes from the roadway itself. This surrounding 
atmosphere, as well as the adjacent atmosphere, may 
be intermittent but being effected by the roadway, is 
more critica!. Careful analysis of the roadway, what 
dirt that may be on it, and what vehicles use it, is 
very important. Inert, adhesive, and attracted dirt 
generated by small to large moving objects and other 
air movements can make it difficult to evaluate 
conditions under which the lighting system will operate. 

b. Photometric Data 

(1) 
(2) 
(3) 

(4) 

(5) 

Tabulation of test data. 
Tabulation of special measurements taken. 
For street lighting record the ratio of maximum and 
minimum to average horizontal illumination. 
Horizontal or vertical illumination. Record height 
of test plate above surface of street or field. For 
vertical illumination record orientation of test plate. 
Manufacturer's name and model of visual or photo
electric photometer used. 
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LOCATION OF TEST STATIONS FOR STREET ANO HIGHWAYS 

l. General. 

a. Test stations should be systematically chosen in such 
manner as to represent correctly the illumination pattern. 
The test span should be divided into an even number of equal 
rectangular test areas, the luminaires being over the 
intersection of boundary·lines of such areas rather than 
over the centers of the areas. Footcandle readings are 
taken at centers of the test areas. The mean for the entire 
surface can be computed from the average horizontal 
illumination for test stations so disposed if sufficient 
number is selected. Enough stations should be chosen so 
that additional readings in similarly distributed locations 
will not change the average results significantly. The 
test plate should be not more than six inches above the 
street surface. 

b. Typical arrangements of street lighting luminaires and 
test stations are shown in Figs. 4-21 and 4-22. Fig. 4-22 
shows typical survey charts. Fig. 4-21 is a photograph 
with test stations plotted on the surface. 

c. Only the readings taken at the basic test stations should 
be used in the calculation of the average values. However, 
other measurements may be taken at points of special 
significance, such as along the curb line and center line, 
half-way b"etween or i111111ediately under luminaires, or at 
points where a maximum or mínimum intensity is anticipated. 
Where illumination on the sidewalks is important (as on 
residential streets) a row of test stations should be 
located along the sidewalk. Readings taken opposite each 
luminaire aid in plotting isolux curves and also give 
additional data where the illumination is changing 
most rapidly. 

2. Crosswise. It is advisable to locate the stations in the 
centers of the traffic lanes. For this purpose, a traffic 
lane is considered to be approximately 10 feet wide. (For 
example, a 36-foot roadway is considered as 4 lanes.) 

3. Lengthwise. Divide the distance between luminaires into an 
even number of divisions (approximately ten-foot intervals 
are suggested); take a reading in the middle of each rectangle 
thus formed. 
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Fig. 4-1, Three-meter-diameter 
spherical photometer in back of 
engineer holding 8-foot 
fluorescent lamp. 
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Fig. 4-2a. For symmetrical distributions-(1) left, sinusoidal 
equal-area web; (2) right, rectangular web. 
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Fig. 4-2b. For asymmetrical distributions-sinusoidal 
equal-area web. 
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Fig. 4-2c. For asymmetrical distributions-rectangular web. 

Fig. 4-2. Isocandela diagrams and associated methods of presentation. 
Principal reason for use of sinusoidal projection is the ease of using 
graphical analysis techniques while the rectangular format is adapted to 
automated mechanical plotting techniques. 
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Fig. 4-6. Light Flux 
Values. 
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Fig. 4-4(Left and above)-Two methods of 
presentation of candlepower distribution 
data in a cone. 
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Fig, 4-9. Type I-4-way. 

Fig. 4-14. Type V 

Fig. 4-10. Type II 
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Fig, 4-11, Type II-4-way. 

Fig. 4-12. 
Type III. 

Fig. 4-13. Type IV. 

·-Figs. 4-8 to 4-14. Plan view of roadway coverage for different types of 
_luminaires. 

Fig. 4-15. Recommended vertical light distributior. 
boundaries on a rectangular coordinate grid 
(representation of a sphere). Dashed lines are 
isocandela traces. 
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C"Piverslon Factors In Terms ol15, 20, 25, 30 and 35 Foot (4.6, 6.1, 7.6, 9.1 ond 10.7 Meter) Mounting Heights 

_ _::M::.:•::•:::•.::tl:.:!ng!_H~ei:!.gh:::tc__ ___ :i ··-· Convenlon Factor& 

11 

15 Feet ¡ 20 Feet 1 25 Feet 1 · JO Feet 1 J5 Fnt 
Feet . Meters , (U Meters) 

1 
(6.1 Meten) (7 .6 Meters) (1.1 Meten) (1o.7 Meten) 

·1 -----
1 

1 

10 3.1 2.25 1 

li 1 
11 3.4 1.86 

i 12 3.7 

1 

1.56 

1 
13 

1 
4.0 1.33 

1 H 4.3 1.15 
1 11 

---- --
15 4.6 1.00 

1 

1.78 ! 
16 4.9 

1! 
0.879 1.56 

17 5.2 
j 

0.779 1.39 
18 5.5 0.694 1.23 1.93 
19 5.8 li 0.623 1.11 1.73 --

1 
,¡-----

2'l 6.1 !¡ 0.562 1.00 1.56 2.25 
21 1 6.4 1' 0.907 1.42 2.04 
22 1 6.7 

1 
0.826 1.29 1.86 

23 
1 

7.0 
1 

0.757 1.18 1.70 
24 7.3 

1 
0.694 1.09 1.56 

1 
1¡ 25 i 7.6 0.640 1.00 1.44 1.96 

2(j 7.9 11 0.925 . 1.33 1.'1 
27 8.2 0.857 1.24 1.68 
28 8.5 0.797 1.15 1.56 
29 8.9 0.743 1.07 1.46 __ .. -- ~-~ 

3') 9.1 1 0.695 1.00 1.36 
~1 9.5 

1 

0.936 1.27 
3~ 9.6 0.878 1.20 
33 10.1 0.8?6 1.12 
34 

1 

10.4 1 0.779 1.()1; 
~. 

35 10.7 1 0.735 1.09 

3'i 11.0 1 0.945 
37 11.3 i 

0.~ 

3S 11.6 

1 

0.&19 

39 11.9 
1 

0.805 

~ 12.2 0.765 

Not~: Conversion factors are the square of the mountins hei¡¡ht at which the isofootcandle (isolux) diaaram is plotted 
divlded by the square of the mountins helght desired. 

Fig. 4-16. Mounting Height Conversion Factors. 

fe = LAMP LUMENS X CU X EQUIPMENT FACTOR 
AREA 
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PHOTOMETAIC DATA 
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Fig, 17a. Fig, 17b, 
Fig. 17. Typical photometric data sheet on a street lighting luminaire, 
essential descriptive information on lamp and luminaire tested. 
(Note 4-17a and 4-17b each to be blown up to fill an entire page.) 
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Fig. 4-lBb. 
Low range street lighting 
footcandle meter. 

• 
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4-lBa. 
Low range portable illumination meter. 

Fig. 4-19. . 
Pritchard Photoelectric 
Telephotometer. 
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Fig. 4-22. Locations 
of test stations for 
illumination measure
ments on streets and 
highways: (a) lumi
naires located on one 
side of roadway; (b) 
luminaires located in 
staggered arrangement 
(on alternate sides of 
the roadway); (e) lumi
naires located in 
opposite arrangement 
(en both sides of road
way). Crosshatching 
indicates typical 
rectangular test area 
at the center of which 
illumination reading is 
taken. 
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Appendix A -Procedurc for Computing 
Jeofootcanrlle (holux) C•t!'vr~ 

A 1 n~ fn11owing is " IUS~MI~fl m~thnrl wltere rn:m
uol cinto tnking is used. 

(11) Calculare horizontal illuminntion •·nlues for 
vertical angla Usted in Tahle ,A_t r~r eaclo btcrnl 
angle through which a vcrtkal o'nndlepowrr olimi. 
hution curve has been tnkcn. l'ori7.ont:tl illumiu:1liou 
values equal candlepower limes the cosine cnheol ~r 
the vertical angle divideol hy thr. monntin~ hr.ighl 
11<) na red. 

(h) Plot horizontal illuminnlinn I'Biues """' !he 
tomr-ent of the vcrtir.411 anr.lr.. Thi!' mny hr. .in"le on 
ll( milor, paper or on rect:mr,niAr rnorrlina.lr. pa.p~r if 
th•. f'l .. ~inntP. (hnri7.onta1 illnmination v:tlnf'S l "rnle is 
chP.n~('rl e~cl, time thnt ,·alnr. gor.s ~Jow onr:·tenth 
fnll '"ale nlue. 

(r.) Thc isofootrnndlr lisnlux) din~;rnm hn< •• its 
scale a ratio of di~tance tn mnuntin~ height whidt is 
thc t~n¡:ent of the vertical nng1.r. l~nolinllin" may he 
dra,·:n on the chart representinr, the inlrrseclion of 
the .rrticnl planes throuflh wloirlo r.andlopnwrr valur< 
wcre recortJ~d. Then from thr horizont:tl illumin:t· 
tion values versu!l tang~nt ('Urvc,. d~ircrl hf"rilf'\nlnl 
vnlues mny h~ scleded, plollc<l an~ ,·nlnc• ~r rquol 
illuminntion jl"inr.d by n ~month rnrvc tn forrn the 

isolootcandle. (isolux) diagnm. !'•• refcrences 2, 
~ nnol 13. 

A?. ~u~g~tPII m~thods wher~ autom;\tic r~ordins; is 
usecl nrr: 

(n) Tr•n•paf'ncies with lines o! equ•l illumina· 
tinn (isofootrandle (iaolnx) lines) can h l"a~e by 
plnlling coodlepower for on isofootr.tndle (isolux) 
linc versu~ the ,·ertical angle. A trans~:trency is re· 
quired for each mounting height and each full ocal• 
ranollr.power value. The ~quation from which nlues 
nre r•lrulat••l for plotting io: Can•li'P'"·:er cquals 
llnri7.nnto! Fontcnndles (Lnx) times Mournng Hcight 
Sqnarrd rli•·iol.-1 hy the f.<>sino. Cnl:oed n! tho Vertical 
A n;le. 

(lo) The photometer must be colil,rated !O that 
fu JI ~~al~ rlr.ncctinn of recorrl~r ;, tJ..~ ~",..,~ ,.! rl,at nf 
one nf the tr:tn~rarencies. 

( r) As distrihution curves ore t•lco." frnm the 
rer.nrrlrr, the trnnsparrncy overltty is i'!l':".:t. Points nf 
intenodion locate the vertical P.ngl• at which that 
horiznnlttl illnminatinn valu~ shoul~ h~ rlot·~rt on the 
T~nrnolríln,lJe (hnlux} ~iPtrram. J~ ~s plnHe•l Cln t .. e 
lint!: wl,ir.h rr.prt';Sents the 1ater:t1 ancl"'! '""~',C"- whir:l-t 
rh~ u-:rtical ,)¡"rrihution r.un·e wa!\ t:-J..,." at" cJist:tn~~ 
from lhe luminaire lt.K:atinn numerir:íl11~.r Cf!11:'1\ t., the 

T~l-le-Appendix .',! 

Constants for {Cosine Cuhe!l Vertical An~le{Mounting l'elghl 5qL'are!l) 

v:.=~~ea-t""¡_T_a_n_g-en-t-,.~~~(-4:~5P.~~~-~ .. _,-~[_--_!f_.~~~rs) _ ·.--:-~.:\~:::~~-· ~--(-,_.-=~:_t.'!-=.r_.,..:_.-~c_1,..rs~-)~--~,-~: -,-n-n-=.~=-\-=~-:",.-t!-,.-,--
o 
5 

10 
15 
20 
25 
30 
3'j 

40 
45 
50 
55 
E~ 

es 
&'~í 
70 
72Y:; 
75 
77~-j 

f'l 
SI 
82 
P3 
@1 
!'5 
86 

0.0 
.087 
.176 
.268 
.361 
.46? 
.577 
.700 
.839 

Loro 
1.191 
1.428 
1.732 
2.144 
2.414 
2.747 
3.172 
3.732 
4.511 
5.671 
6.313 
7.115 
8.144 
9.514 

11.430 
1000 

.004444 

.004'!!1 

.004245 

.IJO.I005 

.003688 

.003JII9 
.002@117 
.002•11 
.001 !:'98 
.lVJ1'71 
.OOllf:lll 
.000!387 
Jlll05556 
.0003317 
.0001491 
.00!11178 
.0001208 
,00007706 
.000~1506 

.OOIJil'3<7 

.00001701 

.00001198 

.000llll8044 

.~iG 

.OIJ00'11943 

.0000~1~ 

,('M500 
.0'17472 
.00~388 

.00225J 

.0'121174 

.fl!ll~1 

.0015~4 

.00B74 

.001124 

.000~3, 

.IJOIJG640 

.OOOPI7 

.0003175 

.OOOJ8'l7 

.0001'11 

.Ofl'll(l'l'J 

.CXkW,798 

.l)tl(l0~'34 

.oom~r; 

.01l0'112~9 

-~~70 
.~7?~ 

.000:>11525 
-~21!~5 
,OOO')'l1f5~ 

.0000008186 

.001600 

.001582 

.001528 

.001442 

.0013211 

.0'11191 

.001039 

.0008791 

.00071~2 

.0005657 

.0004318 

.0003'119 

.0002000 

.0001208 

.llOO!m57 
,(11Vlnfo401 
.OOOMr;ol 
.llllllll2774 
.00001622 
.000008378 
Jl00006125 
.0110004313 
.IIOCWZ896 
.OOOII'JIP<l 
.000001115~ 

.00110005131 

.oouu 

.00109S 

.001l".i1 

.001001 

.000~220 

.0008272 

.0007217 

.0006107 

.0004 9!:'5 

.0003~9 

.ooom1 

.0002097 

.0001381 

.00008387 

.110005227 

.00110111~ 

.0000~~1 

.00001926 

.OOIJill127 
,(10(](11)5818 
.00000~25~ 
,001)1)11?9')5 

.OIJOOil?Oll 
_OIJOOI)J 269 
.IJOOI"Vl7:!55 
.01J11')0113771 

,0,~163 

.m~'l!O 

.l""l~i97 

JY''!,?57 
.~774 

.lm"177 

.~~?'12 

.CW""~"':7 

.m?-í7r'J 

.0':"'1~~ 

.t'M<l68 

.O't'l~~~'l 

,()1)111 !"~'l 

.O'X!~l6:! 

.~'i75 

.00("'1?,~~ 

,('1)1)']1220 
.OOO'll!15 
.O"'J'Y.."m 
.O""~• m 
.IJ'W'M?125 
,0(11)1Wl2Zf11 
.O'l'JMl'78 
.OM'JI!'1.)m 
.~~04 

.CY.111'1~~771 
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TEST QUESTIONS 

l. What is the required laboratory temperature for testing 
street lighting luminaires? -

2. Describe the directions of beams in a type I distribution. 

- 3. What does the utilization efficiency chart do for us? 

4. What are the three general criterias used to describe 
street lighting luminaire light distributions? 

S. Why is it necessary for the meters to have the light 
sensitive cell match the eye sensitivity curve? 

ANSWERS 

1. 2S°C + 1°C 

2. The light distribution beams are 180° apart. 

3. The utilization curve affords a practical method for the 
determination of lumens per square foot (average foot
candles) over the roadway surface. 

4. a. Vertical light distribution 
b. Lateral light distribution 
c. Control of light distribution above the maximum 

candlepower. 

S. So that the photocell records the same amount of light 
that our eyes record. 
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DISTRIBUCION DE LA LUZ VERTICAL 

Las luatnartas se clasifican dependténdo st su potencia luminosa mixtma cae corta, mediana, 
o a gran dtstancta de ellas. 

1.- D1s&ri~i6n Corta: 

Z.- Distribución Mediana: 

3.- Distribución Larga: 

Lado do 
lo cena o 

do la oc ... o 

De una Lfnea Longitudinal de caatno (LLC) de 
1 A.M. 1 2.5 A.M. equivalente a 45" 1 66" -

De una (LLC) de 2.5 de A.M. a 3.75 A.M. equi
valente 1 66" 1 75" verticales. 

De una (LLC) de 3.75 de A.M. a 6.0 A.M. equi
valente a 75" y so• verticales. 

o· 

lodo do 
lo callo 

,. ' 1 11 ', 
1 : ' 1 o 

1 1 ', 

11 ' /'oM 
1 1 ' 

1 ' 
1 1 ' 

1 1 ' 

1 1 ' 

1 : ' 

bf-..--t---1odo dO lo COIIO --
Lodo de lo co1o0 

0 0. la O(CIO 1 1 

Proy~CC•O"~ 
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CLASIFICACION lES: TIPO 11, MEDIA, SEMI·CUT·DFF 

CLASIFICACIDN CIE: NON-CUT-OFF 

Fig. 1 

Lw.....,•M ~P••:;: l(I)OQ 

01 @ to•:. lOO t4 1.1 

u Gil ao•.: uoo tu" 1 

A Una interpretaclon práctica de la "American Standard Practice .. para alumbrado público, '"llluminating Engineering, 
july 8,1977 American National Standard Practice para alumbrado público AP-8 ·: 
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OESCRIPCION ; TIPOS DE DISTRIBUCIOH LATERAL DE LUZ • 
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·coma. DE LA DlSTRIBUCl!JI DE LA LUZ SOBRE LA POTDICIA UIUIOSA IIIUIM 

La clasificación indica las cand•ias .. itidas desde lo Lwoi .. rio a aagulos elevados, sien
do de acuerdo a la 1 ES ca.~ sigue: 

QITTOF 

SEIII CIITOff 

IICII CIITOFF 

• ás de %S c.aoodel..s - ·:':'00 L-s 
de 1& l ... N - aoc;iM de .:.o ..,.,,1<1 
de 90• solln el IIMir 1 M -'s ._ loiQ 
c:udelas - 14111 L__,. de 1-.....-. 
por aoc;ia * • -,...1.., 4e so• se1ore 
el JIMir. 

• lliÍS * Sil Cillldelas por 1000 '--• 
,.... ewciE ole Ull ángulo de 901 i<lllre -
e 1 IIHi r 1 110 ais de 200 cande 1 u por 
lOGO L-s de lámpara !""" encJ.a de 
• áoogoolo de so• salM-e el lla<lir. 

Sto li•ltaciones de candelas. 
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INFORMACION FOTOMETRICA 

-coo:=R------- --- LABORATORIO fOTOHETR!CO CHD 

-----LU-11!-NA_R_ro ___ ovs...;,.z;.;,SB.;.¡Y, SOD!O ALTA PRES!ON 
L 

LUH!HAR!O 
SOCXET POSIC!ON 
RHLECiOR 
REFRACTOR 
LCL 
LAMPARA 
LUHDiES DE LAHP 

71.7 ___ .._. 

CLASITICAC!Ofl AMSI-li:S : 

111 nEDI! s~n!-CUTOFF 

1 KfOIINCI Ofl GDDilL 

7.b2,. 

PRUEBI1 FOTOHETRI CA EH BASE A LOS 
PROCEDIHIENTOS DE LA !ES. 

ll~L0RES DE FLUJO LUM!HOSO ~ 

1 : 
1 i 

' ¡ '' LAMPARA 1 
14,465 

1 52.6 ¡ 
5,665 ! 2U 1 

339 ¡ 1.2 ! 
193 8.7 

_! ro:~L . ! 29,653 1 75.1 
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APROBADO POR :--------

fECHA 

¡No. DE CURVA Rl:ll. l!o. 

1 763715 

u 
H 
E 
H 
S 

u 
r 
1 
L 
1 z 
A 
D 
o 
S 

E 

" p 
o 
1 
e 
1 
E 
11 
r 
o 

1 
E 
L • e p 
I E O L 
O H S ~ 
H T I H 

R e 1 
) E l H 
E O A 

A H R 
D L !! I 
1 T il o 
S U 
T l 
A A 
H 
e D 
1 E 
A 

H 
T· O 
R H 
A T 
H A 
S J 
U E 
E 
1 
S 
A 
L 

69.---.--r-..-..--..-......... -. 

49 

39 

za 

' 

J 
J 

l 
~- -

1 

12345ó7 

IILtCION t€ IIST~IA TRANSVERSAL 
llCTit: iLT~M Y IIOHTAJE 

-- C.JIIH 1 SOLUX -

RD.AC!Ofl DE BISTi!ie!A LotlGITUDIHAL 
ENTIIE ALfijl!a H ~l'.WL 

PARA OTRAS ALIUfAS DE HOtfi'~J~ MUI.liPLIChli LOS 
LUXES POR EL FACTOR DE Cú~RECCI(oH Df Llo TUII.A: -:-r:-:-.-----

AL!URA MONTAJE M 4.5? i.l~ ¡7.6! !.14 10.i? 
FACTOR CORRECIOH 2.?3 1.5E 1.0~ ~.i! ~.51 
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_ LUMINAIRES FOR-RGADWAY-UGHTING 6 • ••• •••• 

l. General Considerations 

The Roadway Lighting Luminaire is a more specialized and 
sophisticated luminaire than most cornmercial luminaires. Its 
components may be broken clown into three basic structures or 
systems. An optical system, consisting of a light source, 
reflector, and if it is a closed system, a transparent cover 
or a light controlling refractor. 

They generally consist of a housing which supports the 
integral ballasting equipment, lamp socket and reflector and 
a slip fitter for the pele mount. The cover is hinged and 
latched and supports a plain transparent cover or a light 
controlling refractor. In sorne completely enclosed optical 
assembly designs, the gaskets are made of special air fil
tering material and in others air breathing is directed 
through separate air filters: More recently, open ventilated 
designs were introduced for very high mounting heights which 
utilize a reflector and in sorne designs an open bottom refrac
tor for additional light control. Dirt buildup on the optical 
surfaces is prevented by a chim.~ey effect of the heat from 
the lamp and wind currents which produce a continuous upward 
air movement through the optical assembly. 

2. Light Distribution Requirements 

We learned in Chapter 3 on the Principles of Light Control 
that optical systems can be designed which will redirect the 
light source towards a useful area, in the case of roadway 
lurninaires onto the roadway area. This may be accomplished 
by means of a reflector alone or by a reflector and refractor 
integra~ed optical system. 

Chapter S described the various light sources, such as, 
incandescent, fluorescent, and high intensity discharges, 
which may be employed in the roadway luminaire. 

Chapter 4 described how the light emitted from a luminaire is 
~easured and how its distribution is displayed in data fo~. 
Here we also learned that specific light distributions have 
been defined and classified by the IES - ANSI Standard Roadway 
Lighting Practice so that a luminaire purchased to meet a 
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given ANSI classification can be expected to satisfactorily 
light the roadway area covered by that classification. Thus, 
the beam elevation of maximum candlepower can be specified as 
Short, Medium, or Long. The roadway width or area covered is 
covered by the classifications Type I, II, III, IV, V, I 4 
way and II 4 way, etc. Last, a glare indication is represented 
by the classification of cutoff, semi-cutoff and non-cutoff. 

In many luminaires, especially the HID types, the classification 
can be made to shift from one type to another within limits by 
an adjustable lamp socket holder. 

Since all luminaires must conform optically to this classifi
cation system, it is more appropriate to discuss them by 
source types rather than by light distribution. 

3. Luminaire Types and Component Parts 

Luminaire design varíes more with the type light source used 
than by differences in their optical systems. The incandescent 
types being the oldest in use evolved into a fairly stan
dardized construction. The fluorescent by nature of the lamp 
size has a mechanical design completely different from 
existing luminaires and the HID luminaires tend toward the 
more modern streamline design. There are overlapping between 
the incandescent and HID designs simply because of the 
similarity of light source sizes. 

a. Incandescent: The incandescent luminaire generally 
consists of a standardized hood assembly (Fig. 6-3) and 
a detachable optical assembly. The hood is supplied in 
two sizes, Medium and Mogul, and will accept optical 
assemblies interchangeably from a number of manufacturers. 
It consists of an outer housing with lugs for attaching 
the optical assembly, an adjustable slip fitter for attach
ment to the support arm, and an adjustable light socket 
support and light socket (Fig. 6-4). Electrically, 
provision is often made for high voltage insulators for 
series street light circuits, for a connector socket for 
a photoelectric light switch, and for enclosing small 
internally mounted High Intensity Discharge lamp ballasts. 

The optical system may consist, in addition to the 
incandescent lamp, of an open reflector a 
reflector with an open bottom refractor, (Fig. 6-6) or 
a reflector with a closed refractor (Fig. 6-3). Sometimes 
a small auxiliary reflector - light shield is provided to 
sufficiently reduce house-side light. The optical assem
blies are fastened to the hood with toggle clamps and 
provided with a safety chain to prevent them from dropping 
to the street should the toggles come unsnapped, 
unintentionally. 
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Fluorescent: The fluorescent luminaire 
generally consists of an aluminum housing with an 
internal specular reflector and a clear plastic 
enclosing cover. The housing al so contains the ne.c.es..:.------

--------8 a r.y-ele e t-r ic a l--b a1-las t s-an·d-c·on t ro 1 eq uipmen t f or 
proper operation of the lamps. 

c. 

Due to the fact that the fluorescent lamp is a long 
source, very little lateral optical control can be 
obtained. Thus these luminaires will not be found 
with narrow beam distributions. Vertical control can 
be obtained quite satisfactorily from the reflector 
alone, therefore, most plastic covers have little or no 
optical control formed in them. The covers usually are 
attached to the housing with a toggle clamp arrangement 
which allow·s it to swing open for servicing and replace
ment of the lamps. 

They generally use the high output and super high output 
fluorescent lamps in various lengths and as many as 
twelve per luminaire. These lamps are quite temperature 
sensitive and often require heaters or special design 
for cold weather operation and cooling fans for summer 
hot weather operations. 

One exception to the decline in the use of fluorescent 
luminaires has been its application to tunnel 
lighting. In this application, it seems to have advan
tages over other sources and continues to be used. 

High Intensity Discharge Luminaires: The High Intensity 
Discharge Lamps in many cases made it necessary to re
design the optical systems of incandescent reflectors 
and or luminaires due to the differences in the source 
size and area. This led to Ovate and square styling 
changes in the luminaires which has occurred since the 
early sixties (Figure 6-11.) 

The conventional luminaire is supplied in three sizes: 
a small luminaire which takes the 175-250 watt lamp, a 
medium size which accepts the 400-watt lamp and a large 
luminai.re for the 700 and 1000-watt sizes. An adjustable 
socket is used in many luminaires which enables its lighting 
optical distribution to be altered. A second factor which 
affects the light classification is the use of a clear 
or phosphor-coated mercury lamp. When the fluorescent 
mercury lamp is used, light control is decreased because 
of the enlargement of the light source to the size of the 
bulb envelop. This leads to wider beam patterns and the 

) 
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loss of light cutoff at higher angles. In general, the 
improved color quality is preferred by the public in 
business and residential areas and the lamp is used in 
these applications in spite of the diminished beam 
control. On open highways where quantity and glare 
control are of more importance the clear mercury is 
used. 

At the start of the 70s two new sources are being 
adapted for use in the conventional luminaire. The 
metal halide mercury lamp which has improved color over 
the clear mercury and many more lumens per watt is 
replacing both the clear mercury and phosphor mercury 
lamp. A second type known as the high pressure sodium 
source offers more than double the light of the compa
rable mercury source with a golden white color. In 
adapting these sources to the conventional luminaire 
care should be exercised in the application to avoid 
excessive glare since the sources are so much brighter. 
In general, lower beam angles and higher mounting 
heights should be employed. 

d. Decorative Luroinaires: In downtown, commercial areas, 
boulevards, parks, campuses, and residentia1 
areas wher~ people are becoming more aware of day time 
esthetics something more than the conventiona1 func
tiona1 luminaire is being asked for. To fi11 the needs 
of this market, manufacturers have been ab1e to incor
porate the functiona1 optica1 system in a decorative 
housing. Thus, night time lighting 
efficiencies have been preserved with an improved day 
time appearance. In the newer residentia1 areas under
ground wiring is being used. This made the 1ow mounted 
decorative post top 1uminaire practica1 (Fig. 6-14). 
In the 1ower wattage sizes and with a good optica1 
design, brightness of these luroinaires can be kept within 
acceptab1e 1imits. 

For 1arge area 1ighting such as parking and ma11 areas 
high mounted high wattage 1uminaires such as shown 
in (Fig. 6-15) are often used. 

e. Underpass Luminaires: Wa11 mounted 1uminaires (Fig. 6-16) 
are avai1able both with and without ba1lasts for use 
in 1ighting underpasses. These are usua11y supplied with 
the 1ower wattage 1amps which combined with a wel1 
designed optica1 system wi11 usual1y provide satisfactory 
distributions at fifteen foot mounting heights. 
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f. Luminaires for High Mounting Heights: A recent trend in 
large interchange lighting has been the use of high 
mounting height luminaire systems. Towers of 50, 100 
and even 150 feet are used. At these_heights-,-severa-1,------
luminaires-are usually employed, mounted on a pele 
surrounding ring which can often be lowered to the ground 
by winch for servicing. The luminaires use vertical 
burning discharge lamps in reflectora and/or reflector
refractor optical assemblies. I.E.S. Type V symmetric 
distributions were first introduced to light the entire 
central area of the interchange. Later the asymmetric 
distributions were added to more effectively distribute 
the light at entrances, exits and tangent sections. No 
doubt as the future brings forth still newer and larger 
light sources, additional luminaire designs will be 
developed. 

g. Standardization of Luminaires and Accessories: The 
utility and street light servicing organizations have 
long sought standardization of the components which 
comprise a street lighting luminaire. · 

One of the first successes was the so called NEMA hood 
used in incandescent round luminaires. These were · 
standardized to a point that an optical assembly made 
by any of a number of manufacturers could be attached 
to them. 

More recently the flange openings of the various size 
refractors has been standardized to a point that refrac
tors of one manufacturer will fit in a luminaire of 
another manufacturer. This is fine from a replacement 
purchasing and inventory point of view, however, 
mechanical interchangeabilities do not always imply 
optical interchangeability. Optical systems are not 
standardized, therefore one manufacturer's refractor 
may not be compatible with another's optical system with 
the resulting'effect of producing a l'ght distribution 
pattern different than the original specification. lf 
interchangeability is contemplated, photometric tests 
should be performed on each refractor to determine the 
compatibility of the light distributions before the 
refractors are certified as interchangeable. 

Standardization in many instances does serve a useful 
function, especially for mechanical parts, electrical 
supply accessories, photoelectric light switches, etc. 
However, it should be emphasized again that care should 
be taken in interchanging optical parts lest the light 
distribution be something· other than originally specified. 
A further limitation of standardization may be to atifle 
creativity and the development of new and better luminaires 
and competitive rivalry among.manufacturers. 

S 
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Fig. 6-2. AC Relay Photoelectric Control Element with Cover Removed. 
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Fig. 6-4. Sockets-fixed (left) and 
adjustable (above). 
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Fig. 6-8, Fluorescent luminaire, 
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Fig. 6-10. Open bottom round luminaire. 
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Streamlined oval luminaire. 
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Fig. 6-14. 
decora ti ve 
1uminaire. 

- -------

Low-wattage 
post-top 
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Fig. 6-16. Wa11-mounted 
1uminaire for underpasses. 
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Fig. 6-15. High-wattage, high-mounted, area-lighting luminaires. 
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_ ROADWAYLIGHTINGPRINCIPLES 7 •••• 
•••• 

Principles of Vision in Public Lighting 

Though public lighting has to satisfy both drivers and pedes
trians, it is in practice the requireme'nts of the drivers 
which are the more stringent. 

l. Reguirements fbr Drivers 

a. At any moment the whole of the road and its details 
should be clearly visible. Among the details where 
perception is particularly necessary are: the surrounds 
of the roadway and the sidewalks, the entry of side 
roads, and traffic signs, whether at the side or 
painted on the pavement surface. 

b. The clearest possible visual guidance should be pro
vided on the alignment of the road. Perception of , 
details of the road gives sorne indication of its align
ment; but this should be reinforced by other means, for 
example, the pattern formed by the luminaires as seen 
by the driver, and by their color (the beacon effect). 

c. Any object which is or which may be dangerous should be 
seen at a distance great enough to give the driver 
time to make--without danger to himself or others--
any maneuver which the presence of the obstacle may 
demand. This time must be sufficient for the percep
tion of the obstacle, its identification, the appraisal 
of its direction of movement, its distance and its 
speed, and ~he taking of the decision as to the maneu
vers to be effected, to carry them out, taking into 
account the speed of the vehicle, the reaction time of 
the driver and the braking time. This perception 
should obviously be provided over the whole of the 
visual field of the driver, that is to say, in the 
zones of both focal and peripheral vision. 

In the absence of obstacles, the presentation of the 
road should be such that the driver is certain that the 
road is clear. This condition involves affording to 
the driver visual comfort, such that he is not subjected 
to nervous fatigue, whi·ch may be dangerous. 

1) 
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d. The lighting of the street should appear continuous 
and uniform. 

Special lighting, which does not alter the appearance 
of continuity of the lighting of the road as a whole, 
should be provided at critical points and areas such 
as curves, crossroads, bridges, tunnels, underpasses, 
crossings, etc. 

e. Direction signs and such features as islands and guard 
posts should be made conspicuous at night, though 
without involving glare; they may be lighted either 
by the general installation or by special equipment. 

2. Visual Field of the Driver 

a. The usual field of the driver comprises, in order of 
decreasing importance: 

the roadway 
the surrounds to the roadway including signs 
and signals 

- the sky, including the bright luminaires 

Any obstruction or circumstance liable to lead to an 
obstruction should be clearly displayed in this visual 
field. Since perception and the speed of perception are 
directly related to the luminances and the contrasts in 
the visual field, it is necessary to understand the 
mechanism by which the relevant luminances are produced. 

b. The luminance of the roadway results from the distribution 
of luminous intensity of the luminaires, from the 
geometry of the installation--that is to say, the siting 
with respect to the plan of the roadway, and the reflec
tion characteristics of the surface of the roadway. Cal
culations are fairly complex; never.theless it is possible 
to obtain a good idea of the influence of the light 
distribution and of the reflection characteristics of 
the roadway by examining in the visual field of the 
driver (i.e., in perspective) the shape of the bright 
patch formed on the ground by a single luminaire (curve 
of constant luminance, see Fig. 7-1). 

This patch has the form of a letter "T" the tail of 
which is shorter as the road surface is more diffusing 
and as the distribution of luminous intensity is more 
cut-off (see Fig. 7-1). The head of the "T" is wider 
as the surface is more diffusing and as the distribution 
of the luminaire is wider in the direction of the width 
of the road. 
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---~ ___ It _is _ats9 _a function_of_ the .crown of- the-roadway .· 

The pattern of luminance on the roadway is produced by 
the juxtaposition of these patches which results from 

~ the location of the luminaires and the geometry of the 
, road. The interdependence refe_r_r_ed_to_aboYe_is -Obvious-. 

--~~--~----Tne-Iocation of-íumínaires should therefore be carefully 
set out and studied in a perspective view of the road. 
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It should be noticed here that the ratio of the spacing 
to the mounting height is a predominant factor as is also 
the ratio of the width of the roadway to the mounting 
height. 

c. The luminance of the surrounds to the road depends upon 
their nature and upon the distribution of luminous 
intensity of the luminaire. It is not usually calculated, 
but it enters into the evaluation of the degree of glare, 
and in the estimation of the contrasts presented by 
objects seen against the surrounds of the roadway . 

d. The luminance of the luminaires themselves depends on 
the distribution of luminous intensity and on their 
projected area. Its order of magnitude is very much 
greater than that of the luminances of the roadway and 
of the facades. It may result in an effect of glare 
which reduces the visual faculties of the eye, or 
gives rise to a sense of discomfort which, eventually, 
brings about fatigue. 

3. Visibility 

The phenomenon of visibility is directly related to contrast. 
It follows that the visual requirements of the driver that 
good contrast should always be produced: 

a. between the roadway and all objects which indicate its 
boundaries; 

b. between any obstacle which may be present and the 
background against which it appears. 

Since the characteristics of the obstacle may vary over a 
very wide range, any factor which tends to increase contrast 
should be exploited. · 

In the first place, the luminances of surfaces which forma 
background should be sufficiently high and uniform. In 
open country, or if the surrounds are insufficiently bright, 
only the luminance of the roadway is involved; but in built-

,s 
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up areas, the lurninance of facades or of trees at the side 
of the road is also important. Secondly, discomfort due to 
glare should be reduced as far as possible within the limits 
of practica! considerations. 

The contrast of an obstacle depends on both its own 
luminance and on that of its background; but in most instal
lations lurninances vary in such a way that low contrasts 
are transient. It is, however, important to avoid situations 
in which low contrasts can persist over long distances. 

J Visibility Factors which Influence Seeing and Visibility 

, 

l. Most aspects of traffic safety involve visibility. The 
fundamental factors which directly influence visibility are: 

a. The luminance of an object on or near the roadway. 

b. The general luminance of the background of the roadway. 

c. The size of an object and its identifying detail. 

d. The contrast between an object and its surroundings. 

e. The ratio of pavement luminance (photometric brightness) 
to the surroundings as seen by the observer. 

f. The time available for seeing the object. 

g. Glare. 

Good visibility on roadways at night results from lighting 
which provides adequate pavement luminance with good unifor
mity and appropriate illumination of vertical surfaces within 
adjacent areas, together with reasonable freedom from glare. 

Visual tasks vary widely as to size, contrast, and the time 
available for seeing. Lurninance, however, is a function of 
illurnination and it is subject to control entirely indepen
dently of the other factors mentioned. 

In street lighting, as contrasted with interior lighting, 
the size of objects or of their critical detail is of little 
consequence. The objects to be perceived are relatively 
large, and visual acuity or the ability to distinguish fine 
detail is not involved as a general rule. 

Contrast between an object and its background and between 
parts of an object is an important factor in street lighting. 
An important objective in street lighting design is to create 
or enhance the brightness contrast between an object (whether 

l. 
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-----:i_t bE! pedestrian, vehic-le, --or-someotlieí: obstacle on a 
roadway) and its background, or the roadway surface itself. 

Luminance is what the eye sees; thus, it is always of prime 
importance. Luminance is a function not only ~o~f~t~h~e _____________ _ 

l illumination b_u_t_of_the-ref-1-ectance-of-th·e-ooj ec t--an 
------J----------innerent physical property of the object itself. A light

colored surface--that is, one with a high reflectance factor-
will be more readily perceived and therefore more visible 
than a dark surface when both are illuminated to the same 
footcandle level. (It is for this reason that pedestrians 
are cautioned to wear or carry something light in color 
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when walking along dark streets or highways at night.) 

In street lighting design, one is most often concerned with 
producing high and reasonably uniform pavement luminance. 
Pavement reflectance characteristics, therefore, and the 
quantity and direction of the illumination are of prime 
consideration. 

2. The speed of vision, or the time factor, is of great 
importance in street lighting. Split-second seeing is 
required when a motorist is traveling the highway at today's 
speeds. See Fig. 7-2. It takes time to see a potential 
hazard. The time method is directly proportional to the 
size, luminance, and the luminance contrast of the object 
which constitutes the potential hazard. A well-designed 
street lighting system will reveal the hazard. On the other 
hand, a poorly designed system may not reveal the hazard. 

3. To sum up, it may be said that in the de3Lgn of street 
lighting one deals with objects or obstacles whose size is 
relatively large and with contrasts which are highly 
variable. Neither size nor contrast are controllable by 
the street lighting engineer. Luminance, however, is control
lable to a degree but as has been indicated, one is forced 
by economic ~onsiderations to provide relatively low levels 
of illumination from widely spaced luminaires. The net result 
is a highly specialized design problem that cannot be 
approached except by careful manipulation of lamp size and 
luminaire selection and arrangement. Instead, there is a 
limit to the degree in which the scientific principies in
volved can be applied in order to provide effective and 
comfortable lighting for streets and highways. 

Methods of Discernment 

The peculiar nature of the street lighting design problem 
has required a special technique based upon so-called 
methods of discernment to an extent not encountered in 
ordinary interior lighting practice. Among the methods 
of discernment may be noted: 

,~ 
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a. Seeing by surface detail. See Fig. 7-3. 
b. Seeing by silhouette. See Fig. 7-4.· 
c. Seeing by glint of highlights. 
d. Seeing by shadow. 

Practical street lighting design is usually concerned with items 
a and b. Seeing by glint and by shadow are secondary effects 
and are not considered prime factors in the design of conventional 
lighting systems. 

Pavement Luminance Reguirements 

l. The majority of street and highway lighting designs involve 
silhouette seeing--hence, the level and distribution pattern 
of pavement luminance as it appears to the motorist. The 
higher the luminance level of the pavement, the sharper the 
silhouette or contrast, and so the higher the visibility. 
See Fig. 7-5. Consequently there should be no dark patches 
that might conceal a defective pavement, an obstacle, or 
other hazardous situation. Some departure from absolute 
uniformity is acceptable within limits in practical design. 

In designing for uniform pavement luminance, the engineer is 
confronted with the technical problem of providing proper 
distribution of light flux on the pavement surface. Pave
ment luminance as such, is measured in footlamberts, and 
results from light reflected from the pavement to the 
observer's eye. Compliance with distribution prototypes 
in the ANSI Standard as to permissible variations in foot
candles will usually insure reasonably uniform pavement 
luminance. 

2. A more common pitfall in street lighting design is to confuse 
~ uniform illumination with uniform pavement luminance. Pave

ment luminance is produced by light reflected from the pave
ment to the observer's eye and is not only a function of the 
illumination falling upon the surface but also of the inci
dent angle at which it falls. For example, illumination 

~ falling vertically upon a roadway will not produce nearly as 
much luminance as that which strikes the pavement at very low 
angles and is reflected toward the observer's eye. The 
observer, or motorist, normally views the pavement at low 
angles. See Fig. 7-6. 

As a result, a uniform distribution of illumination in foot
candles does not necessarily result in a uniform pattern of 
luminance as observed by the motorist. See Fig. 7-7. With 
conventional luminaires and with the usual !ES-ANSI spacings 
and mounting heights, pavement luminance will generally be 
much more uniform than measured illumination. In downtown 
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------------stree(s- where luminaires are placed at relatively close 
spacing and at higher mounting heights, a situation is 
approached much like that found in interior lighting 
practice where uniform illumination and uniform luminance 

_________ _...:a:_r_:e=---'pc..:r=-o=-d=u=c=e=d=-- s imu li_aneously . * ----
-----j 3. Pavement luminance is also influenced by the transverse 
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location of the luminaire with respect to the paved surface. 
The lateral direction of the incident light determines the 
direction of the maximum reflected ray. Light reflected 
at other lateral angles if less than maximum, as shown in 
Fig. 7-8. The luminaire will produce maximum pavement 
luminance when positioned directly in line with the motor
ist's line of sight over the center of the traveled way. 
While this cannot be achieved in practice on multi-lane 
roadways, the principle is sound nevertheless, and every 
effort should be made to locate luminaires over or near 
the traveled way where practical. 

4. In practical street lighting design, acceptable luminance 
patterns may be achieved by conforming to the recommendations 
of the ANSI Standard Practice which states, in effect, that: 

a. The ratio of average to mínimum illumination (footcandles) 
should not exceed 3 to l. 

b. Where vehicular traffic is very light and speeds lower, _ 
an exception is made in which case the ratio of average 
to minimum illumination should not exceed 6 to l. 

5. Luminaire manufacturers usually furnish data indicating 
conditions of use--that is to say, spacing and mounting 
arrangements for streets of specified widths which will 
insure conformity with the ANSI Standard of uniformity. In 
the absence of such data or where conditions are unusual, 
a plot of isolux curves may be made or, as indicated in the 
ANSI Standard Practice, average and mínimum illumination 
levels can be calculated from the manufacturer's isolux 
curves for the particular luminaire to be employed. 

Factors Influencing Pavement Luminance 

l. Pavement Reflectance 

a. Luminance of the surface is a measure of the light flux 
reflected from that surface to the eye. Where the 
surface is nonspecular, a simple mathematical relation
ship exists as follows: 

*See American National Standard Practice for Roadway Lighting. 
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Footlamberts = footcandles X reflectance 

b. Where the surface is specular, however, no such simple 
relationship exists except in the case of highly polished 
surfaces such as the common mirror in which the observer 
actually sees an image of the light source when viewed 
at some particular angle. Under such conditions, the 
luminance of the surface (or image) will approach that 
of the source itself. This condition is approached on wet 
pavements where narrow screaks of high luminance form an 
entirely different pattern from that provided under dry 
conditions. lt is well recognized that luminaires of 
linear form extending out over the pavement will produce 
a wider image under wet pavement conditions. This may 
improve the silhouette effect somewhat, although with 
commercially available luminaires, the widening effect 
is somewhat limited. 

c. In actual design, it is necessary to deal with pavement 
surfaces which vary from very dark asphalt, with reflec
tances of the order of 3 percent, to concrete with 
reflectances as high as 20 percent. The natural conclu
sion from this is that the darker surface would require 
three to four times as much illumination as the lighter 
surfaces in order to produce the same luminance. However, 
in street lighting pavement luminance is greatly en
hanced by two factors--namely (1) the relatively high 
effectiveness of light which strikes the roadway surface 
near grazing angles, and (2) the high specularity of the 
road surface due to oil and tire polish. Even an 
asphalt surface, which only has a reflectance of 3 per
cent, may reflectas much as 90 percent of light 
striking the surface at grazing angles. See Fig. 7-11. 

d. The charts in Figs. 7-9 and 7-10 show directional reflec
tance factors at viewing distances of 100 feet and 400 
feet (at 4 feet observer height) for a typical traffic 
worn asphaltic concrete pavement. 

lt is important to note that such specular reflection is 
effective primarily on that part of the pavement which 
is in direct line with the motorist's line of sight, 
and that the luminance of other pavement areas depends 
more on the diffuse (or spread) reflectance character
istics of the surface at any given point. To take full 
advantage of the directional reflectance characteristics 
of the pavement, luminaires are most effective when located 
out over the roadway and at preferred locations with 
respect to intersections, curves, and other roadway ( 
configurations. ¡t 
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e. Prior to the 1963 Standard Practice for Roadway Lighting 
it was proposed to increase the recomrnended minimum 
footcandles by SO percent for very dark (3 percent 
reflectance) surfaces. Also, it was proposed that the 

~~____:_~~~~~~~~--:s'.:it~ated minimum_values-might-be-reduced-by-25-percen·t=~~~~
where the pavement reflectance was unusually high (20 
percent reflectance). While this degree of refinement 

_j 

-.., 

~ 

..., 
' 1 

J 

.., 

-' 

in street lighting design is no longer considered of 
practical significance, the fact remains that pavement 
surfaces having relatively high diffuse reflectances 
are easier to light, and will result in a brighter 
pavement, other things being equal. 

Luminaire Distribution Characteristics 

a. The improved ratio of luminance to illumination when 
light strikes the surface at low grazing angles points 
up the necessity for concentrating fairly high candle

b. 

power in the high vertical angles--that is, from 70 to 
80 degrees. High angle emission poses a problem of 
glare and leads to the necessity for sharp cutoff above 
the design angle of maximum candlepower. Physical 
limitations posing the necessity for placing luminaires 
at the side of the roadway require that the maximum beam 
candlepower be directed inward at an angle with the curb, 
and aimed towards the center of the roadway. The result 
is often a sacrifice of pavement luminance in lanes 
near the curb in order to obtain adequate luminance in 
the far lanes. 

It is perhaps obvious that narrow distribution patterns 
such as lES Types 1 and II are theoretically capable ··of 
producing higher pavement luminance by reason of the 
high candlepower emission which occurs at high or grazing 
angles. The problem of glare is aggravated, however, 
due to the high candlepower and- the direction of the beam 
which may be close to the motorist's line of sight. Type 
111 distribution fits most streets and highways and 
represents a desirable compromise in providing maximum 
pavement luminance with reasonable glare, the direction of 
its maximum candlepower being somewhat farther removed 
from the motorist's line of sight.* 

Spacing and Arrangement 

a. One-Side Arrangement. One-side arrangement of luminaires 
will result in a non-uniform luminance pattern, more 
pronounced as the roads increase in width. The driver in 
the near lane (on the pole side) will generally be favored, 
and this is unavoidable. By proper design, however, the 

*See American National Standard Practice for Roadway Lighting. 
~/ 
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far lane can be adequately provided for. See Fig. 7-12. 
The road width to mounting height should not exceed 1.2. 

b. Sta ered or osite Arran ement. Staggered or opposite 
arrangement w resu t ~n a um nance pattern which 
appears the same to the driver traveling in either 
direction. A much higher degree of uniformity is theoret
ically attainable and hence this arrangement is to be 
preferred. See Figs. 7-13 and 7-14. The roadway width 
to mounting height ratio should not exceed 2.5. 

c. Center-Mounted Arrangement. Center-mounted arrangement 
results in a luminance pattern that appears the same in 
both lanes of travel and, on narrow streets where 
applicable, the uniformity can be very good. However, in 
practice, center-mounted Type I luminaires are commonly 
installed with long spacing--that is, 200 to 300 feet. 
Although there is the possibility of a somewhat spotty 
pattern, nevertheless this may be acceptable on residen
tial or very low traffic streets. See Fig. 7-15. 

Mounting Height Factor 

The basic advantages of increasing the mounting height of a fixed 
lighting system when practical can be ennumerated as follows: 

l. More effective light flux distribution coverage on wide road~~ys , 
and interchange areas. 

2. Usually less glare, more comfort, and better visibility. 

3. Possible lower costs. 

4. Lower system maintenance costs because of fewer luminaires 
and poles. 

5. Less dirt accumulation from traffic. 

6. Lower incidence of vehicle collision, fewer poles and 
better placement. 

7. Better system appearance with no daytime forest of poles and 
nighttime constellation of confusing lights. 

8. Use of larger lamps and/or more luminaires per location. 

9. Less abrupt luminance changes on vertical surfaces. 

Overhang - Bracket Lengths 

Accepted good practice is to locate the luminaire immediately 
over the edge of the driving lane for a two-lane roadway. For 
three lanes and wider, locate the luminaire over the center of the 
adj acent dri ving lane. * '- -, 

*See Fig. 7-8. 
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l. Glare from Street Lighting. In street lighting, as with in-J 
terior lighting, glare is described, studied, and dis_c_us.s.ed ____ _ 

----=1------under-two-h·e·a-dings--namery,·--d"isaoiTity glare and discomfort 
J glare. Under either description, glare itself refers to the 
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effect of the relative high brightness of the luminaire which 
may be of such magnitude and so positioned in the visual field 
as to seriously impair vision in the extreme case, or to 
merely cause annoyance or discomfort in the relatively mild 
case. See Fig. 7-16. Actually, there is no sharp line dis
tinguishing disability glare and discomfort glare. Every 
effort should be exerted by the designer to minimize its 
effect. Sometimes a distinction is made between preventable 
glare and unpreventable or uncontrollable glare . 

a. By preventable glare is meant the effect of that 
luminous flux which the eye receives directly from the 
light source of the luminaire itself. This is light 
which contributes negatively to visibility of objects 
and which can be eliminated or minimized by careful 
luminaire design and placement. 

b. Unpreventable glare results from light reflected from 
the object itself directing light flux to the eye as 
an essential element in the seeing process. The excess 
light, or luminance contrast, from the object and its 
surrounds tends to lower visibility because of the 
inability of the eye to adapt itself to varying luminances 
instantaneously. The eye sees most efficiently in a 
field of uniform luminance. 

2. Practica! Control of Glare. 

a. "Control of glare in street lighting is much more dif
ficult than with interior lighting. This is due to 
three factors; 1) It is generally necessary from an 
economic standpoint to place luminaires on rather long 
spacings and to get uniformity of illumination or uni
formity of luminance - it is necessary to send quite a 
bit of light at rather high angles (beam direction.) 
2) Sorne designers feel that to achieve highest possible 
pavement luminance it is necessary to direct sorne light 
at very high angles toward the driver since the reflec
tance of the pavement is highest at near grazing angles. 
3) The location of the luminaires are generally of neces
sity directly in the driver's field of view. Various 
investigators have shown that disability glare is a 
function of candlepower toward the eye. It has further 
been shown that the effect of disability glare varies 
inversely as the angular displacement of the luminaire 
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from the normal line of sight. The precise mathematical 
relationship depends upon the square of the angle of ~, 
deviation which immediately suggests to the designer 
the advantage of higher mounting heights, side-of-road 
or off-the-road mounting or any other measure which will 
tend to remove the glare source from the direct line of 
sight." 

b. Skillful design of luminaires to minimize luminaire "hot 
spots" or excessive luminance toward the observer helps 
materially to reduce discomfort glare. In general, 
intrinsic luminance of luminaires is readily controlled 
and reduced by increasing the size of the luminous area. 

3. Glare from Other Sources 

a. It is quite obvious that it is beyond the province of the 
street lighting designer to exercise control of glare 
which may originate from other than street lighting 
sources. Such sources are opposing headlights, flood
lights at the side of the roadway, etc. Offending flood
lights and other sources of glare should be redirected, 
shielded, or removed where it is shown that they con
stitute a hazard to night driving. Such action should be 
taken by the public officials concerned. This is not to 
say, however, that with well-designed street lighting the 
effect of these extrinsic sources of glare cannot be 
minimized or entirely eliminated. Furthermore, it may -be 
pointed out that adequate and proper street lighting 
makes it entirely possible to drive safely with parking 
lights alone. 

b. Recent tests demonstrated that two footcandles of fixed 
lighting in combination with vehicle parking lights 
provided the best visibility conditions with greatest 
comfort. The glare from opposing low beam headlights 
under the same two footcandles of fixed lighting signif
icantly reduced visibility distances and produced no 
discomfort glare. 

c. Thus, when streets are well lighted, the attention of 
the driver is more readily directed to the road ahead, 
and distractions due to random luminances in the periph
eral field are less likely to interfere with the driver's 
concentration on his task. · Good visibility, resulting 
from good street lighting, permits the driver to sean a 
wider field of view, much as he does in the daytime, thus 
relieving muscular tension and fatigue so often associated 
with night driving where the driver is forced to 
concentrate his attention on a narrow area immediately 
ahead. ;• 
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-------~a~ ·we recognize that as pavéd roadway surfaces become wet the 
normal diffuse pavement luminance almost completely dis
appears and auto headlights diminish in utility. They 
become as a boat light on the water, i.e. we see almost 
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called seeing by reverse silhouette (see Fig. 7-17). This 
effect is particularly pronounced on smooth and worn road
way surfaces. Objects are seen reasonably well by this 
reverse silhouette process, but the disturbing thing is 
that the motorist's normal frame of reference, namely, a 
well lighted roadway ahead of him, disappears and it 
becomes difficult for him to know where the roadway 
really is . 

On the other hand, a lighting system whose luminaires are 
over or near the roadway produces mirror-like images of 
each luminaire on the wet surface producing streaks of 
luminance which define the driving lane ahead, and 
against which objects stand out in silhouette (see Fig. 
7-18 a & b). Also as previously noted, luminaires of 
larger dimensions especially normal to the curb-line, 
produce a somewhat broader reflected image and are there
fore somewhat more effective on wet pavements.* 

b. Fog conditions at night are particularly hazardous for the 
driver. Up to now, no practica! solution has been found : 
for the night fog problem either by the use of special 
headlamps on the motor vehicle itself or by special street 
lighting equipment. Fog disperses the light from the 
headlights and directs much of it back toward the source, 
and therefore toward the.driver himself. The higher the 
beam candlepower, the more light is directed back to the 
driver, producing a luminous fog screen which greatly 
impairs visibility. This effect is more pronounced on 
high beam and is reduced somewhat if the headlights are 
located and aimed as far away as possible from the 
driver's normal line of sight. 

This idea has been used by experimenters to show that 
visibility of roadways under fog conditions can·be im
proved from fixed lights, placed close to the ground, 
which project light beams in a flat sheet crosswise ·of 
the pavement. 

Continuous or nearly continuous rows of low mounted pro
jectors would be costly. to install and maintain as compared 
to conventional street luminaires. It is conceivable, 
however, that for extreme conditions in limited areas this 

J *see American National Standard Practice for Roadway Lighting. 
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method may ultimately prove to be acceptable. The tech- ~ 
nique involves a sharp cutoff of light above the horizontal, 
directing light close to the pavement in a zone where the 
fog is of relatively low density . 

In the past, fog lights employing amber lenses placed to 
the right of the driver's line of sight and close to the 
ground were used. This was advocated as a means of im
proving driver visibility under fog conditions. Lighting 
specialists generally agreed with the idea of locating 
such lights as far from the driver's line of sight as 
possible, but denied any special virtue from the use of 
the colored lens. Colored light is generally obtainable 
only with the use of a filter which passes the color 
desired and excludes the rest of the light. Thus color 
can only be obtained at the expense of beam candlepower 
and the loss offsets any questionable advantage to be 
gained by virtue of color alone. 

c. Another possible approach to better seeing in fog 
conditions is the use of high-mounted luminaires. Re
search on this is not yet conclusive but there is some 
evidence to indicate that the directional feature of 
high-mounted lighting is beneficial in fog conditions 
(see LD & A April 1972) and many who have observed inter
changes listed with high-mounted equipment agree that 
seeing conditions in fog definitely are improved. 

Physical Factors 

l. In street lighting design, the primary concern is with the 
are a of 'the roadway surface i tself from curb to curb and 
secondarily, with sidewalks and other areas immediately 
adjacent to the paved surface. These areas seem relatively 
large when compared to those encountered in typical interior 
lighting design. Street widths, for example, may vary all 
the way from 20 feet on country roads and residential streets 
to widths of 90 feet or more in downtown business areas 
and multi-lane expressways. 

The number of effective lumens required to illuminate a 
street surface to a specified footcandle level depends upon 
the area of the street surface. For a roadway of indefinite 
length, the critical dimension from the standpoint of design 
is street width, usually between curb and curb, or the width 
of the paved surface where no curbs exist. Longitudinally, 
the critical dimension is the spacing between luminaires. 
The area to be illuminated per luminaire is the product of 
the street width and the luminaire spacing. 

¡& 
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i r- Commercially available luminaires_for_street--lighting- ar!f- -·---
_designed to distribute-maximum illumination from curb to 
curb in a generally asymmetric pattern in order to fit a 
long rectangular area represented by the roadway itself. 
Sharp cutoff of light at the curbline is neither practical 

~ nor desirable, since the spill _!i_ght b_ey:ond-the-curb-provide-s 
______ a mos.t-usefu1-and-often-e-ssential service in illuminating 

----~ pedestrian walkways, and aids in discernment of potential 
hazards--either pedestrian, vehicular, or fixed objects beyond 
the paved surface. Also for high speed traffic, peripheral 
vision enables more accurgte judgement of speed. For 
example, at 60 mph and 25 view, the angular speed is 13.5 
greater in the peripheral region than in the foveal region. 
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~ 
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2. Business and Congested Streets 

Downtown busfness streets and similar congested areas often 
have certain special characteristics which will influence 
street lighting design. Significant factors include the 
following (see Fig. 7-19a): 

a. Street widths, particularly in downtown city areas, may 
be. relatively great, suggesting relatively large lamps 
and close spacing with IES Types III and IV distributi0n. 

b. Traffic density, both vehicular and pedestrian, is such · 
that roadway and sidewalk surfaces are often concealed 
in which case the illumination or luminance of vehicles, 
pedestrians, or fixed objects is the all-important 
criterion which determines relative visibility and 
therefore, safety. 

c. Adjacent building facades provide vertical surfaces, the 
illumination of which may be highly desirable from the 
standpoint of overall environment, at the same time 
reducing contrast between luminaire and background, a 
condition contributing considerably to visual comfort. 

d. Parking at curbs may make necessary extended mast arms 
and may indicate need to pay attention to the hazard 
from jaywalking adults and children stepping out from 
behind parked cars. · 

e. Frequent intersections, which increase the potential 
hazards when crossing and turning, may justify higher 
level¡ of light and careful placement of luminaires 
to improve visibility in the peripheral areas. 

3.. Out lying Streets and Highways (Se e Fig. 7 -19b.) 

a. Streets may be narrow, permitting center mounting, one
side pele locations and/or IES Types I and II 
distributions. ~~ 
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b. Sidewalks or walkways may be poorly defined, increasing 
the hazard to pedestrians. Such conditions require ample 
illumination. 

c. Building setb'acks may require consideration of extended 
patterns of illumination on the house side. This can be 
provided by avoiding short cutoff of illumination. 

d. In order to keep light out of bedroom windows, proper 
luminaires should be selected; otherwise special house 
side shields may be required. 

e. Trees are, and probably always will be, a major problem 
in residential street lighting, sometimes requiring 
special attention to mounting heights and extension of 
mast arms to minimize interference with the illumination. 

In residential and similar areas where post-top units are most 
suitable, there is generally less emphasis placed on curb-to
curb or pavement illumination than upon the broader areas 
which includes lawns, walkways, and driveways. The post-top 
design is inherently advantageous for these applications since 
the luminaire must be located at or near the center of the 
illuminated area. With proper lamp size and spacing it is 
possible to meet ANSI requirements for both footcandles and 
uniformity with the modern post-top luminaire. See Fig. 7-20. 

Highways and traffic streets present such characteristics 
as the following (see Fig. 7-19c): 

a. Very wide pavements 

b. Divided roadways possibly requ~r~ng consideration of 
twin luminaires mounted on center strip or perhaps 
separate treatment of each roadway . 

• 
c. Break-clown lanes resulting in unusual setbacks, or 

grade intersections on high-speed traffic streets, 
requiring special attention to approach lighting 
from all directions. 

d. Interchanges and toll plazas which require special 
attention to the illumination level and placement 
of lights with respect to curves and grade separations. 

QUESTIONS: ' 
l. Will uniform horizontal illumination on a roadway produce 

uniform luminance? 
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2. We have, for years ,-speci:fied-highway-TfghtTng ·]olis in terrns 
of horizontal footcandles but lately there has been discussion 
of vertical footcandles, why? 

3. What are the rnajor factors affecting visibility? 

-----:~-----4.-.-There are two types of "glare". Narne thern and discuss each. 

-· 

-

-. 

-

-, 

J 

J 

ANSWERS: 

l. Uniforrn illurnination on a perfectly diffuse roadway surface 
would produce uniforrn illuminance but roadway surfaces are 
never perfectly diffuse so that uniforrn illumination will 
never produce uniform luminance. Roadway surface reflectance 
characteristics vary frorn one material to another, whether 
the surface is scratch-finished, whether there is rubber 
worked into the pores, whether the surface is wet from water, 
or oil. There is no one system distribution that will 
produce perfectly uniform luminance. 

2. Almost any object on the road, or even the roadway itself, 
being made up of small pebble-like or "stand-up" surfaces 
is seen (in the case of seeing by direct illumination or 
reverse silhouette) not predominately by the light me~sured 
horizontally, but by a vectorial component at 450. Trucks 
and objects on the roadway are seen predominately as a 
result of the vertical component of illumination. It has 
been suggested that uniform vertical illumination might 
even be a better criterion of a good lighting job than 
uniform horizontal illumination. 

3. a. Object luminance 

4. 

b. Background luminance 
c. Contrast between object and surround 
d. Time 
d. Glare 
f. Object size 

It is generally agreed that there are two types of glare 
a) discomfort, and b) disability of veiling glare. Disco~fort 
glare is one causing fatigue of the eyes but not necessarlly 
causing any loss in seeing ability. Disability or veiling 
glare is that which causes a direct loss in seeing ability. 
Researchers disagree as to the exact nature of relationship 
between the two types of glare. 
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' , Cut-off luminaire, surface mat and dry. 

' . 
, ' \\ Lcut-off luminaire. surface smooth and dry. 

\ ~Semi-cutoff luminaire. surface mal and dry. 

Semi-cutoff luminaire, surface smooth and dry. 

Semi-cutoff luminaire, surface smooth and wet. 

Fig. 7·1. Forms of the bright patch shown in contours 
of equal luminance formed on the roadway by a single 
luminaire according to the type of its light distribution 
curve and the nature of the road surface. 
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Fig. 7-2. Speed vs. stopping distance. 
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Fig. 7-3. Seeing by 
surface detail: (above) 
blocks; (right) typical 
street. 

Fig. 7-4. Seeing by 
silhouette: (above) 
blocks; (right) typical 
street. 
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Fig. 7-7. Uniform luminance vs. 
uniform illumination; (left) 
uniform footcandles but spotty 
brightness; (below) uniform 
brightness but non-uniform foot
candles. 
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Fig. 7-12. Luminance 
pattern - one-side 
arrangement. 
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Fig. 7-11. Pavement 
1uminance vs. surface 
ref1ectance. 

Fig. 7-13. Luminance pattern -
staggered arrangement. 
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Fig. 7-15. Luminance 
nattern - center
mounted arrangement. 
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Fig. 7-14. Luminance pattern -
opposite arrangement. 
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Fig. 7-16. Veiling Luminance-Footlamberts 

Effect of glare on discerninent. Loss in visibilit y 
due to direct glare from the lighting system and 
reflected glare from the pavement, for motorists 
driving in the speed range of 25 to 40 miles 
per hour. 

1 ~J---::1 I 
When pavement is dry and diffuse, light striking the road 
surface is diffused in all directions and produces "surface 
luminance" on road surface when viewed from any or all 
directions. 

When pavement is dry and diffuse, headlight beams striking the 
road surface are diffused in all directions producing surface 
luminance on the road surface when viewed from any or all 
directions. 

tllfHT/N(i WET PI/YEMENT 

IC§t=-~L J - _----i--¡ ---ri -:J 
When pavement is wet the "surface luminance" is produced 
by the street lamp located 1000 feet or more in front 
of car. 

When pavement is wet the headlight beams are reflected 

,. . 

-·. 

in a direction away from the driver and produce no "surface 
luminance. 

Fig. 7-17. Pavement luminance vs. weather, and street lighting vs. () 
headlighting: above, dry pavement; below, wet pavement. 
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Fig. 7-lBb. Visual 
comparison of dry vs. 
wet pavement - wet 
conditions. 
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Fig. 7-lBa. Visual comparison 
of dry vs. wet pavement -
dry conditions. 
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Fig. 7-19a. Typical street lighting installation - business 
street (day and night). 

Fig. 7-l9b. Typical street lighting installation - residential 
street (day and night). 

Fig. 7-19c. Typical street lighting installation - highway 
(day and night). 1q 
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Fig. 6-6. Luminaire with reflector and 
open bottom refractor used with both 
incandescent filament and HID lamps. 
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Fig. 6-1. HID luminaire showing 
inte~rally mounted ballast equipment. 
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Fig. 7-20. Modern post-top installation- residential_ 
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--~~~~~Y_!_IG~I~G DESIGNAN_QCOMet.JJATION$_ - - • • • •- -------

l. INTRODUCTION. The information in previous chapters has 
detailed the general information required for a general 
working knowledge of what can be applied to Roadways, Walk
ways and Bikeways. The basic examples and computations that 
follow apply to Roadways. It is obvious, however that the 
data and techniques can be applied to adjacent walkways, 
median strips and sorne other areas. 

For special computations relating to Area Lighting and llit;h 
Mast Lighting refer to Appendices C & D of the 1977 American 
National Standard Practice for Roadway Lighting. 

In the Standard Practice ·definite facts are set up to outline 
what must be done to provide an installation of luminaires 
which will produce acceptable results. Therefore in the 
design of an installation all the factors, in the Standard 
Practice which apply to an installation must be studied 
carefully. 

To apply these factors we must have all the physical data 
which will have to be considered in making the installation. 
A scale layout of the area which shows all the pertinent 
data is essential. Other information in regard to the 
general area, location, traffic density, local and national 
jurisdiction, and many other factors must be obtained for 
use as the project is developed. 

In this Fund~mentals Course there may be variables which will 
influence the final selection of a particular system, and 
each variable will have to be worked out as it arises. 

2. CALCULATION PROCEDURE. The general procedure for calculating 
maintained Roadway Illumination consists of a series of steps. 
They are divided into two majar groups; Objectives and 
Specifications (6); Light Loss Factors Not to be Recovered 
(6); and Light Loss Factors to be Recovered (2). The main 
~ocedure is to determine through calculations from Photo
metric Data which Lamp and Luminaire combination are re
quired to provide a given intensity on a roadway of stated 
dimensions when the luminaire is mounted at locations which 
will produce a good quality of illumination. 
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a. Problem. To start we have a roadway we wish to illuminatc 
so that it can be traversed safely by cars and pedestrians. 
This area will naturally have dimensiona, width (W) and 
length (Y). Next we assume that the needed intensity on 
the roadway is for a road which requires .9 footcandles 
average maintained horizontal illumination.* To illuminate 
this roadway we need a lamp - luminaire combination mountL'd 
on a pole, which will project the light onto the roadway. 
The pole of course must be set back from the edge of the 
road so that it does not present a hazard. If this were 
a city street the pole might be only 2' from the curb 
or if it were a country road it might be 12' from thc cdr.r· 
of the road. In our problem we will assume that the 30' 
pole is installed 3' from the edge of the road and that a 
mast arm will project the luminaire S' over the roadway 
(OH). See Fig. 8-1. 

3. STANDARD DATA FORM. The IES Tes ting Procedure Cormni t te e ha:; 
recormnended a standard form for reporting photometric data. 
See Fig. 4-17, p. 4-IG and Fig. 8-2, p. 4. The data on ·rig. 
8-2, p. 8-4 will be used in the next series of computations. 
(see fol1owing page 8-3) It is well to study the data on such 
reports to see if there are any,figures that may have to be 
changed to give the proper information. One thing that will 
be noted irmnediately is that the test was made for a lamp 
rated at 20,500 lumens. Referring to page 5- we find that 
the H33-lcd lamp is now the H33CD-400 lamp which has a ratin6 
of 19,667 lumens in a horizontal burning position. In as much 
as the lamp in the fixture illustrated is in a horizontal 
position we have to use this value. We therefore have to 
multiply all lumen, candlepower and footcandle values by a 
correction factor of .96 (19,667/20,500 = .9594). 

4. CALCULATIONS. Roadway illumination calculations fall into 
three general types of calcu1ations: 

a. Determination of the average illumination on the roadway 
pavement or spacing that will produce a given footcandlc 
average illumination. 

b. Determination of the i1lumination at a specific point on 
the roadway. 

c. Determination of uniformity of illumination. 

*Footnote - Cormnittee on Tes.ting Procedures of the lES: "IES 
Approved Method of Photometric Testing of Roadway Luminaires 
Using Incandescent Filament or Mercury or Sodium Electric 
Discharge Lamps," Illuminating Engineering, Vol. 63, October 
1968, p. 541. 
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5. DETERMINATION OF SPACING 

a. Determination of the spacing between peles for an averag~e ________ _ 
_:__-__::__ _____________ of-. 9-footcand-1-es-can-b·e-done-in several ways. The 

average illumination over a large pavement area may be 
calculated by means of a "Utilization Curve" of the type 
shown in Fig. 8-2 and 8-3, (which is an enlargernent of 
Fig. 8-2a), or by rneans of computing the illumination at 

1 

1 

1 
J 

1 

1 
1 

1 
1 

a large number of points (see paragraph 8.6.a) and 
averaging the values calculated. Since this latter rnethod 
is extremely laborious and since the utilization curve is 
a part of the data presented as a result of following the_ 
IES Approved Method for Photometric Testing of Roadway 
Lurninaires (*See footnote in paragraph 8.2.a) this rnethod 
will be discussed. 

b. Utilization Curves. 

(1) Utilization curves, available for various types of 
luminaires, afford a practical method for the deter
mination of illumination over the roadway surface where 
lamp size, mounting height, width of paved area and 
spacing between luminaires are known or assumed. 
Conversely, the desired spacing or any other unknown 
factor may be readily determined if the other factors 
are given. 

(2) Fig. 8-3 illustrates an example of a utilization curve 
of a typical luminaire. The utilization curve indicares 
how much light falls on the roadway, as a percentage 
of initial lamp lumens but reveals little of the way 
in which the-light is distributed. Therefore, it should 
be used in conjunction with the specific calculation 
in arder to evaluate correctly the true performance 
of the luminaire, especially concerning uniforrnity or 
compliance with the recommended ratio of mínimum 
illumination value to the average value. 

(3) The coefficient of utilization is the percentage of 
the rated lamp lumens which fall. into a strip-like 
area of infinite length. In making up the chart so 
that it would be the most useful a reference line has 
been set up so that the percent of lumens projected 
forward is known as the "street side" utilízation. 
In a like manner the percentage projected in the 
opposite direction from the reference line is called 
the "house side" utilization. One thing to rem~mber 
is that if the luminaire center is back of the edge 
of the roadway the utilization from the reference 
line to the edge of the roadway has to be subtracted 
from the "street side" value. 
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- ----------(4)-To obtain-·tne sanie resúlTst¡:¡e-luminaires when they 
are installed will have to be leveled and oriented 
over the roadway in a manner equivalent to that in 
which .the unit was tested. Note that roadway width 
is expressed in terms of a ratio~o~f~l~u~m~in~a=i=r~e~---------

-----------moun t ing-he i·ght_t_o-to adwa y wi-dtn . 
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c. Formulas for Computation 

(1) The basic formulas for determination of spacing 
follows: 

_ Lamp Lumens x Coefficient of Utilization 
Spacing - Width of Pavement x Average Initial Illumination 

(2) The above formulas can be expanded to take care of 
maintained illumination by adding the necessary 
factors. (See 8.10) 

Spacing = 

Lamp 
Lumens x 
Width of 

Coef. of Luminaire Dirt 
X Utilization Depreciation 

Pavement x.Average Maintained 

Lamp Lumen 
x Deoreciation 
Illumination 

(3) Definitions of symbols used in above and other 
following formulas: 

Symbol 
AME 
AT 
BF 
BO 
CD 
CPS 
e u 
E 
FCM 
LL 
LDD 
LLF 
LLD 
MH 
OH 
S 
VF 
w 

Definition 
Average maintained illumination 
Ambient temperature 
Ballast factor 
Burn out 
Component depreciation 
Changes in depreciation 
Co~efficient of Utilization 
Illumination 
Footcandles maintained 
Lamp Lumens 
Luminaire Dirt Depreciation 
Light loss factor 
Lamp lumen depreciation 
Mounting height 
Overhang 
Spacing 
Voltage factor 
Width of Pavement 

Basic formula with symbols for the determination of 
Spacing is: 

S = LL x CU 
W x AME 
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l. Calculations 

Coefficient of Utilization "Street Side" 
W-OH 50' - 5' 45' Coef. of Util. = MH = 30 , = ~ = 1.50 

Refer to chart Fig. 8-3 for a ratio of 1.50 the coef. 
of util. is .485 

Coefficient of Utilization "House Side" 

Coef. of Util. = OH= S' = .16 
MH 30' 

In a like manner a vertical line is drawn on Fig. 8-3 up 
until it intersects the House Side utilization curve. At 
this point the utilization is .045. The total for both 
house side and street side is .485 + .045 ~ .53. 

Spacing is now determined by substituting in the formula 
8.5.3a assuming LDD = 1 and LLD = 1 we have 

Spacing = 19$667 x .53 • 10,423 • 231 6 0 X .9 45 . 

To make this information more meaningful we must insert 
realistic light loss factors, so that we can get accurate 
maintained values. To get the spacing for a series of 
fixtures mounted as noted above in an area where condi
tions are average and a cleaning cycle of six months will 
be maintained we find after consulting Chart Fig. 8-5 
(Fig. B-1, page 25 of the American National Standard 
Practice for Roadway Lighting that the factor is .95%). 
In choosing the point on the lamp lumen depreciation 
curve, to ensure the required maintained illumination, 
one should choose the point which coincides with a 
multiple of the cleaning cyc1es. In our examp1e, the 
c1eaning cyt1e is six months. Therefore the point on the 
1amp lumen depreciation curve shou1d be a mu1tip1e of six 
months. Assuming 4,000 hours operation time per year, we 
wou1d see that 16,000 hours represents a four year 1ife. 
Four years if of course a mu1tip1e of a six months c1eaning 
cycle. Therefore the 16,000 hour point has been chosen 
from the 1amp 1umen depreciation curve. In looking at 
the curve and taking the average of the span at the 
16,000 hour point, we have a 1amp lumen depreciation 
factor of 67%. 

Besides 
Ambient 
factor, 
Changes 

these two factors others such as Al1owance for 
Temperature, lO.a, Voltage, 10.b, Ba11ast 

10.c, Component Depreciation, 10.d, Possib1e 
of Physica1 Surrounds, 10.e, Burn-outs, lO.f, 
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etc. could be entered at this point if they will 
influence the final calculations. 

., 

----------~w~~~·t~h~~t~he two factors of LLD and LDD we can now use the 
second formula 5~(1)~.------~----~------------------------~------

Spacing (S) s 19,667 x .53 x 95 x .76 = 2..U§.= 1_67 _2 , 066 ) 
50 x . 9 •o 

6. DETERMINATION OF ILLUMINATION AT A SPECIFIC POINT 

a. General. The determination of the horizontal illumination 
in approximate footcandles at a specific point may be 
determined from an "isofootcandle" curve Fig. 8-6 or by 
means of the inverse-square method of calculation of 
illumination (see lES Lighting Handbook, current edition). 
In the later method, the candlepower of the luminaire 
at the particular angle involved is normally obtained from 
an isocandle curve, an example of which is shown in Fig. 
8-2(b). Since the isofootcandle curve is a part of the 
data presented as a result of following the lES Approved 
Method for Photometric Testing of Roadway Luminaires, 
the isofootcandle method will be discussed. 

b. lsofootcandle (isolux) Diagram. 

(1) The illumination on a roadway surface produced by 
the light distribution from one or more luminaires e 
may be shown by isofootcandle diagrams. Fig. 8-6 and 
Fig. 8-2a, p. 8- show an example of an isofootcandle 
diagram for a typical luminaire. 

(2) An isofootcandle diagram is a graphical representation 
of points of equal illumination connected by a contin
uous line. These lines may show footcandle values on 
a horizontal plane from a single unit having a definite 
mounting height, or they may show a composite picture 
of the illumination from a number of sources arranged 
in any manner or at any mounting height. They are 
useful in the study of uniformity of the illumination 
and in the determination of the level of illumination 
at any specific point. In order to make these curves 
applicable to all conditions, they are computed for a 
given mounting height but horizontal distances are 
expressed in ratios of the actual distance to the 
mounting height. Correction factors for other 

1
. 

mounting heights are usually given in the tabulation 
along side the isofootcandle curves. 

c. Typical Computation. To illustrate the use of the isofoot
candle diagram, a typical calculation is as follows: 

8-10 
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1 -
, 
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Given: Roadway with layout as in fig. 8-1. 

Staggered Luminaire spaeing (S) (see 8.5.d(1)) 
Roadway Width (W) eurb to eurb 
Luminaire Mounting Hcight 
Luminairc Ovcrllang(OII) 
Luminairc Oirt Oepreeiation (LOO) 
Lamp Lumen Oepreciation (LLD) 
Lamp - 400 watt c1ear mereury rated at 

Required to determine: 

166' 
50' 
JO' 

' ' ) 

.95 

.76· 
19,667 lumens 

Initial and maintained fe at points "A", "B"·and "C" Fig. 8-l 
To determine the fe level at point "A" the values will have 
to be determined from the isofooteandle diagram Fig. 8-6. 
Solution (1) The location of point "A" in respect to a point 
on the pavement direetly under the luminaire is dimensioned 
in transverse and longitudinal·multiples of the mounting 
height. The luminaire produces isofootcand1e lines (hori
zontal footcandles) as shown in Fig.· 8-6 Point "A" is then 
located on the isofooteandle diagram for its position wiL~ 
respect to each luminaire. 

(2) To determine the contribution of each luminaire to point 
"A" (a) Luminaires No. 1 and No. 3 

Locate point "A" 
OH 5' 
HH e W = 0.16 

S 
MH = ~e 5.533 

- Transverse distance to "House Side" 

-Longitudinal distance along pavement 

Point "A" for these luminaires on chart Fig. 8-6 is .16 toward 
the House side, behind the unit and .533 longitudinally. This 
point will be found lying about midway between isofootcandle 
lines of Fig. 8-6 .01 and .016 for a value of .013 fe. There
fore the two luminaires will deliver 2 x .013 or .026 fe. total. 

(b) Luminaire No. 2 
Locate Point "A" - Transverse distance to "Street Side" 
W-OH 50' - 5' 45' 
~ = 30' = w = 1 · 5 

Longitudinal distance along pavement is O' as the point 
is directly opposite the luminaire 

Point "A" for this luminaire on chart Fig. 8-6 is 1.5 directly 
in front of 0° or zero mounting height. This point will be 
found between isofooteandle lines .63 and .4. It is estimated 
that the value is .55. 

8-11 



_ (cLLuminaire~N<i_. __ l;_ ___ _ 

Locate point "A" - Transverse distance to "Street Side" 

W-HO 50' - 5' 45' 
--¡:;m-= 30' = W = 1. 5 

Longitudinal 

332' (2 X S) 

distance 
332' 

= ~' = 

along pavement is 

11.06 

Point "A" for this luminaire is 1.5 directly in front of 
the luminaire and 11.06 left which of course is off the · 
chart Fig. 8-6 and therefore can be ignored. 

(d) Total footcandle values from all luminaires at Point "A" 
is luminaire No. 1 .013 

luminaire No. 2 .55 
luminaire No. 3 .013 
luminaire No. 4 .O 
Total fe at "A" -:-5it) 

This value is based on a clean luminaire with a lamp 
producing 20,500 lumens. As it is desired to express the 
footcandles in terms of fe. when the luminaire is at the 
end of the 6 month cleaning schedule and the lamp has aged 
to 70% of life and the correct lamp lumen factor is used so 
that the lowest value will be obtained we will apply the 
factors which will produce the desired maintained footcandle 
value. The correct lamp lumens are 19,667 which produces 
a factor of 19,667/20,500 = .96, LDD factor .95 and LLD 
factor .76. Total fe. at point A is fe at "A" x LL x LDD 
X LLD = FCM or .576 X .96 X .95 X .76 a 399 FCM. 

(3) To determine the 'contribution of each luminaire to point 
"B". 

(a) Luminaire No. 1 
Locate point "B"- Transverse to "House Side" 5'/30' = 0.16 

Longitudinal along road 249/30 = 8.3 
Point "B" for these figures if off the chart. 

(b) Luminaire No. 2 
Locate point "B" - Transverse to H.S. = 50-5 

~ 
Longitudinal along road 83'/30' • 2.766 

= 45 m= 1.5 

Point "B" for No. 2 is 1.5 across the street side and 
2.766 longitudinally and will be found between .10 and 
.16 which we will estimate as .15 fe. 
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(e) Luminaire No. 3 
Locate Point "B" - Transverse H.S. = 5/30 = .16 
Longitudinally along road = 83/30 = 2.766 

Point "B" for No. 3 is .16 behind unit and left 2. 766 
which is found on the .4 fe line. 

(d) Luminaire No. 4 
Locate Point "B" - Transverse to H.S. 50-5 = 45 _ 1 5 -j(Y !O - o 

Longitudinal along road 240/30 = 8.3 
Point "B" from these figures for No. 4 is off of the eh;., r L. 

(e) Total footcandle values for all luminaires at point 
11 B11 is 

Luminaire No. 1 
Luminaire No. 2 
Luminaire No. 3 
Luminaire No. 4 
Total fe. at "B" 

o 
.15 fe 
.40 fe 

o 
-:-5) 

This value is of course an initial value. 
factors of .96 for the lamp lumen factor, 
and .76 for LLD we come up with .55 x .96 
.38 fe maintained. 

Using the 
.95 for LDD 
x.95x.76:: 

(4) In a like manner the fe values are determined for point 
.. e" 

(a) Lurninaires Nos. 1 and 4. 
under paragraph 3a and 3d 
tudinal distance produced 

From previous 
we found that 
a point off 

calculations 
the longi

the chart. 

(b) Luminaires No. 2 and 3. 
Locate point "C" - Transverse to HS 

W/c - OH 50/2 - 5 = 20 = 667 MH = 3o . jQ" · 

Longitudinal along road = 83/30 = 2.766 

Point nc" for uni ts 2 and 3 are . 66 7 across s treet 
and 2.766 to the left. This point will be found 
between isofootcandle lines .4 and .63 which is about 
.56 fe The total then for this point "C" is 2 x .56 
for 1.12 fe as luminaires No. 1 and 4 do not project 
any values to this point. 

(e) The maintained value is obtained by using the factors 
of . 96 for the variation in lamp lumen output, . 95 for 
LDD, .76 for LLD. 1.12 fe x .96 x .96 X .76 = .78 fe 
maintained. 
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7. UNIFORMITY RATIOS 

a. The uniformity of i11umination requirements of para
graph 3.5, pages 14 and 15 of the American Standard 
Practice shou1d be determined by computing the ratio: 

-----'----Minimum-Horrz·on:ta·1-Footcandles 
Average Horizontal Footcandles 

It can also be expressed as the ratio: 

b. Sufficient number of specific points over the roadway 
should be checked, as outlined in paragraph 8.6, to 
ascertain accurate1y the 1ocation and va1ue of the 
minimum point. If the va1ues at points "A", "B" AND "C", 
as shown in Fig. 8-1, are first determined, the approximate 

· 1ocation of the minimum point may be 1ocated or its 
1ocation wi11 become more apparent. 

c. The average i11umination on the roadway pavement should
be computed as in paragraph 5.a taking care to use the 
same 1amp output and other conditions as used in deter
mining the minimum i11umination va1ue. 

d. Sorne manufacturera are now supplying curves of the type e 
shown in Fig. 8-7a and 8-7b, which indicate the average 
to minimum maintained footcand1e ratio for a particular 
arrangement of luminaires as roadway width and spacing 
are varied. (These are computed for the lowest va1ue 
on the roadway area, not necessarily for points "A", "B" 
and "C".) Such curves are a convenient aid to determine 
the average to minimum il1umination ratios for a given 
spacing and roadway width, or--to determine the possible 
spacing for a required uniformity ratio. They a1so can be 
used to determine the relationship between average i1lumi
nation for spacing and roadway width. .Each different 
combination of 1uminaires, lamp type and arrangernent of 
lurninaires wil1 produce a different set of these 
characteristic curves. 

e. In the calculations the rnaintained footcand1es at point "A" 
is .399 ( 6.c (2) (d); at point "B" the va1ue is .38 
( 6.c (3e) and at point "C" the value is .78 ( 6.c 
(4 ppg. e). From these data we can assume that .38 at 
point "B" will be thé minimurn, other points between "A" and 
"B" cou1d be checked if necessary. Using the value of .38 
fe we have a ratio of .9 fe average maintained to .38 fe 
minirnum maintained or a ratio of 2.37 to l. 
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8. USE OF CORRECTION FACTOR FOR OTHER MOUNTING HEIGHTS 

a. To use these data for a mounting height of other than the 
one for which the isofootcand1e curves are made, it is 
necessary to find the correct new 1ocation on the diagram 
as we11 as app1y a correction factor to the footcand1e 
va1ues at the new 1ocation. 

b. The fo11owing items wi11 change, Coefficient of Uti1ization, 
footcand1e va1ues and point 1ocations. The coefficient 

c. 

of uti1ization and point 1ocations are on a percentagc 
ratio. Footcand1es have to be changed in re1ationship Lo 
the mounting height. A tab1e adjacent to the diagram wi11 
give a factor for changing the footcand1e va1ues in relation 
to the given mounting height (30'). In other words the 
footcand1e va1ues at a certain point wi11 be mu1tiplied by 
the factor for the new mounting height. This point will 
have been 1ocated in regard to the new mounting height. 
The coefficient of uti1ization factors are 1ocated as ~e11 
in regard to the new mounting height. 

To i11ustrate the prob1em for a 1ower mounting height, we 
wi11 use the data used previous1y except the mounting 
height wi11 be 25 1

• · 

Roadway width (W) 
Mounting Height (MH) 
Over Hang (OH) 
Rated Lamp Lumens (RLL) 
Test Lamp Lumens (TLL) 
Lamp Lumen Correction factor (LLC) 

19,667/20,500 

50' 
25 1 

51 
19,667 
20,500 

Luminaire Dirt Depreciation (LDD) 
Required Average Footcand1es Maintained 

.96 

.95 

.9 

To find coefficient of uti1ization 

50 1 
- 5 1 45 Street side e ZS' = 2) = 1.8 ratio .509 C/U Fig. 8-3 

5' House side • 2)T = .2 ratio= .058 C/U Fig. 8-3 

Coefficient of uti1ization = .509 + .058 = 0.567 

To find 
Spacing 

Spacing (S) 
• 19,667 X .95 X 

SQ X 
.76 X .567 e~= 178.9' (178) 
. 9 '+:l 

In the prob1em where a 30 1 mounting height was used the 
spacing was 167.2 1

• In our ca1cu1ations we used 166' as 
it was the next 1ower even number. In the fo11owing 
prob1em we wi11 use 178'. 
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d. Th~_f()()t~ªnql_E! values at. points. __ "A".,~"B_" and-'~C-" are-deter.-~--------
mined in a similar manner, in this problem, taking into ~ 
consideration the new mounting height of 25'. · 

Point "A" Luminaires Nos. 1 & 3 
________ T::..r~a..._n~sv=e-=-r~s,..e~to_!i._S_._5/_2S--=-. .. 2-o-_-=--=-=-----------------

Long. along road 178'/25' = 7.12 
.This point is off the chart and has no value 

Luminaire no. 2 
Transverse S.S. 4S/25 = 1.8 

Long. along road O 
This point is between .2S and .4 estimated at .30 fe. 

Luminaire No. 4 
Transverse S.S. 4S/2S = 1.8 

Long. along road = 356/25 = 14.2S which is off the 
chart. 

The total fe produced at point "A" is .30 from luminaire 
No. 2. These of course are initial. Te obtain the main
tained value for a 2S' mounting the following factors are 
applied. LDD .9S, LLD .76 Lumen correetion factor (LCF) 
.96 and 1.44 which is the mounting height correction factor 
found in the table Fig. 8-2. So we have .30 x .95 x .76 
x .96 x 1.44 = .299 fe maintained. 

The footcandles at Point "B" are as follows, Luminaire 
no. 1 having a longitudinal distance along the road of 
267'/2S' = 10.68 is off the chart for no value, Lumi
naire no. 2 with factors of 45/2S = 1.8 and 89/2S = 3.56 
produces a value of .075, Luminaire no. 3 with ratios of 
S/2S = .2 and 89/2S = 3.S6 produces a value of .14, Point 
"B" for luminaire no. 4 is off the chart for no value. 
The total then for point "B" is .07S + .14 totaling .215 
fe. Applying the factors to get the final maintained value 
we use the same factors as in the above paragraph or .21S 
X .9S X .76 X .96 X 1.44 = .21S. 

The footcandles at Point "C": 

Luminaire Nos. 1 & 4 Trans. = 20/2S = .8, Long. 267/25 = 
10.68 off chart. Luminaire no. 2 & 3 Trans. m .8, Long.= 
3.S6 = .2S x 2 = .S fe. The total of .S fe times the 
various factors produces a .499 fe mtd. 

e. The problem of solving for a greater mounting height is 
solved in a similar manner. For a 3S' mounting height we 
would have the following data: (Only MH has been changed 

_ from previous problems). 
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Coefficient of utilization "Street si de" ratio 50-5 45 
= l.2Só = 3') = 35 

Coefficient of Util. house si de = 5/35 = .1429, c.u . is .042 

Total coef. of util. = .457 + . 042 = .499 

Substituting in Spacing formula: 

Spacing (S) = 19,667 x .499 x .95 x .76 = ~ = so x .9 ".;¡ 
157.5' (158) 

Footcandles at Point "A" 
Luminaire No. 1 & 3 Trans. 5' MS. = 5/35 = .1429 

Long. ~ 158/35 z 4.51 
At this point each luminaire produces .032 fe. tota1ing .064 

Luminaire No. 2 Trans. 45' s.s. 45/35 = 1.286 
Long. O 

This 1uminaire produces .75 fe at point "A" 
Luminaire No. 4 Trans. 45' s.s. 45/35 = 1.286 

· Long. 316/36 = 9.03 (no value) 

The total at point "A" 
. 032 from no. 3 and . O 
get the maintained fe 
factors are applied: 

is .032 from no. 1, + .75 from no. 2 + 
from no. 4 for a total of .814. To 
at 35 feet mounting the following 

Mounting height .74, LDD .95, LLD .76, and LCF .96 
.814 x .74 x .95 x .76 x .96 = .417 fe maintained. 

The four 1uminaires project the following values te Point "B" 
Luminaire No. 1 No value 

No. 2 . 25 
No. 3 . 58 
No. 4 .012 
Total -:-B'42' 

.842 X .74 X .95 X .76 X .96 = ~432 fe mtd. 

The four luminaires project the following values te point "C" 
Luminaire No. 1 & 4 No va1ue (1ess than .01 fe ) 
Lurninaire No. 2 & 3 .72 fe each or 1.44 fe for both units 

1.44 fe x .74 x .95 x .76 x .96 • .739 fe maintained. 

The three sets of data en the same fixture under the same 
conditions except mounting height provide information which 
can be compared. This comparison wi11 then b~ing in various 
factors which shou1d be considered, such as economics, 
quality, glare and other factors. 

The fo1lowing gives the accumulated data. 
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- ------Mount-ing-Avg ,_:__fe_ -.Po le._ 
Height Maint. Spacing 

Maintained footcandles Ratio 
"A" "B" - --,,C,~,~- -~AV-erage to Miñ .-

25' . 9 178' .299 .215 .499 4.19 to 1 
30' . 9 166' .399 .38 .78 2.37 to 1 

----35-' ---.. 9 __ 158_' _.A2 _ ___,._c:o4:.3 __ _.._,_7_.4 ___ _::2_:_. ~14:::.._-t-:o~l _____ _ 

All three systems produce a .9 fe average maintained, but 
the 25' mounting height develops a 4.19 to 1 average to 
~inimum ratio which is not acceptable as it is greater than 
the 3 to 1 ratio specified. The 30' mounting height meets 
this requirement and naturally produces more even illumination. 
However the spacing will necessitate about 7% more pole and 
luminaires. The pole costs will be greater also dueto the 
additional S' mounting height. 

The 35' mounting height definitely produces the best illumi
nation ratio of 2.14 to 1, with apparently quite even foot
candle values. Again the number of poles and luminaires nre 
increased, and of course, the.poles are again five feet 
longer. This increase is about 6% over 30' mounting. There
fore the owner will have to weigh the factors of increased 
cost as against a better lighting installation. One big 
advantage of the 35' mounting height will be in the decrease 
of the disability veiling glare factor. Other objectives 
must also be considered. 

9. OBJECTIVES ANO SPECIFICATIONS 

a. Roadway Classifications - Providing proper lighting for 
quick, accurate and comfortable seeing at night is the 
basic reason for the design calculation and procedure 
presented here. A complete knowledge and understanding 
of the location and type of roadway is essential. See 
Section 1 of the Standard Practice. 

b. Quality Required - A knowledge and understanding of the 
quality of illumination required for seeing on roadways 
is important. See paragraph 3.4 in the Standard Practice. 

c. Quantity Required - The average maintained levels of illum
ination can be found in Table I of the Standard based on 
the determination of roadway and area classification in 
Section l. Also, consideration should be given to allow
able limita of uniformity (see paragraph 3.5) and the 
percentage of burned-out lamps that will be tolerated. 

d. Area Atmosphere - Next to be considered is an analysis of 
the environment in which the lighting system will operate. 
Dirt in the atmosphere will have come from two sources: 
that from adjacent atmosphere(s) in the area and that 
generated on the roadway itself (the surrounding atmo-
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sphere). The right hand portien cf Fig. 8-5 shows five 
groups of typical are~ -~tlllo_spJ:leres_. _________ _ 

--~---·---·
·---~-- -----

e. Area Description - A complete description is required for 
each area to be lighted. This should include~:~t~h~e~~-----------

__ "! ________________ physical-characteris ti·cs-such-as-ro-a-dway wi-dth, C1Jrva
tures, grade, obstructions, (trees) and border areas. 

' -' 

-- ' 

- . 
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- 1 

- l 
l 

.. 1 

10. 

f .. Selection of Luminaire- Selecting the specific luminaire 
requires the almost simultaneous consideration of many 
factors. Selection of the type of luminaire for a give~ 
roadway depends upon-the requirements and conditions 

'found above, such as dimensions of roadway and atrno
spheric conditions and such factors (whose relative 
importance will vary from project to projectJ as: 
mounting height; 1uminaire dirt dE-preciation; lamp choice; 
maintenance considerations, including cl-eaning and 1amp 
replacement; luminaire and installation a:ppearance; color 
of light; lighting and ·relighting time; cost of e']uip
ment; etc. All factors should be examined in detail first, 
then reviewed sothat the proper weight.will be given 
to everything that might effect the luminaire selection. 

LIGHT LOSSES - NOT RECOVERABLE 

Once the facts in 9. ha ve be en appraised and the 1 uminaire 
is chosen, the facto~s that cause 1oss of light should be 
studied and evaluated.. The factors inunediately following 
are difficu1t to appraise and are usually of :1ittle signifi
cance. However, if it is known that a peculiar condition 
does exist that can be evaluated it should be included in 
the calculations of the maintained footcandle· level. In any 
case, the designer should be cognizant of all the factors. that 
can diminish the planned output of the lighting system, and 
evaluate where necessary and practica!. . . 

a. Lun.inaire Ambient Temperature - The effec·t of .1mbicnt 
temperature on the output of sorne fluorescent 1-uminaires 
may be considerable. To apply a factor for light loss 
due to ambient temperaturc, the designer needs to know 
the highest and lowest temperature expected and to have 
data showing if there are variations in the light output 
with changes in ambient temperature for the specified 
luminaire to be used. 

b. Voltage.to Luminaire- In-service voltage is difficult to 
predict, but highor low vo1tage at the luminaire will 
affect the output of most luminaires. 
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c. Ballast Performance - .lf the ballast used in the luminaire 
does not provide rated watts to the lamp, the light output 
will differ propottionately, and a ballast factor should 
be applied. The manufacturer should be consulted for neces
sary factors. 

d. Luminaire Component Depreciation - Depreciation of the 
light controlling elements of a luminaire, resulting from 
deterioration of metal, glass, plastic, pai~t and other 
reflector finishes, will result in reduced light output .. 
However, because of the complex relationship between light 
controlling elements of different materials it is difficult 
to ev.aluate losses due to deterioration. Everi luminaires 
with a single light controlling element of one type of 
material will show losses due to the type of atmosphere 
in the are a. No standard factors ha ve yet be en d,~veloped 
to cover depreciation of cornponents. (:~e e Fig. 11-2) 

e. Changes in Physical Surround - The designer sho•lld be · 
aware of planned changes inthe roadway conditions that 
rnay alter the effectiveness of the lighting system; such 
things as road widening, curbing, resurfacing, tree 
planting, building construction or demolishing, or any
thing that would change the nature of the road. 

f. Burn-Outs - Unreplaced burned-out lamps will affect the 
quality of the lighting system. It would be ironical to 
incorporare a factor in the design to take care of burn
outs. Instead, a good maintenance program,. including 
group replacement of ·lamps based on lamp mortality statis
tics, and spot replacement when necessary; should be 
adopted. The designer should make his client aware of the 
necessit;· for a good maintenance program. ·· 

ll. I,IGHT LOSSES - RECOVERABLE 

a. Larnp Lumen Depreciation - Infornation about· lamp lumen 
dep-r;eciation is available from manufacturers •. tables and 
graphs for lumen depreciation and mortality of the chosen 
lamp. Rated average life should be determined for the 
specific hours per start; it should be known when burn
outs will begin in.the lamp life cycle. From these facts, 
a practical group relamping cycle will be established and 
then, based on the hours elapsed to lamp removal, the 
specific Lamp Lumen Depreciation (LLD) factor can be 
determined. Consult manufacturera data or the lES 
Lighting Handbook, 5th Edition for LLD factors. 
This factor has already been used in the ~·roblems and 
solutions presented. The tables for the various lamp 
types are found on page 5-11 , Fig. 5-5 for incandescent 
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lamps; page S-31 , Fig. S- 24 for mercury lamps; page 2~ _?_l 
_. Fig. -S-28, for--metal-ha-l:ide lamps:---Tne--n,-ss--for-sodiurn 

is reportea to run frorn S to 10% at end of lamp life 
according to the late·.~ information and depending on 
the manufacturer contacted. · 

--------"b_.._~L::u:-"m"ti n_a i r_e_D i r.t-Depre e i a t ion---Th e-a e e umula t ion-o f'-d ir t 
on luminaires results in a loss in light output, and 
therefore a loss on the roadway. This loss is known 
as the luminai.::.: Jirt depreciation (LDD) factor and 
is determ1neo as follows: 

(1) Determine the dirt category (very clean, clean, 
average, dirty or very dirty) from lO.d and 
Fig. 8-S and Fig. 11-2. 

(2) From the appropriate dirt condition curve in Fig. 
8-4 and the proper elapsed time in years of the 
planned cleaning cycle, the LDD factor is found. 
The proper elapsed time for cleaniug is determinad 
from section lO.f and ll.a. 

12. TOTAL LIGHT LOSS FACTOR- The total Light Loss factor is 
simply the product of multiplying all contributing factors 
described above. Where factors are not known, or applicable, 
they may be omitted. At. this point, if it is found that the 
total light loss factor is excessive it may be desirable 
to rcselect the luminaire. 

In ·general it is good practice to solve a great many problems 
using as many different possibilities as possible so that the , 
computations will become quite familiar. For that reason the· 
following problems have been attached. 

Appendix "A" of American National Standard Practice for · 
Roadway Lighting .should be gi ven very careful s tudy for many 
special considerations in regard to roadway complexities. 

General information: 
point on the roadway 
it is possible that, 

If the minimum illumination of any 
is less than 1/3 the average illumination 

l. · The mounting height is too low. 
2. Another light distribution pattern (if available) 

might be used t~ advantage. 
3. A different overhang might be used. 
4. Spacing is too great. _ 
S. The lamp-luminaire combination has too great a lumen 

output for the average illumination level desired. 
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PROBLEMS 

No. 1 Apply the new design parameters to Fig. 8-1 

Roadway width (W) 44' 
Mounting Height (MH) 30' 
Overhang (OH) 4' 
Luminaire Fig. 8-8 (McG-Ed. No. E359-280) 

ANSI/lES Type: Ill, Medium, Cut-off 
Lamp H33-1CD/E (Now H33Cd-400, bulb E-37) 
Test lamp rated lumens 20,500 
Commercial lamp rated 19,667 lumens(horizonta1) 

Required maintained footcandles 2.0 
Atmosphere - surrounds CLEAN 
Cleaning schedule - months 6 
Lamp replacement 83% 1ife 20,000 hours 

a. Determine lurninaire dirt depreciation (LDD) 
b. Determine lamp 1umen depreciation (LLD) 
c. Determine comrnercia1 1amp 1umen/test 1amp 

1umen factor 
d. Determine Coefficient of Utilization (CU) 
e. Determine s taggered spacing for 2 fe avg. mtd ___ _ 
f. Determine maintained fe to mínimum fe ratio 

Solution No. 1 

a. Refer to Fig. 8.5 for a 6 months 1ine draw a 1ine 
vertica11y ha1f-way between the O and 1 year li~e. Where 
this 1ine intersects the clean 1ine is just about 97%. 

b. To determine LLD refer to Fig. 5-24, page 5- . uraw a 
line from mid point of "H33" to 100'7., where this i.ine 
crosses vertical line for 20,000 hours it appear~ that 
the 1umen va1ue is about 70%. 

c. According to the tab1es page 5-33 a 400 watt H33CD-400 
1amp produces approx. 19,667 lumens in a horizontal 
position. This va1ue divided by the test 1amp ¡,_.~,,cns 
gives us (19,667/20,500) n 96% fnctor. 

d. To determine the CU factor refer to Fig. 8-8. 
. W-OH 44' - 4' 40 CU- Street S1de (S.S.) ~ = JO' = 1rr = 1.333 

Draw line from 1.333 Street Side to intersect S.S. curve at .453 
OH 4' CU- House Side (H.S.) RH = ~m .1333 ratio 

Draw linc from .1333 to intersection of H.S. c~rve aL .057 
Total CU for H.S. and S.S. is .057 + .453 • .~1 
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Siow traffic littlt or no 1dht1in Qualitin in 11mos
phert. Most rural eras, residential roadwa~s. slow tfll
fiC, no trucks. 

Artl~ lbowt llctDI lwtrap ur 1nd lrud trafk Down 
town open lrta~. lnttrmediatt tnd lr~e•aY" '" OPI!" lfU~ 

Aren---As ebove t · ii¡htly mort tlposure. Rt\ldential . 
lntermtdiate. locll mmor roads. Ftw fruch 

Aren-Confined. Grtlllr than nerare Cars and truc'-s u· 
prnsw1y, fretwtys. Oowntown, major, Adhesin dH1 . 

lnd./Comm. Arns. Trucks, buses, adhesive d~r1. cor1!ined 
lfUS, huvy tflfflt. 

Fig. 8-5. This chart is useful for estimating 
roadway luminaire dirt depreciation factors 
(LDD) 

• 
Fig 8-7b 1 1 1 1 1 

Example of chart showing uniformity ratio vs. 
Luminaire spacing for staggered arrangement. 
Luminaire classification 11 Medium Semi-cutoff Type 11 Distribution . 
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__ ......., ...................... 
MOlmoiNG 

HEIGHT 
FEET 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

F,-., lOA 

2.25 
2.04 
1.86 
1.70 
1.56 
1.44 
1.33 
1.24 
1.15 
1.07 
1.0 
0.94 
0.88 
0.83 
0.78 
0.74 

FIQ 8-6 Enlarged section of 
F¡g. 8-2 for isofootcandle 
curves only. (For 
easier computalions). 

r 

RATIO OF LONGITUDINAL DISTANCE TO MOUNTING HEIGHT 
Footcandle data is based on a luminaire mounting heighl of 30 ·. For 
other mounting he·ghts mulliply the values of footcandles shown Dy the 
factors in !he table. 
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No. 1 

No.2A 

T 
MOUNTING 
HEIGHT (MH) 

Fig 8-9 Layout of Luminaires 
and roadway assumed for 
typical computation. 

No. 1A 

No. 2 
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e. Staggered spacing using formula Se page 8-7 

Staggered spacing = 19 · 667 44 ·~ 1 2 x · 97 x · 70 = ~ = 77.39' (76') 

f. To determine average fe. te mini~um fe ratio 
Determine fe at point ."A" luminaires no. 1 & 3 
Transverse H.S. 4/30 = .1333) = 21 x 2 = 42 fe 
Long. a long R. 76/30 = 2. 533) · · 
Luminaire no. 2 
Transverse S.S. 40/30 = 1.333)_ 1.10 fe 
Long along R. = O -
Luminaire No. 4 
Transverse S.S. 40/30 = 
Long. along R. 152/30 = 
Total for No. 1, No. 2, 

l. 333) 
5.0666) 
No. 3 

= .015 

l. 535 & No. 4 
Maintained FC = 1.535 X .97 X .70 X .96 = 1.0 fe maintained 

Determine fe. at point "BII Luminaire No. 1 
Trans. H.S. 4/30 = .1333' Long. 114/30 = 3.8 .04 fe 
No. 2. Trans. s.s. 40/30 = 1.35, Long. 38/30 = 1.266 .48 fe 
No. 3, Trans. H.S. 4/30 = .135, Long. 38/30 .. 1.266 l. 00 fe 
No. 4, Trans. s.s. 40/30 = l. ::i3. Long.ll4/30 - 3.8 .085 fe 
Total footcandles at point 1.605 fe 
Determine fe. at Point "C" Luminaire 1 and 4 
Trans. S.S. 20/30 = .667, Long. 114/30 = 3.8 = .11 fe x ~ = .22fc 
No. 2 & 3 Trans. S.S. 20/30 = .667 Long. 38/30 = 1.266 

Total footacndles at point "C" 
= 1.15 fe x 2 = 2.30 

L.'SL fe 

Maintained fe at point "B" = 1.605 x .97 x .70 x .96 = 1.05 
Maintained fe at point "C" = 2. 52 x . 97 x . 70 x . 96 = 1. 64 L 
Point "A" is low and produces a ratio of 2 avg. te 1 or a 

2 te 1 ratio. 
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roblem No. 2 

Using the same parameters as for problem 
locations to opposite spacing for a 2 fe 

no. 1 change the pole 
avg. maintained. See 

_. __ F_ig._8~9_. ____ ---'-------------~-----------------

a. Determine spacing 
The values for coefficient of utilization, LDD, LLD, ITL, 
will remain the same. 

b. Determine maintained fe for points "A" 
and "C" 

"B" 

c. Determine ratio for average maintained to mínimum 
maintained 

Problem No. 3 

Determine data for the following situation: 

Roadway Width (W) 
Mounting Height (MH) 
Overhang (OH) 
Luminaire-See Fig.: 8-8 (Opposite spacing) 
LDD 
LLD 
ITL 
Average maintained footcandles to be 

provided 

a. Determine Coefficient of Utilization (CU) 
b. Determine opposite spacing 
c. Determine maintained fe. at points "A", 

"B". and ~~e·· 

d. Determine average to mínimum ratio. 

Problem No. 4 

Photometric Data - see Fig. 8-2, 8-3 and 8-6. 
Luminaire, Medium, Semi-cutoff type II 

60' 
30' 
4' 

97% 
707. 
96% 

2 fe 

---------

Lamp; 400 watt clear mercury - H33-1CD (Ansi No. H33CD-400) 
Test Lamp Lumens 20,500; Installed lamp lumens 19,667 - horizontal 
Lamp Lumen Depreciation (LLD) . 787. 
Roadway Width (W) 42' 
Overhang (OH) 6' 
Required maintained fe 2 
Luminaire Dirt Depreciation (LDD) 97% 
Mounting Height 34' 
Mounting Height factor (see table on Jata sheet) 78% 
Installed - Test Lamp factor (ITL) 96% 

8-29 
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a. Determine Utilization factor (CU) 
b. Determine staggered pele spacing 
c. Determine footcandle values maintained at Points "A", ''B" 

and 11 C". 
d. Determine average to mínimum ratio. 

Prob1em No. S 

The previous problem was on a clear mercury 1amp, this one wi11 be 
on a phosphor coated lamp of the same wattage, and wi11 produce a 
different type of distribution. 

Photometric Data - see Fig. 8-10. 
Luminaire, lES Type III Short, Cutoff (1972) 
Lamp; 400 watt Phosphor coated H33GL-400/DX 
Test Lamp Lumens 22,000 
Insta11ed Lamp Lumens, inicial 21,780 
Insta11ed - Test 1amp factor .99 
LLD 78% 
Roadway width (W) 42' 
Overhang (O) 6' 
Mounting Height 34' 
Mounting Height Factor 74% 
LDD 97% 
Footcand1es maintained 2 

a. Determine Coefficient of Utilization (CU) f' 
b. Determine staggered pele spacing 
c. Determine footcandles maintained at points "A", "B" and "C" 
d. Determine average to mínimum ratio 

Problem No. 6 

This prob1em has the same physica1 perameters as the two previous 
problems. The change is substituting a 400 watt sodium lamp 
fixture. 

Photometric Data - See Fig. 8-11 
Luminaire - lES type IV, medium, semi-cutoff 
Lamp: LU-400 E-18 
Test Lamp Lumens 
Rated Lamp Lumens 
Installed - test lamp 1umen factor 
LLD 
Roadway Width (W) 
Overhang '(O) 
Mounting Height 
Mounting height factor 
LDD 
Footcand1es maintained 

.. o.~n 

42,000 
50,000 

1.19 
o 907. 
42' 
6' 

34' 
787. 
977. 

2 
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-~ ~---·_a.~_Petermine~C~oefficient oL~Utilization_(CU) 

-. -

- . -

- o -

b. Determine Staggered pole spacing 
c. Determine footcandles maintained at points "A", "B" and "C" 
d. Determine average to mínimum ratio. 

' This problem is for a greater mounting height anda wider roadway. 
Photometric Data Fig. 8-12 
Luminaire lES type III, medium, semi-cutoff distribution. 
Lamp: 1000 watts H36-15GV (Ansi- H36GV-1000) c1ear. 
Test Lamp Lumens 57,000 
Rated Lamp 1umens initial horizontal 54,000 
Insta1led- Test 1amp 1umen factor 94.74% 
Roadway width (W) (Fig. 8-1) 72' 
Overhang (OH) 5' 
Mounting Height (MH) 50' 
Footcandles maintained 2 

a. Determine 1amp lumen depreciation for 16,000 hours Fig. 5-24 
page 5-

b. Determine luminaire dirt depreciation factor for a system of 
c1eaning every 6 months in an avg. area. 

c. Determine Coefficient of Uti1ization (CU) 
d. De termine:·,s taggered spacing 
e. Determine .. ~ootcand1es maintained at points "A", B" and "C" 
f. Determine rverage to mínimum ratio 

Problem No. sJ 
To get a comparison of a clear and phosphor coated mercury lamp 
the same perameters wil1 be used on this prob1em as in problem 
no. 7., except that a 1000 watt Deluxe white lamp wi11 be used. 

·Photometric data - Fig. 8-13 
Luminaire Ansi/lES Type IV, short, cut-off. 
Lamp: 1000 watts H36-15GW/DX (Ansi -H36GW-1000/DX) 
Test Lamp Lumens 63,000 
Rated Lamp Lumens initial horizontal 60,000 
Installed - Test lamp lumen factor .9524 
LLD 67% 
LDD 95% 
Roadway width (W) 72' 
Overhang (O) S' 
Mounting Height (MH) 50' 
Footcand1es maintained 2 
Mounting height factor 49% 

a. Determine Coefficicnt of Utilization 
b. Determine staggered polc spacing 
e. Determine maintained footcandles at points "A", "B" and "C" 
d. Determine average to mínimum ratio 
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ISOFOOTCANDLE ANO UTILIZATION CURVES 
TEST DISTA,CE....zLFT. 

Footcandte data is based on a luminaire mounting l'leigh! ot..JSLteet. For other mounting heights. muttrply the vt~lues ot !"lo'.
candles shown by the tottow1ng table. 1he unt1zat1on curve (d~shed) is corree: tor 0'\1! moun:1ng heights and dOP.s nr:J' rf'C'J:rr: 
correCI10n. 

Mounting Ht.-Ft. 

FACTOR 

IJ 

ltw!o reporl r" based on test m•thods rn accordance ••th tE S (.urdes on l .. ~.t.np P,ot<'dures. S•Q"•'•c .rncr· •t h,..llle<l to ll"lr, ,jf'r¡•et> th:rl tt-c ,,... ''rl -..~ T~,,:t· , .. 't'D•t-· 
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LIGHT FLUX VALUES Vatues ot isocandela. lumens, and footcandles are base e u pon a tamp operated al 57000 PHI Ot,lilnce Sno.,..., At~<~vel 

lumens Percenl ol L11m;J lumens. 11 !he data is ~es, red tor a dtllerent lumen rabng. multipl7 all isoc.:andcla. lum~"1. ar~d 

OO'NNWARO 31230 54.8 
lootcandle values by thP. dttlerentlamp 1umen raung divtded by 5 000 

SlREE. T StOE 
UPWARO 
~TR( E 1 S tOE --- --
O{lWNWARO 13897 24.4 tiOUSl SIOE - Fig. 8-12. UPWARO 
HClU5E SIOE --- ---

Total 45127 79.2 0,0 
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Problem No.· 9 

To compare different lamps .we will take the same criteria as in 
problems no. 7 and 8 and now use a metal halide lamp. 
Photometric data Fig. 8-14 (Curve No. 630405). 

Luminaire - lES type III, medium cutoff, 
Lamp: MH-1000 1000 watts Bt-46. 
Test Lamp Lumens 
Rated Lamp Lumens (Horizontal - initial) 
Installed - Test lamp lumen factor 
LLD 7000 hours, 70% life 
LDD 
Roadway width (W) 
Overhang (O) 
Mounting Height (MH} 
Footcandle maintained 
Mounting height factor 

distribution 

90,000 
95,000 
l. 0555 

74% 
95% 
72' 

S' 
so· 

2 
o 

a. Determine Coefficient of Utilization (CU) 
b. Determine staggered pole spacing 
c. Determine maintained footcandles at points "A", "B" and "C" 
d. Determine average to minimum ratio. 

Problem No. 10 

Many roadways are two separate roadways with a median between which ( 
may be from 2' to more than 20'. In this case we are using a 10' 
median and the luminaire is mounted over the edge of the roadway 
see Fig. 8-15. The lumens fa11ing on the median will not be 
inc1uded in our calculations for CU. or footcand1es. 
Photometric Data Fig. 8-16 
Luminaire Ansi/lES type III medium, cutoff. 
Lamp; 1000 watts, M-1000/BD Bt-56 c1ear. 
Test Lamp Lumens 90,000 90,000 
Rated Lamp Lumens Horizontal initial 95,000 
Installed - Test Lamp lumen factor 1.0555 
LLD (70~; life - 7000 hours) 74% 
LDD 95% 
Roadway width Fig. 8-17 (2 strips 36' wide with 
10' separation). 
Mounting Height (MH) 50' 
Mounting height factor 49% 
Mast arms S' (Approx.) 
Overhang (O) (center of fixture over curb) O' 
2 luminaires per po1e. 
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a. Determine Coefficient of Utilization 
b. Determine Spacing for double mounting 
c. Determine maintained footcandles for points "A", "B", "C" 

and "D". 
d. Determine average to minimum ratio. 
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PHOTOMETRIC DATA 
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APPENDIX A ,..., 

Answers to Prob1erns 2 through 10 

Prob1ern 2. 
a. Opposite spacing 154.8' 
b. Maintained footcand1es at 

Point A 2.57 
Point B .71 
Point e 1.43 

c. Ratio average to rninirnurn 2.8 to 1 

Prob1ern 3. 
a. eoefficient of Uti1ization .57 
b. Opposite spacing 126.9' 
c. Maintained footcandles at 

Point A 2.08 
Point B .58 
Point e 1.84 

c. Ratio average to rninirnurn 3.52 to 1 

Problern 4. 
a. Coefficient of Uti1ization .47 
b. Staggered spacing 83.6' 
c. Haintained footcand1es at 

Point A 1.15 
Point B 1.17 
Point e 2.51 

d. Ratio 1.72 to 1 

Prob1em S. 
a. Coefficient of Uti1ization .351 
b. Staggered spacing 68.8 
c. Maintained footcand1es at 

. Point A 1.3 
Point B 1.56 
Point C 1.98 

d. Ratio l. 54 'to 1 

Prob1em 6. 
a. eoefficient of Utilization .391 
b. Staggered spacing 203.2' 
c. Maintained footcandles at 

Point A 3.48 
Point B .561 
Point e .567 

d. Ratio 3.57 to 1 

1 
1 

1 

-

~ 
1 

A_t,.n 1 ... 1 



1 

1 

'1 

----

Problem 7. 
a. Determine lamp 1umens depreciation .665 

(LLD) 
b. Determine_luminaire_dir-t .955 

depreciation (LDD) 
c. eoefficient of Utilization .415 
d. Staggered spacing 98.8' 
e. Maintained footcand1es at 

Point A l. 21 
Point B 1.7 
Point e 2.35 

d. Ratio l. 65 to 1 

Prob1em 8. 
a. eoefficient of Utilization .27 
b. Staggered spacing 70' 
c. Maintained footcand1es at 

Point A l. 33 
Point B l. 72 
Point e 2.08 

d. Ratio 1.5 to 1 

Prob1em ¿. ff' . 1 fu '1' . a. oe ~c~ent o t~ ~zat~on .47 
b. Staggered spacing 218' 
e .. Maintained'footcand1es at 

Point A l. 02 
Point ~ .84 
Point e 1.14 

d. Ratio 2.27 to 1 

Prob1em 10. 
a. eoefficient of Utilization .335 
b. Spacing 310' 
c. Maintained footcandles at 

Point A 3.46 
Point B .447 
Point e .524 
Point D .567 

d. Ratio 4.47 to 1 

Note: Where photometric data is difficu1t to interpret, answers 
within 5% of those given may be considered correct. 

8-41 
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STRUCTURAL SUPPORT METHODS •••• 

Luminaire Supporting Structures 

l. Purpose 

To position the luminaire for optimum utilization, effective
ness and comfort of the illumination system. The supports 
usually consist of a pole with its associated appurtenances, 
but in sorne cases may consist only of a mast arm or bracket 
mounted on a structure such as a wall or bridge member. 

2. Classification 

a. By location of electrical supply circuits 

(1) For overhead wiring 
(2) For underground wiring 

b. By composition 

(l) Wood 
(2) Steel 
(3) Aluminum 
(4) Concrete 

c. By functional requirements for luminaires 

(1) Mast arm (bracket) type 
(2) Davit or inclined shaft type 
(3) Post top type 
(4) Special types for high mast lighting 

d. By type of pole mounting 

(1) For bolt-down attachment to foundation 
(2) For imbedding in earth or concrete 

Types of Electrical Supply Circuit 

Almost all of the conventional luminaire mountings may be 
utilized for either overhead or underground lighting circuits. 
Wood poles lend themselves particularly well to overhead supply 
lines, while metal and concrete poles are more frequently used 

9-l 



MOoiA 1 DC a 

1.- DATOS 

1.1 LOCALIUCIOit. 

Calla-------------------------------------------

E•tra----------------------------------------------

Cala•la-------------------------------------------

Da la ,.e IM ------------------------------------

1.2 DAlQI "IICOS. 

AMIM • la ~elle 

(M) Melle •1 trrt '' 

(M) Melle lla114111ttn 

(DIP) Dletucla l•ter,aatel 

(MI) Alttrt • ...... 

(!A) TI" • Olaate (.., 1-,te, 1_,.., •a•ra•, ncla,_,_ .. , 
(T\.) Tia ... • lltl,lau 

(ltl) 
, 

lthal .. II•IRI118CIOII 

1.3 DATOS DE LA LUMINARIA . 

........ 
TI,. •a l••l .. rle ,,¿ ,,¿flca 

Gr¿ fl ca f oto•lt r 1 ca nJ m ero 

TI,. 411t rtfltcttr 

Cortcttr(atlcu dt luminaria 

Ld'mport (tipa ' paltncla) 

( L 1 ) Lullltntl lnlclal11 dt la ld'mpara 

V 1 da dt la la•pore ( horaa) 



(1'0) Deprniul• ht•t.i•• • le 1 1 •r• el .... H .. viH 
(wer oww•• def fallrl ... te • I&Jr•J 

,, .. " 1 ,,, ........... 110 ........... ,_ --- ... ... .. . .. .... .. 
,., Cl R 1 ............... C• • • ...... "'" .. 

.. .. 211111 ITA) , ....... u.,IIU (TL) ,., • ..., .......... - ........ . 
•• 
Q.8 

"'~ ~- ... 

n &1 

... 
:!lz ... 0.1 

e~ 
:~ 0.4 

TIDII'O O« L IMPIIZA IN AÑOI 



CIA. 0€ 

......... 
(FNR) FACTOMS NO RICUHU&.U DI II'IRDIDAI DI LUZ. ___ _ 

• l r •• ,.,...,. ........ " ,_..., ... 
ll) Velteje .. tfaee. 

e) Fecter • llelntN. 

d) DlllriCilll•• • 11 .... rU1ll e.! ref ... ter. 

(FPTL) FAC-rc. • II'IHtOAI TOTALII • LUI. 

"Ot trMI (COt "MI • 

1.1 CALCU\..0 .L C.PtCII•ft • IITfl.IIM ... . 
(le ................................. •J• -.......... , ................ ' ........... --
••J• ( AM), J 1M Ur.et .. I .. UIIIaM • 1tiii1MIJ. 

de 11 · •••l•erta). 

(A 11) A lt1rt 41e INII teje 411 le .... .., ... 

RAI • R...... .. le ......... MI eta • le ... .._,, a la .. ..... ....... , .. ..,.. _ .. )1 . 

ILII • • -----· (AIII 

RAH • Rclltlft .. 11 ......... Hl eje H le ... ,,., .. 

bltUJUIII 14IJIIII .. /11tlrl M .. ltljl. 

• 

RIS • 

• 

RBH • 

ILH) 

(AM) • 

Relecto'a 

-----· .. .. ........... , •JI ... ........ 
,, ..... ""'"" ., ... ,,.,."., ... ..... ji. 

(LS) +(Al) 
• •• 

(AM) 

Retacio'11 de le dlttancie dtl •J• di la lu111inarla 

. .. 

• • 

al 

fin de la banquete adJacute/ altura dt montaje~ 

( LH) + (A 8) 
• • • ( AM) 



CIA. DE LUZ y FUERZA DIL CENTRO l. A. 
GEftlNCIA DI CONITIWCCION 

CALCULO K MIWL DI ILUII .. M:IO. 

ltO~A 4 de 1 

-
Para obt..., el coeflclenta • utlllz•IH M etttra •• la curve 

r .. pectiYI - el yalor de IH rei .. IIFII aatorloree. -
-R A 1 - C•n• t e u 1) • 

RAH - ClfYI t e u M) • r--
Rll - CWYI t e u 11) :0 

RIM - c.,. ( CU IN) • >-----

2.2.1 CNflcletltl M ltlllz .. IH dll wreJe. 
( CUA) • (CUI) + ( CUM ) • ~ 

U.l CHflclellll • ......... • 111 111111 ~ 

(CUI) • (Ctlel)- (CUI) + (cuett)-(CUM) • 

, ... ~ 
2.1 NIYII. 1 

2.1.1 Mini • ll•ta• lf .... ,.,. 
(NI A) • lLI}•l'"LI•l~) • • (AA) 1 ( Dlft) 

2.1.2 llwel de llwntaeeléll • ll•t ... 
(1111) • 

(LI)a(PPTL)a(CU.) 
• • 

(M) a(tel') 

2.3.3 Nlnl • n IJ .......... 
(Nift) • 

( NIA) + ( •te) 
• • 1 

3.- CALCULO DI IIUL I'IOMIQIO 

(Meto de ,..- p•t••) 

3.1 Ccilcula del aiYel pro111edla 1111' Mdle de lo ec1aciÓII 

(EPP)EP'P•V4(U)+III(I4+EI+EI) + 1111( l 1 + U+ET+U) 

3 .1.1 Puntoe utlllzadll • lo ecuociÓII 

1 1 1 1 1 1 1 1 1 1 1 



·. 

CIA. 

( Dll' 1 

P, "'• "'• 
"'• "'• "'• 
"'• "'• "'• 

w,,~~··..:-.::~ 

3.1 c ....... , ......... . 
3.1. a .-......... tr•• .. "'" ,.,. lee lll•s:eri.. .. A ·· , ·· 1 .. 

( RTJt 147) Al • O 

(AA)/ 1 - (LM) 
t•TP 1111 Aa • •-----

(AM1 

(AA) - CL•) 
(RTP ,_) M • ------

C•J. 
3.1.1 Relll"l 11 ............. ,_. le 1 1 L 18 ~ A~ 

(RLJt 121) A • O 

3.2.4 

(RLP 4541) .A • (DIP)/4(AM1 • 

(RLJt 71•1 Al • (DIJt)/I(AM) • 

Releclea• lolltltMI ..... pore le lu111iaorle ~ 1 ·· 

(RLJt IU) 1 • 

(RLP 458) 8 • 

(DIJt) 

( AM) 

3 ( DIP) 

4 ( AM) 



CIA. DE LUZ y FU A DIL CENTRO S. A. 
8UlNQA DI COQTftUCOC* 

CALCUlO DI MIVIL H 1\..UtM .. AC 10• 

HO~A 1 • 1 

3.3 CoiW~o 4• f .. tor de correcci• 4e 11 tnfltl. 
( FC) 

(F L) , •• t ... d .. o 111111 •10 . .,. 

(RAM) AHwo de _M._ M tnrflcoa • 
etturo de .-.¡e H • ,.,. ~ 

. 1 
(RAM} • (AIIwwtiM) • • ~ ( Alll}l 

(LL) I'Mt• 4e -..eccl• di IUIIIHM M 11 QJOfiCO ~ 
( 1000). , •••••• ,. ,..,.,. ... , ... 

-9-(1000) ~ 

(¡ri'Tl) (V• ..... 1.1) • ~ 

( fC} • (¡rl) a("...CLLh(PPTL)• a 

3.4 NIYII dellu-. .... 4e 1M ..... le 1 oMeM-. 41 le erefM• 
3.4.1 NlnldlilllaiRIIill 4e ile, '1 1 1 • 1 Jlll"n • 11 knllllori• "A • 

( 1) • , ...... 4 ... a e' e, 
Lect.,. .,.... , ......... ., 

(ItA) a • 
( 1 lA) • • 
( 1 JA) a • 
( 1 4A) a • 
( ! SA) a a 

( ! •• ) • • 
( 17A} • • 
( 1 lA) • • 
( [lA) • • 

l T r 1 1 J 1 1 T 1 ' 1 'fJ 



CIA. DE LUZ Y FUERZA DEL CENTRO S. A. -
GERENCIA DE CONSTJitUCC O. 

CALCU\.0 .01 .NIVI!L DI lt.UMINACION 

5.4.1 ..... di llrolnllll.. di .. ...... 
....... 1 ... 

t • t 1 lllln • 11 ._lllarte 
( 1! ) • , •••••• dele • 1 "e > . f--

(EII) f--
(I!U) 
(UI) f--
(14a) 
(1! .. r--
(I!M) 

~ 

5.4.5 Cálcule dll li'lll promedie di 111 11•11t11 co11liclerodoa ~ 

1 1 • C.tA) + z•ta) • 1/te" ~ 

U • (DA)+ 1 .. ) • 1/1 " -
11. (IJA) + 11151) • I/ te :0 

1!4 • (1!4A) + (E48) • 1-'- • 
E!5 " (E!5A) + (1!51) • 1/4 " 
•• (UA) + ,_, • 1-'- • 
17"....,., • 1/le • ..... , - • 1/1 • 

U • I(IM) • 1/11 .. 

(NIPft) Nltll di il•tH~Miá .--....... ,. ,. ..... ,.._,. Lux 

1 1 1 1 1 1 1 1 1 1 1 '!~ 



CIA. DE LUZ y FUERZA DEL CENTRO S. A. 
GERENCIA DE CONSTRUCCION 

CALCULO Dt: NIVt:l Dt: ILUMINACIOit 
14o.l& 1 DI 1 

1----

1----
4.- RESULTADOS Y CONCLUSIONES 

1----

NIPP ,. Nivel dt i lu111i11ación pr0111Mie 
(Método dt pu11te1) (inciso 3.4.3) ~ 

= 
NIP = N ivtl de ilu111inocicl11 promedio 1----

(Métode de lú-) (incite 2.3.3) = 1----
NIPPI :a Nivel di i lu111inacióa illiCill 

NII'P 
.....___ 

=- = (f'I"TL.) (•• iiiCill z. 1) 
1--

ErfiÍII ,. Nivel M ilullliHcNN MI ,....._ de menor 
inttlllidetl e- iiiCill 3.4.3) 

En• :a Nivel de iluminaciÓII del IIUIIfl de IMYif 
intensidad (ver iiiCill 3.4.3) 

Rllocióa di .. iflfllli ... .. ltiPP = pr••••• 1 111Íai• ~· [-

AellliM .... tt.f .. ftd .. r.7.· pr.-Hte 1 IIMlat .. = 
Relación di uniformidad de [IIICÍa. : 1 • ' • mOXIma 1 1111111- fm{n 

Anexos 

Gr ÓfiCI fotométrico di 11 1-inerie. 

Feche 

CALCULO 
Nombre , Firmo 

1 1 1 1 1 1 1 1 1 1 1 ... 
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OBJETI UO: 

ALUMBRADO PUBLICO 
DISENO Y CALCULO 

EL OBJETIUO DEL ALUMBRADO PUBLICO ES EL 

DE PROPORCIONAR LA ILUMINACION ADECUADA 

EN CANTIDAD Y CALIDAD,PARA UNA UISION 

CONFORTABLE A LOS CONDUCTORES DE 

UEHICULOS y. PEATONES QUE LES 

PROPORCIONE SEGURIDAD Y PROTECCION, 

ADEMAS DE AYUDAR A EUITAR ACCIDENTES, .· ....... _,._~ 

REDUCIR EL VANDALISMO Y ESTIMULAR.EL 

COMERCIO 



. . 

METODO DE CALCULO 

EL METODO ES APLICABLE PARA CALCULOS DE 

ILUMINANCIA EN CARRETERAS,CALLES, 

AUENIDAS,ANDADORES Y CICLOPISTAS. 

LA ILUMINACION POR MEDIO DE POSTES ALTOS 

SE TRATA FUERA DE ESTE CAPITULO. 

ES ESENCIAL EL DISPONER DE UN DIBUJO A 

ESCALA QUE MUESTRE TODOS LOS DATOS 

PERTINENTES,ADEMAS DE DEFINIR SU 

LOCALIZACION DE LA UIALIDAD,DENSIDAD DE 

TRAFICO.,JURISDICCION,LOCAL,ESTATAL, 

NACIONAL Y CUALQUIER OTRO FACTOR 

UTIL. 
,, 
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E 1 proced •"' ,,,.io p Yl wc 1 J'G 1 es pct '" 
diterLMU'Itlf' por ~Je~ao ~ t eilev los 
'1 d~fos ~ofom étr•cos r¡vt c.o~r ir, 1nc. 
CIÓIII el~ fc1~tt~ parct• (~~H1CI l'tO S e . 
refiJI~I'e pcmt provttl" Urn4. 1luK11. 
~QCIOl'J Uec.JC\ Q. UMA VIQ,,/1 Jec.J Ú 
dt Wt1 tw e 10 t1 ts e..' plc.t'f, • ctA.!. y c.o~1- , 
prew~ doj parfes priHCt pet (.._~ ·. 

A) OBJE: TIVOS Y éSP5C fFI CACIONE 

BJFACTOR TOTAl DE PERDIDAS DE"LV: 



A> OBJETIUOS ~ ESPECIFICACIONES 

1>UN COMPLETO CONOCIMIENTO ~ ENTENDI
MIENTO DE LA LOCALIZACION ~ TIPO DE 
UIALIDAD PARA DEFINIR SU CLASIFICACION 

Z>CALIDAD DE ILUMINACION. 
CRITERIOS DE BRILLANTEZ ~ DESLUMBRA
MIENTO. 

3>CANTIDAD DE ILUMINACION REQUERIDA 
RECOMENDACIONES DE LA I.E.S. C. I.E. 

4>ATMOSFERA DEL AREA. 
ANALISIS DEL MEDIO AMBIENTE EN DONDE 
UA A OPERAR EL SISTEMA DE ILUMINACION 
POLUO EN LA ATMOSFERA PARA DEFINIR QUE 
GRUPO TIPICO DE AREA ATMOSFERICA. 

S>DESCRIPCION DEL AREA. 
SE. REQUIERE UNA COMPLETA DESCRIPCION 
DEL AREA A ILUMINAR QUE 

,, 



....,.,. E.&ample o1 roac!w11y and aree claaHicatlon. 

oharod witb otber transportatioo modeo.. 
(J) Type A-De3ígnaled bic_vcle lane. A por. 

tioo of roedway or shoulder wrucb has beeo desig
aat.ecl for use by bicyclist.s. ll i> di>tioguisbed from 
the portioo of the road .. ·ay for mot<>r vehicle tra!Cic 
by a pai.ot stripe. curb, or other similar devices.. 

(2) Typt B-Bicyclt trail. A separate trail or 
patb from wbich.inotcr vebici.S aro prohibit.ecl and 

· which is for the nclusivo use of bicyclists or tbe 
aband use of lñcyclists and pedestriam. Where sucb 
a trail or patb fo~ a part of a rugbway, it is sepa. 

1 _f.trfi/CI p'-~!c ~ '~ 
P.:.:J.: 1;1J~V~~€'1~' 

'T r.,+.~ P ~ N 
IH' l' O f. lA A 
P-+ rr:, DitJ.~'-~ o 

C4i.L~5~ Pll¡.j¿,te1 1
• 6 :, 

LE GENO 

ROADWAY CLASSIFICATlON 
AV"I/1 PI>J PKINCI ~ 
IIU.JOI IOUt 1 

- - - - CDLLICTOI c.Aot.t.lii \ ?11//.IIU, 
LOCAl C.)rJ..J..Q'~ _,U", 

L.AND USE l.} .S o D F: ,_ S ¡) '"'u 
(ARE.A CLASSIFICA noN) 

COMMIICIAL 

INJEIMlDIATl 

IUI.OlN11AL 

rat.ecl from tbe road,.·a~ for mot<>r vehiclt traffic by 
an open space or barrier. 

. Z.% Arca classificatioas (abutting land use•). 
( 1) Com=rci4L _.... . G lllil'or a municip•lity 

wbelwonllllarilytb~estn-.l....U. 
aiJbt.bOUft. Tbis def1nitioo applies 1<> densely de· 
veloped buswess areas outside. as weU as within. tbt 
central parto[ a muniápality. Tbt area coot.1ins land . 
use wruch nttracts a relati,·oly heavy ..,.,¡um....,r 
~ehR:ular- .,.¡Jar-pedostrianotraffic oo a 



..... ·. .. 

, "'Tabla 2 Cont'd 
1-1 lllllllnllllned lumlnance valuM 

Lumlnance 
Unlformlty 

(~ Maxlmum Rallo L., .. lo '-:--•• L.- lo L.... 
Road and Aree 
· Cleulfleallon L., lo l._ 

Ffeeway Class A. 0.6 3.5 lo 1 6101 0.3 lo 1 
Freeway Class B 0.4 3.5 10 1 . 6101 0.3 10 1 

CommerciaJ 1.0 3101 5101 
.&piii6Sway lnlermediate 0.8 3101 5101 0.310 1 

ResidentiaJ 0.6 3.5 10 1 6101 
. ·.·· 

Commerc:iaJ 1.2 3101 5101 
'Miirjor lnlermediate 0.9· 3 lo 1 5101 0.3 10 1 

Residen ti al 0.6 3.5 10 1 6101 

Commerc:iaJ 0.8 3 to 1 5tD1 
e E 

t • lntermediale 0.6 3.510 1 6101 0.4 10 1 
Residential 0.4 4101 8101 

Commerdal 0.6 6 lo 1 10 10 1 
·.l.sgj Intermedia te 0.5 6101 10 10 1 0.4 ID 1 

Residential 0.3 6 ID .1 10 10 1 

··-1-~P-~a .. • malntalned lllumlnanco valu" (e_j In tux 

'• 

Roed and Area 
Classlficatlon ,.,. 

., aass A' Au~opr~·(;.:u -TJ y aass a... "' 

· Ptrthf vuo CommerciaJ 
·E 1 "11Y · ' · lntermediate 

A" oll•' Residen tia! -. ¡z.. ~." IU 

Av~uo Jc. .1-
CommerciaJ ....... Intermedia te 

fVI"'' f«l<"s Residential 

e;:.! ['f.S Commerc:ial 
.• es 1 M Intermedia te 

fú""W'"' Residential ..... 

ec.l/ ~\ · Commerc:i al 
.. Locat Intermedia te 

5'""'""lo. riG> Residential -L. --..,¡ ...... ,.,.,. . ; ~ . 

--~ 

-t.. ofnigbt traffic (veh;,, . .lar and ~estrían) and. 
be a;>r~ in u,...-....- ciearly unde,;taodable by 

__ ~,-~!1~t:!~.r: .. _ ~rafíi~ en~~e~·--~~; ~~-~~~y_ 
'f'.__. ...-;ualeovironment.al needs along tbe "Oad""'Y 

. Mllli duz cibed in this Standard Practice in ~rms of 
,_ eat lumlnancé, lumina.oce unifon:z: :y a.nd 

• db.ln"Uty veiling glare produced by the syo1 n ligbt 
. ... ,_ Table 2!a) pro,;des the recommr .Jed lu· · 

... .-~ · deslgn requirements, uniform.ity and the 
' 'ep~hip bet"'·e~n a\·era¡e.luminance f.Laa..1 ) and · 

. --·--·~ .. ·---

lllumlnance 
Pavament Clasalfleatlon Uníformlty Ratio 

... 

R1 R2and R3 R4 (E_, lO E,,.) 

6 9 8 3101 
4 6 5 

10 14 13 
8 12 10 3101 
6 9 8 

12 17 15 
9 13 11 3101 
8 9 8 

6 12 10 
6 9 8 4101 
6 6 S 

- ··-· 
6 9 .. a·'. 
5 7 . 6. 6 to 1 
3 4 4 

-· .::..:: -~-

veiling Juminaoco (L,.). · 
•. 

TI1e visual needs alan: the roadwav mav a.lso be 
satisfied by tho use! of illu:ninance crit.cri..,_ 'fablc 2(b) 

· provides the recommmded illumina.oce dcsign re
quiremeots, considerin.gthe differences in roado;s..·ay 
rcfiect.ance characteristio. Tbe designer should not 
expect that üghting S}>l•m.s designed undor eitber 
citeria wiU corre late perfe-ct.l~· wiLh each other . 

(2) Appendix D includcs Wfonnation for =ing 
the vi.sibility cooditior:s •ohjch also t.ake Uno con· 
siden1tion the psychoph~..OOIU(ical ""pects of human 

. , .. 5\ 
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DEBERA INCLUIR LAS CARACTERISTICAS 
FISICAS DIMENSIONALES,COMO ANCHO DEL 
ARROYO,BANQUETA,CURUATURA,OBSTRUC
CIONES <ARBOLES,POSTES DE OTROS 
SERUICIOS,CANALIZACIONES,ETC. ),AREAS 
ADYACENTES. 

6)SELECCION DEL LUMINARIO 
LA SELECCION DEL LUMINARIO ESPECIFICO 
REQUIERE CONSIDERAR SIMULTANEAMENTE 
UARIOS FACTORES ENTRE ELLOS: 

DIMENSIONES Y TIPO DE UIALIDAD 
LOCALIZACION EN QUE TIPO DE'ZONA 
CONDICIONES ATMOSFERICAS 
ALTURA DE MONTAJE 
DEPRECIACION POR POLUO 
FUENTE LUMINOSA 
CONSIDERACIONES DE MANTENIMIENTO 
APARIENCIA 
FACILIDAD DE MONTAJE 
VANDALISMO 



<S 

• 



-- - --B-l FACTOR-TOTAL D-E--PERDIDA DE -LUZ 
-NO RECUPERABLES 
1)TEMPERATURA AMBIENTAL 
2)UOLTAJE DE LINEA 

ES DIFICIL PREDECIR EL UOLTAJE DE LA 
LINEA EN SERUICIO,PERO ALTOS O BAJOS 
UOLTAJES AFECTARAN LA EFECIENCIA 
LUMINICA DE LA MAYOR PARTE DE LOS 
LUM I NARI OS. 

3)FACTOR DE BALASTRO 
SI EL BALASTRO USADO EN EL LUMINARIO 
NO PROUEE EL UATTAJE REQUERIDO POR LA 
LAMPARA LA SALIDA DE LUZ SE AFECTARA . .. 

PROPORCIONA~MENTE Y UN FACTOR DE 
BALASTRO DEBERA CONSIDERARSE 

4)DEPRECIACION DE LOS COMPONENTES. 
-LA DEPRECIACION DE LA SALIDA DE LUZ DE 

UN LUMINARIO ES DEBIDO AL RESULTADO 
DEL DETERIORO DEL METAL,UIDRIO, 
PLASTICO,PINTURA Y ACABADOS 
DEL REFLECTOR,QUE CAUSARAN UNA 
DISMINUCION DE LA SALIDA DE LUZ 
NO EXISTE FACTOR FIJO PARA ESTE PUNTO 



5> CAMBIOS FISICOS EN LOS ALREDEDORES. 

EL DISENADOR DEBERA ENTERARSE DE QUE 
CAMBIOS SE PLANEAN,QUE PUEDAN AFECTAR 
LA EFECTIUIDAD DEL SISTEMA,TALES COMO 
AUMENTAR EL ANCHO DE LA UIALIDAD, 
MODIFICACION DE ACERAS,CAMBIO DE 
PAUIMENTOS,PLANTAR ARBOLES, 
CONSTRUCCION O DEMOLICION DE 
EDIFICIOS O CUALQUIER COSA QUE CAMBIE 

6) MORTANDAD DE LAS LAMPARAS. 
EL NO REEMPLAZAR LAS LAMPARAS FUERA DE 
OPERACION AFECTAN LA CALIDAD DEL 
SISTEMA DE ILUMINACION. 



RECUPERABLES 
1>DEPRECIACION LUMINICA DE LA LAMPARA 

Z>DEPRECIACION POR POLUO EN EL LUMINARIO 
LA ACUMULACION POR POLUO EN LA 
SUPERFICIE DEL LUMINARIO CAUSA UNA 
PERDIDA EN LA EFICIENCIA LUMINICA Y EN 
CONSECUENCIA MENOS LUZ SOBRE EL 
PAUIMENTO. 

EL TOTAL DE LOS FACTORES DE PERDIDAS DE 

LUZ <FPTL> ES SIMPLEMENTE EL PRODUCTO 

DE MULTIPLICAR LOS FACTORES DESCRITOS 

FPTL= F. B x DSR x FD x FM x es 

CUANDO:--LOS·· FACTORES NO SON CONOCIDOS O 

APLICABLES SE PUEDEN OMITIR LOS NO 

IMPORTANTES . 

• 
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F.B - FACTOR DE BALASTRO- BF 

DSR - DEPRECIACION DE LA SUPERFICIE 
DEL REFLECTOR - RD 

FD - DEPRECIACION DE LUMENES DE LA 
LAMPARA - LLD 

FM - FACTOR DE MORTANDAD- BtF 

CS - DEPRECIACION POR POLUO EN EL 
LUMINARIO - LDD 

• 1 



POTENCIA TIPO 

55 w LPS 
135 w LPS 

70 w HPS 

150 w HPS 
250 w BPS 

EMISION LUMINICA REAL DE 

LAMPARAS DE VAPOR DE SODIO 

ALTA Y BAJA PRESION 

FABRICANTE EMISION EMISION 

NOMINAL REAL 

LUMENS LUMENS 

PHILIPS 8,000 7,888 

PHILIPS 22,500 20,654 

G. E. 6,300 6,016 

G.E. 16,000 15,600 

PHILIPS 27,500 26,317 

·. 

DISMINUCION 

' 

1 • 4 ' 
8.5 ' 
4.5 ' 
2.5 ' 
4.3 ' 



TIPO DE DISPOSICION 

l-----11 1 P--

-.---y-

UNILATE:RAL 

y 

y 

-----1! 1 P--

OPUESTO 

)( 

y 

FORMULAS PARA EL CALCULO 

- [IIP-

)( 

)( 

T:RES BOLILLO 

----l•IP--

)( 

X 

AL CENT:RO 

E_ O_ LUME NE S DE LAMP x C U x FTPL --
A ANCHO CALLE x DI ST. I NTER POSTAL 

DIP_ LUMENES DE LAMP x CU x FTPL 
ANCHO CALLExNIUEL DE ILUMINACION 



__ :i_J 
AA:ANCHO DE ARROYO 

... 

AB:ANCHO-DE BANQUETAS 

DIP:DISTANC'IA INTERPOSTAL 

AM:ALTURA DE MONTAJE 

LH:LADO CASA 

LS:LADO CALLE 

DPB:DISTANCIA CENTRO POSTE FIN BANQUETA 

NI:NIUEL DE ILUMINANCIA MANTENIDO 

CU:COEFICIENTE DE UTILIZACION 



RECOMENDACIONES GENERALES 

LONGITUD DEL BRAZO NO MAYOR 2.5 Y. DE LA 
ALTURA DE MONTAJE. 
CUANDO EL RESULTADO DEL CALCULO NO 
CUMPLA CON LA RELACION DE UNIFORMIDAD 
ES POSIBLE QUE: 

1.-ALTURA DE MONTAJE BAJA 
2.-CURUA DE DISTRIBUCION INADECUADA 
3.-MODIFICAR LONGITUD LADO CASA 
4.-ESPACIAMIENTO EXCESIUO 
5.-EXCESIUA POTENCIA LUMINICA 
T-1 SELECCION DE TIPO DE DISPOSICION 

TIPO DE :RELACION 
ALTU:RA MONTAJE 

DISPOSICION 
ANCHO CALLE 

UALO:R 
MINIMO 

UALO:R 
:RECOMENDABLE 

UNILATE:RAL 1<1-85 1 - 3... 

T:REBOLILLO 1<1-5101 la-6 

OPUESTAS 1<1-33 lil-5 



--- ----~-------~---------·------,.·-·- --

ALTURAS RECOMENDADAS EN FUNCION DE LA 

POTENCIA LUMINOSA INSTALADA 

POTENCIA ALTU:RA DE 
-LUMl: NOS A 
:INSTALADA 

MONTAJE. 

<LM> <M> 

3lillillil A 9lillillil 6.5 A 7.5 

9GIIillil A .1.9lillillil 7.5 A 9.lillil 

> .1.9lillillil >= 9 

EJEMPLOS DE CALCULOS PARA CALLES -
DATOS: 

ANCHO DE CALLE 10.5 M 

ANCHO DE BANQUETA 3.0 M . . . 
DISTANCIA DEL POSTE AL 
BORDE DE LA BANQUETA 0.6 M 

CALLE PRINCIPAL EN ZONA 
COMERCIAL <NIZA> 



' 

DETERMINAR: 

A.-NIUEL DE ILUMINANCIA REQUERIDA 
B.-ALTURA DE MONTAJE Y LONGITUD DEL 

BRAZO 
C.-TIPO DE DISPOSICION 
D.-DISTANCIA INTERPOSTAL 
E.-NIUEL DE ILUMINANCIA EN BANQUETAS 
F.-INDICE DE UNIFORMIDAD 

' 

l ' 
' 
' ' 
' 
' 
' ' 
' 
' ' 
' ' 
' 

R1 :l3.J ¡ ... 
3. 9 « .1.&1-5&1 



SOLUC ION: 
A.- NIUEL DE ILUMINANCIA 

DE LA TABLA 2 (b) DEL AMERICAN 
NATIONAL STANDARD PRACTICE FOR 
ROADWAY LIGHTING, CONSIDERANDO U~A 

CLASIFICACION DE PAVIMENTO R2-R3, 
' 

ESPECIFICA PARA ESTE TIPO DE VIALIDAD 
12 LUX. 

'" B.- ALTURA DE MONTAJE < < 

1.- DE LA TABLA 2 RECOMENDACIONES 
GENERALES TENEMOS QUE SUPONER QUE 
FUENTE LUMINOSA Y POTENCIA 

'.' l 

UTILIZAREMOS. EN ESTE CASO SUPONEMOS 
INICIALMENTE: LAMPARA DE UAPOR DE 
SODIO EN ALTA PRESION DE 150 WATTS. 
CON UN FLUJO LUMINOSO DE 16,000 LUMEN~ 
't DE A CURDO A LA TABLA SE REQUIERE UNA 
ALTURA DE MONTAJE DE 8 METROS. 



~; '-·c. - .-:---.··.· _. ;·. ::; ~ ·: • ~·.: -:_,' _:~:.· .·.,·. ·: '. _.' '¡ · •• -.¡~; ·. · -~ -::,7~!_:. 

¡ i ~ " LlMtiPECIFICATIÓ~, BU~LE!l! J 

r LUCALOX 
LUISO 

[ 
1 

' 

.. :_:···.\.' ·["t,.-l ... ·. <. -;"· :: ::-; . '" "··· ·-if., ~···· -.#,'' .,l .. ,- •• :. ;' 

ll LSB ~220-6l87R 
- 4/21178 

''i 

LAHP TYPE: High Pressure Sodium 150-WATT LUCALOX ® 

OROERING CODE: for operation in any position: LUlS0/0 LUlSO 

DIFFUSE 

CLEAR 

Note: 
All performance data 
shown are approximate 
values based on normal 
operating conditions 
with auxiliary equip
ment that meets 
current published 
specifications. 

' 
' 1 
1 
¡ 

Data subject to change 
without notice. 

PERFO~~CE DATA: 
* Initial lumens (Avg.) : Ho riz. 15,000 

Vert. 15,000 
16,000 
16,000 

* Rated Averaoe Life at 10 hrs/start 
Percent mean lumens at 10 hrs/start 
Apparent colo: temperature 

24,000 
90% est. 
2100K 

llarm-up time 
Res tart time 

3-4 minutes 
l minute 

C.I.E. ehromaticity x•. 522 ·y~. 423 

PHYSICAL DESCRIPTION: 
Base designation Mogul 

E-23-l/ 2 Bulb designation 
Bulb material 
Bulb finish 

Lead borosilicate glass 
Diffuse Clear 

Bulb diameter 
Maximum overall length 
Light eenter length 
Are length 
Bulb temp. limitation 
Base temp. limitation 
Eccentricity: 

base to bulb 

(max.) 
(max.) 

are tube to lamp axis 

ELECTRICAL CHARACTERISTICS: 
~omina! lamp 
Nominal lamp 
Nominal lamp 

watts 
volts 
current 

Max. current crest factor 
Max. starting current 
Ballast design open-circuit volts(min) 
Starting pulse requirements: 

2-5/16" 
7-3/4" 
5" 
1 . 6" 
400°C 
no•c 

40 
S mm 

!50 
55 
3.3 a:nps 
!.8 
5.0 ampo 
!!O** 

pulse peak voltage (min) •· 2500 
pulse peak voltage (max) 4000 
pulse width 1 micro-sec. (min,) at 
pulse repetition 50 per sec. (min.) 
pulse peak current .2 amp. (min.) 

2250 v. 

**Applicable for ballasts ' operate lamps at r3ted perfortMnce. Lamps will operate 
at lower than the minim1 ballast design OCV but performance values will change. 

* Lumens at rated w-,tts. Actual lamp watts may vary depending on the ballast ( 9 
characteristic curv~. 



.. 

- ·--------· .. ------------
-~~~ PbbEMOS SUPONER COMO ALTERNATIUA 

INICIAL UN LUMINARIO '' CROMALITE '' CON 
LAMPARA DE 150 ~ATTS U.S.A.P. Y CURUA 
FOTOMETRICA No.35-1?5631 DE DONDE 
OBTENEMOS EL UALOR MAXIMO DE LA 
POTENCIA EN CANDELAS. 

582 X 16 : 9312 : 10,000 
CON ESTE UALOR SE ENTRA A LA GRAFICA 
DE LA FIGURA 3 DEL AMERICAN NATIONAL 
STANDARD PRACTICE FOR ROAD~AY LIGHTING 
Y APROXIMADAMENTE NOS DA UNA ALTURA DE 
MONTAJE DE . 8 METROS, VERIFICANDO EL 
CATALOGO DEL FABRICANTE, ESA DIMENSION 
ES COMERCIAL. 
EL LARGO DEL BRAZO NO SERA MAYOR A UN 
2.5 XDE LA ALTURA DE MONTAJE,DE DONDE 
SE SELECCIONA DE 1.8 METROS. 

C.- TIPO DE DISPOSICION 

DE LA TABLA 1 DE RECOMENDACIONES 
GENERALES SE ENTRA CON LA RELACION: 



Luminario Cromalite*250 

Los luminarias CROMALITE• 250 ofrecen la más elevada tecnología y la máxima eficiencia para la ilu· 
minación de calles y avenidas. El conjunto óptico hermético y filtrado (opcional) disminuye los costos de 
mantenimiento y da· como resultado mayor cantidad de luz mantenida con mínimo costo total de operación. 

El luminaria CRCMALITE• 250 
puede u1iliurae con lámpares de 
vapor de mercurio o Bditivos me· 
úlicos de 250 wetts v con ''m· 
peras de }0, 100, 150 y 250 wans 
de vapor de sodio de alta presión. 

1.· FACIL ACCESO A TODAS 
LAS COMPONENTES ELEC· 
lAICAS PRINCIPALES , El 
MODULO exclusivo del lumina· 
rio CROMALITE• 250 que 
contiene al balastro, facilita la 
instalac:tón, reposición y mante· 
nimiento. 

2.· FACIL REPOSICION DE LAMPARAS Y SERVICIO Al SISTE. 
MA OPTICO : La operación de un picaporte abre la puerta porta· 
refractor y permite el acceso al refrector, al reflector y la lámpara. 

3.· MINIMA PERDIDA DE LUZ DEBIDO A LA CONTAMINACION: 
El filtro de carbón activado y el emp¡,que de etileno propileno 
termopolimero del conjunto óptico. (modelos CM), reducen 
enormemente las pérdidas que resultan de la con\aminación por 
ma1eriales gaseosos y partt'culas, eliminándose virtualmente le 
necesidad de limpieza del luminaria entre períodos de cambio 
de lilmpara. 

4.· ENSAMBLE SIMPLIFICADO EN LA TIERRA O EN EL AIRE: 
Un adaptador deslizable con dos tornillos, permrte a los innaJado· 
res colocar el brazo al luminaria en la tierra o montar el luminaria 
al brazo va colocado en el poste, con un mlnimo de esfuerzo v 
tfempo, 

6.· AMPLIA GAMA DE DISTRIBUCION : El porta-lámpara de 12 
posiciones en el c;:no de los modelos CM, se 1justa por ma:tio de 
2 tornillos para cumplir sus requerimM!ntos. 

6.· DPER'ICIDN AUTDMATICA DE ENCENDIDO Y APAGADO: 
El fotocontrol integra:to al luminaria (opcional para modelos CM 
V CU permite la opereción IUtomática de encendido v epegado. 

7.· ELEVADA REFLECTANCIA DE LA LUZ , El reflecto• do 
aluminio recubierto con Vitreflex• (vidrio flexible transparente! 
mantiene por largo tiempo sus características de reflec:tancla. 

'MARCAS REGISTRADAS 

Fabrtcado Bajo Ucencia de : 
GENERAL ELECTRIC COMPANY. U.S.A. 

--~---·-

GUIA PARA ESPECIFICAR : 

El lumtnario deberá ser modelo CROMALITP 250 V debe consistir 
de un cuerpo de aluminio fundido a presión, un marco pana-reflector, 
un módulo de potencia v un control fotoeléctrico automático !opcio
nal!, el a:taptador deslizable deber& tener dos tornillos, que podrán 
apretarse interna y externamente y deberá ser capaz de adaPtarse 1 

un brazo tubular de 38 a 50 mm. (1 1/2 • 2") sin r~uerir el reajuste 
de las partes de montaje. 

El conjunto ÓPtico consistiré de un reflee1or de aluminio, ~cubierto 
con Vitreflex• {vidrio flexible transparente), un pon•lámpara (ajus· 
table a 12 posiciones para los modelos CM). coloc.:Jo en un recipiente 
fundido a presión, un filtro de carbón ectivado {opcional), para filtrar 
tanto partículas como gases, un empaque Que servirá como sello entre 
el reflector v el refrae1or, y un refractor de vidtio,ecrílico o policarbo· 
nato lesl)eclfiearl. La distribución luminosa deberá ser lES (especifi
car), el MODULO de potencia deberé contener un bahntro marca 
LUMICQN• integredo v deberá ser fácil de remover v reemplazar, 
mediante el uso de clavijet de desoonexlón rápida. El balastro deberé 
estar pre-alambrado el pon•lámpere rec¡uirierdo 10lemente que • 
conecten los cables de elimentaci6n. 

El balastro deberá operar una lámpara de (especifieer) wsttt dt 
mercurio, aditivos mHálicot o vapor de todio de alta presi6n, desdA· 
una red de alimentación nominal da 127. 220, 254. 277 6 440 voltt, 
(especificed 60 Hz., v ser capaz de encender y operar 1• límpe:e 
dentro de los límites espec:lfk:ados por sus flbrtcantes. 

Lumisistema~s 7 ' 
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UU.. ha! been duelo esthetic consideratioru~. An es
ample is the use oC pole-top-mount.ed h1minaires in 
residential a.reas, des pite their reduced coefficient of 
utilization ICUl a..• n!lated to conventionalluminaires 

· tbAt onrhang the roadwavs. 
(3) When designing a 5,·stem, mounting height 

must be consídered in conjunction 9.;th spacin.g and 
lateral pnsitioning of the lumina.ires. as well as tbe 
luminaíre type and distribution. Uniformity and 
levels of luminance or illuminance must be main
t.ained P.S recommended, regardless of the mountin¡ 
height selected. . 

(4) lncreased mounting height will usually (hut 
not nccessarily) reduce discornfort gi!Ue and dis
abling veiling luminance. lt incréases the angle he
lween lhe lumina.ires and the line of sight to tbe 
roadway; however, luminaire light distribution and 
candlepower also are significan! factor.~. Gla.re is 
dependen! on the nus reaching the observer's eyes 
from alllumina.ires in the ,;sual scene. 

(5) Multi-level int.erchanges or highway sectiona 
wilh lhree or four sepa.rate roadways may be ad
vant.sgeously lighted with high mast-type units where 
high inU.nsity sources are suspended in cl!JSU!rs at 

"' " 

.. 

~ 16 
w 

" 

·~~~~~~~~--~--~--~--~~ 15 ~ ~ » D ~ U ~ SS 
UA.XIMUM CANOLEP~ IN CANDELAS X lCOJ 

Figure 3. Mlnlmum luminaire mounting hetghts based 
on curren! practlce and OVB (Oisability Veillng Brighl· 
ness} calculations. 

(/). Trees 
(g). Locations of polea at inU!rsections lo allow 

joint use for tralfic signala 

heights of over 20 meters. Such a design improves 3.6 Lumínaire selection.. ( 1) Lurninaire light día- · 
traflic safety by reducing the number of poi es. High tribution classifications will help lo deU!rmine the 
mMi units also offer greater flexibility in pnle loca" . · optical and economical suitability of a luminaire for 
tion. (See Section 3.14.) ·, ·· .. •.-lighting a particular roadway from the proposed 

WiU1 the present staU!-of-the-art., the calculatiou · mounting height aod mounting location. A wide ae-
metbod of luminance for high mast lighting is ques-. lection of light distribution 5Y"U!IDS are available (see 
tionable. High mast lighting design should be based Appendix E). · 
on illwninance. The metbod of calculation and high (2) Because a Jnminaire is assignod a particular 
mast system layout principies are outlined in Ap-. · classification is no assurance that it will produce tbe 
pendi.x B, Section BS. recom.mended quantity aod quslity ofligbting for all 

3.S Lnminaire spacing. The spacing ofluminaires 
is oftcn influenced by the location of utility poles, 
block lengths, property lines, and roadway geometry. 
ll is gene rally more economical lo use lamps witb 
high lumen output al more reasonable spacings aod · 
mounting heights than lo use lamps witb lo••er lumen 
output at more frequent int.,rvals with lower 
mounting heights. Higher mounting is usuaUy in the 
inU!rcsts of good lighting, provided tbe spacing-to-· 
mounting height ratio is v.;thin tbe range of ligbting. 
d!.;ttib~tion for which the luminaire is designed. The 
desirod ratio oflowest luminancc at any pnint on the 
p•vcment to the a,·erage luminance value sbould be 
~r.aintnined. Disregarding luminairt light distribu
tion characteristics ar"d r~r;e~ding ma.ximum spac· 
i.n~.tD-u1ovn~in& ~e;ght ratios can cause loss ofvisi-. 
bility o{ objects betv.·een luminaires. Terminology 
\·,ith respect to lumjnaire arrangement and spaci.a.¡ 
is shown in Fig. 2. 

Opt.imum luminaire location L• hest deU!rmined 
!..1· reft•ren<:e lo tbe pholometric data showing lighting 
·Ji3tribution nnd utilization. Other factors lhat must 
i.Je considcred are: · · . ' .. 

(a) Access lo luminaires for serviciog : ': . 
(b) Vehicle-¡jole collision probabilities · 
(e) SysU!m glare aspecto ·"' 
(d) Visibility (both day and nigbt) of traffic 

signa and signala . - ·. ' · 
(~:) Est.hetic appearanc8 · · 

... 
. -. 

roadway configurations and mountings shown in Fig. 
2. The relative amount and control of ligbt in areas 
other than the cone of maximum candlepower are 
equaUy irnportant in producing good ,;.ibility in the 
fmal sysU!m, but are not considered in the classifi
cation system. 

3.7 Lighting system depreciation.. (1) The rec
ommended values ofTables 2. 3, and 4 represent the 
lowest in·service }umjnsnce oc illuminance val u es for 

· the type of mainU!nRDce lo be gi,·en to the system. 
Prior lo beginning the design of alighting sysU!m 

it is necessary lo determine tbe expect.ed light 
losses.. 

· · · · Since thé.ligbting val u es m ay depreciate by 89 

much 89 SO percent or more betw<'t!n relamping anrl 
luminaire cleaning cycles, it is irnperative to use lamp 
lumen depreciation (LLO) and luminaire dirt de
preciation (LOD) fact.ors whicb arel~ on realistic 
judgment. 

Pavement luminance ,-aJues also m.l!.y be changed 
by wear on the road surface, resulting in modifica
tions ofthe reflectancecoeflicient. For exa.mple, as
phalt tends lo ligbten duelo exposure of aggregaU!, 
andPortland cement darkens duelo carbon !Uld oil 
deposita. 

(2). There are eigbt general cause~ of lnminaire· 
ligbt loss (see Appendix B, Section 83.2): 

(a)_ Lamp lumen depreciation (LLD) 
... _ (b) Lnminaire dirt depreciation (LDD) ! 7 
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t-lAUHA No. 7. ISOUINA CON CALZADA SAN lOIINlO 

COl. SAN NICOLAS TOliN11NO IZlA,ALArA A.r. SS-4U 

C .•. OtiSO MIXICO, D. F. 
TlllfONOS, 616·22·66 616·16-10 

.. 

POSTE CHURUBUSCO Cotl BRAZO SENCILLO.{ PAGINA 9). 

No.CATALOGO 

POl- 5.00/CBS 
PCH- 6.00/CBS 
POi- 6. 50/CBS 
POl- 7.00/CBS 
POl- 7. 50/CBS 
PCH- 8. 00/CBS 
PCH- 8.50/CBS 
PCH- 9. 00/CBS 
POl- 9. 50/CBS 
PCH-10.00/CBS 
PCH-10. 50/CBS 
PCH-11.00/CBS 
PCH-11. 50/CBS 
PCH-12.00/CBS 

ESPECIFICACIONES r.ENERALES.- FABRICADO CON LAMINA CALlARE 11, LLE
VANDO UN ACOPLAMIENTO PARA EL BRAZO DE TUBO RECTO EN SU EXTREMO SU 
PERIOR Y UN REGISTRO DE MANO A'60 CM DEL. EXTREMO INFERIOR . 

ALTURA 
DE 

CAflA 

(M) 

5.00 
6.00 
6.50 
7.00 
7.50 
8';00 
8;50 
9.00 
9.50 

10.00 
10.50 
11.00 
11.50 
12.00 

ALTURA 
DE 

MONTAJE 

(M) 

6.00 
7.00 
7.50 
8.00 
8.50 
9.00 
9.50 

10.00 
10.50 

. 11.00 
11.50 
12.00 
12.50 
13.00 

DETALLE 
PERCHA 
O ACOPLAMIENTO 

DIAMETRO 
·DE LA 

BASE 

(CM) 

14. o 
16.0 
18.0 
18.0 
18.0 
18.0 
18.0 
18.0 

'18.0 
18.0 
18.0 
18.0 
18.0 
18.0 

DIAMETRO 
DE LA 
CORONA 

(CM) 

7.5 
7.5 
7.5 
7.5 
7.5 
7.5 
7.5 
7.5 
7.5 
7.5 
7.5 
7.5 
7.5 
7.5 

· acoten c1 

DIMENSION ESPESOR 
DE PLACA- DE LA -
DE BASE 
(CUADRADA) 

(CM) 

28 X 28 
28 X 28 
28 X 28 
28 X 28 
28 X 28 
28 X 28 
28 X 28 
28 X 28 
28 X 28 
28 X 28 
28 X 28 
28 X 28 
28 X 28 
28 X 28 

PLACA DE 
BASE .. 

(CM) 

l. 27 
1.27 
1.27 
l. 27 
l. 2 7 . 
l. 27 
l. 2 7 
l. 27 
l. 27 
l. 2 7 
l. 2 7 
l. 27 
l. 2 7 
l. 27 

DISTANCIA 
ENTRE CEN 
TROS AGU
JERO BASE~. 

(CM) 

19.0 
19.0 
19.0 
19.0 
19.0 
19.0 
19.0 
19.0 
19.0 
19. o 
19.0 
19.0 
19. o 
19.0 

DETALLE REGISTRO DE 
MANO 

19 
• 

60 
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R = ALTURA DE MONTAJE 
ANCHO DE LA CALLE 

R = 8 = 0.?619 
10.5 

DETERMINAMOS BILATERAL AL TRESBOLILLO 

D.- DISTANCIA INTERPOSTAL 

LA ECUACION PARA DETERMINARLA ES: 
DIP = LUMENES DE LAMPARA x CU x FPTL 

ANCHO CALLExNIUEL DE ILUMINANCIA 

DETERMINACION DEL FPTL 
FPTL = F. B. x DSR x FD x FM x es 

FB - .925 <BALASTRO> SE CONSIDERA -
DSR - .95 <REFLECTOR) EStiM~DO -

FD - . 9 <LUMENES> CURUA FABRICANTE -
FM - . 9 <MORTANDAD> CURUA FABRICANTE -
es - .8? <LUMINARIO> lES -

FPTL = 0.925x.95x.9x.9x.B?= 0.62 

• 
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f:h:<€1 Lumisistemas INFORMACION FOTOMETRICA 
__ :m_~~~ a•~~~,~--c¡-;--~--o-u---,~----~~~r~~~--:·r·r~~-•. -.-,.-~6~ Prob~d~-por-H-,4-é:f.~fech•-~~ 

--r -- -- ·-·· _ _j __ _j_ Aprobado por techa __ _ 

~ 
,/ 

Su (.1 O .I,.v/E,C.tOI?.. .J Núm••odeCatálogo Cll. s,.7E3;.-
EX ~~¡¿tul/. Dmdpci6n: .c.g~Al.tTE yo O 

Reflector ___5¿'?:_.:. 

-3 
J:f 
~ 

1 
" 

1 
~ 
~ 

L."""'"'' lter.., 
~%0 _,,, 

e 
MU 

Refractor 12 --'"'------"--'--------

Po~íci6n del Portalámparl / 
Tipo de limpa•a .LV~~----:-:~:-:.:J:-Y:-ó-t./----
Ansi No. S3! Q 

CURVA DE UTILIZACION 
TIPO ANSIIIES ,t:f''II'A 5¿-~¡ t:.-41TOrr ¡:e-

••• _ •. Lid O Cllll Lldo acer1 TIPO CIE ,4.1() cvrorr 
o 
E 
~ .. -¡¡ 

8. 
e 
~ .. 
~ 
.!!! 
~ 20 
::1 
M 
e: 
" E 
::1 

...J 

Relacl6n di OIUanclt Tranl'<llr ... l 
entre Alture di MontaJe 

1ntorm1cl6n C.eneret 

Pruebe NO. 

OlltlnCII de Pruebl ¡metros} 1 O 
Lumens de Pr~o~ebll 000 
SI el n-:,mero de Lumens oue orooorcton• 11 r4molrl 
11 diferente oe 1000 Lumens, m~o~lllpttoue lodos los 
Lumens, Clndetn W' LUitU por el Sl¡uiente F1ctor: 

Lumens rellel de Limoerl 
Fllclor Lumenl de Prueb.a 

Clndllu mbtm11 -11 O 
Cono m'xlmo - 1Z. · 
Pl1no vertic.ll milllmo - 1'{ 
C.lndeln mbtmiS 1 90 -~C. 
C.lndetu •.-Uximasa 10 -¡zy 
Luxel en el Nedlr -·Jti 
canCJetel en el Necllr - 31.(' 

huebe ~otomet~e11~l:ús" procedlm~ntos 

CURVAS ISOLUX u o· 
Relación de Distancia Longitudinal ent Altur1 de Montaje 

1.0 ,ob 

,.¡,- ••• 
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• 5 ~ i 1.0 
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pere otr11 ellures de monteJ• multiplique 101 velorn di Lu•a por el Fect• 01 corree• 
dón dldo en le tlvulente Ublla 

r6moro "'' -o o 1 ·r·~· Revisión 
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CIA. DE LUZ Y FUERZA DEL CENTRO S. A. 
GERENCIA DE CONSTRUCCION 

CALCULO DE IVEL DE IWMINACION 

1. 4 Dotoa Co111plomontorl11 
HOJA 1 Df O 

IA11•2.0 

(U) =8.00 
(AM) = 7.50 
(LH) = 0.30 
·(LI) =7.70 
(Al) =2.00 
(LI) =0.10 
(DPB)=O.IO 

: 

: 

~ 

ILIIh 0.10 . ...+-.. 
~-

1 

1 

1 

• ! . ¡~¡.¡¡¡;~ic (LH)~ 30 

·-r :;. 
:;; 

;. 

(Ailll• 7. 50 ~ 
~ ;. 

~ 
: .;.:::-o.'•~· •. : ..... ::: 

(LS)• 7. 70 
IAAI• 8.00 

2 .- CALCU..O OEL IIIVEL PROMEDIO. 
( MÍtodo M lumon ) 

2.1 
, - , 

Calculo MI factor 411 pordldae totaloa M luz. 
(FPTL) 

(FD) Dlprociocl"' l•111rn1ca do lo lélllpora al IO'Wo do ou wt• 
( wor 01rvoa dol fobrlconto M lámpcwoa) O· 9 

(FM) Mortandad do lámparo• al 110% do tu Yldo (ver c•noa dol 
fabricante do IÍmporot) O· 9 

(CS) Coeficiente de depreciaciÓn (H IIOCoaltan loe datot dt 
tipo do ambiento (TA ) , tlompo de lllllplozo (TL) para 
entror 11 la curva. ver lnclao 1. 2 O· 92 

1.0 

u -., .. 
i~ 

!~ 
Q8 

~~ QT 

1! 
~2 

"' ~~ 
!2 

' 
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PARA LA BANQUETA DEL LADO DEL LUMINARIO 
DISTANCIA LADO CASA 

ALTURA DE MONTAJE 

OD = 1. 2+3= 4.? = B. 525 PARA UN CU=0. 99 
AM 8 8 

OC :1. 2:0.15 PARA UN CU:0. 03 
AM 8 

CU NETO EN BANQUETA:B.B9-0.03:0.06 
POR LO TANTO EL NIUEL DE ILUMINACION EN 
BANQUETAS SERA: 

NIB:16000x0. 06x0. 62:595.2: 6 LUX 
33x3 99 

F.- INDICE DE UNIFORMIDAD 

____ __.r..s ____ _ 
1 .... a.2s, __ _ 
1 1 TAciJ-1-__ -__ -__ -__ -__ -___ --_-_ -~4 ____________________ .7~,.._.-1.-28 ___ _ 

1 Ll 1 1 4 8S 18.s --x-2----~-----------xs _____________________ s,c.t_: __ 

l : : : 5.25 r.;¡B 
1 

-
1 

. ~-~--------------- ~·1 28 
,(..3 ,cr. x t · 1 • 

-'-------1(, 1 1 1 ._ S 1 ,--

: : 4.75 1
'"' _u, 

~---------- 33.8 ---------



. . 

------ ----------- ---------~ 

DETERMINACION DEL CU 
EL COEFICIENTE DE UTILIZACION ES LA 
RELACION ENTRE LOS LUMENES UTILIZADOS 
EN EL ARROYO DE LA CALLE Y LOS LUMENES 
TOTALES PRODUCIDOS POR LA LAMPARA. _ 
EL FABRICANTE DE LUMINARIOS 
PROPORCIONA LA CURUA DE UTILIZACION. 
PARA QUE LA INFORMACION SEA USADA SE 
UTILIZA PARA ENTRAR A LA CURUA, LA 
RELACION DE DISTANCIA LATERAL O 
TRASUERSAL A LA ALTURA DE MONTAJE. 

RELACION LADO CALLE 

LS:DISTANCIA TRASUERSAL 
ALTURA DE MONTAJE 

= 10.5-12 ::" 9. 3 = 1.033 
9 9 

LH=DISTANCIA TRASUERSAL 
ALTURA DE MONTAJE -

1.2 
9- 0.133 

CON ESTOS DATOS ENTRAMOS A LA CURUA 

• 



RELACION 1.033 LADO CALLE CORRESPONDE UN 
. cu = 0. 40 

RELACION 0.133 LADO CASA CORRESPONDE UN 
cu = 0.03 
POR LO TANTO EL CU TOTAL ES ucu = 0.43,. 
ESPACIAMIENTO REQUERIDO 

DIP= 16000 X 0. 43 X 0. 62 - 42656 = 33. 85 
10. 5 X 12 126 

CONSIDEREMOS 33 METROS 
LA DISTANCIA INTERPOSTAL 

~~ 



1 1-1----------
1 1 

D e o 

UTILIZACION EN LAS BANQUETAS 

CON POSTE EN LA BANQUETA,PARA LA 
BANQUETA DE ENFRENTE 

DISTANCIA LADO CALLE -- ALTURA DE MONTEJE 

OB = 9 . 3 + 3 = 12 . 3 = 1 . 53? 
AM 8 8 

CORRESPONDE UN CU = 0.48 

OA = 9 • 3- 1. 162 CORRESPONDE UN CU :0. 42 
AM . 8 , 
CU NETO EN BANQUETA 0.48-0.42:0.06 

• 



PARA LA BANQUETA DEL LADO DEL LUMINARIO 
DISTANCIA LADO CASA 

ALTURA DE MONTAJE 

OD = 1. 2+3= 4.? = 0. 525 PARA UN CU=0. 09 
AM 8 8 

OC=1.2=0.15 PARA UN CU=0.03 
AM 8 

CU NETO EN BANQUETA=0.09-0.03=0.06 
POR LO TANTO EL NIUEL DE ILUMINACION EN 
BANQUETAS SERA: 

NIB=16000x0. 06x0. 62=595. 2= 6 LUX 
33x3 99 

F.- INDICE DE UNIFORMIDAD 

----~6.5 ____ _ 
,..:.,. _ _.~~a.z5, __ _ 
1 . 1 

~~--1---------------~----------------~4---------------------7~~-~--1.--ZB ____________ __ 

18.5 --~-Z----------------~5-------~-------------B~-t~:~~ 
! : : . : S.Z5 08 

1 . 1 ~-~--------------- x '1 ZB 
·---1 " 16 1 • . • -- M~ X 1-r--

1 1 1 1"- S 1 T 
: : 4, 75 141 _u' 

14------------------ 33.8 ---------------------
1 

. 

·, 
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~-N-:1 U JCL DJC J: LU M J: NA C J: ON DJCB J: DO A 

LUMJ:NA~J:O ••A•• 

PUHTo¡e¿~~ ~A~A~IDIST.LOHGIDJST.TRAH !LECTURA 1 FACTOR 1 HIUEL DE 
AH AH GRAFICA CORRIENTE ILUHIHACIOH 

1 1 8 8 1 8 1 8 1 .132 1 139.4 1 18.4 

z 1 8 14.85 1 8 1 8.5 1 .148 1 1 28.&3 

3 1 8 1 9.3 1 8 1 1.1& 1 .8&544 1 1 9.12 

4 18.25 1 8 1 1.83 1 B 1 .8&718 1 1 9.35 

5 18.25 14.85 1 1.83 1 8.5 1 .1888 1 1 15.85 

& 18.25 1 9.3 1 1.83 1 1.1& 1 .85274 1 1 7.35 

1 11&.5 1 8 1 2.86 1 8 1 .82328 1 1 3.23 

8 11&.5 14.&5 1 2.8& 1 8.5 1 .84188 1 1 5.83 

9 116.5 1 9.3 1 2.86 1 1.16 1 .82726 1 1 3.88 

CALCULO DEL FACTOR DE CORRECCION : FC 
<FL>FOOTCANDEL A LUX = 10.?6 
<RAM>ALTURA DE MONTAJE DE GRAFICA A 

ALTURA DE MONTAJE EN CAMPO 

RAM :<AM GRAFICA> 2 = 9.1442 :83.16:1 .306 
<AM) 2 82 64 . 

• 
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<LL) FACTOR DE CORRECCION DE LUMENES DE 
LA GRAFICA <1000) A LUMENES DE LA 
LAMPARA UTILIZADA 

16000 / 1000 = 16 

<FPTL)EN ESTE CASO FUE DE 0.62 
F C: FLxRAMxLLxFPTL 
F C= 10. '76x1. 306x16x0. 62 

"FC: 139.4" 

i 
' 
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NIUEL DE ILUMINACION DEBIDO A --- ---- -----

_____ LU.M I NARI-0- "'"'-B"'"'--

PUHTDifA~~ ~A~~s~DIST.LOHGIDIST.TRAH ~LECTURA 
1 

H¿~EL 
1 At1 At1 GRAFICA ILUMIHACI 

TOTAL 

1 1' 33 8.18 1 4.1 1 1.81 1 .88375 1 8.522 1 18.92 

2 1 33 14.85 1 4.1 1 8.58& 1 .882&4 1 8.3&8 1 21.88 

3 1 33 1 1.2 1 4.1 1 8.15 1.881234 1 8.172 1 9.29 

4 124.751 8.1 1 3.89 1 1.81 1 .81&38 1 2.27 1 11.&2 

S 124.7514.85 1 3.89 1 8.58& 1 .81&78 1 2.32 1 17.37 

(, 124. ?si 1.2 1 3.89 1 8.15 1 .88561 1 8.78 1 8.23 

7 116.5 18.18 1 2.8& 1 1.81 1 .83148 1 4.377 1 7.61 

8 116.5 14.85 1 2.8& 1 8.586 1 .84188 1 5.826 1 11.&5 

9 11& .S 1 1.2 1 2.8& 1 8.15 1 .81945 1 2.71 1 &.51 

CON UN FACTOR DE CORRECCION DE 139~4 

SUMA TOTAL= 112~1 

112 1 1 = 12 1 45 
9 

NIUEL DE ILUMINACION POR PUNTO 
"'12~45 LUX" 

NI.UEL DE ILUM'l NAC ION I NI C 1 AL. ·12 ~ 45 
0162 = 

_ n 20 LUX n• 

NIUEL DE ILUMINACION DEL PUNTO MENOR 
n 6. 51 LUX n• 

NIUEL DE ILUMINACION DEL PUNTO MAYOR 
n 21~ 00 LUX '" 

• 
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RELACION DE UNIFORMIDAD PROMEDIO A 
MINIMA 

12. 45 = 1. 9 
6.51 

QUE ES MENOR DE LO QUE ESPECIFICA LA 
NORMA PARA ESTE TIPO DE UIALIDAD 

n 4 : 1 n 



FACULTAD DE INGENIERIA U.N.A.M. 
DIVISION DE EDUCACION CONTINUA 

ILUMINACION EXTERIOR 
PRINCIPISO, DISEÑO Y APLICACIONES. 

CLASIFICACION DE PROYECTORES 
CALCULO DE ILUMINACION DE AREAS EXTERIORES. 

ING. JAIME GALINDO CALZADO. 

ABRIL. 1994. 

Palacio de Mineria Calle de Tacuba 5 Primer piso Deleg. Cuauhtémoc 06000· México, D.F. APDO. Postal M·2285 
. Teléfonos: 512-8955 512·5121 521-7335 521-1987 Fax 510.()573 521·4020 AL 26 



~-- -~--- ---
- --- ALUMBRADO DE ARf_AS 

Designacion de los Proyectores, 

Los proyectores son designados por su tipo y potencia de_ 

lámpara uti 1 izada asf como por su distribuci6n de luz y apertura del 

haz, La apertura del haz puede darse en grados 6 por el tipo NEMA , 

(ver tabla 1), La abertura del haz se basa en el ángulo a cualquier 

lado del eje del punto de enfoque donde las candelas tienen un valor 

del 10% de su máximo valor, El tipo NEMA solo debe usarse como una 

referencia. Este no describe la forma y patr6n de luz que produce 

un proyector n1 tampoco proporciona el nivel de iluminancia (lux). 

Los proyectores si~étricos tienen la misma abertura del haz tanto 

horizontal como vertical y son clasificados con un número NEMA. Las 

aberturas de haz asimétricas tienen una designaci6n horizontal y 

una vertical. El valor horizontal siempre se da primero. 

DESIGNACION DE LUMINARIOS TIPO PROYECTOR p~ 

RA EXTERIORES . 

ABERTURA DEL HAZ EN GRADOS TIPO 
NEMA 

10 a 18 1 

18 a 29 2 

29 a 46 3 

46 a 70 4 

70 a 100 5 

109 a 130 6 

130 6 mas 7 

1 
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DIAGRAMA ISOLUX; 

Las dimensiones para los diagramas isolux están basadas en 

la altura de montaje de los luminarias. La forma de los diagramas 

isolux no cambia con las diferentes alturas de montaje por lo que __ 

solo se requiere un diagrama por cada punto de enfoque, El punto 

de enfoque (~) también está basado en la altura de montaje. 

2 o 

,UNTO DE ENFOQUE AMa2 

En este ejemplo (punto de enfoque = 2 x AM) el proyector _ 

está enfocado a una distancia de 2 veces la altura de montaje desde 

un punto en el p1so directamente abajo del proyector. Esta distan-

cia podrfa ser de 24 metros para una altura de montaje de 12 metros. 

Cada lfnea isolux muestra los lugares donde el nivel de i luminaci6n 

es el mismo. Cuando el punto del cual se desea conocer su ilumina-

ci6n queda entre dos lfneas isolux, se puede interpolar para obtener 

su valor. La retfcula tambien está basada en la altura de montaje, 

' . 
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Los valores de las lfneas de la retfcula a la izquierda y 

a la derecha dan la distancia a cada lado del proyector, 

Los valores hacia arriba de cada uno de los lados tambien 

muestran la distancia en la direcci6n del enfoque del proyector, 

El n6mero 5, por ejemplo, representa 5 x 12 6 60 .metros para una 

altura de montaje de 12 metros. Para instalaciones complejas los 

diagramas isolux puedan redibujarse a la misma escala de los dibu-

jos de trabajo. 

ILUMINACION VERTICAL. 

El diseño con diagramas isolux también puede usarse para 

determinar el nivel de iluminaci6n vertical, La relaci6n entre los 

valores de i luminaci6n vertical y horizontal es la misma relaci6n 

entre la distancia horizontal del proyector al punto y la altura de 

montaje (AM). Para un punto a una distancia de 2 veces la altura 

de montaje, e 1 nivel de i luminaci6n vertical es dos veces mayor que 

el ·horizontal. 

T 
AM EN EL PUNTO A 

1 A 

LUX (VERT) = LUX (HOR)(~) 

D .. 

l. 
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Esto es 6til para áreas muy grandes que requieren dista~ 

cias de proyecci6n de 4 6 5 veces la altura de montaje, En estas 

aplicaciones los Lux horizontales serán muy bajos al final del 

área pero la iluminaci6n vertical será 4 6 5 veces mayor, 

VALORES ISOLUX. 

Para convertir los valores isolux a otras alturas de 

montaje (AM) se uti 1 iza la siguiente f6rmula: 

(LX) = (LX) 

VALORES DEL DIAG. NUEVOS VALORES 

Por ejemplo, para un nivel de 50 Lux a 15 metros, se 

tendrfa un valor de 28 lux a 20 metros, 

(202) 

LX = (50) (225/400) = 28 

= (LX) 

MAXIMO VALOR ISOLUX. 

Las lfneas isolux del centro de la gráfica dan el valor 

máximo de iluminaci6n que proporciona el proyector a un punto de 

enfoque particular y una altura de montaje, Para obtener buena 

uniformidad este valor no debe ser mayor a t~es veces el nivel 

inicial promedio de i luminaci6n. Se pueden obtener valores mayo-

res, pero darfa como resultado puntos calientes cerca de los pro-

yectores y menores niveles de luz alrededor, 
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COEFICIENTE DE UTILIZACION 

DISTANCIA. DESDE LA BASE DEL POSTE 
AM 

Las curvas en la gráfica anterior proporcionan el porcen

taje de los 16menes iniciales·de la lámpara que alcanzan un área 

adelante de la base de la local izaci6n del proyector. 

El n6mero al lado de cada curya identifica el punto de 

enfoque por lo que la curva de uti 1 izaci6n puede ser identificada 

con el diagrama isolux asociado, En las curvas mostradas anterior-

mente, por ejemplo, el proyector enfocado a 2 veces la altura de 

montaje desde el poste, tendrá una uti 1 izaci6n de 35% si este estu

viera alumbrando un área de 3 alturas de montaje de ancho. El mis

mo proyector enfocado a una vez la altrua de montaje desde el poste 

tendrfa una uti 1 izaci6n de 45% para la misma área, 

La selecci6n del punto de enfoque apropiado se basa tanto 

en la uniformidad como en la uti 1 izaci6n. La mejor uniformidad se 

obtiene cuando la luz es igualmente distribuida en toda el área. 

Una curva de util izaci6n que diera este efecto serfa una 1 fnea rec-

ta, como las indicadas en la figura con lfnea punteada, En este -
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ejemplo, la curva·para el punto de enfoque a dos veces la altura 

de montaje proporciona un 10% de 1 os 16menes en 1 a zona de O a 1 

vez la altura de montaje, un 20% adicional en. la zona de la 2 

veces la altura de montaje y un 5% en la zona de 2 a 3 veces la 

altura de montaje, Para el enfoque a una vez la altura de montaje 

(AM) se proporciona 30% en la zona O a 1 veces AM, 15% para la 2 

AM y 2 a 3% para 2 a 3 AM, El enfoque a 2 veces AM proporcionará 

mejor uniformidad, 

El seleccionar el enfoque adecuado requiere algo de cono 

cimiento de las necesidades de la apl icaci6n particular, 

Como una regla los proyectores se enfocan a 2/3 o 3/4 de 

distancia transversal del área iluminada. También se requiere 

hacer algunos ajustes en el campo para producir los mejores resul

tados. 

Local izaci6n de proyectores y alturas de montaje, 

4 x AM 

.N 

2 X AM 4 x AM 2xAM 2 X AM 2 x AM 
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Un proyector puede iluminar adecuadamente un área de 

hasta 2 veces su altura de montaje por· lado, Para separar más 

los postes se requiere aumentar el ángulo de enfoque, dando como 

resultado una menor utilización y un aumento de deslumbramiento 

debido al equipo. Con las separaciones mostradas en la figura 

anterior, habrá suficiente traslape entre los proyectores adyace~ 

tes lo cual asegura una iluminación uniforme y sombras reducidas 

FACTOR DE PERDIDA DE LUZ PARA PROYECTORES DE ALUMBRADO EXTERIOR 

En el diseño de una instalación de alumbrado calculada 

para proporcionar valores especfficos de iluminación1 uti 1 izando_ 

una cantidad dada de luminarias, es necesario suponer ( asumir ) 

factores especfficos de pérdida de luz asr como eficiencias mrni-

mas. Para los cálculos del diseño de iluminación se recomienda 

uti 1 izar luminarias que cumplan c~n las normas NEMA, lo cual per

mite uti 1 izar los factores de pérdida de luz normal izados de 75% 
del valor inicial para luminarias cerrados y del 65% para lumina

rias abiertos. 

CALCULOS DE ILUMINACION EXTERIOR 

Introducción (a) El. método de cálcular el nivel de lux 
.. 

que ·se pueden esperar de cualquier arreglo y n6mero de proyecto--

res requeridos para producir un nivel dado, es más complicado que 

el cálculo de iluminación interior, Esto es debido a que hay mu

chos faciores variablei, tales como la distancia del área de jue

go a los luminarias, la altura de montaje y el enfoque de los lu-

minarios. 

1 ,. 
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FIGURA C-1 CAMPO DE FOOT BALL ILUMINADO DI FORMA TIPICA, UTILIZADO PARA EL 

EJEMPLO DE CALCULO DE LUX PROMEDIO HORIZONTALES. 
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Algunos métodos aproximados de cálculo han sido desarro-

1 lados y estan a disponibi 1 idad con los fabricantes de equipo de 

i luminaci6n. 

El método más exacto de calcular el nivel en lux prod~ 

cido por una instalaci6n de alumbrado se reproduce en la figura 

C-1. Este método involucra el uso de curvas de distribuci6n de 
Qé 

luz del tipo isocandela en las cuales el área es dibujada 

alrededor del eje del haz. 

Para prop6sitos de cálculo, dependiendo de la exacti-

tud requerida, deben seleccronarse uno 6 más patrones representa 

tivos de haces de luz para cada uno de los postes donde puedan_ 

variar las utilizaciones. 

El método de cálculo consiste en dibujar el área a ser 

i luminada,en la curva fotométrica para luego sumar los lumenes 

contenidos dentro del área, El n6mero de 16menes dividido por 

el área en metros cuadrados da como resultado la i luminaci6n pr~ 

medio proporcionada por la unidad en lux. 

Ejemplo de cálculo. Un ejemplo de un área tfpica a 

ser iluminada se da en la figura C-1. El problema es obtener el 

perfmetro del área en términos de los grados laterales y vertica 

les y transferirlos a la curva isocandela de la figura C-2. 

Para simplificar el problema, el eje vertical del haz 

del proyector se considera perpendicular a los lados del área, _ 

es decir, un plano vertical a través del eje del proyector es 
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perpendicular a la 1 fnea KLM de la figura C-1. Los dos lados del 

área, KM y RT, aparecerán en la curva isocandela como lfneas rec

tas paralelas al eje horizontal del haz. Por lo que solo es nece 

sario calcular los angulos verticales A y N que se forman entre 

el poste y los lados del área a iluminar y relacionarlos con el 

~ngulo de enfoque ~, el cual es el punto de cero-cero grados en 

la curva isocandela, con objeto de dibujar los lados en la curva. 

Las extremidades de estas 1 fneas, puntos K,M,R y T, deben encon-

trarse obteniendo el ~ngulo lateral B en el plano que pasa a tra

v~s del proyector y el lado del campo en el cual se local iza el 

punto. El contorno de los lados KR o MT se encuentra asumiendo 

un n6mero de puntos en la 1 fnea y encontrando sus correspondien-

tes ~ngulos lateral y vertical. Los ángulos verticales A, ~ y 

P' se obtienen de 1 nomograma mostrado en 1 a figura C-3. Los áng~ 

los laterales B se encuentran en la figura C-4. El procedimiento 

exacto es el siguiente: 

1).- Refiriendonos a la figura C-3. Se coloca una regla con un 

extremo en la distancia X (30 pies 6 9.1 metros) y otro 

extremo cdhcidiendo con la altura de montaje H (50 pies 6 

15.2 metros). En el centro de la figura se lee el ángulo 

vertical A entre el poste y el rayo de luz que incide en el 

lado cercano del campo de juego (31°). De la misma manera, 

usando H=15.2 metros (50 pies) y X1= 57.9 metros (190 pies), 

se encuentra el ~ngulo vertical ~ correspondiente al lado 

mas alejado del campo (75.2°). El ángulo P' es 61° (H•15.2 

metros, X=27.4 metros). 
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2.- Refiriendonos a la figura C-2. La local izaci6n de área en la 

curva isocandela depende del ángulo el cual esta enfocado el 

proyector, es decir el ángulo de enfoque ~. Debido a que el 

punto de enfoque es el punto de cero-cero grados de la gráfi

ca, el lado más cercano del campo será dibujado en la gráfica 

a 61°- 31° = 30° abajo de la lfnea horizontal de cero grados 

y el lado lejano a 75.2°-61° = 14.2° arriba de la lfnea hori 

zontal de cero grados. Las 1 fneas horizontales que represen-

tan los lados cercano y lejano pueden dibujarse en la gráfica 

(fig. C-2) con los anteriores ángulos verticales. 

3.- Para determinar el punto R no• referimos a la figura C-4. Co 

tocamos una regla con un extremo en la altura de montaje 

H= 15.2 metros (50 pies) y el otro en el ángulo vertical 

~ = 75.2° y leemos en la columna Y=59.7 metros (196 pies). 

Ahora unimos el punto Y=59.7 metros con la distancia lateral 

D=77.7 metros ( 255 pies) y leemos el ángulo lateral 8=52.5°. 

Dibujamos este punto en la lfnea horizontal superior. De la 

misma forma, encontramos el punto K uti 1 izando A=31° y D=77.7 

metros (255 pies). Los puntos M y T se encuentran usando los 

mismos ángulos verticales con que se encontr6 K y R respecti

vamente, y ~ = 32 metros (105 pies). 

4.- Ahora ya tenemos local izadas las cuatro esquinas del área, 

pero dos de los lados no aparecen como lfneas rectas, por lo 

que es necesario dibujar suficientes puntos para determinar 

la curvatura. Los primeros puntos en determinarse son los 

que se encuentran en el eje de 0° •. El ángulo vertical para 

usarse en la figura C-4 es 61°. Con este ángulo y la distan

cia D=77.7 metros al punto del lado izquierdo se obtiene un 

ángulo lateral de 68°, para el punto del lado derecho se tie

ne una distanciad·= 32 metros(105 pies) y se obtiene un 

--1-
i 
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ángulo de 45.5°. Se deben determinar al menos otros dos pun

tos para cada lado una arriba y uno abajo der eje de cero gra 

dos. Estos puntos pueden encontrarse cdnsiderando ángulos 

verticales de +7° y -7° arriba y abajo del eje. Con estos 

puntos dibujados en el diagrama, ya se puede dibujar el con-

torno del campo. 

e).- Con el campo dibujado en la gráfica, se suman los lume

nes que quedan dentro del campo, estimando la propor--

ci6n de ldmenes que quedan de las zonas no incluidos 

totalmente. En la tabla C-1 se muestran tabulados es-

tos valores. 

d).- Volviendo a la figura C-2 se puede notar que aunque los 

cálculos se hicieron para el poste No. 4 los mismos re

sultados se pueden uti 1 izar para los postes 2,9 y 7. 

Por lo que solo es necesario hacer dos cálculos más 

(postes 3 y 8 y postes 1,5,6 y 10). 

e).- Puede suceder que se logre obtener un mejor factor de 

util izaci6n enfocando el proyector a un ángulo diferen

te. Esto puede determinarse rápidamente estudiando la 

suma de ldmenes en las zonas laterales, dados a un lado 

de la gráfica isocandela. Se puede corregir el ángulo 

de enfoque subiendo o bajando el área entera en la grá

fica. 

1 
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Table 1-Current lllumlnatlon Rfteommendatlons• 
Oue to the wlde choice of both lamps and llghtlng units, lamp slzes and quantitles are not shown. The many facton governlng the Individual &ltuatlon should be taken 
lnto conslderatlon in recommendlng lamp sizes and quantities necessary to meet the desired classifications. 

Loy-
out Footcandles• Dekalux•·• -.... 
No. Sport Classlffcatlon ' lndoor ... ~,..' .. ' ,, Outdoor • 

~_.._., ......... ·a. ('(111~ ...... _ 
lndoor Outd-

lS Archory Target, Tournament 50• lO• 54• 11• 
Target, Recreational 30• S• 32• 5.4• 
Shootlng Une, Tournament 20 10 22 11 
Shooting Une, Recreational 10 5 11 5.4 

Audlence Seatlng See Seating 
21, Badmlnton Tournament 30 30 32 32 
3S Club 20 20 22 22 

Recreationa 1 10 10 11 11 -- Baseball lnfield Outfield lnfield Outfleld 
l5, Jr. League l.(baselines 60' or less) - 30 20 - 32 22 

• Class 1' 
Jr. League 11 (basellnes 60' & up to 75') - 30 20 - 32 22 

Class 11• ·--- Baseball lnfield 
1 

Outfield Infle id 
1 

Outllold 
ll, Regulation Major league 150 100 !50 100 160 110 160 110 
~ . AAA·AA - 70 50 - 75 54 

A·B - 50 30 - 54 32 

1 
c.o - 30 20 - 32 22 
Semi-Pro & Municipal - 20 15 - 22 16 
Recreational - 15 10 - 16 11 
Combination with Football See Comblnation See Comblnation 

11. Basketball College & Professlonal 50 54 
Ji College & lntramural & High School 30 - 32 -

Recreational - 10 - 11 
J1 B~thlng Beaches On Land . 1 - 1.1 

150' from Shore - 3• - 3.2 -- Blcycle Track See Racing See Raclng 
Bllliands Tournament 50 54 

Recreational 30 - 32 -z.- Bowllng Ap· 

~ 
Ap· ' proach- proach· 

es Pins •• lanes Plns 
Tournament 10 50• - 11 22 54• 
Recreatlonal 10 10 30• - 11 11 32• -
(For visual Conslderatlons) 
Tournament 10 lOO 200• 75 110 220• 
Recreation 50 70 !50• - 54 75 160• -
(For publlc attractlon & lncreased 

1 1 
business conslderatlons) 

1 -

·-----
.... 



r 

' 
1 

37 Bowllng on the Tournament - ID - 11 1 

Green Recreatlonal - 5 - 5.4 1 

' 
23, Boxing or. Champlonshlp 500 - 540 - 1 

37 Wrestllng Professlonal 200 - 220 ' - 1 
Amateur 100 - 110 

' 

40 Canadlan football· - See Football See Football 
1 

~~!>Y ' 
37, Casting: Pier Target Pler Target 
31 Balt, dry or wet Recreatlonal - JO 5•·b - 11 .. 54•·"; 

TI:- -CombinatJon Outfleld & Outfleld & 
l9 lnfield Football lnfleld Football 

Basebaii/Football - 20 15 - Z2 16' 
Industrial Softbaii/Football - 20 15 - 22 16 i 
Industrial Softball/6-man Football - 20 15 - Z2 16: . 

l9 Croquet or Roque Tournament . - JO 11 
Recreational - 5 5.4 : 

Z6 Curllng Tees 

1 

Rlnk Tees 

1 

Rlnk 
Tournament 50 30 - 54 3Z - ! 
Recreational 20 JO - Z2 11 -

.. / 

Dragstrlps See Raclng See Raclng 

40, Football 
52 (Regulatlon. Class 1: over 100' - 100 - 110 

Rugby or Soccer) Class 11; 50-100' - 50 54 ' -
Classlficatlon lndex: Class 111: 30-50' - 30 - 32 

Distance from Class IV; under 30' - 20 - Z2 ' 
nearest sldetlne Class V: no fixed seatlng facilities - JO - 11 

., 
to farthest row of Combination with baseball See Comblnatlon See Comblnatlon 1 

spectators. 
1 

41 Footbaii,"Six·Man High School or College - 20 - Z2 
Jr. Hlgh School or Recreatlonal - JO 11 ' - 1 

29, Golf Tee - 5 - 5.4 
1 

41, Falrway - 1, 3" - ' 1.1, 3.2• 
42, Green - 5 - 5.4 
45 Driving Range - JO, 5• - 11, 5.4• 

Mlniature - JO - 11 
Practice Putting Green - JO - 11 ---

18 Gymnaslums Exhibilions, Matches 50 - 54 - 1 

General Exercising & Recreatlon 30 - 3Z -
1· Assemblies JO - 11 -

Dances 5 - 5.4 - 1 

locker & Shower Rooms 20 - zz -
1 Audlence Seatlng See Seating See Seatlng . 

22, Hendball Tournament 50 - 54 -
1 42 -F'our Wall or Club 30 - 3Z -

Squash Recreatlonal 20 - Z2 - 1 

-Two·Court Club - 20 - Z2 

1 
Recreational - JO - 11 

---- ___ ....; ____ --- ---

r-· 



Table 1-Current lllumination Recommendatlons• 
0\ Dueto the wide choice of both lamps and lighting units, lamp sizes and quantities are not 5hown. The many factors governing the Individual situation should be taken 

into consideration in recommending lamp sizes and quantities necessary to meet the desired classifications. 
-

La y· 
out Footcandles• Dekalux•·' 
on ---Pg. 
No. Sport Classlflcatlon lndoor Outdoor lndoor Outdoor 

' •. 
"). ..... '·" , .. . .. , '.,. .. - -

Z5, Hockey 
43 Fleld (180' X 300') College or High School - 20 - 22 

Hockey 
Ice (85' X ZOO') Professlonal or College )00 50 110 5ol 

Amateur 50 20 5ol 22 
Recreational 20 10 22 11 

~-
43 Horse Shoe Courts Tournament 10 11 

Recreational - 5 - 5.4 
44 Horse Shows 20 22 ---
Z6 Jai Alal Professional IDO 110 o 

Amateur 70 - 75 -
44 Lacrosse College & Hlgh School 20 22 

Ping Pong - See Table Tennis See Table Tennis --
44 Playgrounds 5 5.4 -- Putting Greens See Golf SeeGoll 

~-----

45 Quoits - - 5 5.4 ·- ·---- -------31, Racing Auto 20 22 
32, Bicycle Tournament - 30 - 3Z 
45, Competitive - zo - zz 
"· Recreational - 10 - 11 
47, Dog - ' 30 - 32 ' •• Oragstrip-Staging Area - 10 - 11 

Acceleration 1,320' - zo - Z2 
Oeceleration, first 660' - 15 - ' 16 

' • second 660' - 10 - 11 
Shutdown, 820' - 5' - 5.4 

Horse - zo - 22 
Motor (midget or motorcycle) - 20 - 22 -- ~ 

1 Firing 1 1 Firing 1 1 Rine (50 Yards) -
Points 1 Range Targets Points Range Targets 

- 10 5 50• - 11 5.4 ~ --
23. ·...:.: :-;· & Pistol 

Firing 1 1 Firing 1 ~ 
4& Points Rang~ Targets Points Range Targets 

zo 10 )00• - zz n no· -- Pens & Pens.~ 41 Rodeo 
Arena Chutes Arena Chutes 

Professional - 50 5 - 5ol 5.4 
Amateur - 30 5 - 32 5.4 
Recreational - 10 5 - 11 5.4 

o 



1 
1 

.l 

50 

29, 
50 

e \ , ( 

~."~"=•-------l-=-;---7-c:-:c---:::--,.---·--- -------=--- .. __ . ____ See Croquet 1 
Seatlng Befare & Alter Event 5 5 5.4 

Ouring Event 2 2 2.2 
. Tourn8menf. _________ , ___ -------30---- 10 11 32 

Recreational 20 • 5 1· 22 
iiciiierili~i. ----------- --···· 10 ---¡ ----~_·----! ------'1~1'------

-~~~"?"· P.on~ e>r_!I_~~~-~Area ____ !_ _______ -_10 
____ ---~----=..,---~'---- _:¡ 

1 
Firing 1 
Polnts Targets 

- --5-- 30• -

Skatlng 

-----·---
Skeet 

. "" 
' 

--
See Croquet 

5.4 i 
2.2 1 

' u i 
5.4 

- i 
5.4 

! 1.1 
Flrlng 
Points Targets 

5.2 32: 1 
~ 

Firlng 1 
Targe'ts Points 

1 5.4 32"·· 
1.1 , 

S"k . .,.e.,.et"&-c-:cT-ra_p ___ -_1-;-~-:0::---- ------------ -- ----------- ;~/ns"~f::.s -11-.....:T-;:•30~,~~-•:.:.':::"-1 ----~-----1'--'~.....:.~~~=-
-: Comblnatlon .. 

51 Ski slope Recreational 1 

51 

-52 Soccer 
~. S~o;lt~b~a~~~~------·l-------------~-

52, 
53 

Professlonal & Champlonshlp 
Semi-Professional 
Industrial league 
Recreational (6-pole) 
Slow Pitch, Tournament 
Slow Pilch, Recreatlonal (6-pole) 

---
-
-
-
-
-
-
-

See FootbaJI 
lnfield . Outlleld 

·--50 ·-· 30 
30 20 
20 15 
10 7 
20 15 
10 7 

See Combination 

See Football ' 
lnfield Olitfield 

- 54 32• 
- 32 22' - 22 16: 
- 11 7.5 
- 22 

1 

16 
- 11 7.5' 
- See Comblnetion Combination with fo-OI::b::a::l:.l ____ _ 

-:----;---- ·---- ---------------
~9uash See Handbal¡--- See Handball 

Z7, 
53 

-'n 

25, 
30, 

-------------------
Swimmlng 

Tennls, Table 

Exhibltions 
Recreational 
Underwater -;,---=-=-;-:----1---=:::.:.:::::,_ _____ _ 
Tournament 

Tennls, lawn 

Club 
Recreational 
Tournamerlt 
Club 

50 20 
30 10 

lOO• '.i0" 
50 -
30 -
20 -
50 30 
30 20 

54 22 
1 
1 

32 11 
un, 65• ' 

1 54 1 -
1 32 . -

22 - 1 

54 32 
1 J2 22 

1 20 JO 
Firing 

·¡~~~ il 
2Z 11 

1 5G 
Trap 

Recrea::''~·o::n~•::l ___________________ 1 _________ ~=---------i-~~----~---------

Firing 1 i 54 

33, Yolley Ball 
55 ----

WrestUng See Boxing 

• TelecastÍng or other speciat considerations may require hlgher levets of llluml
nation. See Section 2.2. 

• lamp lumens per square foot of water surface. 
•· footcandles (dekalux), vertical, at 80 feet (24.4 meters) for Bait Casting; 50 feet 

(15.2 melers) for wet or dry-fly casling. . 
e 5 lootcandles (5.4.dekalux), vertical, al 200 yards (183 meters) and 10 footcandles 

-.1 '11 dekPiux), horizontdl, over tee area. 
• d JO foot-:andles (32 dekalux), vertical, on trap terget at 100 feet (30.5 meters). 

Points Points TargctS · 
1 

5 30• _-5.'4-- ---32_1_ 
20 
!O 

22 1 

11 ! 

• 30 footce:ndles (32 dekalux), vertical, on skeet target at 60 feet (18.3 meters) · 
'Class 1 Jr. League Baseball lncludes Little league, Llttle Boys league, KhoUry 

league, etc. 
• Class 11 Jr. league Baseball includes Pony league, Blgger league, etc. 
"'all values represent mínimum maintained illumination in a horizontal pla:n~ 

unless otherwise indicated. 
1 one dekalux equals ten lux, the &1 unit for illumination. 
• illumination on a vertical plane. 

c:l 

• 

··------···---------------------~--



l. lntroductlon 
1.1 General. (a) We have witneased an unparal· 
leled growth in aporu and recreational ligbting. 
B&llebalJ, with its varioUI leagueo, baa probably led 
tbe way to public acceptance for the ligbting of prac· 
tically every outdoor aport. This is evidenced by 
more and more lighted football fields, aoftball dia· 
monds, goU driving ranges, and a host of aport and 
recreational play areas for player and apectator night 
participation. 

(b) The lighting of areas used for various aporta 
activities, especially those located outdoon, involves 
problems not encountered in other fields of lighting. 
Some o! these problems, including, !or example, tbe 
selection of proper fioodlight locations~ aimin~ tech· 
niques, and provi•ions for multiple useo of an area 
and its lighting facilities have not previously been 
covered by other llluminating Engineering Society 
r«:ommended practiceo. 

1.2 Purpose, The purposes of this report are lo aid 
in the design of new lighting •ystems and in tbe 
evaluation of exisling installations. 

1.3 Content. The text of the report consists of four 
basic parts: (1) recommended footcandle (lux) 
Jcvels satisfaclory to both players and spectators, 
(2) quality requirements prerequisite to good visi· 
bility, (3) recommendations of lloodlight types, 
mounting heights, and mounting locatioru for apecific 
sports, and ( 4) layouts of typical and existing illus
trath·e sports lighting installations which conform to 
current good practice. 

J..J Scope. This recommended practico covers all 
forms o! sports from the so-callcd major professional 
sp<irt•, such as bascball and football, lo the recrea· 
tional and playground sports, such as horseshoe 
pitching and croquet. lt also includes recommenda· 
tions !or the lighting o! gymnasiums and other in
terior areas specifically designed for sports activities, 
such as squa•h, handball, and bowling. 

2. Faclors of Good Dlurillnatiou 
2.1 Illumination Levels. (a) It is importan! that 
lcvels of illumination be suflicient for comfortable 
and accurate seeing and lo enable ( 1) the players lo 
perlorm tbeir visual task and (2) the spectators lo 
follow the course of the play. 

(b) In tbose sports wbere large numben of apec
tators are expected, as in large footbnll and baseball 
stadiums, tbe illuminatjon leve! is determined by ihe 
amount required for the spectators, in the row of 
seats !artbest removed from tbe playing ares, ¡,, lol· 
Jow the coune of play. Thia condition may r· r;uiro 
aeveral times tho amount of llgbt found sati · · ··tory 
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10 for tbe playen. The illumination levell ouggested by 
Table 1 aro tbose which are currently considered 
minimum values o! good practico, taking into con· 
aideration both playera and apectalors. • In commer· 
cial establisbments, much higher lenla may be a 
profitable in\·estment in increasing patronage and 
sales. 1t abould also be borne in mind that nearly aD 
sports evolved under daytime. levela and that tbey 
can usually bá played best and enjoyed most under 
these levelo. 

(e) /t ;, importanJ lo Mle that tk illumiMtion 
val!U!s in Table 1 are, in most cGJes, stated .GJ hori
zontal footcandles (lu:x:) maintained in service. lt ia 
recognized that tbe vertical componen! of the illu· 
minntion on the playing area is important in most 
sports. Particulnrly in the "aerial'' gameo; botb play· 
ers and spectators rely, to a considerable degree, on 
the vertical illumination on or near the playing area 
and, in sorne cases, well above the playing area. The 
same is true of movies and television, for lhe normal 
viewing position. In full recognition of the impor· 
tance of vertical illumination, the recommended foot· 
candle {lux) values !or most sports and recreational 
areas are given in t;rms of horizontal illumination 
lor two reasons: (1) values of horizontal footcandleo 
{lux) are much less complicated lo compute and 
measure in the field, and (2) the vertical components 
of illumination have been !ound adcquate when the 
horizontnl illumination meets tbe values in Table !, 
and whcn lighting equipment o! the propcr type (•ee 
Table 11) is positioneú al mounting heights and loca
tions conlorm.ing lo accepted good practico. Unless 
otherwbe noted, the recommended ,·alues in this 
table are horizontal !ootcandles {lux) on the playing 
surface, or for "aerial" sports, horizontal footcandles 
{lux) on a plane 36 inches (91 centimeters) above 
the ground or lloor. 

2.2 Jllovie and Television Lighting Require
. mcnts. (a) When expanding the audience of ath
letic events by television or by reeording the evento 
on motion picture film, it is usually required that 
!pecial attention be given to lighti~g. Li~hting ~ay
outs that pro\·ide a high photograph1c quahty of l~ght 
are necessarv. Definile consideration should be gtven 
to the type ~~ sport and playing conditions in design
ing this lighting. Events requiring gr•at depth o! field 
will obviously require higher lighting lcvelo. 

•n wm be tound that In Tabt~ 1. ~everal sports are shown 
wtth two or more recommendcd IUumlnatlon lt>v~ls tor whllt 
appear to b~ ldentlc31 visual tasks . .uch as lndoor and out-. 
door Jawn tennts, or ¡niC drlvlnA rana~s and aolt courses. 
Actuall)• the visual tasks are not Jdentlral. ln the case ot 
lawn te~nls. th~ contrast betwe~n the hall and the back· 
cround WRII tndoorw. ts more often less than thc contrast 
rullzed outdoon at nhrhl: thereforeo, hl¡:her le\·els are re
qulrcd tnrtoors. Golf drlvlna rances rcqulre hla;her levels 
than reoa;ular courses because onc of the drlvlnc ran11c taab 
lnvotvo1 ldPrtUCytna one antr ball trom a backaround of 
man)'-a m::t dUIItult 1ltuat1on than that uaua11y tound ln 
a 1olf coune. · 
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T1ble 11-0utdoor Floodllght Lumlnalre Deslgna!ions' 

-

' 
Mlnlmum Efficienc.Je.s; (per cent , .. 

. . rluorescent 
tncandescont Llimps Me,,IJry tam ps l.omps 

1 r- ------·---'----
· Etfectlve Renector Area In Square :n:.ht~ (Squ are Centirr.c::tcn) 

1-- ···-
1 

NEMA Undorm Ovor 2Z7 Under 'n 
1 

Ov 
lleam Spreocl Dov,... TJpe (1460) (1460) (14GO) (1 

-·· -

er 227 
460} by 

10 up lo 18 . 1 34 35 - ZD 
18 up to Z9 2 36 36 2Z 3D 25 
29 up lo 46 3 39 45 24 34 35 
46 up to 70 4 4Z 50 35 38 42 
70 up lo IDO 5 46 50 38 42 50 
100 up lo 130 6 - - 42 46 55 
130 and up 7 - - 46 50 55 

• Token lrom Natlonal Electrlcal Manulacturers• Assoclatlon,l55 East44th Street, New York, New York 10017, Publication 
IFL 1-1964. 

•• lndicative of what can be expected fróm typical equlpment. 

(b) The actual footcandle (lux) leve\ require
ment wi\1 vary depending upon the lena opening, the 
type of pick-up tube or film, color or black and white, 
and other circWD!tances peculiar lo the athletic event. 
Care ahould be token lo insure proper contras! be
tween equipment used in the sporting event sueb as 
balls, ha!!, uniforms, etc. and the background. Nor• 
mal lwninance ratios for television pickup should be 
on the order of 20:1. If the luminance ratio ia ex· 
ceeded, thel'e will be accompanying loss of detail in 
highlights and shadows. When the luminance ratio ia 
less than 20:1, contras! and resultan! dilferentiation 
between objecl! ia lessened. Placement of lighting 
equipment to pro,;de light from at least two direc· 
tions ia suggested to model participan!!. This model· 
ing light can easily provide lhe brightness dilference 
to separate objecl! from their background. 

2.3 Quality of Jlluminatlon 

2.3.1 Ceru:ral. The quality of lighting, whether day• 
light or electric light, is highly importan! in provid· 
ing good seeing conditions. Ciare control, uniformily, 
anJ direction are 1M moSI significant factor~ in de· 
ltrmining lhe qLUJlily of illumirlation. 

2.3.2 Cl<are Control. A ftoodlight ia lnberently a 
slare aource; therefore, ono of the prlmary taska of 
tho illumination designer should be to reduce the 
objectionable effects of glare lo a minimum. The 

basic factors with which the desi¡;Hor may accom· 
plish this task are: proper beam spr.ad, adequate 
mounting heights, proper luminaire loco.tions, and· 
proper floodligbt aimiHg. 

2.3.2.1 Bcam Spreati. As lhe distance from the flood· 
ligbt to the area lo be lighted increases, the beam 
spread of the flooclli~hl used should be decreased 
(see Fig. 1). The uso of a floodlight with too great 
a vertical heam sprcad for a particular application 
can result in glare and indlective utilization of avaiJ. 
able light (Fig. 2). 

2.3.2.2 Mounting· lleigl:t. Recommended minimum 
mounting heigh!! are shown on the recoDllnended 
layout!. Where, for physiral or economic reasons, 
it is considered neces.ary to utilize lower mounting 
heigh!!, the poSJibility ol objectionablc glare &hould 
be considered (see Fig. 3). For floodlighling appli· 
cations, the following basis may be uscd to determine 
mounting beights which are mínimum from lhe stand· 
point of glare: (\) The an¡;le belween the hori:ontal 
playing surface and a line .drawn lhrough the lowest 
mounled floodlight and a poinl 1/3 the distance 
across lhe playing fie/J should not be kss tluJn 30 
degrees, and (2) in addition to meeting the require
meota above, tAe mínimum mounling hci¡;ht .Jhoultl 
1101 be lm than 20 /tcl (6.1 melus} for ground 
rporls and 30 feet (9.1 mekrs) Jor aerial sporu. 
See Fig. 4. 
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VERTICAL BU. M SPREAO TOO GREAT, RESUl.TING IN-

Figure 2. Floodlighu n;ith loo &real a vertical beam spread 
rnut~ light and cause glare. 

'-.... 
H • (D •\W)(TAN 30') 

TYPl 1 
••• 

IIO'T 
Figure l. To maintain .same beam 
paltern with r:ar,·ing di..stance.s 
/rom area to be lighud, beam 
.spread mu.st be reduced. ( ~lount· 
ing heisht i.s a.s recommended in 
mounting ht>ight chart, pa¡.e 55.) 

Sote: 15. rt = 4.6 m: 40 ft = U.Z 
m; 75ft = ~!.!t m: 140ft = 4!.7 
m; lGO ft = U. S m. 

Fisure 3. Sports floodlights mounted on polu that are 
too low either cau.se glare in the .spectators' eye.s or do 
not üluminate high·fl>in& balls. 

~~ "• . í 
HMIN Glt0UND S'<)I!T$ 20fT (6.1M) .· 

AUIAl SPOITS 30ft_ (9.1 M) 

j "• 
--,-. ____ l-.. ~-.. ----.1.-: ~. ~~~ ------------~J 

. . • . . ) WIDTH--.-.---- J ~10TH----
WlDTH 01 PlAYING AlfA----~ 

Fi1uu 4. For adequate moun11'n1 
her'ghts, a line drawn from a point 
one-third tht diltance acrou lhe 
playiniJ field to the lowut mounl· 
ed floodli/Jht should /orm an angle 
u·ith the horizontal of nol leu 
thnn 30 desrees. In addilion, 
minimum height jor &round sporu 
should not be leu than 20 /eet 
(6.1 meters); for a erial sporu, 
nol leu than 30 /<el (9.1 mel<rJ). 

2.3.2.3 Luminaire Localion. (11) The efiects of glare 
are diminished as th~ luminaires are removed from 
the normal lines of sight of players and apectators. 
The angle between thc luminoire and the normal line 
of sight depends ~pon botb the distonce of the lumi· 
naire from the ohsen·er and the luminaire's mounting 
hcight. 

(b) Tbo luminanco ol Roodlights, partieularly 
narrow beam typcs, is lowei' as thry are vie,..,·ed at 

10 

increasing angles to the axis of the beam. For thia 
reason, particular emphasis should be placed on 
location and airning so that, within practical limits, 
Roodlights are nol directed along normol lines ol 
sight of spectators or playera (see Fig. 5). 

(") The reco~cnded layouts show luminaire 
locotions which reftect bolanced j udgment witb re· 
gard to providing light lrom the proper directlon, 
and at the oame time locating the luminaires out of 
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the normal Unes of ai¡;ht. Wbere phy:ical obstruc- . 
_ tiona require changos from-theselypicallocaliolll, all · 

Unes of oighl of both rhren and spectatoro obould 
be carefully evaluated i ·• determining the new loca
tiono of the luminaireo. 

(d) ·w;th indoor applications, where 6.xed equip· 
ment is mounted on or near the ceiling, two angular 
regiens are involved: (l) the anglo between a hori
aontal line througb lhe light t'-nler and the Une o! 

. oighl al wbich the bare so urce finl. becomes visible 
(called lhe ohielded zone) and (2) the anglo within 
which lhe lampa are visible (called the unshielded 
aone). 

(e) Excessive luminance within the ohielded zone 
may cause glare, particularly in largo spaces. Lumi
nance in the unohielded zone may cause direcl glarc 
or glare by reflection from the specular surfaceo o! 
bowling 1anes, the aurface of the water in swimming 
pools, or !rom polished floors and walls. In addilion, 
the luminance o! the luminaire in the unshielded 
zone may cause discomfort or even disabilily glare 
as playen or spectalors look upward. Titis possibility 
is minimized by so localing the luminaire• thal they 
are moved as far as possible from the normal line 
of sighl and/ or by using sources of low lurninance. 

2.3.2.4 Luminaire LumiMnce Reduclion. (a) In the 
many sporls where lighl musl come inlo the playing 
area frorn many ditlerenl locations, it is nol always 
possible lo remo,·e all of the lurninaires from the · 
normal lines of sighl of both playero and spectators. 
Where this situation exist., the use of glare shields 
or sorne form of louvering (see Fig. 6)_ should be 
considered lo reduce the high luminance of excessive ' 
spilllighl which might cause discomfort to spectalors,. 
or even to inhabitants of the surrounding area. The · 
annoyance of Ughl spilling inlo the region ourround· 
ing the playing area is oflen overlooked in the design 
of a sporls lighting installalion. 

(b) Both glare shields and louvero can ·be de
oigned to control only that lighl at certain. anglos 
which rnighl cause annoyance. It ia not necessary . 
thal such a device block all of the opill lighl or ex· 
eessively reduce the lighl oulput of the luminaire. 
However, the arnount of Ught reduction will depend 
upon the particular louver design employed. For any · 
opecific louver-floodlight combinalion, sorne reduction 
in the published lurnen oulpul of the floodlighl alone 
may have lo be allo~·ed for in the lnstallation design. 
It is recornmended thal a qualified engineer be con· 
oulted ~!ore altempting a opeci6c louver design. 

2.3.2.5 Surround Luminance. lncreasing the lurni· 
nanea of tho aurrouncl raclucao the luminanco cli&or
ence belween luminairo and aurround and lmprovea 
visibility. This can be done very efleclively for 
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,/./~ .. ..-
. 1 '.:L 
~ .• -.:, 8 ' ~ SPEGTATvRS 

"Ú' ~- PLAYfRS 
,. ' •, - CRITIC.AL VIEWING 

Az OIRECT!ONS 

Figure S. Whe~e phpiet.l ol,ltructiollJ require changeJ 
from the rr:commrndt:tl]Jt:tte locations, an analysi.s should 
be madc o,l po5sible lh:~:s u/ ~ight oj both players and 
specta:(Jn l·efnre ntw J•osition.<l are lelected. Poles 
should n~v~~r Le locotcd diratly in line u:itla critica[ 
tieu:~ng diredimu. 

Fiture 6. Properly dc•igned 1/are •hield• (lop) or 
lo•"'•" (htlo1u) can r6crtluly tlúntnatc, a1 tlftain 
anfltl, the hi&h /•mlnalre luminance thot ml&hl CGlLie 

annoyancc eilher iiUide or outside .lhe playing area. 
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indoor aporta by finiahing the walls and ceilings of 
the rooms in ligbt colon. Control of the aunound 
luminance is much more diflicult in outdoor loca· 
tions; however, a great deal can be done in this 
re~ard. Adequate U¡;bt in the stands and ügbt colored 
fences, "together with provisiol\5 for providing some 
illumination on the ground immediately around the 
playing lield, aids considerably in improving the 
surround conditions. 

2.3.3 Uniformity. Reasonable uniformity of illumi· 
nation over a playing area, and throughout the entire 
spare above the playing area, is required for satis· 
factory seeing by players and apectators. Sharp 
changes in the illumination leve! in the space above 
the playing area through whicb the ball may travel 
will result in making a fast moving hall appear to 
accelerate as it passes from a light lo a dark space. 
This occurs when there is inadequate overlap of 
Hoodlight beams. Such a condition distorts the play· 
er's judgment of balltrajectory. Expressed in terms 
of horizonlal illumination, accepwble uniformity 
ocrurs u:htn the ratio oj mll%imum to minimum illu. 
mination tloes not exceed three to ou u•ithin a 
•pecified area for those sports in wbich play ia akill· 
fui, the visual lask is severe, or there are likely to 
be •peclators. 

2.3.4 Direction of Light. (a) The luminance differ· 
ence between an object and its surround, as well as 
the )uminance difTerence between the various sur· 
faces of an object, provide the conlrast required for 
the eye lo see. Since the visual task.s of the speclalors 
and players im·olve seeing vertical surfaces as well 
as horizontal surf:1ces~ il is essential to provide ade· 
quate illumination on both the horizontal surfacea 
and the vertical surfaces of a solid object. However, 
as the objects of view in sports are not llat·faced 
solids, it is not es~ential to provide uniíorm illumina· 
tion on all surfaces¡ in fact, semidirectional i11umina· 
tion provides shading and modeling which aids see· 
ing. To eliminate harsh shadows, however, and to 
pennit good visibility al any locntion in the playing 
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area for both playera and apectaton, it ia generaDy 
neceesary to provide ligbt from severa! different 
directiona al eacb point throughout the area. Cood 
directional quality of the lighting in a sports inatalla· 
tion is not characterized by the absence of abadowa 
(aince the very nature of lloodli¡;hting tends lo pro
duce ahadows) but rather by the number of abadowa 
produced (Fig.'7). 

(b) .For unidirectional sports, such as bowüng, 
driving.golf hallo, raring, handball, archery, etc., it ia 
permi .. ible and desirable lo provide mucb bigber 
footcandles (lux) from one direction. This makes it 
possible to locate the luminaires >o that they are 
almos! completely removed or shielded from the 
normal lield of view. 

(e) The aiming of the lloodlights, even with the 
correct luminaire locations and mounting heights, 
determines to a large exlent whether the uniformity, 
direction and candlepower toward the eye are aatis· 
factory. F or information concerning the c;orrect 
fundamenta4 of aiming Hoodlights, see Appendix A, 
Fig. A·l." 

2.4 1\laintenance. See Appendix B. • • 

3. Oassification of Play 

3.1 Player Requirements. Player requirements 
vary with the class of play. The tournomenl classili· 
cation applies lo· the caliber of play as found in· 
tournaments and exhibitions; lhe club classificatior:' 
applies to good, fast play; the recreational classilica· 
tion applies to amateur play for fun and relaxation. 

3.2 Speclator Requirements. Spectalor require· 
ments for satisfactory seeing vary with the type of 
>port, distance from and orientation lo the playing 
field. A stadium where the las! row of spectators is 
severa! hundred feet away from the playing area 

•See lLLUMINATINO ENalNIDlNO, Vol. 56, February 1961, p, 76. 
••tn reprlnt onlY. 
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Fi11ure 1. Shadow• ocour on flood· 
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*~~25 -' i?J~i J~$jfi ;¿ . y . ~ ' . . ..... : . 'i~ ; 
inust be lighted toa t.;gh lcvel uf iliÚm~tion if the .. 

1 -{~)- ··~~oruul-Arta C•j,.n (0).· Tbis class provi~ 
mor~ remole apectnt<•:-o are to follow the piar. l!·lhc - a· weatherproof ·onclosure.for "t!lé-lamp aocket and 

-- opectator lection i• limited to Mnall bleachers aloog housing. No cover glass is required. ( 

·.~ 

the aides of the field, the illutnination levrl whicb {d) Cround-Area Open wW. Reflector /nserl 
will provide good playing ronoliticons will aJcquately (01). Thia clasa ia weathcrproof and so constructed 
serve the apectntors. that the houoing forms only a part ol the reftecting 

3.3 Commercial Ucquircu.-t<:>. It is rcco:;nized 
that many oports are playeJ or watched in commer
cial establishments. \\hcre lev~f.~-' of illuminatiun mu~t 
be based on additioual factors. 11! ntmospherr, aurac· 
tion value, and hrtter than Rdl'll'.late seeing. 'fhiE bas 
been true in major league b?:.:~ ~~:11l for sorne ti!ne, 
but applies also, for examrlt:. to racing, bowling, 
archery, and all sports in C.(.•fliH•t:rcial arena~. Sincc 
recommended le\'els ba.sed 011 c•:om:nercial Cflnsic1t:ra· 
lions depend on DIBIIY factor.s \\~ách require {urthcr 
study, sUch considerations are 11Vl neCessnrily in· 
cluded in the value; in TaiJ!e 1 except wherc sho1•·n 
as in the case of bowling. 

4. Equipmeut Cla;~ification 

4.1 General. {n) The optic•l d¡aracteristics ·of the 
)unúnaire affect, lo a largc "'"nt, sucb import,.nt 
factors as direcl and reflcct~·.d f')are, shadow5, dis· 
tlibution and diffusion. Bec~w:<! th!!re are vdde varia· 
tions in these optical charnderi•tics, the selcction of 
the corree! luminaire for a p;.rticular applicntion 
deserves careful consideration. 

{b) Luminairts should l•o d"'ignated so as lo de
scribe the manner in which cl1c light from the lamp 
is controlled by the lightitJE unit, the degree of con· 
centration of zonallumeru (concentration of light), 
and mechanical details. Sim·e in sports and recrea
tional area lighting there are Lorh outdoor and indoor 
lighting problems, the lighting equipment should 
necessaril¡· be selected to qualify for the aervice 
designated. There are, therefore, separate designa· 
tions and classifications pertaining lo outdoor and 
iadoor ligbting equipment. 

4.2 Outdoor Floodligbt Luminolre Dealgnationa 

4.2.1 Floodlighl. ClasseJ. (a) Enclo!<d Heavy-Duty . 
( H D). Tbis class is weathcrproof, having a aubstan
tially constructed housing into which is · placed a 
aeparate and removable reflector. The aosembly is 
enclosed by a weatherproof hinged door with cover 
glaos, which provides an unob;tructecl light openin~ 
atleast equalto the e!Jective diameter of the reflector. 

{b) Enclo!<d Cro•nd-Area and Cenera! Purpo&e 
(CP). Thia claao i• weatherproof and 10 conatructed 
that the hou!!ling forms the renecting surface. The 
assembly io enclostd by a cover glass. 

aurface. An auxiliary reflector ia n.C.I •o modify the 
distribution of light. No cover glaos ¡,. icquired. 

4.2.2 Beam Dala. {a) The choice of the light clis
tribution of a lumioaire may be aelected and desig
nated by type as ohown in Table II. Beam spread ú 
lhe average o/ tl&e horizontal and vertical sprcads, 
and for the purpose of classifying ftoodlights, the 
method of deternúning and recording the beam 
apread ahould be in aceordance wilh· the adopted 
report of the lES Committee on Testing Procedures 
for Illumination Characteristics. • 

{b) Asymmetrical beam ftoodlights may be desig
nated by a combination typc designation which incli
cates the horizontal and vertical beam apreads in that 
order; e.g., a ftoodlight with a horizontal beam 
apread of 75 degrees (Type 5) and a vertical beam 
of 35 degrees (Typc 3) would be designated as a 
Type 5 X 3 floodlight. 

4.2.3 Melhod of D<lignation. Floodlights covered 
by the above may be designated as Heavy Duty, 
Type 1, 2, 3, etc., General Purpose, Type 1, 2, 3, etc., 
and Open Type 4, 5, 6, etc. 

4.2.4 Performance Choracterúlics. In addition tÓ 
beam types and ftoodlight class characteristics. the 
National Electrical Manufacturen Association's 
"Standards Publication for Floodlights" specifies the 
minimum beam efliciency that eacb class and type of 
ftoodlight ahould providc. The summary of photo· 
metric data in Table II is indicativo of what can be 

. expccted from typical equipmenl 

4.3 Retlectorized lampo. Lamps having integral 
reflectors are applied particularly lo the minor opons. 
Outdoor types with beat resistan! glaos bulbs may be 
considered u physicaDy corresponcling to the general 
purpose category. Substitution of reftectorized lampo 
for ftoodüghting luminaires should be on the basis of 
equallumens delivered in aervice. See manufacturen' 
publicalions for photometric data and application. 

4.4 Interior Ughting Laminalre Deaign. (a) 
Interior lighting luminaires may be classed into five 
different types, based on the manner in which light 
ia distributed from the luminaire. These clusifica• 

•"tES Guldt tor tht Photonu.•trlc Te!tlftli( ot Floodllli(htl Óf 
10 to 160 Durets Total Bum Spread." Iu.uMINAnsc Excn
M'KDJNo, Vol. f6. March 1951, p. 163. 
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tions apply lo all interior luminaires regardloaa of 16 
the type of source the luminairo employs. Tho type 
designationo do not in themselves imply quality of 
lighting or luminaire ofliciency. Tho figures given in 
Table 111 indicate the percentage of tho total lumi· 
naire light output emitted upward and downward. 

(b) Direct luminaires may be further classified 
so as to denote concentralion of zonal lumens (con· 
centration of light), auch as concentrating, medium 
spread and wide spread. 

4.5 Pbotometric Data. The method of determining 
and recording photometric data should be in accord· 
ance with the adopted report of the IES Committee 
on Testing Procedures for lllumination Character· 
istics. • 

5. Lighting Systems 

5.1 General. f or sports lighting applications, there 
are three b3Sic types of light sources in use today: 
incande5eent, fluorescent, and high intensity dis· 
charge. Each type has certain ad1·antages and dis· 
ad,·antages and the proper selection, from among 
these sources. will depend upon the particular re· 
quirements of the installation being considered, the 
economics (se e Appendix f .. for a suggested for· 
mat of an economic analysis), and perhaps sorne 
personal preference of the system designer or owner. 

5.2 lncandescent Filament Lighting. (a) The 
chief advantages of incande:!-cent lighting are its low 
initial cost, good color rendering properties, and 
good optic<1l control capabilitie:;. Disadvantages are 
shorter lamp lile and lower lamp eflicacy (lumens· 
per·watt) as compared to the other light sources. 
lncluded in the family of incandescent are the tung· 
sten-halogen lampsl having a much better 1ight output 
m3intenance characleristic and longer Jamp life titan 
standard incandcscent lamps. In addition, the tung· 
sten·halogen lamp can be compact in physical size 
and of a shape that resulto in •mallluminaires. 

( h) Overvoltage operation of incandescent lamps, 
including tung•ten-halogen lamps, can often be used 
to rconomic a<h·antoge in oports lighting. This is 
e.pecially importan! il a lighting oyotem is used for 
onlv a· lew hundred hours or lesa each ye~~r. In 
general, operation al 10 per cent above rated voltage 
1 rHulting in an approximate 35 per centlncreue In 
li~ltt oulput, 15 per cent increase In lamp wattage, 
.,.,.¡ a reduction in lamp average life lo 30 per cent) 
· recommended lf the Ugbtins aystem la In use for 
¡_., than 200 bours. Operatlon at 5 por cent above 

• "ll~ CuJh ror R""'ntnc QIMnl Uchllna J:Qulpnwnl En
•'"' f'OI•" DalA.'• Ju.&UUJUftllfl lbrGIIfll&l.l1 Vol .... AUI\1.1& 
111)11, p ..,, 
•• ,,. hrt•1•! ... .,. 

·. ,. . ~ . 

TABLE 111 
Interior Luminaire Designalions 

--
APPROXIMATE 
OISTRIBUTION 

TYPE OF LIGHT EMITTEO 
(CIE CLASSIFICATION) BY LUMINAIRE 

UPWARO OOWNWARO 
PER CENT PER CENT 

• -·-- 4 

: 

(D OtRECT 

o-to 100.-'9' 

·- -~L-. 

1 

SEMI-OIRECT ' 
' 

10-40 '-V 90-60 
. -

( ) 
GENERAL DIFFUSE 

40-60. ~ 60-40 

SEMHNOIRECT en 
60-90 

qJ 
40-10 

INDIRECT s:¡2 
90-100 ! 10-0 

rated voltage (resulting in an approximate 17 per 
cent increase in light output, 7 per cent increase in 
lamp wattage, and a reduction in lomp average life 
lo 50 per cent) is recommended if the lighting system 
is U!ed lrom 200 lo 500 hours per year. lf annual 
use exceeds 500 hours, lamp operation at rated 
vohage is recommended. 

5.3 Fluoreaeent Llghting. A lluorescent lighting 
•y•tem provides high lumens per watt, long lamp life, 
low brightnesa, and good color rendition, but io 

. ¡:cnerally bigher in initial cost than its incandescent 
ftlament counterpart. For indoor applications, lou
'·en are deairable lor UK with ftuore!-renl luminaires 
lo provide lamp protection as well as maximum 
sbleldins. Tha oemi·direct type luminairo is roco1n· 
aMndad for 11M where the lumlnaire lo· mounted In 
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rea•onably clo•e proximity lo !he ceiling lo reduc:t 
luminance difierence5 and lo provide adequale di!-

-·fusion over -·the area. Fluorescenr-lumin.Biies- iie -
applicable lar cerlain ouldoor oporls and recreational 
area• where mounling heighls are relatively low and 
required projeclion dislanc .. are shorl. Typical ap· 
plicalions would include bowling, curling, lennis and 
similar eports. · 

5.4 High luteusily Discharge Lighting. The 
!amily o! hi¡;h inlensity discharge lamps include !he 
mercury lamps, the metal halide lainps, and !he high 
pressure oodium lamps. Although each o! !h ... lamp 
types has its own specific characteristics, they have 
the following characteristic_s in common: long lamp 
lile and high luminous eflicacy when compared lo 
incandescenl lamps, a lime delay andslow huild up 
of lighl oulpul when !he lighting system is firsl ener· 
gized or when there is a power interruption. Because 
o! this lime delar characterislic, il may be desirable 
to include an incandescent lighting system to provide 
emergency stand-by illuminalion, parlicularly over 
speclator areas. Properly designed, a high_ intensity. 
dischar¡;e li¡;hling system mar require !ewer lumi
. naires !or a given lighting requiremen~ hui lhese 
lurninaires are usually higher in initial cost than in
candescent luminaires. See Appendix f.• 

5.4.1 Mercury Lighting. In !hose oporls where color 
rendition is of sorne importance, improved-color 

•In rtoprlnt only. 

Fi&u.re 8. Comparalir.·e cA.aracter· 
.isticJ o/ li~hl Jou.rcu Jor &eneral 
li&htin& pu.rpo&eJ. There a.re /our 
ratin&J Jor each characleri.Jric
.hi¡:h, fOod, {air and low. 

INCANOESCENT 

TUNCSTEN HALOCEN 

MERCURY 

PHOSPHOR MERCURY 

METAL HALIDE 

HIGH-PRE.SSUAE SDDIUM 

40-W&n flUORESCENT 

HICH.QUTPUT 
FLUOAESCENT 

1MCI-M& FLUOAESCENT 

-· 

phoaphor-c:oated mercury lamps are uaually recom· 
mended ralher !han clear mercury lamps. 11 should,_-'-~~~l 

--lie nolid;-liowever;-lhat phosphor-coaied ¡;~¡;.-pro· 
vide inherently wide beam opreads. Over-wattage 
operation o! mercury lamps is !easible, within limits, 
resuhing in an increase in light oulput proporlional 
to !he increaoe in lamp watlage with a majar reduc
tion in mercury lamp lile. 

5.4.2 Mewl Halide Lighting. The metal halide laml' 
io basically a mercury lamp lo which has been added 
metal balidos. In comparison lo mercury lamps, !he 
metal balido lamp provides higher luminous eflicacy 
and good color rendition coupled wilh good optical 
control characteristics; however, the metal halide 
lamp has ·a shorter lile. 

5.4.3 High-Prmure Sodium Lighting. The high 
pre5sure oodium lamp has a bigher luminous eflicocy 
!han !he metal halide lamps, coupled with good op· 
tical control characleristics, and a light output main
tenance characteristic similar to the mercury lamp. 
The lile o! this lamp is approximately equal to lhat 
o! !he metal halide lamp. 

5.5 Light Source Summary. A compari•on o! !he 
major characteristics of the various light sources 
provides a guidance for choosing Lhe light source 
!or a particular applicalion. The chart shown in 
Fig. 8 has been prepared by the Light Sources Com· 

MAIN1'E-
LUMEN \.IF! COLOR DEGJtEt NANCE OF 

.OUTPUT EFFICACl UPEC· ACCEPT· OF LICHT LUMEN 
P[R LAMP TANC'f' ABILITY CONTROL OUTPUT 

FAIR LOW LOW HIGH HIGH GOOO 

FA IR LOW LOW HIGH HIGH HIGH 

GOOO FAIR HIGH LOW cooo cooo 

FAIR 
GOOO FA IR HIGH TO FAIR FA IR 

GOOO 
GOOO 

HIGH GOOO FAIR TO cooo FAIR 
HIGH 

HIGH HIGH FAIR FAIR GOOO GOOO 

GOOO 
LOW cooo GOOO TO LOW üOOO 

HIGH 

GOOO 
FAIR GOOO ~ GOOD TO LOW GOOO 

HIGH 
1 

GOOO 

1 

GOOO GOOO FAIR ro LOW FA!~ 

HIGH 

: .; 

,. 
' 



mittee of the llluminating Engineering Soc:iety. • 18 
F urtl1er information on the characteriotica of light 
oources can be found in the lat .. t edition of the/.E.S. 
Lighti•¡; Haruibook. Tbis chart must be tempered by 
tbe actual application for the light source wbicb 
might alter the rating oho>m. F or example, in the 
caEe of a low ceiling interior lighting in.stallation, 
the "low" rating given in the lumen output per lamp, 
and the degree of light control ratings for the 40-walt 
Auorescent source, might be considered most ad· 
vantageous to obtain a low·Bource brightness and a 
~·ide beam apread. 

5.6 Special Design Conoiderations. In oelecting 
either a mercury, metal halide, high·pres•ure sodium, 
or a Auorescent lighting system for use in a sport& 
or muhipurpose area, some important factors should 
be gh·en opecial consideration: (1) Tbeoe light 
sources, when operated singly on alternating current 
circuits, produce a noticeahle flicker on rapidlr 
moving objects. This condition, stroboscopic efiect, 
may be minimized by coMecting Jamps or luminaires 
on alterna te phases of a three·phase supply, or by em· 
ploying two-lamp lead-lag or series sequence start 
baliasto where a\·ailable. (2) In multipurpose areas, 
if a quiet surround is an important factor, the pos
•ihle objectionnble di•turbance resulting from hallas! 
"hum" !-hould be con!'idered. Remole mounting of 
thc balbsting equipmenl may be desirable. (3) When 
fluore.ccnt lamp• are u.ed outdoors, they should be 
protected from the wind in arder to maintain maxi· 

. mum light output. 

6. Design Factors 

6.1 General. (a) The corree! choice among the 
various design factors of luminaire type, lamp type, 
lamp voltage, wiring method, etc., depends upon a 
balancing of economic Co!'ts against such facton as 
appearance, relative sa!ety, and reliability. 

(b) The overall cosl for lighting should include: 
(J) an amortizatioa of the first cost, (2) the cosl of 
electrical energy consumed, (3) cost of lamp replace· 
mento, and (4) an estímate for maintenance expense 
exclusive of lamp replacemenl 

(e) Comparison of lighting syatems on this basis, 
perhap! with different luminaires, or different wiriog 
methods, may be made br means of a cost analysis. 
A truc comparison should involve systcms providing 
comparoLie quality and quantity of illumination. A 
suggested formal for an economic analysis is ohown 
in Appendix F. •• 

•tLLUNINATINO ENOIHIDIHO, May 1BIT, )J, 118. 
••In reprlnt only. · 
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6.2 Choice of Equlpment. (a) Floodligbts, due 
to their larger size, more e1aborate mounting require
menll, and in some cases cover g1aases, are more 
expensive than normal indoor type luminaires. The 
use of ftoodlighto is economically justified on any 
outdoor area where the light musl be projected a 
considerable distance. Tbe comparison can be readily 
calculated hr me!pods outlined in Appendix C. • 

(b) Floodlights are available with beam spreada 
of various degrees, and cari be used economically lo 
concentrate light on and near the plaring area, even 
when ther must be mounted severa! hundred feet 
from the playing area. On the other band, sorne of 
the playground &ports such as hor!eshoe pitching, 
shuffieboard, etc., may in sorne cases be lighted by 

. indoor type units auitably adapted lo outdoor use. 

6.3 Choice of Beam Spreado, Most open flood· 
lights pro\·ide inherently wide beam spreads. Eu. 
clostd ftoodlighto are a\•ailable in a range of 'beam 
spreads from wide lo narrow. The choice o/ beam 
•pread depends ÚJrgely on the dutance Jrom 1M 
floodlights lo the area lo be liglited: the greal<:r 1M 
dutance, 1M narrower the beam •pread for high 
utilization, eflickncy and re&triction of gÚJre. See 
Fig. 9. Conversely, when ftoodlights are located 
relatively close lo the playing ares, wide beam 
spreads can be usecl with good economy. 

6.4 Open ami Endoscd Floodlights. The choice 
between open and enclo>cd ftoodlights depends 
chiefly on diiTerences in cosl and in rate of depre· 
ciation. Open · ftoodlip-hts cost less, but depreciate 
more rapidly due to collection of dirt, soot, etc., on 
refiecting surfaces and light sources. lt u generally 
accepted practice lo allow a light loS& factor of 75 
per ctnt for encloud floodlight.s, and 65 per cent for 
open floodlights when calrulating the · maintaiMd 
footcandle (lux) leve!. Although these factors are 
smpirical, they are based on considerable experience. 
The cleanliness of the surroundings, the frequency 
of cleaning of the unito and replacement of lamps 
will affect the light loss factors lo a considerable 
extent. 

6.5 Wiring. (a) Outdoor fioodlighting imtallations 
can be made with either overhead or underground 
distribution. F rom the &landpoint of appearance and 
minimum interference, the underground system ia 
more desirable where large playing areas are in· 
volved. The underground sy~tem may be made u5in8: 
either direct burial conductors or wire in conduit .. 
While overhead distribution may 1:• less expensive 
with regard lo conductors, condni1 and installation 
costs, additional items may be required. For example, 

•tn nprtnt only. 
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ll.l 1500 WATT ,LOOCM.UifUS·TT~l JIUM i 
COVlll Alt(A 19 

UTilllATION o 60"ro 

Fe Lh'll• 8.0(~.1D&~XI 

U T!UU.TiON o l~"ll. 

FC lEVEL • 7.111.4 ~AL XI 

Fisure 9. Selectins propet be41n 
lptead /or 1peci/ic applictJlioru 
ruult1 in better lllili:atior& G1Ul 
lou;er over-all cosu. On IAe J()IJ. 
by 100·/ool (30.5 meter) arta 
1hown, ei&ht Trpe 4 flooJiishu 
are required to produce about the 
1ame footcandle leve/ obtained 
lllith 1i:r: Trpe 3 floodli&ht• of the 
14111e wattagt. Mountin1.heirhl 
;, 60 feet ( 18.3 meters) in both 
ctue.s. 

UhlrOftM lllUMU•ATION AlQUIAlC O~ WOIIKI~G PL A .. [ IMIIORM IUU .. INATIOH ON 'LOOR IS NOT TH[ AEOUIR[ME.NT 

Figure 10. For many intf'rior sporu lit:htinl in.stallation.s uniform ülumination on the ffoor U not the requ.irtment. 
Adequate vertical di.stribution U rtquired to the ma.rlmum height the object might travel during normal play. 

extra poles lo keep wires away from the playing area, 
and guys on poles where there is a change in direc· 

· tion of feeders, or where the feeders dead-end. The 
choice of installation to use will depend on local 
practice, and should include a consideration of the 
economics and olher factors, such :as appearance, 
safety and reliability. 

(b) S ame installations may justify a separa te 
transformer on each pole or tower with primary 
wiring to each location. In smaller installations, it 
may be more economical to reduce the numher of 
transformen by serving !everal locations from a 
single transformer through secondary wiring. This 
decision will also depcnd upon the rules and prac· 
tices of the local utilitr company. 

(e) The utility should, of course, be consultcd 
as to the type of sen·ice available, whether primary 
or secondary, single·phase or three-phase, wye or 
delta. The rates for the various services should also 
be considered befare a decision is made as to the 
preferred installation. \'l'hether to wire one or more 
lighting units on each circuit is determined by local 
practico and economic considerations as limited by
local and national code rules. 

7. Lighting For lndoor Sports 

:.1 General. (a) The walls and ceilings of interiors 
· •1>ed for sport. provide a means for controlling back· 
ground luminances, assist in diflusing the a\·ai!able 
light, and make possible a variety of convenient 

lighting equipment arrangements. The design ano 
calculation proccdures for interior sports lighting 
are similar to those followed in design of any interior 
lighting system. (See Append.ix D).• However, in 
add.ition to luminaire mounting height, opacing, 
lumen output, and illumination uniformity on a 
horizontal relerence plane, which are importan! fac· 
tors in all installation plans, it is necessary in de· 
aigning aporta lighting to consider the following 
factor&: 

(1) Observen ha ve no fixed visual axis or field of 
view. During the course of the game, the cei1ing and 
luminaires may frequently be included in the visual 
fiel d. 

(2) The object of regard will have no fixed loca· 
tion, and may be viewed at floor level, near the 
ceiling, or al any le,·el in between. See Fig. 1 O. 

(3) It is particularly importan! for observer. to 
be able to estimate accurately object velocity and 
trajectory. 

(b) The location of sport play can be divided 
into general arel.s used for more than one sport and 
areas aesigned for a particular sport. The lighting 
system must mee! the varied or particular require· 
ments for the aport, or sports, played in the given 
area. 

(e) The oports, themselves, may be generally 
divided into two 'classes: sports which are serial in 
part or whole, and sports which are at or clase to 
ftoor leve!. 

•tn reprl.nt only. 
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7.1.1 AeriDl Sport.s. Badminton, basketball, hand· 
2 

O 
hall, jai-alai, squuh, tennis, and volleyball are con· 
sidered aerial sport•. The type of action encountered 
during normal participation in these activities is auch 
that the ceiling may be in the observer's lield of view 
during a large portian of the playing period. In 
planning general lighting installation• lor these 
sports, therefore: ever~· effort should be made lo 
selecl, locate, and shield the light sources to avoid 
introducing glare into the observer's field of view. 
F or these sporls in particular: adequate overlapping 
of the luminaire beam patterns is imperative lo in-
!lure proper \"ertical Hlumination over the entire 
height of the playing area. 

7.1.2 Lou· Let·el Sport.s. Archery, billiards, botding, 
fencing, curling: hockey, shuffieboard, skating, rifle 
and pisto} rang:es, swimming, boxing, and wrestling, 
and other sports in which observen in the normal 
course of play do nol look upward are called low 
le\·el sports. c~neral lighting may be planned more 

~----.--_,.-,., .... _,._F"""'--"'"'"·"'"Q"r.7.>'-"'.~'"--Jit""''"'c".".,.,."'·"~'"."'-.. ·"''«:"~•~l•. 

:·-
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1 

Mount• 
lng 

'. r t~•s·.r. "::~: r• :~: ~ ~. •. ·, ='' 

floodlights 

Beam 

l 
-~ 
l 

.1 

!lfl· 
Height Lamp 1 Spr .. d clency 
In feet Total SI u (De· (Par 

(Matan) No. (Watts) Typa Cta .. ,, ... , Cant) 
---

Basket-
ball ' 50 32 1500 5 GP " 54 

1 (15.2) 
1 

Volleyball •o 8 500 1' 01 115 18 
Shuftle· (12.2) 

board 

Bleache<SI28 Avg.l 14 r-s;-¡ 6 01 m 68 
. (8. 5) 

NOTII; (1) Alllampt clear, aenaral .. rvlc:e, aparatad al rtltd volttat. 
(l) Averaae lllumlnatlon, initial lootcandlll (Jua): basketball-70 
(15 dalk), volleyball/shuUieboard-30 (32 dalx). 
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easily lor theoe sporls than lor aerial sporls, since 
luminairc luminance is lesa critical. 

7.2 General Areas. Geúeral areas used lar &porls 
would be field bouses, gymna!iums, community cen· 
ter halls, and olher mulli-purpose areas. The aports 
normal lo such areas are badminton, basketball, 
volleyball, lencing, shuffieboard, and other similar 
sports. The críleria u•ed for designing the ligbting 
system lar such areas can be demonstrated by the 
design criteria for a gymnasium. · 

7.2.1 Gymnasium. (a) The modern school gymna· 
sium is a multi-purpose, as well as a multi-sport area, 
which can serve a variety of needs of the stu~ent 
body during the daytime, and in many instance!>, of 
the community al night. In aclclition lo its varied 
athletic uses, the school gymnasium is often used for 
such activities as assemblies, dances, concerts, lec· 
tures, and community meelings. 

(b) Typical lighting installotions lar this muhi
purpose area are shown in Fig. 11. A choice of 

- 1500W 
-+- 500 w· 

'--------200FT --------4 
Not•: 10 tt = 1.1 m: 11 tt = a.t m: 50 rt = 
lOO tt = 61.0 m. 

15.2 m; 

l":, .. •. 
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Figure 12. Caulion .should be e:xercUtd in po.sitioning 
lwninaires rtlalive ID critical surface.s 1uch 4! ¡ltus 
btuk<tball backboards (above), to 11110id blindin&, re· 
flected &lare. IFindow• behind rlau backboard• in 
gmntJ.Sium ( above risht) can produce direct glare, and 
uruhielded window• (ri&hl) are a potential •ourct o/ 
both direCI and re/fected slare. Note how reflectwru ... 
tht lfoor t•til the /loor markinss. 

lighting levels may be desirable beeause of the wide 
divergence in seeing task.s that can be encountered. 
Such variations in the general illum.ination are most 
often achieved through the incorporation of dim· 
ming, split-switching, or other means of lighting level 
control into the overall scheme of design. For sp<eial 

· activities, such as dances, where the creation of mood 
or atmosphere is the primal')· lighting objective, quite 
low illunilnation values are desired. The most satis· 
factory results can often be achieved through the use 
of portab1e or temporary auxiliary lighting equil" 
ment, such as ftoodlights of reftectorized lamps, and 
colored filters. To preven! breakage, it may be neces· 
sary to co\"er luminaires with a protective cover ór 
wire grid. This will reduce their efficieney and 
ahould be compensated for in the initial system 
design by multiplying the luminaire's efficiency by 
the average transmittance of the cover or grid. 

(e) The position of luminaires and windows in a 
gymnasium can present serious problems. Fig. 12 

· demonstrates the hazards of improperly located 
lumiriaires ·and unshielded fenestration. The recom· 
mended lighting layout for tbe gymnasium is shown 
in Figs. 13 and 14. 

7.2.1.1 lntuior Finishe•. (a) Light finished ceiJ. 
ings, walls and ftoors not only enhance the appear· 
ance of a gymnasium. but increase the utilization of 
light and improve ,·isibility. Ceiling reftertanees of 
80 to 85 per cent are attainable on smooth surfaces 

f ---·----

j 
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,; 

! J 1 
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with good grades of white non·glossy paint. The 
&ame pnints on acoiUtical ntaterials have somewhat 
lower reflcctances because of the porous nature of 
these surfaces. 

(b) Walls of matle-glazed tile or other non· 
abrasive material are widelr used in modern gym· 
nasiums up to heights of approximately seven feet. 
Ahove tlais area, light-colored cinder block.., brick, 
or wood paneling provide a wall reftectance in the 
desirable range of 50 lo 60 per cent. 

-· 

(e) Natural hardwood ftoors, sealed with a non· . 
glossy finish, have reftectances of 15 lo 30 per cent. 

7 .2.2 Field H ou•es. The field house and the gym· 
nasium closely resemhle each other as far as sporls 
activities aré coneerned. The field house may, how· 
e\·er, be larger in dimension and serve a somewhat 
wider range of sporb. Among these are indoor track 
and field events, skating, and such outdoor sports as 
may be driven indoors by inclement weather. Port· 
able floors and seating facilities are in common use. 
General lighting levels and methods dictated by por· 
titular sports will meet the needs for the participan t.;, 
but may require considerable incre•ses to meet the 
needs of the spectators. The resultan! lighting syslem 
design should th~refore meet the requirement• lor 
the anticip•ted acthities in tl•e field house •• well as 
provide for the spectators. This could include con· 
eideration for aerial and low leve! sports. ,·enatile 
control or indh·iduaJ systetn5 for the various sport!, 
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Fisure 13. Lishtins layout jor "" indoor basketball 
court. A di.Jtance o/10 feet (3.0 meteTJ) betwun courl 
boundary and wall is recommtnded. Alinimum luminaire 
mountins height should be 22 /eet (6.i meters). 

Note: 10 ft = 3.1 m: 12% ft = S.l m; H ft = t.l m: 
161,.6 t: = S.O m; 17 ft = ~.: m: 5(1 ft = ts.2 m; 10ft = 
21.3 J:!~: 84ft = 2S.I.m; lOt !t = 31.1' m. 

Class of Play 

College and 
professional 

College intramural 
and h igh school 

Current 
Recommended 

Practice
Footcandles 
(Do~alux) 

Maintalned 
in Service 

50 (54) 

3l (32) 

Mlnlmum 
Recommended 

Mountlng 
Height In Feel 

(Meters) 

22 (6. 7) 

and increascd illumination level.s and be•m control 
to meet the needs of the spectators. 

7.2.3 Other Area• (Community CenleTJ, Etc.}. The 
illumination methods utilized in the recommended 
practico !or lhe gymnasium can be utilized for such 
are as; however, general iHumination systems normal 
to multi-pu.rpose haUs will moet the requirements for 
rabie tennis, fencing, and shuffieboard with little need 
lor special consideration. Fig. 15 provides a recom
mended practice for table lennis lo mecl the par
ticular needs o! this aerial sporL 

7.3 Speciálizcd Area•. Lighting layouts which 
illustrate the adaption of the previously slated prin· 
ciples to certain specialized indoor sports oreas are 
shown in Figs. 16 through 22. Ir is importan! lo 
recognize Lhnt these layouts are not the only accepl· 
able method which can be use<! for lighting a par· 
ticular sports urea. Other typc.' ·..Í luminaires, lighl 
1ources and, in 1ome Jnatonr . t , ulin3ire locaUona, 
rnay be used satislaetorily. l'.· ·• lt)'Ouls merely 
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Fi,ure 14a. A symnasium üluminated to 100 Joot· 
candles (110 dtkaluz) by tht use o/1500 mA fluorese<nt 
lampl in susptndtd stmi-dirtct, porcelain tnamel re
flector uniu rdth pri.!matic plastic shieldins. r,'"; ....... ,_,_. ··,:>~ 
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Figure 14b. A s.unna1ium illuminated by continuous 
rCJu•s ofloUn•rea /fuorescent units. 
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Figure 14c. A gymna.siuna üluminated by individual 
direct luminairt.s in layout as .sholUI in FiB. 12. 

show one or more ways in which the lighling objec· 
tive has been accomplished. 

7 .3.1 Badminton: fiadminton is an a erial sport, and 
requires ceiling heights o! 25 fcct (7.6 meten) 
nununum and upwards to 40 feel (12.2 meten) 
desirable. A brown or green color is recommended 
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''il&úre 15. Recommended li&htin& 
_lá¡-ow. Jor lable lennis. Úlmp 1Üe 

. ., atad l~Uninnire quantilie1 /Dí · :ach 
· c:lau o/ play are dependem .,p.·.·, the 

lptciftc room ch.aracrerúlicJ an.d 
luminairtJ ~;Sed. 

TOURNAMENT R'::CAEATIONAL · RECREATIONAL Note:·~~ tt = l.t m; 5 ft = 1.5 m; 
1 ft = 1.6 m; 1 tt = 1.1 m; 11 ft = 
1.1 m; U ft = 1.& m; 11 ft = 1.5 m. 

8CLUB 
(FLUORESCCNT} 

1 
lES Current · 

rlecommenricd 1 

Practlce- 1 
Footcandles 

1 (Dekalux) 1 

IFUJORESCENTJ 

1 

~alntai~ed 

1 
Class 1n Servtce Lumlnaires 

Tournament ---~=-- 50 ~J Direct 

Club _____ j_ 30 (32) ¡
1 

o;!~~~~~i~n) 
Recreational 20 (22) 

' 
Mounting: Ceiling height approximately 12 feet (3.7 
meters). 

for the walls and ceiling to provide good contrast for 
the white shuttle. A dork f1nish is also recommended 
for the floor. To minimize glare, a well controlled 
lighting system nwunted along the sidcline, or an 
indirect system, is rcconunended. Sec Fig. 23. 

7.3.2 Billiards. The lighting of billiard tobles can be 
executcd in many ways. lt would be preferable to 
bave a layout of tht: location of the tables themsel\'eS 
befare establishing thr. location of the lights, so that 
tl.e lights can be placed over the tables, thereby 
pro\·iding the best lighting possible and creating the 
fewest number of shadows. Lumiuous ceilings or 
other general lightin~ systems could also be utilized. 
Billiard tables are approximately 5 by 9 feet (1.5 
by 2. 7 meters) in size and are usuallr located so 
that they are ¡¡, .• feet (1.5 melero) apart, side b)' 
aide and at least six feet (1.8 melero) from the ad
joining wall. The ntinimum recommended mounting 
height of the ceiling and light sourcc is seven and 
one-half feet (2.3 mcters). The preferred height is 
ten to twel\'e feet (3.1 to 3.7 meten). The ceiling 
ahould be a light rolar with a refiectancc of 75 lo 85 

UNCANOESCENTJ 

per cent. The recommended illumination leve!! might 
be substantially increased for public attraction or 
business considerations. 

7 .3.3 Bou:ling. Ligbting for bowling ia often gov· 
erned more by pubüc attraction and increased busi· 
ness consideratious than any other factor. Bowling 
is considered a low-level sport which is divided into 
three area.:-the.approaches, the lanes, and the pins . 

. General illumination methods are utilized in the ap· 
proach area. This area often includes seating for 
spcctators as well as participants with lighting uti· 
lized to create a pleasant atmosphere. The lighting 
of the lanes ohould be well shielded for the bowler 
and the shielding is often an architectural element 
of the structurc. This ceiling area should be finished 
with a high reflectance, non-gloss, Hght paint which 
maintains a 70 to 85 per cent reflectance. The illu· 
mination of the pins is so directed as to pro,·ide high 
vertical footcandle (lux) levels as seen by the bowler. 
The recommended layout is shown in Fig. 19. 

7.3.4 Boxing and Wreotling. These sports are con· 
sidered low-le,·el sports. The recommendations for 
illumination are go,·erned hr the requirements of the 
spectators which completely outweigh the require
ments of the participants. A recommended layout 

· i.s shown in Fig. 18. 

7 .3.5 Curling. The indoor curling rink is clll!sified 
as a Jow-level insta1lation systcm. Direct or semi
direct luminaires, with wide spread distribution. 
mounted between rinks pro,·ide the best method of 
illumiation; The minimum mounting beight of the 
luminaires is tweh·e feet. and the ceiling and wall 
finishes should have a refiectance of over 60 per cent 
to provide good l~minance ratios. Fig. 24 shows a 
recommended layout for curling . 

7 .3.6 Handball and SquaJh. The handbaU and squssh 
court with its white wall! and ceiling presents defi-
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figure 16. Recommended li&htin& layouu for •qu .. h 
and four-u:all handba/1. Lamp si.:e and luminaire quan· 
titi<S /or each cla.ss o/ play are dependent upon the 
specific room characterislics and luminaires employed. 

nile luminaire beam control problems for this aerial 
sport. The wall and ceiling finish should be a white, 
non-glo~sy paint with a reflectance of 75 to 85 per 
Cent. TI1e luminaires should be recess-mounted in 
the ceiling with a carefull¡- shielded spread distribu· 
tion. In these areas, adequate protection of tl1e lumi· 
naires from possible breakage through the use of 
g:uards or impact-resistnnt covers i! Yitally importanL 
See Fig. 16. 

· 7.3.7 Hockey. Lighting for indoor hockey rinks re· 
quires extreme care in selection and location of lumi· 
naires. Not only should direct glare from the lumi· 
naires be considered, butthe possible loss of visibility 
due lo reAected glare from the ice is of equal im· 
portance. Ca re 5hould be exercised so that no shadows 
from the boards and nets cause dif!icuhy in following 
the course of pla¡-. Allluminaires should be mounted 
abo•·e the line of sight of the spectator in the most 
elevated seat at the greatest distante from the playing 
area. This provides an uninterrupted view of the 
playing aren, minimizeS po~sible direct glare to the 
spectators, and improves nppearance. See Fig. 21. 

7.3.8 /ai Alai. Due to the extreme speed of the hall 
in play (o•·er 150 miles (2•10 kilometers) per bour), 
carelul consideration must be given lo leve! o( illu· 
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Note: ZO ft = S.l m; 40 1t = U.Z m. 

Class ol Play 

Tournament• 

Club 

Recreational 

• lllustrated above. 

Cunent 
Recommended 

Practlce
Footcandles 
(Dekalux) 

Maintained 
In Service 

50 (54) 

30 (32) 

20 (22) 

Type ol 
Lumlnalres 

Olrect recessed, 
spread dis· 
tribution, 
carefully 
shlelded. 

mination, shielding of luminaires, and surface texture 
of paint on the court walls and !loor. Glare is to be 
nvoided al all costs. Play is fast and serious acci· 
dents are not uncommon. Colors recommended are: 
grass green for the frontis, lateral, and rebote; ofl
white for the fioor; and dark red for the foul stripes. 
Luminaires should be mountcd above the top screen 
for physical protection. Viewing is done from the 
open side of the court, ag:tiu through a protective 
screen. It is good practice •n _,rtwide for dimming 
in the audience area al the >•"·, of play. See Fig. 22. 

7.3.9 Shootin¡; ( Archery, Pi.!tol and Rifle Range•). 
lndoor arcbery, pisto\ and riAe ranges present similar 
illumination problems for these low-level classifica· 
tion sport!. Major emphasis is placed upon tbe 
illumination at the target and the distance from the 
firing line to the target. In the case of the indoor 
pisto! and rifle range, ..-hich has a 50 foot ( 15.2 
meter) distance, the recommendcd vertical illumina· 
tion on the target meel! the r.quiremenl! for the 
distante front the firing line lo the targel! and the 
size of the targets. In the case of archery, distances 
of 60 lo 150 feet ( 13.3 to 45.7 meten) are normal 
between the firing lino and target. 11to recommended 
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Fi&ure 17. Recommended layout /01 an in· 
tloor rifle and pÍ.Jlol range. Note-: lamp si:e 
and luminaire quantides for eacla clau o/ 
play are dependenl on the specific room 
clullacleTistics and luminaires ~mployed. 

vertical lo.:>lcandle (lux) irl·el on thc target again 
considers the distante snd the size of the target. The 
typical layout for s.hoc,tin~ ranges is eho\l"n by the 
examplc in Fig. 17 which illuslrates the standard 
pisto! and rifle range. 

. 7.3.10 S•vimming. (a) The lighting of swimming 
pools innulti-fold. lt i; lo: (!) light the water sur· 
face; (2) the floor ol thc pool; and (3) the deck 
arca aronnd !he pool adequately, and for the salety 
of the pC'r~ons using the pool. -Unden,·ater luminaires 
ahouJd be ~o Jocated to gin• complete illumination to 
all underwater afeas. Rrf~:r to Nationa1 Elcctric Code 
and applicablc local codes !or specific placement of 
luminaircs. 

(b) For underwater lighting, luminaires !hould 
be propcrly located in thc pool walls lo provide 
adequatc illumination throughout the pool, but should 
not be placcd in line with a !Wimming lane where 
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Firure 18. Recommended layouu for indoor bozing or , · 
IDitsllin& rings. 

Locatlon 

Firing polnt 

Range 

Target (vertical) 

Current Recommended Practlce
rootcandles (Oekalux) 
Malntained In Servlce 

20 (22) 

10 (11) 

100 (110) 

competitive swimmers wo.uld make a _turn and pos· 
sibly kick the light during the turn. It is therelore 
quite importan! that the luminaires should be located 
between the lanes so. that it would not in any way 
interfere with competitive swimming. 

(e) The overhead lighting of the indoor pool• 
can be executed in a way similar to lighting any 
fndoor space with proper spacing and location 

Current 
Recommended 

Practlce-
1 

rootcondles 
(Dekolux) 

Malntalned Type ol 
Class •!Play In Servlce Lumlnaires 

Championship 500 (54ll) Direct with con· 
centrating dis· 

Professlonal 200 (220) trlbution from 
20-loot (6.1 

Amateur 
. 

100 (110) meters) mount-
lng height. 

Note: U tt = 1.1 m: 17 tt = 1.1 m; 10 tt = 1.1 m. 
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26 
Cu"ont Rocommonded Proctlco-Footc:ondles (Dekalux) Malntalnod In Sorvlco 

For Visual Conslderatlons 
For Publlc Attraction and lncreased 

Business Conslderatlons 

Clan ol Play 

Tournament 
Recreational 

Approaches 

ID (11) 
10 (11) 

· Lanes 

20 (22) 
20 (22) 

• Vertical footcandles (dekalux). 

~ "1 
. ···--·- .j 

. throughout the ceiling. In the evcnt there is c:rawl 
5-pnce abare the ceiling, it is de~irable to se1ect 1umi· 
naires that could be relampcd from abo\·e. In the 
erent the luminaires must he relamped from below, 
it "·ould seem dc,irable to locale them ovor the deck 
rather than O\'er the water and nim some of tl;em 
toward the wntrr. This ,,.¡n eliminare the need for 
~en·icing the o\·erhe~d Juminaires from n pool loca· 
ticm. Fig. 25 illustrates the recommendcd practice 
lor mimming pools. 

7.3.11 Tennis. The area under con•ideration for 
indoor play should approximate tl1at recommcnded 
lor outdoor, i.e.; 120 feet (3G.6 mcters l by 48 feet' 
i 14.6 meten). Su2-'gested interior finishes are: ceil
ing and upper wall•, light non·glossy, 80 lo 85 per 
<"ent rcA«:tance; floor:S~ natural hardwood, clay or 
concrt!lP., non-glossy, 15 to· 30 per cerit reftectance; 
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Pino Approaches Lanes Pino 

50 (54)" 70 (75) 100 (110) 200 (220)" 
50 (54)" 50 (54) 70 (75) 150 (160)0 
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Note: 12 tt = 3.7 m. 

Figure 19. r,-pical lighting arrangements Jor bou:linf. 
The ceiling luminaires should be complete/y shitlded 
/rom tht .:ieu; oj the bou·ler. To aroid severe luminance 
diffcrcnces and to rnake maximu.m use of reflected light, · 
the ctiling shou.ld be maintained al a reflected liglll. al 
a reflectan ce o/ 70 or beuer . 

walls, lower 8 fect (2.4 melers), gray, non·glos•y, 
with a maximum reAectance of GO per cent. The 
luminaire should be pro,·ided wilh ''ertical hailles, 
lom·ers, or other shielding technic¡ues to reduce the 
po.sibility o! glare distractin:; tho players. The.e 
shielding elements should provide e u t~off at 45 de
gree! in the direction of play. This shielding design 
should be such as to allo"' adcquate illumination to 
reach high balls. The luminaires should be mounted 
tow•rd the si de o! the courts or bet ween courts as 
shown in the recommended layout in Fig. 20. 

7.4 lnrlirecl Lighting. (a) Many aerial sports re· 
quire the upper walls and ceilin¡>: to be finished with 
a hig:h reHectance sem: · Joss whit.: p:~int. This area is 
illuminated br the upward cc,;t.ponent of the semi· 
direct typP luminJirrs and lx:cu1liC!- on added factor 
in the overall quality of illumination. One method 
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_¡ ..... _cJ!r!onl Rocommondod Proctlce-Foolcandlos (Dokalux) Mílnlalned In ·so..VIco 

For VIsual Consldoratlons 
F'or Publlc Attractlon and lncreaaed 

Business Considerationa 

Clan of Play 

Tournament 
Recreational 

Approaches 

10 (11) 
10 (11) 

• Vertical footcandles (dekalux). 

----------·--. 

. . . (' 

. 1 ' . 

L . ¡~. :' -..... . ', ¡-. --=--
-~-'----~ ......... ~.-·-·"'""-=-

Lanes 

20 (22) 
20 (22) 

-~ 
; 

! 
...... -··------- ·--~··--.· ~---.---·· ·. ·-·- -· -~- ._.,... ... --. .. ~ 
-··· 
' ! 
l ., 

. throughout the ceiling. In thc evcnt there is crawl 
!pace abo,·e the ceiling, it is desirable to select lumi· 
naires that could be relnmpcd from abo\'e. In the 
en·nt the Juminaires must he relamped frorn below, 
it would •eem ddrable to locate them over the deck 
rJther than O\'er the water and nim sorne of tl~em 
to,\·ard the watf'r. This ,,ilJ eliminate the need for 

!rr•idng the oHrhead luminaires from a pool loca· 
liún. Fig. 25 illustrates the recommended practice 
(or swimming pools. 

7.3.11 Tennis. Thc area under cop•;deralion for 
indc.or play shouhl approximate that recommcuded 
for outooor, i.e., 120 feet (3G.6 mclers) by 48 feet' 
11--l.ó meten•). Su~gc&ted interior finishes are: ceil
ing and upper wall•, lighl non-glossy, 80 lo 85 per 
cent rcfli!Ctance; Ooors, nalural hardwood, clay or 
conrrP.!f':, non-glossy, 15 to· 30 per cent reflectance; 
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Plns 

50 (54)' 
50 (54)' 

Approaches 

70 (75) 
50 (54) 

Lanes 

100 (110) 
70 (75) 

Plns 

200 (220)' 
!50 (160)' 
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1' DIRfCl HUOUSC("'T TillE O 1.5' TO 60" flOM HOIIZONT.I.lANO CONCUU:D o DllfCT FLUOUSCENT OR EOUIVAL!NT INCANOUCENf 

Note: J! !t = 3.7 m. 

Figure 19. Typical lighting arrangements for bowlin&. 
The C'tilins luminaires should be complettly .shieldtd 
/rom lhe t:ie1,; oj the bou-ltr. To aroíd severe luminance 
diffcrences and to make malimum use o/ refiected liaht, 
the ceilins should be maintained al a reflected li&ht, al 

a re/lectance oj 70 or beuer . 

walls, lower 8 fect (2.4 meters), gray, non·glos•y, 
with a maximum reflectance of GO per cent. The 
luminnire !houJd be pro,·ided wilh vertical b~ffie!, 
louvers, or other shielding techniques to reduce the 
possibility of glare distracting th11 players. The~e 
shielding elements should pro\'ide cut.off at 45 de
grees in the direction of play. This shielding design 
should be such as to allow adcq,.nte illumination to 
reach high balls. The luminaires should be mounted 
tow~rd the side of the courts or between courts as 
shown in the reconunended layout in Fig. 20. 

7.4 lmlirect Lighling. (a) Mnny aerial oports re· 
quire the uppcr walls nnd ceiling lo be finished with 
a high reHectance sem: · _loss wllih: pn.int. This area is 
illuminated h)' the upward cr.-:J.ponent of the semi~ 
direct I)'Jl" luminoirrs nnd bcrv;lics an addcd factor 
in the o\'erall qualit¡· of illumination. One method 
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Figure 20. Lighting layout for indoor tennis court. 

of increasing the quality of illumination is to utilize 
a totally indirect lighting system. Such systems are 
less ellicient than a semi·direct system, but often pro
vide olher henefits and al limes presenl the only 
adequate method of obtaining satisfactory results. 

(h) lnfialahle slruclures are finding a wide usage 
in the sporls field. This is especially lrue for skaling 
rinks, swimming pools and tennis caurts. These in· 
flatablc structures normally mount on a foundation 
that varies helween ground leve! and a waU of up 
to 8-foot {2.4-meter) height. The slructures cannot 
support Overhead items such as luminaires and, 
therefore, indirect lighting answers the lishting need. 
The dcsign of such slructures uormally employs the 
use of materials which provide a high reAectance 
malle surlace. It is very important that such material 

Current 
Recommended 

Practice-
Footcandles 

(Dekalux) 
Malntained Type of 

Class ol Play in Service Luminalre 

Professional i 100 (110) i Semi-direct, 
' carefully 

Amateur ¡ 50 (54) shielded 

! Recreational zo (22) 

28 Curren! 
Recommende-d 

Practlce-
Footcandles 
(Dekalux) 

Malnllllned 
Clus ol Play In Servlce 

Professlonal ' 50 (54) 

Club 30 (32) 

Recreatlonal 20 (22) 

f:l1fT 120fT 

a 

1 

a 

Mlnlmum 
Mountlng · 

Helghtln Feet 
(Meters) 

22 (6.7) 

a-

: 1 
1 
1 

' 
1 

1 ¡ ; 
9-

' ; 

!.1 
:OF 

"· ¡; 

~ ' N. " 
k-17rt+.ut cr 

Note: 1 ft = 1.11 m; 9 ft = 2.7 m: lO~i ft = 3.~ m; li tt 
= 5.:1 m; l¡f /l - 'f' m; 36 ft = 11.0 m; 48 ft = U.ti m; 
'lS ft·= U. , iJb t- 36.6 m. 

is utilized to eliminate glare caused by spec"lar re· 
llections and to preven! increasing the lightin3 load 
as the surface reHectance decreases. 

(e) A major consideralion in the design of an 
indirect lighting syslem is the uniformity of illu:ni· 
nation over the entire surface. llot spots around th.::: 
luminaire's·Iocation can he as distractíng as a direct 
view of the luminaire or light source by the p:trtici· 
pant. The number of luminaire locations need only 
he go,·erned by the uniformity which can he achi<ved 
:md architectural or surface e1ements which cou!d 
create deep shadows on the surface being illumi· 
nated. Tbese could be as distracling as a hlack cloud 
might he in an otherwise clear hlue sky. An exampl• 
of the resulls obtained in an indirect lighling •Y•lem 
utilized in an inflatable structure is shown in Fig. _2G. 

' ;.; :.., v e: ...-s. 

i "IU 11 . 

u G G e u u ~o 
tl •·1 .• 

v ,1 o u n() ~ "1 ,. 
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·' ' 1 ' ~ .~ 
......¡ lOfT j_ 

Fi1ure 2/. TypicalliBhlin{flayout of~em¡.direcl j!uoru· 
cenl luminairts on an indoor hockey arena. 

Note: 10 ft = 1.1 ra: n ft = ZS.i m: zoo ft = n.o m. 
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Ficur. 22. TypicaJ lishting layout for jai.aJai court 
u·ith basic dimensions o/ li6 X 4.s X 55 /eel (53.6 ]( 
13.4 X 16.8 metm). 

N'ot~: H ft ;: U.f m: 55 ft == U.S m: 17S ft = 11.1 m. 

Class ol Play 

Professional 

Current 
Recommended 

PrZictice
Footcanc!les 
(Dekalux) 
Maint::~olnr.d 

in Servtce 

100 (110) . 

Lumlnalre 
. Mountlng 

Mount above 
top screen. 

~A~m~a~te~u~'--------~--~70~~(7~5), __ ·--~----------

r 1:58 FT --

4 rr~r 33 Fr•-+•------72'r"' -+~~n-t~~ r- .. rr 

Fi1ure 24. Recommenrled Ul:f•r:"."'-:; :ayout Jor curlin&. 
Lamp size and luminairt qum.:!d..s /or each cla.s1 o/ 
pluy are dtpendent upon the Sfll:(;¡if.: room characteris· 
tics and luminaires u.sed. 

~~u-: 6 In = 15.% cm; i !t = 1.::: n:: o: ft 8 In = 1.1 m: 
12 rt = 3.7 m; H ft = 4.3 r.1: 1:": t;. =...:: .t.G m: 21 tt = l.f 
m; .28 ft = 8.5 m; 33 ft = 10.1 :n. 

lES Current 
Recommended ¡ 

Practice- 1. 

Mini· 
mum 

Mount· 
lng 

Helght 
l Ltnn:n¡~lres In feet 
¡_ ~~;.l_li_rc_d __ (Meters) 

-----------I--T-e_e_s __ ¡ __ R_i-nk--1 

! 
1 

footcandle~ 

(Dekalux) 
Malntained 
h~ Servlce Class 

IZ (3.7) Tournament 20 (Z2) -;;;-(11) 1 Dircd or 
(Double 1 ~~u·i-D!rect 
Sheet) : Wid~ Spread 

------------''-------'--------"-1 ~; stri bution. 
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44 F'!' 11 

1 
{13.4M) 1 

.._,, ---60FT--o 
{18.3M) 

30FT 
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FiBU~< 23. Rerommended lishtins layout for baclminto10. 
Lamp si:t and luminairt quantitits /or each clan oJ 
play are deptndtnt u pon tite speci{ic room characterisdc1 
and luminairts used. 

Note: :o tt = 6.1 m: ao ft = 9.1 m; u tt ~ n.• m; 
60 ft = 18.3 m. 

lES Curren! 
Recommended 

Practlce-
Footcandles 
(Dokalux) 

Malntalnod 
Class In Servlce Lumlnalres 

Tournament 30 (3Z) Seml·dlroct 
carelully 

Club ZO (ZZ) shlelded. 

Recreational 10 (11) 

• May use any lamps including fluorescent. 

8. Lighting for Outdoor Sports 

8.1 Reprcsentntive Layouts. lllumination levels 
obtained with the illu;trative layouts presenled in this 
report equal or surpass the curren! footcandle (lux) 
values recommended for the class of play under con· 
sideration. The recommended values are intended to 
be minimum values. In any installation, the illumi· 
nation obtained is subject to unpredictable variationa 
in installation, aiming, luminaires, lamps, voltagc al 
the lamps, and atmospheric transmission. Some 
typical installations for severa! outdoor sports areaa 
are shown in Figs. 27-33. 

8.2 Reconunended La•·outa for Outdoor Sportá. 
(a) In the following. discussi~n, where various 
"classes" Of sporls are indicated, the classifications 
fo1low league ratings where they exisl In general, 
these rotings are' indicativo of thc skill and speed of 
play to be expected, and correlale closely with the 
relativo number of spectators regularly accommo· 
dated. This latter factor detemtines the maximum 

(") 

r· \é;. 

1 

1 1 

1 1 
1 1 

¡ ti 
1 1 

' . :' 
' 



• 

, _ _j 

30 
lEVEL 

-\· . . ·. NICHE 

IECEPTACLE J . . . 

W

1
ATEI .].". 

¿] ~· 
WU NICHE MOUNTING DlY NICHE MOUNTING 

Locatlon of 
Pool 

Outdoors 

lndoors 

Lamp Lumens 

3750 to 8000 
9900 to 33,000 

UNDERWATER* 

Lamp Lumens Per Square Foot 
(Square Meter) ol Pool Surta ce 

(wldth X longth) 

60 (650) 

1110 (llllll) 

Dlmenslons 

AMaxl· B Maxl-1 
mum mum 1 

In Feet In Feet E In lnches 
(Meters) (Meters) :ccentlmeters) below 
where D where D water line 
ls over is under 
51eet 5 leet 
(1.5 (1.5 Mini- Maxl-

meten) meten) mum mum 

8 (2.4) !O (3.1) 
1 

12 (31) 15 (38) 
12 (3. 7) i 15 (4.6) 

1 
18 (46) 24 (61) 

• e dimension is equal to the swimming lane width to 
minimize glare and accidental damage. 

Above lighting uses especially designed floodlights 
not covered by lES Classification or Type. Two systems 
are used-wet niche and dry niche. The former uses 
submerslble units. while in the latter the casings or 
niche linings are cast in the pool walls with the flood· 
lights behind them. Use minimum number of floodlights 
that will satisfy distribution and lumens per square foot 
(square meter). At the ends of the pool, the C dimension 
can be doubled or units eliminated especially at the shal· 
low end or for narrow pools. 

OVERHEAD• 

Curient 
Reeommended 

Practlc:e- Mlnlmum 
Footcandles Lumlnalre 

(Dekatux) Mounting 
Malntalned Helght In Feet 

Class·or Play In Service (Meters) 

Exhibition 50 (54) 
20 (6.1) 

Recreational 30 (32) 

• A method should be provided for easy malntenance 
ol llghts especially over pool. 
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Figure 25. Lighting rtcommenda:ions for su·imming 
poo!J. Locate lighting equipnunt or lije guards' posi· 
tions so as to minimi:e direct and reftec:ed glare. 

distance at which a spectator may be observing the 
playing area, and consequently has a direct bearing 
on the angular size of the object to be seen and, 
therefore, on the quantity of light required. 

(b) Pages 35 through 47 show dota for sport; 
lighting layouts considered to be good practico. There 
follows comments pertinent to a few of the more 
popular •ports. 

8.2.1 Bauball. (a) Baseball pre•ents a oevere. 
though rtot prolonged, aeeing task. The hall i• small. 
moveo rapidly, and is viewed al varying distances 
against variable background brightnes.. The neces
sity for concentralion is intermittent. The large 
number of po.,ible- observer locations and the move
ment of the players also introduce diflicultie•. See 
layout shown on page 36. 

(b) In providing adequate and unilorm illumina· 
Uon for ·ba•eball, it is ataudard practico to cousid.r 
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8.2.2 /_unio~_yag~ B_~~ba/1._ This clauihcaiJon of---- -
basebaiiincludes ouch leagues ao Pony, Col~ Khoury, 1 
Little, Teen-Age, etc. In general, !he standard base- . o hall principies apply here also. Howe,•er, an auxiliary 
strip outside lhe baselines and foul linos equal to · · 
one-lhird !he lenglh of !he baseline is recommended 
in each instante lo be lighted lo !he same leve! of 
illumination u the adjacent playing area. See layouta 
on pages 35, 36. 1 

1 

i , / 1 L
,... ·--r~--

l 
8.2.3 Combination Sporl.r Field. (a) The combina· 
tion layout is ne\·er as satisfactory as two indh·idual 
lighting systems. Neverlheless, alhletic fields are laid 
out for daytime seasonable playing of se\·eral sporl8, 
usually for a two or three game combination. of 
baseball, softball, and football. Lighting ouch a 
combination field for night play requir.. special 
altention, since the lighting requirernents for each 
individual !port must be considered in developing 
the finallightin;; plan. The final design ,.:iiJ be large
ly affected by the relativo location of !he oeveral 
fields, and the limiting restrictions which each spe· 
cific arrangement may impose. 

• 1 
i (l 

1 ' 

~---_,.....,_~-- ·-----
figure 26. lndirect lishting in an in/latable $lructure. 

the inlield as including a 30-foot (9.1-meter) strip 
outside all baselines and to consider the outfield as 
including a 30-foot strip outside each foul Jine. 

(e) The lloodlights should be aimed so lhat !he 
beam overlap will prodde lighting from two direc· 
tions at almos! e\·ery outlield point and from four 
directions over inost of !he inlield. 

1 

1 
Mountlng 

Floodtlghts 

No. Per Pole 
Helghl 
In Feet Total 

1 1 

1 Eff~ 
1-----:---:--- Beam clency Total 

No. of Potes 
1 

(Meters) No. A B C Type ! Class ~ grees) 1 Cent) (KW) 1 
1 1 

i (De· (Per Load 

--~-----.-----·------

:: 4: 1 :: : GP 1 : :: 
10 95 (29) 240 418 

lamps: 15QO.watt PS-52 clear, general service, operated at 10 per cent over rated voltage. 

r 

·rr ........... - .. -.. ___,. ....... -~~ ... """" ......... ~--·-~-e ....... __,."':'!'111 
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1 
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Fi1ure 27. Trpical Btueba/l /nstaUalion--Cltus C. Footcandlcs (/U%) Mainrained in Ser.-ice-lnfield, 44 (47.3 
dekalu:c); Out!teld, 23 (24.7 dekaiUJC). 
Nole: 30 fl = 1.1 JD; TI U = 2:1.1 m; 10ft = J4.t m: 110ft= U.l m; .uo ft = tOS.I m: tOO ft = 121.1 m. 
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AIMEO AT 600fT. 
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AIIUO AT 300 FT • -.-.... ................. ...,.,.-.. ... . ·.·. 

Fi1ure 28. Typical Golf Drüins Ranse. Foolcandlu (IU%) Mainrained in Ser<ice-Teu, 10 (10.8 dckalux); at 200 
yard• S Vertical (53.8/ux). 

Note: U ft = 7.1 m; 10ft = 9.1 m: QO ft = U.! m; 10ft = 11.3 m; 100 yds = ll.t m. 

Floocllights 

Mountlng 1 
Holghl 

1 
Beam 

In Feet 

1 

Total No. Per Spread Elflciency 
No. of Polos (Metors) No. Po le Type Class (Degrees) (Por Cenl) 

X-2 1 5 GP 78 
1 

58 

2 30 (9.1) Y·4 2 3 GP 34 49 

Z·6 3 1 GP 11 30 

Lamps: X and Y-1500·watt, PS-52, clear, general service; Z-1000-watt G-40 clear floodlight service lamp. Operated at rated 
voltage. 

Floodllghts 

Mount• 1 
1 1 ••• lleam EUi-

Helght . No. 1 s, •••• l., •••• 
No. of In Feet Total Per 1 (De- 1 (Per 
Po les (Meters) No. Pole Type 1 Clan greel) [ Cenl) 

2 20(6.1) 1 • ¡-.-¡-z-~~;.-~-Z-4 -
1

-.-s -

"'"" TRAP 

Lampa: 1500-watt, PS·52, clear, eeneral service, operated at ratee! 
volte¡e. 

Fi&ure 29. Typical Skeer ln•lallarion. Foarcandles (lu) 
Maintained in Sen:ice-Tarset (vertical &urfact tU 60 
/eel or 18.3 meterJ), 30 (32.3 dekalux): Firin& Poiot, 
10 (10.8 dekalux). 

)lote: 10 ft = 1.1 m: 100 rt. = 10.1 a. 
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Fi¡.ure 30. Typical T~nnü lnstallation-()verhead Suspendtd 
LuminaireJ. Footcandles (luz) ·Maintained in Servict, 10 
110.8 Jekaluz). 

1 

Floodllghls 

Mount· 

1 lng Effi· 
1 Helght No. per clency 

No. ol i In Foet 1 Total Mes- Dlstrl·¡ (Per 
Po les j (Meter¡)~ No. . unger Type butlon Cent) 

130 (9.1) ¡-36-¡ 6 ---12 Industrial Wide 78 
High Bay 

r
·"'"~=---.,..=-· ' . 
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FT 
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]10FT 
llo'FT 
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¡ 78 1 

f-L. t :-- Jllf--
o 3!5FOOTPOLE 
e LUMINAIR[ 

.. 

4 o= 

1 
' 
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1 
• 
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Note: 10 tt = 3.1 m: %0 tt ::: 1.1 m; U ft = 11.0 m; #.. .. · .. · 
lamps: 1500-watt, PS-52, clear general service operated at rated 78 n = 23·8 m: 12Z ft = 17·1 m. ~ 
voltage. 

• 1 

! 
11\ 

l 
j 
l 
! 
! ! Fr1 l _ . 

J
I ., .... ·: .. _,..,. '""- .- ' -·.--·• 
~ ·; . ... .... ., .. t -""'· 
~ l ... ~-., ..... ~ ....... ~ .. ~·.c-~~~,.. -·· l 

1 1
' 1 :·. ·_ - - - • <. \. <., .. -~- -- . - :i 

_ ........ _-_____ J L ~"'---· -1 
~ ··. "-'-'-'•·">ti.. o.· .... ;.:,j¡.;;.,,;,·y·"··;;,·"·'",;,·;r;:;c,¡";,.·•=•"""'""P"''~·....,·..:II .-.. -::.... ......., . 1 .. -- -- -·---..... -------·-"'--' 

Figure 31. f)pical Tennü ln•tallation-Pole Mounted Flood· 

/ighl•- Footcanal<J (luz) A!aintained in Servic~IO (10.8 r • '- -
Jekaluz). r- r-

Floodllghts 

Mount· 

Total 1 

1 
lng Beam llfl· 

Helght No. Spr .. d clency 
No. of In Feet Per (De· (Per 
Poi•• (Meters)i No. Pole Type · Clus ., ... , Cent) 

12 JO (1, 1) ¡-,-.- ---;::;-¡-~-~--¡;;-~ 71 5I 

f-r- f-.-

" ' 
1-'- f-'-

,_ _, 

l .. , 
J {: .... 

Lamps: 1500-watt, PS-52 clear, -aeneral aervlce, operated at rated Note: u ft :::: 11.0 m: 10 ft. = 11.3 m: 'U ft. = U.l m: 
volt•&• uo ft. = 11.1 m.· 
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Figure 32. Typical Half-Mile Ra ce Track ln•tallation. 

•• m: 50 tt = 15.2 m: Note: U ft = 1.1 m: 40 ft = U 
75 ft = U.t m: HO ft = U.l 
•:!S f1. = 121.5 m; 1065 f& = 12&.7 DI 

m: ••• ,, = 11.0 m: 

1-----------1015" 
• '0 1!l ?\ 1\ 

.... 
.. un • 

\ 
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(b) Sometimes baseball and soltball are played 
with the same borne plate and loul line Jocations. 
In these cases, baseball pole locations and mounting 
heights can be made entirely satisfactory for softhall 
ligbting by means of a system (switching or other) 
that witl permit ligbting only as manr ftoodlighls as 
are necessary and properly aimed lo co\·er the soft· 
ball area. 

(e) A great number of equipment locations ia 
possihle when overlapping baseball or softbaU and 
footbaU fields. It is sometime; necessary either to 
reaim 8oodlights on certain pole~ between seasons, 
or mount additional floodlights on those poles that 
otherwise require reaiming. .)lounting height on a 
pole should be the grealest beight recommended for 
any sport sen·ed by that particular pole. Portable 
poles may be desirable for certain Jocations in arder 
to avoid too great a departure from the standard 
layout lor each tport. Seo combination Jayouta on 
pages 38, 39. 

1 

Mount· 
Be a m Effl· lng 

'tloods Spread clency Helghl 
Po le Per (De- (Per In Feet 
No. Polo Class Type groes) Cent) (Metors) 

1-4 30 GP 3 32 49 80 (24.4) 

5,14 19 GP 3 32 49 60(18.3) 
' 5 GP. 4 57 54 60 (18. 3) 

H3 15 GP 3 32 49 60 (18.3) 
5 GP 4 57 54 60 (18.3) 

Total 328 Total Load-571 KW 

NOTES: (1) All lamps are 1500-watt, PS-52, clear, general service 
lamps operated at 10 per cent over rated voltage. 
(2) Calculated average illumination leve!, footcandles (dekalux) 
maintained in service; home stretch-30 (32). back stretch and 
turns-20 (22). 
(3) To reduce glare, floodlights cover area two-thirds ahead and 
one-third back of pole locations with crossarms oriented with 
respect to center of area. 

8.2.4 Football, Soccer, and Rugby. Football, soccer, 
and rugby are a combination of aerial and ground 
play requiring adequate Jighting lrom ground leve! 
to approximately 50 feet (15.2 meters) above ground. 
Tbe symmetrical Jield utilized for these sports aflords 
easy provision for good lighting. Pole locations may 
prove the biggest problem because of existing lacili· 
ties. See layout on pages 40, -U, 52. 

· 8.2.5 Golf. (a) The lighting o! a golf course lor 
night play involves problems not generally encoun· 
tered in other sporls. The area involved is many 
times larger. than the a\·erage sports area. Although 
the sport is basically unidirectional in nature, the 
frequent orientatio¡¡ o! fairways in direcl opposilion 
to each other, and the e:xtreme variations in terrain 
make the selection o! pole locations, beam types, and 
luminalre orientation a much more critica! problem 
than In moet eporta areu. 
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Fi1ure 33. Typical Half-Mile Roce ·Track lnstalla:Wn. 

1to rT 

~ote: 5 tt :::: 1.5 m: !5 ft = T.l m; '1'% tt :::: JZ.O m: 
42.7 m: 
67.1 m: 

BS tt = 25.9 m; 110 tt = U.5 m: HO ft = 
160 ft = 48.1 m: 110 ft = 61.8 m; 190 ft = 
410ft = 125.0 m; 1070 ft = 326,1 m. 

Mount-
Beam Elll· lng 

floods Spread e lene)' Helght 
Po le Por (Do· (Por In Feet 
No. Po la Class Type greos) Cent) (Meters) 
----------
l. 5 !6 GP 3 32 49 80 (24.4) 

8 GP 5 76 58 
--------
2,4 24 GP 2 26 44 80 (24.4) 
--------
3 32 GP 2 26 44 80 (24.4) 
--
6-771 ·2 o 6 136 72 20 (24.4) ___ , 

Tot~l. j 2n Total Load 473-KW 

--
. ~Olt:S: (1) ~•1 lamps are lSOO·watt PS·5Z, clear, general 
service lam~. operated at 10 per cent over rated voltage. 
(2) Calcufated average lllumination level, footcandles 
(dekalux) malntained in service-20 (22\. 
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(b) The lee should be lighted oo that neither a 
righl· nor lefl-hand player shadow his hall. High 
l'erlical values of illuminalion down the fairway 
should be provided lo permit the player to follow 
the small sphere for the full lenglh of that ares while 
it is lr8\'eling al a •peed of 100 miles (160 kilo· 
melers) per hour or more and lo locate it alter it 
has come to rest. 

(e) Each green should be lighled from at least 
two directions to minirnize· harsh ahadows. Care 
should be taken in the seleclion and aiming of the 
lloodlights so that glare from the units does not 
handicap either the player or those on adjacent fair· 
ways. 

(el) See pages 29, 41-2, 45 for recommended 
lighling loyouls for tees, fairway, greens, driving 
ranges, practice pulting greens, and minature golf. ~ 

(e) Special consideration must be given areas 
not covered by the general lighting system. Somo 
will present physical bazards or require special ac· 
cent. Examples: sand traps, water hazards, bridges, 
steep grades, roughs, areas adjacent to greens, path· 
ways, etc~ 

8.2.6 Softba/1, Lighling for softhall follows the oame 
general principies as for baseball. Fields may vary 
in oulfield dislance from 160 ( 48.9 meten) lo 280 
feet (85.3 meters). Dimensions for slow·pitch solt· 
hall are essenlially the same as standard softbaU. See 
layout and footnotes relativo to slow-pitch softhall 
on pages 52, 53. 

8.2.7 TennÍJ. Tennis is a fast, serial sport, confined 
to o smaUer ares than are baseball, football, and 
softboll. Consequently, less equipment is required to 
provide the recommended illumination. In order lo 
maintain the recommended quality, however, particu~ 
lar care should be employed in designing for play 
behínd the b. selines. See layouts on pases 25, 30, 

54. 
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Figur. 34. Typical JI olleyball ln<talla· 
tion. Footcandles (Ira) Maintained in 
Strvic,.._JO (10.8 dekaluz). 
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L 
Floodllghts 

Mountlng Be a m Elfi· 
Helght No. Spread ciency 

No. ol In Foel Total Per (De· (Per 
Polos (Melers) No. Polo Type Clau grees) Cenl) 

2 30(9.1) 4 1 2 
1 

5 GP 78 58 

Note: 48 ft = U.l m: 5 ft = 1.5 m: 
10 ft = U.t m. lamps: 1500-watt, PS-52, clear, general service, operated at rated voltage. 
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Outdoor Sports-Recommended Layouts 3 8 

.l. Archery-Outdoor Range 

1[$ Current 
Recommended 

z Practica- Flooclllghts 

60YDS 
Fo<~tcandles 

(Dekalux) 

X z> 1-8•-----.-. _....._-1o;r.· 
8 ........... TARGETS 30FT 

z 88x••-------------L1 ----~Y--i[J3--oA 

Malntalned Almlng 
CIUI In Servlce Polnt Type Class 

X 1 GP 
Tournament 10 (11) 

y 5 GP 
Note: 15ft= 1.15 m; U tt ;...: ~.;m; 15ft= f.l m; 15 tt 
= 1.1 m: lO f~ = 1.1 m: 10 yt'll :::: 64.1 m. 

Recreational 5 (5.4) z 5 GP 

loeate pole B to one side of single target 

2. Badminton-Outdoor Courts 

lES Current Recom· 

1 
Floodllghts Mount.ing 

mended Practlce- Helght 
Footcandles (Dekalux) ¡ In Feet 

Class Malntained In Service Type Class (Meters) 

5 GP 
Tournament 30 (32) 

6 o 

5 GP 
Club 20 (22) 20-2 

6 o (6.1-7 .56) 

5 GP f---- •• n ----o-i Recreational 10 (11) 
6 o 

Not.e: 10ft = S.l m: 15ft = f. S m; 20 tt = 1.1 m: u ft = 11., m. 

3. Basebaii-Ciass 1 Junior League (Báselines 60 feet (18.3 meters) or less) 

1 1 
1 1 
1 1 
: 1 • , 1 
1 1 
1---l:? 

• ¡.. 
¡·u 

1 

1 
1 

/ 
" 1 

/ 'i,T 
1 

es 

2o• --- e• 
-\---
"' -L------

IlOfT 

. _j .. 

Tlds laput b bued on tbt followln¡ total playinc arta lncludlnc a strip 20 fttt widt 11..1 
•denl outsld• •~eh foul 11M. lftfield ¡ru---10.000 squ~rt: ftet 1929 squ1rt: Metersl. Out
fitld Aru---24,700 squ¡re f11t 12l9S squ~tl tnlllrsl l1pproximate111. Dim11uioM: W = :0 
htt toJO fftt 16.1 ~~~~:rento 9.1 rneteul: X = 30 feet toSO fnt 19.1 l'lttcn to 15.2 
••tenl: '( = 5 ftlt lo IS '"' Cl.S meten to 1.6 metersl; Z = 90 fnt to 110 f11t 
f27.4 •t•n to 33.5 •ettnl. 

1 
Minlmum 

1[5 Curren! Mounting 
Recommended Height to 

Practice- Bottom 
Footcandles Floodlight 

(Dekalux) Crossarm 
Malntalned In Feet . 
ln'Servlce Floodllghts (Meten) 

Class ol 
lnlleld loutlleld' 

AloB 1 
Baseball Typo Class 

~CP:es 
Class 1 30 20 ~ GP (32) (22) (15.2) 

, 5 or O or 01 

Note: :!O ft = 1.1 m: 10 ft = li.S m; 115 tt = IC.t m. 
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4. Basebaii-Ciass 11 Junior League 3 9 

--~- ~- ·r--r-=;..;.:.::..; 

11 • 

(Baselines longer thím 60 ft. (18.3 m.) and up to 75 ft. (22.9 m.) 
Ult layiMit b NMCI N IJw ~l~l•l_totll_playint_lrel.iRcludinl-1 ttrip 25 tHt-wldt- 17.•·-- -
Mtteti~ •iftildi .. eh fOul liu: lflfield Aru-15,625 SQUift feet 11~50 14w•rt 111ett:nl. Owt• 

·fitld A~.6DO SQYire htt 14130 IQYirt lftlltttl. Dim1n1ions: W = 25 '"' to 45 ,.., (_ ·' 
f7,, meten to 1J.7 ~netanl: X = J5 tHt to 65 fHt 110.7 matus te lt.l .. t.nl: Y = 
10 fHt te 15 htt 11.1 to 7.6 ••tenl ¡ Z = 110 '"' to 14S fftt UJ.$ .. ten te 44.J 

1 

Mlnlmum 
lES Cunen! Mountlng 

Recomm~ded Helghtlo 
Pr•cllc:e- Bottom 

footcandles Floodllght 
(Dekalux) Crossarm 

Malntalned In Feet 
In Servlce 

i 
1 

i 

.1 
20" ..-----\ ___ .- Floodllghls (Meters) 1 

~ i 

14" __ L _____ _ Closs ol A&B 
Baeball lnlield Outlield Type Clan Polos C Polos 

Class 11 30 

1 
(32) 

:Note: 11 ft 1 In = 1.1 m; 60 ft 1 la = U.t m: 'il ft = U.S m: 125 ft = 11.1 m. 

5. Basebaii-Regulation 

lES Current Recom· 
mended Practico-

Footcandln Mlnlmum 
(Dekalux) Mountlng 

Malntalned Helghtto 
In Servlce Floodllghb 

-
Bottom 

Crouarm 
Clan of Baseball ' In Feet 

(Regulatlon) lnfield Outfleld Type Class (Metera)l 

Major lrague 150 IDO 3,4or5 GP 120 
(160) (liD) (36.6) 

AAA or AA 70 50 3. 4 or 5 GP no 
(75) (54) (33.5) 

A and B 50 30 .J, 4 or 5 GP 90 
(54) (32) (27.4) 

e ando 31) 20 3.4or5 GP 70 
(32) (22) (21.3) 

Srmi-Protessional 20 15 3, 4 or S GP 70 
and Municipal (22) (16) (21.3) 

4. 5 or 6 01 

15 10 3,4or5 GP 70 
Recrrational (16) (11) (21.3) 

4,5or6 01 

1 

1 

20 3,4or5 GP 50 60 
(22) (15.2) (18.3) 

4, 5 or 6 01 

zc4---
90FT ~~ . 

Th•M l.ayouh .are Nwd oc the followinl total pl.ayle1 
.aru hicludinc • strip 30 feet wide 19.1 metenl oat• 
sid• uch loul lint-132,500 squJirw feet CU,UO 
squue metersl. ln.fitld Aru hhAdtdl-22,500 ¡qu.ut 
feet 12090 ¡quue meten!. Outfield Are.J-110,000 
squ.art f•et 110.230 squ,ue mtlenl. Dimendons: W = 
30 fut lo 60 teet 19.1 met•rs lo 11.3 meten); X = 
40 fht to 80 fut 112.2 meten lo 24.4 mttenl; 
Z = 130 feet to 180 lett 139.fi Dltters lo 54.9 
meten l. 

Note: lO ft = 1.1 m: JO ft = D.l m; U ft = 11.1 m; tO tt = n.c m: UO ft = U.'7 m. 

6. Basketbaii-Outdoor Courts tt-+-r.t¡ 
Mlnlmum 

lES Current Recommended Floodlighls Mountlng 
Practice-Footcandles Helghl 
(Dekalux) Malntained in Feét 

Class In Servlce Class 

( 

(} 

·~·Lt4FTA ~~ C)' 
Type (Meten) 

Sor GP 
Recreatlonal 10 (11) 30 (9.1) 

6 o 
.. 

36 

Note: 10 :1 = 1.1 m; 42·60 ft =U.I·:· .. a 
m; 'U tt :·. U.l m; U ft = 11.1 m. 
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-\7. Bathing Beachcs 40 
lES Curren! Recommended 

Floodllghls 

LMT 01 l•ltAIIMO Aft[A Practlce-Footcandles - :r.r·-.------. --· --·· ---. ---¡ 
) tF~-"" -~,"1,==;~-.:?-_-..::=x;g_:, :~:.z -== ... ~·¡ 

tY y "f' y y ,. y· y "f' 

" ' t/'' oLf---. ------ ¡------- • __ _j 

!'-'""" 1 :ooon--j 

(Dekalux) Malnlalned - Almlng 
In Servlce Polnl Type Class 

3 (3.2) (vertical) In surf al 150 
feet (45.7) X 3 GP 

1 (1.1) on beach ' y 5 GP 

Note: toO ft = 10.5 m: 150 ft = U.1 m: 300ft = tt.• m. Mounting Height: 60 feet (18.3 meters) above beach. 

8. Bowling Greens 

8 

f ? 1 
1 1 
1 1 1 
1 1 1 3,?-· 126FT • 126FT 

1 

lES Curren! 
Recommended 

Practlce- Mlnlmum 
Footcandles Floodlights Mountlng 

(Dekalux) Heighl 
Malntalned ' In Fe~t 

Cless In Service Type Class (Meters) 

5 GP 
1 Tournament 10 (11) 

,j 

") _,. 

1 

8 B 
Recreational 

Note: u ft = •.• m; 121 ft = 31.4 m. 

9. Boxing-Outdoor Rings 

lES Current Recom• Floodllghts 
mended Practice-

Footcandles (Dekalux) 
Class Maintained in Service Type Class 

Championship 500 3or GP 
(540) 4 o 

Professional 200 4 or GP 
(220) 4 o 

Amateur 100 4 or GP 
(110) 4 o 

10. Casting-Bait · 
(o-zo" lOOFT 

A 

T y 

y 60FT 

1 A 
PIER OR APPAOXIMATE AAEA,C .. E:AA OF 

DOCK OBSTRUCTIONS,WHi~l-l IS iO BE 
LIGHTEO 

Note: zo tt = s.t m: U fl = 1: ':!m: 10ft= 11.1 m: 
lO ft = 2t.4 m; lOO tt = JO.I m. 

Mounting 
Holghl 
In Feot 

(Mclers) 

1~20 
(4.&-ó.l) 

lES Curren! 
Recommended 

Practlce-
Footcondles 

(Dekalux) 
Malntained 
In Service 

General on pier or 
dock-lO (11) 

On vertlcalsurface 
at 80 feet (24.4 
meters)-5 (5.4) 

6 o 
25 (7 .6) 

5 GP 
5 (5.4) 

6 o 

• • 

20FT 

1-1--+- zs fT ---t-i 

.A A 
Note: ZO ft = f.l m: U tt = 7.t m. 

Floodlights 

Mounllng 
Letter Helght' 
Deslg· In Feet 
natlon Type Class (Meters) 

. GP 
X 5 or 6 o 25 0.6) 

y 3 GP 25 0.6) 

1 

37 
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11. Casting-Wet Fly 
41 1- .... IIPT -- -

-~-
~-~ -~---- ~ 

·~ 1 y 

. - ~- ~ --

1[$ Currenl Recom-
mended Practic.--

$0fT Footcandles (Dekalux) 

y l • 

Maintained In Servlce 

General on pier or 
dock-lO (11) 

PIER OA APPROXIMATE AREA,CLUR OF 
DOCK OBSlRUCTIOHS,WHICH IS TOet On vertical surface at 

LIGHTEO 50 feet (15.2 meters}-
!"ote: 20 ft = 1.1 m: 10 ft = 11.2 m; Utt = 5 (5.4) 
U.l m. 

12. Casting-Dry Fly 

f-2on 60FT 
A 

\X T lES Curren! Recom-
mended Practlc.-

Footcandles (Dokalux) 
o 50FT Maintained In Service 

y l A 
PIER OR /APPAOXIMATE AREA,Ct.EAR O' 
DOCK OSSTRUCTIONS,WHICH IS TOBE 

LIGHTED 

General on pier or 
dock-lO (ll) 

On vertical surface al 
50 feet (15.2 meters}-
5 (5.4) 

='ot~: %0 ft = 1.1 m: 50 ft = 15.2 m; 10 ft = 18.3 m. 

13. Combination Baseball and Football 

lES Curren! Mlnl!'"um 
Recommended Mountlng 

Practice-. Helghl lo 
Footcandles Bottom 

(Dekalux) Floodllght 
Malntalned Crossarm 

Sport (Ciass) In Servlce noodllghts In Foet (Meters) 

Po les 
Al, A2, Polos 

lnfield Outllold Typo Class 81, 82, cz & 
Cl& C3 

C4 -

Baseball (Semi-Pro- 20 15 3,4or5 GP 70. 90 
fessional and (ZZ) (16) (ZU) (27 .4) 
Municipal) 

Foolball 15 (16) 4,5or6 01 

nooc~n1hts 

Mounllng 
Lo !ter Holghl 
Deslg· In Feo! 
nation Type Cla11 (Motors) 

-¡~ GP 
5or6 o 25 (7.6) 

y 3 GP 25 (7.6) 

Floodllghts 

Mounllng 
Lotter Helght 
Deslg· In Fool 
nation Typo Class (Motors) 

GP 
X 5 or 6 o 25 (7.6) 

y 3 GP Z5 (7 .6) 

·Note: 5 ft. = 1.&1 m: CO tt = 12.1 m: 
to rt = 27.4 m: 100 ft = 10.5 m; us rt 
= 41.1 m: 150 tt. = 45.1 m: UO tt = 
U.S m; 180 tt. = U.9 m: 150 ft = 101.7 
m; U:O tt = 109.1 m; 400 tt = 1U.I m. 

Thls combiutio• II)'OUt ls ut 11 utldactory fat elther sport u lndi•ldu .. • ~ •uah. ll·almlnr for IIth W*f wlll l.crtaM thl efhcti'IHIIS. The IIJOilh are 
baSC!d ., U1e followin¡: Total playinl area, lncludin¡ a strip)() fftt 19.1 ·~111 ouhid• 1tach foul lin._UZ,SOO sq•at• feet IIZ.JOO _,,. .. t.nl. lartta.: 
Aru lbauballl-U,500 5q111r1t feet tZ,090 &QUiflt mettnl. Outfi1tld A1,, •l':o.OOO IQUil11 f~tltt 110,200 14111rt DMIIUI. DimenÜHs: X= 40 het tolO het 
11U mrler& to 24.4 melusl; Y =lO fnt toJO fHt 16.1 MlttltrJ to ~·.l "''''"'' 

38 
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14. Combination Football and Softball 

lES Curren! 
Recommended 

Practlce-
FootcandiH 
(Dekolux) 
Malntalned 
In Service Flooclllghb 

Sport (Ciass) lnfleld Dullield Type Closs 
-
.~oltball (Industrial) 20 (22) 15 (16) 3,4or5 GP .. 
Football 15 (16) 4, 5 or 6 01 

42 

Mlnlmum 
Mountlng 
Helghl lo 
loHom 

Floodlighl 
Crossarm 

lnFeet 
(Meters) 

50 (15.2) 
Note: & tt = l,U m: ao tt = 1.1 m: 60 ft = 
11.! m: to ft = 11'.4 m: 100 ft = 10.5 m; 110 
rt = fl.l m; 1110 ft = 109.1' m. 

T•• umiÑNtiCtn leyHt is .. , •• utbf•ctDIJ' fw eitiMr 1P0ft " WlYldual t8yoiiiL ••·•lmi•J fot .. ,. sport wlll lacreue tha effutl\'~ 
Use tll floodli¡hh OD 111 "'" ••cept polel es - C6 .... •ftball •fl4 tloodiiPh en • lftd e .... ,. for football. 
1ht layewt is .._.ud on tiM foUo•i•&: Total ll•rial .,., fOt" Mftb.all laci!Nilna • strip lO fHt 16.1 Meten) ouhide tach fiMII lln.._.$,700 ~~:~ure fut 17,970 
s.qwere meten l. lnfleld Area lsoftbtlll-10,000 ~qure fftt t9JO ~qwart metersl. 0111tfield Art~75,700 JIIIIIN '"' 17,G40 sq .. re ..tenJ. DW.Dd .. : 
X = 15 feet to SO fl'lt C7.6 •ttn t. IS.l .. ..,., Y = S t..t t. 15 htt 0.5 ••••rs te 4.6 .. ttnl. 

15. Combination 6·Man Football and Softball 

lES Current 
Recommended 

Practice-
Foolcandles 

(Dekalux) 
Malnlained 
In Servlce Floodll!!hts 1 Po les 

1 

Mounl• 
lng 

Height 

1 

In Feel 
Sport Loca· (Me-

(Ciass) 1 lnlield Oulfield 

1 

Type Class tlons No. lers) 

1 

'---·---
Soltball ' 20 1 15 5 GP A, B &C 10 50 

(Industrial) f (22) . (16) 1 4 01 . (15.2) 

Football (6·Man) 
1 15 5 

1 

GP B&C 8 50 
(16) 1 4 01 (15.2) 

NOTE: "A" poles used only for softball. 

Sote: 5 ft = 1.5! m: 13 ft = 4..C m; 20 ft = 
6.1 m: !5 ft = 7.6 m: 30 Ct = '·1 m: 60 tt 
= U.3 m: 70 ft = 21.3 m: 90 ft = ~1.4 m: 
100ft = 30.5 m; !40 tt = 1'3.2 m: 300 ft = 
U.4 m. 

Tha .combln~tion r.yout Js 11ot as utitfactory fot eitMr SPOrt 11 ladiYidual layo11ts. ll·1lmia¡ for '"' apOtt will lncrent the effectiveneSL 

16. Croquet or Roque Courts 

• ""~ • o 

D D O DO 

• 

·t 
' o o 

, 
o o o o o o 

•• o o 
' 

·¡ .. •• ...... 
~ 

• 

.. 
¿ o o 
·~ lO" --....-

Note: 30 In = 71.2 cm: SS ft = lO.T m: 16 ft = U.l m: 
1'0 ft = Zl.S m; as ft = %5., m. 

lES Curren! 1 

Recommended 
1 

Practice- 1 
Footcandles 1 Floodlighb Mounling 
(Dekalux) Helght 

Maintained In Feet 
Class In Service Type Class (Melero) 

5 GP 
Tournament 10 (11) or 

6 o 
211-25 

5 GP (6.1-7.6) 
Recreatlonal 5 (5.4) or 

6 o 

39 
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17. Fr-otbaii-Regulation1 

• 

/ 

' • 

' • 

' • 
' • 
1 

% • 

Afty of tM •bo" sb pole plana or anf lllttr
medi.ne lon&itudin•l sl)lcinp .,, COfiJidtrd lood 
practiu with loul field conditions dict.ltinl rud 
po .. lontionL 

Note: 15 ft = 4.6 m; 30 ft = t.l- m;: 
75 ft = 2!!.9 m: 85 ft = 25.9 m: 120 ft = 
36.& m: H.O ft = 45.1 m: 180ft= U.SI m. 

J. 3 CLASSIFICATION 

!t.ts_renerei~ conceded-thet diatenc:e between lht spectetors· end u.-.-pley'la' ttii firit con.-· - ---- . 1 
aideration In determininJ the cien end li¡htin¡ reQuirements. Howevtl', the potential 
uatin¡ capaclty ot the atanda ahould also be considerad. () 

Dlstance-Neerest Sldellne 
to hrthtst Row of 

Spectator s .. ung Capacllr Clan Specutors In het (Meten) 

1 over lOO (30.~) Over 30,000 spectatora 
11 50-100 (15.2-30.5) lCl,000-30,000 .. 111 . 30·50 (9~·15.2) 5.000-10,000 
IV Under (9.1) !,000 
V No fixed aeetlna tacilltiea 

' 1 11:5 Cllrrent 
Recommended 

Practlce-
Footcandtea Dlatance-Nearest Floodllghts 
(Dekalyx) Sldellne to 

Maintained 1 Floodlight Polea No. o1 
Cla11 In Servlce 1 In Ftet (Meten) Poi .. Type Clan 

1 

------1 100 (110) 0\ler UO (42.7) 6 1 or 2 GP 
100·140 (:JIUi-42.7) 6 2 or 3 GP 

------
11 50(~) 75·100 (22.9-:ID.5) 6 3 GP 

50·75 (15.2·22.9) 8 3, 4 GP 
-------

111 lO (32) 30-50 (9.1-15.2) 8 4 GP 
-------

15·30 (4.6·9.1) ID 5 GP 
IV 2D (22) 15·30 (4.6·9.1) ID 6 01 

15·30 (4.6·9.1) ID 6 o 
------

15-30 (4.6-9.1) ID -5 GP 
V ID (11) 15·30 (4.6·9.1) ID 6 01 

15-30 (U-9.1) ID 6 o 

for mlnimum mountln¡ helaht aee chart, paga 55. 

. ·,. 1 

. \ 

. ,. 

1 

' 

1 
,¡ 
1 

! 
i 

1 

1 

18. Canadian Footbali-Rugby 

f--19S FT-.j A 

~1--r A A A 

145FT r.~ 
330 FT• 

~r. 

1 A A 
480FTf. A .0- -·'i;-·-

..... A 

~ ~~4tOFT 
·!¡-. ~14:::.. 
A•}- 240FT 

95"' J 1~·r1 lOFT tB2F\-61N. 

~~l_ 
- A A A 

r-¡-; ~ ... 1- 5o30FT rNO..!T 
3o-7sr 3 

1 r. O~ ¡vER 7~0VER 

Any of the •bo•e six pole pl•ns 01 a11y lnttr
medi•te kln&itudin•l spu.inlt .,, considered ¡oocl 
puctke with loul fitld conditioas dictatin¡ ex"t 
pole lourionL .. 

CLASSIFICATION 

lt ls ¡enerally conceded that distanc:e bet111een the spectators and the play ls the first 
conslderation in determining the class and lighting requirements. However, the potentiol 
aeating capacity of the stands should also be c:onsideted, 

DJstance-Nearesl Sldellne 
lo F.,thnt Row ot 

Clus Spectators In Feet (Metars) Spec:tator Statlng Capaclty 

1 ovar 100 (30.5) Over 30,00D spectatou 
11 50-100 (15.2-30.5) 10.000-30,000 

111 30-50 (9.1-15.2) 5,000-10,000 
IV Under 30 (9.1) 5,00D 
V No fb:ed seatlns taellitles 

lES C~ment ·-
Recommended 

Praeuc.-
Footeandles Distance-Nearest Floodll1hta 
(Dekllua:) Sldellne to 

Maintalned Floodli1ht Polea No. of 
Class In Servlee In Feet (Meten) Po les Trp• Clut 

1 100 (liD) over 140 (42.7) 6 1 or 2 GP 
100-140 (30.5-42.7) 6 2 or l GP 

------
11 5D (~) 75·100 (22.9-iD.5) 6 3 GP 

5D·75 (15.2·22.9) • 3, 4 GP -------
111 iD (32) 30·50 (9.1-15.2) 8 3. 4, 5 GP ------

15·30 (4.6·9.1) ID 5 GP 
IV 2D (22) 15-30 (4.6·9.1) 1D 5 or 6 01 

~ 
IS·lD , .... 9.1) 1D 6 o 

15·30 (4.6·9.1) ID S GP 
1D (11) 15·30 (4.6·9.1) ID 5 or 6 01 

15·30 (4.6·1.1) ID ' o 
Note: 1.: tt = 4.6 m; 10 ft t.l m; 
75 ft = ~2.t m; 82 ft 1 tn = 25.1 m; 
n ft = n.o m: 110 tt = 11.5 m: 1U ft = 4f.2 m: lli ft = &0.1 m: 195 ft = 
~t.t m: 2to ft = '11.1 m: 110 ft = ,oo.l 
m; 410 ft = 141.1 m. · for mlnimum mountinr, hel~l, ••• chert pace 55. 

40 



~\ 19. Footbaii-6-Man 44 A 

·" 

• •• 

lES Current 
Recommended Dlst1nce 

Practico- Nearest 
Footcandles Sldellne .to floodllghts 

(Dekalux) Floodlight 
Malntained Poles In Feet No. of 

Cless In Service (Metcrs) Potes Type ClaSI 

15-30 8 5 or 6 GPorOI 
Hlgh School or College 20 (4.&-9.1) 

. 

(22) 31).?0 8 5 GP 
(9.1-15.2) 

15-30 8 5or 6 GPorOI 
Jr. High School 10 (4.6-9.1) 

or Recreation (11) 30-50 8 5 GP 

A .. T 
T~ 

lOO FT 
80FT .. ·+ +·~ 
80FT lOOFT 

r~ ~~ 
80FT 

l..·~ 
lOOFT 

.,•l_ 
l,;dl 

TO 
~OFT 

(9.1-15.2) 

Either of the pole plans at right or any lntermediate longitudinal spacings are 
considered good practice with local field conditions dictating exact pole loc:ations .. · .. 

Note: 15 ft = 4.1 m: 10' ft = 15.1 m: 
10 tt. = U.C m: 100 ft = 10,6 m: UO 
ft = SI.& m. 

20-A. Golf-Driving Range 

..i.. ; X Z~FT y 

T y z 
SOFT X y LAYOUT MAY ElE USED + z 

y WITH THE TEE51N A 
50FT X y STRAIGHT LINE OR 

-+ z AN ARC. 
~OFT 

y 
X 

-'- y z 
ZSFT..r ¡.! 

y 

2>F~T T<::::::"==::::::::----
--... ~-L--'X~A;:IM~E"O"A:.Tc.~ __ .:.r.:•::'M:!Eo!:Oc:A"T--=Z AIME"D AT 

20· 2~ YDS. 100 YOS. 200 YOS. 

20-8. Golf Course Greens 

DIRECTION 
OF PLAY 

--- MAXIMUM SPACING 
• 3 X IIOUNTING HEIGHT 

floodllghts 
lES Current Recommended 

Practice-Footcandles 
(Dekalux) Malntalned Almlng . 

In Servlce Polnt Type Class 

10 (11)-general on lees X 5 GP 

y 3 GP 
5 (5.4rc»n vertical surface at 

1 
200 yards (ISO meters) z 1 GP 

Minlmum mounting height: 25 feet (7.6 meters) above tees. 

1. bch "'"" shlll M llahttd from 1t lust two 
4irtctiolts to mi11imi1t t1.1nh shdow1. 

2. TIM IYtra¡t m1int1intd horlsont.ll ilhuninatloll 
_..., tbt pttll 1101 1&411 be S foot"ndlts 15.4 
lltbha•l. 

J. Pelo loutlon• stlould bt confined to the -to
cnu·lll•tchtd aont i11clinted in frMt of tiM ..... 

4. Polo SJNcln¡ should be equal to or ltu tll&ll J 
"-•• "'ountin¡ hoi¡ht. 

S. 11M ••almum horizonto~l illumin1tion ,..•:oured 
at aar plut on tht 1fHt1 tre• sh.all aot M 
.. lltr tt11n J timos tha minimum illumir.o~tioo 
.uwrltd 1t 1111 othtr placo 0111 tht ¡reen aru. 

6. C.re lhould IN tllktn in pllctmtnt ot lumi1t1ire 
, I'Ofts 1rownd ¡reen so u to neirher obunu:t 

lile IPPlo.lc:hinl dtin oor erute ob¡oc;tiouolo 
aluo la the •r•• of the .approtc:hin¡ colttr. 

._ ,._ LINE OF SIGHT · , r- BAC~ TO TEE 

·~ 1 

7, Soec:itl con•td•t~tion must IN: ti'•n .110-n oot 
""•'" ltt' tM •n•r~l ll¡htiiiC ry1tem. Somo 
wlll ''•wnt phy•lul tlturdt or tOQulre iiMC:ill 
KCOnt, lr.111nplet: uad tr.apt, w.ater luzuds. 
ktdps. stnp arildu, t'Oiole"S, ,,.,. acl~oat h 
INO•S. ~thwars. etc: 
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20-C. Golf Course Tees 

· .. -· . ~ /• -··-

45 
. - 1. Use onepolelocated a minlmum·ol5.•út (1.52 meter$fbehlnd ~- ---- . 

back edge of tee. Extremely wide tees may require more than G'. .,. 
one floodll¡htlocation. 

2. floodll¡¡ht mounlln¡¡ helsht above lee should be oqual to or 
¡reater than one holf the wldth oltht troe butln no cuolen i 
than 30 feet (9.1 meters) Good practice indica tes higher mount· j 
lng hei&:h s for deep tees. : 

20-D. Golf Course Fairways 

3. The average maintained horizontal illumination over the tee 
area should be 5 Íootcandles (5.4 dekalux), 

lES Current Recommended Practice
Footcandles (Dekalux) Maintalnod 

In Servlce 

Plano 1 
Average Minimum 

Horizontal 1.0 (1.1) 0.2 (.22) 
Vertical 3.0 (3.2) 1.0 (1.1) 

1 

1 Maxlm u m 
Unlformlly 

Rallo 

7:1 
7:1 

·'· 

• Uniformity Ratio is defined as the ratio of average to mlnlmum illumination at any polnt in the plane _under consideratlon. {J 
- Speclal Notes-

l. Vertical planes should be considerad to: 
(a) Extend the full width of the fairway at the polnt in question, 
(b) Be perpendicular to' the centerline of the fairway, 
(e) Extend from fairway centerline elevation toa point 50 feet (15.2 meters) above the falrway centerline. 

2. Vertical planes should be considered to be at points midway between fairway poles. 
3. The first vertical plane should be considered to be no less than lOO feet (30.5 meters) from the tee poi e. 
4. Minimum mounting height should be 35 feet (10.7 meters) above the pole base; however, it may be necessary to adjust this 

if unusual terrain features exist. 
5. Spacing between potes must be coordinated wtih photometric characteristics of floodlight employed. terrain existing at sita 

and other lighting design criteria. 

21. Handbaii-Outdoor Courts 

f-to"- 6fT -
\L ... ~ 

.1 
/1" \ 

• • • • 
CLUB U.'I'OUT IIIECAUTION LAYOUT 

Note: t ft = 1.11 m: U tt. D 4.1 m¡ 11 tt a 4.1 m; 
10 tt = 1.1 m: U 1t = !.1 m: .11 fl = IM m. 

42 

' 
lES Current Recom .. Floodlights 
mended Practlce-

Foolcandles (Dekalux) 
Class Malntlined In Service 'Type ClaSI 

Club 20 (22) 5 or 6 GP 
o . 

Recreallonal 10 (11) 5 or 6 GP 
o 

Minlmum mounting helght: 25 leal (7.6 meters). '.- .. ~ 
' '-.. 

¡ 
1• 



¡ 
;.'. 

~2. Hockey-Field 

Aar of th• 6 poi• pla.ts or ant i11t.er.,.,edi1tt tonel· 
tudlaal lpaci"'' art coasidtr«! '"od practlct wilh 
loul fltld ta"ditioas dict•linc th<. euct IOdtlou. 

Note: 20 ft = 8.1 m: )O f~ = 1.1 m: 15 
f1. = 2:2.9 m: 100 ft = 3U.S m: 1&0 ft = 

CLASSIFICATION · 

lt ls eenerelly conceded thal the dlstance between the apectators a~d the play 11 the flrat 
conslderatlon In detormlnln~ !'.r c:la11 and ll¡htln¡ requlrementa. However. the potent.lal 
ualln¡ capaelty of the stanos •. ··<luid also be considerad. 

lES Current 

1 Recommended Distan ce 
Pr1ctlco- Neare&t 

Footcandles Sldollne lo Floodllghts 
(Dekalux) Floodllght 
Malntalnod Polo In Feet No. ol 

Cla11 In Servlce (Moters) Po les Type Clan 

75-100 6 3 GP 
(22. 9-30. S) 

Hlgh School or 20 3G-7S 8 4 GP 
College (22) (9.1-22.9) 

20-30 10 4, Sor 6 GP or 01 
(6.1-9.1) 

U.1 m: HCt ft = 54..9 m. for minlmum mountina hel¡ht lee chart. pase 55. 

23. Hockey-Ou'idoor Ice Rinks 

• • • • • 1 • • 

T 
I,T 

_L 

J-o----ZOO FT--~..¡ 

N'ote: 20 ft = 1.1 m: 25 ft = 1.1 m: 
10 ft = 15.% m: 15 ft = ZS.! m: 100 ft 
=n.o m. 

24. Horseshoe Courts 

r------ -------------, 
1 1 

1 l.l 1.1 1 ·-u u-. 1 1 
1 1 
1 1 
l 1 
1 1 
1 40FT 1 

! Jsr9Htlf'T~~ 
•r-- r-1 1 l' ¡f· 1 L:J • 1 

i -\ml... \ 

Professiona 1 

Amateur 

Recreatlonal 

Polos: 8 

Class 

Tournament 

Recreational 

lES Curren! 
Recommended 

Praetlce--
Footcandlcs 

(Dekalux) 
Malntalnod 

Class In Servlce 

Outdoor lndoor 

50 100 
(54) (1!0) 

20 50 
(22) (54) 

10 20 
(11) (22) 

lES Current Recom· 
mended Practice-

Footcandles (Dokalux) No. ol 
Maintained in Service Courts 

41 

10 (11) 
1-3 

H . 
S (5.4) 

1-3 

~-------------~~ Note: a n = .tt m: 1 ft = 1.u m; 1 tt For 1:.3 eourts no .. 8" poles are reQuired. 
• J.H m: tO u a u.s m. Peles: 4 tor 4-6 court la)lout, 2 for J ... ] court layout. 

Mountlng 
Floodllghts Holght 

In Feet 
Type Closs (Meters) 

S GP 

6 

1 

01 

S GP 

=R 
40(12.2) 

01 

GP 

6 1 01 

Minlmum 
Floodlights Mountlng 

Helght 

1 

In Feet 
Type Class (Melors) 

5or GP 20(6.1) 
6 o 

Sor GP 20 (6.1) 
6 o 

Sor GP 20 (6.1) 
6 o 

Sor GP 20 (6.1) 
6 o 

! 

1 



25. Horse Show Ring '·¡ .• 

-

lES Curren! 
Recommended 
Practl~ 

Footeandles Floodllghts 
(Dekalux) 

Malntalned 
In Servlce Type Class 

ID (11) 3, 4, 5 or 6 GP 

26. Lacrosse 

0 .. t--I&SfT -+--115 FT---1 
.L..- .... • ... 

o 

·" ~ ~ ~ .... 
T.• •" •"' _,. 

30-7~ ._,,OFT ..f-uoFr+uon ....¡ 
FT •A .. •a 

'330fT 

Any of the 6 pole pl.ans 01 anr intrrmedi.ate lo•ll
tudin•l so•cincs ,,. coftlldtred cood pr•ctict with 
loul litld conditions dich.tin& tht euct loc:etlo.._ 

Note: !O tt = 6.1 m; SO ft = 1.1 m: 
'15 ft = Z2.9 m; 82 tt 8 In = 115.1 m: 
100 ft = 10.5 m: 110 ft = 13.5 m; U5 
tt = n.s m: 200 ft = n.o m; 330 ft = 

47 

Mlnlmum 
Mountlng 

Helght 
... , .... 

(Meters) 

30 (9.1) 

-------------·-----

+ 
r----roo n __ _,., 

()O.~ U) 

~IOFT-~~~-
(24.4U) 

CLASSIFICATION 
lt is generally conceded that the distance between the spectators and the play is the 
first conslderation In determining the class and lighting requirements. However, 
the potential seating capaclty of the stands should al so be considered. 

lES Curren! 
Recommended Distan c.,_ 

Pracllc.,_ Nearest 
Footcandles Sldeline lo Floodllghts 

(Dekalux) Floodlighl 
Malntalned Poleln Feet No. of 

Clus In Servlce (Meters) Po les Type Class 

75-100 6 3 GP 
(22.9-30.5) 

High School or 20 (22) 30-75 8 4 GP 
College (9.1-22.9) 

20-30 ID 4, 5 or 6 GP or 01 
(6.1-9.1) 

' 
too.s rn. For mlnlmum mounting helght see chart. page 55. 

27. Playgrounds 

Pole spacing not lo exceed 4 times mountlng helght • 

A • 
• 

Mlnlmum 
lES Curren! Reeommended Flooclllghts Mountlng 

PractJce-Footcandles Heighl 
(Dekalux) Malntalned In Feet 

In Servlce Type Class (Meters) 

5 GP 
5 (5.4) 20 (6.1) 

5 o 
• • 

... 

{: 

' 

i 
,1 

1 

! 

1 

\ 



( 
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28. Practice Putting Greens and Miniature Golf Are a · · · 4 8 

• 

PRACTI(( GPEEN 
MIN,I.TURE GOL.F 

; 

~---~ • • 

29. Quoits 

r---------¡ 
Al 0 0 -¡ 0 ~ . le 

·1 1 

1 1 
30FT 

1
- 1 rHT f-IOFT~~FTl 

B• -1 ~~ f ) •A 

1 8 0 0 0-r 1 L __________ _j 
Note: 1 ft = .91 m: f ft = 1.22 m: lO tt = S.l m; 
30 tt = 1.1 m. 

Pole spaclns not lo exceed 2 times mountln¡¡ hel¡¡ht. 

lES Curren! 
Recommended 

Pro el lee- Mlnlmum 
Foolcandles Flooclllghb Mountlng 
(Dekalux) Helght 
Malnlalned . In Feel 
In Servlce Type Class (Meters) 

5 GP 
10 (11) 20(6.1) 

6 o 

lES Curren! 
Recommended 

Practice-
Footcandles Floodlights 
(Dekalux) 

Malntained Number 
r-,:rclass In Servlce of Cóurts Type Class 

4to 6 5 GP 
6 o 

Recreatlonal 5 (5.4) 
1 lo 3 5 GP 

6 o 
1 

u e" poles are not required for three courts or less 
Mounting height: At least 20 feet (6.1 meters) above courts 

30. Racing-1.4-Mile (402 Meter) Auto Track (High Mounting) 

~o n 

lOOfT 
1 

"•.; .a. •C 
(•... -·t 
~250H-\ 

u•~a·~ 

D . ' r=:='-'---1 
.. 

Vui1tlon In quJntity 1nd typf of floodlilhh u .. u 11 mountln1 M11ht 
"''' bl requirtd undtr condition1 whith ue difhrent from tboM on tht 
Ncommanded l•yo\11, 
Specl.al consideration 1ho\lld bt 1iven to the llahtlna of the flnl1h llnt. 
floodliahh m.ay be mo\lnttd on ¡;;t•ndst.lnd roof lf dulttd. ..Typt" 
s;ptcifiution •nd mountin1 hciaht dtpcnd vpoa floocfliaht loutloa lit• 
Nclt "D'', 

Nott: so ft = 15.% m: 55 ft = U.l m; 100 tt = 10.1 m; 
UO ft a U.t m; SID tt • 11.1 tn, 

lES Curren! 1 
Recommended ¡ 

Practice
Footcandles 
(Dekalux) 
Maln~lned 

In Servlce 
-----1 

20 (22) . 

Mfnfmum 
Floodllghb Mounling 

Pole Heighl 

3 
Loca· In Feel 

Class llons (Melero) 

GP A 1 See Chart, 

Z or 3 ~~--8-: ::::2~:) 
2 ¡-a; 1 e 65 (19.Bl 

45 



31. Racing-114·Mile (402'Meter) 
Auto Track (Low Mounting) 49 

32. Racing-1.4·Mile (402 Meter) 
Dog Track (High Mounting) 

o~n••· 
... D .. 

• r-~..l.-.-1 • • • • • • 
V~rio~tio~t In QU.Ifttlty .1nd type of fktociiiJhh n well 11 aov11tln1 MIPt 
m.tr be r.qvircd under conditioas whicll .,. dilftte•t frera tho• H tM 
rteommcndcd lerowt. 

1 ,....-- .... --.--..-,, 
1 a a a a¡ 
1 GUIIOSUNO 1 

Soccial coruidcr•tioft should .,_ atwtll h tht lishtlftl of thl fl•l•h 11 ... 
floOOIIIIIU aa1r be IIIHIIted Oft J'.lndstud roof lf ••INd, .. T,.,." 
SIW''ifiatio• •nd mountina Mi&ht dcpend ttpu floodli¡ht loullon ., .. 
Nck ''D'', 

III.XItf!J'II P~llfG rc."a.'MO Oll"a•JIOLU IMOUlO IIOT lletU 
100fT III.OU) 01t 'tiM[[ TlMU TH[ IIIOUNMICi HEIGHT 1 

YarUtt .. , Ua ouantlty ud typre of floodli1•t• u wcll 11 lnOURfiR& MIPb 
Ny be reqaired undfl' ditternt condition• froln tHM 1hown lo tM abne 
layout. . 

Note: &O ft = 15.1 m: 55 ft = 11.1 m: 1! ft fIn = U.f m: 
lOO ft = 10.5 m: 110 ft = 39.6 m; 250 ft = 71.1 m. 

Special co.aidetatioa sltollld be ci.n to lht licfltlnl of Hit finid1 -u ... 
floodliPh • ., be •ou•ted • pandstand root if. de¡Jrecl. , "T,. .. 
specifiuhcNI aocl IHUnli•l llei¡tlt 1kpe11d .,... floocfh¡ht ~CliiH MI• 
bac.k ....... 

lES Curren! 
Note: ao tt = t.t m: 110 tt = "·' m: 2SO ft = t•.t ~& 

Rec.ommended Mlnlmum 
Practice- Mlnlmum lES Curren! Mounllng 

Footcandles noodlighls Mountlng 
(Dokalux) Polo Helghl 
Malntalned Loca· In Feel 

Recommended Holghtto 
Practico- Bottom 

Footcandles Posl· Floodllght Floodllghl 
In Service Typo Class tlons (Motors) 

1 

(Dekalux) llon Crossarm 
Malntalned Doslg· In Foot 

A See ehart, In Servlce nation Typo Class (Motors) 

pago 55 
A 2 or 3 GP See ehart, 

20 (22) 2 or 3 GP B 40 (12.2) pago 55 

e 40 (12.2) 
30 (32) B 5 GP 35 (10. 7) 

e 5 GP 35(10.7) 

33. Racing-1.4-Mile (402 Meter) Dog Track (Low Mounting) 

!'oteo: 30 ft ::: t.t m; UO ft = u.c_ m: 
no tt = 71.1 m. 

,., 
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lES Current Recommended Floodlights. Mountlng 

-

Practice-Footcandles I'Gsltlon Helghl 
(Dokalux):Malnlalnod Doslg· In Foot 

In Servlce natlon Typo Class (Motors) 

A 2,3,4or5 GP See ehart, 
page 55 

30(32) B 5 GP 
20 (6.1) 

e 5or6 OorOI 

nil ,.commendatlon 1s biMd upon tM aHrap track wldth of JO fHt 19.1. 
mttenl. Tht Nml principie¡ apply for difftri'At wktth5, but tho total atuaber 
of lumens should t.. adju1ted In proportion to the l!t•l aru. 
Potes tnside and ouhido track are 1h0w11 •chemahcally; •rmbols do not lo 
any way tndiuto the corred oumber tlf polu or lishtin¡ unitL Unlt1 ••r 
be wpported br meuen .. r ubles '''""' bel'wetn poi•• or bt.ack•!'
Variations 111 quJnlity •"11 type of lumift.lirn 11 well n moun11111 IMI¡hh 
may t.. requirtd •ndct condltio11s diff11ent from. tho_•• ahown In the layout. 
S9ccial COIIIIderatiOII ihulcl t.. clvtn to th hlhhn¡ of llat fiolsh llnf, 
Floodli¡llts may be mouohd 011 ~randll4!nd roof 11 dosir.cf. "Typo" apeciHca
tloo and •oualinc ltljpt ...,._.., •poa floociiiPt locatiu ~etbuk "D." 

-... 

... 

i 

1 

1 

1 

J 
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34. A 250 Meter Blcycle Track 

50 

lES Current 
Recommended 

Pr~~ctlce- lllnlmum 
Footcondles Floodllghts Mountlng 
(Dekolux) Holght 

llolntalned lnFeet 
Clus In Servlce Type Clus (Metors) 

Recreational 10 (11) 6x4 GP 40 (12.2) 
Ot 

Tournament 30 (32) 4, 5 Ot 6 GP 40 (12.2) 

35. Drag Strip 

SHUT DOW,. DECELERATIO,. .t.CCELERATION STAGING 

(ZS.OM) • 660 FT.....,...660FT 14 02.41!11 
,.._120fT -t----ll20FT --~'"t'' --t>ZOFTI\ 

(201.ZM) j f201.2M) 

® ¡ 0 Fl~:(sH ST fRT 
~ ( RETUR,. 1 1 PITS 

~==============~¡ 

1'h q»Jcinl utio 1s 2 tim" tite mountin¡ lleilht. Specl•l conddlf.Jtlon must 
M ¡inn to .Jfeu not conred by th• tn.Jia trltk I1Ptin1 systu1. Poles 
IIM»uld M lonttd oubide of d1npr zone of strip and m.y be either o• ono 

MAXIMUM SANK 
ON TURNS 

Ateo 

Staging 

Acceleration 

Deceleration 

Shut Down 

lES Current Recommended 
Practlc~Footcandles (Dekalux) 

Malntained in Service 

10 (11) 

20 (22) 

A 15 (16) 

B 10 (11) 

5 (5.4) 

., botb aJdu.. For minimum mounting helght see the Chart (page 55). 

36. Racing-One Mile (1609 Meter) Horse Track (High Mounting) 

70 fl '!O llf """' 

••r 
JO fl_ • ... • .---.-- '"";J:..- .... --.T', 

1 A ,A ' 

J -{~~:.T~ J 

M.U.IM.JM SPACING '011 ·~· At.iD OR •a• POt..ES SHOULD lol0T EXCUO 
ZOOH {6t0MI OR THIUt TIME! Trt[ MOU"TtNG HEtlir4T 

V•rl•tions la qu.Jnlity and type of floodlichh as well 11 mountlnc hol1hh 
.. , be requhtd ltlfldet conditions ditftre .. t from those sll.own la ttao lbowt 
Llrovt. Speclo~l considtration .t.ovld bo li,.en to tht li&htinl of finish lint. 
floodll1ht1 ••Y bo movnttd on p1ndst1nd roof il doUNd. "TrPI" apecific.a .. 

"' tiM 111d IIIOUIIIIIII IM!I¡ht dtpead 1rp011 floo41i¡ht ltelliM llltlldi "D"o 

Noto: 10 rt : t.l m: 10 ft m IU DIO !O ft a !U lrH 
Joo tt sz: n.o m: tU n a no.o m; uoo tt a nc.a m. 

lES Curren! 
Recommended 
Practlc~ 

Footcandles 
(Dekalux) 

Malntalned 
In Servlce 

.. 
20 (22) 

Floodllghts 

Type CIUI 

2,3or5 GP 

2, 3 or 5 GP 

3or5 
1 

GP 

Mlnlmum 
Mounting Posi-

Height tion 
In Feet Desie· 

(MeteD) nation 

1 See Chart A 
page 55 

i 60 (18.3) B 

' 

1 
60 (18.3) e 

47 
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37. Raclng-One Miie (1609 Meter) Horse Track (Low Mounting) 

~~-====c=c=c::_ e ,e,_T ~ -~ e e e e e 

+ 

lliAl1 .. ~ lli'.lC1111LO FO'I•c•POL[I 

IHOULD JtOT (lCUD S5 H 

1------1)00 fT -----< 

lliAxii•:JM SPACH<o~ F"Cit .,. Alr.IO 011 •a• PO:.ES SMOULO NOT [lCEED 
ii!OO F"T 161.0Ml OR TMRH TolliES Tl1( loiO\JifTHIIG HEtG>1T 

Note: 5 ft = 1.52 m: lO ft = 9.1 m: 15 ft = 10.7 m: 70 ft = 
21.3 m; UO ft = 13.5 m; 160ft = U.T m; C!!S ft = 110.0 m: 
1300 tt = 191.1 m. 

lES Curren! 
- Recommendecl-- ----- -·--- -.- ·- ·-----~ 

Practlce- Mlnlmum 
f ootcand les Posl· Floodllghls Mountlng 
(Dekalux) tlon Hoight 

Maintained Deslg· In Feet 
In Servlce nation Type Class (Meten) 

A 2,3or5 GP See ehart. 
' page 55 

20 (22) B 2,3or5 GP 

e 4, 5 or 6 01 30 (9.1) 

Variations may be required in the tyP,e of floodlight at the 
"A" and "8" locations, as well as the mounting height under 
conditions different from those shown in the layout. SpeciC"I 
eonsideration should be given to the lighting of t_he finish line. 
Floodlights may be mounted on grandstand roof if deslred. 
''Type" specification and mounting height depend upon 
floodlight loeation setback "0." 

38. Rifle and Pistol-50-yard (46.7 Meter) Outdoor Range 

50 YOS. 

~ ~- 2HOS . • 
~ ' a 

T !3 
~ "' ¡;:;o 

§ 1: ~ -. 100fT MAIC 
e 51 •a• P'OLE =. 

~ = 11 SPAttNG g¡: 
i i'i'' di: 

=' 

Note: 11 ft = J.T m; 25 ft = 7.6 rn: 100 ft = 10.5 m; 
Z5 yde = %2:.9 m; 60 )'di = f5.7 m. 

lES Current Floodllghts 
Recommended 

Practice-

1 
Footcandles Post· Mounting 
(Dekalux) tion Height 

Malntained Desig· !Average In Feet 
In Service nation J Type Class (Meters) L~ i::.l 

_L--.LJ------------~~~----~~:.J • 
1 

....L 

IF CA.NoPY 15 USED. PIIQII¡O( LOCAL LIGHTINti 
FOR 10 FOOTCI.HOI..[S UIOEKALUXl 

ARRO.-S IHOICATl8EUI OIRECTION 

[" STUL 
Uf"FL.[ 

39. Rodeo Arena 

¡........,oon-..: 
UO.SMl 

'----------140FT--_.; 
IIOUY) 

48 

10 (11) at firing 
point A 5 GP ~ (7.6) 

-
5 (5.4) on range B 5 GP 25 (7 .6) 

50 (54) on target 
1 

e 
1 

4 GP on ground 

lES Current 
Recommended 
Practic~ Mínimum 

Footcandles Floodllght Mounting 
(Dekalux) Height 

Malntained in Feet 
Class In Service Type Class (Meters) 

Professional 50 (54) 

Amateur 30 (32) 3, 4, 5 or 6 GP 30 (9.1) 

Recreational 10 (!1) 

To mlnlmlze glare for calf roplng, a relatively close pole spacing is recom· 
mended. 

r. 
~-· 

1 ... 
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40-A. Shuffleboard-Outdoor Courts Using Floodlights' 

A 

r 
11FT 

¡snlsnl r-~n 
' '¡ 1 

Closs 

Tournament 

Recreational 

IU Curntnl 
llecommended 

Procllce-
Foolcondles 
(DekaluxJ 
Molnlalned 
In Senrlce 

10 (11) 

5 (5.4) 

No. of 
Courts 

~ 

1-3 

~ 

1-3 
1 

NOTE: for 1-3 courts no "8'' poles are required 

. 

floodlighls 

Typo Closs 

5 GP 

"' 6 o 

5 GP 
or 
6 o 

5 GP 
or 
6 o 

5 GP 
or 
6 o 

Note: 3 ft = .91 m; 6 ft = 1.83 m; 11 ft = 1.35 m; 
JO ft = P.l m; 5! ft = 15.9 m. 

Mounting height: At least ZO feet (6.1 meters) above courts 
Poles: Four for 4-6 court layout two for 1-3 court layout 

40-B. Shuffleboard-Outdoor Courts Using lndoor Type Lighting Units 

.·~ (Adaptad for Outdoor Use). 

Class 

1 

lES Current 1 
Recommended 

1 
Practice

Footcandles 1 
(Dekalux) 

Malntalned 1 

In Service Luminaire Oesignation 
----:-----~--------
Tournament 10 (11) 1 Direct (spread distribution) 

----
5 (5.4) 1 Direct (spread distribution) Recreatioñal 

Mounting Height: As shown. 

·.~ ,!1.'1)~: a lt" r::::: .11 1n; 1 ft = 1.11 m: 11 tt = 1.15 m: 
~2 tt .;:: 1.7 m: u fl = t.l m. 
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1 lES Curront 

53 Aecommended noodllghla 

41. Skating-Qutdoor Rink d P 

Practlce-

--- - - ----- - Foolcandles --- - --
- --- -- - - --.--

(Dekalux) • • • -----------
-~- -

~ ¡ / 
Malntalnod 
In Servlce Typo Clan 

' 
1 

S GP 

• fUNK Rinks S (5.4) 
6 o 

I/ t " S GP 

• • • Ponds 1 (1.1) 
6 o 

' 
Polo b•cin1: Not to .. cnd 4 times •ountU.¡ btl¡llt. f• ti 
adnimum m«hhntin¡ lleirht -~ chart, IMII 55. 

42. Skeet Shooting 

50 

Noto: 10 ft = 1.1 m: 15 ft = C.l m: 11 tt = 1.1 m; U lt = 
10.1 m: 80 ft = U.t m: 100 ft = IO.i m: UO ft ::: 11.1 m: 
UZ ft ::: tO.I m. 

Mlnlmum 
lES Current Recommended Floodllghta Mounting 

Practice-Footcandles Holght 
(Dekalux) Malntalnod In Feel 

In Servlce Type Class (Moters) 

Target (vertical) at 60 feet 
(18.3 meters}-30 (32)' 2 GP 20 (6.1) 

Firing Point-5 (5.4) 

Polos: 2. 
• Normal to all shooting positions from trap to boundary post. 

o...._ -o 
....._ -- TARGET ...._o -..., 7: '{ -:;:::..-o-- DISTANCE 

--...: .. :~!!.,Gtr TARGET "t fl.~ SHOOTING MARKER 
-...!~ CROSSING ~Gy BOUNDARY 

. -- POINT-- MARKER 

. ...:.-"':::EK-:::::::r 

---- . 18FT--....._ · G:P.c.:::::::--____________ i _____ ----.:·@ 

HIGH 
HOUSE 

CROSSING POINT.., 

::::::------ ~~fr 
HOUSE 66FT 80FT lOOFT 

SKEET 
TRAJECTORIES OF TARGETc; 

(APPROXIMATE) 

LOW 
HOUSE 

IZO.FT 13Z FT 

-· 

G 
, __ 
• . ... 



43. Combination ~keet and Trap 

---L-- ~ ... ""'- .tV[IIAG[ "" ... .., / '•, 
.,. ..- f ...... HIT AJII(A .._ .._ Tlt.UO IOUH:IAII:/< """ . --T"-- '.._tSOnltAOLUI 

," --- .... --.. ' 
/ _,.,.. UGITIWAT[ '.._ '/. 

'<v / TJt.UO TAIIIG(T AltEA ' ' , . ' ,. . ..... : ' '-
ULit.lat.~ ' II&H 
'""', '-•oon TAitGH • 

. ~., \ T¡' ,; 
IOUHo.&ltl' ~of , 1 , / ft--"'. 

STAK[ ~-"+ \ , ¡ :{t'y 
\--~ .. ,,, ,\ ~~ ,~ .. ,~----

IICU:T ~Hr nu,,. --"= f~ 
OISTAiotC[ ~ ~- ~ [ 
twi:K[It : ~ : )HT 1 ____ , ___ 1¡ 

• , o-f 

.·· TL ""' i L501T-
IOO FT ' 

, .. 51([[1 1 

"""" 
41fT 

1 

Note: 10 ft = 3.1 m; !3 ft = 10.6 m: U tt = 14.6 m: 
50 rt = 15.2 m; 100 rt = 30.~ m; lU ft = -tU.i m. 

44. Skiing-Practice Slopes 

--
lES Curren! 

Rocommended 
Practice- Mlnlmum 

F'ootcandles rtoodllghts Mounting 
(Dekalux) --- Height 

Maintalned In Foet 
Target In Servlc:e Typo Clau (Meters) 

TRAP: (Vertical 
al 100 fl. (30.5 ni.) 30 (32) 2 GP 20(6.1) 
frorn trap house) 

SKEET: (Vertical, 
at 60 ft. (18.3 m.) 30 (32) 2 GP 20 (6.1) 
from shooting 
position) 

L · 1 - 1 · J 
~300FT~ 400FTT300FT ~400FT~ 300FT~4ooFr·l Note: 160 ft = U.7 m; !00 U = 9J.f m; 

400 ft = lZl.i rn. 

17\y- -r:::--~ 
f-. BOTTOM OF SLOPE TOP OF SLOPE 

•B 

1eon 
TO 

300FT 

~ ~- X"'.(y - OO~N 
------- ALTERNATE ~ 

POLE LOCATIONS FOR POLE OR TREE~ 
'A' POLES 

lES Current Recommended Practlce 

Footcandles (Dekalux) maintained in service-1.0 (U) 

Floodligh ts 
OESCRIPTION: Floodlights marked "X"-Type 3, 4 or 
5, class GP. Floodlights marked "Y"-Type 3, 4 or S, 
class GP. 

NUMBER: Provide single floodli¡¡hto or banks of 
floodlights accordin¡ to orea to be li¡¡hted, baaed on 

10 famp lumcns per square foot (square meter) of area. 
OISTRIBUTION: Distribute floodlights to project 
approximately 2 IJJmens in the direction of travel 
( .. X" arrows) and one lumen opposing direction of 
travel ("Y" arrows). 

Mounling Hei¡¡ht 

Not len than J.ío dlmenaion "'0", 

51 
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45. Soccer 55 

--,t----~t~----------·· •• 

Note: U ft = C.t m: 3(1 ft = 1.1 m; 15 ft = 
2%.9 m: 12.5 ft = JS.l m: llO ft = 31.5 m; 
165 tt = so.3 m: 195 tt = n.c m: no tt = 
100.6 m. 

46. Softball 
1 
1 
1 
1 

ee1 

• 1 
1 
1 
1 

14" --¡._ 20" . '¡ . 
1 
1 
1 

1 :w 
• 81 1 

• . , 
1 
1 

• 

1 POLI LA'YOUT 

llS C:unent 
lte~ommended Dlttanc.-

ltr.cu,.- Nearast 
Footc.andl .. Sldallna te flaodlilhb 
tDelllhu) rloodlltht 

. - - . - -Maln1alned- Polaa-ln·reet --No.-ot 
Clau In Serwifa (Melera) Poi u TrP• ct ... a 

1 

over 140 6 1 or 2 GP 
(42.7) 

100-140 6 2 or l GP 
Profanional 30 (32) (30.H2.7) 

and Colle¡e 
75-100 6 ) GP 

(22.9-311.5) 

50-75 1 ) GP 
(15.2-22.9) 

30-50 • • GP 
(9.1-15.2) 

15-30 10 5 GP 
(4.6-9.1) 

High School 20 (22) 
15-30 10 5 or 6 01 

(4.6-9.1) 

15-30 ID • o 
(4.6-9.1) 

15-30 10 5 GP 
(4.6-9.1) 

15-30 10 5 _or 6 01 
Recreational 10 (ll) (4.6-9.1) 

15-30 !O • o 
(4.6-9.1) 

for min1mum mount&n¡ hea¡ht see chert, pa¡e 55. 

e<> 

... 

e• • 

1 POL[ LAYOUT 

. .. 

Note: U tt = 4.6 m; :U ft = 1.5 m; 40 tt = U.l m; 10 ft = 11.1 m: 100 ft = 10.5 m; lOO .ft = U.O m; ICO ft = '11.1 •o .. ·.""··' 
280 tt = 86.& m. 

TheM layOt'h art bued 011 tbe followint tot•l ptni11t Jrtl l11dudln1 1 ltrip 20 ftt't wfdt evt-'<41 IIth foul li11t: lnfitld Aru-10.000 •qure '"'' Outneld · 
Aru 1200 f"ll-19,115 "1111,. fect; Outli~ld Arca 1240 f~ttl-45,140 IQUu• t.t: Oulfitld Alu 1210 leetl-70,130 lqu••• fctl. DuHo~0111: W = 10 fNt 
to JO ltct; X = 25 '"' to SO fHt; Y = S fHI to 15 het: Z = 90 fHt to 110 f .. t. 

, __ 
' 

52 
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B P~le Layout 56 
These layouts are based on the following total pl.wir~g arf'll lncludins: a strip 20 feet wlde (6.1 meters) outslde each foul lir·\.:: 
lnfield Area-10,000 square feet (9:!0 ~r¡uare metf': '); C11 ,.,:elr1 Are a 200 feet (61.0 meters) -29,815 SC". ·are feet (2,770 square meter s.); 
Outfield Area 240 feet (73.2 meters)---Q3,200 s~ua1 í' fc·l·l (/j,877 square mclers); Outfield Atea 280 feet (85.3 meters}-70,330 ¡quare 
feet (6,540 squarc meters). Dimen~ions.: W ..., 20 ft:~t to ~ feet (6.1 mcters to 9.1 meters); X • 25 feet to 50 feet (7.6 meters to 15.2 

,?"-,eters)¡ Y- 5 feet for 15 feet (1.~ meters to 4.<. n1~tPrs); Z- 90 feet to 110 feet (27.4 meters to 33.5 meters). 

n:s Current Recom· 
"'~"•tcd Practlce

FooL>ndles (Dokalux) 
M11 1Jltalned In Servlce FloodllghtS 

Mlnlmum Mountlng 
Holghtto Bottom 

Floodllghl Crossarm 
In Feo! (Moten) 

Outfield 
In Feet 

(MI!ters) 

---·-·----.-----1----.----1~----.---

lnf¡eld 1 Oulfiold Typo - 1 Class A & B Polesl C & D Polos Class 

Professlonal and 
Championship 

---'-----~ 

280 (t5.3) 
240 (73.2) 

.1 
~ j 

-------1-------- ·-·--
Semi-Professlonal 

Industrial League 

Recreational 

280 (115.3) 
240 (73.2) 

2so es>. 3) 
240 (7J.Z) 
200 (61.0) 

200 (6J.O) 

, }Jres; 6 for recreational; 8 for othN classes 

30 

"' ·''·J 
--

(0 
22j 

10 
(11) 

-

8-Pole Layout 

30 
(32) 

20 
(22) 

15 
(16) 

6-Pole layout 

7 
(7.5) 

3,4or5 GP 50 (15.2) 60 (18.3) 

3,4or5 GP 40 (12.2) 55(16.8) 
4, 5 or 6 01 40 (12.2) 50 (15.2) 

3,4or5 GP 35 (10.7) 50 (15.2) 
4, 5 or 6 01 35 (10.7) 45 (13. 7) 

6 o 35 (10.7) 40 (12.2) 

5 GP 
4, 5 or 6 01 35 (10. 7) 40 (12.2) 

6 o 

- NOl E: Supplementary corner polo?~ m ay be insti':i:i(:d to carry overhead wire around boundary rather than across playing are a 
Slow-pitch sottball, Tournament Cl;,ss to be same as lndu!;trial League abovc 
Slow-pitch softball recreational ClasS to be sam 1.!_as Hl!creational above 

47. Swimming-Outdoor Pools Overhead Lighting 

y 

A 

POOL 

A A 
t----Y-----+1 

DIMENSIONS 

X- 20 FT (6.1M) OR MORE 
Y~ NOT TO EXCEED 4 TIMES 

MOUNTING HEIGHT 

(For Underwater Lighting See Fig. 25 in Text) 

A 

lES Curren! 
Recommendod 

Pracllc.- Mlnlmum 
Footc.andios Floodllghls Mountlng 
(Dekalux) Height 
Malntalned In Feet 
In Sorvlco Type Class (Meten) 

10 (11) 5,6 GP 20 (6.1) 

The pole locatlons outline the area to be lilhted. Pole 
spaclng not lo exceed 4 times mountlng helghL 

53 
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48. Tennis 

• ri2FT* 

rr---""'1,..; . ~ 12FT • - 57 

l f-r- r-r- l 
60FT 74FT 

r-- J 12orr r-'- r-'- · r j 
t:::::::::::-,0-&_F_T-----------_.-..;-!' ~ é-._-_ =-~---10_8_F:T=. =-.--= .. -.u_..,---'1 

RECREATIONAL CLUB OR TOURNAMENT 

TENNIS- TWO COURTS 
POLES 

Note: 12 tt = 1.1 m; 10ft = 18.1 m: H ft = !%.6 m; 108 tt = SZ.t m; 
120 Ct = 16.6 m. 

lES Current Recommended 1 

Practice-Footcandles Unlformity Ratio 
(Dekalux) Maintained Maximum & 

Class in Service Minlmum 

Tournament 3l '(32) 2:1 

Club 2) (22) 2:1 

Recreational 10 (11) 3:1 

Mínimum Mounting Height in Feet (Meters) = 30 (9.1) 
All floodlights to be lES Types 5 or 6 
• -Recommended poi e locations 
• These clearances are to be considered minimum; greater distantes are 
desirable when space permits 

49.Trap Shooting 

lES Curront Recommended Floodllghta MountinA 
Practlce-Footcandles Helght 
(Dekalux) Maintained In Feet 

In Service Type Clan (Meters) 

Target (vertical at 100 feet 
(30.5m) from trap)-30 (32) 

,-----,-· -- -¡----, 

r-- l ~r- l 
lOfT 74FT 

r- J 120FT '-'-- J 
.'-------1~-c----' 
l--sort~ ~60Ft--! 
RECRU.TIONAL CLU! OR TOUANAMENT 

• TENNIS - ONE COURT 
.).... POI.E S 

12FT •• ~r- -t t-"12 FT • 0 
1 

r 

t--

r-

f-

r- • 

·~ ,;> ·~ . X 

r (, 
FLOODLIGHTS "- POLES 

TENNIS -ONE OR MORE COURTS ll/j¡ ... ·
1
, 

MESSENGER CABLE MOUNTING ~ 

floodli1hh suspended on menen¡tr uble u lndiuled 
here II!JJ use 'n' I'"'P' indudin1 fluoru,ent. 

TAAP 

X; 
lOO vos 
OAfriiG[A 

/ZON[ 

1 
1 

r 
400'I'Ot 
OANGEit 

ZONE 

i 
•r 

1 
2 GP 20 (6.1) LC8[ CO\I[RAC.( r:Jr UJIIITS 

lOCA fEO &18 
Firing point-5 (5.4) 

Poles: 2. J 

Note: 1Y.a ft =.'16m: 9ft= !.7f m; !O ft--= 8.1 m; IQ tt = 
9.1 m; 40 ft = 12.2 m; 80 tt = 18.S m; 80 tt = · .· .f m; 
tl ft = 11.1 m: 100 ft = 10.5 m: 110 tt = 18.1 m: 150 tt = 45.7 m; u yda = u.a m; 17 741 = U.T m¡ 60 7da = fi.T 
m: :wu J•h =ti' m; 3GO 71.11 = aa• m. 

L.CAC CO'I[RAG[ OF UNITS 
I.OC&TEO AT .t. 

AVERAGE HIT .&11:[& 

,_1.-..-, 

TRAP 
TRAJ[CIORT Of TAIIIGET 

IAPPitOXUUoTEI 

i 
¡1 
i 
1 

i 
1 

1 

1 
' 
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50. Volleybaii-Outdoor Courts 
58 

lES Curron! 1 

Rocommonded 1 
Practlcc-

Footnndles 
(Dokalux) 
Malntalnod 

Class In Servlce Type 

40FT Tournament 20 (21) 5 or 6 

L--------~~FTTOIOFT 
A f 

Recreational 

1 

10 (11) 

1 

5 or 6 

Note: li tt = Ui2 m: 10 ft = 3.1 m; 40 ft. = 
1~.! n.; 80 !t = 24.4 m. 

---
Poles: 4. 

.... 
w 
w 
~ 

~ 
<( 
w 

"' <( 
~ o 
w .., 
o 
w 

~ o 
"' ~ 
w 
V z 
;5 
"' i5 

MOUNTING HEIGHT CHART 

MOUNTING HEIGHT 

ti/ V/.~/.~ ~~ "'o ~o 1,p <oo ,c:B 
/ / v / o 

2 
7 v V / / o y / V / /jY 

/ / / / 
~o 
' 

/ 7 / / //; 
/ / 

/ / / /' ~ ~o 

~o 

60 

7 / / / 
V v v 

v v v v v~ 
/ V V 

I/ V ~ v V 
V / / / 

,q,o / 

v / V v / 

~ V V 
v 7 V / oo 

v / 
'): 

/ '/ / / / 

80 

100 

120 

140 

160 

180 

V / 200o ~o 80 120 160 200 240 280 320 360 ~oo 440 ~ao 
TOTAL WIDTH OF AREA IN FEET 

NOTE: 1 METER= 3.2808 FEET 

-.!..--

Mountlng 
Holghl 
In feet 

Class (Moters) 

GP 30 (9.1) 
o 

GP 30 (9.1) 
o 

•20 FEET MINIMUM FOR GROUND AREA SPORTS. 30 FEU MINIMUM FOR AERIAL SPORTS 

Mounting hei¡ht chart for all sports areas-minimum height to bottom floodlight crossarm. Read mounting height along 
dia¡onal at lnteraectlon of approprlate horizontal ond vertical linu. For example, 'f!fnere Area Width • 160 feet (48.8 meter a) 
and Poi e Setback""" 50 feet (15.2 meters), minimum height of 160 feet (48.8 meters) is indicated by diagonal at interse~;tion of 
50 feet (15.2 meters) and 160 feet (48.8 meters). 
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Appendix A-Floodlight Aiming 59 general praclice lo bue opolling or aiming diagrama 
for certain.oporll, auch •• -!..otboll which employo a 
aymmetric field, or for minar sporb -...·here relatively 
few floodlights are invoh·ed. on IK'ale plols of the 
floodlight beam spreod and the lirea to be lighted, 
previoua calculations, and practica) experience with 
!imilar installations. 

A·l General. (a) In any aports lighting projecl, 
proper aiming o{ tht- luminaires upon installation is 
Yitally important so that the user may secure the full 
benefit• ol quality thal the manufarturer has buill 
into his equipmenl and the engineer has provided in 
hiF- layout. Each luminaire must be carefully directed 
to its appropriate point on th~ playing field if the 
Jightinf! system is to pro\·ide both the horizontal and 
\'crtical uniformity. and freedom from objectionable 
~lart> for which th~ inf..tallation -...·a!' designed. To 
facilitate the actual aimin~ process~ an aiming or 
''spolting'' diagram prepared in ad\'ance is generally 
emplo1ed (see Fig. A-1). 

(lo) Calculatioo methods make il ·possible lo pre· 
determine accurately the foolcandle (lux .1 distribu
tion pro\·ided by any gh·en aiming pattern. Howe\·er, 
hecau.se such calculations are long and tedious, il is 

MOUNTING HEIGHT l POLES A ANO 6-JS FT 
\POLESC------•OFT 

OUTFl~lD OlSTANCE-- ----------200FT 
NOTE· AIM CENTER OF BEAM AT POlNT ON 

GROUNO INOICATED BY ARROW 

(a) Manual aiming diagram for a 32-unit 
sottball field for use with a floodlight 
sighl. 

Figure A·l Floodlight spotting diagrams. 
:1'\'ote: 1!'1 ft = 4.6 m: 25 tt = 7.6 m; JO tt = 8.1 m: U tt 
= 10.7 m; 40 f'l ::: 1~.2 m; 50 rt = U.2 m; 60ft = 11.1 
m: 160ft :;-; 4S.S rn; 200 fl = 61.0 m. 

56 

(~) The procedure is as follow.: from an end ele· 
vation \'Íew, similar lo t.hat !!hown for a football field 
in fig. A·l (b), the vertical aiming olthe floodlight 
heam axes can be determined to obtain approximate
ly uniíorm horizontal Hlumination across the field 
together with sufficienl ~·spiiL" .. direct filament," or 
"heam-edge" Jight in the !~pace abo\'e lo pro\·ide ade
quale illuminalion lo a heiFhl ol approximolely 50 
feel 115.2 melers) abO\·e the field. In this connec· 
tion. care must he taken to miuimize the amount o{ 
lighl from the upper porlion of the floodlighl beams 
falling in the opposite stand~. A limited number of. 
pciiut calculations along a liut> perpendicular to. the 

k·.~~ . u::u; 
! \ 
r • .... 

N0.3 .. 

i 

.1' l 
, r: 

·1 .. 
! 

HO.• .. 

.... ... 
HO.I N0.7 

ENO EUVATION Of flOOOUC.HTS 
AIMED AS r.HOWN 1H rt.N\1 VlfW 

·-· . 

J 
/; ·, .·· 1 \ 
( .·· ¡ . i .. 
'' ·J~_.,_·~ .. ~· 

N0.5 
& 

I'OlU 1 A.NO 6 

POLES.SANO)() 

POI.lS 2, l, •. 1, l. 9 

FIGUtf IN 10, Of CIIClf OENOTU 
UOiiZONIAL OEC.IH SHTING, Un 
01 IICHT, WlTH lHl OUfiVU 
U,(l(, Of HOOOUGHT$ f.._CING IN 
Ollf( TION 01 &UM. 

f!GUif IN 10110frol 01 CIIC\.E 
OlNOTtS VtUICAL DEGIU 
SlHING .._IOV[ N.t.Dil. 

(b) Angular aiming diagram for 40-unit football field. 

-· 

,. 
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. 60 
axis ol tbe pole crossarms, baacd on a aingle group 
o! floodlighls, can be made wilhout excessive difli. 
culty to check the graphical appraisal ol the proper 
vertical aimiog ancle. Such calculations will increase 
the accuracy oí the aiming diagram, particulnrly if 
more than one row of Hoodlights from a single pole 
i• required. The plan view ol thc field mahs il pos· 
sible lo plan horizontal aiming ol the floodlights to 
provide approximately uniform horizontal illumina
: oo in tbe longitudinal direction ol lhe field. 

(d) lt will be noled in Fig. A-l (b) lhal rdative· 
ly wide beam lloodlighls (Type 5) are used Lecause 
the poles are close lo tbe playing' field. 1t will be 
noted also tbat the upper parls o! the beams o! the 
lwo sets ol floodlighls indiraled fall in the opposite 
stands:t Howe\'er, since theSt- are the wide ht"am 
typc, the candlcpo,.-er in the uppcr portions ol the 
beam (more than 16 dogrees froru Lea m cenler) will 
be lo..-, and the spill hrightness from them will he 
weU within comfortahle Hruits when e\·aluated with 
Ieopect lo the relaiiHly high brightness of the fidd 
itsell. 

(e) For inslallations differing appreciablr lrom 
the standard recommendations or im·olving a laré;e 
numbcr of floodlights, it is de5irahle lo obtain an 
aiming diagram prepared by the manufacturer o{ the 
lighting equipment. 

A-2 Fiel<! :llctho•l• of A<ljusting Floodli;.:ht•. 
(a) There are severa! ways to put spotting or airning 
and most accurate, is manual aiming of the Roodlight 
beam centers al predetermined spots on the playing 
area. Thi!> may be accompli::hed by using buih-in 
beam sight:s, or by placin~ acc-e,s.sory beam sights 
against the Hoodlights parallel to thf>ir optical a:...es. 
Then by gridding both the aiming diagram nnd the 
playing area into squnre sections, 30 fc:et on a side 
(9.1 meters l, marker~ c-an be plac-eJ .al the aiming 
points on the fie~~~ de~ignated on the <irawíng, and 
the sights aimed al tho:,t> points. 

(b) A second aiming method lor direeting the 
Hüodlights is lo calculate flr determint! graphically 
from the aiming- diagram. the '·ertical and horizontal 
angular setting~ of each Aoodlight. :\Iost Aoodlight~ 
are equipped with degree scales which may then be 
set to those angle.s. The accuracy of this system may 
be les, lhan lhat of the one described abo1·e unle;s 
the poles are set accurately and the cro~~arms care· 
fully le\·eled and ali~ned. A dillerence ol only n f•" 
degrees may mo,·e the beam center 20 feet ·(6.1 me· 
ters 1, more or le~s. dependi11g upun the mounting 
height. See Fig. A-2. 

(e) A third aiming method which mav be used 
sucre:s!-fully with practice is to shmd nn ohsen·er on 
tht field shc.rt of the aiming point so the line from 
the Aoodlight lo the aiming point passes approxi· 

Figure A-2. An error of only a few degrees '·;-· . ..,gu'"' 
aiming may move lhe beam center 20 ', ot .· 1 
meters), more or le;s, on the playing field. 

Nott>: 20 tt = 6.1 m; 60 Ct = 18.3 m; 160 Ct = H.! m. 

matcly lhrough tilo oL•erver's eyes. (Prderahly, the 
obs~::rvation of th!.! noodlight ~hould he made through 
binocu1ars.) Af. thc Ooo(.llight is mon·d l1y an assist
ant, tl1c obscrn•r thcn eslimate~ the position in which 
th~ lamp filamf'nt (0r concentric reOec:tor rings) np· 
pear exactlr cenlt:red in the floodlight aperture. An 
alteruate ohsernttiun method that may he U!'ed with 
the n.:trrow be a m (specular reflector) Aoodlight is to 
light the Jamp and, with s¡noked glasse.s on (prcf. 
ernbly with binoculars), estima te whe-n the entirt! 
reflector appcnrs uniformly bright and at a maxi· 
mum ·brightnes~. 

(d) The lattcr methorls are inherently less ac:cu
rale than the first Lut can he satisfat:lory when rela· 
tívely )arge numbr.rs of meJium or wide beam Aood
lights are directed into the same gent>ral aren. 

Appendix B-1\laintenance 

B-1 11•c lmporlanre of Propcr lllaintcnahcc. 
Loss of illumination will result from the use of de· 
preciated lamps and from nccumulated du;t and dirt 
on the reflecting or tran~mitting surf.:1ce of any lumi· 
naire ,,·hether instnlled outd.oors or indoors. Ir the 
ÍD!!tallation is indoors thc resultant maintaine-d illu
mination ,-alue is also nffectcd by the condition of the 
ceilingl wall5 and p:encrnl surrounds. Dt"preciation of 
25--50 per c~nt mny he expecteJ dcpeudinf! u pon ei· 
fici~ncy of the maiutt·n;.mc~ program (see Fig. B.)). 

D-2 Li~ht I~oss Factor~ for Outtloor De~i:;n Cal
cnlations. In the dc.sign of a li~hting in~tallation 
calculated to pro\·ide specific illumination \·alues 
using a gh·en quantity o( luminaires; il is necessary 
to assume spt"riñr. light loss factors as well as mini
mum efficiencies. For the basis of li~htir1g de5ign, it 
is recommendcd lhat the NE~1.-\ StJndards be Rp· 
plied to lumini.lire dc:signation to permit the use of 
standard Hght loss factors of 75 pL~r ccnt of initiill 
,·alue for enclose-d lun1inaires antl 65 per cent for 
ope.n luminaires. 
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Cl(ANlO 

CL[ANlO PlUS NlW 

Jrtlw flOODliGtH 

CL(AN[D 

fl(lll C[lrrtT QIIIIUTIAL. 

.Uirrl LVMllrtS 61 

Figure B-1. Necessity for adequate cleaning and re
lacnp;ng program is vividly illustrated by these test 
results of two floodlights removed from a majar 
league baseball stadium alter two seasons of opera
tions. 

fl-3 Li;,:ht Loss Fnctors for lnoloor Dcsi¡:u Cnl· 
rulatiun5. For interior lighting ralculations the li~ht 
lo~~ factor used will clepend upon the design of the 

~pedf1c luminaire rhos~n. For su~gestecl light loss 
fnctors fur typical luminaires refer lo Appendix D. 

n .. ¡ FrctJ11Cill"Y of Clcanin~. (a) Since actumu
lation of forei!!n maller upon a lumin;;:¡ire depends 
upon the local atmospheric condilions! it füllows that 
the frequcncy of cleanint! the equipment must be 
clt"tennined on the basi::. of the existing almospheric 

conditions and. the type o! lighting: systcm employed. 
lt i~ rccommended that floocllight luminaires or in
dustrial lype luminaircs used out·of-cloors be thor
oughly cleaned as follows: 

1 1) A t the heginning of ea eh season. 
l:l.i \'Vhenever a lam p is replaced. 
(31 ln extremely smoky areas at Jeast once and 
preferably two to three times during the scasoo. 

(IJ) For interior lightinf! systems a suitable clean-
ing •chcrlule should be estaLiished by a periodic 
check of thc illumination with a lir::ht meter. \'\'hen 
the illumination ha~ decrea!'ed lo i5 per cent of its 
iuitial Yalue, the equipment 5-hould he washt-d. A 
thorough wa:-;hing of interior lighting equipment at 
lcast twice a year is justifit·rl in mosl locations. In 
dirtiP.r arras, three or four cleanings pcr year are 
11eeJed lo achicve the lowcst co~l operation in terms 
uf [ootcandlc-hours (lux-hours) per dollar. 

(f'.) The frequency of deauing the surruunch such 

as walh• nud ccilings is detcrmincd lo a largC exlent 
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by the amount and character o[ dirt contained in the 
atmo•phere. Rt~ular in•pection and adequate clean- · 

-----/ 
iil~ art rt<:ommendea to maintaiñ -,h·e relative effi. 
ciency and brightness ratios between luminaires and 
surrounds. · 

B-5 Lamp Replart•ment. (a) Replacement ol 
lamp• ~ hich are badly blackened or considerably de
preciated in lun'len output is important in maintain· 
ing the illumination le\'el for "·hich an installation ia 
designed. 

(b) To minimize lamp labor replacement cosl! 
and outage~ during the playing season~ a group re· 
placemenl plan is recommended. Group r~placement 

ol all lamps in an installation can be combined el
fecti\'ely with annual luminaire inspection a~d clean· 
in~. Ilecaus.e ~ach of the three lip:ht sources, incari
des.cent, fluorescent and mercury, has a differenl rate 
of failure on·r it.s respectiv~ life, the time for group 
replacemenl may he difieren! in each case. 

(e) The lamps remo,·ed should be Ü•ually in
spected and the hetter ones saYed for replacement at 
burnouts prior lo the nt>xt group replacement. There 
are, of course: many variablrs, depending on the type 
of installation in ~roup replacement! and any partic· 
ular installation should he gone 0\·er thoroughly with 
lighting: cngiueers lo determine the replacement S)'S· 

lem that \dll besl suit the needs of that installation 
from both a lic:ht ami economic standpoint: 

ll-6 Cleaning Agents. !'\eutral soap or neutral de. 
tergenls completdy dissoll'ed in wn.ter. or mild clean· 
in~ agents will p:enerally clenn lighting cquipment 
satisfactorily. Sper.ial cleanrrs are availah!e for e~: 
lremely dirty equipment. 

B-7 Phy.!Oit"al ln~pet"tion. EH•n time a luminairc 
is cleaned or relampcd, it should also be inspedcd 
for mechanicnl defects. Prompt correction of any de
fects will sen-~ lo prolong the life of the equipment 
and minimize frequency of cleaning. Sen·ice mcn 
should he instructed to exercise reasonahle care in 
handling lighting equipmenl. es.p~ciall~· in not forc
ing: the co,·er·glass doors or glohcs shut when incor

rectly aligned. 

Appemlix C-Outcloor lllumination 
Calculations 

C-1 lntro•luctiou. (a) The method of calculatin¡; 
the lootcandle (lux) le\'el which can he expected 
from any ;?ivcn numhcr nnd mrau~ement of flood
lig-hts, or of cai<:uliltiug- the numbcr of floodlights re· 
q1Jired to proJuct." a ~h·en lncl. is more complic<lk:! 

than the i• ·:rihr lirhting calcula! ion. This is lrtl·· 
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becau!'!e therr are muny variable factors auch as the 
distan<·e !rom the playing area lo the ftoodlights, ihe 
mounting height, and the aiming o! the ftoodlights. 

(h) Sorne approximate methods of calculation 
ha\·e been deHloped and are availahle from the man. 
ufacturers of lighting equipment. The most accurate 

method of calculating the footcandles (lux) pro· 
duced br a floodlight installation is reproduced in 
Fig. (.]. This method im=olves the use of light dis· 
lribution curves of the isocandela type on which the 

srea lo be lightcd is plotted around the beam axis. 

(e) For calculation purposes, depending upon the 
accuracy required, one or more representative fiood· 
ligl11 Leam p:.tllerns should be chosen for each pole 
locaticJn ....-here varying utilizntions may result. 

(d) The method o! computation consists o! plol· 
ting the area lo he lighted on the photometric cur~·e 
and theu adding up the number of lumens contained 
inside the area. The· number of lumens divided by 
the are a in squnre (eet ( square meters J gh,.es tht

averagt: illumin3tion (rom the unit in footcandles 
(lux). 

C-2 Sample ComJ>utation. (a) An example o! a 
typical 3rea to be lit;hted is gh·en in Fig. [. i. The 
prohlcm is to uhtain the outline of the area ;;; tcrms 
o( lateral ami vertical degrees and transfer it lo the 
isoeandda curre in Fig. C-2. 

(h) To simpli!y the proLlem, the \·ertical axis of 
the fioodlit:ht beam is assumed lo be normal to the 
sides of tht" area~ i.e .. a vertic-al plane through the 
Aoodlight'~ axis is perpendicular to the line 1\L.\1 in 
Fig. C.l. The tho side; o! the aren. II.J/ and RT. 
will apptar on the i:.Oocandela cun·e as straip-ht line~ 
p:trallel to the horizontal beam axis. h is. therefore. 

necessary to calculate only the n~rtical angles A and 
A' frum the pCJle to the near and (ar sides of the area 
nnd relate them to the aiming angle P'. which is the 
uro·zero degree point on the isocandela curre. in or· 
cler to draw the sides on the cun·e. The e~tremilit's 
o! these lines. point; 1\ . .11, R and T, must Le found 
by oLtaining the true lateral angle B in the plane 
passing throut;h the Jloodlight and the si1le of tht:> 

faeld in \\·hir.h the point i~ located. The contuur of 
the side J.:R or .\IT is (ound by assuming a numht'r 

o( poin~s c'n tht- linr and finding the corre:>pondin::?. 
l::~teral and vertical an¡;les. The vertit:al anf!les A. A' 
and P' are found from the nomogram in Fig-. C-:~: 
The lateral angle; B are founJ !rom Fi0. (.l. The 

exacl procedure is as follo\\ S: 

i 1 t Hefer to Fi(!. C.3. La y a strai:;htecl~e arross 
t!le chart .\' t.'onnerting the Ji:-tance .\" L30 r~f':l or 0.1 
meters) with the muunting ht"i,ght H j 50 feet or 15.2 
meters}. On the cenl~rline A. read the \"t>rtical an~le 
A from the pole to the r.:ay oC lig.ht rearhiug the near 
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Figure C·!. Typical floodlighted football field used in 
sampte catcutation of average horizontal footcan· 
dles (lux). 

Note: SO ft = 9.1 m; SO ft = 15.2 m; 60 ft = 18.3 m: 90 
ft = Zi.4 m: 10:i fl = 3:!.0 m; 160 ft = tS.S m; BO ft = 
57.9 m; Z2:i fl = 6S.G m; 360 tt = 109.7 m. 

-~- .. ···.o(f\0&;. 

otoe: .. ~hO (UO•ll 

..,.,.,., 01 .,.,.,no~~" I'Dll 

'"' ....... ,. 

Figure C·2. Fioodtight distrib"tion data sheet. 

side of the field (31- L In the same way. usln~ H ~ 
50 feet (15.2 meteasl a.n<l .\"1 = 190 fr:et f57.C)"¡ me

ter~ 1, the vertical ang:le A' to the far sidr: of tl1t' 

field is fuund lo be í5.2 '. Angle P' '·Y, = '>O !ed 
or 27 _.¡. m~::ters) is 61 ::.. 

(21 ·Re!er to Fig. (.2. Thc location of the area 

on the isocandela curve depend:S on tht:! ang.lt> at 

which the floodlieht is tilted, i.t-., the aiming an~!le P'. 
Since th~:: aiminq point is tia~ zero·zero de-gree point 
on the curve. tht: near !ide of the field wouhl l~t:• 
plotted 61 drgrees - 3) dt>):Hr:e~ = 30 Jecrree~ be. 
low the zero de;rrte H'flÍl"~~~ liru~. and the far siJe 
75.2 derree-s- 6l degrees = 1-1-.2 d~::grf't'S above the 

-· 
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zero dep:ree vertical Jine. Horizontal linea repreaenl· 
ing the near and lar oide, of the field can be plotted 6 
on the curve ( F"i¡,1. C-2) through the>e vertical an¡,1lea. 

____ (3)_To.determine-point R-refeno fig. C-4. Laya 
straightedge across the chart from the mounting 
height H = 50 feet (15.2 meters) lo the vertical 
angle A' = 75.2 degrees and read on line Y (1% 
feet or 59.7 melers). l'iow connect 1% feet on line 
l' with D = 255 feet (77.7 meten) on line D, and 
read on line B the lateral angle (52.5 degrees). Plot 
this point on the top horizontal lint. In the aame 
,.-ay, lind point K by using A = 31 degroes and D = 
!!55 feel (77.7 meters). Points Al and Tare found 
using the same vertical angles as for K and Rt re· 
spectil·ely, and D' = 105 feet (32.0 meters). 

( 4) The four corners of the area are now Jocated, 
but the rnds of the area \\·jJ) not appear as straight 
lincs, so it is necessary lo plot sufficient poiilts to 
determine the cunature. The first poinl! to be de· 
termiued are those on the O degree center axis. The 
vertical angle to use on Fi~. C-4- is 61 de:;rees. From 
this and D = 255 feet (77.7 meters) at the point al 
the left is found to be 68 degrees, and from D' = 
105 feet (32.0 meters) the point al the right is 45.~ 
degre-es. At lea~t one additional point above tl1e axis 
and one helow should be determined. These may be 
found by assuming veftical angles such as seven Je
grees abo,•e the axis, or A = (61 + 7) = 68 de· 
grees. With these points plotted on the isocandela 
cur\'e, the ends of the field can be drawn. 

(e) With the field plotted on the cur\'e, the ]u. 
Dl<ns which fall on lield are added up. In the zones 
cut by the sides of the lield, estimate the proportion 
of the luruens included ,,·ithin the bonndary. A tabu. 
lar ion of these values. is gh·en in Table. C-1. 

(d) Referring to fig. C-2, it will be noted that 
whilf' the calculations ha\·e been made for a unit on 
pole 4 the same result applit>s to $Ímilar units on 
pob 2. <) ond í. lt isthen neccssary lo make a simi· 
lar calculation for the remaining poles. 

(e) It mar happen that a better utilization factor 
and increascd lumcns can be obtained by tilting the 
floodlight at a clifferent vertical angle. This can 
readily he rleterrnined by studying the summation of 
lumens in the laten:d zones, gh·en at the side of the 
i:'ocaudela cun·e. Tilting the heam up or down mere-· 
Ir in\'ol\'es shilting the entire diagram of the field up 
or down the rcquired numher of degrees on the 
curve. 

C-3 Irregular Areas. In the case o! irregular areas, 
the sides of the field, •uch as KR and MT, may nol 
be straight lines 'or may not be parallel. In that case 
it w ill be necessary lo determine both the n·rtical and 
lateral angles for several points on each line. 

e~~ Speelul Caoet~. (a) In computing vatuea for a 
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Figure C·3. Nomogram for determining vertical an· 
gle Cangle A in Fig. C·l) in terms of longitudinal 
distance X and mounting height H. 

clost"d projector instn.IJation where the projectors can 
be so located that all of the beams will fall on the 
area invoh·ed. the averagt' initial level can be com
puted by di\'iding the sum o! be¡¡m lumens ol all of 
the Ooodlights by total area. In ca~cs where tl1e en~ 
tire bram \\·ill not fall on the areas im·olved, the 
rne;-thod of computation des-cribed in Section C-2 · 

•houhl be used. 
(b) For a baseball lield installation where the 

8\"erage Je,·el for the infield is siven, the computa· 
tiüns should be made by the method gi\"en in Section 
C-2 or by the point-by-point method, selecting a su[. 
ficienl number o( stations within the area to give a 
true average. 1f values are required at !pecif1e~ 
points, the point-by-point method of computation 
should be used. 
C·5 Illumination Len•) al Variouo Pointo. 11 fur
thtr details on illumiuation le\·el at \"arious poinl! 
are desired, it is recommended that the so-called 
point-hy-point m~thod be U!!led in computing values. 
In ,·iew o! the leng-thy proceu and its well-known 
principie, il is not included in this diecussion. 

A ppend ix D-1 ni erior lllnmination 
Calculations 

Recommended le,·els of illumination are the mini· 
mum values require~ on the lasks found in various 
types of interiors; howe\'er. it is usually more practi· 
cal to design 'ighting systems to pro,·ide an average 
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Table C-1. Summation Of Lumens On Field 

From 
To 

10-20 

Vertical Zones 

0-10 Above 
0-10 Below 

10-20 
20-30 
Total 

10-20 
0-10 Above 
0-10 Below 

10-20 
20-30 
Total 

Grand Total 
CBU- 12,927 + 18,014- 71.7% 

o 
10 

207 
1,159 
1,149 

506 
201 

3,222 

207 
1,159 
1,149 

506 
201 

3,222 

10 
20 

141 
575 
580 
314 
162 

1.772 

141 
575 
580 
314 
162 

1,772 

Lateral Zones 

20 lO 
lO ~ 

Fleld To Right Of Unit 

77 10 
232 109 
229 121 
171 107 
120 85 
829 432 

Field To lelt Of Unit 

80 53 
232 124 
229 121 
171 107, 
120 85 
832 490 

87 

86 

"' u "' z 85 "' <t "' .... a: 
"' 84 "' o w 

o 
..J 83 
<t z 
a: 82 
"' "' 1- 81 ...J 
<t "' ..J 80 z 

' 
<t 

o 79 ...J 
78 < 
77 u 
76 .... 

a: 75 
"' > 

< 
70 

65 

60 

55 

50 

40 
30 
20 
o 

mounting height H, diS· 

40 
50 

14 
60 
45 

3 
122 

27 
83 
76 
45 

3 
234 

--~--~-~-·-

6,377 

6,550 

12.927 
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illumination len·l with a rea!oonahle de~ree of uni
formit~ throup:hout the area. Such calculations may 

--he-made by The Lumen Method. -
The lumen rnethod for calculatin~ the illumination 

that upresents the a\·era~e of all points on the play· 
in~ ·area in an interior is- has-t'd on thr definition of 
a footcandle as- one lumen per square foot (a lux as 
(lne Jumen per ~qu3re meter), or: 

Lumens 
r ootcand)es = 

Area in square feet 

Lumens 
Lux-

Area in square meters 
:'\ot all the lamp lum.em will rearh the playing 

art"a heeause of loss-es in the luminaire and al the 
room surfaces.. To take this- into .account~ lamp lu
mrn~ are multiplird by a ··coefficie-nl of utilization" 
\,hich. re-pres-en!:: the portion of th~ lumens that actu· 
all~ rt>athe:: the work plane. Thus: 

Lamp Lumens X 
Coeriirient of l'tilization 

lnilial Foolcandles (Lux)- ---------
Area in sq. ft. (meters) 

SinC'e the desi~n objecth·e is usually the minimum 
maintained illumination, far.tors- must be applied lo 
<H:count for the cstimated deprerinlion in lamp ]u. 
mrn~ and thr estimated losseS from dirt collection on 
the lurninaire ~urfaces ( including Jamps). Thus~ the 
formula becomes: 

Lamp Lu111•ns X 
CL' X LWX LDD 

\lainlnined Foolcnndlcs (Lux) = -----

where: 

Area in square 
feet lmelt>rsl 

cr: = the Coeflidenl of l'tili•ation 
LI.D - the l.amp Lumen Dt'prctiation FaC"tor se· 

lecleo from Table D-1 
LDD - the Lurninaire Dirt Depreciation Fnctor 

selected fr?m Fig. D·l 
The lamp Iumens in the formula are most con· 

nnit'ntly taken as the total rated lumens in the lu
minaire. and the area then hecom<"s the area per 
luminaire. Thus: 

Lamp Lumt'ns per Luminaire X 
CU X LLD X LDD 

'Jaintained 
Foolcandles (Lux) 

or, if the desired 

Area per Luminaire in s-quare 
feel \ meters) 

footcan,Jies (lux) are known, the 
area pcr luminaire (and hence the spacing Letween 

luminaires) to produce this illumination can be oh
lainctl by: 

Art·a per Lumi· 
naire in square -

fe PI ~melera) 

A lit!hl.".ag system <'an 
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Lamp Lumen!' per Luminaire X 
CUXLLDX LDD 

MaintaineJ F uolcandles (Lux) 
be designecl with spncing~ be· 

65 
Table D-1. lamp Lumen Depreciation (LLD) 

(Per cent ol initiai lumens produced al _ -¡-
-~-70-percent-of·iile')- -------

Lan"!p Description 

lncandescent 

General service 

Silver-bowl 
Reflector 

Projector 

Mercury 

H39-22 KB 
H39-Z2 KC/C 
H39-22 KC/W 
H37-5 KB 
H37-5 KC/C 
H37-5 KC/W 
H33-l CO 
H33-1 GL/C 
H33-l GL/W 
Hló-15 GV 
H3S-15 GW/C 
H36-15 GW/W 

---------

Fluorescent 

lnstant start 425 ma 
Standard colors•• 
lmproved·color types••• 

Rapid start 430 ma 
Standard colors•• 
lmproved·color types•n 

Rapid start 800 ma 
Standard colors•• 

Rapid start 1500 ma 
Tubular•• 
Others•• 

i LLD Factor 

to 150 W ! 
250 lo 500 W 

750 lo 15·)() W 
200 lo 500 W 

R40 
R52 and R57 
PAR 38 lo 64 

175W 
175 w 
175 w 
250 w 
250 w 
250 w 
400 w 
400 w 
400 w 

1000 w 
1000 w 
1:)00 w 

91 
90 
8ó 
75 
85 
81 
84 

85 
83 
75 
85 
83 
73 
86 
83 
74 
77 
72 
61 

Hours per 
Start 

-----
6 12 18 

88 87 85 
82 80 78 

87 86 85 
SI 80 79 

SI 79 77 

76 74 72 
70 68 64 

• Factors shown are averages for groups of lamps at 
design conditions and should be compensated to reflect 
opcrations in the field. lmprovements in lamp designare 
being made so rapidly that it is important, for accuracy, to 
consult the manufacturer's up-lo·date statistics for the 
particular lamp considered. 

•• Cool white, warm white, white, daylight. 
... De luxe cool white and deluxe warm white. 

tween units lo approxim:-.te this arca, hut H the total 
numher of luminairc!' is a1so desired, then: 

Total Room Area 
Total Number of Luminnires = ------,-

Area Pcr Lu~inaire 
For additior:.d iufornw.tion on illumination calcu. 

lations, &ce tJ... l.itctt ctlilion oí the 1 ES Liglating 
Handbook.: 
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Figure D-1. Luminaire Dirt Depreciation factors (LDD) for six luminaire categories (1 te Vi) and for five de· 
grees o! dirtiness. 

Appendix E-Power Supply au(l 
Distrihution for Floodli¡!hling 

lnstallations 

The electric utility sen·ing the sports lighting proj. 
ect should be consulted as to the type and rates for 
service a\·ailaLie, as well as rules for u~e of this 
sen·ice before plans are den·loped for the \\·iring. 

In many communities the installation of-wiring is 
go,·erned by local ordinances bo.:!ed on the National 

Electric Code. In. other communities prons10ns of 
the Code mi¡;ht well be follo"·ed beca use the merits of 
the Code are indicated by its widespread acceptanc~. 

~·iring plans will normally be pre-pared by the 
electrical en~ineer, aft~r consultation with the elec· 
trie utility, gi\"in¡ due consideration lo the various 
factor:; invol\"eJ :.uch as ser\'iCI! \·olta~e. line volu~e 
drop and yo\tage ratinp:s of the lamps. These factor:; 
!hould be gken consideration in arder lo secure the 
most effecti\·e use of the complete ins.tallation. 
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Appendix F 

Suggested Fonn Íor Economit' Analyses oí Different Sports Li¡:htin¡¡: S:vstems _ --

l. 

(; r 
67 System 

ITEM No. CALCULATION 1 11 111 --
l. lllumination Calculations 1 

l. Photometric Data Utilized 

1 

XYZ-4 
2. Spacing of Peles or Area Being llluminated Feet or Square Feet 600 sq. ft. 
3. Utilization Factor Decimal 0.75 ' ! 
4. light loss factor Decimal 

1 
0.60 

1 1 

; 
5. Average Maintained lllumination Footcandles 9 1 

' -- ·1 11. lnitial Equipment lnveslment 
,, 

6. luminaire Cat. No. XYZ 

1 
7. Quantity of Luminaires 20 

i 8. Net Cost, luminaire, Each $100 

1 

9. Net Cost. luminaires, Total (1)X(8) 

1 

$2,000 
1 1 1 

10. Ballast Ca t.· No. (if needed and not included in 6 QRS 
1 

1 

above) 
11. Quantity BallastS 1 10 (A) ' ' 
12. Net Cost. Ballast. Each 

1 

$40 

1 

: ' 
13. Net Cost, Ballasts, Total (ll)X (12) $400 
14. Pele Cat. No. LMN 

1 

15: Quantity ot Poles-and Mounting Height 1 2-50ft. --
1 

16. Net Cost. Pole, Each, including brackets & mounting $500 
,_ 

accessories ' 
17. Net Cost, Potes, Total (15)X(16) $1.000 
18. Net Cost, Poi e Foundation, Each $250 
19. Net Cost. Potes & Foundation, Total (17)+ (15)+(18) $1,500 
20. Lamp Ca t. No. PQR • 
21. Quantity, Lamps per Luminaire 1 
22 Quantity, lamps (7)X(21) 20 e, 23. Net Cost, Lamp, Each $20 
24. Net Cost, lamps, Total (n)X(2l) $400 ' 

25. Transformcrs, Wire, Photocells, Switching, Miscel· mo (B) 

laneous Control, etc. 
26. Totallnitial Equipment, less lamps (9)+ (13)+(19)+(25) $4,080 
27. Totallniti;:¡f Equipment. lnduding lamps (24)+(26) $4,480 

28. Stores Charges (initial warehousing, etc.) ' $672 (C) 
29. Total lnitial Equipment~nvestment (27)+(28) 

1 

$5,152 

1 30. Relative lnitial Equipment lnvestment (29)-:- (lowest system value) 1.0 ---------
111. lnitial Labor, Estimates 

1 (includes Miscellaneous Hardware) 
31. Po/e Erection and Painting, Each $100 

32. luminaire (including its lamps), Each . $10 
33. Ballast, Each $10 

34. Net Labor. Poles, Luminaires & Ballasts (15)X (31)+ (7)X (32)+(11)X (33) $500 
------------

l 
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68 lystom 

ITEM No. CALCULATION 1 11 111 --
35. Transformers, Wire, Photocells, Switching, Miscel· $135 (0) 

laneous Control, etc. 
36. Totallnitiallabor (34)+(35) $635 
37.Total lnitia llnvestment, Equipment, and labor (29)+(36) $5,787 
38. Relative Jnitial lnvestment (37) + (lowest system value) 1.0 
39. Dollars lnitiallnvestment per Footcandle (37)+ (15) $643 

~ 

IV. Annual Costs 
40. Watts per Luminaire 450 
41. Total Watts of System (7)X(40) 9,000. 
42. Annual Hours of Operation Hours 1,200 
43. Total Energy Consumed, KWH per Year (41)X (42)+ 1,000 10,800 
44. Ocm;;nd Charge per Year, if Applicable $40 
45. Cosl of Energy@ -per KWH - X (43) $324@ 3; 
46. Total [nergy Costs per Year (44)+(45) $364 
47. Lamp Lile Hours 16,000 
48. Quantity l<Jmps Required per Year (7)X(2l)X (42)+ (47) 1.5 
49. Net Cost, lamps per Year, Total (23)X (48) $30 
50. Energy plus lamps per Year (46)+(49) $394 --

V. Annual Mainlenance Labor & Materials 
51. Cost of labor OollarsjManhour $5 
52. Relamping Time per luminaire Manhours 0.25 
53. Number of Relampings per Y ter per Lumine.lre (42)+(47) 0.075 
54. Cost of Relamping System per Year, Labor Only (7)X (5)X(52)X (53) $1.88 
55. Cleaning Time per luminaire Manhours 0.5 
56. Number of Cleanings per Year per luminaire 1 
57. Cost of Cleaning System per Year, labor Only (7)X (Sl)X (55) X (56) $50 
58. Painting Time per Pele Manhours 4 
59. Number of Paintings pe_r Year per Pele o 0.2 (E) 
60. Cost of painting System per Year, labor Only (15)X (5l)X (58) X (59) $8 
61. Replacement Parts. Paint. Detergent, Etc. $40.80 (F) 
62. Total Annual Maintenace. labor and Materials, less (54)+ (57)+ (60)+ (61) $100.68 

lamps 
63. Total Annual Costs. lncluding lamps, Energy & (50)+(62) $494.68 

Maintenance --
VI. Annual Fixed Costs 

64. Fixed Q;o.-ning Costs $612 (G) 
65. Total Annu:ll Operating Costs (63)+(64) $1.106.68 ! 
66. Oollars Annual Operating Cost per Footcandle 1 (65)+ (5) $122.96 , 

1--
VIl. Relative Costs of Light 

1 67. Refativc Dallar Total lnitiat lnvestment per Foot· (39) + (lowest system voltage) 1.0 1 

candle 
68. Relative Do llar Annual Operating Costs per Foot· (66) + (lowest system value) 

1 

1.0 
candle 

·Note: The values used in the following footnotes serve only to illustrate the method used and should not beinterpreted 
as meaningful in the true economic sense. 

A. Two-lamp ballast used. 
B. Equipment costs estimated at 520 per connected KVA. 
C. Storage cost estimated at 15% of total initial equipment cost. 
D. labor estimated at SlS per connected KVA. 
E. Assumed Alumioum. Concrete, or Wood a O; Steel 0.2. 
F. Replacement parts. etc., estimated at 1% of total initial equipment, less lamp cost (26). 
G. Fixed awning cost estimated as 15% of total initial equipment, less lamp cost (26) . 
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Wrestling .......... ----·······-·······-···--··· 5, 7, 18, 21, 23, 37 
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Tennis court lighting
a revision to 

RP·6A 
Reprlnted lrom the July 1975 lssue 
JOURNAL OF THE ILLUMINATING ENGINEERII;l_G_~QCIE_T\'_ ____ _ 

the lES sports lighting practice 

Prepared by the 

Committee on Sports and Recreatlonal Areas of the lES 

Foreword-Wlth the lncreased popularlty ol tennls and more experlence In 
play under new types ollight sources,.lt was deslrable to revise the tennis 
recommendallons In the lES Sports Llghllng Pracllce. In thls revlslon, 

· speclal conslderallon was given to surface rellectance, lumlnalre 
dlstributlon and mounting helght, layout and recommended levels to lnclude 
llghting lor lndoor exhibitlon (levels for the vlewer). 

Commlltee on Sports and Recreatlonal Areas _ 

A. S. Atschuter. Jr. 
J. R. Bate• 
R. Buechner 
W. B. Carroll 
R. M. Cheadte 
W. M. Oillon• 
C. J. Eagan 
M. A. Fry~r 
R. E. Gaysunas 
C. M. Graves• 
O. tmler 
K. Kamrath 
T. M. Lemons 

•A.dvisory 

lnlroductlon 

R. H. Goodman, Chairman 

D. H. Pauerson 

R. A. Lewis 
S. W. McKnight 
C. F. Schotz 
H.Smith 
C. C. Sweatman, Jr. 
O. A. Toenjes 
R. Tully 
R. L. Tytor 
O. Umbricht 
R. G. Vandercook 
W.W.Wetd 
C. H. White• 
H.G. Williams 

The following represents a complete revts!On of 
paragraphs 7.3.11 and 8.2.7 and their associated 
tables and layouts on indoor and outdoor lighting 
of tennis courts as previously published in the lES 
Sports Lighting Practice.• lt is assumed that the 

• Committee on Sports and Recreational Areas of the lES, 
.. Current recommended practice for sports and recreational 
arta lighting," ILLUMINATISG ENCINEERINC, Vol. 64, No. 7, 
July 1969, p. 457 lal'o a\'ailable a' a separate publication under 
the lES designation RP-6J. 

Printed in the U.S.A. 

user of this revision is also familiar with the previ
ous publication which contains specific recommen· 
dations associated with good lighting practice. 

lndoor tennis courts • 

The area under consideration for indoor play 
approximates 50 by 120 feet ·os by 37 meters) per 
court. The speed of the ball at times exceeds 100 
mph (160 km/h) in this fast aerial sport. Suggested 
interior finishes are: ceilings and upper walls
·light, non-glossy 80 to 90 per cent reflectance; 
walls, lower 12 feet (3.7 meters)-dark, non-glossy, 
maximum reflectance 60 per cent (usually dark 
green); court surfaces-porous or nonporous with 
low reflectance, typically 25 per cent. 

.The luminaires for direct lighting should pro· 
vide a mínimum of 20 per cent up-light. The direct 
light from the luminaires should be controlled 
with baffles. louvers or other shielding techniques 
to reduce the possibility of glare that would dis· 
tract the players. The baffles should provide cut· 
off at 45 degrees in the direction of play. 

For indirect lighting, the luminaires should pro· 
vide a wide beam spread so that there is a high de· 
gree of beam overlap, producing "even" illumina· 
tion on the ceiling (reflecting surface). Although 20 

Approved by the Board of Directors of the llluminating Engi
netrin¡ Socitty, January 1975, u a Tran~actionof ü.e lES. 
• Rtplacea Paragraph 7 .3.11 of the lES "Current recommended 
practice (or aports and recreational area lighting." 

¡, 
! 



footcandles (220 lux) for indoor lighting is the 7 2 fined to a amaller area than aporte like base hall 
mínimum requirement for normal play, lOO foot- and football. In arder to produce the best quality, 
candles (1100 lux) or more may be necessary when luminaire beam control and luminaire location 
lighting for public attractions, competitivo busi- must be considered. Typical ligh · •g systems for 
ness or exhibitions. various classes of play are illustrated in Fig. 2. • 

Figure t• shows a typicallayout for an indoor Side lighting of the courte, end-to-end, produces 
lighting system·with these special considerations: the most acceptable resulte. Luminaires located at 

(l) The choice of lampa and luminaires is criti- the back couri lines should provide beam control 
cal and careful consideration should be given to that will cut off objectionable glare in the opposite 
their seleclion (direct or indirect luminaires may court. This can be done by directional aiming and 
use any lamp, including fluorescent lamps). shielding of the light source. The mounting height 

(2) Luminaires in the back court may be tilted of uncontrolled luminaires should be considerably 
slightly toward the back of the enclosure so that greater than those providing beam control and 
the light source or its reflectad image cannot be light source shielding. 
aeen from the opposite court. The mínimum mounting height for continuous 

(3) The number of squares in Fig. 1 do not nec- rows of luminaires along the sideline, provided by 
essarily indica te quantities. cable Jllounting, is 25 feet (7.6 meters). See Layout 

(4) Where courts are more than 18 feet (5.5 me- 1 for Messenger Cable Mounting in Fig. 2. For lu-
ters) apart, two rows of luminaires are necessary. minaires mounted on messenger cable, the direct 

(5) If guards on indirect luminaires are visible, light should be controlled with baffles, louvers or 
they may be finished flat black to reduce reflected other shielding techniques to reduce the possibili-
glare. ty of glare that would distract the players. The 

· Ouldoor tennls courts t 

Being a fast serial sport, outdoor tennis is con-

• Replaces Fig. 20 of the "Current recommended practice for 
aports and recreationalarea lighting." 
'Replaces Paragraph 8.2.7 of the "Current recornmended prac
tice ·ror sports and recreational area lighling." 

Figure 1. Recommended layout tor lndoor tennls court only. 
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INDOOR TENNIS COURT ONLY 

Class of play 

lndoor 

Recreational 
Club0 

Professional 
Exhibitions 

lES current recommended 
practice--footcandles (lux) 

malntained in service• 

20 (220) 
30 (320) 
50 (540) 

100 (1100) 

• Uniformity ratio of 2.0 to 1.0. 

baffles should provide cutoff at 45 degrees io the 
direction of play. 

For pole mouriting, even with the use of 20-foot 
(6.1-meter) crossarms along the side line, mount· 
ing heights of 40, 45, and 50 feet (12.2, 13.7 and 15 
meters) provide improved quality, especially 
where luminaires do not provide satisfactory beam 
control or for systems using only four-corrier poles 
(see Fig. 2,layout 4 for Recreational Only). 

Note: lt is not advisable to attempt the lighting of 
more than two courts side-by-side from the indi
cated pole locations in Fig. 2, unless higher than 
recommended mínimum mounting heights are 
considered . 

In the layouts of Fig. 2, the following should be 
observed: 

(1) Floodlights on comer poles should have lou
vers or shields that will provide shielding of the 
light source in the opposite courts. Proper 
shielding and glare control is not only necessary 

• Replaces Figs. 30 and 31 and Recommended Layout No. 48 of 
the lES "Current recommended practice for &port.s and recrea· 
tional area lighting." 

Minimum mounting height from floor 

Dlrect 

See noteb 

23ft 
(7 m) 

lndirectc 

Between base lines 
and outside lines 

16ft 
(4.9 m) 

Behind 
base lines 

13ft 
(4 m) 

b Spacing (spacing·to-mounting height)-2.0 to 1.0 between rows. 
cspacing (spacing-to-distance from ceiling)....:....2.0 to 1.0 between luminaires in a row. 
d May be increased for commercial considerJtions. 

~ Of ES 1 .MY 1975 
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,' 
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.. 

for the playera, but alao to confine the light lo the 
playing ares when the courts ure in a rosidential

7 3 location._ln any_ case, the_ Ooodlights.should have -
adequate ahielding. 

(2) Net or interior polea ahould have 20-foot 
(6.1-meter) crossarms to provide a mínimum spac· 
ing of 16 feet-(4.9 melera) between floodlights-di-----1 
rected to the aame court. 

_ ... 
T 
• + • 

....i... 

' T 

Figura 2. Recommended layouts for outdoor ten.nls court1. 

Class 

Tournament 
Club 
Recreational 
Recreational only 

fl ~ 
l,..---12 f'T (3.7 MI 

36f'T 
(11M) 

1• 

~~~:~, 

r lo 

<:1 • 

tES current 
recommended practice

footcandles (lux) 
maintained in service 

12FT (3.7M} 

¡,~:~1 

30 (320) 
20 (220) 
10(110) 
10(110) 

- ·~ 
e--

r-

j 

• • • 

120FT 
(36.6M} 

,_,.OT MORE TI-tAN 10FT 13 MI 

-LAYOUT 1-RECREATIONAL, CLUB OR 
TOURNAMENT PLAY 

(MESSENGER CABLE MOUNTINGb) 

lo-- 60 FT........,j 
e 18.3M 

Uniformity 
ratio 

maximum
to-minimum 

Mlnlmuin mounting height In 
feet (meters) 

lntermediate 

r 

" 

2.0 to 1.0 
2.0 to 1.0 
2.0 to 1.0 
3.1 lo 1.0 

35 (10.7) 35 (10.7) 
35 (10.7) 35 (10.7) 
35 (10.7) 35 (10.7) 
40 ( 12 .2) (See note'.) 

Speclal Notes 

All noorllight. should be lES Type 5 or 6, Class GP. 
Floodlighl symbol (V} does not indica te quantity of noodlights. 
e Recommended pote locations. · 
O Altercate pote locations used only on outside court.s. 
! These clearances are to be considered mínimum, greater diS
tances are desirable where space permita. 
• Can be used for coin meter operation. 
•· Poles should be 30 fcet (9.1 meters) or more high. · 
e lt is advisable to provide pads around poles that are not locat
ed at the net line or corners . 
d Where court& are less than 24 feet (7 .3 meters) apart, the 
potes ¡hould be located al the corners and net lines if center 
poles are used . 
• Polcs locatcd on the back court lines may have a davit arm lo 

r'EI.Ce the Ooodlight.s on the side of the courts. 
Whcre only four poles are installed (cornees), they should be 

40 feet (12.2 meters) or more high. 
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ONE COURT. 
SEE NOTES a,c,d,l 

TWO COURTS 
SEE NOTES c,d,l 

14'TI1',)111 

•• 

LAYOUT 2-TOURNAMENT PLAY 
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TWO COURTS 
1[! NOTU d.t 

LAYOUT 3-RECREATIONAL, CLUB OR TOURNAMENT PLAY 
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Current lllumination Recommendations* 

lntroduction lndex 
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..... 
1 

IR .. ul•tlo•. 
R~<gby or So«*) 

Classiliution ln41111: 
D>U.Inc:• lrom 

Ylrdi) 

--------~----------- ----~------------~·---Current lllumination Recommendations• Current lllumination Recommendations· 

Dog · · ;'::• · ... •··· 
Or.,gstrop- St~ging ArN~;: ~·· '··'' 

AccehHoillon 1,320'" 
DeC411ero~lion, flnl 660' · 
Oec:eleulion, 5eeond 660' 

~iorse 

Motor 

Snutdown, 820' · 

·,." 1 

, Khoury Le.oC)o.lll, etc. 

·, ._..,.._ ............ ,......,..,_ ........ __ ..... ··---.. -- ~_.,..___,....,..,_..._ .• _ 
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w- 30"- 60' 
)( - 40'- 80' 
Y • 20'- JO' 
z. 130'-180' 

B•~linn of 901 

INCANDESCENT SVSTEM-

C-D 

AAA-AA 

I<Ofi:S: l. 
l. 
3. 

Base .... 1 Baseball 

lncandescent Systems Metalarc Systems 

pl.l)lil'lf.II.Jd to baltom lloodllghl e• u"~""· 
120 volt. for 208,240. 277 or 480 voll lhliiJ~I -- •cler to p.Jge 3~. 

L•m~'"'"':"'''~'! norm.~l •.tt.,e. 
on 1.085 KW pet 1000 W•tt fo>:Turlt .tnd 1.6] KW pe• 1500 WJ\1 ft•!Uflt. 
..,.., conlorm lo lES r..::ommend~locn\. 



Clau 

11 

Cln1 

" 

NOTES: 

.- '1 
' 

.---------..:. ............... -._,_,.,,._~ .. -·,._----··--------
Baseball 1 Class 11 - Junior League · Baseball 1 Class 1 - Junior League 

lncandescent & Metalarc Systems lncandescent & Metalarc Systems 

... 
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¡;QT_l '::>: J. M .. ,,mum heogl•l frum pl•ymq fleld to botlom uosurm, · 
2. LM"I" lo t.e oP.,•.tlell .ti IO"'to o,... r•t•d volta,._ 
J. t.oJol b.JIO!d '"' 1.74 KW pe• I1•IUTL 
4. foul(.tmlle lt•th b•lolld on lES 11COmrJMndlll~ 

*AIKI for 
.. Auo for 

Softball 
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:: - : _¡-r-r :_ : ... -El: ~ e""" ,,, .. ,.,, "'"""'""' 
~ n>Uuol!"l'J Joej(jtll lo VJll 

'" -~ - - · - - -: • - :: ·• lu!lll tu boUom 

" ·" ,~.::,,., ·--"::.,,,,':;:, ,.;;·~, 1 "~ ttoodhqfll (10\~rm. 
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Clnl 
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" 
" 

Football 1 Standard Layout Football 
1 

lncandescent & Metalarc Systems, F P 
1 · our oe 

uos!..lrm, 2. B.lllads shown •• 120 vol!. FO# 208, 
nor<NI w•tt.,.. 4.. LDiJd 1M-' on l.GBS ~!' 

'· 
' -. 

----·--



Combination Municipal Baseball and Footballbombination Football and Softball 

OIM(NSIONS 
X'" 40'-80" 
V • 20"-lO" 

l. Mo111mum h••9hl tobotlom tiOOdhght cr-m. 
2. ~-'~~4~h V.own ... 201, 240, 217..wot 480 voU I:MIInh ••f•r lo P<l9' ~-
l. L4m¡>\ ~•leo 4t noun.al w•tt .... 
4. l u.o(l lw~d 011 1.6.J I<.W pet fi•tvrL 
!t. f o<Huna•• ,..., •• , •• 1>.1..-d oot lES 

i 
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... _j_ ___ J__ - loo.'lúlul>O!Ium 
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Soccer 1 Standard Layout Soccer 

lncandescent & Metalarc Systems Four Pole System 
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1 

Clasl 

1 Coull 

2Cou•t 

NOTES: 

CIHI 

1 Court 

Tuu"••nent 
2Co .. •t 

rlUl[S: l. l'ollorun•um mo..,ntm9 ti~•<Jftl frono PI•Y•"9 lield to bottom cro1r..rm. 
2. lj,.u.ol~l.ho ... n 4bov• ..,. llO-t. F~ 208,240, 27J '"d "410 voii!HIIe,ll- ref•• lo p•l!i. 

!: t::r~:_:·~~-~a';.,.K~~~; •. 
!1. Foot~•ndl• levlth tw~d on tES r..:om,....n.S.hon\. 

- Outdoor 

; ' 

lo DO !Iom uo~~un. 
211 ,.,.d •BU v<lll b•Ue¡h - rltler lo P40)0I J), 



--------------=-~-...-.....-~~---
Tennis - Outdoor Tennis - Outdoor 

:iu<J<Je>lcO IJyout loo ~~o>lo!I'J co"' 1> wl"le<" 

¡.ouoe ¡.>l~'""'"nl t.o.'l""'""" ~ou•h " not 
l)l .. (ll(oll. Club or Tournament 

' v --



Tennis - lndoor 

lndirect System 
J 

00 

Tennis- lndoor 

lndirect System 

NOTES: 

l't•tw• wlth 
' · lfltelral BallaJI4 

l. Lottnp5 ope!'"lled al normal W.lll.-gt 2. Lo .. d l>.l~<'!d on 1.08~ lo(W J)e< 1000 wa!l.1ncl .4S~ KW IM' 400 . 
walt lamp (onc:tudle1 b.lll.nt loul. 3, Foolundle level~ ba~oed on lE '::o •ecom""nd•ttoo'- 4. S...U!.h Wown 
•• 120 vol!. FOtt 208, 240, 277 or 480 voll b.lll.lsls- reler to p~•¡e J'J. 
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Tennis - lndoor Tennis - lndoor 

METALAAC 
SYSTEMS 

400 and 1000 Watt 
IRated lamp Lit.-

15.000 ~ 10,~-~~) 

o o o 

o. o· 
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fidur•with 
¡nt .. r&l Ball&~t• 
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Basketball - Outdoor Courts Basketball - lndoor 
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Skeet Shooting Trap Shooting 

QO 

l. Mononoum h•ighl lrom pl~ylng f,.ld to b<rttom IIOOCIUghl cro~wrm. 
Q 

2. 8•11•\t\ \hown ••• 120 volt. For 208, 240,277, c. 430 volt ~U•sts- ~"~. IO,P
J. L.in'lp\ Oper.JII!'d al OOI'm.ll wetlage. 
4. Lo.~d u~..ed "" 1.085 KW pet filllure. 
5. footc.dnal., l~veh conform tolES r..::o~n<Utlons. 



-··--------------
Combination Skeet and Trap 

INCANDESCENT - 1500 

t. M.nimum h~o<Jhl lrom pl.lylnt h11ld to bOttom lioodiiQht tro~wrrn. 
2. B•ll.o>l> ~nuwn ~•• 120 vol l. For 108. 240, 277 011480 wolt b.llll~h- reler lo P191' 
J. L.omp• up.uled 1 norn-..1 wltl •• 
4. Lo•d b•~oe<J fl..lure. 
~- Footundle 1 

e o 

Golf Driving Range 

NOTES: l. Minlmum ,..gtlt from pl•~•""9 filold lo bollom cr~wrm. 
2. S.ll.i$h ,nown ••• 120 ~oll. FrN 208, 240, 211 •nd 480 voU twll~>h -· raler lo pq 35, 
3. Llmps .,., opw.-ted .11 no•m•l w•ll•· 
4. Load Nwd on 1,085 KW ~ 1000 "''lt 11• lur• •nd 1.6]0 KW P.:• 1 ~00 w.ltl lodurll. 
5. Footc .. cn. htwb •• ~don lES re<ommf:no;l•too<u. 

., 
1 

.. ··-···· ·--~ 
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Racing- 1/4 Mile Auto Track 

Requl.ltoon 

Ctn~ 

Application Products 

1 "'"' ""' ! ·~ ~; .. , 

For illdditíonal infomvtion 
refer ro Bul~tin #UJ6-20 

VOL TAGE OPTIONS 
Typiut Voltl~ 

Vol~ c,t~lo. No. Sullix. 
HIF!500- 121 120 

123 208 
122 '" 12' 217 
125 ... 

VANGUARD-5 SERIES 

GPF SERIES 

For lldditional infomvtion 
r~IM to Bulletin #103·34 

VOL TAGE OPTIONS 

For ddditiona/ inform;¡tion 
refer ro Bullnin #106-5 

----·---~-----·--··· 

For idd•tÍOIIill inlor~tion 

~lt!r ro Bulletm ::106-8 

VOL TAGE OPTIONS 
Typiul Vo1t19e 

C•t~No. Suffi11 
HDFIOQO. 121 

123 
122 
124 
1>5 

Vol!!i_• 
120 
208 
2<0 
217 
480 

INOIRECT VANGUAR0-5 SERIES 

For -*litiona/ inform;¡tion 
,..¡., to8u/16tin #103-:16 

MOUNTING AOAPTER ;;A 100-222 
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APENDICE 2 

NORMAS DEL D.D.F. 

.. • J . 
2 

,. '·.· 

• Normas para levantamientos topográficos y localización de postes y arbo
tantes para alumbrado público/Dirección General de Servicios Urbanos/Sec· 
cibn de Normas y Especificaciones/Octubre de 1973. 

• Normas de Obra Civil/Dirección General de Servicios Urbanos/Sección de 
Normas y Especificaciones/Octubre de 1963-Noviembre de 1974. 

-------·--------
• NORMAS PARA LEVANTAMIENTO TOPOGRAFICO Y LOCALIZA· 

CION DE POSTES Y ARBOTANTES PARA ALUMBRADO PUBLICO. 

l. LEVANTAMIENTO PARA POSTES DE ALUMBRADO PUBLICO 

1. GENERALIDADES 
... ,· 

1.1 Información preliminar 

Al top6grafo designado para el levantamiento topográfico de una Red de Alumbrado 
Público, se le deberá proporcionar la información completa, acerca de la localización 
general de los puntos iniciales y terminales de la.Red de Alumbrado Público, del tipo de 

. postes, levantamiento de primera o de segunda importancia, según párrafos 2.1 y 2.2, 
datos que serán comunicados por la Ofna. de Alumbrado Público. 

1.2 Reconocimiento da terreno 

El topógrafo procedlrá junto con un representante de la Ofna. de Alumbrado Público un 
reconocimiento del posible trazo, teniendo en cuenta los siguientes puntos: 

. 1.2. 1 Tipo de levantamiento por efectuar. 

1.2.2. Fijación de puntos obligádos. 

1.2.3 Evitar en lo posible accidentes topográficos. 

1.2.4 Considerar la localizaci6n que parezcan convenientes por razones tlcnicas o por 
facilidade• de paso. 

15 05 80 
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~® MANUAL DE ALUMBRADDPU:LICO 
3 

1.2.5 Indicar las alternativas que parezcan conveniente.• por razones tt!cnicas o por faci
lidades de paso. 

1.3 Trazo preliminar . ' 
Realizado el reconocimiento general del terreno, se efectuará un trazo preliminar sin de· 
talles. que permitan a la Olicina de Alumbrado Público formarse una idea aproximada, de 
la localiz'l_ción, dirección y longitud de la futura red de Alumbrado Público. 

El trazo se Indicará en un croquis que contenga además: 

1.3. 1 Los terrenos atravesados y dificultades encontradas. . .... 

1.3.2 Las calles que toca el trazo y la cercan fa a otras. 

1.3.3 Lfneas eléctricas, de telecomunicación, cruzadas o paralelas al trazo a una distan· 
cía menor de 100 mts. a cada lado de la red de alumbrado público. 

1.3.4 Obstáculos que condicione el trazo (casas, Cllnteras propie<fsdes cerradas, etc.). 

El croquis se elaborará a una escala de 1: • para redes de alumbrado público de 
___ ,Km. de longit~d y 1: para mayores. 

1.4 Recomendaciones para el trazo. 

Durante el reconocimiento y el estudio para el trazo, al topógrafo deberá tener presente 
las recomendaciones siguientes: .. 
1.4.1 Realizar alineamientos lo más largo posible y evitar ángulos grandes. 

·1.4.2 Al localizar los vt!rtices, es Importante tener presente el tipo de poste con obje· 
.to de dejar el espacio necesario para las bases, y evitar interferencias con cer· 
cas líneas, de fuerza, caminos, etc. 

1.4.3 Todos' los cruzamientos de la red de alumbrado c~n las lineas de comunicación 
de potencia. FF.CC., carreteras y caminos se deben efectuar en ángulo recto o tan 
cerca del ángulo recto como sea posible y evitar hacerlos menos de 45'. 

1.4.4 No implantar postes en cruzamientos con las v1ás férreas, Cllminos y calles s una 
distancia inferior a la altura de poste que se estime instalar. 

1.4.5 Se deberá evitar en lo posible locafizsr el trazo en laderas que pueda deslizarse o 
en terrenos de relleno o blando. En caso contrario deberá anotar en los planos res· 
pectivos. 

• En todos loscasostn que figure Eacala1:.4stattaespeclf1cer. 
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2. LEVANTAMIENTO DEFINITIVO 1 •. 

•• l.~ • •· • o. ! ·,; 0 • r · 

2.1 Levantamientos de primera importancia. 

Se ejecutará el levantamiento con tránsito y cinta por lo que respecta a planimetría· y con 

nivel fijo o el tránsito utilizándolo como nivel, por lo que respecta a altimetría. 

2.2 Lev-antamiento de segunda importancia 

Se usará el método estadimétrico, comprobando las lecturas hacia atrás v hacia adelante, 
para cerciorar¡e de que laS distancias no se exceden de las tolerancias marcadas por el 
mismo método v las permitidas por la aproximación del aparato usado. 

2.3 El método de caminamiento será: ., .,:-;: 

2.3. 1 Azimutes astronómicos directos, rt~feridos a un meridiano fijo que PBSB por el 
punto de partida. 

2.3.2 Caminamientos por deflexiones. 
. ,1: 

De estos dos métodos se recomienda el primero, por ser más sencillo y tener menos proba· 
bilidades de su error. 

2.4 Trazo definitivo. 

la disposición del trazo se hará .con ayuda· de estacas de estación numerada v centradas en 
cantidad de cinco por cada. 200 metros cuando menos. La cabeza de la estaca se pintará 
de amarillo para su fácil identificación. En caso de que el terr•no sea de pavimento se eje· 
aJtará una marca en el mismo color rojo, marcando el centro del n\ismo. 

2.4.1 La rt1d de alumbrado deberá pasar por los puntos del trazo preliminar. excepto 
con las modificaciones que en su caso indique la Ofna. de Alumbrado Público. 

2.5 Linderos de propiedades. 

Los linderos de las propiedades se deben de localizar en el punto del cruce, debiendo de 
registrar la siguiente información: . :: ... ; ' : 

2.5. 1 Distancia de/lindero a /a estación más cercana del trazo. 

2.5.2 Rumbo de/lindero. 

2.5.3 Nombre y dirt1cci6n del propietario. '' . .. 

2.6 Edificio y obstrucciones. 
• ··~ •1, • 

Se deben describir completamente y ligar topográficamente todos los edificios árboles de 
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altura considerable v obstrucciones similares, que estén dentro de 5 metros de la red de 
alumbrado público. 

¡t -:, •. 1. 1 .. 

2.7 Vlirtices v deflexionas. 

La linea del levantamiento en el plano, se debe mostrar interrumpida en los vértices v se· 
llalar con una flecha apuntando a derecha o izquierda, se~ún el giro del ángulo. 

En todos los vértices en el plano se debe indicar la estación número que le corresponda, 
as{ como la magnitud del ángulo en grados v minutos v el kilometraje correspondiente. 

Se deberá determinar .el rumbo de las redes. . ' 

2.8 Datos adicionales en el perfil. 
. ·, 

A lo largo del caminamiento, se tomarán puntos Intermedios entre las estaciones consecu. 
tivas, de preferencia en los lugares en que cambio. la pendiente del terreno, v con menor 
detalle en los puntos prominentes, así como en las tiondanadas. 

Estas obserJaciones, se harán con detalles de cc.nsideraci6n en calles, carreteras, vlas fe. 
rreas, líneas de energía eléctrica. telefónica, o telegráficas, etc. 

2.9 Cruzamientos . '1 .·. ~. :. 1 ''. '·-

2.9.1 Ferrocárriles. · ..... . . ·'· 

a) Nombre del ferrocarril v su sentido. 

b) Estación v kilometraje en el eje de las vías.· 

e) Angula de intersección. 

d) Elevación de los rieles. 

e) Kilometraje de la vla férrea en el punto cruzado. 

'''- ... 

. •,!\;·,·'.,;, ·.•·: ~---. 

. . ·.\, ·' · ..... ~; . . -.... 

f) Altura de los conductores telegráficos cruzados superior e inferior. 

g) Distancia a la estructura de telégrafos en cada lado de la Intersección. 

h) Cuando la red sigue par.alela al ferrocarril, se debe dar la distancia desde el eje del 
levantamiento, hasta los linderos de los derechos de vla. En troncal o espuela, se 
deberá indicar el kilometraje de la vía principal en el entronque y la longitud del 
entronque o espuela al cruce con el trazo. 

2.9.2 Calles y carreteras. . ' ... 

Se deben localizar todos los cruzamientos con calles y carreteras, registrando la siguiente 

Información: 
. . .. .• ~ ... :', ' 

•l Nombre de la carretera. 

b) Estación en el eje de la calle. ' ';l.,' > ,/o 1 o ' 
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e) Angulo de intersec:c:ión. 
: . : . . . : . . . ~ . ·. . . ..•. :. . . : . 

d) Ancho del derecho de ví1. 

e) Tipo de la superficie de rodamiento (asfalto, t~rracería, tl~rra, etc.) • 

f) Ancho entre los acotamientos. 

g) Elevación tanto del centro como de los acotamientos. 

h) Se debe indicar si la carretera es primaria, secundaria o camino ve~inal. 

1) Cuando el trazo vaya paralelo a la calle o carretera, se debe dar la distancia del 
' eje del levantamiento a las cercas de los derechos de v fa. 

2.9.3 Lineas de energfa y comunicación. 

En los planos generales de localización del trazo, se deben mostrar todas las líneas de 
energía, de teléfono, de telégrafo v de señales, incluyendo las líneas de comunicación de 
los ferrocarriles, que queden dentro de 5 metros a los lados de la red de alumbrado. 

Se dtben localizar todos los cruzamientos de las líneas de energía y de comunicación re· 
gistrándose la siguiente información: 

a) Nombre de la línea: 

b) Estación en la intersección del eje. 

e) Angulo de intersección. 

d) Distancia del eje de la red en cada lado de la Intersección. 

e) Número de alambres que se cruzan. 

f) Voltaje, tipo de servicio (teléfono, energfa, telégrafo, etc.) .. 

2.9.4 Canales. 

Se deben localizar todos los canales, y drenes, registrándose la siguiente Información: 

a) Estación a la altura de la superficie del canal. 

b) E•tación en las orilla• del canal. 

2.10 ·Levantamiento do alternativas o modificaciones 

Cuando se tengan que elaborar levantamientos para modificaciones o alternativas, se de· 
· berá registrar la siguiente información: 

a) Estación del trazo definitivo con el kilometraje exacto en el punto de partida y 
llegad3 de la modificación. 

b) Angulo y dirección de la deflexión de los puntos de partida y llegada. 

e) Elevación de las estaciones de los puntos de partida v llegada. 

La diferencia de cotas entre el levantamiento original v la modificación deberán ser las 
mismas. 
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Ad mismo deber6 registrar toda la lnformaci6n Indicada para el trazo definitivo. 

2.11 Derechos de vla dala red de alumbrado público 

Es Importante que al efectuar un levantamiento se vigile que la faja de terrenos corres· 
pendiente al derecho de vía, no invada otros derechos de vla o bien a construcciones de .. 
cualquier lndole, salvo casos extremos, en cuyo caso se localizarán en la planta del trazo 
para que la oficina de alumbrado público juzgue si es más conveniente desplazar o cam· 
biar la dirección del trazo, 

A continuación se Indica el ancho de vla, empleada en la red de alumbrado público . 

. 2.12 Registro de campo 

. Se usarán libretas de tránsito para registrar las notas del alineamiento, los puntos de refe· 
rancia y la Información relativa. 

Se usarán libretas de nivel para registrar todas las notas de nivel, bancos de nivel perma· 
nentes, as{ como auxiliares. 

En las respectivas libretas deberán indicarse los siguientes datos: 

al Constantes de estadla correspondientes al aparato empleado en el levantamiento. 

b) Altura del instrumento sobre la estaca. 

el Lectura directa en el estadal. 

d) Angulos horizontales y verticales. 

e) Distancias horizontales calculadas. 

f) Desniveles calculados. 

g) Elevación ·correspondiente a cada estación de tránsito. 

h) Rumbo magnético observado para cada lado de la poligonal. 

ll Croquis indicando la configuración general del terreno y Posición relativa de los · 
puntos Intermedios y de detalle. 

Todas las anotaciones hechas en el registro de campo deberán ser de fácil interpretación 
para en caso necesario, facilitar la relocalización en el terreno de los datos contenidos 
en dicho registro. El topógrafo hará entrega de las libretas de registro del levantamiento 
en le oficina de alumbrado público. 

. ' 
2.13 Nivelaciones • 

Siempre que sea posible: todos los niveles se deben referir al nivel del mar: 

Las nivelaciones se trazarán abiertas, debiéndose cerrar en los bancos establecidos por el 
Gobierno (F F .ce., caminos, etc.) , siempre que sea posible. 

. ' 

o 
·, 

.. 



• 

' ) '-. 

. ·~:. ·~ .. 

8 

En el caso en que no haya bancos de nivel oficiales para ligar las nivelaciones y comprobar 
los resultados, se debe recurrir a procedimientos de comprobación de las nivelaciones que 
el topógrafo juzgue más conveniente. 

El interés principal es obtener desniveles relativos exactos. 

En terrenos en donde se encuentren dificultades en las nivelaciones, se pueden usar méto
dos de estadia a juicio del topógrafo. 

3 ElABORACION DE PLANOS 

3.1 Planos de conjunto 

a) El plano de conjunto se dibujará en papel albanene y a tinta, donde se mostraré 
el alineamiento de la localización final, el plano se dibujaré en hojas de __ cm 
usando tantas hojas como sea necesario . 

b) Escalas. 

Se dibujará a una escala de 1: 

e) Símbolos. 

Se usarán los símbolos convencionales que se muestran en la tabla N._ 1. 

d) Se completará el plano, agregando los datos del levantamiento de la red de alum
brado como son: deflexiones (Número progresivo, ángulo indicando si es dere
cho o izquierdo y Kilometraje), cruzamientos con kilometraje rumbos, tipos de 
terreno atravesado y principales calles cercanas, así como cualquier detalle de 
importancia que facilite la identificación del trazo, se indicará además el kilome
traje total final de la red. 

e) Se indicará claramente la orientación de referencia, así como la corrección entre 
el norte magnético y ei 'norte geográfico. 

3.2 Planos de planta y perfil 
': t'l' .. 

a) La planta y perfil se dibujarán en las hojas recomendadas por la oficina de alum
brado público. 

b) Al empezar la primera parte de cada perfil, deberán Incluirse 30 metros de perfil 
de la hoja anterior. 

e) Deberá verificarse la igualdad de elevaciones y kilometraje de los perfiles en la 
continuación de las hojas adyacentes. 

d) Escalas. 

Los perfiles y plantas se dibujarán siempre a las siguientes escalas:. 

Vertical: 1: 

Horizontal 1: 

e) Se dibujará una flecha sencilla que indique el norte geográfico, junto a cada tan
gente del plano sobre dicha tangente. 
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f) En el cuadro de la parte Inferior derecha se indicará el titulo da la red, 11( como 
el kilometraje progresivo que contenga cada hoja. 

Se usará el mismo número de plano para todas las hojas Indicando el número co· 
rrespondiente de cada hoja con relación al número total de hojas. 

g) lodos lo• planos contendrán claramente la fecha, nombre del topógrafo y su 
firma. 

h) Una vez elaborados los planos el Topógrafo obtendrá la firma del supervisor en 
cada plano, lo cual indicará que han sido revisado• v aprobados por el mismo. 

3.3 Planos de cruzamientos 

a) Los planos de cruzamientos con FF .CC., se presentarán en tela calca y entinta· 
dos. 

b) Escalas. 

Lu escalas que se usarán siempre son: 

Vertical 1: 

Horizontal 1: 

e) Cada plano mostrará los datos que se requieran en el párrafo 2.4.1. No se marca· 
rá el derecho de vía. 

d) En todo plano de cruzamiento deberá indicarse el Norte geográfico representán· 
dolo por una flecha, la cual •e dibujará hacia arriba aunque para ello sea necesa· 
rio invertir el sentido del levantamiento v no sea coincidente con los planos de 
planta y perfil. 

ll. LOCALIZACION DE ESTRUCTURAS 

1. LOS PLANOS DEL PERFIL PARA LOCALIZAR LOS POSTES DEBERAN TE· 
NER INFORMACION SUFICIENTE, LA CUAL HA SIDO INDICADA EN PA· 
RRAFOS ANTERIORES. 

2. EN EL CAMPO, EN ALGUNOS CASOS PUEDE SER NECESARIO CAMBIAR LA 
LOCALIZACION PROYECTADA DE LOS POSTES PARA SATISFACER LOS 
REQUISITOS DE CONS7RUCCION. EL DESPLAZAMIENTO SERA RAZONA· 
BLE, DONDE NO OCASIONE MODIFICAR LA REPARTICIO.N DE LOS POSTES 
ADYACENTES. 

PARA LOS DESPLAZAMIENTOS DE MAXIMA CONSIDERACION SE DEBERA 
CONSULTAR CON LA OFICINA DE ALUMBRADO PUBLICO. 

3. LA LOCALIZACION DE CADA POSTE SE DEBE EFECTUAR DESDE LA ES· 
TACION MAS CERCANA BIEN DEFINIDA. 

4. LOS POSTES SE LOCALIZARAN POR MEDIO DE UNA ESTACA COLOCADA 
.A UN METRO ADELANTE DEL EJE DEL POSTE, SIGUIENDO EL SENTIDO 
DE LA LINEA. . . 
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6. . SE EVITARA INSTALAR POSTES EN LOS SIGUIENTES PUNTOS: 

· al Dentro dolos derechos de vía de los FF.CC., carreteras y calles. 

b) En lugares de acceso dificil. 

6, ANTES DE EFECTUAR LA LOCALIZACION DE POSTES SE VERIFICARA 
QUE EL PERFIL DEL TERRENO COINCIDA EN TODOS SUS DETALLES CON 
LO INDICADO EN LOS PLANOS. 

DE ENCONTRARSE CUALQUIER DISCREPANCIA SE REPORTARA AL SU· 
PERVISOR DE LA OFICINA DE ALUMBRADO PUBLICO, QUIEN DECIDIRA 
LO PROCEDENTE. : 

NOTA IMPORTANTE 

Por ningún motivo se sceptanln trabajos topográficos que no hayan sido ejecutados de 
conformidad con lo anterior, no planos que no contengan la información indicada en és· 
ras normas y sus anexos. 
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TABLA 1 

SIMBOLOS CONVENCIONALES 

SIGNO 

1-() 

,>--<> 

mm 
c::::J 

EE3 

-=:¡ -1>() 

lo{) 

cO 
cO 
1() 

$Ú 

~ 

O> 
rO> 
p 
(i) 

NOMBRE 

ARBOTANTE tsF(fUI:Q 

ARBOTANTE COLONIAL 

CAILII 

COtUIN&CION CENTRO 01 CA.fi!IA CONTROL 

OUCTO DE I:ONCRtTO IN lA N QUIETA 

Z DUCTOS DE CONCRETO EN AltROYO 

HUOAESCENTIES 40 1 ao C Wotla) 

FLUORESCENTE: S lO 1 ..... , 

'LUORUCENTU 110/120 1 Watta) 

FLUORESCENTES lOO ( Wana) 

INCANDESCENTE lO ( W0t11) 

INC&NOUCENT! •• ( Woth) 

INCANDESCENTE 40 , ..... , 
INC&NDESCtNTE lO ( Wlth) 

INCANDESCENTE 1 Wott•) 

INCANDESCENTE 100 ( ..... , 
INCAH DUCENT [ lOO e ••"•' 

INCANDESCENTE 200 1 ..... , 

INCANOf.SCENTE >OO ( Wott•) 

INCANDESCENTE 000 IW1tt1) 

INCANDESCENTE IODO C Wotla ) 

® INCANDESCENTE 

V LAMPARA PAR 

IDO O e w!"•••J 

__,. 
X/Y 

• 
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MUFA DE CIA. DE LUZ Y FUERZA 

NUMlRO DEL ClfiiCUITO 1 MUMEfiiO DE 
LAMPARAS 

POSTE ORNAMENTAL llNCILLO 

SIGNO 

~ 

® 

o 
® 
o 
e 

o-0 

V 
Q 

T 
8 
o 
181 
~ 
$ 
~ 

c:::J 
~ 
[S;J 

r:::?::l 
18] 

NOMBRE 

POSTE IUII ORNAMENTAL 

POSTE TIPO ofARDIN 

POSTE Tlf~O COLONIAL· 

POSTE TIPO CUADRADO 

POST 1: HI:XAOONAL 20000 

POSTE: TIPO VIllA m 

POSTE ORNAMENTAL DOBLE MENSULA 

REFLECTOR DE CUARZO 

II:E.fLECTOR TIPO CAÑON 

RtfLECTOfll DE MERCURIO 

REFLECTOR DE 10010 

REGISTRO OE CAMBIO DE DIRECCION 

REGISTRO ~AA CRUCE EN ARROYO 

SODIO IA.fA PRESION 1)5 ( Wotta) 

SODIO IUA PRESION 210 1 WoHI ) 

80010 ALTA PRESION 1000 ( Wottt) 

VAPOR Ol MERCUIItiO I?D (Woth) 

VAPOR DE MERCURIO 200 1 Wotts) 

VAPOR DE MERCURIO 400 ( Wottt) 

VAPOR DE MERCURIO. 700 1 WtUt) 

VAPOR Dl MERCURIO 1000 (Watts) 

(CONTINUA) 

() 
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TABLA 1 

SIGNO NOMBRE 

-·-o-·-<>-· -o-.- LINEAS BAJA TENSION 3 HILOS 

-o---o--o- UNEAS BAJA TENSION 4 HILOS 

o POSTE DE CONCRETO DE 30' O MENOS 

o POSTE DE CONCRETO DE 35' O MAS 

¡:f POSTE DE MADERA DE 35' O MAS 

~ TRANSFORMADOR EN POSTE DE ACERO 

'V FUSIBLE - FUSIBLE DESCONECTADOR 
391 

~ TRANSFORMADOR e 20/6 

.ALUMBRADO PUBLICO MULTIPLE 

SIGNO 
NOMBRE 

AEREO SUBTERRANEO 

~ 2 HILOS ALIMENTACION --- ®-----4 3 HILOS 
2 ALIMENTACIONES 1 CONTROL 

ALUMBRADO PUBLICO SERIE 

SIGNO 
NOMBRE 

A E REO SUBTERRANEO 

__._ _ __.__ --li-- 1 HILO 6.6. AMP 

• • ~ 2 HILOS 6.6 AMP 

• 

·. 
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• NORMAS DE OBRA CIVIL. 
. .. ,,_ .- .. 

l. DUCTOS (Figura 1} . ·, • 1 ,.· ••. ' 

1. JNSTALACJON 

1.1 En banqueta ·. . ..... 

Se instalará con el eje una distancia entre ejes de 930 mm (36-5/8'') con respecto al pa~o 
exterior de la guarnición cuando se instalen arbotantes tipo ornamental,látigo o jardín y_ 
760 mm (14-31/32"') con relación a la corona de la guarnición. 

1.2 En arroyo 

Se instalarán dos vías en un solo lecho con el eje a una profundidad de 1040 mm (40-61/ 
64"') con respecto a la corona de la guarnición y con una separación en planta entre ejes 
de 240 mm (9-29/64"'). 

1.3 Especial 

La especificada en el inciso 1.1 con la siguiente variante: 
Este tipo de dueto irá instalado en IÓs lugares donde haya entradas para vehículc.;. 

2. CEPA PARA INSTALACION .. ~ .. 

2.1 En banqueta . . . . ~ . :t;·.: 

2. r.r Tipo 

Sección rectangular, con un trazo recto en la planta y una pendiente igual a la de la ban
queta en corte longitudinal. 

2. r .2 Dimensiones 

300 mm (11·13/16"') de ancho por 500 mm (19-11/16"') de profundidad. 

2. 1.3 Caracterfsticas de construcción 

En caso de que la banqueta estuviera recubierta con losa de concreto, se hará un corte con 
sierra previo a la ruptura de la misma. El corte tendrá una profundidad mínima de 2/3 
del espesor de la losa. Una vez hecha la cepa se procederá a apisonar y nivelar el fondo 
en toda su longitud. 

2.2 En arroyo ·. -. .... 
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2.2.1 Tipo ,· ; 

Sección rectangular, con un trazo en planta y con una pendiente Igual a la existente entr~ 
las guarniciones de las banquetas por donde pasará el dueto, en corte longitudinal. 

2.2.2 Dimensiones 

600 mm (19·11/16") de ancho por 1160 mm (45-43/64") de profundidad. 

2.2.3 Caracterfsticas de construccl6n 

Una vez hecha la cepa se procederá a nivelar el piso y e colocar una cama de 50 mm 
(1-31/32") de espesor con concreto de f'c = 160 Kg/cm2 a los 28 dlas con agregado 
máximo de 20 mm (25/32"). 

2.3 Especial 
·~ . 

2.3.1 Tipo 

El especificado en el Inciso 2.1.1. 

2.3.2 Dimensiones 

300 mm (11-13/16") de ancho por 550 mm (21·?1132") de profundidad. 

2.3.3 Características de construccl6n 
i. 

En caso de qua la banqueta estuviera con losa de concreto, se hará un corte con sierra 
previo a la ruptura de la misma. El corte tendrá una profundidad mlnlma de 2/3 del espe· 
sor de la losa. Una vez hecha la cepa se proceden! a nivelar el piso va colocar una cama de 
50 mm (1·31/32") de espesor con concreto de· f'c = 150 Kg/cm2 a los 28 dlas con agre· 
gado máximo de 20 mm (25/32"). 

3 DUCTO 
····. 

3.1 En banqueta 
: ,. ... 

3.1. 1 Tipo 

De sección circular 
.'· .. 

3. 1.2 Dimensiones y CJJracterfltlcas 
,; . 

102 mm (4") de diámetro Interior por 133 mm (5-15/64") de diámetro exterior Y 200 mm 
(7-7/8") de diámetro en la campana. Deberá ser de concreto, con un recubrimiento Inte
rior asfáltico de 3 mm (1/8") de espesor. 
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3.1.3 lnstalac/6n 

La Instalación del dueto en la cepa deberá efectuarse de forma tal que siempre quede para· 
lelo a la guarnición de la banqueta y perfectamente nivelado. La alineación de los duetos 
será verificada con un cordel como referencia. 

3.1.4 Junteado 

El dueto Irá junteado, con mortero de cemento proporción 1:3, debiendo ser colocada 
una cama de dicho mortero de 25 mm (1") de espesor en la campana del dueto al proce· 

· der a su colocación. Previamente se humedecerá la zona de junteado. 

3.2 En arroyo ; .. r•·n · · .. 

3.2.1 Tipo 

De sección circular 

3.2.2 Dimensiones y caracterfsticas 

Las especificadas en el inciso 3.1.2 .• 

3.2.3 /nstalaci6n 

La Instalación de duetos en las cepas deberá efectuarse de forma tal que siempre queden 
perfectamente nivelados y alineados. La alineación de los duetos será verificada con un 
cordel· como referencia. 

3.2.4 Revestimiento . ' .... ~ : ' ·(" . ). : ~ .. · ..... 

Previamente al colado, los duetos deben ser humedecidos. El revestimiento de los duetos 
: se hará con concreto de fé: = 150 kg/cm1 a los 28 di as con agregado máximo de 20 mm 
· . (25/32"). con una cama sobre lecho de 150 mm (5-29/32"). 

3.3 Especial 

• · 3.3.1 Tipo . _. • .J .. 

. i· ;.· 

De sección circular. 

3.3.2 Dimensiones y caracrerfsticas 
: . ~; . . 1 •• 

Las especificadas en el inciso 3.1.2. 
. : . '·.· '·: .·: .: .. -· . 

3.3.3 /nstalac¡6n 

. Iguala la especificada en el Inciso 3.1.3. ~': ... :: .. : 
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3.3.4 Revestimiento 

Igual al del Inciso 3.2.4 con la diferencia de que la cama sobre lecho será de 120 mm 
(4-3/4"1. 

4. RELLENO 

4.1 En banqueta ¡· ;•-! • :. :-: ·: 

El relleno se hará. con una capa del material producto de la excavación de 320 mm 
(12-19/32"1 de espesor debidamente compactada. No deberá dejarse abierta la cepa de 
un dla para otro y del mismo modo el retiro de escombro tendrá que hacerse en el mismo 
turno de trabajo en que se haya excavado la cepa. 

4.2 En arroyo 

El relleno se hará, con material de subbase, que se compactará con agua y pisón en capas 
de 200 mm (7-7/8"1 hasta una altura de 400 mm (15-3/4"1 abajo del nivel del piso. La 
altura restante se construirá con material de base compactado con agua y pisón en capas 
de 100 mm (3-15/16"1 de espesor. 
No deberá dejarse· abierta la cepa de un dla para otro asl como el escombro deberá ser re· 
tirado en el mismo turno de trabajo en que se haya excavado la cepa. 

5. REPAR~CION 
;. : :: •. _.,¡ :,_. ;_. ~ .-; '- . :"' ' 

5.1 En banqueta . .·:-' 

Cuando se proceda a la reparación de la banqueta se colocará una capa de relleno debida· · 
mente apisonado de 100 mm (3-15/16"1 de espesor de grava cementadá antes del colado 
de la losa. El concreto que se emplee para colar la losa de SO mm (3-5/32"1 de espesor, 
será de fé: = 150 kg/cm2 a los 28 dlas con agregado máximo de 20 mm (25/32"1 y dando 
un acabado semejante e integral "' existente en toda la banqueta afectada. 

5.2 En arroyo 
, 

Se reconstruirá el pavimento del corte con una capa de conereto asfáltico compactado de 
75 mm (2-61/64"1 de espesor. 

' .. 
5.3 Especial 

Igual al inciso 5.1 cqn la advertencia de que no deberá dejarse abierta la cepa de un dla pa· 
ra otro y del mismo modo el retiro del escombro tendrá que hacerse en el mismo turno de 
trabajo en que se haya excavado la cepa. 

1'' ..•.. ' .... ' . •• 

ll. REGISTROS 
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1. INSTALACION 

1.1 Doflexión 

Se Instalará al pie del poste de la Cia. suministradora donde se Instale el equipo de control 
de los circuitos, también donde el dueto en banqueta cambie de dirección y en aquellos lu· 
gares donde por necesidades debe existir registro de candelabro al pie del poste . 

1.2 Paso 
. :;;· :' 

Como su nombre lo indica, este registro se Instalará en los lugares donde haya necesidad 
de pasar arroyos. 

1.3 Especial 

Cuando se vaya a colocar en banqueta, una de sus caras debe estar paralela a la guarnición 
y a un mlnimo de 200 mm (7-7/8") de su paño interior. Cuando vaya a ser colocado en 
zona jardinada su instalación será en el lugar donde se juzgue conveniente. 

2. CEPA PARA INSTALACION 

2.1 Deflexión 

2.1. 1 Tipo 
-, . • • 1 '·. ... 

Sección rectangular 

2. 1.2 Dimensiones 

Lado menor 700 mm (27-9116"), lado mayor 850. mm (33-15132") y con una profun· 
didad de 638 mm (25-118"). 

2.2 Paso 

,.. ·.·. 
2.2. 1 Tipo ·.~ . ,;; r.: ·. '• 

Sección rectangular 

2.2.2 Dimensiones 

Lado menor 800 mm (31-1n"l, lado mayor 1000 mm (39-318") y con una profundi· 
dad de 1238 mm (48-314"). 

2.3 Especial de 1250 mm (49-7/32") por lodo, 
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2.3.1 Tipo ' -· 1 . • . • . 

Rectangular de •ecci6n cuadrada. :o~.; 

2.3.2 Dimensiones 

1730 mm (68-7/64") por lado y 1870 mm (73-5/8") de profundidad. 

2.4 Especial da 1500 mm (59-3/64") por lado, 

2.4. 1 Tipo :..:. :: ,· 

~. . . . ... . .... '·. 
Rectangular de sección cuadrada. 

2.4.2 Dimensiones 

2260 mm (88-31/32") por lado y 2170 mm (85.-7/16") de profundidad. 

3. CARACTERISTICAS DE CONSTRUCCION DE LA CEPA 

3.1 Daflexión 

En caso de que la banqueta, estuviera recubierta con losa de concreto, se hará un corte 
con sierra pr~vio a la ruptura de la misma, debiendo quedar el lado mayor paralelo a la 
guarnición. El corte tendrá una profundidad mínima de 2/3 del espesor de la losa. 
Al efectuar la excavación se tomarán las precauciones necesarias para evitar que al encon· 
trarse con tuberlas o duetos de otros servicios públicos, estos resulten dañados. 

3.2 Paso 

- Las especificadas en el Inciso 3.1 de registros. 
... , 

..: 

3.3 Especial 
.... · 

Las especificadas en el Inciso 3.1 de registros. 
El escombro que resulte de la excavación para la cepa será retirado en el mismo turno de 
trabajo de su excavación. 

4. REGISTROS COMO TALES 

4.1 Deflexlón (Figura 2) 
.. ,. 

4.1.1 Tipo ¡, .• 

Sección rectangular .... • ... . - ; 
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4. 1.2 Dimensiones 

Lado menorde500 mm (19-11/16") lado mayor de 650 mm 125-19/32"1 y una profun· 
didad que Incluye el marco de fierro ángulo de 368 mm (25-1/8"1. 

4.1.3 Caracterf5ticas de construcción 

El registro deberá ser precolado y las paredes tendrán 50 mm (1-31/32"1 de espesor y se
rán de concreto f(: = 150 kg/cml a los 28 días con agregado máximo de 20 mm (25/32"1 
y reforzados con una malla de alambr6n de 6.3 mm (1/4"1 de diámetro con la distribu
ci6n que se señala en la figura 2. El marco será de fierro ángulo de 38.1 x 38.1 x 4.8 mm 
(1-1/2"1 x (1-1/2"1 x (3/16"1 el cual quedará integralmente empotrado al registro inme· 
diatamente después de vaciado el concreto y antes de que se Inicie el fraguado inicial del 
mismo, mediant• seis anclas de varilla No. 3. La cimbra interior deberá ser metálica y la 
exterior similar o de madera a criterio del contratista. La varilla Irá soldada al fierro án
gulo con doble cord6n . 

. 4.1.4 lnst6/sción 

Al ser instalado el registro cuyas caras Interiores deben estar al plomo, escuadras y bien pu
lidas, el lado mayor quedará paralelo a la guarnici6n, se le dará la pendiente de la banque
ta y en ningún caso deberá quedar arriba o abajo del nivel de la rr.isma. El dueto será en· 
troncado y emboquillado debidamente con las paredes del registro. 

4.2. Paso (Figura 3) 

4.2 .. 1 Tipo 

· Secci6n rectangular 

4.2.2 Dimensiones 

Lado menor 600 mm 123-5/8"1, lado mayor de 800 mm 131-1/2"1 y una profundidad 
que Incluye el marco de fierro ángulo de 1238 mm 148-3/4"1. 

4.2.3 Carscrerfsticas de construcción 

Les especificadas en el inciso 4.1.3 de registros a diferencia de que el número de anclas de 
varilla No. 3 es de ocho. 

4.2.4 lnstslsción 

La especificada en el inciso 4.1.4 de registros. 

4.3 Especial de 1250 mm 149-7/32") por ledo. 
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4.3.1 Tipo . ,· 

Rectangular de sección cuadrada. 

4.3.2 Dimemiones 

1.250 mm (49·7/32") por lado en la parte interior, y ·1,500 mm (59·3/64") de profundl· 
dad entre lecho bajo de la losa especificada en el inciso 7.1 y lecho superior de la plan ti· 
lla especificada en el inciso 5.3. 

4.3.3 Caracterlrticas de conrtroccl6n 

Los muros serán de tabique recosido de 140 mm (5·33/64") de espesor con aplanado in· 
terior de mortero de cemento de proporción 1:3 con lmpermeabilizante integral. 

4.4 Especial de 1,500 mm (59·3/64") por lado 

4.4.1 Tipo 

Rectangular de sección cuadrada. 

4.4.2 Dimensiones 

1,500 mm (59·3/64") por lado en la parte interior y 1,800 mm Ó0-7/8") de profundidad 
entre lecho bajo de la losa especificada en el inciso 7.2 y lecho superior de la plantilla es· 
pecificada en el inciso 5.4. 

4.4.3 Caracterfsticas de conrtruccl6n 

Los muros serán de tabique recocido de 280 mm (11·1/32") de espesor con aplanado in· 
terior de mortero de cemento de proporción 1:3 con impermeabillzante integral. 

5. PLANTILLA 

5.1 Deflexión 

Una vez instalado el registro se procederá a colar una plantilla de 50 mm (1·31/32") da 
espesor de mortero de cemento proporción 1:3 con un dren central de 140 mm (5·2/2'") 
de diámetro y una profundidad de 200 mm (7·7/8"). 

5.2 Paso 

Igual al inciso anterior. 

. · '. : :· . 

5.3 Especial de 1,250 mm (49·7/32") por lado. 
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6.3. 1 Tipo 
':' . ,. ' 

Rectangular de sección cuadrada. 

6.3.2 Dimensiones 

1,530 mm (61-15/64"1 por lado y 80 mm (3·9/64"1 de espesor. 

6.3.3 Carscteristicss de construcción 

Sera construida con concreto de fe = 150 Kg/cm2 a los 28 días con agregado máximo 
de 20 mm (25/32") armado con varilla de 9.5 mm (3/8") de diámetro a cada 300 mm 
(1 1-13/16") en ambos sentidos, con un dren central de 140 mm (5-1/2") de diámetro y 
200 mm (7·7/8") de profundidad. La plantilla tendrá una pendiente de 2°/o hacia el dren. 

5.4 Especial de 1,500 mm (59·3/64"1 po·r lado .. 
· 6.4. 1 Tipo .. 

Rectangular de sección cuadrada. 

5.4.2 Caracterlsticas de construcción 

Las especificadas en el inciso 5.3.3 de registros. :r. .. . : 

.·,. . P..· . .'. • ~-

6. TAPA. 

· 6.1 Oeflexión 

6.1.1 Tipo 
'·,· -. 

Rectangular. . . 
· 6. 1.2 Dimensiones 

·.-.' -·· 
630 mm (24-13/16") lado mayor, 480, mm (18-29/32") lado menor y 51.7 mm (2·1/32") 
lado menor y 51.7 mm (2·1/32"1 de espesor totatPara mayores detalles ver figura 2. 

6. 1.3 Caracteristicas de construcción 

Será construida de concreto f'c = .200 Kg/cm2 a los 28 días con agregado máximo de 20 
mm (25/32") con fierro ángulo de 31.7 x 4.8 mm (1-1/4" x 1 1/4" x 3/16"1 y 
con refuerzo de varilla corrugada No. 3 distribuida según figura 2 utilizando cimbra metá· 
lica. La varilla irá soidada al fierro ángulo con doble cordón.· Las llaves para levantar las 
tapas serán construidas con placa de acero de 4.76 mm (3116") de espesor llevando la 
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placa central una perforación de 12.7 mm (1/2") de diimetro. Para obtener la forma y 
dimensiones de las llaves ver detalle a y b de la figura 2. 

6.2 Puo 
•.· 

6.2. 7 Tipo 

Rectangular. 

6.2.2 Dimensiones 

780 mm (30·45/64") lado mayor, 580 mm (22·53/64") lado menor y 51.7 mm.(2·1/32") 
de espuor total. Para mayores detalles ver figura 3. 

6.2.3 Cerscrerlsticss de construr:c/6n 

Las especificadas en el inciso 6.1.3 de registros ver fjgura 3. 

6.3 Especial de 1,250 mm (49·7/32") por lado . 

Su tipo, dimensiones y caracteristlcas de construcción serén las especificadas en el inciso 
5.2. 

6.4 E1pecial de 1,500 mm (59-3/64") por lado 

Su tipo, dimen•iones y caracter(sticas de connrucclón serén las especificada• en el inciso 
6.2. 

7. LOSA 

7.1 Especial da 1,250 mm (49-7/32") por lado \ 

1.1. 7 Tipo 

Cuadrado de acuerdo con especificaciones de la CLyFC 

l. 1.2 Dimensiones Inferiores . ~ '. :. .. · 
.!' ~ 

Base: 1,250 x 1,250 mm, altura 1,000 mm. 

l. 1.3 Caracter(sticas de construcci6n 

Seri de concreto armado de 80 mm (3·5/32") de espesor siendo el concreto de fe = 200 
Kg/cm2 a los 28 di as con agregado mbimó de 20 mm (25/32") y el armado, de varilla 
corrugada de acero estructural No. 3. 
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7.2 Especial de 1,500 mm (59-3/64"1 por lodo 
' .. 

7.2.1 Tipo 
. ; ,'• 1. ~, ·.'. :, o! • ·¡ ~-~: 

Cuadrado, de acuerdo con especificaciones de la ClyFC 

7.2.2 Di=nsiones 

Base: 1,500 x 1,500 mm, altura 1,500 mm. 

7.2.3 Olracterfsticas de constrÚcci6n 

Las especificadas en el inciso 7 .1.3. 

8. CONTRAMARCO 

8.1 Especial de 1,250 mm (49-7/32"1 por lado 

8.1.1 Tipo '·.· 

Rectangular. 

8. 1.2 Dimensiones 

·.·APENDICES~· 

600 mm (23·5/B"I por 800 mm (31·112"1 de dimensiones exteriores. 

8. 1.3 Caracten~ticas de construcción 

Construídodefierroángulode38.1 x 38.1 x 4.Bmm(1·112" x 1·112" x 3/16")y 
8 anclas de varilla No. 3 irá instalado sobre un brocal de tabique de 150 mm (5·29/32") 
de espesor y de 210 mm (8·17/64"1 de altura entre el nivel de la banqueta y el lecho su· 
perior de la losa. El marco deberá quedar nivel de banqueta y eón la pendiente de la 

. misma. 

8.2 Especial de 1,500 mm (59·:!/64"1 por ledo 

Deberá cumplir con las especificaciones dadas en el inciso 8.1. 

9. ESCALERA 
·¡ •. 4· 

9.1 Especial de 1.250 min (49·7/32"1 por lado. 

9.1.1 Tipo ...... __ . 

Marina. • - J •• " 
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9.1.2 Csracter(stlcas de construcclón 
1 1; • 

. . . ..... _. 

Formada por 4 escalones de varilla redonda del No. 6. 

9.2 E&pecial de 1,500 mm (59-3/64"1 por lado 

9.2.1 Tlpo 

Marina. 

9.2.2 Caracrerfstlcas de construcción 

Formada por 5 escalores de varilla redonda del No. 6. 

10. PINTURA 

10.1 Deflexión, Puo y Especial 

-~·-i ~ 1··- •. ;.·_r ~-~- :~. :-,~· __ .-¡ 

.... 

' :..• 

El fierro ángulo del registro o marco y la tapa o contramarco "rán pintados con dos ma· 
nos de pintura anticorrosiva. 

11. RELLENO 

11.1 Deflexi6n y Paso 

El relleno alrededor del registro se hará con grava cementada debidamente compactada, 
hasta una profundidad de 80'mm (3-5/321 medida del nivel de la banqueta hacia abajo. 

1 1.2 Especial 

Cuando el registro sea construido en banqueta el relleno alrededor del registro se hará 
con grava cementada o material de subbase debidamente compactada, hasta una profun
didad de 80 mm (3-5/32"1 medida del nivel de la banqueta hacia abajo. 

Cuando el registro sea construido en zona jardinada el relleno alrededor del registro ·•e 
hará con grava cementada o material de subbase debidamente compactada, hasta el nivel 
de tierra. 

12. REPARACION DE BANQUETA 

.·.• . '.; 

12.1 Deflexi6n, Paso y Especial 

El concreto que se emplee para colar la losa de 80 mm (3·5/32"1 de espesor, será de 
fe = 150 Kg/cm2 a los 28 días con agregado máximo de 20 mm (25/32"1. 
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lll. CIMIENTOS DE CONCRETO .• t ... :. 

1. INSTALACION 

1.1 Para arbotantes tipo Ornamental, Látigo, Jardín y Colonial 

Una de sus aristas de la cara superior paralela a la guarnición y a una distancia de 200 mm 
(7·7/8") con respecto a su paño interior. Ver figura 4. 

1.2 Para postes de 12000 mm 

Una de sus caras paralela a la guarnición y a una distancia de 150 mm (5·29/32") con res· 
pecto a su paño interior. Ver figura 5. 

1.3 Para postes de 16000 mm 

1.3. t En banqueta 

Una de sus caras paralela a la guarnición y a una distancia de 50 mm (2") con respecto a 
su paño interior. Ver figura 6. 

1.3.2 En área libre 

En la posición que más se acomode para el fin que se persigue, de acuerdo con el supervi· 
sor de la Oficina de Alumbrado. Ver figura 7. 

1.4 Para postes de 20000 mm (ver figura 8), 25000 mm (ver figura 9), 30000 (ver 

figura 10) 
En la posición que más se acomode para el fin que se persigue, de acuerdo con el super· 
visor de la Oficina de Alumbrado. 

2. CEPA PARA INSTALACION 

2.1 Para arbotantes tipo Ornamental, Litigo y Jardín 
.... '·• 

2. t. t Tipo 

Sección cuadrada. 

2. 1._2 Dimensiones 

1100 mm (43-19/64") por lado y 1000 mm (39-3/8") de profundidad. 

2.1.3 Características de construcción . ' ... 

En caso de que la banqueu estuviera recubierta con losa de concreto, se hará un corte con 
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sierra previo a la ruptura de la misma, debiendo quedar un lado, paralelo v razante a la ca
ra interior de la guarnición. El corte tendrá una profundidad mínima de 1/3 del espesor 
de 1/3 del espesor de la losa. 

Al efectuarse la excavación se tomarán las precauciones necesarias para evitar que el en· 
centrarse con tuberlas ó duetos de otros servicios públicos, estos resulten dañados. Una 
vez hecha la cepa se procederá a apisonar v nivelar el fondo. 

2.2 Para arbotantes tipo Colonial o San Angel 

2.2. 1 Tipo 

Sección cuadrada. 

2.2.2 Dimensiones 

900 mm (35-7/16") por lado v 900 mm (35-7/16") de profundidad. 

2.2.3 Caracter¡~ticas de construcc/6n 

Las especificadas en el inciso 2.1.3 de cimiento de concreto. 

2.3 Para postes do 12000 mm 

. 2.3.1 Tipo 

Sección cuadrada. 
',. 

2.3.2 Dimensiones 

700 mm (27-9/16") por hido v 1500 mm (59':) de profundidad. 

·2.3.3 Caracter¡~ticas de consuucci6n 

La especificada en el inciso 2.1.3 de cimientos de concreto, con la salvedad de que eilado 
paralelo a la guarnición debe quedar a 150 mm (6") de la carta interior de la misma. 

2.4 Para postes do 16000 mm 

2.4. 1 En banqueta 

2.4. 1.1 Tipo 

2.4.1. 1 Tipo 

Rectangular de sección cuadrada. 

. -' . 
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2.4. 1.2 Dimensiones 

800 mm 131-112"1 por lado y 1800 mm (70-7/8") de profundidad. 

· 2.4. 1.3 Características de construcción. 

La especificada en el Inciso 2.1.3 de cimientos de concreto, con la salvedad de que el lado 
paralelo a la guarnición debe quedar a 50 mm 12") de la cara interior de la misma. 

2.4.2 En área libre. 

2.4.2. 1 Tipo 

Rectangular de sección cuadrada. 

2.4.2.2 Dimensiones 

2000 mm (78-3/4") por lado y 1220 mm (48") de profundidad. 

· 2.4.2.3Caracterísricas de construcción. 

La excavación se hará en la posición que más se acomode para el fin que se persigue, de 
·acuerdo con el supervisor de la Oficina de Alumbrado y se tomarán las·précauciones nece· 
sarias para evitar que al encontrarse con tuberías o duetos de otros servicios públicos, es· 
tos resulten dañados. Una vez hecha la cepa se procederá a apisonar y nivelar .el fondo. 

2.5 Parapostes de 20000 mm. 

2.5.1 Tipo 

·. Rectangular de seceión cuadrada: 

2.5.2 Dimensiones . -·:. 
-·-· 

2500 mm (98-21/64") por lado y 1500 mm (59") de profundidad. 

2.5.3 Caractrmsticas de construcción. . •. 

Igual a las indicadas en el inciso 2.4.2.3 de cimientos de concreto. 

2.6 Para postes da 25000 mm. 
: .. ; . . ' .. ::· ' . . . ,. 

2.6. 1 Tipo - -.. ; ,· ~--

• t ;._ •• ·:. .· .. :• ... 

Rectangular de sección cuadrada. > : ··• '/ 
, · . .'. . ·n · .... -~ ·:.:.. . . •· . 
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. 2.6.2 Dimensiones. 
'. 

3600 mm (141-13/16") por lado y 1900 mm (74-13/16") de profundidad. 

2.6.3 Csracterfsricas de construccitln. 

Igual a las indicadas en el inciso 2.4.2.3 de cimientos de concreto. 

2.7 Para postes de 30000 mm. 

2.7.1 Tipo 

Rectangular de sección cuadrada. 

2. 7.2 Dimensiones 

. . 
4500 mm (177-5/32") por lado y 2080 mm (81-57/64") de profundidad. 

2.7.3 Caracterfsticas de construcción. 

Igual a las Indicadas en el inciso 2.4.2.3 de cimientos de concreto. 

~ ¡. • 

3. CIMIENTOS 

3.1. Para arbbtantes tipo Ornamental, Utigo y Jard(n. 

3. 1.1 Tipo 

Tronco-Piramidal 

· 3. 1.2 Dimensiones .. ~· ' 

600 x 600 mm (23-518" x 23-518'1 en la base superior, 1000 x 1000 mm (39 x 39'1 
en la base Inferior y 1000 mm (39") de altura. 

. ' ·; . ·: : 
.'i 1.3 Caracterfsticas de consuuccltln 

Una vez apisonado el piso de la cepa se procederá a colocar la cimbra metálica con una de 
sus aristas de la cara superior paralela a la guarnición, a una distancia de 200 mm (7-7/8") 
con respecto a su paño interior y a una altura de 15 mm (19/32") con relación a su coro· 
na. 
Esta cimbra deberá ier construida con lámina No. 18 de 1.27 mm ( 1 /20") de espesor y re
fuerzos necesarios pare obtener que sus caras laterales queden planas y las aristas de las 
caras superiores e inferiores a escuadra. La cimbra deberá troquelarse a fin de que n~ se 
mueva durante el colado y vibrado del concreto. Integralmente se colocarán 4 anclas da 
varilla redonda de 25.4 mm ( 1 ") de diámetro y 600 mm (25-5/8") de longitud. En un 
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extremo las anclas llevarán 100 mm (3-15/16"1 de cuerda standard de 8 hilos/pulg ven 
el otro un dobléz o regatón de 100 mm (3-15/16"1 de longitud, debiendo ser galvaniza
das la zona de cuerdas. La separación entre anclas será de 270 mm ( 1 0-5/8") de centro a 
centro v sobresaldrán del cimiento 60 mm (2-23/64"1 debiendo quedar centradas con re
lación a las aristas de las caras superior v completamente verticales. Para asegurar lo ante
rior se empleará un escantillón metálico. También integralmente se colocará una pieza de 
concreto en forma de "Y" y los niples necesarios tal como se muestra en la figura 4. 
Cuando el cimiento esté localizado en zona jardinada se colocará a una altura de 50 mm 
(1-31/32"1 con relación al nivel de tierra. El colado se hará con concreto de f'c = 150 kg/ 
cm> a los 28 dlas de agregado máximo de 40 mm (1-37/64"1 debidamente vibrado. Ter
. minado el colado v verificada la posición de las anclas v la "Y" conforme· a lo señalado 
anteriormente v lo establecido en la figura 4, se pulirá la cara superior dejándola a nivel, 
se bolearán sus aristas v se emboquillará a la salida de la pieza en "Y" de concreto. 
Si se empleó concreto de resistencia normal se descimbrará a las 9 horas si se empleó resis
tencia rápida a las 4 horas. Una vez descimbrado el cimiento se entroncará el dueto en ban
queta. 

3.2 Para arbotante tipo Colonial o San Angel. 

· 3.2.1 Tipo 

Tronco-Piramidal. 
3.2.2 Dimensiones 

400 x 400 mm (15-3/4" x 15-3/4"1 en la base superior, 800 x 800 mm (31-1/2" x 
. 31-1/2"1 en la báse inferior v 900 mm (35-7/16'1 de altura. 

3.2.3 Caracter/sticas de construcción. 

Las especificadas en el inciso 3.1.3 con la diferencia de que la separación entre anclas se
rá de 190 mm (3-35/64"1 de centro a centro. 

3.3 Para postes de 12000 mm 

3.3.1 Tipo .. :':': , ... 
Rectangular de sección cuadrada. 

3.3.2 Dimensiones 

700 mm (27 -9/16"1 por lado y 1500 mm (59") de altura. 

3.3.3 Cai-acterlsticas de construcción, 
..• 

Una vez apisonado el piso de la cepa se procederá a colocar el armado, el cual llevará ama· 
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rrado en cada esquina Inferior un dado de concreto de 50 x 50 x 50 mm (2" x 2" x 2"1 
para evitar el contacto directo del armado con el piso de la cepa. Ver figura 5. 
Una vez colocado el armado se procederá a colocar una cimbra metálica de 500 mm 
(19-11/16"1 de altura, la cual Irá desde 15 mm ( 19/32"1 arriba de la corona de la guarni· 
ción hacia abajo y con uno de sus lados paralelo a la guarnición. 
E•ta cimbra deberá ser construfda con lámina No. 18 de 1.27 mm (1/20) de espesor y re· 
fuerzos necesarios para obtener que las aristas, formadas por las caras laterales y la superior 
queden a escuadra. La cimbra deberá acuñarse lateralmente a fin de que no se mueva du· 
rante el colado y vibrado del concreto. Integralmente •e colocarán 4 anclas que deben 
cumplir con la especificación AP/AFR-1000. La separación entre anclas será de 270 mm 
(10-5/8"1 de centro a centro y "sobresaldrán del cimiento 60 mm (2-23/64") debiendo 
quedar alineadas con los vértices de la cara superior, con centros sobre una circunferencia 
de 380 mm (15") de diámetro y completamente verticales. P~ra asegurar lo anterior se 
empleará un escantillón metálico. También integralmente se colocará una pieza de concre· 
to en forma de "Y" y los niples necesarios, tal como se muestra en la figura 5. El colado 

se hará con concreto de f'é = 200 kg/cm2 a los 28 días con agregado máximo de 40 mm 
(1-37/64"1 debidamente vibrado. Terminado el colado y verificada la posición de las an· 
clas y la "Y" conforme a lo señalado anteriormente, se pulirá la cara superior, dejándola a 
nivel, se bolearán sus aristas y se emboquillará la salida de la pieza en "Y" de concreto. 
Si se empleó concreto de resistencia normal se descimbrará a ·.as 9 horas Y-si se empleó 
resistencia rápida a las 4 horas. Una vez descimbrado el cimiento se entroncará el dueto en 
banqueta. 

3.4 Para postes de 16000 mm 

3.4.1 En banqueta 
: ... ~. . . . 

'_. .,.,. ,. .. ': 

3.4. 7. 1 Tipo .:.·\ .· 

Rectangular de sección cuadrada. 

'•- .. -

3.4. 1.2 Dimensiones 

800 mm (31-1('2"1 por lado y 1800 mm (70-7/8"1 de profundidad. 

3.4. 1.3 Caracterlsticas de construcción. 

Una vez apisonado el piso de la cepa se procederá a colocar el armado, el cual llevará ama· 
rrado en cada esquina un dado de concreto de 50 x 50 x 50 mm (2" x 2" x 2"1 para evi· 
tar el contacto directo del armado con el piso de la cepa. Ver figura 6. 
Una vez colocado el armado se procederá a colocar una cimbra metálica de 500 mm 
(19-11/16") de aliura, la cual irá desde 15 mm ( 19/32"1 arriba de la corona de la guar· 
nlción hacia abajo y con uno de sus lados paralelo a la guarnición. 

Esta cimbra deberá ser construfda con lámina No. 18 de 1.27 mm (1/20'1 de espesor y 

., 
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refuerzos necesarios para obtener que las aristas, formadas por las caras laterales v la supe· 
rior queden a escuadra .. La cimbra deberá acuñarse lateralmente a fin de que no se mueva 
durante el colado v vibrado del concreto. Integralmente se colocarán 4 anclas que deben 
cumplir con la especificación AP/AFR 1220. La separación entre anclas será cie 270 mm 
(10-5/8") de centro a centro y sobresaldrán del cimiento 60 mm (2-23/64") debiendo 
quedar alineadas con los vértices de·la cara superior, con centros sobre una circunferencia 
de 380 mm (15") de diámetro v completamente verticales. Para asegurar lo anterior se e m· 
pleará un escatill6n metálico. También integralmente se colocará una pieza de concreto 
en forma de "Y" o codo según sea el caso v los niples necesarios. 
El colado se hará con concreto de f(: = 200 kg/cm' a los 28 días con agregado máximo 
de 40 mm (1-37/64") debidamente vibrado. Terminado el colado v verificada la posición 
de las anclas v la "Y" o el codo conforme a lo señalado anteriormente, se pulirá la cara su· 
perior dejándola a nivel, se bolearán sus aristas v se emboquillará la salida de la pieza "Y" 
o el codo de concreto. 
Si se empleó concreto de resistencia normal se descimbrará a las 9 horas y si se empleó re· 
sistencia rápida a las 4 horas. Una vez descimbrado el cimiento se entroncará el dueto. 

3.4.2 En área libre 

3.4.2. 1 Tipo 
. ·' 

Dado tronco--<:ón!co de sección cuadrado con zapata cuadrada. Ve• figura 7 . 
. , . 

3.4.2.2 Dimensiones ' .. 
:'. 

Las mostradas en la figura 7. 

3.4.2.3 Caracrerfstir;;is de construcción. 

Una vez apisonado el piso de la cepa se procederá a colocar una cama de 80 mm (3-5/32"1 
de espesor con concreto de fé:= 100 k g/ cm' a los 28 días con agregado máximo de 20 mm 
(25/32"). Una vez colocada v fraguada la cama de concreto se procederá a reali.:ar el arma· 
do del cimiento en la forma indicada en la figura e inmediatamente después de terminado 

este, •e procederá a colocar una cimbra metálica tanto en los lados de la zapata como en 
las caras laterales del dado tronco-cónico. 
Esta cimbra deberá sobresalir del nivel del piso 80 mm (3-5/32") v se deberá construir 
con lámina No. 18 v refuerzos necesario• para obtener que las caras laterales queden pla· 
nas v las aristas de la cara superior a escuadra. La cimbra deberá troquelarse a fin de que 
no se mueva durante el colado y vibrado del concreto. Integralmente se colocarán 4 an· 
clas que deben cumplir con la especificación AP/AFR-1220. La separación entre anclas 
será de 270 mm (10-5/8") de centro a centro v sobresaldran del cimiento de 60 mm 
(2-23/64") debiendo quedar alineadas con los vértices de la cara superior, con centros 
sobre una circunferencia de 380 mm ( 15") de diámetro v completamente verticales. Para 
asegurar lo anterior se empleará un escantillón metálico. También integralmente, se colo· 
cará una pieza de concreto en forma de "Y" o codo según sea el caso v los ni pies necesa· 
rios. 
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El colado se hará con concreto fé: = 200 kg/cm> 1 los 28 dlas con agregado máximo de 
40 mm (1-37/64") debidamente vibrado. Terminado el colado y verificada la posición de 
las anclas Y la "Y" o el codo conforme a lo se~alado anteriormente, se pulirá la cara supe· 
rlor dejándola a nivel, se bolearan sus aristas y se emboquillará la salida de la pieza "Y" 
o el codo de concreto. 
Si se empleó conc·reto de resistencia normal se descimbrará a las 9 horas y si se empleó 
resistencia rápida a las 4 horas. Una vez descimbrado el cimiento se entroncará el dueto. 

3.5 Para postes de 20000 mm. 

3.5. 7 Tipo 

Dado tronco cónico de sección cuadrada con zapata cuadrada. Ver figura 8. 

3.5.2 Dimensiones 

Las mostradas en la figura 8. 

3.5.3 Caracterfsticas de construcción 

Una vez apisonado el piso de la cepa se procederá a coloC:ar una cama de 80 mm (3·5/32"~ 
de espesor con concreto de fé: = 100 kg/cm' a los 28 días con agregado máximo de 20 
mm (25/32"1. Una v•z colocada y fraguada la cama de concreto se procederá a realizar el 
armado del cimiento en la forma indicada en la figura 8, e inmediatamente t'espués de 
terminado éste, se procederá a colocar una cimbra metálica tanto en los lados de la zapa 
como en las caras laterales del dado trpnco-cónico. Esta cimbra deberá sobresalir del nivel 
del piso 80 mm (3·5/32"1 y se deberá construir con lámina No. 18 y refuerzos necesarios 
para obtener que las caras laterales queden planas y 1 .. aristas de la cara superior a escua· 
dra. La cimbra deberá troquelarse a fin de que no se mueva durante el colado v vibrado 
del concreto. Integralmente se colocarán 6 anclas que deben cumplir con la especificación 
AP/AFR-1220 distribuidas uniformemente sobre una circunsforP.ncia de centros de 508 
mm (20"1. debiendo quedar com:>letamente verticales. Para asegurar lo anterior se emple· 

· arán escantillón metálico. También integralmente se colocará una pieza de ·concreto en 
forma de "Y" o codo según sea el caso y los niples necesarios. El colado se hará con con· 
creto fé: = 200 kg/cm> a los 28 dlas con agregado máximo de 40 mm (1·37/64"1 debida· 
mente vibrado. Terminado el colado y verificada la posición de las anclas y la "Y" o el 
codo conforme a lo señalado anteriormente, se pulirá la cara superior dejándola a nivel, se 
bolearán sus aristas v se emboquillara la salida de la pieza "Y" o el codo de concreto. 
Si se empleó concreto de resistencia normal se descimbrará a las 9 horas y si se empleó re· 
sistencia rápida a las 4 horas. Una vez descimbrado el cimiento se entroncará el dueto. 

3.6 Para postes de 25000 mm 

3.6. 7 Tipo 

Dado tronco-cónico de sección ~adrada cori zapata cuadrada. Ver figura 9. 
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3.6.2 Dimensiones .. ,., 
.... .... 

Las mostradas en la figura 9. 

3.6.3 Carscterlsticss de construcción 

Una vez apisonado el piso de la cepa se procederá a colocar una cama de 80 mm (3-3/32") 
de espesor con concreto fé = 100 kg/cm' a los 28 días con agregado máximo de 20 mm 
(25·/32"). Una vez colocada y fraguada la cama de concreto se proéederá a realizar el ar: 
mado del cimiento en la forma indicada en la figura 9, e inmediatamente después de ter· 
minado éste, se procederá a colocar un cimbra metálica, tanto en los lados de la zapata 
como en las caras laterales del dado tronco-cónico. Esta cimbra deberá sobresalir del nivel 
del piso 80 mm (3·5/32") y se deberá construir·con lámina No. 18 y refuerzos necesarios 
para obtener que las caras laterales queden planas y las aristas de la cara superior a escua· 
dra. La cimbra deberá troquelarse a fin de que no se mueva durante el colado y vibrado 
del concreto. Integralmente se colocarán 8 anclas que deben cumplir con la especifica· 
ci6n AP/AFR-1220, distribuidas uniformemente sobre una circunsferencia de centros de 
762 mm (30") debiendo quedar completamente verticales. Para asegurar lo anterior se 
empleará un escantillón metálico. También integralmente se colocará una pieza de concre
to en forma de "Y" o codo según sea el caso y los niples necesarios. El colado se hará con 
concreto de f(: = 200 kg/cm' a los 28 días con agregado máximo de 40 mm (1·37/64") 
debidamente vibrado. Terminado el colado y verificada la posición de las anclas y la "Y" 
o el codo conforme a lo señalado anteriormente se pulirá la cara superior, se bolearán sus 

aristas y se emboquillará la salida de la pieza "Y" o el codo de concr~to. 
Si se empleó concreto de resistencia normal se descimbrará a las 9 horas y si se empleó re· 
sistencia rápida a las 4 horas. Una vez descimbrado el cimiento se entroncará el dueto. 

3.7 Para postes de 30000 mm 
•' ,f ~: 

3.7. 1 Tipo . ·; ¡o(,.., . 

Dado tronco-cónico de sección cuadrada con zapata. Ver figura 10. 

3.7.2 Dimensiones .. ~ '· · ..... ·~ '1 ., -: ,; . ;··. ·. ' . 
. . · ..... 

Las mostrada en la figura 10. -· 1 . - . 

3.7.3 Características de construcción ~ ; . 
. '":-. 

Una vez apisonado el piso de la cepa se procederá a colocar una cama de 80 mm (3-5/32") 
dé espesor con concreto f(: = 1 00 kg/cm1 a los 28 días con agregado máximo de 20 mm 
(25/32"). Una vez colocada la cama de concreto se procederá a realizar el armado del ci· 
miento en la forma indicada en la figura 10, e inmediatamente después de terminado éste, 
se procederá e colocar una cimbra metálica tanto en los lados de la zapata como en las ca· 
res laterales del dado tronco-cónico. Esta cimbra deberá sobresalir del nivel del piso 150 
mm (6") y se deberá construir con lámina No. 18 y refuerzos necesarios para obtener que 
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las caras laterales queden planas y las aristas de la cara superior a escuadra. La cimbra de· 
berá troquelarse a fin de que no se mueva durante el colado y vibrado del concreto. lnte· 
gralmente se colocarán 8 anclas que deben cumplir con la especificación AP/AFR-1220, 
distribu•"das uniformemente sobre un·a circunsferencia de centros de 762 mm (30") de bien· 
do quedar completamente verticales. Para asegurar lo anterior se empleará un escantillón 
metálico. También integralmente se colocará una pieza de concreto en forma de "Y" o 
codo según sea el caso y los niples necesarios. El colado se hará con concreto de fé = 200 
Kg/cm

1 
a los 28 días con agregado máximo de 40 mm (1·37/64) dehidamente vibrado. 

Terminado el codo conforme a lo señalado anteriormente, se pulirá la cara supe· 
rior dejándola a nivel, se bolearán sus aristas y se emboquillará la salida de la pieza "Y" o 
el codo de concreto. 

SI se empleó concreto de resistencia normal se descimbran! a las 9 horas y si se empleó re· 
sistencia rápida a las 4 horas. Una vez descimbrado el cimiento se entroncará el dueto. 

4. RELLENO 

4.1 Para cualquier tipo de arbotante 

El relleno alrededor del cimiento se hará con material de .sub-base debidamente compac· 
udo, hasta una profundidad de 80 mm (3·5/32"). medida del nivel de la banqueta o piso 

. hacia abajo. 

5. REPARACION DE LA BANQUETA O PISO 

5,1 Para cualquier tipo de arbotante 

El concreto que se emplea para colar la losa de 80 mm (3·5/32") de espesor será de 
. fé = 150 Kg/cm1 a los 28 días con agregado máximo de 20 mm (25/32"). 

15 os 80 

IV. VESTIDO Y PARADO DE POSTES 

1. El POSTE SE DEBERA VESTIR ANTES DE INSTALARLO SOBRE LA BASE, Y 

ESTO IMPLICA LO SIGUIENTE: · .• 

1.1 Colocarle el o los brazos; en caso de ser atornillables, en el punto de unión, se le 
debe colocar una junta resistente o la intemperización como el neopreno. 

1.2 Colocarle la luminaria, sin foco, de tal manera que el plano longitudinal del poste, 
con brazos, "f el de la luminaria, coincidan. 

1.3 La luminaria al colocarse sobre los brazos, deberá estar conectada según su tipo Y 
los cables de conexión deben. quedar con holgura de 1500 mm (59·1/16"), para sus 
conexiones a las bases de alimenteci6n. 

o 
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1.4 El tapón superior del poste, silo llevara, deberá quedar perfectamente sellado. 

2. LA SECUELA DEL PARADO DEL POSTE, DEBE SEGUIR LAS FASES SI· 
GUIENTES: 

2.1 Colocar la base del poste sobre la cimentación pasados cuando menos 7 días de su 
colado. 

2.2 Le base del poste, deberi quedar nivelada en sus dos ejes sobre la cimentación y pa· 
ralela e la guarnición de la banqueta, para posteriormente fijarla por medio de las 4 
anclas colocadas en la cimentación. 

De ser necesaria la colocación de calus para la nivelación de la base deberá ser. gal· 
vanizada. 

2.3 Sa colocará el poste vestido sobre su base, teniendo cuidado en que los cables de 
conexiones no queden entre el poste y la base. El .Poste deberá quedar plomado y 
nivelado, y los brazos con las h\mparas deberán quedar perpendiculares a la guarni· 
ción de la banqc·;ta, Los tornillos se deberán colocar con la tuerca hacia arriba. 

2.4 La maniobra de parado del poste, se deberá realiiar con cables flexibles, tales como 
manila o polipropiieno para no lastimar la pintura del mismo. En c•so de hacerlo el 
contratista deberá resanar el áro1 lastimada. 

2.5 Todos los tornillos, deberán llevar arandela plana y de presión todo esto galvanizado 
por inmersi6n en caliente . 

. . ' 
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Figura 1. 

r-_ --~ah==-==---==1~3 r LONGiru: ~~L TUBO 85 ,,;, 

LONGITUD EfECTIVA DEL TUBO 10 cm. 
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NOTA: 
El tubo dtberd ttter uno c:ooa 
Mlertor Clt lmm. di 01follo 

EN BANQUETA 

Z OUCTOS EN ARROYOS R(CUBI~RTOS 
CON CONCRETO 1(•1~0 t<o/cm 

& cm. OE PLANTILLA 't l~cm. PARTE 
SUPERIOR. 

EN ARROYO 

INSTALACION DE DUCTOS 
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APENO ICES 

Concreto de fe - 150 kg/cm' 
con agregado máximo de 40 mm. 
Doble codo 90° de concreto de 
10 cm de diámetro interior. An· 
clas de 25.4 mm (1") de diáme· 
tro V 55 cm de longitud con do.· 
blez de 10 cm. 

d e f g h 

6 49 28 100 38 

6 49 28 90 38 

Acotaciones en cm 

CIMENTACION DE CONCRETO TRONCO PIRAMIDAL ;·_.: 
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500 • 1 . 4 ANCLAS 25 4 mm~ 

~l--~_..:.7~00~----~ 
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GUARNICION 
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CIMIENTO DE CONCRETO 
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AGREGADO MAXIMO 40 mm 
ACOTACIONES EN mm 

Figura 5 
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Figura 6 
CIMENTACION PARA POSTES DE 16000 mm SIN ZAPATA . ¡ 
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VA RILLA h = 2000 kg/em> 
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2000 

Figura 7 
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VARILLA No. 4 
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700 

2000 

2000 

CIMENTACION PARA POSTES DE 16000 mm CON ZAPATA 
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1.5.4 f>ostes 

Las luminarias para alumbrado público se montan generalmente en postes, ya sean propios 
o.de la red eléctrica. Cualquiera de. estos soportes deberán cumplir con las siguientes fun· 
ciones: 

Resistir los impactos de viento 
Resistir los agentes corrosivos de la atmósfera 
Ser lo suficientemente ligeros para su manejo 
Proveer espacio suficiente para los accesorios que deban alojarse en ellos, tales 
como: conductores, balastros o equipos de control 
Requerir el mínimo de mantenimiento. 

En la figura 111-63 se muestran las principales características geométricas de la unidad pos· 
te-luminaria, que son definidas por el poste mismo. 

1.5.4 .. 1 Componentes 

Los postes son en sí columnas verticales instaladas con el fin de soportar una o varias lu· 
minarías y constan de varias partes: 

Poste o columna vertical que permite alcanzar la altura de montaje requerida, en 
combinación con el brazo, si se requiere . 

Brazo o columna horizontal que permite. ubicar la luminaria en el punto deseado, 
en el plano transversal de la calle a iluminar 

Punta o pieza de montaje, colocada en el extremo superior del poste o del brazo, se· 
gún sea el caso y que permite el montaje de la(s) luminaria(s). Puede ser .lisa o 
roscada 

Placa base sólidamente fija a la base del poste para recibir las anclas de fijaciófl al cimiento 

Registro puesto cerca de la base del P?ste para permitir el alcance a los accesorios den· 
tro del poste 

Pedestal pieza que tiene el doble proPósito de servir para el anclaje del poste Y alojar el 
balastro 

· Anclas pernos metálicos empotrados en la cimentación de concreto para sujetar la 
base (placa o pedestal) al cimiento 

En las figuras 111·64 a 111·66 se muestran los componentes anteriormente descritos, en di· 
ferentes modalidades de montaje. 
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. PROYECTO DEL SISTEMA DE ALUMBRADO PUBLICO~ 
;¿· 

. H F 

POSTE 

a = ángulo de inclinación de 
la luminaria 

(J = angula de inclinación del 
brazo 

h = altura del poste y brazo 
h' = altura de montaje 

REGISTRO f = altura del poste 

= altura del brazo 

SUPERFICIE DEL ARROYO S = longitud del brazo 

Figura J/1-63 

1.5.4 .2 Construcción 

Los postes se fabrican con lámin~ de fierro rolado, en sus presentaciones más comunes y, se 
pueden encontrar también fabricados de concreto, madera o aluminio. 

Uso 

Por su uso, se clasifican como "punta de poste" cuando la luminaria va montada directa· 
mente al extremo superior del poste o "con brazo", estando en este caso preparados para 

15 05 80 
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PUNTA DE POSTE 
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. LATICO 

HH 

00 
o o 
CORTE A-A 

LB -~r, 

T 

A A 

B 

DETALLE - 8 

Figura III-65 
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Brazo!. metAl icos 
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BAH PARA POSTE ·Figura IIJ-66 

soportar diferentes tipos de brazo. En ambos casos, pueden soportar una o más luminarias. 

Longitud 

Varía de los 3 a los 30 metros; es necesario hacer resaltar que la longitud del poste no ne· 
cesariamente corresponde a la altura de montaje, ya que se debe de combinar con el brazo 
y en algunos casos con la longitud de poste que se· empotra en el terreno para su montaje. 
Los fabricantes los ofrecen rectos o curvados (látigo).' · 
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Sección transversal 

Es costumbre definirla por la forma, el material y el espesor del mismo, pero es recomenda· 
ble especificarla por los esfuerzos á que estará sometido el poste, tales como: empuje del 
viento, impactos, flexión, peso originado por la luminaria y el brazo, etc. Las formas más 
comunes en el mercado son: circular, cuadrada, exagonal y octogónal. 

Caracterlsticas estéticas 

En el párrafo III.1.5.2.B, se menciona la necesidad de adecuar la luminaria al paisaje urba· 
no, tanto diurno como nocturno. El poste deberá ser seleccionado en forma tal que armo· 
nice con dicho paisaje urbano. 

En la t11bla /11·13 se resumen los tipos de poste (con sus nombres comerciales) ofrecidos 
por los fabricantes y que puede servir como una guía inicial para su selección. 

1.5.4.3 . Postes de la red eléctrica 

Tanto desde el punto de vista económico como estético·, es conveniente usar los postes de 
la r~d eléctrica para soportar luminarias para alumbrado público. 

Desde el punto de vista estético, al disminuir el número de postes se reducen los obstácu· 
los al paisaje urbano. 119 

Desde el punto de vista económico, la inversión inicial disminuye por: 

1. No se requiere de postes ni de su instalación. 
2. No se requiere la red subterránea ni la obra civil (excavaciones, duetos. regís· 

tros, bases, etc.). · 
3. En caso de instalarse una red aérea de alimentación exclusiva para el servicio 

de alumbrado público, el costo de los conductores se reduce al usarse desnu· 
dos y de longitud menor. 

Por otra parte, la inversión aumenta por: 

1. La posibilidad de instalar controles de encendido y apagado para cada lámpara. 
2. La posibilidad de requerir que algunas operaciones de montaje y/o manteni· 

miento tengan que· ser realizadas por la empresa suministradora. 

Obviamente, esta solución sólo se puede considerar en aquellos casos en que la red eléctri· 
ca sea del tipo aéreo. 

Deberá consultarse la oficina más próxima de la CFE, a fin de elaborar el proyecto en for· 
ma conjunta, ya que las alturas de montaje permitidas en este caso, así como la distancia 
interpostal, están definidas por la geometría de la red eléctrica. 

La figura /I/.()7 muestra una instalación típica en poste de la red eléctrica. 
• 
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VISTA A-A' 

1. 

NOTA LA COLOCACION EXACTA DE LA LUMINARIA 

DEBERA. DETERMINARSE DE ACUERDO CON 

EL PERSONAL TECNICO DE CFE. 

FIGURA 111- 67 

ta .. 
1 b. 

2. 
3. 

4. 
~. 

6. 

7. 

al MONTAJE DE LUMINARIA CON BALASTRO Y FOTOCONTROL 

REMOTOS EN POSTE DE CFE 

'"· 

4 

lb . 

LUMINARIA 

LUMINARIA AUTOBALASTRAOA 

BRAZO 

REACTOR REMOTO 

FOTOCONTROL 

1 NTERRUPTOR 

LINEA DE ALIMENTACION 

POSTE· DE CONCRETO 

b 1 MONTAJE DE LUMINARIA AUTOIALASTRADA EN POSTE DE CFE 

Figura lll-67 
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Tabla 111·13 

TIPO 

CUADRADO 

PUNTA DE 
POSTE 

OCTAGONAL 

POSTES 

MODELO MATERIAL 

Cónico Lámina de acero 
Lamina dt' acero 

lilm•na de Kt"ro 
l.imina df' acero 

Con bue metálica Concreto (ligero) 
Concrtto (nor~ll 

Para empotrarse Concreto (ligero) 
Conoeto (oor~al) 

Tipo dt> jardln Lámina de acero 
Circul•r Lamina de acero 

L.imina de acero 
Lilmina de acero 

Alameda Plrl 1 Limma de acero 
bombillo Lilmin.1 de acero 
S.an Angel limin.a de acero 
Cu;~drldo Lámina de acero 
Recto he11agon•l L;imin• de .acero 
Tubo recto P•r• Liim_ina de acero 
·niple sin registro Lámina de acero 

Cónico para niple lámina de .cero 

con y sin regisHo Liimin.a de o~cero 
Liimin.a de •cero 
Uimin• de acero 

Tipo lnwrgente l.\min• de •cero 
Cónico para 1 l;imina de acero 

brazo con v sin liimina de ~eero 
regostro L.lmina de •c~ro 

Recto con v sin llimina d ... acrrn 
p~dt>stal liim;na de ;~erro 
Amnrantr Concrrto lhgooru) 
Con l>aw nuHalica CvnCu•rn !nurm,¡l) 

Para emPolla• S~ COIICit'IO '''!l""'' 
Cun(ft'lfl (flilfrn,JI) 

J 

ALTURA 
OIAMETRO 

BASE 

tml tcm) 

4 V ... 12 
S • 1 15.24 
7.5 • 9.5 18.73 

10 • 15 24.13 • 30.5 
6 V 7.5 15 y 16.3 
7 •13 23.1 • 30 
6 V 7.S 15 y 16.3 
7 • 13 23.1 • 30 

1 15.2 
4 • 7.5 15.25 
8 • 12 16.51 • 26.67 
3 • 8 15 
5 • 1 15.24 
7.5 a 9 18.73 
4.5 13 

12 28 
4.S V 5 N. R. 
4 • 5 7.62 
5.5 .. 6.S 10.16 

4 y 4.S 11.8 
5 • 1 15.6 
7.5 • 9.5 19 

10 y 10.5 23.1 

6 • 9 27.7 

6 • 1 15.6 

7.5 • 9 5_ 19 
10 V 10.5 23.1 

1 • 8 N. R. 
7 • 8 19 

8.5 V lOS 11 y 14.5 
7 • 13 2S • 35 

8.5 V 10 S 21 ' 14.'5 
7 • 13 25 • 3S 

) 

OIAMETRO LONGITUD ALTURA 
CORONA MONTAJE BRAZO MONTAJE 

tcm) tml tml 

6.35 Subre~to 1.8 • 2.5 5.2 V 5.7 
7.62 Sobrepunto 1.8 ai.s 6.2 • 7.2 
8.9 Sobrepunro 1.8 •2.5 . 8:7 • 10.7 

10.16. 14 Sobrepueno 1.8a2.S 11.2 1 16.2 

..., 
:Il 
o 
-< 

10 Con pedntal 2.4 1 y 8.5 m 
15 Con pede·nat 2.4 8 • 14. 
10 Empotrado 2.4 1 V 8.S 
IS Erñporrado 2.4 8 •14 

(") 
-i 
o 
o 
m 
r-

S.1 Sobr~to Sin 7 
10.16 Sobrepuesto Sin 4 • 7.5 
10.61 15.25 Sobrepuesto Sin 8 • 12 
S Sobr~nto Sin 3 • 8 

(/) J 

(/) 
-i 
m 

7.62 Sobtepunto Son 5 • 1 
8.9 7.5 • 9 
5.1 Sobreput'lto Sin 4.5 

10 Sobrepuesto Sin . 12 
N. R. Con pednül Sin 5.6 y 6.1 

7.62. SotH"epuetlo Sin 4 • 5 
10.16 Sobrepunto Sin S.!i a &.S 

;¡: 
)> 

o 
m 
)> ~· 
r- C...'t e 
;¡: 

6.3S Sobrepunto 1.8 •2.5 5.2 V S.7 
CD 
:Il 

7.62 Sobrepuesto 1.8. 2.5 6.2 • 8.2 
8.9 Sobl'epunto 1.8•2.5 a.:r • 10.7 

)> 
o 

10.16 Sobrepueosto 1.8. 2.5 11.2 y 11.7 o 
N.R Con fWdntal 1.8 yVI 6.5. 9.5 
7.62 Sobt'epue~to 1.8 a2.5 7.2 • 8.2 

..., 
e 
CD 

89 Sobfeopunto 1.8 '2.5 8.7 a 10.7 r-
10.16 Sohr~pu~SIO 1.8 a 2.5 11.2y11.7 (") 

o 
N. R. Con pede¡tal 2.4 7.6 a 8.6 
10 Sobr!!puesto 1.8 y 2.5 8 • 9 
13.5 Con pedrslal 2.4 9.5 V 11.5 
15 Con pedestal 2.4 8 • 14 .. 
13.5 Empouado 2.4 9.5 V 11.5 
IS EmPOtrado 2.4· 8 • 14 

r 
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TIPÓ MODELO MATERIAL 

CIRCULAR Cónic:o t•Po churuhii\CO limina d~ KIHO 

Ltgero para •riii"Ctor~' Liimina dr .erro 

Uim•na de Kero 
Prudo o•n reflectores Liimma de acero 

Uim•na de .ac•ro 
Troor:Onoc:o Limina de tctoro 
Recto lin pe:desra+ Liim•na de acero 
Recto coro pflie1tal Limina de ace~o 
Redondo o•ra wbreponer l~i"' de .::ero 
sin pede11a1 Lim•na de .cero 
Redondo para sobreponer lim•n• de ~ero 
con pede:nat limma de acero,) 

CónC:o Limin• de «ero 
Cónico oan un brazo Lámina de .cero 
lin regi\fro Limin.1 de .cero 
Cónico para niple Lámina de acero 

Lámina de tcltro 
Limiru de acero 
L.imina de acero 

LATIGO Forma p.1rabólica Lámina de acero 
Cirtullf tipo olímpico L.imina de acero 

,·Circular sin pedeual Lámina de acero 
.. Cónico circular para Lirriina de acero 

1 brazo sin registro lámina de ICirO 
C6nico circular para Lámina de acero 
niple sin regiuro L'mina de ~ro 

L~in1 de oJCero 
Cuadrado tipo ollmpico L•mina de acero 
~t<190nal sin pedestal Limina de 10r.ero 

HEXAGONAL Cónico para niple Lámina de acero 
Lámina de !~Cero 

ALTURA 
1m) 

N.A. 
6 • 10.5 

12 •21 
12 • 18 
24 y JO 
10.3 1 14.7 
6.5 • 8 
6.5 .. 8 
4 • 5.5 
6 .. 7.5 
4 • 5.5 
6 • 7.5 
1 • 8 
5 • 9.5 

10 v lOS 
4 • • 7.5 • 9.5. 

10 • 12 
15 

• 
6 • 8 
53 • 7.3 
1 • 8 
1 • 9.5 

10.5 • 12 
4 • 1 
7.5 • 9.5 

10 • 15 
53 • 7.3 
1 • 8 

4 V 4.5 
5 • 6 

-"' "' 

OIAMETRO 

BASE 
(cml 

19' 
19· 
25 o40 
JO ol6 
40 V 48 
2'5.8 132.7 

N.A. 
.N.A. 
N.A 
N.A . 
N.A. 
N.A. 

19 
15.6 o19 
23.1 
11.8 a 15 6 
19 

23.1 
30 

N.A. 
15 

N.A. 
15.6 • 19 
23.1 
11.8 • 15.6 
19 
23.1 • 30 
27 

N.A. 

11.43 
15.24 

Altu•• ,_ "'O"'•ir .., AlluUI ,..., 1>0'11~ n•r. IOnlf'lull Ó"l tJIIeto.,. •-""'do-' ..,qulo "" -r ._. let:w..-:o 1t1 "'"'ono 

N flll :No '~O' lado PO' rl ~btoc.,.l1'. 

) 

r r 1 

OIAMETRO LONGITUO 
CORÜNA MONTAJE BRAZO 

(cm) (m) 

N.A. Con prOnta! 1.8 y 2.4 
9 Sot»"rpunto 1.8 y 2.4 

10 Sotwrour"o 18 y 2.4 
16 Sobrepunlo 1.8 y 2.4 
JO Sobr~to 18 y 2.4 
12 Empouado 1.8 V 2.4 

N.A. Sobrepunto 2.4 
N.A. Con pede\lal 2.4 
N.A. Sobfepunlo 2.4 
N.A. SobrepuettO 2.4 

< N.A. Con pede-stal 2.4 
N.A. Con J)ednt-al 2.4 

10 Sobrepunto 1.8 y 2.5 
7.6 • 8.9 Sobfrpunto 18. 2.5 

10.1 Sobfepue110 1.8 a 2.5 
sj5 a 1.6 Sobr""-'esto 18. 2.5 
8.9 Sobr,ppueuo 1.8 a 2.5 

10.16 Sobrepuesto 1B o 2.5 
14 Sobfepunto 1.8 a 2.5 

N.R. Sobrepunto 1.8 a 2.8 
4.5 • 6.9 Con p.dntal 1.6 a 2.15 

N.A. SobrltPUit"'IO 1.8 y 2.4 
7.6 • 8.9 Sobrepuftto 1.8 a 2.5 

10.16 SobtltPUt'$10 1.8 a 2.5. 
6.35 • 1.6 Sobrepuesto 1.8 • 2.5 

·s.9 Sobrepunto 18 • 2.5 
10.16 • 13.4 Sobreounto 1.8. 2.5 

••• • 6.9 Con P"lelt•l 1.8 y 2.4 
N.A. Sobfepyn,to 1.8 -V 2.4 

6.35 Sobrepuetto 1.8 V 2.5 
7.62 Sobfepunto 1.8 V 2.5 

ALTURA 
MONTAJE 

1m) 

N.A. 
8 • 10.5 

12 • 21 
12 • 18 
24 y30 

N. R. 
7.5 • 8.8 
8 • 8.1 
4.5 • 8 
6.5 • 8 
5 • 8.5 
1 • 8.5 

• • 9 
62 a 10.7 

11.2 a 11.7 
5.2 • 8.2 
8.7 a 10.7 

11.2 a 13.2 
16.2 

e • • 1 • 9 
1 • • 
8.2 a 10.7 

11.7 . a 13.2 
5.2 • 8.2 
8.7 a 10.7 

11.2 • 16.2 
1 • 9 
1 • • 

"'5.2 y 5.7 
6.2 • 7.2 

::¡:; 
)> 
z 
e 
)> 
r
e 
m 
)> 
r
e 
::¡:; 
CD 
:xJ 
)> 
e 
o ., 
e 
CD 
r 
n 
o 



CALCULO DE CONDUCTORES 

Se va a iluminar una calle donde la compañfa suministrado

ra de energfa eléctrica proporciona una lfnea trifásica de 13,200V, 

tipo aerea, con transformadores monofásicos de 10 KVA. 

Los luminarios se instalarán en los m1smos postes de la 

compañfa suministradora, los cuales están espaciados regularmente 

a 40m, por lo tanto; se tiene un arreglo lateral y se colocará una 

luminaria por poste. El control y la alimentaci6n se hará por gr~ 

po para un máximo de 23 luminarios. 

DATOS: 

No. de luminarios - - - - - - - - - - --- - - - - - 198 

Tipo de lámpara 

Potencia 

Pérdidas-

Factor de potencia-

Balastro autorregulado 

DESARROLLO: 

- - - - - - - - - - - - - - -
- - - - - - - - - - -· - - -

Sodio A.P. 

250 w 
50 w 

0.9 (-) 

60 Hz, 220V 

1°. Verificar si un transformador de 10 KVA, puede 1 levar la car

ga de 23 luminarios. 



13200 V 

10 KVA 

220 V: 

•u .10 ·~~ .1 

- 11 I 1 -1011 - 111 

~-----o----~~----~----~~----~ --o o 
-Iu -110 -~~ 

® S Bl m m m 
40111 40m 40m ~------ +1 -•=o=-.. -+---=-=--t---'=--+----=='--+- 40m 1 



·(No. luminarias) x (Potencia del luminaria)= 
FACTOR DE POTENCIA 

(23) (300) = 7.66 KVA. 
0.9 

2°. Determinar el No. de transformadores requeridos • 

• 
.:1.::9.::::8:__.!:L.::::u:!:.m:..:i..:;n:..::a:.:.r_:i.,::o:..::s:_____ = 8 , 6 • • 

23 LUM/TRANSFORMADOR 

No. de transformadores = 9 

3°. Reagrupar el No. de luminarias por transformador, 

198 Luminarias 22 Luminarias/Transformador 

9 Transformadores 

4°. Local izaci6n de transformadores. 

La local izaci6n del transformador se hará al centro de ca-

da grupo de 22 postes ••• la alimentaci6n a cada luminaria se 

hard de acuerdo al siguiente arreglo. 
- ') -
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58 CALCULO APROXIMADO DE CONDUCTORES. 

1 

-----------1-

tz 

~ 
dn-1 dn-z dz 

n n-1 n-2 ll 2 
ly 

CONSIDERANDO LA MISMA POTENCIA PARA TODAS LAS LAMPARAS: 

eT d 1 
-~":...__!...__ = e ' 

L. j dj 

j: 1 

si d 1 = d2 = 

e,= ( eT l ( 2) 
(n }(n+l) 

n 

=e, L 1 
i= 1 

= d n 

"' e, 

n 

L. 1 dj 
j= 1 

• 
• o 

n (n + ¡) 
2 

- L{-

o 

• • 

1 

,, 
" 

d, 

! 
' 

1 
! 
! 



.. 

PARA NUESTRO CASO EN QUE LA DISTANCIA INTERPOSTAL ES LA NISNA, 

TENEMOS.: 

2 er e 1 .. -~:;...L,-..,...--
n(n + 1) t T • MAXIMA CAlDA DE TENSION PERMITIDA A 

LO LARGO DE LAS 11 LUMINARIAS. 

'T•II% 

,r··,,. 10 o. 071175% . · .. n 11 ( 1 2) 
.. 

~ 

dn • 
en"' ne 1 • • 

di 

• 
e u= 11 e1 ...iQ_ • • 40 

tu• 0.833 % 

PARA CALCULAR LA SECCION DE UN CONDl:JCTOR QUE NOS PERMITA LAS CAlDAS 

DE TENSION ESPECIFICADAS, PARA CADA TRAMO DE !'1-IMENTACION DE LUMINARIAS, 

SE PUEDEN APLICAR DIFERENTES METODOS ENTRE ELLOS: 

4IL 
A=---- PARA CIRCUITOS NONFASICOS 2 HILOS. 

Vne 

DONDE: A= AREA DEL CONDUCTOR EN mm2 

1 =CORRIENTE NOMINAL EN EL TRAMO QUE SE ANALIZA. 

L =LONGITUD DEL TRAMO DE CONDUCTOR QUE SE ANALIZA 

\In= VOLTAJE NOMINAL DE LA LAMPARA. 

t • PORCIENTO DE CAlDA DE TENSION DEL TRAMO QUE SE ANALIZA. 

~--

. i 

:• 



•• 

----~~-- -~----------------

--0 BIEN APLICANDO EL FACTOR DE CAlDA DE TENSION UNITARIA 

Fco:•xiOxV 
Lxl 

DONDE: Fe"' FACTOR DE CAlDA DE TENSION UNITARIA 
e " PORCIENTO DE CAIOA DE TENSION PERMITIDA EN EL 

TRAMO Q\.f: SE ANALIZA 
V o: TENSION DE LA LAMPARA 
L " LONGITUD INTERPOSTAL . DEL TRAMO QUE SE ANALIZA 
l o: CORRENTE QUE PASA POR EL TRAMO QUE SE ANALIZA 

PARA DESARROLLAR CUALQUIERA DE LAS FORMULAS ANTERIORES, ES 
NECESARIO CONOCER LAS CORRIENTES EN CADA TRAMO 

¡ 
1 
= POTENCIA DE LAMPARA + PERDIDAS EN BALASTRO 

VOLTAJE NOMINAL DE LUMINARIO POR FACTOR DE POT. DEL LUM. 

11= 250+ 50 = 1.515 A. 
(220)(0.9) 

In= nll 

In= 11(1.515)=16.66A 

SIA=4IL 
Vne 

PARA EL LUMINARIO 1 TENEMOS : Al" 4 ll Ll 
Vn e. 

A= 4(1.515)(40) = 14 .5 mm2. 
220(0.07575) 

- (;, -



' .. 
DE TABLA 1.4 TENEMOS QUE EL CONDUCTOR QUE SELECCIONADO SERA EL 

No. 4 AWG. 

PARA EL LUMINAR lO No. 11 TENEMOS : 

A • -4~(~11~)~(1~.5~1~5)~(4_0~) 2 
• 14.5 111m 

220(0.833) 

APLICANDO LA FORMULA DE FACTOR DE CAlDA DE TENSION UNITARIA TENEMOS: 

PARA EL LUMINARIO 1 

IIIKhV 
L1 al1 

• (0.07575)(10)(220) 

(40) (1.~15) 
~ 2.75 

CONSULTANDO LA TABLA ''A" TENEMOS UN CONDUCTOR CALIBRE No. 4 AWG. 

PARA EL LUMINARIO 11 

Fe= 10 e u a V 
Lux I 11 

= 10(0.833)(220) .. 2.75 
40 (16. 66) 

SI CONSIDERAMOS EL CONDUCTOR CALIB.RE 4 AWG., SE CALCULA EL PORCH~'¡

~TO DE CAlDA DE TENSION REAL EN CADA TRAMO. 

8¡= 
Fe L 1 l1 

10 V 

n( n + 1 l 
2 

= _;.;.1.~9;..;;19....;:x:-4;.;:0....;:x..;.;l.;..;;5.:..:15~ = O. 0528 
(10) ( 220) 

8¡ = 3. 488 -Jo 

ESTOS METODOS SON MUY APROXIMADOS, SI SE DESEA TENER CALCULOS 

MAS EXACTOS, SE PARTE DE ESTE CONDUCTOR PARA APLICAR LA SIGUI-

ENTE FORMULA -::¡.-



e • I ( R coa e + x "" e l • 2 

e, "' 2 le (Re coa e + x • un e ) 

R1 ., ? ., 0.04037 ..1\..: 

x, .. ? 

e .. ? 

DE TABLA 1.4 R" 0.15 Al Km a 20° C 

ENTRE EL LUMINARIO 1 r 2 HAY UN TRAMO DE 40 m . 

R 1 • 0.15 ..:::!h al!!!. • 40m 
Km IOOOm 

R1 " 0.0332 J\.. a 20• e 

CORRIGIENDO A 75° C 

Rul=0.0332 75+234.5 
20+234.5 

IR.o~ = 0.04037 ..J\...1 

ReN ., Re Tw + 234.5 
T + 234.5 

X = 2íl f L PERO L DE TABLA B TENEMOS : 

L 4 DMG = 2 x 10- Ln "'iiMG 

ARREGLO DE CONDUCTORES. 

• 
• • 

.. 

---1 D,f- l_ 

~D 
S = DMG = DISTANCIA MEDIA GEOMETRICA 

-+ S r- T 
O " DIAMETRO EXT. DEL CONDUCTOR C/AISLAMIENTO 

01 = DIAMETRO EXT. DEL CONDUCTOR SIAISLAM.IENTO 

-~-

1· 



.. . 

O "' t.4 mm. 

01"' G.41 mm. 

S "' 0"' 9.4 mm. (DE TABLA 8 ) 

r • RADIO DEL CONDUCTOR 

r "' 
O, S.41 
-z-K 

2 2 2. 70S mm. 

DE TABLA O 

RMG e 0.726 r = 0.726x2.705 = 1.1658 111m. 

APLICANDO LA fORMULA 

L -4 OMG -4 9.4 
=2x10 Ln RMG =2xl0 Lni.963S 

PARA 40 m TENEMOS: 
-4 H 1 KM 

L = 2 x 10 Ln 4. 7866 KM IOOOM.x 40m 

L = 2 x 104 Ln 4. 7866 x O. 04 H 

IL = o. 2526 X lcr5 H 1 

X= 21TfL :o:2(3.1416)(60)(1.2526xi0-51 

X= 472.219 x to-5 

1 X= o. 00472219 ...n...l 

- 9 -



CALCULO DEL ANGULO DE DEFASAMIENTO 

FACTOR DE POTENCIA DE LUMINARIO s 0.9 

ANG. COl (0.9) = 9., 25.84• .. 

COl e o: 0.9 

un e .. 0.4358 

SUSTITUYENDO EN LA ECUACION 

e.= 2 l• ( R co1 e +X un e) 

e.= 2 (1.515) (0.04037 x0.9 +0.00472219 x0.4358) 

e1 = 0.116 VOL TS 

e - n(n+l) e -7.66" 
T- 2 1 - • •· 

7.66 . . ... 
8T ('Yo) : 

220 
X 100: 3.48 .,. 



TaLlo 1.~ 
Oimf'lllliOMt de conduclon:. con u.lunirnlo dr hult· ) Lrrmupi.Utico1 

T9JU• 1. TYt y TUl 2 

ktt• y Rllll T•pu• Kili y Rtlll 
t:alabtt {1111 tllbllll'lA nlcr101) Ccou cubtul• calcriol) T1p0• Tll\lio'r\ J Tllll~ 

""<;·MOl 
PMle\tO Are.· Ll•mclru A•" u•mclr .. M u .... ..... .... ..,, .... "'"'' 

Col 1 C.:.l. 2 Col . .:S tAl.~ C.:.l. 5 Col.b t:ol. 7 

A 
L 14 3.3 8.7 .. - 2.7 5.9 
A 1~ 4.1 • 13.3. 5.2 21.1 - -
M 12 3.8 11.1 - - 3.2 7.~ 
B 12 4.5. 16.2* 5.6 2-l. 7 - -
K 10 4.3 14.3 - . - 4.0 12.3 
[ 10 5.o• 20.1' 6.1 29.7 - -
S 

1~ 3.6 ~-~ - 3.0 6.9 
1~ 4 • .':.1* 14.8. 5.~ 23.0 - ·-
12 ~.0 1 :!.H - - 3.4 9.3 
12 4.8• 18.~. 5.~ 27.::S - -
10 4.6 16.8 - - 4.3 14.7 
10 5.4. 2J.o• 6.5 33.3 - -

e 8 6 ., 30.~ - - 5.6 25.0 
8 7.0* 38.6 8.3 ~-5 - -

A 
6 8 ., 52.9 10.1 79.8 6.6 34.2 

11 4 9.4 70.1 11.5 103.5 8.4 55.2 
2 11.0 95.0 13.0 133.3 9.~ 77.1 

L 1/0 13.9 15:?.7 lb.O 200.5 12.5 123.5 
2/0 15.1 179.4 17.1 230.9 13.7 147.6 

E 3/0 16.4 212.1 1H.5 16~.3 15.0 176.7 
4/0 17.9 251.8 19.9 312.2 )6.4 211.2 

S 
250 20.0 314.6 22.0 381.8 18.~ 261.3 
300 21.4 360.1 23.7 441.1 19.6 302.6 
350 ~.7 405.9 25.0 491.6 - ~ 

400 23.9 449.6 26 ., 539.6 22.1 384.3 
500 26.1 536.5 28.4 63U 2-1.3 463.0 

600 29.0 662.0 31.3 7;0.3 - -
750 31.7 790.4 34.0 908.~ - -

1000 35.7 ~8.8 37.9 1 130.9 - -
1 !!50 40.1 1260.1 4:!.6 1 423.3 - -
1500 43.2 1 467.8 45.7 1 643.5 - -

YAILA- A 

FACTOR E S .E CAlDA .E TEIISION UNITARIA 

CAUIIRE liSTE NA IISTEMA CALIBRE SISTEMA liSTEN A 
AW& MOttORSICO TRIFASICO AWI MOIIOFASICO TRIFASICO 

14 19.5033 16.1903 SIO 0.4712 0.4141 
12 12-2663 10.1229 410 0.3794 0.3286 
10 7.7146 1.6810 Z50 0.3214 0.2783 

• 4.1517 4.2017 100 0.2675 QZ317 

1 3.0514 2.1426 ISO 0.2305 0.1196 
4 1.1191 1.1120 400 0.2020 0.1749 
2 I.Z07 2 1.0455 500 0.1124 o. 1406 
1 0.9768 0.8459 100 0.1362 0.11711 

110 0.751<' 0.1577 750 0.1100 0.0153 
210 0.1024. QS217 1000 0.0143 o.ouo 

1 1 
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TABLA B CASO 1 

FORMULAS DE CALCULO DE LA INDUCTANCIA TOTAL ( H /Km) 

S 
l• = 2110-' tnRMG (6.3) 

fonnlciOn triln1ulor 
IQuidtstante 

S 
l = 2110-• ln

RMG 
(6.4) 

SAl .. SIC .. StA 

Formación trian¡ullf 

DMG 
l• 2110-1 In-- (6.5) 

RMG 

donde DMG a 11 dlstonclo modio ,....ttricl r 
quodo dofonldo aomo: 

DMG = ~s,1 1 SKI Se• 

(6.5') 

888 [1 nlor modio de lo lndudoncio lo· 
tol a: 

DMG 
l • 2110-1 In

RMG -f-s + s 1 

Formación plana donde DMG = t'}' 1 S (6.6) 

TABLA C 

CONSTRUCCIONES PREFERENTES DE CABLE DE COBRE CON 
CABLEADO REDONDO COMPACTO 

-
Desi¡naci6n Peso 

AWG Arta de la sección Número Diimetro erterior nominal 
mm' oMCM transveBal, mm' de alambres nominal, mm kl/km 
- 8 8.37 7 3.40 75.9 - 6 13.30 7 4.29 120.7 - 4 21.15 7 5.41 191.9 - 2 33.6 7 6.81 305 - 1 42.4 19 H9 385 
50 - 48.3 19 1.33 438 - l/0 53.5 19 853 485 - 2/0 67.4 19 9.55 612 
70 - 69.0 19 9.78 626 - 3/0 85.0 19 10.74 771 - 4/0 107.2 19 12.06 972 - 250 126.7 37 13.21 1149 

150 - 147.1 37 14.42 1334 - 300 152.0 37 14.48 1379 - 350 177.3 37 15.65 1609 - 400 203 37 16.74 1839 
240 - 239 37 18.26 2200 - 500 m 37 18.69 2300 
- 600 304 61 20.6, 2760 
- 750 380 61 23.1 3450 
- 800 405 61 23.8 3680 
- IODO 507 61 26.9 4590 

¡')..-

1 

1 

1 

1 
1 



TABLA D 

RADIO MEDIO GEOMETRICO DE CONDUCTORES USUALES 

Construcción del 
conductor IMG 

Altmbrt sólido o.mr 

Clble de un solo ft'lflrial 
7 hilos 0.726r 

19 hilos 0.758r 
37 hilos 0.768r 
61 hilos 0.772r 
11 hilos 0.774r 

127 hilos 0.776r 

r = Radio del conductor 

TAlLA 1.4 

RESISTENCIA ELECTRICA DE CONDUCTORES DE COBRE 

CALIBRE 
AREA DE LA 

IIUIIIERO 
RESISTENCIA 

IECCIOII lLECTRICA 
AWS TRANSVERSAL DE c.o.zooc 
IIICIII (Mm al MILOS (0111115/kM) 

A 
L 11 0.12!1 - ZI.O 
A 16 1.!08 - 1 !1.2 
111 14 2.08 - 1.27 
B 12 ll.!ll - 11.22 
R lO 11.26 - !1.28 
E 
S· 

18 . 0.82!1 7 Zl.!l 
16 l. !108 7 1!1.42 
14 2.08 7 1.45 
12 !1.!11 7 11.!12 
10 !1.26 7 !1.35 

1 1.!17 7 2.10 
6 IÚO 7 1.522 

e 4 21.111 7 0.1!10 
z !1!1.6 7 0.112!1 

A 
1/0 11!1.5 lt 0.529 

B !Al 67.4 lt 0.261 
310 15.0 19 0.207 

L ~ 107.2 11 O.IMO 

[ 1150 IZ6.7. ll7 0.1510 
100 1112.0 ll7 0.11117 

.. 
S 1110 177.4 17 0.0191 

400 102.7 !17 0.0867 

100 1!13.!1 57 O.OBI 

100 104.1 61 0.01171 
?$() 180.0 11 0.046!1 

1000 106.7 11 0.0348 
11!10 153.!1 11 O.CI!TB 
1100 'NO.I ti 0.02!12 

1. 

' 
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---· _ AREAS_DEP.OJ3J_\~AS __ 
PUNTOS ·oE PRUEBA 
Espactados de acuardo al ar<Za. 
Lacturas al c<Zntro. . . 
O iv¡dár cuadros Qpw-olC. 5°/o dal aYeQ \o~ o\. 

Pun-\-os asp(tcta\tts de pruttbQ. 
((nMpos d~ tiro, úolf, patinaje, efe .. ) 

Cuadros con mas d(ll 50% dczntro de\ cu·ta se 
/ncwy(ln al calculo. mtnortts no se inc\uy~n. 

PROCEDIMIENTO DE PRUEBA 
Nivelar calda, 
Mlldiciones ancada punto (diQqramos) 

i Promfdi"r lluminanciQ . 
1 

! C<tld~ an superfid(Z d(l jutlljO Ó 91 cms. (3(,pul~) 
: el~ sope Y. ci (l • · 

1 



' 
! 

1 
. ! 

i 

1 
i 
' ' 1 

1 
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CARRETERAS 
PUNTOS DE PRUEBA 
Espac1os d~ r~cfdnqulos, 
Lllduras al can~ ro, 
Madir an lone¡it\ld (3posttts por lo manos) 

Puntos· de pru~bQ ( c.«nlro dal 'r&f\co \ 
Arreqlos corocterísfkos (fi~ura) 
lntczrvo los anfra pun~os 10 p\e4iJ Apto)(, 

PROCEDIMIENTO DE PRUEBA 
Mediciones en cado punto 1 

Nivalar c~lda 1 

Promtdiar ilum\nancia 
c~\dQ Q 0.\Smis.("pulc¡s) de supa:rflcitZ dt )q 
c.cttnztrz:r-a, 
Pavimento seco (no aqua1 no n\eve) 

- - - ·---



... 

____ REP-O.BIES-DE-DA:r-OS--- ------
1 ) 
2) 
3) 
4) 
5) 
b) 
7) 
8) 
9) 

\0) 
\l) 
ll) 
13) 
t~) 

LocQCión C avcnidQ, cancha, estadio, ,.c .. l 
O ts,cri pc.ión del equipo _ ( lútdnario) 
F ec.ha de mediciones . 
Di~ramQ de punfas d. pruebe. (dit~ten~ion~S) 
(Oftdicconc~ «léctricas ( V, r lJ p J 
Llndicion de luminarios ( liMpifza,durtKión tk) 
Condi<i*~ climoficQs . 
TQb..fQcián ele ciQfos Je pru•~• 
R~i5+ro ele mtclidoftfi de prMlxi {br; llo, 
de. .. ) npcc~\cs. 

R~lc¡,Km Jfló.~i•/'• irtirr~~ \llflll\.ck i lu11.) 
A\tura ele monfQjc,(lJ~mwnto,Qrrc~o, 

_ Oa\o~ Je lnsfru.tnto5 de fru~ba, · 
Ticttpo de instQ(Gci6n. 

D"tos de Pro~dores , 
3 



1 

1 

' ' \· 
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\NSTAlAC(ONES AWT\GUAS 
PQrQ 1ns+Q\Qciones de CZ5te tipo \os \um;narios 
debtn chiCQr$e sin limpiarlos ~ tomor madicio~, · 
poiteriormtlllte ~<l timpion y ~toman Yntdi<.\cn~s, 
o ~ qtJ« ~ \1actn l. S<tritZ5 d~ mediciones. 

lNSTALAC\ONES NUEVAS 
Con el ob)e+o d, checctr rendimiento Q {a5 C<Jndíc io .. 
1"~ intGiQle~; s~ \\mp\<.\n1acondidonQn q ~u5~an lo~ 

lumiY\ario~. 
r 1 1 • coS<LnO,l.J co\CK 
ro1omerro~ · CC(rtc;ido, pert&+it \:) eQlcbro.do 

Condicione-s eleciricas ~ checar (lampara, \umincrio ett} 

V = Vo\taje-:, 
I = Corriente 

P = Po tfl.nciQ 

TlPD- DE LA M P. H\O.fLUGR. ó \NCANO. 

'1 
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_ __E.)( TE R \ 0=---------:R=--=-E --=-S ___ _ 
En inslalacionts de afurnbrQdo an (ZJC.eriore~ donde el 
f\uio luminoso es diriCjido Q zonas, formando ur1 an9ufo 
de intidancia C.Of\ la suptrfitia di S(tr iluminada; debe 

----AJUSTARSE CUIDADOSAMENTE
para q"c ~5Q iluminación seq UTll q d~ (Al\DAD 

l. E 1 S 1 desarrolla mifodos con el objJivo de normct\iz:A __ 
don en \a medición ~ rt~istro de CG(Qcteristicas prin_ 
c\PQ\rncnte par" : 

e CARRETERAS 

O AREAS OE.PORTIVAS 
l Q pr,c.is\6\1 U-» menor Q ra obtenida '" laboratorio, debi~g 
Q \nc:a c.orididones adv«rsos inherente~, 

(voltaje, tcmperaturq, pc¡\vo 'f gtro\ {ac.tore~) 

.-



Mec.lic\ón d~ lluminonciQ 

LQ iluminoncio an IQS areC\s d~fínida~ dczbe 
mtdirs« an el mornanto cl<~l trabajo <ln P"rth~s 
espec,(ficcs, 
IQ ueldQ debe colocarscz en el plano da trabajo 7'0 mm. 
(~O pulc;s.) ::-Dpt, 

Tnsptccione~ de instalaciones. 
Ocmde s~ utilizc Gl dia 'f ta ttoc~,la \nspecc.ión de~ 
· hactrsc m ambo~ iurnos ( tt) 'f donde se. ui i h te solamente 

el ttl día, debe inspeccionar$e crn el d(a, 

( ~) Se pcjeJ, unQ inspueión nocturna rtQii~or5e ~rt tel 
día, bloctd(ando venfat10\e, o tod" fcJantc d~ luz. u-huno 
Q ta \Y\~~ccio\toda, 

/ 
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E N L A E V AL U A C \ G N .O E \N STA_ 
LAC\ONES OE ALUMBRADO ES 
NECESAR\0: 
•MEDIR ILUMINACION 

. •REGISTRAR DATOS . 
I. E. S, DESARROLLA UN ME TOO O OE 
INVESTIGACION UNIFORME-DE ME_ 
OICION '1 REGISTRO OE DA TOS. 
LOS RESULTADOS SE USAN COMPARA. 

: \lVAMENTE CON ESPECIFICACIONES PARA 
i 

1 

· 1 DETERMINAR NECESIDADES DE : 
1 

. )-



MANTEN\ M \ENTO 
MODIFICAClON 

. REEMPLAZO 
Medición clfl iluminancia 

l 1 tl~ ~rumantO d~ t:({ldq ( CC.S~I10 '/ cele..- C.OYl'lgÍJos ) 

c<Zida a::rptJ~s+Q .~ fuz 5 q 15 »rins. rtnt~s dtZ k\5 noqd;c;cnzs. 

• Probador~s: no caus<u1 50»1 bms1 rt: f lt: jos (tctr <Zt1 z.a ó 
3" p<Arhz de la Cl'scq!a (n\t.ttjOV prec:isión,mtnarerro.--) 

1 lc.n1rarcts l-\ 1 O ti<Zttlpo cznaV1dido ~ 30 »Ü\1S. 

1 LQa~p<.was fluor<rscet1fcz:s 1 hortl ~ fiql'fpo vtda ((tt _ 

c.a:•1d1do ? 1 DO hvras d([ cpera.c Ión. 

1 lawpQ tos inca ttd<Zsatt1f~s tie:»tpo accudicionamÍq[ 
to ~ ZO ~oras de cpczra~ió.-t, 



.. ILUMJN_~N.CIAJ?J3DJ~lEOtO~~--
E\ méfodo 5e utiliza par" o" plano hclrizorltal cm lO Yo 
de valor~~ aprox. tomando le:cttlra~ en cuadro' de O.C,"' 
(2 fts) 'f PROMEDIANDO~ 

• 
t :; n 

/lvNIJ/t~Aic.p''""· = Z i ~ , P; 
n 

ARE AS 

p = /eclvro5 
n; #drJ /,e/: 

~ Rczsolar con luminarios s\~itricam~nt( espc¡da _ 
dos ~n dos ó: mas f\\Qs. 

Rt<3o lar con un 1llm(nor'm lcxxll tado si mcz rricamczt1 tez 1 

~ Re13t~lar con una fila mdhi1dval dtZluminarios. 
e R~qu/ar dos 6 mas fi\Qs con+inuas da lumir1arios. 

¡¡ Rczqulqv con una fila continua el~ lurninarios. 

~ R(lqtt(cu' ca1 +~cho lo»1ino5o. 



4-36 MEASUREMENT OF LIGHT 

Flg. 4-25. Form for Tabulation of Luminance Mea
surements 

Work Pomt loca !ion • 

luminaire at 4 5o abo ve eye leve! 
Luminaire al 30"' above eye level 
Luminaire al 15"' above eye leve! 
Ceiling, above luminaire 
Ceiling, between luminaires 
Upper wall or ceiling adjacent lo a 

luminaire 
Upper wall between two luminaires 
Wall al eye level 
Dado 
Floor 
Shades and blinds 
Windows 
Task 
lmmediate surroundings of task 
Peripheral surroundings ot task 
Highest luminance in field of view 

• Oescrtbe locahons A lhru F. 

1 
¡ 

these times. Nighttimes surveys should be made 
with shades drawn. Daytime surveys should be 
made with shades adjusted for best control of 
daylight. 

On a floor plan sketch of the are a, an indication 
should be made of which exterior wall or walls, 
if any, were exposed to direct sunlight during the 
time of the survey by writing the word "Sun" in 
the appropriate location. Readings should be 
taken, successively, from the worker's position at 
each work point location A, B, C, etc. and lumi
nance readings from each location recorded as 
shown in Fig. 4-25. 

FlELD MEASUREMENTS-OUTDOOR 

In roadway and many floodlight installations 
light is projected in a direction forming a large 
angle of incidence with the surface to be lighted, 
and each unit must be adjusted carefully tu pro
duce the best utilization and quality of illumi
nation. For an accurate evaluation of this t_vpe of 
installation, special care must be taken in the 
measurement of the resultant illU!nination. A 
summary of the lES guides for Roadwa~· lllumi
nation Measurements and Sports lllumination 
Measurements follows, but the full guides should 
be ~onsulted befare making an actual survey.~~!f-!n 

Preparation for the Survey, ( 1) lnspect and 
record the condition of the luminaires (globes, 
reflectors, refrartors, lamp positioning, etc.). In 
the case of roadway lighting, make sure lumi
naires ·are level and their lateral placement is 

/0 

1[ S liGHTING H'-NOB00k 
1981 RHER(NCE VOLUME 

rorrert. U nles.• the purpose of the. test is to check 
depreciation or actual in·sefvice performance, all 
uniL• should be cleaned and new lamps installed. 
New lamps should be seasoned properly.;; While 
inoperative lamps are readily noticed in roadway 
installations, thev can easih· be overlooked in 
large floodlighti¡;g systems. · If these lamps are 
not replac·ed for the field survey, proper consid
eration must be given when evaluating the test. 
(2) Record the mounting height of the lumi
naires. (3) Record the location of !he poles, the 
number of units per pole, the wattage of the 
lamps and other pertinent data. Check these data 
against the rerommended layout; a small change 
in the location or adjustment of the luminaires 
may make a considerable difference in the re· 
sultant illuminance. (4) Determine and record 
the hours of burning of the installed lamps. (5) 
Record the atmospheric conditions. Because of 
the effect of adverse atmospheric conditions, tht
survey should be made only when the atmo
sphere is clear. Extraneous light produced by a 
store, service statio.n, or other lights in the vicin
ity, requires careful attention in street lighting 
tests. (6) Becauseof the influence ofthe electrical 
circuit operating conditions on lamp light output, 
it is usually necessary lo know precisely the 
electrical circuit operating conditions at the lu
minaires in the system at the time the photo
metric measurements are being made. At night, 
during the hours when the luminaires will nor
mallv be used, record the voltage at the lamp 
sock~t with all of the lamps operating. The volt
age at the main switch ma.v be measured pro
vided allowance is made for the voltage drop tu 
the individual units. If discharge lamps are in
stalled, record the input voltage to the ballast at 
the ballast terminals. Discharge lamps should be 
operated at least one half hour to reach normal 
operating conditions before measurements are 
made. 

Survey Procedures. Measurements should 
be made with a recently calibrated, color- and 
cosine-corrected photometer capable of being 
leveled for horizontal measurements or posi
tioned accurately for other measurement planes 
as required. The photumeter should be selected 
for its portability and repeatability of measure
ments at any point of the scale which is used. If 
required by the spectral characteristic of the 
light source in the system being measured, ap
propriate corrections should be made to each 
reading. 

l. For roadways, divide the distance between 
poles into an even number of divisions (as riear 
3-meter (10-foot) intervals as possible) and take 
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a reading-in·the center·or-each rectangle· forrrfe_d _____ Duration at Thtoir Rangf' LimiL-;," Tran.~. lllum. énJl. SM .. Vol. 

b h b d . · · d h 1 f h d VIl. p. 625. No,.mbe•. 1912 
Y t e 8 OVe lVlSIOflS 8fl t e anes O t e r.oa - 5. Walsh, J. W. T.: Phutomrtr., :Jrd ed., Con.~tablto ami Co., Ltd., 

way. Additional measurements may be taken at London, p. 223. 1958. LPwin: 1:. Rakl<r, G. A. and Hakrr. M. T.: 
point.s of speciaJ significance, but these readings ··~~·eolopment..& in Hi_¡¡:h S~ PhotomPtr.~· and _Sptortroradwmt--

h Id b d · al 1 · h · try, J.lllum. EnJl. Svc., \oL 8. p. 214, Jul)·, ]919. 
S OU not e USe lfl C CU atmg t e average 6. Kau(man, J. E. and Chri. .. ten-'•en. J. F.: lES Li!fhlmJl Handhm,k, 
horizontal illuminance. In sorne instances, lumi-. ~th ed., llluminating En¡¡:inf"erin¡¡: Societ,\', New York, 1972. 
nance measurements may also be desirable. 7. Kingsbury, E. F.: ''A Flicke-r Photom~t.~r A~tachm~nt for tht> 

• • Lummtr·Rrodhun Contra!lt Photomf'tt"r. J. franklm ln.,f .. Au· 
2. For sports mstallat10ns, the sports area, or gullt, l!H5. Cuild. J.: "A Nt-w Flit·k~r Photomt>ttr for Hl'tl'ro<:hro· 

that portion of the ares under immediate consid· malic Photome-tr~·." J . .'ici. Jn.~trum., M are h. 1924. Ft'rl't'. c. E 

eration, Should be divided into test areas of ap· a~d Ra~d. C.: "Fiickt-r Photon.~~tr_v.'' Tran.,_ lllum. En~. Sm· .. 
· f h · \ol. X\ 111. p. 151. Fehruary, 19.3. 

prOXImately 5 per cent O t e total area and 8. Linlt-, W. F. and útey. H. S .. "Tht- llst' uf Color Filtt'T!« in \"i.,.ual 
readings should be taken in the center of each · Photume-try," Tram ... lllum. En/f. Snc .. \'ol. XXXII. p. 6:!~. Junt'. 

Wh ill · ~ 1 1 · · · 1937. John.~n. L. B.: "Photomt>trv ofGa.wou!«·C'onduttnr l..amp ..... " 
~ea. ~re ~mmanc~ or co or te evtston IS Tran.,. Jllum. Eng Suc, \'u!. xXxu. p. t>4ti. Junt'. 1 ~ni. 
m vol ved, Y- multiple readmgs should be taken at 9. Sharp. c. H. and Littlt'. w_ F.: "Compt-nN!tt'cl Tt'!«t l'latl' fur 

each station: one reading with the meter cell lll~mination Photomf't~r!'<, .. T_ran.';, lllum_. Enp_. Sm· .. \'ol. X. p. 

il d 5d fr 
· 1· h d. · f 72 •. Novf'mixor.1915.Lmlf'.Y..F.: PrafllcalHmt~ontltt'llst>of 

t te 1 egrees Offi vertlC8 In t e treCtton O Ponablt> Phutomt-ters." TraM. /llum. En~. Soc .. \'ol. X. p 76ti. 
ea eh camera location, and 0.9 meters (36 inches) Novemixor. 1915. Mon-~. A .. MrGuirt", F. L .. and \'an Cott. H.l'.: 

b d 1 1 ni th · ·¡¡ d f "Accuracv of Macbt'th llluminomt>tt'r a.<. a Fum·tion of Ope-rawr 
.a ove gro un eve 'U ess 0 erwise specl le or VariabiJi(y, Calibration, and St>nsili\'ity." J. Opt. Soc. Amrr .. \'o!. 
the particular sports activity, and a final reading "·p. 525. July. 1955 
with the cell in the horizontal position. 10. Taylor. A. H.: "A Port.ablf' Rt-nt'ctanct- Metf'r." lllum. En~ .. Vol. 

3 R d. h Id b d t h t t ta LV, p. 61-4, Novf'mlM-r. 1960. · . ea 1ngs S ou e ma e a eac es S • 11. Wribel. w. A.: "f>ort.able- Electric Phowmt>tf'n;-A Sun·f'\'," 
tion with repeat measurements at the ftrst Sta· Líght. IN.~. Appl .. Vol. s. p. s. August, 19i5. · 
tion frequently enough tO assure stability of the 12. "Repon of Committe-e on Portable Photot>lt'nrit· Photomt>tm .. " 

d bil.t f 1 R d' Trans. lllum. En/l. Suc., Vol. XXXIJ, p. 3i9, April. J9:Jí. Langt', 
system an repeata 1 Y O resu ts. ea mgs B., Phutot'IPment.~ and Tluir Applicatiun. Ht'inhuld l'uhlishin¡.: 

should be reproducible within 5 per cent. Enough Coo•p .. N•w Yo•k. M"· 19:11<. 
readings should be taken so that additional read· 13. Projt>Ctor. T. H .. Lauft-r. M. K .. and Dou,;la~. c. A.: "An lmprovt"d 

'Zero-Resistam:f'' Circuit for Photo-Cell Photomrtry," Re1·. Sci. 
ings in similar locations will not change the 8V· Jnstrum., April, 1944. Barbrow, L. E.: "A Photometrit· Procrdu"' 

erage results significantly. Care should be exer· Ulinc Barrif'r-Layer Photoct>lls," J. Rn .. N. B. S .. Vol. 25, p. 703, 

cised while taking readings to avoid casting 14. ~~:.~~-~~:o ... Eit><"tronk ln.-.trumentation in Li~~:ht Mf'asure-· 

shadows on the receptor ofthe measuring instru·' mrnu," 11/um. Eflll., Vol. 64. p. 101. ilfff'mber. 196!1. 
ment, and also by Standing far enough away from 15. Foglt>. M. E.: "Nrw Color Corrt'ctt"d Photronic Ct"IJ¡; for At-curatf' 

h ·a11 h · 1· h 1 Light Mtoa.'\urt>mPnl.S," TraM•. Jllum. En/l. S11c., \'o!. XXXI. p 
t e receptor, espeCI Y W en weanng tg t CO • 773, St>ptembfor, 1!:136. Parker, A. E.: "Mea.~ure-ment of !Ilumina· 
ored clothes, to prevent light from the source tion From Gaseous DW:har,;f' Lamp~;." lllum. En~" \'o!. XXX\', 
from being reflected onto it. p. 883. No\·f'm~r. 1940. PreMon. J. S.: "Tht> H.elati\'t' Spt-wal 

Respon.w uf the St>lt>nium Rf't'tifier Photonll in Hela1ion to 
Photomelr,\' and tht- Desill(n of Spt'Ctral Corrt'ttion Filtl'r~ ... J. 
Sá ln.~trum .. \'ol. 27. p 135. Mav. 1950 

16. Elvegard. E., Lindroth. S., and i..arson. E.: "Thl' Drift Effl't't in 
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RECCJ.IENDACIONES PARA LA MEDICION DE ILUMINACION DE AREAS E 

INSTALACIONES DEPORTIVAS 

1.- INTRODUCCION 

1.1.- Aspectos Generales.- El objeto de ~stas recomendacio
nes es proporcionar un procedimiento de la medici6n y 
reporte de las caracterfsticas fotom~tricas en instal~ 
ciones deportivas. Considerando los factores que in-
tervienen, se procurará determinar las condiciones del 
sistema de i luminaci6n. 

1.2.- Condiciones de la Prueba.- Generalmente las pruebas_ 
de iluminaci6n efectuadas en campo son diferentes a 
las que se pueden obtener en un laboratorio fotométri
co, esto se explica por la influencia de factores in-
controlables (fuentes externas, posibles sombras, etc), 
que es tan afectando e 1 sistema. En consecuencia habrá 
de procurarse eliminarlos (en lo posible) y evitar con 
esto que interfieran en los resultados de la prueba. 

Cuando se trate de instalaciones nuevas, antes de la 
prueba, deberá procurarse que los luminarios se encue~ 
tren 1 impíos. las lámparas deberán ser "curadas" y_ 
tanto la lámpara como el luminario deberán estar bien 
ajustados en su conjunto 6ptico. 

Si la prueba es hecha con pr6positos de una verifica-
ci6n de la instalaci6n después de una depreciaci

1
6n en 

servicio; el n6mero de horas de operaci6n de las lámp~ 

ras, asf como las que se encuentran en falla, deberá_ 
ser registrado en el reporte. A continuaci6n se efec
tuará una prueba al sistema en estas condiciones, rea
l izando enseguida un mantenimiento comp 1 e o; para con-
cluir con una nueva medici6n al sistema en 6ptimas co~ 
diciones. 

! ? 
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Es recomendable que en sistemas que tengan lámparas 
de alta intensidad de descarga (HID), estas deberán 
tenerse en operación normal por un lápso de media __ 
hora como mfnimo, a fin de estabilizar su temperat~ 
ra de operación antes de efectuar la prueba del sos 
tema. 

Debido a la influencia que el circuito eléctrico __ 
tiene sobre el flujo luminoso de las lámparas, es_ 
recomendabl.e determinar los parámetro·s de ·corriente, 
voltaje y potencia de los luminarias en operación, 
lo anterior es con el propósito de establecer una_ 
comparación con los datos originales del fabricante 
del luminaria y con esto determinar si se encuentran 
en condiciones normales para efectuar la prueba fot2 
métrica del sistema. Generalmente es suficiente con 
lecturas de voltaje y corriente de lfnea, pero si se 
sospechara una condición anormal en el funcionamien
to del- (os) luminaria (s), es conveniente hacerle. 
pruebas más exhaustivas al equipo del cual se tenga 
duda; > 

En instalaciones grandes, las lecturas de voltaje, d~ 
berán tomarse en un buen ndmero de luminarias (de 
ser posible en el socket de la lámpara) para asegu:: 
rarse que el valor es el apropiado para la lámpara o 
para el conjunt~ lámpara-balastro que se eaté util i
zando. 

La prueba de medición fotométrica deberá hacerse pr~ 
ferentemente en condiciones ambientales despejadas y 
cuando la aportación de luz de fuentes externas sea 
mfnima. 

Un especial cuidado deberá tenerse, por parte del 
personal que opere los instrumentos de prueba, a fin 
de evitar que la sombra de su cuerpo interfiera la 
luz procedente del sistema corriendo el riesgo de 
obtener lecturas completamente alteradas. Igual -== 
cuidado se tendrá en verificar que la luz incidente 
en la celda del instrumento que detecte las lecturas, 
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no se vea influenciado por reflejos muy acentuados. __ 
En general el evitar sombras o luz extraña requiere 
siempre una actitud alerta del personal de prueba, con 
el prop6sito de detectar estos inconvenientes. 

1.3.- Equipo de prueba.- Se utilizará un fot6metro que sea 
portátil con el prop6sito de poder efectuar las lectu
ras en cualquier punto del área que se esté probando. 
Deberá estar bien calibrado y corregido en color y en 
coseno. La celda del fot6metro podrá ser 1 levada a dl 
ferentes niveles sobre el plano horizontal y también_ 
podrá ser colocado en cualquier plano que se requiera. 
No deberá ser sensible a variaciones de temperatura y 
en caso de serlo, se harán las correcciones torrespon
dientes para compensar las lecturas. Cuando se uti 1 i
ce un instrumento de escalas m61tiples, aseg6rese que 
la lectura se obtenga en la porci6n superior de la es
c~la del aparato. Para más informaci6n refiérase al 
"lES General Guide to Photometry" (4). -

2.- PROCEDIMIENTO DE LA PRUEBA. 

2.1.- Puntos de prueba.- Los puntos para la medici6n de la 
iluminaci6n deberán localizarse y espaciarse de tal_ 
forma que las mediciones sean representativas del _.· __ 
área que se este midiendo; constituyendo un conjunto 
de lecturas que permitan calcular la i luminaci6n pro
medio. 

Recomendaciones especificas para la local izaci6n de 
puntos de prueba de 1 a mayor fa de areas deport_i vas se 
dan en las figuras 1 a la 16 que se anexan más adelan 
te. 

Para áreas irregulares, como el caso de canchas de 
go 1 f~ o cualquiera que no tenga dimensiones regu 1 a-= 
res, se recomienda hacer divisiones en cuadrados igua 
les o rectángulos que no excedan del 5% (cinco por -
e i ento) de 1 área tota 1 considerada y 1 as medie iones-
ee procurar~n hacer al centro de este cuadrado o rec
t4ngulo. 

1 '1 
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las áreas que esten diseñadas con diferente nivel de 
iluminaci6n con el mismo sistema o instalaci6n se tra
tarán de manera individual, Hágase la consideraci6n, 
al dividir las zonas de prueba, de eliminar los cua--
dros que participen con menos de la mitad de su área_ 
en el campo y en el caso que su"área sea mayor de la 
mitad, entonces deberá inclufrsele como punto de prue
ba, 

Cuando se den recomendaciones en puntos especfficos, _ 
definiendo valores de i luminaci6n para ellos, tales_ 
como lfneas de salida en campos de golf, lugar del 
blanco .en campos de tiro de rible y pistola, etc., se 
tomarán diferentes lecturas de tal manera que se cubra 
el total de puntos que involucren el lugar objeto de _ 
mediciones fotométricas. 

2.2,- Medici6n de i luminancia,- A menos que no se especifi
que otra cosa, se harán las lecturas fotométricas pos~ 
sio'nando la celda del instrumento directamente en la 
supérficie del campo de prueba cuando se trate de jue
gos s~bre piso, en tanto que en el caso de juegos 
aéreos la celda se ·colocará a una altura de 91 centfme 
tras· (36 pulgadas). Las l"ecturas se efectuarán en ca: 
da punto de prueba, repitiendo frecuentemente la del _ 
primer punto a fin de asegurarse que exista una esta-
bilidad del sistema, cuando no exista una variaci6n 
mayor del S% de la lectura se considera estable, 

2.3.- Medici6n de luminancia.- En instalaciones deportivas 
y recreativas, cuando hablamos de equipo de ilumina--
ci6n, el control de la luminancia indeseable producida 
por los proyectores, o bién los reflejos producidos_._ 
por superf i e i es especu 1 ares, deben ·ser evitados media!!. 

.te el posesionamiento adecuado de los proyectores que 
constituyen el sistema, Se recomienda ver "lES Current 
Recommended Practice for Sports and Recr.eational Area 
lighting" (2), 



REPORTES OE llATOS ::.:===-=::..==== 

1).- locaci6n (Avenida, Cancha, Estacio, etc,) 

2).- Descripci6n del equipo (l6minario) 

3).- Fecha de mediciones 

4).- Diagrama de puntos de prueba (dimensiones) 

5).- Condiciones el~ctricas (V, 1 y P) 

6).- Condici6n de luminarias ( Limpieza, Duraci6n etc.) 

7).- Condiciones climaticas 

8).- Tabulaci6n de datos de prueba 

9),- Registro de mediciones de prueba (Brillo, etc,) especiales 

10).- Relaci6n máximo/mínimo (Prom. de Jlum). 

11).- Altura de montaje, espaciamiento, arreglo. 

12).- Datos de instrumentos de prueba, 

13).- Tiempo de instalaci6n 

14).- Datos de probadores 

1 " 
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En oc~siones es Jese~ble d~tcrmir1~r 1~ m~gnitud de 
deslumbramientos caus~dos por el siste1n~ de ilumina-
ción en ciertos puntos de visión crftic~, con el pro
pósito Je tomar ~luun~ acción correctiva. Un c~mino 
a sugerir serfa efectuar un recorrido por diferentes 
puntos de observación que pudie;..an considerilrse crf-
ticos (generalmente son ·los directamente frontales a 
los proyectores) y con esto procurar determinar la 
cor-rección aefectuar, siempre y cuando esta sea posi
ble y no afecte el comportamiento de iluminación en el 
área. 

3.- REPORTE DE PRUEBAS 

El reporte deberá integrar los datos más significativos, de 
manera que permita un manejo fáci 1 de el los. Es recomendable 
que incluya los siguientes aspectos: 

) / 
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REPORTE º~ PRIJERAS 

Promedio de 1 ecturas en campo 

Relación máximo a mfnimo 

Promedio de Lecturas fuera de campo 

Relación máximo a mfnimo 

Voltaje en proyectores con el total de lámparas en operación 

DATOS DE LA INSTALACION 

Tipo de luminario -----------------------------------------------------

N6mero de unidades 

Fuentes de 1 uz 

N6mero de torres 

Altura de torres 

Distancia de las torres a la lfnea de "foul" o a extremos de la 
cancha 
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MEDICION FOTOMETRICA DE INSTALACIONES DE ALUMBRADO PUBLICO 

1,- LOCALIZACION 

CALLE---------- ENTRE~-----------

COLONIA--------- DELEGACION -----------

2.- FECHA 

DE ----------- DE 198 
HORA 

3.- DESCR 1 PC 1 ON DE LA INSTALACION Y EQUIPO. 

3.1.- LAMPARA 

3.1;1.- MARCA 

3.1.2.- TIPO 

3.1.3.- WATTS 

3.1.4.- ACABADO 

3;1:5:- POSICION 

3.1.6.- HORAS DE USO ESTIMADAS 

3.2.- BASTRO 

3.2.1.- MARCA 

3.2.2.- TI PO 

3.2.3.- FACTOR DE POTENCIA 

3.2.4.- INTEGRAL REMOTO 



3.3.- LUMINARIO 

3.3.1.- MARCA 

. 3.3.2.- TIPO 

3.3.3.- CURVA 

3.3.4.- CERRADO ABIERTO 

3.3.5.-

3.4.- POSTES 

3.4.1.- ARREGLO 

' ~ 

3.4.2.- ALTURA DE MONTAJE 

' 3.4.3.- TIPO • 1 

3.4.4.- DISTANCIA INTERPOSTAL •· i'~. . 

3.4.5.- LONGITUD DE BRAZO 

3.4.6.- DISTANCIA POSTE A LA ACERA 

3.5.- CALLE t•. ~· ' 

3.5.1.- LONGITUD A MEDIR 

3.5.2.- ANCHO DE CALLE 

3.5.3.- ANCHO DE ACERA 



1 -~ • 
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4.- CIRCUNSTANCIAS ESPECIALES 

4.1.-. INTERFERENCIAS-------------------

4.2.- CONDICIONES AMBIENTALES (NO DE TIEMPO)--------

4.3.- FUENTES DE LUZ EXTRA~AS 

S.- CONDICIONES ELECTRICAS DE LA INSTALACION 

6.-

S.l.- VOLTAJE ENTRE .fASES 

S.2.- VARIACION DE VOLTAJE 

s.3.- CORRIENTE DE LINEA 

S.4.- WATTS DE Ll NEA 

s.s.- WATTS DE LAMPARA 

S.6.- HORAS DE ENCENDIDO ---- HR, DE OP, POR ENCENDIDO 

CONDICIONES DE LUMINARIO 

6.1.- MESES APROXIMADOS DE USO 

6,2.- CONDICIONES DE LIMPIEZA 

6.2.1,- BUENAS 

6.2.2.- REGULARES--------

6,2.3.- MALAS 



• 

7.- CONDICIONES DEL TIEMPO 

7.1.- NUBLADO 

7.2.- DESPEJADO 

- /'/-

,i,'t• 
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7.- CONDICIONES DEL TIEMPO 

7 .1.- NUBLADO 

7.2.- DESPEJADO 

ESTAC 1 ON CARRIL 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 
. 18 

19 

20 

21 

22 

23 

24 

25 
26 
27 

CARRIL 

¡¿¡ 

IS 

CARR'I L CARRIL CARRIL CARRIL 

.. 
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ESTACION CARRIL CARRIL CARRIL CARRIL CARRIL CARRIL 

1 ... 
2 

3 . 

4 

5 

6 

7 

8 •• ;H.t 

9 

10 ' 

... ! ~ ....... 

11 

12 
• _._, 1 • 

13 

14 ,,.., .. 

15 

16 

17 -

18 

19 
' -. 20. 

21 

22 

23 

24 

25 
26 
27 
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ESTACION CARRIL . CARRIL CARRIL CARRIL CARRIL CARRIL 

28 

29 

30 

31 

32 

33 

34 

35 

36 

. 1 
37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

TOT Al POR CARRIL 

PRO'ol ED 1 O 

MAX IMO 

MIN IMO 
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10.- MEDICIONES ESPECIALES 

ESTAC 1 ON LOCALIZACION LECTURA 
OBTEN IDA 

11.- RELACIONES ·· 

PROMEDIO 

PROMEDIO A 
M 1 N IMA 

PROMED 10 A 
MAX IMA 

MAXIMA A 
M IN IMA 

LA RELACION DE PROMEDIO A MINIMA NO DEBE EXCEDER DE 3 A 1 PARA 

CUALQUIER CALLE, EXCEPTO PARA CALLES RESIDENCIALES LOCALES, EN 
TAL CASO PODRA SER HASTA 6 A l. 

··- ........... ~-·' 



12.- INSTRUMENTOS UTILIZADOS 

CLASE MARCA MODELO OBSERVACIONES 

13.- PRUEBAS EFECTUADAS POR: 



FACUL TAO DE INGENIERIA U.N.A.M. 
DIVISION DE EDUCACION CONTINUA 

ILUMINCACION EXTERIOR 
PRINCIPISO, DISEÑO Y APLICACIONES. 

MAIIIITEI!IIIMIEI!IITO. 

ING. CARLOS GARCIA ROMERO. 

ABRIL. 1 9 9 4. 
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PROGMA DE MANTENIMIENTO PARA SISTEMAS DE ALUMBRADO 

PUBLICO. 

1.- INTRODUCCION. El mantenimiento adecuado de cada instalaci6n es 

la única forma de continuar proporcionando Ún alumbrado públ i

co efectivo. El mantenimiento del alumbr~do incluye todos los

medios que puedan uti 1 izarse para mantener la cantidad de luz-

en el pavimento, tan cerca de su valor inicial· como sea prác--

tico. 

Los objetivos del mantenimiento del alumbrado público son el -

mantener el nivel deseado de i luminaci6n con un costo mrnimo y 

un uso efectivo de la energfa. 

, Porqué es importante el mantenimiento del alumbrado pú-

blico? 

Primero, porqué el prop6sito primordial de una instalaci6n de

alumbrado público es el reducir la criminalidad, mantener las

cal les seguras al tráfico peatonal y vehfcular durante la no-

che y ayudar al desarrollo de la comunidad. 

Segundo, porqué se debe proporcoonar tanta luz como sea econ6-

micamente posible. Por lo que se debe minizar la depreciaci6n

de lo~ lúmenes de las lámparas y las lámparas apagadas. 

El uso de factores de pérdida de luz, en el diseño de toda on~ 

talaci6n de alumbrado público es un reconocimiento necesario

de que no hay un programa de mantenimiento capaz de mantener -

los parámetros iniciales de una instalaci6n. Los valores de -

los factores de pérdida de luz usados, indican la cantidad es-

perad de 
esfuerzo 

depreciaci6n incontrolable y 
necesario para contrarrestar 

. . 

a la 
esta 

vez la cantidad 
depreciaci6n. 

de-
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2.- FACTORES CUE AFECTAN LA ILUMINACION. Es importante con~cer los 

factores que afectan la iluminación proporcionada por un siste 

ma de alumbrado público, estos factores son: 

1) Temperatura ambiente del luminario. 

2) Voltaje de al imentació'r, al luminario. 

3) Factor del balastro. 

4) Depreciación de l.as superficies del luminario. 

5) lámparas apagadas. 

6) Depreciación de 1 os 1 úmenes de 1 as 1 ámparas. 

7) Depreciación por polvo en el luminario. 

El efecto individual de cada uno de estos factores varia con -

las condiciones atmosféricas que se tienen en cada lugar. 

2.1 Temperatura ambiente del luminario. la temperatura puede ser

un grave problema cuando por alguna causa la lámpara permanece 

encendida durante el dfa ya que esta se puede-elevar a valores 

que dañen los aislamientos o algunas otras partes del lumina-

rio. Se debe corregir lo antes posible cualquier falla que pr~ 

voque que la lámpara permanesca encendida durante el dfa. 

2.2 Voltaje de al imentaci6n al luminaria. Cuando el voltaje de al i . -
mentaci6n al luminaria no está dentro de los valores nominales 

de operación del balastro o lámpara, se pueden tener variacio-

nes sensibles en el flujo emitido. las variaciones grandes de

voltaje de al imentaci6n se deben evitar ya que reducen consid~ 

rablemente la vida de las lámparas y equipos auxi 1 iares. El s~ 

brevoltaje puede dañar rápidamente los aislamientos, mientras

que un bajo voltaje puede provocar que las lámparas no encien

dan 6 estén encendiendo y apagando. Adicionalmente, cuando se-

presentu alguno de los casoM ~nteriorcs 
' 

.. 

la i lun1inaci6n no ti~ 

. ' 
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-ne -., ~-· v·a lor ¡,á·r·a -e 1--cual-fuéoi-s-éXacfa-1 a insta 1 ación, por 1 o an

teritir, se debe revisar periodican1ente este parámetro y corregi~ 

se en caso necesario. 

2. 3 Factor de 1 ba 1 astro. Cuando e 1 factor de 1 ba 1 astro ut i 1 izado en-

un luminario difiere del balastro usado en la fotometrra, la emi 

sión de luz diferirá en la misma cantidad. Se debe consultar a

los fabricantes sobre estos factores. 

2.4 Depreciación de las superficies del luminario. Los materiales-

usados en la construcción de lurninarios difieren en su resisten

cia al deterioro. El aluminio procesado tiende a depreciarse 

poco, pero por otro lado el esmalte es mas fáci 1 de 1 impiar. Con 

respecto al uso de plásticos en la construcción de luminarios -

este se ha incrementado en los ultimos a~os. Los tipos mas comun 

mente uti 1 izados para la transmisión y control de luz son los 

acrfl icos y poi iestirenos. Despues de un periodo de tiempo de es 

tar expuestos a las radiaciones ultravioletas, estos materiales

cambian ·su color y transmitancia. los acrfl icos son los mas re-

sistentes a estos cambios. El grado de cambio en el color y tran 

smitancia depende de la aplicación; tipo de lámpar•a, distancia

del plástico a la lámpara y temperatura del plástico durante la 

operación del luminario. Cuando estos materiales son limpiados,

se debe tener especial cuidado en uti 1 izar materiales y técnicas 

adecuadas de 1 impieza ya que se puede ca1nbiar la transmitancia

del material por la acción de productos qufmicos ó maltrato, 

2.5 Lámparas apagadas. Las lámparas apagadas contribuyen a.Ja pérdj_ 

da de luz. Si las lámparas no son cambiadas rolipidame.nte despues_ 

de que fallan, la iluminación promedio disminuirá proporcion~

mente, Cuando existen tramos con lámparas apagadas y encendidas 

se disminuye notablemente la capacidad de detectar obstáculos o 

peatones en las vialidades, ya que al estar el obstáculo o pea-

tón en una zona obscura el contraste disminuye, impidiendo al __ 

., -. 
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OJO humano defectarlo. 

2.6 Depreciación de los 16menes de la~ lámparas. La emisión lumfnica 

de 1 us 1 ámparas disminuye conforme 1 u 1 ámpuru se va envcjcc i en do. 

Esta disn1¡nuci6n es 1 lan1uda depreciación de l6n1enes y es una ca--

caracterfstica inherente de todas las lámparas~ Las pérdidas debi 

do a este factor se reducen con los programas de reemplazo de 11m 

paras en grupo. 

2.7 Depreciación por polvo en el luminaria. Una cantidad significante 

de la pérdida de luz puede atribuirse generalmente a la cantidad 

de polvo acumulado en las superficies internas del luminaria, el 

humo de los escapes de los vehfculos automotores en especial, se 

adhiere.a las superficies de los luminarias depreciando rlpidamen 

te la emisión de estos. En adición a la clase y cantidad de polvo 

en el ambiente, la cantidad de pérdida de luz depende del diseño 

del luminaria, forma y tipo de lámpara y acabados del luminaria. 

Adicionalmente a los factores mencionados anteriormente existen -

otros dos que son: Vandalismo y la obstrucción de Arboles. El 

Vandalismo es un problema que se presenta con mas frecuencia en -

zonas Suburbanas , y da como resultado un costo muy elevado el -

mantenimiento de estas instalaciones. 

Las soluciones mas ampliamente uti 1 izadas son; el aumentar la al

tura de montaje cuando es posible, uti 1 izar luminarias fabricados 

con materiales resistentes a los in1pactos y colocar guardas a-

los refractores de los luminarias. Por lo que respecta a la ob~-

trucci6n de ramas de Arboles, este problema se presernta principal 

mente en avenidas en las cuales existen árboles en la m1sma acera 

en que se encuentran los postes de alumbrado público, la única so 

lución es podar las ramas de árboles que interfieren con el cono 

de candelas máximas de cada luminaria. 

3.-LA NECESIDAD DE IMPLEMENTAR PROGRAMAS DE MANTENIMIENTO. Todo s•s
tema de a 1 umbrado púb 1 i co puode mantenerse en perfecto estado d-; 
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trabajo tanto mecánica como eléctricamente y aón asf puede·estar pr2-

porcionado a la superficie de la cal le solo un tercio ó menos de la~ 

iluminación para la cual se dise~ó el sistema. 

En un caso tfpico, un luminaria que estuvo en serVICIO durante cin 

co aftos sin 1 impieza, se depreció hasta un 29% de su emisión inicial. 

Se lav& el exterior del refractor y se obtuvo una ganancia signific~

tiva •. Posteriormente se lavó· el interior· del refractor y se obtuvo-

una ganancia mucho mayor. El exterior estaba tan sucio que la curva

de distribución se habfa modificado.Gon objeto de tratar de obtener 

una ganancia de luz mayor, el reflector se lavó varias veces, se cam

bió la lámpara por una nueva y tambien se instaló un refractor nuevo, 

con esto solo se logró recuperar 1~ emis·ión hasta un 84% de la ono---

e i a 1, 1 o cua 1 indica e 1 aramente que puede ocurrir un daño i rreparab 1 e 

y permanente debido a 1 a fa 1 ta de un mantenimiento adecuado. 

Un programa adecuado de mantenimiento de un sistema de a 1 umbrado pQ-

bl ico permite obtener ~1 máximo beneficio de la insta.lación y evita

que esta sufra daños irreparables. 

Este programa debe estar basado en el número de horas que trabaja la 

instalación, el tipo de lámpara y luminaria, las condiciones ambienta 

les y de tráfico, inspecciones perfod·icas, reportes de los usuarios,

magnitud de la instalación, etc. 

3.1 Sistemas para el mantenimiento del alumbrado público. Existen tres ti 

pos de sistemas de mantenimiento que son: 

1) Reemplazo individual 

2) Reemplazo en grupo 

3) Reemplazo en grupo 
vidual intermedio. 

con1binado con reemplazo indi-

Reemplazo individual. El reempla:co individual es un sistema uti 1 izado 

ampliamente sobre todo en ·instalaciones de mediana y baja importancia 

Consiste en el reemplazo de lámparas apagadas cada vez que esto sucede 

esto generalmente se lleva a cabo con una inspección perfodica de las_ 
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instalaciones la cual genera reportes para ser atendidos de inme 

di ato. Este trabajo se facilita utilizando un vehfculo con canas 

ti 1 1 a con mandos h i dráu 1 i co~. En casos part i cu 1 ares 1 a e sea 1 era 

remolcada es de gran uti 1 idad, sobre todo cuando los vel1fculos-

motoriz.ados no pueden intervenir. 

Este sistema de reemplazo de lámparas apagadas, combinado c6n_ 

la 1 impieza simultánea de los luminarias correspondientes, da -

buen resultado para las fuentes luminosas de corta y mediana VI-

da
1
del orden de: 

Lámparas incandescentes 1000 horas 

Lámparas incandescentes con 
halógeno 2000 horas 

Lámparas de luz mixta 4000 horas 

Reemplazo en grupo. Teniendo en cuenta, por una parte el aumento 

de las vias de circulación y por otra la larga vida de tas lámp~ 

ras de descarga, es cada vez mas importante el reducir las Ins-

pecciones perfodicas para local izar y cambiar lámparas apagadas. 

El sistema de reemplazo en grupo, consiste en cambiar al cabo de 

un cierto número de horas de funcionamiento, todas las lámparas_ 

de una misma vialidad o de un cierto sector. 

En los intervalos de reemplazo en grupo, las lámparas apagadas 

no serán cambiadas, pero al cabo de cierto tiempo de horas de --

funcionamiento, se efectuará unu inspección para local izar y cam 

biar lámparas que hallan fallado prematuramente. Las visitas p~

ra 1 impieza de luminarias se deben mantener, asf como la verifi

cación de los equipos de encendido y apagado. 

Este sistema es válido y económico, pero da lugar a algunas_ 

observaciones: 

- Cuando no se reemplazan las lámparas apagadas, se tiene que -

atender a las reclamaciones (a veces muy acaloradas) de autorida 

des y del póblico, que se incomodan por el no funcionamiento de 

las lámparas. 

j 
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La existencia de lAmparas apagadas puede provocar que aumen 

ten los casos de accidentes y los actos de delincuencia de-

bido a condiciones insc~}uras por haber -zonas iluminadas y -

zonas obscuras. Esto puede generar dificultades y la respo~ 

sabi 1 idad moral puede ser empañada. 

Pero este sistema tiene ventajas ya que al m1smo tiempo que 

se efect6a el reemplazo en grupo se puede dar el mantenimi

ento necesario, particularmente: 

Limpieza del luminaria y sobre todo del siste~a .óptico. 

Posicionamiento correcto de la lAmpara en el foco del siste 
ma óptico, 

Mantenimiento· mecánico y eléctrico del luminaria, equipo 

auxi 1 iar y soportes, 

Las condiciones de funcionamiento de las lAmparas en cualquier

sistema de alumbrado son diferentes de las condiciones en que-

son probadas las lámparas en un laboratorfo. Las lámparas en s1s 

temas de alumbrado público están sujetas a vibraciones, variacio 

nes de voltaje, variaciones de temperatura, intemperie, variacio 

nes en el ciclo de encendido-apagado, etc, La duración de la vi

da práctica, no puede determinarse en base a valores obtenidos

en condiciones diferentes. La experiencia conduce a determinar -

el número de horas después de las cuales las lámparas deben ser_ 

reemplazadas en grupo, El número aproximado de horas es el s1gu~ 

ente: 

Lámparas de vapor de mercur1o 

- Lámparas fluorescentes 

8000 a 12000 horas, 

8000 horas. 

- Lámparas de vapor de sodio baja presión 8000 a 12000 horas 

- LAmparas de vapor de sodio alta presión 8000 a 12000 horas 

Los valores que se establezcan para una instalación ~ependen de 

las condiciones locales de operación, el costo de la mano de 

obra, disponibi 1 idad de material, etc. 
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En general, y particularmente en zonas·con mucha contaminación 

y en vialidades con alta densidad de tráfico, no se· puede efe~ 

tuar la 1 impic:a 6r1icunlcntc en el n1omcnto del rccrllfllazo cr1 gr~ 

po. S..! dciH· ~1do"pt. .. 1P un call.•nd .. u~io de 1 impicz1.1 udccuudo .::1 las-

condiciones locales, la periodicidad de 1 im-

pieza varfa generalmente entre 6 y 18 meses. 

Reemplazo en grupo combinado con reemplazo individual interme

dio. Este sistema es el mas completo y que dé, desde el punto 

de vista técnico los mejores resultados, P.ero tambienes el -

más costoso. 

Las inspecciones para detectar y cambiar lámparas apagadas 

se mantienen, aunque menos frecuentes. El reemplazo trata de -

efectuarse al dfa siguiente de su localización y puede ser --

acompañado con la acción de 1 impieza y mantenimiento mecénico 

y eléctrico del luminaria. 

Aunque este sistema de mantenimiento es el más metódico y

el más cuidadoso, la instalación no vuelve a proporcionar la 

misma cantidad de luz que proporcionó inicfalmente. Estu pérdi_ 

da anuul de fl~jo puede ser importante. 

La gráfica siguiente mustra para un caso tfpico el porcentaje_ 

de flujo inicfal despues de hacer la limpieza cadu año y reem 

plazo en grupo cada 2 años. 

4.- MANTENIMIENTO DE INSTALACIONES flE ALUMBRADO PliRLICO. El mante-

nimiento de instalaciones de alumbrado pdbl ico lo dividiremos 

en tres grupos: 

- Limpieza 

- Cambio de lámpilras 

- Regulación de voltujc y verificación de 
equipos de encendido-apagado 

4.1 Limpieza. 



- 4.1.1 

- 9 -

Generalidades, 

a) La acur11ulaci6n de sucicda~i fuera y dentro de los lun•inarios 

causa absorci.6n de luz, rcJucicntio la i luminaci6n en ah1unos_ 

casos a ur1a fr~ilcci6r\ de su valor oriuinal. 

b) la depreciación debido a la suciedad varra con los tipos de 

luminarios ; por ejemplo, los luminarios, cerrados modernos de 

buena calidad requieren menos mantenimiento y gran parte de la 

suciedad acumulada en el exterior es 1 impiada en algún grado -

por la lluvia. 

e) Los humos industriales y de escapes de vehfculos en vfas -

con mucho tráfico crean áreas donde las condiciones qu1za re-

quieran de un programa de 1 impieza mas corto. (ver figura 4.1) 

r,.u-·-·II'I'UI _l_U_c-··-
ClllffOI Dll - Dll --...ce. 

La acumulación excesiva de contaminantes dentro 6 fuera del re 

fractor puede provocar un calentamiento anormal que puede oc~

cionar fracturas, causadas por una condición 1 ~amada choque -

térmico. 

d) Las superficies reflectoras comunmente fabricadas de alumi 

nio anodizado en los luminarias modernos, pueden oxidarse 6 

mancharse por la acción qufmica de contaminantes en el arre 6 

por insectos los cuales se introducen dentro del conjunto ---

6ptico. 
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e) El vidrio es un m~tcr·ial inerte, pcr.o dt!hc ser 1 irnpiado regula!:, 

mente .. De otro modo la acumulación contfnua de contaminantes, -

se adherir5 a la superficie del cristal, debido al calot' de la 

15mpara. Esta cubierta no puede ser 1 impiada por metodos ordina 

r1os. 

f) La depreciación debe tomarse en cuenta en los cálculos de dis~-

ño, para que el promedio de i luminaci6n en servicio, coincfda -

con el nivel especificado de iluminación. Esto significa que la 

iluminación inicial excedera el nivel de dise~o en una cierta-

cantidad. 

g) Todo dise~o asume condiciones promedio y requiere que el progr~ 

ma de 1 impieza recupere al sistema lo mas cerca posible de su -

eficiencia original, al menos cada vez que se cambie la lámpara 

Esto puede ser satisfactorio para luminarios incandescentes, p~ 

ro es completamente insatisfactorio para luminarios que uti 1 i-

zan las fuentes modernas de luz que tienen una vida económica

mucho mayor, que la de las incandescentes. Este equipo debe 1~

varse entre cambios de lámparas con objeto de obtener los valo-

res de emisión lumrnica previamente mencionad6s. 

h) Por supuesto que las condiciones locales varlan grandemente, y 

en lugares muy sucios el luvur con intervalos de un año puede-

ser inadecuado. Se deben estudiar las condiciones de cada loca-

1 i dad y. obtener ·.un pro~Jramu de 1 i mp i e =.a que proporcione buen -

servicio y proteja su inversión en el sistema de alumbrado p.Q-

bl i co. 

) Un manejo meticuloso puede hacer necesario el tener'un inventa

rto por localización, cantidad y tipo de todos los luminarios 

del sistema, si es posible en un mapa. Se puede determinar la -

frecuencia de 1 impieza de varios luminarias por medio de un es

tudio, el cual muestre las pérdidas de iluminación en un inter 
valo dado de tiempo. 
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4-.-1.2 MFT'ODOS-DE LIMPIEZA-. ---

a) En ciertos tipos de luminarias antiguos no se cuenta con 

la faci 1 idad de retirarlo facflmente, por lo que el equi 

po debe 1 impiarse en el lugar. En tales circunstancias -

uti 1 ize un detergente que elimine la suciedad r~pidame~ 

te y a fondo y que no requiera enjuagarse. Elimine ---

el exceso de humedad con un trapo 1 impío. los trapos s~

cios ensucian nuevamente la superficie 1 impiada. Nunca

se deben uti 1 izar materiales abrasivos para 1 impiar las_ 

superficies met~l icas ó de vidrio, particularmente los

reflectores de aluminio y refractores de vidrio, los cua 

les, pueden dañarse permanentemente , destruyendo su efi 

ciencia óptica y proporcionando superficies rugosas mas_ 

suceptibles de acumulación de polvo. Estas superficies

pueden cambiar los patrones de distribución de luz. 

b) la mayoría de refractores de los luminarias modernos son 

removibles por medio de un seguro, permitiendo bajar el 

refractor a donde sea apropiadamente lavado, enjuagado y 

secado, un procedimiento es tener refractoreS de repue2-

to ó ensambles completos, los cuales puedan ser instala

dos para que los sucios sean retirados para 1 impieza, la 

cual puede efectuarse en el vehfculo de mantenimiento, -

si cuenta con facfl idades diseñadas para este proposito. 

d) Sumerja totalmente el conjunto óptico ó parte de él •n -

una solución detergente,. uti 1 izando una esponja ó eep.i_--

1 lo suave para quitar la suciedad adherida. Existen mu--

chos polvos de impieza particularmente adecuados para-

lavar equipo de iluminación. Sin embargo, los agentes de 

1 impieza acidos ó alcalinos no deben usarse para el man

tenimiento de partes de aluminio. 
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Despues de 1 imp i adas 1 as un idade,; deben ser enjua9adas con agua 

limpia y tibia y dcjar·las escurrir ha,;ta secarse. El proceso de 

secado puede ser acc 1 crlldo con un chorro de u i re e u 1 j.entc redu

ciendo el costo de nlanterlÍIIIÍunto por unida,i. 

d) Hay dos tipos claramente difer,entcs de luminurios _abiertos, que 

son los llamados no ventilados y ventilados. En el .diseño abie.!: 

to no ventilado, el control de la luz depende del refractor --

prismático, El 1 lamado marco metálico ó porta refractor no in-

terviene casi nada en el control de la luz por lo qué solo es -

necesario 1 impiarlo con el ffn de evitar el deterioro mecánico. 

Contrariamente a lo que se piensa, este tipo de luminaria nece

sita 1 impiarse con la misma frecuencia que el tipo cerrado, 

e) El luminaria abierto ventilado depende tanto del refractor corno 

el reflector pera el control de luz. El efecto venturi producl-

do por e 1 calor de la lámpara y las corrientes de aire, aseg~ 

ra un movimiento contfnuo de aire hacia arriba, a través del 

conjunto ópt.ico. Este principio a sido usado para interiores rn 

dustriales especialmente en atmósferas sucias tales como fundi

doras. 

f) Los luminarias fluorescentes son usados actualmente para la i 1~ 

mi nación de pasos a desnivei, i.:.Ú•n2:lc.s y pe:--e ! !¡_!minar puentes. 

El gran per[metro con empaque entre l.a cubierta transparente y 

el cuerpo del luminaria hace necesario asegurarse que las fu~1as 

de aire sean mfnimas. Las condiciones de polvo en el ambiente -

varfan grandemente y afectarán los programas de 1 impieza. La -

baja altura de montaje de los lu"1inarios puede hacer necesario 

lavarlos exteriormente en forma muy frecuente debido al aguas~ 

cia que salpica sobre el los. Por la circulación de vehfculos. 
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Cambio--de-lámparas,-..---- -------------

a) Una fase importante del mantenimiento del alun1brado póbl ICO 

(i luminaci6nJes la adopci6n de un programa eficiente y .efec

tivo de reemplazo de lámparas de acuerdo con el disei\o del 

sisten1a y otras circunstancias. Este progran1a tiene dos pr2 

pasitos: Primero, el más obvio, mantener las lémparas enc,e~ 

didas y segundo, mantener los niveles de iluminaci6n. 

b) Cuando las lámparas estan apagadas: 

1.- Las cal les estan obscuras, presentando el peligro 
de crímenes y accidentes. 

2.- El departamento responsable tiene una mala imagen. 

3.- Los viajes especiales son costosos. 

4.- La pérdida de luz es importante para el póbl ico. 

e) Los viajes especiales requeridos para cambiar lámparas son 

caros. Cuando las lámparas están encendidas con baja efi-
ciencia, la pérdida de luz es más seria, pero más sutfl.

Cualquier persona puede observar cuando una lámpara se ha_ 

apagado, pero pocas pueden decir SI la i luminaci6n tiene 

.su valor nominal. Por esta raz6n las personas que tienen -

conocimiento especial de la depreci~ci6n de lu=, asf c~mo 

la responsabi 1 idad de proporcionar un buen servicio de--

alumbrado pdbl ico, deben estar pendientes nd solo de mante 

ner las lámparas encendidas, sino también de cambiarlas 

cuando se han depreciado hastá su valor determinado. 

¿ Que 1 fmite de depreciaci6n es aceptable en un caso dado~ 

Depende del tipo de lámpara, criterio de disei\o y otras -

condiciones locales. 

d) La vida nominal de la lámpara es publicada por el fabrican 

te basado en pruebas de vida de la lámpara en particular,

cuando es operada a voltaje y corriente nominal. No" es p~

sible fabricar lámparas que trabajen durante un número 
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e~acto de horas y despues fallen. 

Sin embargo con los métodos modernos de fabricación, es pos~ 

ble producir grupos de lámparas las cuales se aproximen mu-

cho a la vida de diseíio. llay lár11puras que fallan prcmutur_!!-

mcnte, pePo esto se compcnsu con ui~Junus ltimpurus que fullan 

dcspucs de finul izi.H.iil su vidil de diseño. El compor·tamcinto

de 1 us 1 ámpuras actua 1 es se muestra en gréf i cas 1 1 amadas cur 

vas de mortalidad. 

La cu~va tfpica de mortalidad es una gráfica de sobrevivien 

tes de un grupo de lámparas contra una base de tiempo, por

ejemplo; el número de horas que han estado encendidas desde 

el inicio de la prueba. La vida nominal de una lámpara es el 

punto en la curva de mortalidad donde la mitad de las lámpa

ras se han apagado. 

e) Reducir el número de lámparas fundidas entre reemplazos en -

grupo, naturalmente reduce el costo de mantenimiento. El res 

taurar el nivel de iluminaci6n a su valor inicial en inter

valos regulares es un beneficio directo 'al públ i.co. 

f) En un sistema adecuadamente programado de reemp 1 azo de 1 émp~ 

ras en grupo es posible reducir los cambios individuales ó -

cambios intermedios a un 5% o menos. 

4.3 Regulaci6n de Voltaje y verificaci6n de equrpos de cnce~dido

apa~¡ado. 

4.3.1 Regulaci6n de voltaje. Como se mcncionóanteriormente el volta 

jede suministro a una instalaci6n .de alumbrado público debe 

mantenerse dentro del rango de operación nominal de los equ~

pos. 

Las lémparas de descarga de alta y baja intensidad estén co-

nectadas a los circuitos a travós de balastros. 

. -
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Algunos balastros son auto-regulados, otros no tienen capacidad 

para regular el voltaje, ya que tanto un alto como un bajo voltaje 

afecta la vida de la lámpara, se debe mantener el voltaje nominal. 

El que el voltaje nominal se proporcione o nó depende en gran-

parte de la etapa del diseño. Cuando se diseña un sistema de alu~

brado pdbl ico se debe poner especial cuidado en seleccionar los-

conductores de alimentación para evitar cafdas de tensión excesiva~ 

también es importante investigar la regulación de la fuente de su

ministro, ya que puede ser mala y afectar constantemente al siste

ma de alumbrado pdblico, Se debe inspeccionar perfodicamente el v~ 

lor del voltaje de todo sistema de alumbrado pdbl ico y en caso de 

no ser el adecuado se debe corregir lo antes posible. 

4.3.2 Verificación de equipos de encendido-apagado, 

4.3.2.1 Re levadores contactares, Los relevadores contactares uti 1 izados

en alumbrado pdbl ico son de ,construcción robusta para asegurar una 

larga vida sin la necesidad de inspecciones frecuente&,Se recomten 

da una inspección anual a los siguientes puntos. 

a) Contactos. Se debe revisar si hay flameo excesivo y st las ca

ras de los contactos estan erosionadas, y si es asf, habré que 

desconectarlo del circuito y arreglar los contactos o cambiar 

los si es necesario. 

b) Circuito magnético. Compruebe su operación silenciosa. 

Los ruidos magnéticos pueden ser resultado de bajo voltaje en 

las terminales de la bobina, materiales extraños en la supe~

ficie del núcleo o corrosión. Se recomienda 1 impiar y el tmt-

nar la corrosión. 

~.3.2.2 Controles fotoeléctricos , Los controles fotoeléctricos requieren 

de poco mantenimiento, como puede ser 1 impiar la ventana de la cu 

bierta y recalibrarlos, Las cubiertas suctas provocan que las 

lámparas permanescan encendidas más tiempo del necesario, 
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Se recomienda 1 impiarlos cada vez que se haga 1 impieza a los luml 

nar1os. Los controles fotoeléctricos usualmente fallan en la posl 

ci6n de encendido. Esto provoca que la lámpara permanezca encendí 

da hasta que el control es cambiado, El calor generado por la lá~ 

para y balastro al ser operados en un gabinete cerrado durante 

las horas de luz diurna, mas el calor del sol pueden causar un 

aumento excesivo de temperatura dentro del luminario. Esto puede_ 

causar una falla prematura del balastro y otros componentes, Por 

otro lado al permanecer las lámparas encendidas en horas en que -

no son necesarias, se está desperdiciando energía eléctrica y se 

envejecen las lámparas innecesariamente, estos controles fallados 

deben ser reemplazados tan pronto como sea posible, 
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·S.- -s 1 STEM ATf:ZACION-0 EL-MANHN 1 MIENTo-o E-ATUMBRADO-PUB[TCO 

Las instalaciones de alumbrado publico están creciendo cons

tantemente, debido al aumento de población urbana que demanda 

es por esto que se hace cada dfa mas difici 1 proporcionar un buen serbi< 

buen servicio de mantenimiento a estas instalaciones. 

Con ól.jeto de.obtener el máximo provecho al menor costo 

posib.le de nuestras instalaciones de alumbrado publico,· se

han desarrollado una serie de programas de computadora que 

faci 1 itan el control de personal, .equipo y material, neces

arios para el mantenimiento de instalaciones de alumbrado-

pub! ico. Adicionalmente se ha desarrollado un programa que 

nos permite evaluar en forma economica que sistema de 

mantenimiento es el más adecuado. Este programa está -----

basado en l·as siguientes consideraciones: 

El costo por reemplazo unitario es: 

Cu = L+S 

El costo por reemplazo en grupo es: 

Cg = L + S 
1 

El costo por reemplazo en grupo(usando reemplazos intermedios): 

Cg¡ = L+G+fBxS) 

Siendo: 

C =Costo total del reemplazo por lámpara 

L = Precio neto de la Lámpara 

S= Costo de la ma~o ~e obra por reemplazar una lámpara 
(una a 1 a vez) 

G =Costo de la mano de obra por reemplazo de una lámpara 
(reemplazo en grupo) 

B = %de lamparas fuera de servocoo en el momento de 
efectuar el reemplazo en grupo. 

=%de la vida promedio de la lámpara en el momento de 
efectuar el reemplazo en grupo. 
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EJEMPLO:. 

DETERMINAR EL P.ERIODO OPTIMO DE REPOSICION EN GRUPO DE LAS LAMPA-

RAS DE VAPOR DE SODIO EN ALTA PRESION DE 250 WATTS DE UNA--

INSTALACION DE ALUMBRADO PUBLICO EN LA QUE EL COSTO DE REEM-

PLAZO INDIVIDUAL DE UNA LAMPARA ES DE t 69, 798.95, EL COSTO DE 

REEMPLAZO EN GRUPO DE UN LAMPARA ES DE t 8,934.26, Y EL PRE

CiO DE LA LAMPARA ES DE t 13, 750.80. 

PARA EL CALCULO DEL PERIODO DE REEMPLAZO EN· GRUPO UTILIZARE-

MOS ·LA SIGUIENTE FORMULA: 

DONDE: 

L+G+ (BxSl 
C&.i = ------'----'--

1 

Coi = COSTO DE REEMPLAZO EN GRUPO (CON REPOSICION INTERMEDIA DE 

LAMPARAS l 

L: PRECIO DE UNA LAMPA.RA ( t 13,750.80 l 

G = COSTO DE MANO DE OBRA DE REPOSICION DE UNA LAMPARA CUANDO 

SE UTILIZA REEMPLAZO EN GRUPO ¡, &, ;34.Zt l 

S= COSTO DE MANO DE· OBRA DE REPOSICION DE UNA LAMPARA CUANDO 

SE UTILIZA REEMPLAZO INDIVIDUAL ( t 69.798.95 l / 

. B =% DE LAMPARAS FUERA DE SERVICIO EN EL MOMENTO DE EFECTUAR EL 

REEMPLAZO EN GRUPO ( VER TABLA ADJUNTA l. 

I =% DE LA VIDA PROMEDIO DE LA LAMPARA EN EL MOMENTO DE EFEC-

TUAR EL REEMPLAZO EN GRUPO (VER TABLA ADJUNTA l. 



' 

- 19 -

. _ [)~ I,.A CURVA DE. )'ORJ~NOAD PROPORCIONADL~OR_LQS_fABRICANTES---

OE LAMPARAS TENEMOS 

DATOS DE CURVA DE MORTANDAD DATOS PARA LA FORMULA RESULTADOS 

HORAS DE 'Yo lE LAMPARA S 'Yo HORAS DE VIDA %~AS FUERA COSTO DE REEMPLAZO 

FUNCIONAIIIE NTO ENCENDIDAS ENTRE CIEN DE SERVICIO EN GRUPO CON REEMPLAZO 

ICEN IIII..LS DE IDlA$ ( 1 J ENTRE CIEN INDIVIDUAL NTERIIEOIO 

( B J (CII) 

o 1 o o o o -
1 11 11 • o 4 1 7 o o 1 • 5 4 5 & • o 
z 11 • 7 o 8 3 o o 3 5 2 7 6 2 5 7 

3 • • 5 1 2 5 o o 5 o 1 8 4 2 7 2 

4 9 ' o 1 6 7 o o 9 5 1 3 9 8 o 9 

5 ' • 3 z o • o 1 6 5 1 1 4 5 9 9 

6 9 7 4 2 5 o o z 6 o 11 7 • 11 11 

7 11 6 4 2 11 2 o 3 7 5 • 6 6 5 z 
8 11 5 3 3 3 3 o 4 6 5 7 7 • 7 o 
11 9 4 z 3 7 5 o 5 8 o 7 1 2 8 11 

10 11 2 8 4 1 7 o 7 2 o 6 6 4 5 2 
1 1 11 1 4 4 5 8 o 8 6 o 6 2 6 3 7 

12 • 11 11 5 1 o 1 o 5 9 4 6 9 

13 • • o 5 4 2 1 2 o o 5 7 3 o • 
14 8 5 8 5 8 3 1 4 2 o 5 5 11 1 1 

15 8 3 4 6 2 5 1 6 5 5 5 4 7 7 8 
16 8 o 8 6 6 7 1 9 2 o 5 4 1 o 2 

17 7 8 o 7 o 8 2 2 o o 5 3 7 2 3 

* 18 7 5 o 7 5 o 2 5 o o 5 3 5 1 3 * 19 7 1 7 7 9 2 2 8 3 o 5 3 5 8 3 
20 6 B 5 8 3 3 3 1 5 o 5 3 6 2 7 

21 6 4 6 8 7 5 3 5 4 o 5 4 1 6 4 

22 6 o 6 9 1 7 3 9 4 o 5 4 7 z • 
23 5 5 3 9 5 8 4 4 6 5 5 6 2 1 1 
24 5 o o 1 . o 5 o o o 5 7 5 • 4 

COSTO DE REEMPLAZO INDIVIDUAL 

C1 • L +S • 13 750.80 + 69 798.95• $ 83 549.75 

COSTO DE REEMPLAZO EN GRUPO SIN REPOSICION DE LAMPARAS FALLADAS 

Co • L + G • 13 750.80 + 1934.26 • $ 2t 685.06 
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6 8 10 12 14 16 18 20 22 24 26 III~ES DE HORAS 

DE FUNCIONAMIENTO 

COSTO DE REEMPLAZO EN GRUPO CON REEMPLAZO INDIVIDUAL INTERMEDIO. 
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OETECCION OE FALLAS EN BALASTROS HIO 
====================== 

Ya que las lámparas de alta intensidad de descarga produ-

cen un corto e intenso arco y porque 1 legan a consumir má~ potencia 

que una sola lámpara fluorescente, el conjunto lámpar•-balastro de 

alta intensidad de descarga, puede proporcionar una variedad de 

guras visuales para detectar su mal funcionamiento. 

Un balastro para lámpara HID origina un calor considera

ble cuando está en operaci6n y normalmente recibe algo de calor de 

la lámpara que está alimentando. Por esta raz6n el material ais--

lante se deteriora y puede causar un corto en los devanados de la 

bobina. El calor puede causar tambien daños a los conductores o 

falla al capacitar en cualquiera de las dos formas corto o abierto. 

Un balastro HID puede verificarse de manera similar al 

balastro fluorescente usando un multrmetro. Nuevamente el 

seguridad debe observarse con cuidado en~todos los casos, 

aspecto 

porque 

existen muchos balastros diseñados que proporcionan alto voltaje 

en circuito abierto. Cuidado especial se debe tener cuando se 

est' trabajando con luminarias de vapor de sodio en alta presi6n, 

porque usan un voltuje especiul ulto en el circuito de ar•·anque 

para iniciar el arco de conducci6n. El voltaje de arranque en 1 á_!!! 

paras de 50 hasta 400 Watts es mfnimo de 2500 volts y para lámparas 

de 1000 Watts el mfnimo es 3000 volts. (ver f i g.l) 
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Dos mediciones se pueden efectuar en cualquier tipo de 

balastro energizado tipo HID y compararlas con las publicadas por 

los fabricantes, respecto al valor del voltaje a circuito abierto 

y el valor de la corriente de corto circuito. 

Se usa un v6ltmetro para valores RMS precoso, para medir 

el voltaje proporcionado en el portalámpara (Socket) sin lámpara 

en el socket (Voltaje a ciruito abierto). Para realizar esta ope-

raci6n en lumin<wios con lámpara de sodio en alta presi6n, se debe 

desconectar los pulsos de alto voltaje del circuito de arranque_ 

(ignitor) ya que pueden dañar los multrmetros comunes, 

Un método para medir la corriente de corto circuito, es 

poner en corto el balastro en el socket y después medir el flujo_ 

de corriente. Una pieza de alambre grueso o un conductor se puede 

usar para conectar el centro del contacto del portalámpara al cas

qu i 1 1 o, 1 a medie i 6n puede hacerse con un ampérmetro de gancho. 

El capacitor de balastro se puede probar con un 6hmetro 

anal6gico, puesto en una escala de resistencia muy alta. Al pron-

cipio el &hmetro está apagado y el capacitor desconectado del cir-

cuito, un desarmador o unn pieza de metal se pone uniendo las te!"-

minales para descargao· el capacitor, una punta de prueba del medi

dor se sujeta a cada tern1inal del capacitar, se pone en operaci6n 

el instrumento y SI se obtiene unu lectura muy alta, el cupacitor 

está abierto y se debe reemplazar. Si el ohmetro mide cero o una 

muy baja resistencia, entonces el capacitar est~ en corto y se de-

· be reemp 1 azao•. Si el ohmetro mide cer,o o muy baja resistenciil 
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• 

inicialmente y la resistencia se incrementa lentamente. entonce~ el 

cupacitor esta bien, 
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GUIA DE FALLAS ========== 

1.- LA LAMPARA NO ENCIENDE 

CAUSA PRORARLE ACCION CORRECTIVA 
========= ======== 

1.- Falla de 1 port 1 ámpara. 

2.- Lámpara incorrecta. 

'"~-- _J_ 1- .. :...J~ ~--. ......... 1 
1111 UC la VIUU 11\JOII"-'' 

lámpara 

4.- Soldaduras abiertas. 

Revisar el portalámpara y reenl

plazarlo si esta dañado. (fla-

meado oxidado). 

Atorni 1 lar la lámpara hasta que 

haga buen contacto. Sin descui 

dar que un torque excesivo pue-

de ron1per el bulbo. 

Revisar que las caracterfsticas 

eléctricas de la lán1para .sean 

compatibles con las del balas--

tro. 

la lámpara, para compararlo con 

el rango de vida especificado 

por el fabricante de lámparas. 

Inspeccionar las soldadur~as y 

puntos de contucto elé.ctrico en 

los conductor~es inter~nos de la 

1 timpur as. 
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------~----------'---------~-e-

CAUSA PROBABLE 
======= 

5.- Fin de la vida del balastro 

6.- Alambrado incorrecto o dete 

r i orado 

7.- Perdida del suministro o ba 

jo voltaje de entrada 

8.- Temperatura ambiente' muy 

alta o muy baja 

9.- Falla de ignitor (En balas-

tras para lán1paras de sodio 

alta presi6n) 

ACCION CORRECTIVA 
======== 

Revisar las bobinas del balastro 

sobre todo en los puntos negros, 

capacitares hinchados o perfora-

dos. 

Medir tensi6n de circuito abier-

to y corriente de corto circuito, 

reemp 1 azar e 1 ba 1 astro si 1 as me 

diciones estan fuera de las esp~ 

cificadas. 

Tern1inales sin energta, revasar 

el alambrado contra el diagrama. 

Revisar conexiones o aislamien--

tos raros probar continuidad. 

Medir tensi6n de suministro y de 

sal ida del balastro. 

Revisar la tempe1·atura dentro 

del luminaria. 

a) Para lámparas de 250 W y 400W 

Sust¡tuirlas por lán1paras de mer 

curio de la misr11u pot.encia, sf 

1 a 1 ámpa1·a ene i ende 1 a parte maj;j 

nética del balastro esta en buen 

estado (El ignitor es el fallado) 

b) Para lámparas de 35W ~ lSOW 

sustituir~ lus ltimparas de sodio 
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CAUSA PROBABLE 
======= 

ACCION CORRECTIVA 

por focos (lámparas incandescen

tes) de 120 V. y potencia si mi lar 

if lt~ su~tittJida; ~¡ enciende con 

un bri 1 !lo entre 1/2 a 2/3 de su 

br i 1 1 antes norma 1 1 a parte magné

tica esta en buen estado, si bri-

1 1 a con más o menos, 1 a parte ma3 

nética del balastro esta averiada, 

11 BAJA EMISION LUMINICA 

10.- Bajo voltaje de suministro 

11.- Bajo voltaje de sal ida del 

balastro 

12.- Capacitor en corto CirCUI
to 

13~- Conexiones corroídas u ox1 

dadas 

Medir voltaje de suministro con 

la lámpara encendida, 

Medir vo 1 taje de sa 1 ida con 1 a 

lán1para encendida. 

Medir voltaje de circuito abierto 

y corriente de corto circuito. 

Revisar corrosi'6r1 en terminales 

de 1 a po1'tal ámpal'a, tabl i 11 as, 

etc. 
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11 1 C ICLEO DE LA LAMPARA 
============ 

( L~ lámpara enciende y se apaga continuamente) 

CAUSA PROBABLE 
====== 

14.- Bajo voltaje de suministro 

15.- Balastro incorrecto 

16.- Alto voltaje de suministro 

(solo lámparas de sodio) 

17.- Bajo voltaje de sal ida del 

balastro. 

18.- Fin de la vidade la lámp~ 

ra 

19.- Voltaje de operaci6n de 

la lámpara alto 

ACCION CORRECTIVA 
======== 

Medir voltaje de suministro y_ 

compararlo con los rangos de __ 

voltaje de entrada del balastro. 

Revisar que las caracterfsticas 

eléctricas de la lámpara sean 

compatibles cori las del balastro. 

Medir voltaje de suministro y __ 

compararlo con los rangos de voJ. 
taje de entrada del balastro. 

Medir voltaje de circuito abier-

to y corriente de corto circuito. 

Compararlos con los datos publ i

cados por los fabricantes. 

Determine las horas de uso de la 

lfin1pura para compara,,!~; con el 

ranyo de la vida esperada. 

Determinar las horas de uso de 

la l&mpara para compa~arlo con 

e 1 rango de 1 a vida esperada y 

confirmarlo con la medici6n de 

voltaje y potencia de lámpara. 
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CAUSA PRORABLE 
======= 

20.- Lámpara incorrecta 

ACCION CORRECTIVA 
========= 

Revisar que .. las caract.erfsticas 

eléctricas de la lAmpara sean 

compatibles con las del balas--

tro. 

\ ' • 
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EEQBlJMA~ OE RALASTROS ------= o=== 

BALASTRO 
AUTORREGULADO r----------, 

1 1 
1 1 

1 

1 : [ 1 
1 

1 ~ 1 
1 ¡ ¡; 1 
1 1 
1 ~ 1 

1 

~ 
1 

1 
1 

1 ~ 1--
1 

1 E 1 
1 

1 ' 1 1 
1 1' 
1 1 
L------- _j 

IGNITOR 

-T'."'· 1 

F 1 g. 

LAMPARA 
SAP 



- 30 -

DE LA FIGURA No. 1 

El balstro para una lámpara de vapor de sodio en alta 

presi6n incluye un ignitor con un circuito magnético y un capaci

tar. La falla del ignitor que suministra alto voltaje, alta fre

cuencia de pulsación para empezar_el encendido del arco, es la 

mayor causa de deterioro de la lámpara en uso. 

Para determinar s1 el ignitor ha'fallado: 

a).- Si con una lámpara probada inicialmente y que se encuentra 

en buenas condiciones la instalamos en el conjunto bajo pru~ 

ba y la lámpara trata de arrancar y no se establece el arco, 

entonces el ignitor es el problema, 

b).- Para una prueba rápida, se sustituye la lámpara de sodio en 

alta presión, por una lámpara de mercurio del mismo wattaje 

(para lámparas de 150 a 400 watts), SI la lámpara ái·ranca; 

la parte magnética est5 buena, pero el ignitor está malo. 

e),- Para lámparas de 35 a 150 watts de alta presió11 de sodio, se 

inserta una lámpara incandescente, Si la lámpara se p1·ende a 

1/2 o 2/3 de su bri 1 lantez normal, eso nos indica que el 

circuito magnético esta cor1·ecto y el ignitor está fallado, 

Si la lámpara br_i lla totalmente o es muy obscura, nos indica 

mal circuito magnético del balastro, 

• 
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L!mparas de sodio baja presión·.- La l!mpara de sodio baja 

presión ha sido usada extensamente en Europa desde 1940. 

En los Estados Unidos se inició una gran campaña de publ~ 

cidad en 1972. La 14mpara de sodio baja presión tiene la

eficacia m4s alta de todas~s fuentes, pero tiene un es-

pectro monocrom4tico amarillo. 

Elemento productor de luz.- El elemento productor de luz

es un tubo de arco. El tubo de arco tiene forma de U y -

esta construido de vidrio. El tubo tiene pequeñas burbu-

jas para mantener una distribución uniforme del sodio a -

trav~s de ~l. El tubo de arco contiene una pequeña canti

dad de arg6n y ne6n para ayudar al encendido de la l!mpa-

ra. La presión 

mente 1 x 10-J 

interna del tubo de arco es de aproximada-

mm. 

Tiempo de encendido • 9 min. (89\), 15 min. (100%) 

Re encendido .. 30 seg. (80%) 
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Bulbo.- El bulbo esta hecho de vidrio comdn. Este sirve 

para mantener un ambiente constante para el tubo de arco. 

El espacio entre el bulbo y el tubo de arco esta bajo va-

c!o. El tubo de arco .opéra a una temperatura de 260°C , 

Hay cinco potencias de lAmparas: 

POTr..'NCIA 
NORMAL 
(WATTS) 

35 

55 
90 

135 

180 

LONGITUD 
MAXIMA 
(PULGADAS) 

12 3/16 

15 3/4 
20 3/4 

30'1/2 

44 1/8 

FORMA DEL 
BULiiO 

T17 

T17 

T21 
T21 

T21 

POSICION DE 
OPERACION 

HOR/ARRIBA 

HOR/ARRIBA 

SOLO HORIZONTAL 

SOLO HORIZONTAL 

SOLO HORIZONTAL 

Conexi6n el~ctrica.- La base es una base bayoneta (BAY-B1) 

la cual mantiene la U del tubo de arco en una posici6n ---

horizontal. 

Caracter_ísticas de color.- La luz producida por una lá-mpara 

de sodio baja presi6n es un amarillo monocromático (ver 

figura 3-33) • La distribuci6n de potencia espectral consis

te de dos l!neas a 589 nm (aproximadamente 95% de la sali--

da) • Debido a la característica del amarillo nonocrom!tico, 

no existe rendimiento de color. Todos los colores aparecen 

como diferentes tonos de gris y caf~ excepto los objetos -

amarillos. 

'• 
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Figura 3-33 Distribución de Potencia Espectral 
para una L4mpara de Sodio Baja Presión. 

. . ..- -· . 

Designación de la lámpara.- La designación de SOX se usa 

para indicar una llmpara de sodio de baja presión. La 

designación también incluye la potencia nominal de la 

14mpara, tal como SOX 180 (180W) • 
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Características de funcionamiento.- Depreciación del flujo 

luminoso. El flujo luminoso aumenta ligeramente durante la 

vida de la lAmpara. Se dice que el flujo luminoso es cons-
' 

tante con un rango de temperatura de operación de - 10°C a 

+ 40"C. El efecto en el flujo luminoso cuando la lámpara -

Ee opera fuera de este rango de temperatura no ha sido pu-

blicado. 

Vida.- El tiempo de vida para todas las potencias es de --

1~,000 horas, basadas en un ciclo de encendido de 5 horas. 

La posici6n de encendido de la lámpara es crítica para la

vida de esta, ya que 4sta falla debido a la migración de -

sodio hacia los electrodos. Esta migración causa un aumen-

to en los watts consumidos por la lAmpara durante su vida, 

lo cual da como resultado que falle el electrodo. 

POTENCIA DE ENTRADA 

i 
tGOII 

Pirdldo Potencio en el orco r.'i!;.t 11."" 

Perdidos no rodioctivot Radiación de lo dHcoroo 

11.711o «!.~ 

Rodiociort wisilall R&,1¡0.· Perdidos de potencio e .n .. ... ~ ... "' "i~t0 

Figura 3-34 Distribución de Energía de una Lámpara de 
Sodio Baja Presión con 180 lm/watt y 3S.Si de ra
diación Visible. 
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----------------~---'---e------

wATTS WATTS DE EFICACIA WATTS DE EFICACIA 
•~OI'iiNALES LUHEN¡:;S LAMPARA LAMPARA LAMPARA LAMPARA 

(100 h) (100 h) (18000 h) ( 18000 h) 

' 

35 4,640 36 129.2 44 105.7 

55 7,700 5J 145.3 62 124.2 

~o 12,500 90 U8.9 122 102.5 

135 ;n, :;u o 130 165.4 178 120.8 

18() 33,000 176 187.5 241 136.9 

J.3.l.2. FUENTES DE DESCARGA GASEOSA DE ALTA PRESION (FUENTES DE DES~ . , 
CARGA DE ALTA INTENSIDAD) • 

L!mpara de Vapor de Mercurio. 

Elemento productor de luz.- El elemento productor de luz -

es un tubo de arco. El tubo de arco es construido de cuarzo, 

el cual permite transmitir la radiaci6n ultravioleta ver

fiy·;ra 3-35 ) • El tubo de arco contiene mercurio y una 

pequeña cantidad de arg6n, ne6n y krypt6n. Cuando la lámpa-

ra es energizada, se genera un arco entre el electrodo prin 

cipal y el de encendido, en cuanto se ioniza el mercurio,-

la resistencia dentro del tubo de arco disminuye. Cuando la 

resistencia interna del tubo de arco es menor que la resis-

tencia externa, el arco se establece entre los electrodos -

principales. El mercurio continua ionizandose, incrementan-

dese la emisión luminosa, la luz producida es t!pica de 

·l'" 
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Electrodo de orronque 

' 

Electrodos ~~ o"'ociÓo . ., 

Electrodo •.z.-t--#_11 arranque 

Tubo de or¡:a....+-+---11+ 

E tectrodo 

Peltcuto de 
f6sforo 

Bulbo 

... , 

• 

Figura J-35 Lámpara de Vapor ae Mercurio y Tubo de Arco. 
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las l!neas de mercurio (404.7, 4J5.8, 546.1, 577.9), 

además genera energ!a ultra violeta. 

' El tubo de arco es operado desde 1 a 10 atm6sferas de --

presión. 

TIEMPO DE ARRANQUE = 5 min. (80%) 7-10 min. (100%) 

TIEMPO DE REENCENDIOO = 7 min. (80%) 

Bulbo exterior.- Las funciones principales del bulbo ex-

terior son tres: 

1.- El vidrio primario actua como un filtro de rayos ul-

travioleta, el cual previene contra quemaduras en, la 

piel y ojos. 

2.- Proporciona también un ambiente constante para el--

tubo de arco. La presión del tubo de arco es afecta-

da por el rápido cambio de temperatura y el movimien 

to del aire. 

3.- Este proporciona una superficie para el recubrimien

. to de tósforo, el cual es colocado en el interior --

ael bulbo exterior para corregir el rendimiento de -

color de la lámpara de vapor de mercurio; Una lámpa

ra con recubrimiento de fósforo requerirá de un lumi 
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nario muy grande para tener un buen control 6ptico ya que 

el ·bulbo exterior se convierte en el elemento productor -

de luz. 

' 

Conexi6n el~ctrica.- Se utiliza una base tipo mogul para

las lámparas con potencias mayores de 100 watts¡ las lám

paras de 40, 50, 75 yiDO watts se fabrican con bases me-

dianas. 

Características de color.- La lAmpara clara de vapor de -

mercurio tiene un color predominante azul-verde, caracte

rístico de las líneas del espectro del mercurio. La figu

ra 3-36 muestra las curvas DPE. Para corregir el color de 

la lámpara, se aplica un recubrimiento de f6sforo en la -

pared interna del bulbo exterior. Los colores primarios -

adicionaaos por el f6sforo son el rojo y naranja. Las - -

lámparas de vapor de mercurio blancas o con recubrimiento 

de i6sforo se recomiendan para todas las aplicaciones - -

donde el color es importante. Existen comercialmente tres 

tipos de lámparas de vapor de mercurio blancas: 

1.- Color mejorado: Muy pobre en.color rojo, color margi

nal, no recomendada. 

2.- Blanco de lujo, DX: Incrementa el color rojo, buen co 

lor, se recomienda. 

• 

. ' ' 



o ... -
- E 

• .. -... 
~ 

• 
e: 

"' 

- 41 -

o ! ~ 
o 

'- - • ·e- o o • • ~ ... o 
~- o ~ 11 ~ ·-- o N • E o o 5 ·;; > .. > .. z ...,, .. ' .. ~ ' ' 

~ Cloro -

~ -
~ -
~ . -
la_ ----

-

Color 
mojorodo 

1 1 1 1 1 1 

r- Blanco. 
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:l.! jl,-
\. 

aJO 350 400 ~5o() 5o()() f>S() 100 15o0 700 750 
I.OnQilod de ondo 

(nonomttros) 

'igura 3-l6 Curvas de Distribución de Potencia -

~spectral, para Lámparas de Vapor de Mercurio 

.. ..: 
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3,- Blanco calido de lujo, WWX: Excelentes rojos, excele~ 

te color, altamente recomendado; menos lumenes. 

' 
Designación de las lámparas.- La designación para las - -

lámparas de vapor de mercurio es muy diferente a las 14m-

paras incandescentes y 14mparas fluorescentes. Las unicas 

partes que tienen significado importante son la designa-

ción ri, la cual identifica la 14mpara como de vapor de --

mercurio (Hg mercurio), y la potencia. Los ndmeros y le--

tras marcados son arbitrarios. 

H 33 GL - 400/DX 

ri - Indica que es una lámpara de vapor de mercurio. 

33 - ~dmeros que se usan para los balastros de 400 Watts. 

GL - Son dos letras convencionales que describen las carac 

ter!sticas f!sicas de la !4mpara, tales como: tamaño-

400 Indica la potencia nominal de la lAmpara. 

DX - Indica el color de las 14mparas; en el ejemplo: 

•slanco de Lujo" 

~1 bulbo se designa en términos de una letra y una combi

nación de ndmeros. La letra o letras son utilizadas para-

designar la forma del bulbo (ver fig. 3-37). 
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PAR: Parabolice 

PS: Forma de pera 

T: Tubular 

B: Abultado 

- 43 -
... 

BT: Tubular abultado 

R: Reflector 

'E: El1pt1co 

A: Estandar 

Los ndmeros representan los dilmetros m4ximos de la l4mp! 

raen octavos de pulgadas. 

A-23 1-17 1-21 IT·::II IT·28 IT-37 IT-411 IT·II 1·11 1·21 

vv o 
PAR·38 R-40 T·IO 

•. 
' . 

Figura 3-37 Designaci6n de las Formas de Bulbos para Ltffiparas 
ue Descarga de Alta Intensidad. 

BT-37 
:n• s • Dilmetro • • 4 ¡ 

8 

Forma: tubular abultado 
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La posici6n de ence;'ldido es funciOn de la posici6n del -

electrodo de arranque. El electrodo 6e arranque debe es-

tar siempre colocado en la parté superior de la !lmpara -

para evitar que el mercurio se deposite en el electrodo -

de arranque. 

Caracterlsticas de Funcionamiento.-

'DepreciaciOn lumínica. La gr&fica de depreciaciOn lum1ni

ca para una lAmpara de vapor de mercurio es algo drastica 

y es funci6n del balastro y de la potencia. (ver figura --

3-38) • La lampara de vapor de mercurio es la Qnica llmpara 

que se publica su vida nominal y su vida dtil. 

La emisiOn lumínica tambi6n es funci6n del summdstro y re 

gulaciOn del v~ltaje a la llmpara (ver fig. 3-39). 

Vida.- La vida de !a lampara de vapor de mercurio puede -. 

ser descrita en t6rminos de su vida dtil o de su Vida no

minal,t1picamente, la vida nominal de las lAmparas se es

tablece en base a! SO\ de la curva, de mortandad. Debido

a su r!pida depreciaci6n de lumenes, la vida de la llmpa

ra de vapor de mercurio se establece cuando aan hay m!s -

del 50\ de lAmparas encendidas, para mantener una salida

de lumenes mAs razonable (ver fig. 3-40) • 
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Diatribuci6n de energ!a.- La diatribuci6n ae energ!a para 

las lAmparas de vapor mercurio ae muestra en la fig. 3~41 

/ 

Eficacia de las lAmparas.- La eficacia de la llnlpara- -

var!a con la potencia de esta. A mayor potenci·a de lAmpa

ra, mayor eficacia. 

40/50 w 1 25 ll 30 Lm 1 w 
75,100,175,·250 w 

400 w 
1000 w 

34 A 48.4'Lm 1 W 

SS A 60 Lm / W 

57 A 63 Llll/ W 

H 33 GL - 400 / DX CON 22,500 Lm 

EFICACIA • 22,500 • 
400 56.3 Lm 1 w 

L4mparas de· vapor de mercurio autobalastradas.- Las 14mpa-. 

ra~ de vapor de mercurio autobalastradas contienen ya sea

un componente de estado s6lido para arranque, o un filamen 

to incandescente que actua como balastro. La lAmpara con -

componente de estado a6lido no debe utilizarse en un lQmi-

nar1o totalmente cerrado, debido al calor generado por este 

tipo de llmpara. En general, la lAmpara de vapor de mercu-

rio autoba!astraaas, son SO% menos eficaces en comparaci6n 

con las llmparas normales de mercurio, pero SO% m&s efica

ces que las lAmparas incandescentes. 
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Potencio de entrado 
1111* 

~~rdl401 
di elle• Potenclool orco 
lfOdOI -T.S"'I. 

• Perdldoi no rodloctl· ll.odlociOÍI de dltcoreo ... ..... 41.0"11. 

' llodloCIÓn 
. 

•llrovloleta -f 
Pir"doa do potencio llodlockla llofiOCIÓft ,,,,111. l•frorro¡o 

7a.a 

"''"' , ... 
..r ·-

Figura 3-41 Distribuci6n de Energ!a para Llmpara de 
Vapor de Mercurio con 56.3 lm/watt (400 w). 

----~:: 

,, ~ 
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Estas 14mparas deban limitarse a sustituir lAmparas incan 

descentes, d~nde el cambio de lAmparas es dif!cil y el 

adicionar un calastro es impr4ctico. 

' 
Dispositivos ahorradores de energ!a.- Recientes desarro--

•· 
llos en los balastros electr~nicos para llmparas de vapor 

de mercurio permiten atenuarlas actualmente. Los balas--

tros electr6nicos han sido estudiados desde que apareci6-

la lAmpara de vapor de mercurio. Existen todav!a varios -

problemas, entre ellos el alto costo; pero se sabe que --

con un balastro electr~nico la eficacia de la 14mpara y -

la eficacia total del sistema aumentan considerablemente. 

Otras venb1jas que se esperan del balastro electr6nico --

son: el menor tamaño y peso, menor ruido, aumento de la -

vida de la lAmpara y mayor facilidad para atenuar. 

Lámparas de AQitivos Metálicos.-

Eleir.F :;to productor de luz.- El elemento productor de luz

es un tubo de arco. El tubo de arco tiene los mismos pri~ 

cipios de operaci~n y tipo de construcci6n del de la 14m-

para de vapor de mercurio (ver fig. 3-42). El tubo de ar-

co contiene adem4s del mercurio, argón, ne6n y krypt6n; -

yoduros de metales. (Los aditivos primarios son el mercu

rio, sodio y escandio; otros son el·talio, indio y cesio). 

Estos aditivos proporcionan colores adicionales a las 

l!neas t1picas del mercurio, esto es, rojo, naranja y ama 

rillo. El color de la lAmpara de aditivos metálicos esta-
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balanceado a trav•• del eapectro. Debido a que la !lmpa

ra de aaitivoa met&liooa mejora el color ain neceaiaad -

' de un reeubriaiento de f6aforo, la llmpara ae aproxima -

a una fuente puntual, lo cual da como reaultado que ae -

facilite au control Optico, Para la poaiciOn bor1zonta!

de encendido, el tubo de arco ea curveado !igeramente, -

para tener una temperatura mas uniforme dentro del tubo

de arco (ver fig, 3-42). 

Tiempo de encendido • 9 minutoa (SO'J 

Tiempo de reencendido •10 a 15 minutoa (SO'J 

Cubierta.- La.cubierta exterior (bulbo) airve aolo para dos 

funciones. 

1,- Filtro de luz ultravioleta 

2,- Ambiente conatante para el tubo de arco (mantiene 

la temperatura constante y evita laa corrientes -

de aire) 

~o ae neeea1ta un recuorimiento ae fOaforo para el buen 

rendimiento de color y aaemas debe evitarae ya que afecta

en forma negativa el control Opt1co, eato ea la lAmpara ya 

no ae aproxima a una fuente puntual, 

.· ' 
1 
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Conexi6n elfctrica.- La llmpara de aditivos metllicos usa 

una base mogul para todas las potencias. Las lamparas pa

ra posicí6n de operaci6n horizontal que contienen el tubo 

de arco curvo (ver fig. J-4~), tienen-un pasador en la--

base para posicionarlas. Existe un portallmpara especial

que asegura el posicionamiento adecuado del tubo de arco

cuando la lAmpara es asegurada en el portalampara adecua

damente. El tubo de arco curvo siempre deoe ser colocado

con la curva hacia arriba en un plano vertical. 

,- 1 
' 

' ' 

- . 
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características del color.- La lAmpara de m4tales aditivos 

produce energ!a en todas !as longitudes de onda a traves -
, 

del espectro visible. Esto es, su distribuci6n de energ!a-

espectral esta bien balanceada, lo que significa que la -

lAmpara produce un buen rendimiento del color ain.la nece

sidad de una pantalla de f6sforo (ver fig. 3-43). La apa-

riencia del color es una funci6n del control de calidad ~-

de los aditivos dentro del tubo de arco. La consistencia -

del color de una lAmpara a ·otra es funci6n del" balastro, 

del voltaje aplicado y edad de la lAmpara. Donde es una 

consideraci6n importante de diseño el tener igualdad de 

color entre las lAmparas, estas deben cambiarse en grupo,-

debido al cambio de color con el tiempo. 

o ... 
;: 
E 
• 
o -.. 
~ • e 

"' 
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aoo 350 400 450 100 150 100 150 100 750 
Loneltud de onda en nonómetroa 

Figura 3-43 Distribuci6n de Potencia Espectral de 
una Lámpara de Aditivos MetAlices. 

• 
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Designaci6n de la lAmpara.- Las designaciones para lAmpa

ras de m~tales aditivos no han sido rormalizadas. El ing! 

niero debe tener cuidado al especificar las lAmparas con-

designaciones no standar para evitar que algdn fabricante 

sea descartado, 

La designaci6n de la letra M 6 MH debe ser usada para - -

identificar una lAmpara de m~tales aditivos. 

MH 
/" 

400 / BU 

t ' ~tal aditivo Watts Posici6n de operaci6n -
de la 16mpara 

Las lámparas de m~tales aditivos son especialmente sensi

bles a la·posici6n de encendido. Los datos de los fabri-

cantes deb~n ser con.s.11ltados para conocer los z .o:¡uerimie~ 

tos dA la posici6n de encendido. t 
; 

\ 
El bulbo es designado por una letra y una cornbinaci6n de-

ndmeros. Las 14mparas de m~tales aditivos se fabrican con 

bulbos BT y E ·(ver fig. 3-37). El ndmero representa ·el-

di4metro exterior máximo del tubo, en octavos de pulgada.~; 

37" BT - 37 Diámetro ~ --- • 4 S/8" 
8 
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características de operaci6n.-
' 

Depreciaci6n de ldmenes. La curva de depreciaci6n de ldme 

nes para una lAmpara de m'tales aditivos es sustancialme~ 

te mejor que la curva para una lAmpara de vapor de mercu

rio. La salida de lllmenes al final de la vida de una 14m-

para de alta potencia es 75' (ver figura 3-44) • 

• • o 
"ü 
:~ 

• 10 
: 10 • E «1 
" ..J 30 

f/.20 

ntrnuo 
horas/arronqu 

10 

o~~~~~~~~~~~~~ o . 1 2 3 • 1 • 7 1 • 10 11 12 13 14 11 

Figura 
de 

Horot de eocendldo (milnl 

3-44 Depreciaci6n de 
Aditivos Metálicos. 

Lllmenes en la Lámpara 

Vida.- La vida varía como una funci6n de los watts de la 
1 

lámpara y el lapso del tiempo que la lámpara ha estado -

en el mercado, Por ejemplo, la lámpara MH 175/Hor estaba 

comercialmente disponible en 1972. 

; i 
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La pr4ctica normal en la industria de las l&mparas es intr~ 

ducir todas las l&mparas nuevas al mercado con un promedio

ae 7,500 hrs. Cuando los info~es sobre mortandad y vida-

sean desarrollados, lo cual requiere pruebas a largo plazo, 

la viaa de la l&mpara se espera se incremente a un mínimo -

de 15,000 hrs. Los cat&logos de lAmparas usuales de todos -

los fabricantes, deben ser consultados para obtener el pro

medio de vida de las l&mparas. 

Distribuci6n de energía.- La distribución de energía para -

una lámpara de aditivos met4licos se muestra en la figura -

3-45. 

Potencio de entrado 
~~ 

' ' Pllrdido ~de Ener;ío para el arco del electro 

~ "" 
fll'rdidOI Ducorto de rodlocicfn 

norodiOCiiYOI 
12.1" 

···" l 
RodlociOII 

ultra vi oltto 
1.7" 

l 
Pérdidas de ener;fo RadiaciÓn RadiaciÓn 

11-K visible lllfrorro)o 
:M.a :M.R 

Figura 3-45 Distribuci6n de Energía en una Lámpara de Aditiv 
Metálicos con 100 lm/watt y 24.3' de Radiaci6n Visible. 
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Eficacia de las llmparas.- Las eficacias de las lAmparas 

varian con la posición de operación y los Watts de la -

lAmpara. Mientras mayor es la p~tencia, mayor es la efi

cacia. 

175 W 80 a 85.7 Lm/W 

250 w : 82 Lm/W 

400 W 85 a lOO Lm/W 

1000 W : lOO a 115 Lm/W 

1500 W 96.7 a 10.33 Lm/W 

NOTA: Los rangos de valores son debido a variaciones entre 

fabricantes. 

Dispositivos de ahorro de energ!a.- El atenuado de lAmpa

ras de m~tales aditivos es un desarrollo reciente. La lám 

pa.-ra de 400 W puede ser atenuada (5 min.) en un 47% del -

total de energ!a consumida, lo cual resulta en un 22\ de

reóucción en ldmenes. La lámpara de m~tales aditivos de -

1000 W puede ser atenuada (15 min.) en un 35\ de su ener

g!a total consumida, o 14.6 de su rendimiento de lGmenes. 

Cuando ocurra un desarrollo tecnológico adicional, el --

costo de atenuación deberá disminuir y el rango incremen-

tarse. 

•. 
• í 
·1 
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LAmparas de Sodio Alta Presi6n. 

Elemento productor de luz.- El~lemento productor de luz 

es un tubo de arco. El tubo de arco es pequeño en dUme

tro para mantener una temperatura de operaci6n alta. De

bido a que el diAmetro ea pequeño, no hay electrodo de -

arranque dentro del tubo de arco. El sodio operando a 

una presi6n alta y a alta temperatura tiene un efecto 

corrosivo sobre el vidrio ordinario o cuarzo. Por eso, -

el tubo de arco estA hecho de cerlmica de aluminio. El -

tubo de arco contiene Xen6n, una amalgama de mercurio, y 

sodio operando a una presi6n de 200 mm., de mercurio. 

Tiempo de encendido a 3 min. (80\) 

reencendido a 1 min. (80\l 

E.nvo l v.:r.te: (bulbo} • - La envolv~nt~ ~ytJda a mantener el --

tubo de arco dentro de una temperatura ambiente constante 

y protege al tubo de arco de corrientes de aire. 

Conexi6n elfctrica.- La conexi6n elfctrica es una base mo 

gul. La lAmpara requiere un pulso de energ!a de 2500 a 

5000 V para el encendido de la lAmpara. Esto se realiza -

por medio de un pequeño dispositivo de arranque electr6ni 

co, que suministra el pulso de alto voltaje para abatir -

la resistencia y encender la lAmpara. 

. '· 
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características de color.- La llmpara de sodio de alta -

presi6n produce energ!a en todas las. longitudes de onda -

(fig. 3-46). Sin embargo la may0r porci6n de energ!a esta 

concentrada en la parte amarillo-naranja del espectro. 

Las características de color de la lAmpara cambian los 

objetos rojos a naranja y obscurece el color aparente de 

los objetos azul y verde, incrementando la presi6n en el 

tubo de arco parece mejorar la apariencia de color de --

rojos, azules y verdes. La consistenciaael color de una

lAmpara a otra es mejor que con las 14mparas de métales -

aditivos. Sin·· embargo, los cambios de color pueden ocu---

rrir debido a las variaciones de voltaje y diferencias --

en balastros. 
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¡,'igura 3-46 Distribuci6n de Potencia Espectral 
para una LAmpara de Vapor de Sod!o alta . 
Presi6n. 
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oesignaci6n de las lAmparas.- Las designaciones de las -

lAmparas de sodio de alta presi6n no han sido normaliza-

das por la Industria de l4mparas. El ingeniero debe tener 

precauci6n en no especificar o usar nombres comerciales -

que provoquen que 14mparas aceptables queden descartadas. 

Las lámparas de sodio de alta presi6n estan disponibles -

en bulbos, E, BT, y T (ver fig. 3-37). Se utiliza una-

combinaci6n de letras y ndmeros para designar la configu

raci6n del bulbo. 

Características de operaci6n.-

Depreciaci6n de lumenes.- La curva de depreciaci6n de 

ldmenes de la lámpara de sodio alta presi6n es una de las 

mejores de las lámparas del tipo de descarga de alta inte~ 

sidad. El rendimiento lumínico al final de la vida de la-

mi .3!'13., para altas potencias ~s on" wvv 

1111 .. -' ' ' 
• !to -.. 
i 210 

:• -
1 -... .., 
-' 

~20 -
o --' 1 1 . 1 1 1 

o 2 • • • 10 12 

,.,<ll!llo,.. '·--

' 

~ 
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' 

1 

f';,_ 1-471. --':1·.- --·· 

• 
.aow_ 

-
-

. -
1 ,. 11 
,. 20 

Horas ele uerocld'n (M lllllea) 

Figura 3-47 Depreciaci6n de Ldmenes en una .L&mpara 
óe Sodio alta Presi6n. 
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Vida.- La vida var!a en funci6n de la potencia, el circu! 

to del balastro y del fabricante. El rango es desde - ---

15,000 a 24000 hrs. para las lAmparas de alta potencia -

m!s comunes • 

Distribuci6n de energía.- La distribuci6n de energ!a para 

las lámparas de sodio alta presi6n es mostra'da en la fig. 

3-48 

Eficacia de las lámparas.- La eficacia de las lámparas -

de sodio alta presi6n var!a como funci6n de la posici6n -

de operación y de la potencia ae la misma. 

70 w 
lOO W 

77 a 82.9 Lm/W 

88 a 95 Lm/W 

150 W: 100 a 106.7 Lm/W 

250 W : 102 a 120 Lm/~ 

400 w 118.8 a 125 Lm/W 

1000 w 1 140 Lm/W 

Las lAmparas de sodio alta presi6n tambiEn estan dispon~ 

bles en potencias que pueden ser operadas con balastros

de mercurio. Las potencias disponibles son 150, 215, 310 

y 360 w. Los informes de los fabricantes debén ser con-

sultados para una adecuada selecci6n del balastro para -

la lámpara. 
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Dispositivos de ahorro de energ!a.- Ea posible atenuar -

algunas potencias de llmparaa de sodio alta preai6n. La -

lAmpara de 1000 W puede ser redUcida en un 381 de su po-

tencia total en aproximadamente 15 min. , con una reducci6n 

en la salida de luz en un 201 de loa ldmenea nominales. 

Enere(a a b 1 orbid ~GJ.o te n'cio de entrado 

¡ 
PírdidOI 1ft Potencio •• ei orco loe 114ctrodo 1ft .,. 

' Perdida llo dioctón di lo dlecoreo 
nMIA\:ivn .. 

"J 
RodiociDft 

OlltroviOII· 
ILR to 

' ! Rodiacidn ~~!d!!~ ~ ~.,!la ! 1 1 1 .~=-~o:=l~! 1 . ·-. 

L--------------~------------------~1 ~1 ___ 2L~·~·~~··---~ 
1 ....... ,-

Figura 3-4d Diatribuci~n de Energ!a para la L~para de 
Sodio Alta Preai~n con 125 lnl/watt y 29.51 de ra-
diaci~n Visible. 
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INDICA CADA PARTE DE LA LAMPARA: 
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10.-

8 9 

EXPLICA BREVEMENTE EL PRINCIPIO DE OPERACION DE ESTA LAMPARA: 
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HP (wlth clear outer envelope) 
HPL-N 
HPL Comfort 
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INDICA CADA PARTE DE LA LAMPARA 
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3.-

5.-

8.-
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6 8 9 

2.-

4.-

6.-

9.-

EXPLICA BREVEMENTE EL PRINCIPIO DE OPERACION DE ESTA LAMPARA: 
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INDICA CADA PARTE DE LA LAMPARA: 

1 • -

3.-

5.-

7.-

9.-

11 • -
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s.-
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EXPLICA BREVEMENTE EL PRINCIPIO DE OPERACION DE ESTA LAMPARA: 
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INDICA CADA PARTE DE LA LAMPARA: 

1.- 2.-

3.- 4.-

5.- 6.-

7.- 8.-

9.- 11 .-

EXPLICA BREVEMENTE EL PRINCIPIO DE·OPERACION DE ESTA LAMPARA: 
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INDICA CADA PARTE DE LA LAMPARA: 

1.- 2.-

3.- 4.-

5.- 6.-

7.- 8.-

9.- 10.-

EXPLICA BREVEMENTE EL PRINCIPIO DE OPERACION DE ESTA LAMPARA: 
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1 2 3 5 6 7 8 9 10 11 

INDICA CADA PARTE DE LA LAMPARA: 

1.- 2.-

3.- s.-

6.- 7.-

8.- 9.-

10.- 11 • -

EXPLICA BREVEMENTE EL PRINCIPIO DE OPERACION DE ESTA LAMPARA: 
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A L U M B R A D O H 1 D "D 1 M E A B L E" 

MANUFACTURERA DE REACTORES, S. A. 

I NG, F Í S, ERNESTO J, MENDOZA E, 

- R E S U M E N -

EsTE TRABAJO PONE AL LECTOR EN CONTACTO CON ALGUNOS FUNDAMENTOS DE LA 
OPERACIÓN DE LAS LÁMPARAS DE ALTA INTENSIDAD DE DESCARGA ( H 1 D ), 

SE ENCUENTRA CON DEFINICIONES UTILES, ASÍ COMO EL ESTUDIO DE LA OPER~ 
CIÓN DE LAS LÁMPARAS DE SODIO EN ALTA PRESION Y DE ADITIVOS METÁLICOS 
OPERANDO A UNA POTENCIA MENOR QUE LA NOMINAL, 

- N O T A -

CON EL FIN DE PREVENIR CONFU 
CIONES, ALGUNOS TERMINOS NO 
SE HAN TRADUCIDO DEL INGLES. 
(POR EJEMPLO .NO TRADUJIMOS 
<~LOW) 



INTRODUCCION: 

El trabajo aquí desarrollado es un 
esfuerzo para analizar la operación 
de lámparas de alta intensidad de -
descarga fuera de sus condiciones no
minales. En general por niveles infe
riores, abriendo asi la posibilidad -
de un uso racional de la energía elec 
trica mediante la operación a menor ~ 
potencia de los sistemas de alumbrado. 
A lo largo de este trabajo nos respo~ 
deremos preguntas como estas: 

lCÓrno se afecta la operación de una -
lámpara de alta intensidad de descar
ga cuando se opera a una potencia me
nor que su potencia.naminal? 

lDe que parámetros eléctricos depen
den factores corno: vida útil de la -
lámpara, térnperatura de color de la 
lámpara, el mantenimiento optirno del 
flujo luminoso, etc. 7 

lQué posibilidades se abren bajo 
esta operación para el ahorro de 
energÍa? 

DESARROLLO: 

Para poder sustentar adecuadamente 
el análisis que vamos a desarrollar 
aquí, recordaremos brevemente los 
principios de operación de una lám
para óe U.:::5cgzg.:. .. NOs r~feriremos fun 
damentalrnente a las lámparas de aditi 
vos metálicos y a las lámparas de so~ 
dio en alta presión. 

Pongamos nuestra atención en los fe
nómenos que ocurren al operar una 
lámpara de descarga; en general los 
podernos dividir en dos: 

A) Ignición 
B) Estabiliazación 

En la ignición nos enfocaremos a las 
etapas que ocurren de el primer mame~ 
to en el .cual se energiza el sistema 
a que se alcanza la descarga de arco. 
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Cuando analiazamos la estabiliazación -
profundizamos en las condiciones electr' 
cas de una lámpara en operación nomina 

Es para todos conocido que las lámparas 
de alta intensidad de descarga requieren 
de un balastro para su operación. En g~ 
neral nos referirnos al sistema balastro 
lámpara en este trabajo: 

A) Ignición 

Una vez que el sistema balastro lámpara 
se energiza se presentan varios fenóme
nos electrices dentro del tubo de des-
carga: 

1.- DESCARGA GEIGER. 
2.- DESCARGA TOWNSEND 
3.- DESCARGA DE CORRIENTE AUTO-SOSTENIDA 
4.- DESCARGA "GLOW" SUB-NORMAL 
s.- DESCARGA "GLOW" NORMAL 
6.- DESCARGA ''GLOW'' ANORMAL 
7.- DESCARGA DE ARCO. 

V 

Rompimiento en 
corriente 

Rúll•PLL.ic:-:::to 
tensión 

(~) \%) ( 3) 

10 .... 

GRAFICA 1 

I 
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Para visualizar mejor lo que ocurre 
durante la ignición,, pensemos en un 
experimento que consiste en presen-
tar dos placas paralelas, entre las 
cuales ocurre la descarga eléctrica. 

FIGURA 

La descripción de tal experimento en 
términos de una curva (v) tensión - ( I) 
corriente 1 se muestra en la gráfica l 

1) DESCARGA GEIGER 

A una tensión mínima fluye una corri
ente muy pequeña, es una corriente in 
termitente que fluye entre las dos -
placas. Las cargas portador'as de esta 
corriente son generadas por la ioniz~ 
ción aliatoria del gas originada por 
efecto fotoelectrico y/o el impacto -
de rayos cósmicos. Para elevar el va
lor promedio de esta corriente, la 
tensión entre las placas se debe de -
elevar. 

2) DESCARGA TOWNSEND 

La corriente promedio se ha venido in 
crementando fuertemente para pequeños 
incrementos de la tensión, es aun in
termitente ., al alcanzar un cierto v~ 
lor de corriente promedio la descarga 
se vuelve auto-sostenida. 

3) DESCARGA DE CORRIENTE AUTO-SOSTENI 
DA. 

Ahora cada cl~ctrón primario qenera - .. ~ 

por lo menos un sucesor, ademas generan 
nuevos electrones libres por otros meca 
nismos, por ejemplo por el impacto. de~ 
iones en las placas etc. 

La descarga ya no es intermitente¡ la -
tensión cambia muy ligeramente a pesar 
de aumentos comparativamente grandes de 
corriente. 

4) DESCARGA "GLOW" SUB-NORMAL. 

La condición anterior se sostiene hasta 
que se alcanza un valor de corriente -
tal que se presenta el rompimiento en -
tensión. 

En este punto se presenta una fuerte -
caida de tensión. 

5) DESCARGA "GLOW" NORMAL 

Después de la caida de tensión anterior 
se presenta una tensión relativamente -
constante para un rango menor de corrien 
te. 

6) DESCARGA "GLOW" ANORMAL. 

La corriente se puede incrementar hasta 
un punto donde la tensión se eleva nue
vamente. 

7) DESCARGA DE ARCO. 

Si el cátodo es elevado a la temperatu
ra de termo-emisión, entonces· se pasa -
de la descarga anterior a·la "DESCARGA 
DE ARCO", característicamente a una ten 
sión menor. 

En la condición de descarga de arco, se 
presenta la zona característica de re-
sistencia negativa para las lámparas de 
descarga. 

Es evidente que la operac~on de una 1~ 
para de descarga no es exactamente mod~ 
lada por el experimento de placas para
lelas, sin embargo es una aproximación 
útil para comprender algunos de los prin 
cipios de operación de las lámparas de 
alta intensidad de descarga. 

Nuestro propocito aquí no es generar un 

-·· 



modelo exacto para las lámparas de -
alta intensidad de descarga, pero si 
el fundamentar, al menos en forma 
descriptiva las afirmaciones que se 
pret~ndan sostener. 

En esta línea debemos de profundizar 
un poco mas en la etapa inicial de -
la descarga. 

Podemos intuir que los rompimientos 
tanto en corriente como en tensión -
son fenómenos críticos en la opera-
ción de una lámpara de descarga. Nos 
referiremos al proceso que va del -
rompimiento en corriente a el rompi
miento en tensión como simplemente -
" ROMPIMIENTO 11 

En el caso de las lámparas de sodio 
en alta presión y en las lámparas de 
aditivos metálicos (compactas) oper~ 
das con ignitor podemos encontrar -
dos mecanismos para el rompimiento -
en corriente: 

- TOWNSEND 
- POR "CHORRO" DE CORRIENTE. 

El fenómeno de rompimiento en corr~ 
ente se puede entender en forma si~ 
plista como el paso de un estado de 
corriente intermitente a un estado -
de corriente estable. 

MECANISMO TOWNSEND 

Este mecanismo opera cuando el campo 
de la carga espacial al frente de la 
avalancha de electrones es muy peque 
ño como para distorsionar el campo -
aplicado" 

+ 

1 
FIGURA 2 
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Esta primera avalancha causa otra serie 
de avalanchas sucesivas hasta que el -
rompimiento ocurre. Los electrones se-
cundarios son liberados o por impacto -
de los iones o por efecto fotoelectrico 

En el caso de los electrodos paralelos, 
entre los cuales se encuentra un campo 
electrico homogeneo, cada electrón pri
mario produce: 

n = ( exp (xl) -1 ) 

n-iones eri su cambio hacia el ánodo 

x: La probabilidad por unidad de lon 
gitud de trayectoría (en la direc 
ción del campo eléctrico), de que 
se produsca un ion. 

1: La distancia efectiva para la io-
. . -n1zac1on 

En esta condición, el rompimiento en -
corriente por efecto TOWNSEND ocurrira 
si 

F. ( exp (xl) - 1 ) = 
1 

F.: coeficiente de emisión de un elec-
1 

trón secundario por bombardeo de -
iones. 

El coeficiente de ionización de TOWNSEND 
\A} es fue~tem~nte dependiente de la -
intensidad de campo eléctrico y se pu~ 
de describir por: 

X 

Po 
= A exp (- B Po/E) 

Po = Presión del gas a T = 273"k 
E = La intensidad de campo eléctrico 
AyB, son constantes características del 

gas. 

Combinando la condición para la descar
ga auto-sostenida, con la expresión para 
el coeficiente de ionización de TOWNSEND 
podemos obtener una expresión para la -
tensión de rompimiento en corriente V. 
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t. 
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(en particular para un campo electri
ce homogeneo libre de carga: 

B Po 1 

~ APol J 
In ( 1 + 

1 
) 

Fi 

In 

una expresión útil para la tensión -
de rompimiento en corriente es un 
gráfico de Paschen, el cual muestra 
la tensión de rompimiento en corrien 
te con respecto al producto Po 1 

___ Po 1 

1 ~o 100 

GRAFICA 2 (Pa m) 

Los resultados mostrados en la gráfi 
ca 2 son una buena aproximación al -
modelo que venimos desarrollando si -
consideramos que F. no depende del 
producto Po 1 En 

1 
general es de in

teres saber el valor mínimo al cual -
se presenta el rompimiento en tensión, 
minimizando nuestra expresión para 
Po 1, 

(Po 1) . 
m1n 

= 
2.72 

A 
.!.) 
F. 

1 

De la gráfica 2 notamos que la mez-
cla Ne + 0.1 • Ar, de las opciones 
analizadas, es por mucho la que pre
senta la tensión de rompimiento en 

corriente menor. Tal tipo de mezcla -
recibe el nombre de mezcla Penning. 

En forma simple podemos decir que los 
átomos de argon son exitados hasta un 
estado metaestable, en este estado, -
son capaces de ayudar a la exitación 
de los átomos de Neon. La mayoría de 
las lámparas de sodio en alta presión 
comerciales, utilizan Xenon corno gas 
de ayuda al encendido. 

Como se ve en la gráfica 2 esto trae 
como consecuencia una tensión de rom
pimiento en corriente mayor, pero por 
otro lado previene un fenómeno de 
"sputering 11 prolongado, y debido a su 
menor conductividad térmica, asegura 
una mayor eficacia. 

MECANISMO POR CHORRO DE CORRIENTE. 

Si la presión del gas en el tubo de 
descarga es grande, y la amplitud de 
la tensión de ignición excede fuerte
mente la tensión de rompimiento , en~ 
tonces se presenta el mecanismo de -
rompimiento por chorro de corriente. 

En este mecanismo un canal de alta con 
ductividad se genera rapidamente entre 
los electrodos al tiempo que se presen 
ta la primer avalancha. Este mecanismo 
se basa en el reforzamiento del campo 
eléctrico local por la precencia de zo 
nas de carga espacial al frente de la
avalancha, en general se asume que el 
mecanismo de chorro de corriente se -
dispar~ cuando la intensidad de ,campo 
local es igual a la intensidad de cam
po aplicado, 

El mecanismo de rompimiento en corri
ente explica entre otras cosas el ca
nal de conducción que se observa al -
energizar el conjunto lámpara balas
tro. 

Para completar el "rompimiento" se d~ 
be de presentar el rompimiento en ten 
sión. Este rompimiento en tensión se 
presentará después de 1 rampimicnto de 
corriente siempre que se encuentre 
disponible la corriente nccesar1a. 



Revazando el rompimiento en corrien
te entramos a la descarga 11 glow". El 
poder acceder a la descarga de arco 
dependerá de la energía adquirida 
por el cátodo de la lámpara. 

El cátodo deberá de alcanzar y sost~ 
ner la temperatura de termo-emisión. 

CALOR 

PERDIDO 

E 

\j 

FIGURA 3 

PCA 

ELECTRODO 

BARRA DE CONTAC 
TO. 

La energía drenada fuera del cátodo 
esta determinada por la conducción -
de calor en el material del cátodo , 
el calor especifico asi como su masa 
y su densidad. 

La energía aplicada al cátodo es el 
producto de la corriente de lámpara 
por la caida de tensión en el cátodo 

B) ESTABILIZACION 

Hasta este punto, hcmv~ c~fc~:do 
nuestra atención en el proceso de 
ignición, analicemos ahora la opera
ción estable de la lámpara. 

Una vez iniciada la operación de la 
lámpara esta se encendera' y apagará 
cada medio ciclo. Es decir la lámpa
ra tendrá que romper y pasar de arco 
glow a arco de descarga cada medio -
ciclo. Intuimos que esta transición 
periodica define poderosamente la -
vida de la lámpara. El estudio de -
esta transición la denominamos: Estu 
dio de reignición a corriente cero. 
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En la gráfica # 3 mostramos en forma si
multanea la tensión y la corriente de -
lámpara. 

Como podemos ver, en el momento que la 
corriente cruza por cero la tensión en -
la lámpara presenta un pico extremo; el 
valor de este pico depende del tipo de 
circuito, en general para un circuito -
CWA tendera a la diferencia entre OCV 
y la tensión de capacitar ambos medidc 
en el momento que la lámpara se exting~-· 
En un circuito XH tendera al ocv natural 
y así cada circuito. Para fines de clari 
dad escribiremos aquí que en general -
tiende al pico al OCV ( a una. fracción -
de él, en general). Dependiendo de este 
valor pico, conocido como el pico de 
reignición, la lámpara tardará mas o me 
nos tiempo en pasar del arco "glow" al 
arco de descarga. 

Después de algunos ciclos operando en -
·este estado la lámpara rencendera sin -
pasar por el arco "glow" en fonna per-~ 
ceptible, ya que la temperatura prome-
dio de los cátodos, durante los micro
segundos que transcurre el paso de co
rriente cero, será la tempe.ratura de -
termo-emisión 

El tiempo que pasa del primer rompinie~ 
to a el momento en que deja de ser per
septible el arco "glow" se le denomina 



tiempo de ignición. 

En la práctica se encuentran fuerte
mente correlacionados la presencia -
del arco glow con la expulsión del -
material electro emisivo del cátodo 
(fenómeno conocido como "sputering") 
Este fenómeno conduce a dos efectos: 

1} EL ENEGRECIMIENTO DEL TUBO DEL AR 
co 

2} EL AUMENTO EN LA TENSION DEL CATO 
DO 

Es por lo tanto deseable reducir al 
mínimo la presencia del arco glow. 

La operación correcta de una lámpara 
es función de varios parámetros ele~ 
trices, estos se encuentran·descri-
tos en las normas ANSi correspondie~ 
tes (por ejemplo trapezoide de regu
lación, tensión de sostenimiento etc} 

En este pequeño espacio nos hemos e~ 
forzado por describir unicamente el 
fenómeno de rompimiento y de transi
ción "glow" a arco, no pretendemos -
dar una descripción detallada de la 
operación de las lámparas de alta in 
tensidad de descarga. 

Desde el punto de vista que hemos -
trabajado aquÍ consideramos que una 
lámpara ha estabilizado cuando ya no 
se presentan descargas "glow" duran
te ningun medio ciclo. 

En particular una lámpara habrá est~ 
bilizado en sus condiciones nomina-
les cuando opere sin presentar des-
cargas "glow" durante ninguno de sus 
medios ciclos y ademas opera a ten-
sión y corriente nominal. 

Es posible operar una lámpara de al
ta intensidad de descarga a condici~ 
nes inferiores a las nominales siem
pre que: 
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1} Se asegure la presencia de un fenóme 
no 11 Sputering" menor o equivalente 
a el que se presenta en operación -
nominal. 

2} Se asegure la operación de la lámp~ 
ra estable, esto es sin la presen-
cia de descargas "glow" durante nin 
gun medio ciclo. 

Desde luego esto nos permitirá demandar 
menor energía del sistema suministra-
dor. 

Es predecible que al operar por debajo 
de las condiciones nominales, una lám
para de alta intensidad de descarga se 
presente: 

1} Una disminución de la eficácia. 

2} Un corrimiento de color 

Hoy en dia existen dos sistemas comer
cialmente distribuidos para operar las 
lámparas de descarga por debajo de sus 
condiciones nominales: 

I} Acondicionador de la tensión de 
alimentación del conjunto de lám 
para-balastro. 

II} Acondicionador de la impedancia 
del balastro. 

El primer tipo de sistema esta cayendo 
en desuso por que: 

-TARDA MUCHO EN PERMITIR QUE LA LAMPA
RA ESTABILICE, CONDUCIENDO ESTO A UN 
MAYOR TIEMPO DE PRESENCIA DEL FENOME
NO DE "SPUTERING" 

-OBLIGA A QUE LA TENSION DE REIGNICION 
SE CONSTRUYA EN FORMA LENTA, CAUSANDO 
QUE AL ENVEJECER MEDIANTE UNA LAMPARA 
DE DESCARGA COMIENCE A CICLAR. 

·-· 



I lamp. 

1 I lamp 
. 1 

~IGN~~;~·-¡0~ 
1 1 

---t 

1 

REIGNICION LENTA 

Sin embargo este tipo de sistema es ~ 
la solución mas simple para controlar 
uns sistema de alumbrado en grupo. 

La segunda opción es la que garantiza 
úna operación técnicamente confiable 
Existen distintas técnicas para vari
ar la impedancia de un balastro, las 
más difundidas hoy dia son: La varia 
ción capacitiva y la variación induc 
ti va. 

RESULTADOS: 

TODOS WS DATOS Y MEDICIONES DE 

ESTA SECCION SON VALIDOS UNICAME!l

TE PARA BALASTROS QUE VARIAN LA -

PARTE CAPACITATIVA DE SU IMPEDAN-

CIA. 
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Observamos primero la operación de una 
lámpara de sodio en alta presión para 
dos potencias de lámparas diferentes: 

Un sistema de 250 watts sodio alta pr~ 
-~ s1on. 

OPERACION OPERACION 
NOMINAL REDUCIDA. 

TENSION 220Vrcm/60Hz 220Vrcm/60H2 

o e v 210 V rcm 210 V rcm 

CORRIENTE DE 
ARRANQUE DE 3.9 Arcm 3.9 Arcm 
LAMPARA 

CORRIENTE 
1.32Arcm 0.84Arcm DE LINEA 

POTENCIA DE 280 watts 180 watts 
LINEA 

FP 96.4 97.4 

CORRIENTE DE 3.1 2.85 LAMPARA 

TENSION DE 
LAMPARA 

100 67 

30 28 

1.65 1 o 68 

Como se muestra, se tiene una disminución 
de 100 watts en la potencia de consumo, -
esto es -35.7\ de consumo. Por otro lado 
la salida de luz por watt aplicado ----
(la eficacia)disminuye ~ razón de 8.2\ 
hasta la potencia de lámpara indicada;·-



es decir la salida de luz disminuye -
un 43.9\. Si bien es cierto que la sa 
lida de luz disminuye más (8.2\) que 
la reducción en el consumo, tambien -
es cierto que el sistema lámpara ba
lastro presenta un mejor mantenimien
to de flujo luminoso, lo cual nos ha
ce pensar que a 10,000 Hrs. de opera
ción este efecto no es perceptible. 

En cuanto a la vida de la lámpara me
dida en términos de la tensión de lám 
para, podemos esperar que el uso de -
balastros con impedancia capacitiva -
variable aumenta la expectativa de vi 
da. 
En pruebas de operación 10 min. encen 
dido y 10 min. apagado, con 5 min. a 
potencia plena y 5 min. a operaCÁOn -
reducida, se obtienen tazas de incre
mento en la tensión de lámpara meno-
res que si la lámpara se opera a po
tencia plena. 

TENSION 

- _-:::"1 

----

~-------------------------------;-+ Hrs 

10 000 

POTENCIA NOMINAL 

~ + ~ POTENCIA REDUCIDA 

' 
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Veamos ahora otro caso: Una lámpara de -
400W de aditivos metálicos. 

OPERACION OPERACION 
NOMINAL REDUCIDA. 

TENSION 220Vrcm/60Hz 220Vrcm/60Hz 

ocv 290Vrcm/520Pk 290Vrcm/520Pk 

vss 250Pk 250Pk 

. 

~ORRIENTE 
DE ARRANQUE 3.8 3.8 

DE LAMPARA 

CORRIENTE 2. 14 1. 58 DE LINEA 

POTENCIA 439 330 DE LINEA 

FP 93 95 

CORRIENTE 
3.2 2.58 DE LAMPARA 

TENSION DE 130 
LAMPARA 127 

PERDIDAS. 47 40 

FC 1 • 65 1.62 

..... _. 
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El mantenimiento de flujo luminoso -
se comporta un poco diferente para -
una lámpara de aditivos metálicos -
que para una lámpara de sodio en al
ta presión. 

Operando nuevamente las lámparas 10 
min. encendidas 10 10 min. apagadas, 
con 5 min. a potencia nominal y 5min 
a potencia reducida tenemos: 

\ Lumens INICIALES 

5'00 ~000 

¡-

1-

-1500 

ELEVACION DE LA TENSION DE LAMPARA 

----------------" 
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En lo que se refiere a la temperatura -
de color, la información internacional 
al respecto refiere que al operar las -
lámparas de aditivos metálicos a una -
potencia menor a la nominal, la tempera 
tura de color se moverá+paulatinamente
dentro de una banda de - 200°K durante 
las primera 3000 Hrs. y después tendera 
a la baja. 

Para este caso, tenemos un ahorro de -
potencia de consumo de 109 watts 
(-24.8\) con una disminución en el flu
jo luminoso de (-35\) esto es, la sali
da de luz disminuye un 10.2\ mas de lo 
que reduce en porcentaje la potencia de 
consumo. 

Es importante hacer notar que si la po
tencia de lámpara se reduce aun más, no 
es posible sostener la temperatura de -
termoemisión en los cátodos, y como re
sultado se presenta un fenomeno de ---
"sputering" virtual muy acentuado que -
trae como resultado una gran deprecia-
ción en el flujo luminoso y una falla -
prematura de la lámpara. 

CONCLUSIONES: 

-Es posible operar las lámparas de alta 
intensidad de descar~a por debajo de -
su potencia nominal ~iempre que: 

1)SE ASEGURE qUE NO SE PRESENTE UN
NIVEL DE "SPUTERING" SUPERIOR O DE 
MAYOR DURACION QUE EL QUE SE PRE-
SENTA EN CONDICIONES NOMINALES. 

2)SE GARANTICE UNA CORRECTA REIGNI-
CION CADA 1/2 CICLO. 

3)SE ASEGURE QUE LA TEMPERATURA DE 
LOS CATODOS SEA SUPERIOR o IGUAL -
A LA TEMPERATURA DE TERMO-EMISION 

4)SE CONSERVE UNA CORRECTA TRANSICION 
DEL "GLOW" ARCO AL ARCO DE DESCAR
GA. 
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-En general el flujo luminoso por --
watt apli·cado disminuye ligeramente 
más rápido que lo que disminuye la 
potencia de lámpara. 

-El operar una lámpara de descarga -
por debajo de su potencia nominal -
no afecta su vida útil, si la oper~ 
ción se hace correctamente. 
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Mercury Vapor 

.1 

1 

Mercury Vapor Lamp Construction 
A mercury vapor lamp conSISts oí a clear quartz are tube 
enclosed in a gas·fillt;d ilJrd ylass u u ter bulb w/11Ch rnay be clear 
or phosphor-coated. The add1t10n al a phosptlor coatiny to t11e 
outer tJulb, dmrnallcally 1mprov0s ttw appc;.1JJIICe ;md color 
renduring propertles al the llyllt prodtiCt..:d lly tl1í..: <HC diScll;mJI~. 
i1:-i '.'.'CJI ilS chfltl::llll~j 111(: liqht Otlljl\11 Of JI¡(~ l,l!ll!J 

1 ht~ are tLJt)e conta1ns a smoll arnount uf IIHJretlly, to~¡utllt)r w1th 
i.Hgon gas. wi11Cil 1s used w laCL!ttJtt! Stdrlltl'J ul U u; i<ltiiiJ ¡ 1\¡_; 
;He tubt; structure features J urw pit.:cu. full pruss cúllSlltlellurl 
thJt 1s <Jesigned to wltll:::>tancl thermal stress and me irucrllcll 
pressure wh1ch occurs during larnp operJtltJn_ fhe are d1Sci1Jrge 
t·akes place between double colled tunysten elect1oJes wl11d1 
<lit: sealed in each end ol tllu are tu be und lllliJh..:IJnutull '•VI!Il J 

baflum conta111ing mmerial to pro mote <!l~ctrurl ~::rrJISSIOil. Tt1rS 
el~ctrocle des1yn prevents rniiJratiOil al ltlt..: t:miSSIOil ma!úr1al 
to il··· walls ol the are tube. prov1d1ng rnti.\IIJHnn l1\jllt OtilptJt 
duiH.·J lamp lile. 

Mercury Vapor lamp Operation 
Mercury Vapor L<llnps 1equ1re prupt:I i...IICUIIS Jnd ;JtP:iiJ<Hy 

eqwpmerll ciesiur1ed lor tht~ ptlltiCtJI<H W<JIId~Je larnp 
l~w) PliUt~ 3D 
Starting and Warm-up 

A mercury vapor lamp goes through a series ol steps 111 the 
process ol staning and reactlmg lull li(¡ht out pul, which can 
be briefly outltned as follows: 

1. When power ts turned on. the lJallast ts energtzed and tlle 
proper starting voltage tS applied ifOUl 111~ batlast across 
the larnp base. 

2. This establishes an electric field between tt1e ma1n 
electrode at the base end al the lamp and the neorby 
starting electrode. 

3. As a result of this action, there is emission of etectrons. 
development of a local gtow and IOfliZation of the argon 
gas 111 the Jrc tube . 

.. ¡ Ttu: IOIIlliJltull pt:utul~ ;u1 illt: tu lit: ~~~t,ibbllt..:d bt:twt:t:ll 
the matn electrodes tocated at enher end of the are tu be, 
resultHlg in a ditfuse blu1sh d1scharge in ctear lamps or a 
reddtsh gtow tn coated lamps. 

~. He<Jt 1rurn tlle <HC cause:;; Hu~ rnt:~CUIV lo Vdi)OriLe 
gradually untd the characterrstic mercury appearance is 
reached at steady state !fultl output. 

Whert J 11\ercury VdiJOI lütiiiJ s!J11S, !lit.! lryl1t out¡_¡ut ts 
ubout 3% to 5% al futt tlllt:IISIIY ond IJII\P vultJyu •s 
approx1matety 25V ro 30V. As the are tube's lllternal 
pressure tncreases, the outp111 amllanq) vnltagt: mercase 
urtlll the StJblhLed operat1ny values Jte-reacl~t:d, usu<.JIIy 111 
three 10 tour mlllutes (See F1y. 8 l 

Fig. 8 
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Metal Halide Lamp Construction 
A metal halide lamp consists ol a clear quartz are tu be enclosed 
in a gas-filled hard glass outer bulb wh1ch may be clear or 
phosphor-coated. The are tu be contains mercury, together 
with ott1er meta!s in 1üd1Cle lorm, whict1 serve to 
improve the color appearance, co_lor rendering propenies and 
luminous efficacy of the lamp in companson to standard 
mercury lamps. The color characteris!lcs ol the IJmp are lurtt1er 
improved when a phosphor coating 1S addtd to the outer bulb. 
The coating also has a 1·1ght ddtusmg etlect. 

Ouartz is used as the are tube material in a metal t1alide 
lamp beca use of its ab1l1ty to withstand the extreme! y h1gh 
temperatures (up 10 900°Cl and pressure wh1ch bwld up dunng 
lamp operalron. Heat-reflectrrHJ coulirHJS ;_u~ applreü 10 une vr 
both ends ol the are tube 10 rnain1arn undorm IE:rnperature and 
10 keep the metals vapurrLt:Ll su tt1ut tll~.;v lt_;l!IJrrr rn thtJ are 
stream. The are discharge takes place between tungsten 
electrodes which are sealed_r_n each end ol tt1e quartz tu be 

Metal Halide lamp Operation 
Metal Halide Lamrs requrre proner crrcuits and auxiliary 
equipment designed lar tl1e partrcular wattage lamp(see page 32). 

Starting and Warm-up 

Most metal halrde lamps are equipped wrth a starting electrode 
to permrt lamp rynrtron from tt1e ba!last open-circurt voltage 
These lamps, connected to the propt:r ballast terminals, start 
and warm up to full l1ght output rn the following sequence of 
steps: 

l. When ¡;ower r!l turneJ un, tlrt: ballüSI rs Wleryw~d ami tllu 
propm stw!HHJ vu!tJgu is applrud lrurn ttu.: lJdllüst acruss 
the lamp base 

2. This cstablishcs an elr:ctric lrt.:ld butwrJcn thL' rn;mr 
eleclrode at the base end o! the lamp and tlle nearby 
starting electrode. 

3. As a result of thís action, there is emission of eleetrons, 
development of a local glow and ronization of the argon 
gas in the are tube. 

4. The ion1Ldiiur"• ¡:,ar1r1iis 01. Jrc ::::be es!2b!!shed b>;otwAAn 
the main eleetrodes located .11 eittler end of the are tu be, 
resulting in a diffuse bluish t-1arge. 

5. Heat from the are causes tt;t.: •• t:reury, and subsequently 
the other metals, to vaporize, eausing a gradual color 
change until tul! output t5 rr::act1ed, at whicl1 trrne tlw 
light takes on its characterisuc pure wtlite appearance. 

When a metal halide lamp starts, tlle lrgl11 out¡.¡ut rs 
about 3% 10 5% of full•ntensity and lamp voltage 1S 

approximately 15V to 30V. As tile are tube's rrrtumal 
pressure inC:reases, the output and larnp voltage inerease 
until the stabilized operating values are reached. usually 
in two to six minutes. !See Fig. 4.1 

G Errutyy frum tire me tuln: huJt~ tlrr: IJu11L:tJI switch 111 tiiL: 
starting eleetrode e1reurt, wt1rch opens alter tWo to tour 
minutes. fhis prevents electrolysrs and breakdown of the 
molybdenum seal. Philips lamps are designed so that this 
c•rcu1\ u¡;ens, rJther tiiJn slror un y tu the 111Jrn electrode 
(an allernate method u sed by so me man"ufacturers), 10 

preven\ possible are tube damage if a poor shorting 
c;ontilr:t is ma(h~. 

Certain low wattage rnetal halrde lamps do not have a startrny 
eleetrode and require a starting pulse s•milar to that used to 
initiate the are in a high pressure sodium tamp. When power is 

.-. " 
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HPS Lamp Construction 
A High Pressure Sod1um LarnpconSIStS ola translucent cerarn•c 
are tube constructed of polycrystalllll8 alum1na tPCAJ enclos1.::d 
111 a ctear or coated evacuated hard glass outt?r bulb. Thc clt:JÍ 
hulb allows gooll opt1cJI eDil\ rol vi \t1e l1gl1t, wl11le tl1~:: COJ!t:d 
bulb has a liQill di!IUSIIlY t!ltect. ilh~ rlli.llt:IIJI USt:d hJI COib\rUC 

\IOn olthe are tube 1r1 ~l!l HPS lt.HllP ddit::r'S lr0111 tll<:l\ usud 111 

mercury vapor a1HJ n18\JII1Jl1t!C IJinps lJet:ausu ot lile lli(jll 
chemical actívity ul suU1unL Wtlu1e sut!nJ1ll ls ~rl:Sell\, Ult; tlh:l 

mal and cllemical stabil1ty reqlJirements placed on tiH:; drscllarge 
tube material are very oemandH'lg. Tt1e are disctlJrge takes ploct: 
between tungsten electroc.les wt1rch are secured wrt11 a cerJrnrc 
sealing material rn eact1 end of the are tu be 

The Phiiips High Pressure SoUiurn LJm~. rn¿¡rl-,ctet1 under tllt.: 
Ceramalux"" brand narnt:, l~<..rtures J pate:nted rnonohltlrc PCA 
are tube. Tt1e strong constructron 01 tl1rs ur11que Jrc tu be offt:rs 
extra protectron agamst sodrurn leol<.ag8, a prrrne cause ot 
premature HPS lamp farlure. The exclusrve Phrlrps are tube 
design combrned wrth a tt1rcker en U seal and voltage·controllmg 
emitter malerral. resul1s in more slable operallon tt1roughout thc 
lite of lhe lamp, ever1 wr\11 lrer¡uent stans. The posrtive loc~11ron 
at both enUs ol tire i.HC tub~ '::illpiJLHt rucluces puhmtrol Wl~ld 
brtklk$ UlldUI CUrrdlliUIIS u! VilJI,J\IUII <.JIHilliJIIlldiiiS dH: \lllh; 

.alrqnment. ensurrng Slabllrty al lamp performance and optrcal 
elficrency durrng operatron. 

HPS Lamp Operation 
High Pressure Sodrum Lamps require propcr crrcurts :HH.J 

auJ<.iliary equrprnent designed for tl1e partrcui.Jr walti.llJ•: ldrn¡. 
(S~t! page32J. 

Starting and Warm-up 
The steps an HPS lanw goes tllrou~jll 1n tt1e process ot st..rt1r•·1 
and react1rng fulllrght output can be brretly outlrned dS t;Jil<r:.-. 

l. When lhe lamp rs connec1ed lo the proper bJIIast Jlld ~!'!" .•:r 
is 1urned on, a narrow high voltage pulse rs applreci tú tr1t: 

lamp, iniliating an electrical dJscharge between the de•: 
trodes. As soon as a p<1\tl ol ¡unr¿ed rnulecrJit..!s ·~\JSts., ¡;Jr•·rot 
is supplied by the ballasl lo initiate a contrnurng are 111 t/1·· 
lamp. 11 necessary, 111e startrng pulse repedtS UutHHJ t.:ch Ir 
cycle until the are is estJblishec1, at wtw:h trrne ltlt~ rJ\JI·.·· 
automatrcally ceasus. 

2. The initral are occurs through lhe xenon stafl1ng yJs ,lll<l 

produces a srnall amount of blue-whl!e ligtrt. 

3. Heat from the xenon are causes the sodrum and nh:rctH ·, .rt 

lhe are tube to vaporrze raprdly. 

4 As the metals vaporize, the lamp assumes rts warrn ql,¡.¡,.,, 

wl1rte hue and both l1yht output .JnU l<.~rnp voltJ~Jt..! IIH,it .. l •·' 

their slabilized operaung values. VVrth rnost HPS l<..iri'V• :r .• .., 
process takes four 10 srx mrnutes. (See F1y. 1 .l 

Fig. 1 

Warm-up 
Charactarlstics 
of Ceremalux 
end RETRO LUX 
Lampa 

.. 
1 

~ t"--Lamp AmpetN 

~ LtQht 

~ Owlpul 

" l/,1 
" Llml) Vollllltl 

~ 

~lA 

• • . • " 
,, 



' w: e ci::aq_ 

At anv given time. only one are tube is lighted. When power is 
n~·:lnl!'d :dl!'l :1 rnn1nr•nt;uy inlr!rrtlp!ion, JIH) sr~cond ;uc lt~iH) 

l1ghts wnmediatelv and produces 3% to 5% of the lamp's tul! 
light output, which is normallv achieved within two minutes. 
The in~tant reli~htinq and rapid recovery of a Otlnl Arr: lr~mp 
r:l1111111:111: 1111: pr'rlrHI ol IPiill d;uJ..nt::.;:; d!;:;PCiil!r:d WliillhtJ 

re1gn1110n of most High lntensity Discharge iamps. This provides 
an extra measure ot salety in applications where machinery or 
moving vehicles pose a hazard to workers. 

In 1nstant restr1ke appliciJtions, r<Jted lamp lile equals 24,000+ 
hours. When instan¡ restrike is not importan!, rated lamp lile is 
40,000 hours. 

White SON Lamps 

Advances in h1gh pressure sodium larnp technology have led 
10 the development of a new product called White SON. lt 
olfers high so urce brightness together with the color rendering. 
apoearance and uniformity of incandescent light1ng for 
commercial and architectural lighting applications. White SON 
lnmps offer threP. timP.s the efficacy of inr:¡:¡ndescent J¡:¡mps. 
llu~v ;1lso ft~tlllrrf~ ;1 spec1al b;1se ;md sude! tu provkle precise 
location of the so urce in optical systems. An electronically 
controlted ballnst with built-in ignitor is used to mainta1n 
11!Hforr11 lamp to larnp colOr appearance over lile. 

Comfort Lamps 

Ceramalux Comfort Lamps are high pressure sodium lamps with 
;m 1mproved color rendering index of 65, and higher color 
ternperature of 2200K, a significan! improvement over standard 
high pressure sodium lamps typically rated 21 CAl and 2100K. 
These lamps provide improved color rendering in the red, blue 
é!nd viole! regions of the spectrum compared to conventional 
high pressure sodium lamps. 

Although these lamp types directly replace regular high pressure 
smfitHn lrtmps of thP- Sil me wattage, optimum lile and color 
pmlorrnance ore best achieved by operating on a Regulated Lag 
IMoqnetic Requlrltedl or equivalent type ba!last. Operation on 
b,1ll;;~:;t typcs ~1th less regulation 1 Reactor, High Reactance 
:,u:v:;;-;;-;~!o~:;;er e~d Const;::~nt Wnttage Autotransformer will 
result in greater color variation and up to 30% reduction in lile 
expectancy 

RETRO LUX Lamps 

RETRO LUX High Pressure Sodium Lamps are designed specifi
callv to opera te on all mercury vapor and metal halide single 
lcnnps ballasts lar paratlel type circuits. They are a direct retrolit 
prorluct for mercury vapor and metal halide lamps as noted 
below. These lamps differ from other HPS sources in that they 
rln not require .1 high voltage pulse to initiate the electrical 
discharge. lnstead an interna! ignitor in conjunction with the 
ballast inductor provides the pulse. 

RETRO LUX lamps replace metal halide or mercury vapor lamps 
as follows: 

Metal Halide or 
Mercury Vapor Lamps 

·175-Watt. 
250-Watt 
400-Watt 

RETRO LUX HPS lamps 

.. 150-Watt 
.215-Watt 
. 360-Watt 

lrr \f!rn1s ol light output, RETRO LUX lamps represen! a higher 
lumen package with lower power consumption as compared 
to \he mercury vapor tamps they replace. 

-. 
Dual Are High Pressure Sodium Lamps 

1. W.•ther Duty• Bu/b. Made o! high ouality 
glass which resists thermal shock caused by 
rain or snow and withstands harsh 
;;~tmospheric conditions. 

I•Ht~t--t--''t-- 2. flet•nttld Monolithic Are Tu bes. Two 
monohthic are tubes ro msure instant relighr· 
ing over the rared lt!e of the lam(). 

3. Volt•fiii·Controlllng Emítt•r M•t•rilll. 
Reduces emitter losses ro maintain srabdity ol 
voltage, elimmarmg premature on!ofl cycling. 

4. Sturdy Supports. Mínimum number of 
parrs reduces (XJtenriaf weld breaks under 
conditions of v1bration. Are rube has flexible 
connecror for electrical conrmwry and prorec
rion against rhermal stress. Pos1tive locarion o! 
both ends rtiainrains are rube alignment in 
cenrer of bulb for maximum apoca/ efficiency. 

}~~~~~---- 5. Nlcbl-~ttld Bnlss S.s•. Eliminares base
ro-socker seizure, which can occur wuh 
unplated bases on /ong·fife lamps. Reduces 
maintenance cosrs, as well as risk of •al 
injury and socket damage during re/, 
lncludes convenienr date code to rec. 
monrh and year of mstalfarion. 

White SON Hlgh Pressure Sodium Lamps 

1. Short Are Length. Short are tube 
length allows effiCJent design of ootical 
systems Wl/h exce/len/light utllization. 

2. Pet•nttld Monollthic Are Tube. 
Sintered monolithic are tube provtdes extra 
protection against sodium leakage for longer 
life and reduced mainrenance costs. 

3. Sturdy Suppom. Strong construciion 
with mínimum number of parts reduces 
potential weld breaks under cond1t10ns of 
wbFation. Positive are tube location at both 
ends mainrains afignment in center of bulb 
lar msximum optJcaf efflciency. 

.f. Pntfocua B•••· New prefocus base 
/PG-121 insu,es precise lamp oosltionma 
within /uminaire, providing excelfen' '~i 
control and performance . 

9 
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LPS Lamp Construction 
A low p1essuru sudHIITI IJill¡J COilSISIS ol J U stwped are tull~ 
con::;trlH.:t~:;(J ut sutlllHll rus1:->Wrl\ l11ne borate ylass lllSidt: an 

t:Vdl:U<Jled L.lt.;.ll llllkl ¡;IIVdupt:. r lib gl:l::i::i t)llVUIUpe ITas élll 

l!llt.:llh!l t;ll,lll!l~j ¡,[ j¡¡;.J[ ld.ill\llhj llldHIII\ ll'..lde, Wlllcll 

contrli)llltb 10 !111: u~trern~·:tv 1-11\Jil efi1cJcy ol m.:~ LPS lamp 
lllSicje ttlü OHC tullt: tl1t.:r~ 1S a nll'-lure ot neon and argon ~ases. 
wt11ch are LJ::it:O tu ::ii.Jrt Uk larnp, toyether·'.vlth puré sodiurn 
IIIB\01. 

Tl1e are tuhe St11L1ce le<1turcs t1 ser1es al rlunples "vi11Ctl serve 
as ·reservo1rs 10 assure even diSirlt)u\IOrl of l11to: ::;odilHil. Tl1r::i 
p1ornutes rnd>..llliUill luJtlt..!ll lll<JIIIICil<lfiCf~ tllluuylll)U!Iiln¡¡J lde. 
T"i1e are diSCnlH~Je tdi-.t:s pi;Jt:e lJetweerl trrple·corl tungster1 
t..d~.:...:trud~.:::.. CUdlt.:d Wl[ll d ~pt.:Cidl t.;llliSSIUII llld[tlli:.ll, VVIlrclr JI~ 
rnOLHllt:d di t<telr errO uí tllu dll~ tutJt: rlt:dr tlrt.: !Jase ol ltrt:! l.r111p. 

SOX-E Lamps 

Phllips Low Presstrre Sorllurn Larnps are lor ourdoor and 
rndoor use rn awas wllere color rs rrot ;1 pwililry 
consicJeration_ 1 hey <He cush.Jrnarlly rdt1rHrhed by lile 
desrnn<:~trons SOX and SOX E. 

file SOX!::: larnlly o! l<unps, wllH:Irre~lrt~:->t:rrts ;¡rr 
expansion of tlle onginal SOX lrne, provi<lt:s l11~1ler 
larnp elficacres oí up to 200 lumens per wdtt 

The new generation ot SOX· E lélmp:.; h.:1s tl1e same 
basic construction as the orrginal SOX lme. The 
11nproved efficücres <:~re achreved tiHougll odvances rn 
lechnology wiHCilrnvolve the reductron uf er1er~y loss 
rr1 the <:~re tube dischar~¡u nnd optJralrl)ll 011 
llytJr rd büllasts. 

LPS Lamp Operation 
Low Pressure Sodrum Lamps requrre p10per cncurts ancl éHr;...rlr¿_¡r v 
equipment designed lor_tl1e pdrticular wJttdgt:·lamp\see pd(Je 321 

Starting and Warm-up 

/\ low pressure sudntrn I<.Hllp nwy la_~ curJ!rollt:d ~..:ithe1 by .r I11UI1 
reactance autolfansformer IHX] ballast ora "llybrrd'' bJIIast. 
Wt1en an autotransformer ballast is useU, the upen cncurt 
voltage rs sutficrent to start the tamp; when a hvbrid baiiJst 
~with which optimurnlanrp elfrcacy rs iJdlleved) rs USt!tL ;111 
ignitor is required to provide a starting voltage pulse. In eitt1er 
case. a tow pressure sodiurn lamp starts and warms up to full 
light output in the followiny sequence uf steps· 

l. Autotransformer Crrcuit 

When power is turned on. the ballast is energized and the 
proper .startrng voltuge rs apphed to the tarnp. 
This estJlJiisllos an electrrc f¡old lwtwet.:n 
tt1e electrodes. which results tn tllt: emr::;sron ol electrons 
and ronization ot the staning gases. 

, Hybrid Circuit 

Wlu~r¡ lhlWl~l IS IWIH~d t~/1, !lu~ j¡,¡l!.r~;! 1~; t~IH~I~II/I~d dllti ,¡ 

narrow hr~ll voltaye ~ulse rs ap~lrt!U \U tllt! lwnp. 1111\rlJllrlY 
an elcctrrC<JI di::ictlJrge lletween t11e etectrodes. As svun <JS 

a pJth of 10nrzed molecules exists. currP.nt is suppllf:cl hy 
tlu~ \¡.rll.r~.t tu Hll\r.rlt~ .Jt.tllilrrrtHIIIJ .lit. 111 tlu: lo~r11p 11 
necessary, the starting pulse repeats durrng eacl1 cycle 
untrt the are •s establrshed, at wt1icl1 tHne the pulse 
éHIIOnl<l[!CiliJy C:üílSUS. 

2. lile rrHtJal are occurs tlnougt1 the neon and <:H(J0/1 St<Htrng 
gases. whict1 begrn 10 glow alter curren¡ starts to flow rn 
\IIC ClfCIIIl. 
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CAPITULO IV 

CO:lSTRUCCIOCJ 

Como se pudo apreciar en el capítulo anterior la iluminación de 

las v!as ptítlicas ha sup~rado ya la etapa del empirismo y estu-

dios sistemáticos y cuantitativos de los factores que afectan 

la vis1Dilidad en la superficie iluminada han pro?orcionado 

los eler.1entos básicos de una '!ciencia de alu.'TI.brado u. 

La construcción de sistemas de alumbrado ptíblico también se ha 

ido perfeccionando y simplificando de~ido al gran avance tecno-

lógico de los ultimes años ·en lárn?aras, aisla~iento de los con-

ductores y controles fundamentalmente. 

una instalaci6n de alumbrado pUblico se compone de varios ele-

mentas como son: postes, luminarias, lámparas, balastros, con-

ductores eléctricos, duetos, conectores, fotoceldas, contacto-

res, interruptores termomágneticos, cintas aislantes, anclas, 

registros ya sean precolados o constru!do en el terreno, cimien 

to ue concreto y bases metálicas. 

El inicio de una instalaci6n de alumDrado pablico parte de la 

yue queden uLicados los p·ostes y ~sto deberá· efectuarse de a 

cuerdo con el proyecto librando desde luego obstáculos naturales 

como 5r0oles, entradas de aut6moviles, registros, etc. 

El Iny~niero o la persoha responsable deUcr~ ir tomando nota, 

llevando a su plano los lugares definitivos de marcaje para de~ 

pués proceJcr a proyectar con las modificaciones que se tuvie-

ran yuc hacer en el terreno. 

~l si~uiente paso es realizar las excavaciones oara los cimien-

tos. instalando y nivelando las ciml.;ras que deLerán, ser de pre-

fcrencia métalicas una vez terminadas las caviJades. Dentro de-
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la ciral..>ra se efectua el vaciado del concreto debidamente vi-

brado para que tenga una mejor l10mügeneid;;~d; poco antes del 

colado se coloca un escantill6h o plantilla en donde van las 

anclas que después soportarán el poste adeMás de una pieza e~ 

pecial de concreto o doble codo la cual tiene ln función de 

proporcionar continuidad a la i11sca.L~~~i6n es decir ligar el ci 

miento con el dueto tendido en banqueta para que posteriórme~ 

te se efectiJe sin ninguna dific.ultad el cableado de los cir-

cuitas. 

Para los cambios de direcci6n en la l!nea de duetos se insta-

lan registros mediante los cuales éstos pueden librar u~a zo-

na con curvatura, pan coupé u obstáculos naturales; limitar 

las longitudes de los tramos de dueto a las distan~ias reque-

ridas y derivar el dueto para conectarlo a la alimentación; 

para el cruce de arroyos Se instala~! registros más profundos-

de donde parten duetos ahogados en concreto (para protegerlos 

de posibles fracturas debido al transito de veh!culos pesados) 

recibiendo también los que están instalados en la ban~ueta. 

En los entronques de los duetos en los registros se deberán 

de emboquillar estos perfectamente cuidando de manera que no 

queden cantos vivos que puedan perjudicar el aislamiento de 

los conductores. En los dos tipos de registro se dejará una 

plantilla de mortero de cemento con un dren central por donde 

se pueda evacuar el agua que se introduzca. 

Las tapas de estos registros serán de concreto armado y tanto 

el marco de éstas como el contramarco deberán ser construídas 

de fierro angula estructural. 

Los cimientos de concreto tendrán diferentes formas y dimen-

1 
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a 600 volts pero por razones mecánicas más que eléctricas se uti 

liza un aislru7.iento para 1000 6 2000 volts. 

Los cables pueUen ser también instalados directamente enterrados 

soDre todo en lugares donde hay posibilidad de a~rir zanjas pos-

teriormcnte para cambio de cables, reparaci6n de. alguna falla, 

aumento de circuitos etc. 

en caLle cie energfa enterrado directamente tiene mejor desii?aci6n 

térmica gue uno alojado en duetos pero como el calibre es sobra-

do por lo que respecta a corriente eléctrica esto no debe influir 

en el criterio del constructor de éste tipo de instalaciones; g~ 

neralmente este modelo de instalaciones se hacen en jardines o 

campos abiertos en donde no se tengan edificaciones ni instala-

cienes adicionales corno los de teléfonos, Compañia de Luz, agua, 

gas, etc. 

Para instalaciones de alumbrado püblico con lámparas de vapor 

de mercurio y con balastra remota se emplea la base metálica en-

donae se alojan hasta dos de ellas que serán de las caracterfsti 

cas ·necesarias-para -arrancar y _operar las_ lárnp_ari!5_ il'l:s:t~l_a_~~s_; 

el primario del reactor se conectará a los =ables alimentadores 

c.iel circuito ernpleando el empalme ti?O"Western corto" colocando 

un conector del tipo .. perro" encintándolo después con tres capas 

de cinta de aislar pl~stica y Uos capas de cinta ~e aislar negra 

la cual servirá de proteccif.•n a la anterior: el otro par de pun-

tas o sea la del secundario de la balastra se conectan a los ca-

Oles que "bajan" de la luminaria y se encintan. 

Se deLerá tener cuidado de dejar suficiente holgura en los cables 

alimentaUores que.entran a las bases para efectuar ~orrectamente 

las conexiones antes des~ritas. 

) 

) 

) 



Secuencia 
Je fotos en rtonde se 
aprecia la ~onstruc 
ci6n de un re0istrO 

de concreto y ,Je un,:¡ 
tapa para el rnis~o 



r:ni.<.-:ac~es de ilu~inaci6n va 
coloca~Rs en lRs n~nsula~. 

0fqtribuci6n de po~tes 
en el lugar de erecci6n 

Poste erecto y plomeado. 



Preparativos para colocar la cimbra. 

Cimbra colocada y apuntalada. 

., 
•. 
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Para las iJlStala~iones de alumbrado pOblico con !§~paras de 

vu.t;or ue ;,¡~.,;rc'....l.rio en lu::nina.rias auto 0alastradas y en las de 

vapor ~e socio alta ~rcsi6n no es 11ecesaria la base pedestal 

/ •'::1 c..:stos cu.sos s~ r12C01:lienda que los postes tengan un regis-

tro cor1 tu.~a en donde se efcctuén las conexiones del circuito 

a la lu;":~inaria. 

Las alir:tentaciones a los circuitos por lo general se toman de 

lu. mis~:a ruó de la Cía. su~inistradora de energía el~ctrica y 

en el caso de. redes su!:Jterráncas el suministro se efccttla usu-

alnente al centro de carga del circuito rr:ediante unos conduct~ 

res '~.iue derivatios de sus líneas dejan en un registro colocado 

al tJÍ(.; del postE: en donde t?reviamente se coloca la comhinaci(:.n 

co~tactor int~rruptor y el control fotoel6ctrico. 

en caso ue alirnentaci6n C1erea el suministro se efectria tambi~n 

ü~ las lín~as de conducci6n de la clmprcsa suministradora a tr~ 

vés Jc un tuLlo U.e fierro galvanizado que se sujeta al poste de 

1~ cr~. ~uJiantc amarres con fleje de acero. 

-- -~--

tuuo tcndr~ en la parte superior una mufa tipo calavera--· 

la cual ?ermitirá la entrada de los caOles alimentadores y pro 

tejer~ a estos de la ~enetraci6n de agua. 

cua11do la in.stalaci6n está terminada se les aplicar& una segu!!_ 

ua ~ano de pintura a los postes; el primer paso de éste ?roce-

so fu~ la limpieza con cepillo de fibra de acero de los postes 

y las ;..;ctst=s en bodega, la aplicaci6n de una mano de sellador 

anticorrosivo en sus superficies exteriore~, en la base metáli 

c.J. 1' una primera mano de ?intura en t.Jodcga o en el lu<Jar donde 

~·. 
se va u erec;ir el poste a la caña y ménsula. 
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Conex>on de una unidad de iluminac10n autobalastrada para operar 

una lámpara de sodio. 

.--·~ 
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rjust0~ finRles rle 
1~ r:(~]_or~ci~n cl0 la 
ur1.i.i.~·l •'ll el "aste. 
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Diferentes aspectos del parado de un poste por medio de garrucha 

y tri pie. 
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La operaci6n de encendido y apagado de los circuitos, que ha 

sufrido una gran transforrnaci6n ya que todavía hace lS años 

se operaban con relojes de tiempo los cuales tenían que ajusta¡: 

se cada 20 días para estar de acuerdo con el nivel de luz ere-

2uscular da las diferentes estaciones del año se efectúan por 

metiio de W1a fotocelda la cual cierra el circuito y deja libre 

la alimentaci6n de energ!a eléctrica a la bobina del contactar 

el cual opera el grupo de l.1mparas. 

Los elementos que componen a una red de alumbrado público en 

la actualidad los podemos enlistar en la siguiente forma: 

I.- DliCTOS 

a) Colocado en banquetas: junteado con mortero de cemento 

1:3 

b) Colocado en arroyo: ahogado e~ concreto de F'c=lSO Kg/cm2 

II.- Registros 

a) Regi.strus sencillos; 50 x 65 x 63.8 cm. 

b) Registros dobles: 60 x 80 x 123.8 cm. 

II I. - Cimientos 

.. -·a> ·Para -p·o·s·te.·· de-4·. so· y S. 5O ·m·. --- ·-· ------- --- -- --

l.>) Para postes de 7 a 9 m. 

e) Para poste de 12 m. 

el) Para poste de 16. m. 

e) Para· postes de 20, 25 y 30m. 

IV.- Base Laminada 

a) Ligera (Envolvente de 1/8" ¡ base y corona 1/4") 

b) Pesada (E:nvolvente de 1/8"; base y corona de 3/8") 

e) Extra pesada (Envolvente de l/4"; base y corona 1/2") 

V.- Postes 

a) Tipo colonial: 4.50, 5.00 y 5.50 m.de altura. 
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D) Tipo ornamental tronco c6nico: de 7.00 a 10.00 m. 

e) Tipo jard!n o punta de poste: de 5.00 a 14.00 m. 

d) "fipo látigo c6nico: de 7.00 a 12.00 m. 

e) Especiales. 

VI.- Balastros 

a) Integrales 1.- De alto factor de potencia 

b) Remotos 2.- De bajo factor de potencia 

VII.- Luminarias * 

a) Para l~para de vapor de mercurio Balastra integral 

Balastra remota 

b) Para l~para de vapor de sod~o alta presi6n. 

VIII.- L~paras 

a) de vapor de mercurio 

b) de vapor de sodio Alta presi6n 

Baja presi6n 

e) De mercurio con aditivos metálicos. 

IX.- Conductores eléctricos. 

a) Con aislamiento para 600 Volts 

b) Con aislamiento hasta 1000 Volts 

e) Con aislamiento para 2000 Volts. 

x.- Fotoceldas 

a) Para 1000 watts, 1800 Va, 110-130 V. Conecta: 
De S a 20 luxes 

b) Para 1000 watts,lSOO Va, 176-230 V. desconecta 
de 25 a lOO luxes. 

• Para clasificaci6n desde el punto de vista fotométrico ver 

Capítulo III. 

·. _;:. 

·-~ 

·, 
t 
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:·.I.- COin.ilinaciones Contactar - Interruptor ** 

a} Para operar circuitos menof~sicos. 

0) Para operar circuitos trif~sicos. 

:{II.- t:lementos varios. 

a) Conectores 

b) Cintas aislantes 

e) condulets 

d) varillas copper-weld 

09 

Antes de terminar éste capftulo mencionaremos el alumbrado tipo 

utilitario o sea ~quel que no es de ornato y que dnicamente curn 

ple con las principales funciones del alumbrado pdblico que ya 

se especifican en el capítulo III. El aiumbrado utilitario se 

enplea en colonias proletarias, suburbios y pequeños poblados; 

las variantes de éste tipo en relac16n al alumbrado ornamental 

radica en que áquel se instala en los postes ya existentes de 

las redes de distribuci6n de energía eléctrica eliminándose en 

- - --- es·a--forma-·el-poste··ornarnental-, la- canalizaci6n ,--el- cimiento,--- -- --- ----

los registros y el cableado ya que ~e conectan directamente a 

las líneas de baja tensi6n y las luminarias son del tipo inte-

gral con balastra incorporada y con su fotocelda para la opera~ 

ci6n en forma independiente. 

•• Ver capítulo V para mayor informaci6n. 
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CAPITULO V 

,, . ... 

CIRCUITOS Y CO;lTROLES 

Actualmente en la ~ayoría de los circuitos de alumbrado pGbl~ 

cose utiliza el tipo mOltiple en voltajes de 127, y 220 Volts 

predominando la alimentaci6n de 220 volts; este sistema ofrece 

seguridad al o~erario tanto para la instalaci6n como para el 

mantenimiento en comparaci6n ~1 circuito tipo serie que casi 

se ha extinguido y el cu.al represental>a un riesgo si el persa-

nal ~ncargado de operarlo no tenía los conocimientos basicos 

u~ ese tipo" de alimentaci6n ya que se manejaban altos voltajes. 

Los elementos esenciales de un circuito nGltiple de alumbrado 

pCLlico son el potencial a la tensi6n requerida proporcionada 

por la Cía. suJ:linistradora de energ!d, u un transformador ex-

elusivo y t.d e::Jllipo de co;.1trol necesario. Si se utiliza un 

tran:;for;naGor exclusivo es vosiLle er.tplear un control primario 

i'nra cncrgiz~r o dcsenergizar el mismo cuando el alumbrado es 

enceni...iiLo o a;_Jagüdo; esto se puede efectuar mediante un reloj 

-~~-o -una~ fotocclda .. _._ 

2:1 el caso, ;:-¡á::; U:3Uéll, de que la tensi6n se proporcione direc-

tanent~ Jc la red de la Cía. s~~inistradora de energía el con-

trol para la protecci6n y operaci6n de un circuito se realiza-

;:¡euiante la instalaci6n de un contactar y un interruptor term~ 

c1agnético, cornbinaci6n de alumbrado pablico, en "1 cual la bo-

Uina del contactar es operada mediante una fotocelda o un reloj. 
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220 volts 

4 
~ Protección 

-'- -1....-contactor 

Circuito 
'-----.-----,-----.,.-----;Múltipl,e 

Foco 

Circuito típico para alumbrado en sistema múltiple. 

•raml>ién se pueden emplear relevadores pero la experiencia en 

el manejo de ese tipo de control nos indica que es mucho más 

conveniente utilizar el contactar. 

Los arreglos en este sistema se deberán efectuar en tal forma 

que se pueda utilizar una fotocelda para operar el máxiMo de 

circuitos para obtener así además de una econonía el menor nú-· 

mero de fallas posible en la red de alumbrado aún cuando este 

tipo de falla abarque un número mayor de lámparas. 

i 

l 
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Ar1eg/o cuando existe línea de 81. 
-en--Un -solo-laCfode-Una-Av.----- -- -
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Arreglo de circuitos cuando existe B. T. 
en los dos lados de una AV. 
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Existe también la opci6n de utilizar unidades de iluminaci6n 

1 

a los cuales se integra una fotocelda y se alimentan en forrna 

individual de la red de baja tensi6n 

1 

Con esto se eliminan los tramo~ de cable entre luminarias como 

en el caso del arreglo de los circuitos que hemos visto y se 

pueden colocar fotocontroles de ncnor capacidad. 

1 

1 
1 

1 

1 
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Control con fotoceldas independientes. 

Cuando se tiene el proyecto de alumbrado pablico en una prime-

ra fase o sea cuando se determinaron y ubicaron las unidades 

de iluminaci6n y se conocen sus capacidades se procede en la 

siguiente forma: 

a) Se agrupan lámparas en circuitos en un nümero que esté de 

acuerdo a la capacidad del contactor." 

b) se localiza y ubica el centro de carga o sea el punto en 

donde se recibirá la alimentaci6n de energía cléctric~. 

e) Se procede al cableado de los circuitos, determinando el ca-

libre adecuado de acuerdo con la carga y el tipo de si,;tema 

empleado ( 2 ~ 6 3 ~). 

d) Se calcula la calda del voltaje al punto más alejado del 

centro de carga la que no deberá exceder a un 3~ ~ue es lo 

que indica el Reglamento de Obras e Instalaciones Eléctricas. 
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En el ejemplo que a continuaci6n se asienta, las lámparas son 

de vapor de mercurio de 400 watts y se ha escogido la rama más 

desfavorable de un circuito. 

22m ,--:::...2 0:.:_
1
• 4 

12m 

22m 

42m 40m 
22m 

3 

X 

Punto de Alimentacion 

Realmente la corriente en cada uno de los puntos del diagrama 

tendrá que ser determinada por la corriente de la lámpara más 

las pérdidas en la balastra o lo que es lo mismo por la corrien 

te ¡,·rimari<i--de ésü- Oltima·.-- ·------ -

De acu~rdo con las especificaciones de los fabricantes de ba-

lastras tenemos: 
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Caliure 

io. Are a Capacidad de corriente 

1'.. ':1. G. mrr.2 (i\mps) 

8 8,366 40 

G 13.300 55 

4 21.150 70 

2 33.620 95 

El ¡.::ircuJ.to r:1ás usual es el bifásico alimentado a 220 volts 

en don <.le se emplea contactares de 27 amps. y termomagnéticos-

Ue: 2 x 40 ar.1ps; tami..lién pueden emplear combinaciones interrup 

tor contactar trifásico para proteger y operar circuito con 

ese namero de fases. 

180m 

360m 

L~ .. rnr.>aras de mercurio de 1000 watts conectadas a un circuito 

trifásico. 

En este caso se determinan la corriente por fase de acuerdo 

a la f6rmula I= __ w_ y se elige el "centro de carga" en uno 

VEcos & 
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de los ramales considerando toda la carga del misno en e~c 

punto para determinar la ca!.da de tensi6n, además_ es convenien 

te que aunque los balastros son autorregulados se calcule la 

ca1da de t·ensi6n a lo largo de la trayectoria de la balastra 

remota a la l~mpara ya que ésta es de una capaciuad de 1000 

watts. 

Desde luego que en un circuito trifásico en relación a una 

distribuci6n de dos conductores, se oLtiene ~ara iryual tensión, 

longitud de conducción, con la misma pérdida de potencia ~ no 

tBniendo en cuenta la reactancia de la l!.nea, una gran econo-

ra!a de cobre; pero como en los circuitos bifAsicos los con~uc-

tares no se calculan Gnicamente por corriente sino ade~ás ror 

razones ue tipo mecánico, las secciones elegidas son del :¡o. 6 

y .io. 4 generalmente y en Oase a esas secciones se procede al 

c~lculo cie la pérdida de tensión limitándose en esa forma la 

longi'tud del circuito. 

Combinaciones de Alllr.1Lrado l'U:Jlico.-

Estas fut:i:'on diseñadas uspeci.alrnente para C()ntrol 'J rrotecci.c'Sn 

tic los circuitos de alumbrado pO.blico por el autor en combinFI-

ción con técnicos de dos compañías faUricantes Ue apñratos de 

control y fueron sU~stitUYenctoa ·ros-- ana.cr6n·ico.c;· r<::dcvadores: 

se compone de un contactar magnético y un interru)>tor termomac_¡ 

u~tico instalados en una caja a prueba de interr~peri.sr;o I-JEM!>.-.1-1.'. 

Ca[)aciUad 
en Arl¡_JS. 

30 

30 

GU 

Contactar 
\lagnético 
(,;o. de polos) 

Siste:na ~1onof~:,ico 
2 

Siste~a trifásicos 

J 

J 

2 polos 4 0~. 

J >olas 40A 

J t)olos 70 "'· 



(. 

1 

1 
1 

•¡ 
1 

1 

1 1 [ _____ _ ... 

- ft 

VISTA A 

CARRAN~ Y_<.' ~ 

'---~--
... 

IM: 1:1! ,.,..._ .. ,_..,... ---......... , ..... ---
,_, 

·... 
,~ .... 

• Ulilo 

.... .... "" 

·., 

VISTA 8 

VISTA 8 

PLANTA 

.· .. 

z.L. 

111 

... · 

t'ISTA 



:;e
_,

,_
 ..

. a
tt

 



CAPITULO VII 

PROGRA'IACIOa: 

La programaci6n de una obra de alumbrado pablico se puede efec

tuar por medio del método de barras o por el de .la ruta crítica; 

J.esdc luego el más usual es el primero y será e1 que a<1uf se ex·

ponga aun'JUe en el del camino crítico asentaremos las bases pa

ra poderlo realizar. 

el método de barras es el tradicional sistema que se emplea en

la planeaci6n de toda actividad econ6mica y fundamentalmente -

t!ll la ingenierfa; con~iste en enlistar los conceptos que inter

vienen en una obra. y de acuerdo con los ren,iimientos ya sea pa

ra la ela1Joraci6n o para la instalaci6n de cada uno de esos ele 

10entos y de su secuencia 16gica ir planteando períodos que en -

algunos casos tendr~n traslape hasta agotar todos los conceptos 

y finalizar la obra. 

Para llevar a cabo lo anterior es necesario que se analice la -

etapa de elaboraci6n de cada concepto enlistado para que si tie 

nc un tiempo de programaciOn calcular rápidru~ente el ndmero de

piezas que se construirán por día y por 10 tanto el personal ·n~ 

cesario de acuerdo a éste ciclo de construcciOn o instalaciOn. 

Ln un ·nuevo deaarrollo url.Jano sa comienza por el desmonte,el -

trazo, la instalaci6n de tubería de agua potable y alcantarill~ 

do y despu6s por la urbanizaciOn de las calles nara continuar -

con la~ guarniciones. 

Una vez t~rminada la base y ouL-~ase ~s necesario con el dato -

del nivel de carpeta proceder a efectuar las excavaciones para

la colocaciOn de los duetos de concreto necesarios para dar co~ 

tinuidad a la instalaciOn de alumbrado, ésta fase del programa

es lenta porque se va al ri~~o de avance de la urbanizaciOn. --

··'· 



Lna vez colocados ~stos tuLes se marca con ~intura en la guar-

nición su u0icación y si ésta no existe se: C:ejn. una referencia 

por 1netiio ~e una estaca, varilla, etc., ~sto es con el fin Je 

'lu~ posteriorn<ente se coloquen los registros y se recii.ian los 

(.lUctos. 

La construcción C:e ci.~lientos y el tendido e_¡,~¡ dueto en banque-

t.a son las siguientes o;:>eraciones aun.1ue a veces ~s solar.1ente 

dond-2 van las Gan~¿uetas ya sea port]ue faltó relleno o ¡:'Or 81 

abunc1ani~nto U.; cscom:Jros y terracer.!a. 

Para la con3trucción ~e ci~ientos es necesario contar con un 

na.m~ro ad~cua-:io c.e fori'las o cimbras para ·~ocler efectuar el ma-

yor nÚJ¡Iero Uc cola<.¡o en un turno o tie,npo dcter:ninado. 

Si la instalaci-:·n consta <le bases :'1etálicas, t5stas s~ instalan 

una vt:.z Ue.scim0rado el cimiento y acaúaGo, para en esta for7"la 

estar en 2osiDilidad de recibir a los Postes y de proteger a 

su vez las anclas; si el rroyecto no marca base entonces se 

pue~cn eregir los arbotantes una vez que hayan sido arme.L1os. 

- ---Los·-postes ·llegan-- Qe .. fá!Jrica .. con. Wla _mano _Q~ _ p_int~ra -~nti_c_orr~ 

si va y es conveniente darles una primera mano de ni.ntura, del 

color que s¿ E:srecifirlue, ar:.tes de proceder a ;,u erección y la 

segunda mano se les aplica 1a para cntre9nr lo ohra. 

El cauleado, balastrado y colocación de las alimentaciones (co~ 

tactores y fotoceldas) son las 11ltimas operi\ciones de una ins-

talaci6n de alumbrado p11blico; es necesario el cableado y halas 

tracto simultáneo para poder sellar las puertas de las bases y-

evitar en esa forma la sustracci6n del conductor por gentes ex-

trañas. 
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COL10 corolario de la programación vienen las prue0as Ce encen-

JiUo, op¿raci6n correcta de los cont~ctores, lu revisi~n de lu 

verticalidaO de los postes, el ajuste correcto je las ta~as de 

loS r.~gistros, el nivelado de las unidades de iluminaci6n de -

acuerdo con el !ngulo J.e proyecto, la. i nspecci6n de correcto -

encintaao de los conectores en las terminales de los !Jal.:=~.stros 

y en fin la revisi6n de todo al"{uello IJUE~ sea necef:orio para --

(1ue la instalaci6n constru!J.a quecif.: en conUicioncs óptimas pa-

ra ~u funcionamiento. 

Pongar:1os un ejeMplo ele ñ.plicaci6n: 

Si en un proyecto se contal>ilizan 2,500 m.de 2 v!as d·~ duetos-

;_Jara instalar eil arroyos es necesñ.rio piir:~ero ver en c::ue nCime-

ro d~ s~cciones será dividida la obra, si esas secciones ser~n 

atacadas simult~nearnente o será.n escalonadas y prefijar tiem--

t;)OS de C.:.esarrollo de cada una de las secciones o en su defec--

to de la totaliriad de la cura. 

Si la cura se ?rograma para ejecutarse en eta?aS escalonadas -

entonces es necesario estimar la progranaci6n de la instalaci6n 

ta:7t~ilh1 por ctaf>as desglosando los 2, SOIJ rn. de dueto en arroyo-

en las cantiüaCcs por ...... Seccionc.r.: la.Secci6n 800 m.: 2a.seéci6n 

720 m., 3a.secci6n 450 ~., y finalmente cuarta sección 530 m., 

~~.oDre estos datos hacemos el programa por secciones contempla~ 

cio las cantidades parciales correspondientes a esas etapas. 

Si el a~sarrollo se ataca en forna siMult~nea y su terminaci6n 
:;: . 

0s casi coinciUente tamLién se considera entonces el total de-

caoa ~11o ric los conceptos para efectuar la programaci6n. 

l'.i10ru. ~Ji<.!n en cualC]uiera ele los casos se de De torncJ.r en cuenta-

el r~ndi:'1i•.!nto unitario del tipo de trabajo que se e~ta on.lli--

: . -. 
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zando o sea cuanto excava un pe6n en terreno Clase X, rrue per·~ 

sonal es necesario para r~cubrir de cOncreto el ducto.cuantos 

tubos coloca un pe6n en un turno, que gente se requiere para 

compactar la zanja y cuantos para acarrear el material sobran-

te. 

En base a estos rendimientos, a las cantidades obtenidas Je 

proyecto y al tiempo en que se va a desarrollar el trabajo se 

determina las Larras del programa. 

PFOGAA!:.A CC OrJrJ\ 

Conc~pto Octu<-re .lovie!'l!.>re Dicieml:;re Enero 

Dueto en ;,rro o 

t.:ucto en :...anqueta ;:;.; x x;.: ·<:·:xxx xx:~ ;.;;.,: x:<x:-:x: :xx xxx:-: x n:;.:;: 

Registro Sc~cillo ::x:;x;.;x:~:o:xxxxxxxxx:::-:xxx:< 

i'.t:c¡istro rJo~le xxxxxxxxx::xx;.;¡:x 

Cimientos xxxxxxxxxxx:~xxxx:<;.,:xx:cxxx::xxxxxxx 

Colo~;aci6n dases .1et!l1cc1s xx:<xxxxxi:xxx;,:xxxxxxr.xx>:x::xxx:<XXY.}::: 

Parauo u~ Postes 

Ptnturd é;c Postes xxxxxxxxxxx::x::x;,xx:.:xr.xr.r.;;::;::<x::x::xx:<xx 

Colocaci6n ,J., Alil<JtH'Itactont:ls 

X:<.'\XXXXXXXXX.I(:ü.::-:xx;..:x:-:x::·· 

:-::;::::-::<~:::;: 

Pruc..,as 

:C:l i:l~toG.o de lo ruto crítica, r.~ un ~rncc.::o rrfif.i.cn n ,.,.;~n.·- .:.i 

cho una gr:lfica de actividades en la plu.ncaci6n y r>royr0mu.ci6n 

de un provecto estando representada cada a e ti v.i.d<1d ¡-,or uno f le~ 

sentan actividades y TTl.Uchas que siT•'J;oli?.an h("~C!1oc;, 

tiene un ori9en y un extreJTio, lo prirero i!v~.ica r-!l .inicio c.c! u 

na activiflad y el extrer:10 de ~::;a flec::-"\ !=>U ts:>r"''inñci6!l. 

¡ 
·¡ 
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Con est0 ~~16todo es más fácil interrelacionar actividades por 

•JUE: si se ve r¡ue una fleci1a antecede a otra se en tiendE! que 

una ac..:tividaJ. ¡Jrinciria cuanc.lo tert!'lina la anterior.¡ si dos fl~. 

c.tas uarten del rr.ismo orir:Jen se entiende c:.ue son actividades 

·1ue se _:::n.J.e<.ien t:jecutar al r.'lismo tier:lpo y si se tienen dos jue-

se en-

ti•:n:e ·~u0 son operaciones de un tra!)~j0 y 0ue son co~nleta 
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ChPI'i'ULO VIII 

co¡;szr.v~.CIOi·l DE LJIS I'iSTALACIO'·lES. 

La conservación Je toUa instalaci6n es !Jc!isica para C"l !Jllcn de

s~n!Jcfio de la 11is~a y óc su durabilidad. 

·u:na in:;t.1l.:tci6n de alumbraüo ptílJlico requiere funciaTT'.ental!'1entc 

la lil~ttJiczn uc; ln suciedall (}u8 se acumule en las l;'i:,:.Jar<'\s, r;?

fl¿ctores y ~iezas ~e vidrio 6 plástico ya que ésto es lo g~e 

m~s contriLuye a la depreciación c1e un ,qisterna de alur,1bracio 

urbauo¡ ade!:"Iás la larga vl da de las ltir'11paraR <.le descarga o:Jli

~a~ a que periódicamente se efectu6 ~stc aseo. 

L.e:..-e de elalJorurse un i1lan o pro:¡cctc en ~1 cual so..~ fije c.n 

que fcc!1.a C.cbcrá r.f¡~ctuarRe la lir,pieza de las instñL,cionc~~ 

~r:¡:Jí..:ZanUo por el extreli'o de una zona r)rcfijñda y te:r~inilnc;o la 

mis~a en un ·plazo rnzon~ble para ~uc una cundrilla los ~tienda 

110r lo ~CilOS dos v~ce~ al afio y si en alga~, sitio l~ ~uci~ciaJ-

03 excesiva cntoncds ser~ necusario t~n ese caso un~ ntenci611 

CCJil •. lr,:¡or fr:\...:CUl..!ncia; Sod Jel.h:~rá lencr una cxi~;t<JnCi."l en el al

uac.::.;.t ...... -=. lct.s l...J.r.;inarias instalaó.e.s en el sist8i"'""\a oarc1 su r,~:)o·

~;ición inJ:lt·di.:J.t¿1 y a.demt\s los !}años, Jct. ... ~rqr":!nt.cs y c.·;~")onias 

¡\QCf.!!i ... lrio!-;> c01:10 t::.·r.ui:.,o (:e li.•npicza. 

Los t.:¿tCPJ'·:nte~; no üei:_,cr~n ser ni rr\Uy ácido~ -ni r,uy alci1.linos 

p.:tra lil~l;.linr los r·c fl.::ctorcs ~ie aluni.nin y laS: s~J~Jcrfici.;s d'-! 

vio....irio Ccl;orAn ~cr aRcadas con virutas finas de acero frotjn

dol¿¡s u~s~~u~s con un 2ai1o li¡;:pio y ~ceo. 

:;o ~·,oy •JUC ~¡ ... ~ncralizar en CU<lnto il ln utilizaci6n (~C lo:. r.•is

; lOS ·.~roc!-..tctos .·;ue !.>Q usan para el vidrio ·~·?. :JUl"' l0s Ji fusore.s 

Jc.- ~li::1.stico )Ut.:~\..ien alterar su esta::ilil!ad ff.s.ic~"' ~ .. :1\..'riudiccJr 

'. ·. e ... ,.-. 
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La mayor p~rdida 0.el flujo lur.linoso se de~)l? uri!T!ero a lo sucie 

c.lau y polvo '1Ue se acumul~ .~ohre la.s lfu:1:1aras y lur"!in.:trias ·1ue 

puede re¡1rescntar :1ast~ un 40% d2 los vAlores iniciales ~~ scaun 

~o a la Cepreciaci6~ ltlMÍnica dt~ la:i 1~ 10aras r¡ue en el caso 

del vapor ~e mercurio es de Uil 3% anuAl consi(lerando 4,000 ~o-· 

ras Ju operaci6n d~ los focos. 
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Las lánparas fuera de s~rvicio Uci.Jen reponerse a la ~.1yor hre-

veda~ rosiLle en especial si estAn ubicadas en ~itios en rlondc 

el faltar aunq:ue sea un solo foco representa un r;rove ::eliCJro 

para el tráfico. 

Para un programa de reemplazo de Lírnparas se pueden adof)tar 

tres plantea~ientos: 

a} r.eemplazo individual 

b} F:eefilplazo por grupos o "barrido de zonas" 

e) Una comLinaci6n de los dos anteriores. 

Toúa dependencia encargada del Mantenimiento y conservaci6n 

Ue 1 alWLl0rado urbano debe contar con escaleras telesc6!)icas y 

camiont;S con equipo manual o hidráulico de ascenso y cada uno 

de .:éstos ve;1ículos atender por reportes del püblico o de sus 

propios inspectores la reposici6n d~ lámparas dando as! una 

atenci6n in.r.1eciiata al reem?lazo de focos apagados; para ésto 

es necesario tambi~n contar con balastros (para el caso en que 

la lámpara est~ apagada por ~sta causa), con cintas aislantes 

El horario anual de encenaido de las láMparas dal sistema de 

alur,\Lrado püblico en la Cd.de .'·1~xico es de 4,047 horas de acuer 

do a la operaci6n automática de laB fotoceldas que controlan 

su apagado y encendido y a las diferente3 estaciones del año. 

Dajo estas Lases una lámpara de vapor de mercurio 6 de vapor 

J~ .:;oJ.io alta presión, ~1ue tienen una vida tltil de ló, 00 O !1o-

ras, deberln cambiarlas por el sistema de barrido dP. zonas 

cada cuatro años máximo. 
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LO qu~ indicamos aquí corno unA combinación de los dos anterio-

r~s es .-_:ue durante una operación d.c •;~Jarrido de zonas 11 se resp~ 

t~n o Leje;.1 de cani;iar aquellas l~mparas .que recientemente ha-

La co:1servaci:11 de las instalnciones no se concreta Gnicamente 

t1l ca¡ll0io <ie lámparas '} a la limpieza o reposición de controlen 

t¡ls o difusores sino abarca todos los elementos que est&n suje-

tos -3 O)eración constante coMo es t!l caso de los contactares 

1 fotocontrolcS y de los ~ue están sujetos al intemperisrno y 

'JOr lo tanto a ·corrosión corno e~ el caso de los postes, ménsu-

1as y ~asQs laminadas. 

Sin cr:o. ..... ar•:JO la inspecci6n de ~stos equipos no es frecuente ya 

·í~~ en el caso jc relevadores es conveniente que s~a anual, re-

vi ;,;.:1nuo lo~• contactos ya qué s.i están muy quemados o carcomidos 

.. ~n :;u Su)erficie se dl~Den Ue .~.>ulir con una lima de grano fino 

:)e:ro :ji cstti:-~ rnu·! dcstru!das deben reemplazarse; tani.:>il:n se re-

~is~rj ul electroir1an que debido a la presencia de materias ex-

tr.:~:.-Ju:,; -2n la superficie del nGclco o a la corrosi6n en el ·vásta 

·"-íO u2 o.rtic.._.luci6n o a baja tensi6n en las terminales de la bo-

,.;ina ;Ju~c.;~ ~reducir un ruido molesto . 

.:.1 ::.·,ant0nir.':iento de los controles f()toel~ctricos es mfniP."to ya 

-..:JUC:! solo requi~ren una lililpicza peri6dica a la cubierta de las 
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mismas y a las bases en donde las entradas se llenan de :)ol vn 

y pueden afectar el buen contacto en un i10í1Cnto ciaüo. 

El acceso fácil y rá¿ido a las luninarias y ec¡.t..:i:)os J~ cor:.trol 

es uno ue los factores que en gran porcentaje Jisr:.inu~:<'"! l_os 

gastos ue conservación ya que aunque el equipo es caro 6sto se 

amortiza rá~)iG.a.r:1ente y el servicio que se ;>ronorciona es 6::'lt.i;":'lo. 

Lina i.Juena comLinaci6n rara un equiro de cscr'ila áP.rea acie:cuél.c."io 

deber.á reunir lo siguiente: 

a) El car1ti6n aonde irá :nantada la e:.calera cle!J0r.:l ~:>~!r li·:iar:n, 

r&~id6 y fácil ~e r1ancjar. 

0~rán ser sencillas ¡ fáciles de efectuar por un solo a·)~l~~-

rio. 

e) ~n la parte ~uperior, :a escalera de~e llevar una ~lat~~o~-~n 

con barandilla ?ara seguridad Jel operario. 

d) ~s conveniente que quede espacio suficiente en el ca~ti6n 

~ara construir co~partinentos para láM?aras, controlcntes, 

materiales de lil:lpieza, etc. 

2n poblatios pequeRos no se justifica la erogación para la a~~ll~ 

sici·~~n de W1 carni6n con escala telescópica y lo aconsejal:.·lc c.'1 

esos caSos ·es--iiT~P-roViSar- tiiici- eSccilera~-soore un ca-m::C6ñ--Ue V01 teo -- ---------·- --- --

o en su de~ecto planear que los luminarias GUe se instalen ~o-

sean un dispositivo tal como ca!Jle flexible ~ue ?emita el La-

jarlas sin tener la necesidad de contar con el equi?O es¡Jccial. 

Las :.;ases metálicas, r1énsula.> 'J postes del>en pi .. 1tarse cada J 

años, lir:1pianU.o con cepillo de cerda de acero y aplica_ndo dos 

manos l:.e pintura del color s~leccionado después; a las tuercas-

y partes -~o!Jr•.:>~? .. L.i.r;:ont(•s de las anclas en el caso de '=íUe se te:::_ 

ga üase raetálica se le a9licarán dos r.tanos de esrtalte anticarro 

sivo aluminio. 
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Los postes de allli~inio y concreto no necesitan mantenimiento.-

Gs conveniente ~~e en arterias arboladas se observe el recorte 

de raDas o ,cuaJo de las ~ismas que estorba a que las unidades 

de ilwninaci6n proporcionen to<.lo su flujo luminoso sobre el --

¡olano del pavimento de la avenida; ésto es aconsejable ejecu--

tarlo una vez al año durante la temporada de lluvias. 

Para un control administrativo y elaboraci6n de estad!sticas -

Liel ca;nl!io c.ic focos y limpieza de cristales es conveniente lle 

var un registro por cuadrilla de los trabajos efectuados en 

cada turno. A continuaci6n se indica un prototipo de forma.· 

I\eposici6n de Larn¡)aras 

Fecha Cuadrilla No. 
Operarios: 

Limpieza 
L .§ m p a r a S 

CALLE Cristal 
Me,rcurio Sod1o 

25,0 400 1000 250 4on 

Oi.,servaciones: 

------------·-----------------------------------------------------
--·--------------------··-------------------------·--------··--------
-------------------------------~~-----------··------------------·-----

--~-----------·---··-··--·--------·-----------------------·------------

.. 
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Es necesario que el cuerpo de ins~ectores formule diariamente 

un reporte de lámparas fuera de servicio para su atención inme

diata y que mensualmente se pueda sustraer a la facturaci6n de 

la Cía. Sl,l.I;Iinístratiora de energía eléctrica el iPporte de es~s 

11\m¡_oaras. 

Taml>ién es necesario vil)ilar las instalaciones encendíclas en el 

día por falla de fotoccldas o de contactares ;.1ara no ;:cvJ<1.r nor 

el exceso dP. horils de servicio. 
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BALASTROS PARA LAMPARAS DE DESCARGA DE ALTA INTENSIDAD 
( H.I.D. ) 

LOS BALASTROS PARA LAMPARAS DE DESCARGA DE ALTA INTENSIDAD SON 

DISPOSITIVOS ELECTROMAGNETICOS O ELECTRONICOS QUE SIRVEN PARA PO

DER ENCENDER Y CONTROLAR LAS LAMPARAS DE DESCARGA EN GAS DE ALTA 

INTENSIDAD, TALES COMO LAS DE VAPOR DE MERCURIO EN ALTA PRESION, 

LAS DE ADITIVOS METALICOS Y LAS DE VAPOR DE SODIO EN ALTA PRE 

SION. LAS DE VAPOR DE SODIO EN BAJA PRESION NO SON INCLUIDAS EN 

ESTA CLASIFICACION, JUSTAMENTE PORQUE OPERAN EN BAJA PRESION. 

LA PRIMERA FUNCION DE UN BALASTRO ES APLICAR LA TENSION REQUERIDA 

PARA EL ENCENDIDO DE LA LAMPARA, ESTO PUEDE REQUERIR DE UNA TEN -

SION SOSTENIDA DE UN VALOR E~PECIFICO COMO EN EL CASO DE LAS LAM

PARAS MERCURIALES Y DE ADITIVOS METALICOS O PUEDE REQUERIRSE DE 

UNA TENSION ADICIONAL DADA POR UN PULSO DE CORTA DURACION Y DE VA 
¡:'0¡:;_ 

LOR PROMEDIO DE 3000 VOLTS, QUE ES PROPORCIONADA POOR MEDIO DE UN 

COMPONENETE ADICIONAL DEL BALASTRO LLAMADO IGNITOR. 
C:i' f-1 (' ... , ''- ' ' • \ 

DESPUES DE QUE LA LAMPARA HA ENCENDIDO, SE DEBE LIMITAR LA CO 

RRIENTE QUE SE HA INICIADO A TRAVES DEL TUBO DEL ARCO. LAS LAMPA 

RAS DE DESCARGA EN GAS TIENEN UNA CARACTERISTICA DE RESISTENCIA 

NEGATIVA, O SEA DISMINUYE SU RESISTENCIA AL PASO DE LA CORRIENTE, 

POR LO QUE EL BALASTRO DEBE CONTROLAR LIMITANDO LA CORRIENTE A 

TRAVES DE LA LAMPARA, ESTO DEBE SER DENTRO DE VALORES ESPECIFICOS 

PARA CADA TIPO DE LAMPARA. 

TAMBIEN PUEDE SER DESEABLE QUE EL BALASTRO OPERE CON UN FACTOR. DE 

POTENCIA ALTO ( 90% O MAYOR ), ASI QUE DEBERA TENER MEDIOS PRO 

PIOS PARA QUE ESTO SE LLEVE A CABO. 

DEPENDIENDO DE SU CIRCUITO O DISE&O PUEDE TENER MAYOR O MENOR CA

PACIDAD DE AMORTIGUAR LAS VARIACIONES O FLUCTUACIONES DE LA TEN -

SION DE ALIMENTACION, HACIENDO QUE EXISTA UNA VARIACION MENOR EN 

EL CIRCUITO DE LA LAMPARA. LA LLAMADA REGULACION DE UN BALASTRO 

ES LA COMPARACION DE LA POSIBILIDAD DE VARIACION DE LA TENSION DE 



ALIMENTACION CONTRA LA VARIACION DE LA POTENCIA DE LA LAMPARA. 

EL FACTOR DE CRESTA DE LA ONDA DE CORRIENTE DE LA LAMPARA ES IM -

PORTANTE. SI UNA ONDA DE CORRIENTE DE LAMPARA FUESE MUY PICUDA, 

LA RELACION ( FACTOR DE CRESTA ) PUEDE SER ALTA Y SE PUDIERA EXCE 

DER EL VALOR MAXIMO DETERMINADO PARA LA LAMPARA; POR TANTO, ESTE 

PARAMETRO DEBE SER VIGILADO AL DISE&AR EL-BALASTRO, YA QUE OPERAR 

A VALORES MAYORES QUE LOS ESPECIFICADOS ACORTA LA VIDA DE LAS LAM 

PARAS, COMO LO PUEDE HACER TAMBIEN EXCEDER LOS VALORES DE CORRIEN 

TES Y TENSIONES DE LOS QUE YA SE HA HABLADO ANTES. 

EN EL CASO DE LAS LAMPARAS DE VAPOR DE SODIO DE ALTA PRESION, EL 

BALASTRO PARA OPERARLAS, DEBE CONTROLAR LA ENERGIA QUE LE SUMINI~ 

TRA A ESTAS, DE ACUERDO CON UNA FIGURA DE FORMA TRAPEZOIDAL ESPE

CIFICA PARA CADA TIPO DE LAMPARA. EN PRUEBAS QUE SE EFECTUAN CON 

EQUIPO ADECUADO SE DETERMINAN VALORES DE POTENCIA CONTRA TENSION 

DE LAMPARA QUE DAN LUGAR A CURVAS QUE, TRAZADAS SOBRE LOS TRAPE -

ZOIDES DEBEN QUEDAR CONTENIDAS DENTRO DE ESTOS PARA ASEGURAR QUE 

EL BALASTRO ESTA CUMPLIENDO CON LOS VALORES ADECUADOS PARA OPERAR 

EN FORMA EFICAZ LA LAMPARA. 

CIRCUITOS DE LOS BALASTROS. 
- . ------- --- - ----------~------

BALASTROS ELECTROMAGNETICOS. LOS BALASTROS ELECTROMAGNETICOS TIE

NEN VARIAS OPCIONES EN SUS CIRCUITOS, LAS CUALES VEREMOS A CONTI

NUACION: 

REACTOR SERIE. 

EL REACTOR SERIE ES UN SIMPLE DEVANADO ENROLLADO EN UN NUCLEO DE 

ACERO LAMINADO. ES EL CIRCUITO MAS SIMPLE, MAS ECONOMICO, MAS L! 

GERO Y EL QUE OPERA CON MENOS PERDIDAS ( PERDIDAS DE UN BALASTRO 

SE DETERMINAN RESTANDO A LA POTENCIA DE LINEA DEL BALASTRO, LA PO 

1 
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TENCIA DE LA LAMPARA). EN CONTRAPARTE ESTE BALASTRO ES EL QUE 

TIENE PEOR REGULACION ( ADMITE + 5% DE VARIACION DE LA TENSION 

DE LINEA Y RESPONDE TIPICAMENTE CON + 12% DE LA VARIACION DE LA 

POTENCIA DE LA LAMPARA ). SOLO PUEDE INSTALARSE DONDE LA TEN 

SION DISPONIBLE DE LA RED SEA DEL MISMO VALOR QUE LA TENSION QUE 

REQUIERE LA LAMPARA PARA ENCENDER, OPERA CON BAJO FACTOR DE PO -

TENCIA ( ENTRE 30 Y 50% ) Y SE PUEDE CONVERTIR EN ALTO FACTOR, 

AGREGANDO UN CAPACITOR DE VALOR ADECUADO EN PARALELO CON LA ALI

MENTACION, USUALMENTE OPERA CON VALORES DE FACTOR DE CRESTA BA -

JOS Y OTRO INCONVENIENTE ES QUE DURANTE EL CALENTAMIENTO DE LA 

LAMPARA, LOS VALORES DE CORRIENTE DE ALIMENTACION SON MAYORES 

QUE LOS VALORES CON LA LAMPARA ESTABILIZADA. 

AUTOTRANSFORMADOR DE ALTA REACTANCIA. 

ESTE CIRCUITO EN CONEXION DE AUTOTRANSFORMADOR, TIENE UN DEVANA

DO PRIMARIO QUE RECIBE LA TENSION DE LA RED Y UN SECUNDARIO QUE 

ALIMENTA LA LAMPARA-COMO UN REACTOR SERIE. ESTE CIRCUITO ES EN 

VENTAJAS Y DESVENTAJAS IGUAL AL R. SERIE Y POR LA CONEXION EN AU 

TOTRANSFORMADOR PUEDE SER UTILIZADO COMO ELEVADOR O REDUCTOR DE 

TENSION. LAS PERDIDAS SON UN POCO MAYORES QUE LAS DE UN REACTOR, 

LAS DEMAS CARACTERISTICAS SON ESENCIALMENTE IGUALES. TAMBIEN 

PUEDE OPERARSE CON ALTO FACTOR DE POTENCIA AGREGANDO UN CAPACI -

TOR EN PARALELO CON LA LINEA. 

AUTOTRANSFORMADOR AUTOREGULADO. 

ESTE CIRCUITO EN CONFIGURACION DE AUTOTRANSFORMADOR, TIENE UN CA 

PACITOR QUE CONTROLA EN SERIE LA CORRIENTE DE LA LAMPARA, POR LO 

QUE RECIBE EL NOMBRE DE AUTOREGULADO. PERMITE VARIACIONES DE LA 

TENSION DE ALIMENTACION DE+ 10% Y RESPONDE VARIANDO LA POTENCIA 

DE LAMPARA EN± 5%, AUNQUE EN ADITIVOS METALICOS PUEDE LLEGAR A 

VARIARLA HASTA EN+ 12%. 

OPERA CON ALTO FACTOR DE POTENCIA Y AUNQUE ES MAS CARO, UN POCO 



MAS PESADO Y OPERA CON MAYOR CANTIDAD DE PERDIDAS, ES LA SOLU 

CION ADECUADA EN REDES DONDE HAY FRECUENTES Y SEVERAS FLUCTUACIO 

NES DE LA TENSION DE ALIMENTACION, YA QUE MANTIENE MAS ESTABLE 

LA LAMPARA DANDO MEJOR UNIFORMIDAD LUMINOSA Y SOBRETODO, PRESER

VA TANTO LA VIDA DE LA LAMPARA, COMO DEL MISMO BALASTRO. 

POTENCIA ( WATTAJE CONSTANTE). 

ESTE CIRCUITO QUE EN MEXICO ES MUY POCO UTILIZADO, CONSISTE EN 

UN TRANSFORMADOR CON UN CAPACITOR EN SERIE CON LA LAMPARA EN EL 

SECUNDARIO. TIENE UNA EXCELENTE REGULACION: PERMITE + 13% DE VA 

RIACION DE LA TENSION DE LINEA Y RESPONDE CON + 3% DE VARIACION 

DE LA POTENCIA DE LA LAMPARA, ES EL DE MAYOR PESO, COSTO Y CON 

MAYORES PERDIDAS. 

EXISTE PARA LAS LAMPARAS DE VAPOR DE SODIO DE ALTA PRESION UN 

CIRCUITO EQUIVALENTE LLAMADO REGULADOR MAGNETICO O ATRASADO REGU 

LADO, QUE ES UN TRANSFORMADOR CON TRES DEVANADOS, EL DE ALIMENTA 

CION, UNO CON UN CAPACITOR PARA DARLE AL CIRCUITO PROPIEDADES DE 

REGULACION ALTAS Y UN SEGUNDO SECUNDARIO QUE ALIMENTA A LA LAMP~ 

RA. ESTE CIRCUITO PROPORCIONA TAMBIEN PARA LAS LAMPARAS DE VA

POR DE SODIO DE ALTA PRESION MUY BUENA REGULACION, AUNQUE CON 

. LOS_ INCONVENIENTES_ QE_~ POTENCIA CONSTANTE. 

LOS DOS CIRCUITOS REGULADOS ( AUTOREGULADO Y POTENCIA CONSTAN 

TE ) OPERAN DURANTE EL CALENTAMIENTO DE LA LAMPARA, CON CORRIEN

TES DE ENTRADA AL BALASTRO DE VALORES MENORES A LAS CON LA LAMPA 

RA ESTABILIZADA, LO CUAL SIMPLIFICA EL CALCULO DE LAS PROTECCIO

NES Y DE LOS CIRCUITOS ALIMENTADORES. 

OPERACION TERMICA DE LOS BALASTROS ELECTROMAGNETICOS. 

LOS BALASTROS E.M. COMO TODO EQUIPO ELECTRICO OPERAN A TEMPERATU 

RAS MAYORES QUE LA AMBIENTE. 

AL CIRCULAR CORRIENTES ELECTRICAS POR LOS DEVANADOS Y POR EL 
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EFECTO DENOMINADO JOULE 

RA EN ESTOS DEVANADOS. 

I 2 i( 
12R ) SE GENERA ELEVACION DE TEMPERATU 

OTRA FUENTE DE CALENTAMIENTO ES EL NUCLEO FERROMAGNETICO DE LOS 

BALASTROS DEBIDO A LA ACCION DE LAS CORRIENTES PARASITAS Y DE LA 

RELUCTANCIA DEL MATERIAL. 

LA OPERACION DE LOS BALASTROS DEBE VIGILARSE MEDIANTE PRUEBAS 

Y/0 RECOMENDACIONES DE LOS FABR,ICANTES PARA QUE SE INSTALEN DE 

FORMA QUE NO EXCEDAN LAS TEMPERATURAS MAXIMAS PERMISIBLES. 

LOS BALASTROS PUEDEN TENER VARIOS COMPONENTES TALES COMO CAPACI

TORES Y/0 IGNITORES Y NORMALMENTE SE DEBE TENER CUIDADO CON NO 

EXCEDER LAS TEMPERATURAS MAXIMAS EN CADA UNA DE LAS COMPONENTES: 

EL NUCLEO O LO QUE ES PROPIAMENTE EL BALASTRO NORMALMENTE ES DE 

CLASE 155°0 180°C, ESTO QUIERE DECIR QUE EL BALASTRO PUEDE OPE -

RAR HASTA 155°C O 180°C SEGUN SU DESIGNACION EN LOS DEVANADOS 

QUE ES EL PUNTO MAS CALIENTE DEL BALASTRO, SIN MERMA DE SU VIDA 

UTIL. 

EXISTEN GRAFICAS DENOMINADAS DE TERMOESTABILIDAD DE LOS FABRICAN 

TES DE ALAMBRE MAGNETO, QUE NOS DAN IDEA DE LA REDUCCION DE LA 

VIDA DEL BALASTRO EN HORAS CUANDO SE EXCEDE DE LOS VALORES MAXI

MOS PERMISIBLES EN TEMPERATURA SEGUN SU NIVEL TERMICO DE AISLA -

MIENTO. 

LOS CAPACITORES Y EL IGNITOR SI LO REQUIEREN, NORMALMENTE SON DE 

CLASE 90°C, ESTO SIGNIFICA QUE EL PUNTO MAS CALIENTE DE UN IGNI

TOR O UN CAPACITOR DEBE OPERAR A 90°C MAXIMOS. 

EN ALGUNA INSTALACION, UN CAPACITOR E IGNITOR PODRIA QUEDAR EN 

CONTACTO DIRECTO CON LA LAMINACION DEL BALASTRO Y ESTA, POR LO 

QUE SE DIJO ANTES, PODRIA ESTAR OPERANDO POR EJEMPLO A 130°C; 

ESTO DA&ARIA ACORTANDO LA VIDA UTIL DEL CAPACITOR Y DEL IGNITOR 



Y SOBREVENDRIA LA FALLA PREMATURA. 

BALASTROS ELECTRONICOS. 

COMIENZA A HABER DESARROLLO DE BALASTROS ELECTRONICOS PARA LAMPA 

RAS DE DESCARGA DE ALTA INTENSIDAD, NO HAY TODAVIA MUCHA EVIDEN

CIA DE QUE COMO EN EL CASO DE LAS LAMPARAS FLUORESCENTES, LA OP~ 

RACION A ALTAS FRECUENCIAS PUEDA AUMENTAR LA EFICIENCIA DE LAS 

LAMPARAS H.I.D., SIN EMBARGO, LOS FACTORES DE UTILIZAR POCO ESP~ 

CIO, POCO PESO Y BAJAS PERDIDAS ANIMAN A ALGUNOS FABRICANTES A 

TRABAJAR EN LA BUSQUEDA DE OPCIONES QUE PUEDAN RESULTAR COMPETI

TIVAS Y CONFIABLES EN ESTE CAMPO. 

NORMAS APLICABLES. 

PARA DISE~AR, CONSTRUIR Y PROBAR BALASTROS EN GENERAL PARA LAMPA 

RAS DE DESCARGA GASEOSA EXISTEN NORMAS MUY ESPECIFICAS. EN EL 

CASO DE LOS QUE NOS OCUPAN PARA LAMPARAS DE DESCARGA DE ALTA IN

TENSIDAD EXISTEN LAS NORMAS DE AMERICAN NATIONAL STANDARD INSTI

TUTE ( ANSI ) Y LAS DE UNDER WRITER'S LABORATORIES ( UL ), QUE 

SON LAS QUE SIRVEN COMO BASE PARA LAS HOY DESIGNADAS NORMAS MEXI 

CANAS NMX DE CARACTER VOLUNTARIO. EN ESTAS NORMAS SE PUEDEN EN

CONTRAR LOS REQUERIMIENTOS PARA DISE~AR, CONSTRUIR, PROBAR Y EVA 

· -LUAR- A-LOS BALASTROS; .SE_ DETERMINAN_ 1'1\¡.\BJEN EN ELLAS EL EQUIPO, 

CONDICIONES Y PRECISION NECESARIAS. 

EXISTEN EN MEXICO VARIOS FABRICANTES DE BALASTROS PARA LAMPARAS 

DE DESCARGA EN ALTA INTENSIDAD, LOS CUALES AL CUMPLIR CON LOS R~ 

QUERIMIENTOS DE LAS NORMAS ESTAN A NIVEL COMPETITIVO DE LOS MEJO 

RES DEL MUNDO PORQUE ES PERFECTAMENTE POSIBLE ENCONTRAR EN MEXI

CO PRODUCTOS HECHOS EN MEXICO DE PRIMERA CALIDAD Y A PRECIOS ADE 

CUADOS. 

ELABORO: 

ING. ALFREDO BADILLO TREJO. 

•' 
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I.LUMINACION ORNAMENTAL 

INTRODUCCION: 

. -~-: 
~-

Los efectos visuales. de la luz solar en,-~i-ficios, facha 

das y monumentos, han sido de considerable importancia en el desa-

rrol lo de un proyecto arquitectónico. las relaciones entre volume 

nes, planos y detalles arquitectónicos son estudiadas por losar--

quitectos en relación a la luz cambiante del dra. la luz solar 

varra tanto en dirección como en calidad, dependiendo de la hora 

del dra, temporada y condiciones el imatológicas. 

Durante la noche los efectos dinámicos de la luz del dfa 

no existen, resultando que la identidad de una obra se pierde a 

menudo, o esta resulta un conjunto de ventanas iluminadas. A 

veces otros elementos luminosos, tales como anuncios, alumbra~o 

público, luz de otros edificios se reflejan en elementos no i lu-ni

nados de una construcción. 

Con técnicas modernas de i lumina¿ión, asr co~o con equi

pos adecuados, la situación anterior no debe suceder. De hecho 

con iluminación que pueda ser controlada en dirección, intensidad 

y color, una estructura puede ser ornamentada con luz para desta-

car sus caracterrsticas arquitectónicas, Sus elementos pueden ser 

resaltados o disminuidos, sus detalles pueden ser enfatizados para 

crear diseños y texturas que normalmente no son vistas durante el 

dra o que son dependientes de la posición del sol, 



., 

( 2 ) 

Con el énfasis actual en actividades nocturnas, recreacio 

nales, comerciales o turfsticas, la iluminación ornamental ofrece 

una oportunidad para crear impresiones agradables. 

La iluminación ornamental se aplica tambi-:en los al rede
-.~-· 

dores de los edificios o un grupo de ellos y más importante a~n, a 

áreas completas de una ciudad (Centro Histórico de la Ciudad de 

México, por ejemplo). Se deberán establecer puntos focales por me--

dio de las edificaciones más importantes y las edificaciones secund~ 

rias servirán de gufas a estos puntos. También se pueden acusar pa

trones de circulación y unificar toda un área a traves de su alumbra 

do p~bl ico y ornamental. Una iluminación bien planeada puede ser 

una contribución muy importante al éxito de un proyecto urbano, 

Los exteriores de un edificio y sus alrededores se iluminan 

por dos aspectos, el uti 1 itario y el decorativo. Esta sección se de 

dica ~nicamente al aspecto ornamental de edificios, funetes exhibi-

__ cro.nes,_ jardines 9_ cual~uie~ _as~ecto_ que decore a un edificio. 

FACTORES ECONQ'.11COS. 
·-. -: 

. . . 

Con el ~~~o costo de la energfa eléctrica y la tendencia a 

optimizar su uso, la iluminación ornamental no debe descuidar los 

factores que pueden afectar su diseño, tales como el uso de fuentes 

luminosas y luminarias que sirvan a este propósito de la manera más 

eficiente y económica. Se debe considerar tambien los códigos eléc-

tricos existentes y de una forma muy especial la selección de los 

equipos adecuados ya que la iluminación ornamental o decoritiva re-

quiere la iluminación en dos planos, el vertical en edificios y el 

~~ 
. 1 

1 

1 

1 
' 
1 



( 3 ) 

horizontal en sus alrededores, son descuidar el confort visual 

y la bri 1 lantez que producen los equipos sleccionados, ya que __ 

una mala selecci6n, puede arruonar el efecto deseado. 

La iluminaci6n ornamental es escencialmente un arte, 

más que una ciencia y los cálculos de luminancia o i luminancia 

son necesarios, pero el éxito depende primordial~ente de la 

habi 1 idad del diseñador para manipular relaciones de bri 1 lantez, 

textura, volumen y colores, de tal suerte que la i luminaci6n or

namental ayude a crear el efecto deseado. 

RECOMENDACIONES PARA EL DISE~O 

Para desarrollar un proyecto de iluminaci6n ornamental 

es necesario contar con los siguientes elementos: 

1.- Plano de la zona a iluminar, asf como de sus alrededores. 

2.- Si es posible, tarjetas postales, fotos diapositivas, pers

pectivas tomádas a diferentes ángulos • 
. - _·': .. -

-~, 

3.-
--~--

A 1 tu ras d'é los di fe rentes e 1 ementos (monumentos, ed i f i e i os, 

árboles, caidas de agua etc.) 

4.- Tipo color de los árboles, flores, piedras, estructura, re

lieve del terreno. 

5.- Sentido de circulaci6n (peatonal, vehicular) 
l·· 

f 
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6.- Posibilidades para la instalación de los equ1pos de ilumina 

ción sobre los edificios vecinos, en el piso o sobre postes. 

7.- Tensión de utilización y potencia eléctrica disponible. 

8.- Nivel de iluminancia de las zonas circunvecinas. 

La iluminación ornalmental es un espect~culo que el 

observador puede ver de cerca, o de lejos, o desplaz~ndose. 

Entonces es conveniente estudiar cada caso, según principios di

ferentes, asf mismo hacer en ciertos proye~tos importantes una 

sfntesis de todos estos elementos, teniendo en cuenta el conjun

to de puntos de observación. 

' -: :· . 

·_:~ ~ ·~ 
~· 
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TA 8 LA 1 

ILUMINANCIA PARA ORNAMENTO (NIVELES RECOMENDADOS) 

REFLECTANCIA -~LREDEDORES 
DEL MATERIAL ILUMINADOS 1 OBSCUROS 

O BRILLANTES MATERIALES DEL EDIFICIO 

IURMOL. CLARO, YESO IL.ANCO, ZARPEO 

BLANCO O CREMA, MORTERO O PASTA

CLARA 

CONCRETO O CEMENTO NATURAL., YESO PIN· 

TAOO, SILLAR DE A6UA, TEPETATE O LA· 

ORILLO CLARO VITRIFICADO. 

AICABAOOS DE CEMENTO 6RIS, A6REGAOOS 

DE ARENA OBSCURA, BLOCK DE CONCRETO 

6RIS. 

LADRILLO' ROJO COMUN, PIEDRA CAFE O·· 

GRIS OBSCURO, MADERA ENTINTADA, BLOCK 

DE CONCRETO. GRIS OBSCURO O LADRIU,D 

DE COLOR OBSCURO. 

EN •¡. LUX 

10- as 1 5o 50 

45 -70 200 1 00 

25-45 300 150 

• 
10-20 500 200 

*EN EDIFICIOS O AREAS CON REFLECTANCIAS DE MENOS DE 20"/o, 6ENERALMENTE NO 

PUEDEN SER ILUMINADOS DE UNA FORMA ECONOMICA, A Mli:NOS DE QUE TENGAN UN ALTO 
'-. -· . 

CON TE N IDO DE- Í6 MGADOS ALTAMENTE REFLEJAN TES. 
~-~--
-~-

EN LUGARES DE:·~A LUMINANCIA AMBIENTAL, DOBLAR LOS VALORES DE ESTA TABLA. 
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TABLA 2 

Potencia relativa en base a lámpras incandescentes para 

igual valor visual de luminancia. 

COLOR CLARO AMARILLO NARANJA ROJO VERDE AZUL 

POTENCIA (WATTS): 10-11 10-11 15 25 25 40 

TABLA 3 

BRILLANTEZ RECOMENDADA PARA ELEMENTOS LUMINOSOS (anuncios o 
fachadas) 

., . 

BRILLANTEZ BRILLANTES DEL ELEMENTO LUMINOS02 
DEL DISTRITO FOOTLAM BERTS CANDELAS/m 

--A-lta--- - ---- - - .150. - 350 - . - ---- _5_14_-::_ _!_199 - . - . 

Media 100 - 200 343 - 685 

Baja - • .. --_ 50 - 150 176 - 514 

FORMULAS 

lo. Para obtener la cantidad de luminarias necesario para iluminar 

un área vertical: 

NL = 
~6menes e~ 
"el haz ) x 

AREA x LUX 

Coeficiente de) 
ut i 1 i zac ion de 1 
haz Gactor tota) 

x p~rd idas de 
UZ 

1 

~: 
1 



2o. 
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Para obtener la brillantez promedio mantenida de un elemento 

luminoso: 

. Qumenes totales 
de 1 ámpara . 

B = 

Cantidad 

ras 

Factor total 
perdidas de 
1 U% 

A R E A 

* Para elemento de una cara FU aprox. SO% 

Para elemento de dos caras FU aprox. 70% 

Factor* de 
util izaci6n 
de 1 a 1 u z 

Elemento pequeño montado arriba del campo visual del observador, 

deberá usar los niveles más altos de la Tabla 3 

Elementos de gran tamaño requieren menor brillantes para 1 lamar 

la atenci6n. 

TABLA 4 

. -'9' _': 
~"S"_ 

'*· 

. --... 

N 1 VELES D'E 1 LUM 1 NAC 1 ON QUE SE REC~ 1 ENDAN 

CARTELERAS 

Luminosidad 
Reflectancia del 

Anuncio Br i 11 ante 

Baja 1000 Lux 

Alta 500 Lux 

EN TABLERO Y 

cirdundante 

Obscuro 

so o Lux 

200 lux 

¡ ' 

1 
1 

1 

1 
1 

1 
i 

1 

1 
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Se sugiere recurrir siempre que sea posible, a los proyectores 

perfectamente sellados, con el ffn de evitar que la sociedad 

y los insectos penetren en las lámparas, en sus buses o en los 

reflectores mismos. 

TABLA 5 

LUMENES QUE SE REQUIEREN EN LAS LAMPARAS POR M2 DE LETRERO 

Brillantez de 1 a zona L6menes por M2 

Alta 13,000 

Mediana 8,600 

Baja 4,300 

Estas cantidades se basan en niveles de i luminaci6n de 300, 

200 y 100 bujias-pie, respectivamente mantenidos sobre un fon

do·b-larico. --En el caso·-de fachadas-de-_gran--extensi6n _los valo-:__ 

res podrán reducirse hasta en un 30%. El valor siguiente más 

elevado deberá usarse en el caso de fachadas que 1 leven letre

ros de colo~s-. obscuros. 
~.·. 
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•, 

\ 
) 

TABLA 6 

LUMINANCIAS RECOMENDADAS PARA LOS ANUNCIOS LUMINOSOS 

RANGO DE LUM 1 NANC 1 A 
DEL ANUNCIO 

-

Candelas/ Foot 1 am- AREAS POTENCIALES DE APLICACION 
metro duadrado berts 

70 a 350 20 a 100 Fachadas y anuncios iluminados, 

250 a 500 75 a 150 Anuncios br i 11 antez iluminados -
como en los centros comerciales, 

450 a 700 125 a 200 Are as de baja br i 1 1 ante z, donde -
anuncios son relativamente aisla-
dos, o tienen a·l rededores obscu--
ros. 

700 a 1000 200 a 300 Anuncios comerciales normales, -
' tales como los de identificaci6n 

de estaciones de gasolina, 

1000 a 1400 300 a 400 Alto rango de anunc1os y anunc lOS 
- . ------ -- -- - - - - - - - de gran competencia, -en ·areas 

1400 a 1700 400 a 500 Para control de tráfico de emer-
gencia, donde la comunicaci6n es 

.·.,.... ·-. -· ... crftica _.,.-_ ': -. 
-o..-= 
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FRENTES O FACHADAS DE EDIFICIOS LUMINOSOS 

El mismo principio básico para el diseño de elementos lumino

sos se aplican en general para iluminar porciones frontales de edl 

ficios. Sin embargo las iluminancias necesarias no deben diseñar

se mayores a 350 candelas por metro cuadrado (100 footlambert) de 

luminancia superficial. 

En un área de bajo nivel de iluminaci6n ambiental, 85 candelas 

por metro cuadrado (25 footlambert) de luminancia superficial será 

.adecuada. 

..·-.:-_ -·. 

-.··-· -.-.''•' 

' 
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THE FLOODLIGHTING 
OF BUILDINGS 

lntroducUon 
Tt>erl il no Ooubl lh&l floodhghllng 1 buoldong il one of thl 

most spe~ul&r '"'''"'"""'' on loghtong •ng•nl&rll">g. A 
floodhl buoldong 11 1 IOC:II poo~ on ;o lo,..n. wft1n ot 11 d1rlo. 
ond c:olourl "' bl.,tr&d 
fOtrn~rly ol wl!l mollly b\lddongs of h11touc: on\11111 lhll 

"""'' IJoodlot 
rJOC>dloghlon.g ... lheo;e old buoldongs. """''" olten boas! •<h. 
orn;u• ls~"""' an.d boroutolul ••chohK:ture. 11 111•11 v1ry 
~!ltt-CII\10 S .. ch ,..gnderful H."luht Cln bol llcl"'""'"d lhat Ohln 
lhete buoldongs aror re .. wo::51ed on lhos w•t w•lh •om.- ot !ha" 
torn'llr glory. 

In addoiiOll lO beong Ulcd for llllhoJioC purp0111. IIOOd· . 
loghtong no.o..adayl CoJn be '""ply lvnctoonal 
Tt111 11 especo,¡lly l<ul ol ondullnll 1nd comrnerC:oll buold•ngs 
...tocr1 floodhghtong •• used lor edv&rlos•ng snd Sllcuroly 
11110111 In groner&l. llooCII•ghhng of ondullroll lnd comn>ercu.l 
buddongs un be ll.d 10 h&w1 1 thflllold putpou· 

• As • r .... llw•lr 6n .. p•nslv• mllfll of sd~1r1l•lng 
A buokhng ..,n...;h 11 mght would othe""''" bol curnpletely 
onvo11bll Ot in<:onspoc::uous. woll umnedoately IIIIKI 
11111n1oon when 11 os Uoodht. 
lf lhl nofi"ICI of tt.. loron 01 Do& ltad• m••k '' lloodhl on 
11M lat;lldl. ad~llllsong •• possbly <nadl! '"'" mo11 
elleclove. 

• Pfii!Jgl. 
In many ~•••• lho 1111011 101 wantlng 1 bu•ldong lo t.. 
11 lpectacular as pouobl& '' 1ha1 '' •• ullucal ot nohonal 
ornponanc:e or has p., \lcullr lrclullctuoal qualol>el 
Allet IUI\111. lloodlogh1111g •• ~onsequenlly .,. lllechvl 
......... of otn.pll .. lfiQ \111110<1. 

• lnc11aaad llturlly around blllldlngs. 
Nowadlyl 11 •• \lnlonunataty n&~eulry lo 1ak1 elabo;otlll 
preca .. tiOnl In ordet 10 prev&nl dlegal anlry. lhlft or 
wdlul daatr.,ctoon ollactoty 1nd ott..t ondullnal bullchngs. 
Floodhghtll"lg In lhe ar111 aoound buoldongl 1nabl11 noghl 
watc:hm&n and poloc:1 10 h1v1 1 ct•ar .,.,..,. ol lt.. sc1ne. 

,,... dollllfltll u111 10 whiCh floodhghl 11 pul. whothll" t111y 
aoa pt......,•ly AlllhiiiC or puoaly lun(:toonal 10 ach11~1 

commerc~l 1nd1. d011 no! a1111 the lacl !hst th• Quahly ol 
,.,. 1nd product ,.....,Id boo " h.gh " poaaobl• [v•n • 
modern oll.c1 block woth 1 b111 frontage can ba msd1 
atttiCINI by maans ol aM•f•co•lloghhnQ. Howava•. ot mull boo 
saod 1t..1 . ....,are .. ., the reAIOll, ot 11 balllr 10 1h1nd011 thl 
odea ol 1 lloodhghl onslaliOJioon than 10 be lll•sloed w.th 1 
m1d10er1 retull 

, .. J ........... ·-· -~ ................... , .............. . 

..... ....... ········ .. ·~··· ~-····~· ~····· ... ..... . .. . o .. ofto .... 1M .... 0<w '·<••o o o• l•o 0 '""••O"o 0 .o.• •O Po" . ...... -. "· .............. ~ ..... " 
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SELECHON Of THE LEVEL OF lllUMINATION 
fhe loghhng lev.l nnded on 1 il(lde 10 eltrcl 1 c•r11•n 
bughlf\IU conti1sr drPI!'nd1 upon luth lxto•t ., lhe 
rl'llechon IIC'IOf ollht ~url;x:e buoldong m:.lrro:.l_ lht locJhon 
of th1 buoldong in rel•l•on lo 111 auHound•ngs. lhf!' ge11eral 
broghlnen ol lhese surroundongs 11nd !he domtn~oons el th0 
bu•ld"'9 The t.tlle ~low pruenls ~ome •e•;omm~rd 
ollumono1hon loevtll lru YlltOOUI suri.:KO! b•uldtnq m:.lrnats 
used on bu•khngs m etlhef poorly hl. well lo! or b"gh!ly 1.1 
...,nounchngs. 

lllumonatoon'" lu• 

Type ol•urf.e:e St1te poorly hl we-11 lo! broghlly lo! 
IUHOUA· .. lltrOUA· IU"OUA• 

dlftQI d•"IJI dongs 

Whole merble lelrly c:lesn " .. "" l"')hl C:O"<:rele feorly cleen .. ""' 200 
lmoteloon 
conu .. le peonl le;rly cleen 100 2SO ... 
Wh•lt b<oc:k · lelrty cleen ,. •• .. 
Velrow broc:k feirty c..,.,. .. ""' 200 
WhtiO' g•enole feorlyc:le...,·tso lOO 600 
COf'lcrete Of 

de<k ston• f111ly cleen " 
,,. 

""' Red bfltk fa~<ly c:leen 75 ,,. 
"" Conc:rell .,...., dor1yj 

'"''1"""'' at teast 150. JOO Red buck d•rly 1 

Melhode of c:elculelion 

fhere are ""'O pontble w;oys ol c:a:culet•"9 !he types and 
numbers of floodlo'iJI'II .,.....sed 10 ac:h•O'YI thc desored ~lumiA· 
ahon, !he!.,,....,. ,....lhod and !hO' lumonous IAIO!'"•''Y ~lhod 
For a '''9" II(HO' !hO' lumen mO'tl>orl shnuld tW' us-...:1 lh•s 
11 bas•d upon e certa•n , .. .,ag• lumonous O'llo<:oenc:y For 
t..gh end s"'ell ob,..cts. c:hu<ch ••••P'"'· ch-ys. •te. 11>o 
lumonous .,,..,,oty me!hod should ~ used lh>S •• bn~d o-. 

· '"" '""''nou1 -.tensoty ritd•ehon tn a ceotaon dorechon 

Lumen methocl 

As !he ,..,.... wggestl. th s rnf'lhod c:o,.sosts '" c:~lcul;,hng 
!he ftumber ollumcns to be dorO'CIO'o.l on lO o f.Jc:a<lc on o•dcr 
lo obtl•n 1 ccrteon ,tlumon,.t•on IO'vO'I 
The number of lul'flens can bO' ulcul,.tlrd by '"""'"' ol lhe 
ror ..... te 

.,. FaE .. ., 
wt.erO' •1•. os !he !Oial nurrobO'• ol ¡,.,..p.!u~ns 1,. ¡h., 10131 

l~ono<ll flua producO'd by aU lemps. 
f 1! the surface ol !he ta,adc lo l»e ollu,..•n:ll~d on .... 

... '"' -... ~·~·-
r ' . [ 'OJ 

G --, 

• ' 

·., 

''. 
11 lhf' de~or~d ''""'',_,¡,on '" lu• on tho11 l.1c.lrl• 

'"' 11 ol fo1Uno ... hoct• ~ ..... •ni O IICCOUN lh'! •II•C""'C f 
of !he lo!!onq 11"11 lhO' logl'>t 'ouo:o .. !'""''"Oulo 
elfocopncy) 

The p•esence o! 1 ul•hzal•on 1-:to• "' '""' forfftUte '"do<:at,.~ 
thll no! al! the lamp lum~,.., CDrolfobu!e lo !he '"'"."""''0" 
leve! on the fa~ede The lu"'- p<oduced by lhl! '''""'~ "'" 
concentrated by rf'flec\of!. ,,. -"<h po-oc:e-ts IQI'Af' '"~' •• ,., . 
YOIVf'd 11 !he onotoal output ·~ •CD1; 1- "'-"'" «)lo 1S"~ 
a•e P•Oif'CIO'd thrOuqh the ~~~ eQU•O_,.. and •o 111 :'5 ~·, 
••• loll '" the l•ll•nq '"'"'' ~h ,,..e.,ellKI•on '" :"'" 
rf'fleclor <Jnd absorptoon by ·- o•rts ol the f·"onq 
Alter !he lloodloghl hu b- '" OPe•et"Gn for so"" 1•"" 
• lurt""'" pereenll')ll o! the ...,, nul'f'lbe-r ol le"'' tu_,.,. 
.. los! be-ceuse ol the dec•or- '" luomo-.s llua du~ lo !1-10 
ageong ol the lamp end d..c ..,oc" colledt Of'l ,.._ lamo 

enc:t ''""'' 
f,.,.lly e pe•c•""lil" of "'• kos..s '' ec:c:ounred lot by 
wesled 1091>1. lh.at., hghl not ~nito lhe bu•ld•M} t.o.c.-..:110 
In p<ICtoee f!A a .. erege utoh.- faclor ,..,.1,ng b•t .. ,.,.,. 
O 25 •nd O 35 may b• re<;t..oooo.d ....,lh. Us-.g lh•s loqur'! '" 
rt... fOI'IIIUie 9'"'" ebo .... ""- !Dial ..,,_,, llu• ~d'!d 
•t. etn be Clleuleted Onc:• .._ 10111 -bH ol lu,...,., '' 
hnowft. the """'ber of lo!lontJ!I N) "~ded CiJA ~ r::o•-:•ol¡o•~-t 

by doYOdoftg !ll•s emounl by ¡,_ numbet ol ,_,, '""""'!Id 
pet loUong · 

N.+tOisl 
•lollllonq 

No1c 11 fot\ongs "'' eou•PIII"f _,., '"'o ta ... r:~ ·1· •·••·~<l ·• 
t .. o(CI •1• lmmn 

A more ecc:uraiO' d"lermonat·~ ol "'"' <eQU•<f'd ,.,,.,.,~o-,• l•u• 
CAII• lor more r•len\ove atoe! =---ct•c.•:"d ~·•'n,h•·~.,, 1•·"\" 
ltl"e l":llftted Oto! ht COMOYII1" -~ """ ,~,~ r' """'""'""·~ •!'' 1 

on lhei•U•"V' us,.d. 

Luminout lnt•nsity melhod 

In thos method '"'"' l!artong - os !ht! ..,,..,..oo,-. ... ,.,.e,•! 
on c:andel•. todo.ued by e loqht -•tee ,,.. 11 ~~o~•t•c·~'·" r..,,.~ • ..,.. 
Thos lum.,ous "''""'''"~" m'ay ::. df'r..,.ed ¡,.,_ '"'" •,...,,~~· 
'"ltA$ofy d•Mt•"m o• l•om a..,_.. Thos dll.:t C:>" ,,,.,,··~ "" 

lound on lht~ nporrm"•"~ r.11J'..-;Jf' ••"d bfor:...,••~ \ 
fhe calc:ul•hon os n•.:Jde ""''"- tor,....ta (f"•qs f,.l 1"1! (j~. • ,_ • • SoftJ" • COl'' ltod !<; e • l•• o 
where E is lhe Yf'rhc~t ollum,.._,..,.., 1~10 tacad'! . 

1 i1 lh<' lumonout ont~ 11 !'""! a"'I'O' •• 

•• l\ 

h os th<' hO'·ghl oflh'! ~ •hov" ,.,,. ,.,.., .. ,O" "'"·c"' 

lht: ''"'"9' .... ~- ;>nd 
1s 1~e .111q1o al """"..-:- l"'e l·<lhl b••.., •. , .. ~,., ,,.., 

norml!l on !he pi~ to b<: ,......,..,;tt,.tt 

[,!. ,·.,l.,'"'"' .r.l 
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Foreword 
Thís loreword ís not part ol American Natíonal Stan
_dard AN$11/E$ RP-22-1987.) 

In September, 1970, the llluminating Engineering Soci
ety published the repon "Lighting of 1\mnels." Since 
that time much e:t::perience has been gained as many tun· 
neis have been lighted or relighted throughout the world. 
In addition. research has been conducted with regard to 
objects of focus, field of view and the eye adaptation 
process as a motorist approaches the entr.mce to a tun
nel. The speed at which the eye adapts to rapid changes 
in luminance has al!io been investigated. 

This Standard renects the stare-oJ.the-art in tunnel 
lighting and presents recommendations aimed at aiding 
the motorist in traveling safely through a tunnel. Sugges
tions for improvement of this standard will be welcome. 
They should be sent to the Technical Director, llluminat
irJg Engineering Sociery of North America, 345 East 
47th Street, New York, NY 10017. 

The Subcommittee on Thnnels and Underpasses of the 
lES Roadway Lighting Committee, which has been 
primarily responsible for this revision, acknowledges the 
material contributions of the technical commiuees of the 
llluminating Engineeri.ng Society in providing suggested 
informJtion pertinent to their specialized activities. The 
members of the Subcommittee and Committee are listed 
on rhe preceeding page. 

1. lntroduction 

This Standard Practice has the goal of providing infor
mation that will assist in detennining lighting needs. pro
vide solutions. and evaluare resulting visibility within 
vchicular roadway tunnels. Pedestrian :md other non
vehicular tunnels are ñot addressed. This Practice is in
tended for use by engineers. consultants, technicians, 
aml administrators charged with the responsibility of pro
viding a s::~.fe environment within a tunnel - day and night. 

1t is not possible to provide one set of specific recom
rnendations because of the variety of tunnels. Severa! 
methods used throughout the world in rtcent years have 
been made known to planners in North Arnerica. result
ing in marked changes in the application of tunnel light
ing. No longer is one system considered the best and 
only solution to the lighting of the many differenl types 
of tunnels. 

Good visibility is the goal. The deo;ign must consider 
the lunnel and adjacent areas as well. Many factors con
tribute to. or detraer from. visibility; therefore, it is im
ponanr that all these factors be identified and their spe
cific imponance detennined for ca~.:h runnel. lñese fac
lors induc.le: 

:..: .-sg}IW 

............................................. 

4. t\tmospheric and environmental conditions. 
5. Characteristics of vehicular traffic opcrations. 
6. Orientation uf tunnel with respect to sun and sky. 

These factors and how they relate to each other are dis
cussed in this document. lnfonnation is prescnted rela
tive to visibility needs in both the approaches to the tun

' nel and the tunnel irself. lncluded are tunnels and under· 
passes (long or short), lighting at night as well as day
time, treatment of interior and exterior suñaces. electri
cal systems. lighting equipment, maintenance, and adja
cent roadway lighting approach systems. 

2. Physlcal Characteristlcs 

2.1 Dellnillon ola 1\.tnnel. A tunnel may be defined as 
any enclosure over a roadway that resLricts the normal il
lumination of the roadway by daylight. thus requiring an 
evaluation of the need for supplemental lighting so that 
adequate visibiliry can be provided for the motorist. This 
enclosure may be created either by boring through 
natural rnatcríals - such as earth and rack - or by con
struction with materials such as steel and concrete. 

For clarity, the terms shown under Fig. 1 will be used 
in this discussion. 

2.2 Classilicallon. A tunnel may be classified into two 
categories as either a short tunnel or a long tunnel, de
pending upon length. 

2.2.1 Short Tunnel. A tunnel having an o,·erall 
length from portal to portal along the centerline which is 
equal to, or Jess than, the Safe Stopping Sight Distance 
(SSSD) appropriate to the speed of traffic entering the 
tunnel (seeTable 1). 

2.2.2 Long Tunnel. A tunnel with an overall length 
greater !han the SSSD. 

2.3 Vlslblllly Opllmlzallon ol the Tunnel and lis 
Approach Features. The critica! task facing tl1e driver 
approaching rhe tunnel entrance ponal during the day
time is to oven:ome the block /rok tffect created by the 
high ratio of externa! to interna! luminance. In addition 
to the design of a lighting system to increase luminance 
inside the tunnel, it is importan! that the physical design 
of the tunnel approach structure and its envlrons give 
due consideration to design features that will assist lhe 
lighting system in reducing the high extemalluminance 
ratio. Often these physical features, favorable to lighting 
needs, add little or nothing to tunncl structure costs. and 
can be incorporated into new or existing lunnels. · 

The factors outlined in the foiJowing pmgraphs con
tribute to improved tunnel visibility and should be fully 
explored as a prerequi<ite to the development of supple
mentary daytime tunnellighting design. 

l. Ch>rleteristics of the roadway approaches. 2.3.1 Reductlon ol Amblent Daytlme Lurnl· 
2. Characteristics of the tunnel roadway, walls, and nances. Thnnel portals, adjacent walls, approach pave-

ceiling. ment, and othcr extemal featurn· in the motorists' ficld 
l. Characteristics of the area surrounding lhe tunnel of view, should ~ darkened to an extent that will reduce 

portal. .S the high ratio of extemal to intemal luminance. The use 
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-------L------------------------------1 
APPROACH THRESHOLO ZONE TAANSITION ZONE INTERIOR ZONE 

-------~----------------------------{ 
PORTAL 

1 

Figure 1. Descriptiva terma assoclated wlth tunnelllghtlng. 
Approach: the externa! roadwey area leadlng to the tunnel. 
Portal: the plana of entrenca lnto the tunnel. 
Threshofd zona: tha area where a transltlon ls mada from the hlgh llghtlng leve! 

lo the threshold of tha lower llghtlng leve! of the Interior. 
Inferior Zona: tha lnnermost part of the tunnel where the lowest level of llghtlng 

ls provlded. 
(Nole: Lengths of zonas wlll vary wlth the deslgn parameters.) 

of surface treatrnents. admixrures, overlays, vegetation, 
or other methods that result in low reflectance, 
nom:pecular surfaces are recommended. 

The darkening of these extemal surfaccs reduces the 
luminance leve) to which the eye is adapted prior to en
tering the tunnel, thus shonening the time to adapt to the 
lower lumin<1nces within the tunnel. 

Thnnels having a predominant sky background im
mediatcly above their entrance ponals should be re
viewed for the possibility of using planL•, screens, or 
panels to increase the size of the darkened are a above the 
ponals. 

2.3.2 Approach and Portal Oeslgn Factors. The 
arnount and extent of daylight penetration into the tunnel 
entrance is largely dependant upon the orientation of the 

- -tunnel with.respect to the sun'spathin the sky.Sipce the_ 
orientation of a tunnel is generally dictated by criteria 
other than illumination considerations, the tunnel light· 
ing systems must be able to accommodate the entrance 
orientation conditions. 

The use of incre3sed tunnel entrance height and up· 
sweep ceilings in the portal entrance areas may result in 

Table 1-Safe Stopplng Slght Dlstance• 

Minimvm Sale Stoppino 
Tratfic: SO'l'ed S1QM Oistance (SSSO)t 

K110meters per Hour M1l2s ~~ Hour Meters Feet 

46 30 60 200 
64 40 90 300 
BO 50 140 450 
BB 55 165 540 
96 60 200 650 

104 65 220 720 

•Based on 1\l~ucan Associat10n al Slate Htghway and Transpor· 
latre.' Olficials (AASHTO) rrcomrnonctat~. SH A Pohcy on Geomett.oc 
DeSIQn ol IIHJh••rs and Str~t!. 19&4. AASMTO .... u N. CaPttol Street: 
N.W. Cet~~tol Slreet. Sude 225. Washington. OC 20001. 
t As:!aJmes avet'-oe pr~ng ~in a Sraigt« *1d ~ b.rnel appra.:h 
roadway .,., 111, or ne•. the ~X>Sed speed 11m11 o1 the laelbfy. ror Olhet 
georn.tnc: c::onQbons, rwflllf 10 !he AASHfO Slandaf'd u r•erenced. 

increasing the length and amount of daylight penetra
tion. thus reducing the lighting required. The upsw..,p 
ceiling may, however. result in increased tunnel structure 
costs. 

Properly designed screens or louvérs placed over tun
nel entrance roadways at. and in advance of, the entr· 
<mee portal have been used to progressively reduce am· 
bient brightness to lower levels commensurate with tun· 
nel entrance portal conditions. 

Although this technique can reduce the required leve! 
of líghring in the tunnel, thus saving electrical energy, 
sun screens now in use have been difficult to maintain 
due to dirt accumulation. pcrmanent depreciation of n:· 
flective and light transmining propenies, and snow and 
ice accumulation on the screen and roadway. The high in· 

_ _ itial costs of such systems coupled with high mainte
nance -cOsis -have preclUdCd theirextensive-application in-· 
Nonh America. 

2.3.3 Vlslblllty Optlmlzation of Tunnel lnteriors. 
To effectively use daylight and supplemental electric 
lighting, il is recommended that wall surfaces be of an 
casily maintained, highly reflective, nonspecular finish 
having a reflectance of at least 50 percent initially. 

In tunnels where ceiling surface reflectance wíll con· 
tribute to the utilization of the lighting system, such as 
those with curved (barre!) ceilings, these surfaces should 
receive similar treatment. Interior walls having vertical 
surface relief. to reduce traffic noise, will result in 
higher wallluminance. 

In lunnels having curved roadways or tunnels having 
curved approach roadways, development of high wall 
luminance is of g~at valuc in meeting visibility needs. 
Relatively narrow tunnels where the width·to·height 
ratios are approximately three or less will normally de
velop good tunnel visibility as a result of reflected light 
from highly reflective walls. Thnnels having greater 
width-to-height ntios will nonnally require supplemc:n
tallighting of the roadway surface. 

In entranee ponal areas. sunlight penetntion can be 
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imrroved by use of wall, ceiling, and roadway surface 
te:<.ture control. The u.'ie of vertical wall corrugations. 
coarse finished pavements, or other treatments that pro
du'e surface relief will increase the retro-renection of 
light emering the portal over that of smooth surfaces. 

2.3.4 l}tpes of Pavement Surlaces. The u« of 
dark finish material on the approach road surface ro the 
tunncl penal, and light finish material on the mad sur
face inside the portal. for a distance at least equal to the 
safe stopping distance, will reduce the externa! to inter
na! luminance difference. HO\\·ever, the designer must 
recognize the probability of future resurfacing with other 
than light finish material. 

3. Lighting Design Considerations 

3.1 General. Thnnel lighting design considerations con· 
sist of the following: 

l. Vol u me of speed of traffic. 
2. E~temal luminance. 
3. Thnnel clílssification. 
4. Thnnel luminances during both daytime and night· 

time conditions. 
5. Lighting and electrical equipment. 
6. Flicker effect. 
Refer to Appendix A for design computational methods. 

3.2 Volume and Speed o! TraHic. Thnnels with high 
traffic vol u me and tunnels with high speed traffic require 
higher luminance le veis than tunnels with lower volume 
and slower traffic. High luminance levels aid the 
motorist in performing the mOte difficult driving tasks. 
High volume traffic increases the probability of having 
to stop quickly or take evasive action. Higher spteds re
duce the time available for eye adaptation and reaction ro 
driving difficulties. 

3.3 Externa! Lumlnance. E.<t<rnal luminance must be 
considered because one"s eyes are adapted to the exterior 
brightness level prior to entering the tunnel. Since an ap
proaching motorist will be looking at the tunnel entr· 
ance. the luminance characteristics of the panal area and 
tht;: surrounding visual scene must be considered. Figure 
2 lim the various factors that will rroduce the highc:st 
to the lowest tunnel externa! luminance. 

3.4 Tunnel Classlflcallon. Short tunnels, with a 
length of Jess than the SSSD having straight. relatively 
leve! approach alignment and a ~traight and levellunnel 
roadway may have adequate visibility without s~pple
mental dayrime lighting. In these cases, visibility is pnr 
vided by neg:ative contras! silhoueue, with high lumi
nance values provkled by the e.üt portal. 

In tunnels with curved roadway~. where the exit ponal 
is nrn visible, supplemenral ligluing: may be rt"quired. 
These $hort tunnels should have a single lighting zone 
equal to the thres.hold zone luminance taken fmm Table 
2. Long tunnels rcquin: several zones of lighting. 

............................................. 

Llghflng 0../gn 

3.5 Tunnel Lumlnances 
3.5.1 Threshold Zone. Daytime túnnel luminance 

in the threshold zone must be relatively high to provide 
visibility during eye adaptation as the motorist enters the 
tunnel. Sclect the appropriate threshold zone luminance 
from Table 2. As indicatcd, the n:quired luminance is de· 
pendant u pon both the characteristics of the tunnel. and 
the traffic speed and volume in the tunnel. Length of the 
threshold zone lighting should be 15 meters less than 
SSSD (SSSD • 15 metersl. At approximately 15 meters 
befare the portal, the tunÍ1el dominates the visual scene. 
SSSD can be detennined from Table l. 

3.5.2 Interior Zone. Daytime lighting in the interior 
of a long tunnel can be reduced since the motorisfs eyes 
will have adapted to the lower luminance of thc: threshold 
zone. Luminance of the tunnel interior zone should be a 
minimum of ftve candelas per square meter with a un
ifonnity not exceeding 3 to l. averJge -to minimum. 

3.5.3 Transitlon Zone. Daytime luminance in the 
transition zone should t"per from the threshold zone 
luminance to the interior zone luminance over a length 
equal ·to SSSD. Transition zone lighting can be ac
complished in various ways: greater spacing between 
luminaires, fewer lamps per luminaire in the case of 
fluorescent, lower wattage lamps. or combinations of the 
above. 

The number of selections within the transition zone 
using different lighting arrangements should be such that 
a relatively even transition will occur. 

Luminance may be reduced in 'teps of equal length. 
l11e first step should be greater than or equal to one-quar
ter of the threshold zone luminance. The last step should 
be less than or equal to two times the interior zone lumi
nance. lmmediate steps should be greater than or equal 
to one:-third of the pn:ceding zone. Figure 3 shows an 
example: of tunnel luminance levels in the transition 
zone. 

3.5.4 Nlghttlme. During nighnime the motorist"s 
eyes are adapted to the: low exterior luminance; there4 

HIQHEST EJ:TERNAL LUU:INAHCE 

lO 

• El:>t·wesl tunnet or~entcition_ RisinQ or se'!· 
tmg sun hinders dete<:l101'1 ol runner 
entran::e. 

• No obfl!CI above the hofizon. such M may 
be encoun1ered ata 11ver !Ullnel entrance 
8nQhl slly ercompasses most el !he 'llisual 
lield. 

• Very llgN eolor surround1ng!l. Sno"' 
covered mountain stopes. Smal and ~y 
hQhl c«wed buddrngs 

• 8etow grade. deptessed tunnel enlr...-.:es. 
• Nol'lti/SOJ!h tunnef onentahon 
• Gradual sioPM. ~eta!lon <:D~tered year· 

<ovnd 
• Many tal. d.1tk eolorcd hu11ding'J Slt'II'P. 

cJark mountarnous SIOP~ 1~ snow 
CO<JE!fedf 

• Artilo<:1311 measUfe tal!. en to rt'duce edenor 
bMlltr-.ess such as Slde banlo.s Of sun-

LOWUT EXTlRHAl LUMINANCf, 

Figure 2. Factoro aflactlng tunnel external lumlnanca. 

j 
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Table 2-Recommended Malntalned Threshold Zone Average Pavement Lumlnance Values 
or Tunnel Roadways 

Trai1S; V2!um!:: AAQl• 
TralftC Seeed 

<25.000 25-89,999 90-150.000 
Kilomelers Miles 

>150.000 

Cl'\ar3Cierislics of Tunnel per Hour per Hour Candelas per Scluare Metert 

Mountain tunnels. gradual stopes where :t81 50 210 250 290 3JO 
snow can accumulale or river tunnels 61-80 38-49 180 220 260 300 
with lew surrounding buildings. .s60 37 140 185 230 270 
Eastlwe'SI tunnel orientahon. 

Mountain tunne!S with steep. dark slopes :t81 50 145 175 205 235 
or climate cor'lditions where snow can- 61-80 38-49 130 160 190 220 
nOf accumulate. Por1al surroundings :;60 37 105 140 170 200 
have medium brightness year round. 

Concealed portats, dark surfaces, or :t81 50 80 100 115 130 
buildings surrounding entrance. Ar· 61-80 38-49 70 90 105 120 
tificial measures taken to reduce ex· :;60 37 60 80 95 110 
terior brightnesses. Northlsouth 
orientation. 

·Average Annual Daify TraHic in both directions. 
tFor approximate values in candelas per square foot, mul!iply by O. 1. 

33 

16 

13 

a: 9 
"' .... 
"' "' 

o 

5 

2 

9 

~ 66 

:l g_ 

THRESHOLO ZONE (330 CO/M1) 

TRANSifiON ZONE 

83 CO/M1 (~ 1/4 X THRESHOLO)-

- . - ----- -- . - . ---- -

'. 

a: ------ -:----

Figura 3. Example ol tunnel llghtlng: pol'
tal wllh very brlght eurroundlnga (hlgh ex· 
ternallumlnance); traille apead 99 kllome
ters per hour; and Average Annual Dally 
11-alllc (AADT) In both dlractlona la graater 
than 150,000. Requlrad thraahold zona 
lumlnance lrom Tabla 2 la 330 candelas 
per aquara meter. Sale Stopplng Slght Ola· 
lance (SSSD) lrom 'TIIble 1 la 185 melera. 

"' .. 
"' 3 

7 

• 
1 

:l 3 
\U 29. 
~ 26 . 
~ 23. 

~ 19.8 

"' ~ 16. 5 

~ i 13.2 

3 
9. 9 

6. 6 

3.3 

28 CO/M1 (1/3 X PRECEEDING) 

10 CO!M1 (s Z X INTERI OR) 

INTERIOR ZONE 
~ CD/Mz 

O 60 IZO 180 240 300 360 

r•• _.:Sc::S;::SD;,--:,15::'M"--••t••---,:;SSé;S;,:D:,-----<• .. It+• _OISTAHCE VARIES 
(I~OMJ (16~) WITH TUHNEL. 

LENGTH 
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fore. a nighttime luminance of 2.5 candelas per square 
meter minimum is recommended for the entire length of 
the runnel. 

.3.5.5 Unlformity Rallos. Uniformity ratios within 
the IUnnel zones should be the same as those used for 
gener.~l roadway lighting. See Appendi.< B. 

3.5.6 Malntenance Conslderatlons. The recom
mended luminance values in Table 2 represen! the lowest 
in-service values that should be allowed throughout the 
operating life of the system; therefore, rhe initial lumi· 
nance figures in the tunnel, when the líghting system is 
initially tumed on, may have to be higher ro compensare 
for Lamp Lumen Depn:ciation (LLD). Luminain: Dirt 
Depreciation (LDD), and tunnel surface n:Oectance 
depreciation. 

Lamp fumen depn:ciation will depend upon the lamp 
used, and depreciation factors are available from lamp 
manufacturers. Luminaire dirt depreciation will depend 
upon the Juminaire construction and the luminaire clean
ing cycle. lf the luminaires are well sealed and the Jenses 
are washed fn:quently, the light loss, dueto dirt accumu· 
lation, ~ay be moderate. lf maintenance and lamp re
placement are n:placement schedules an: poor, the Jight 
loss will be severe. The reflectance deterioration of thc: 
lunnel surfaces will depend on the fn:quency and 
Lhoroughness of the cleaning of these surfaces. 

When the three depreciation factors (LLD. LDD. and 
tunnel surface reflectance depreciation) are taken into ac
count, the resultant light loss factor may be in the range 
of 0.25 to 0.60. Befon: the finallighting system is cho· 
sen, it is good practice to do a detailed cost analysis 
comparing the estimated initial installation costs, plus 
electrical energy costs using various schedules of routine 
n_1aintennnce (changing of lamps, cleaning of luminain:s 
aild cleaning of ttinnel surfaces). A decision on the linal 
system may then be made ba~d on the lighting system 
design and maintenartce schedule that offers the gn:atest 
economy. 

3.6 llghtlng and Electrical Equlpment 
3.6.1 Llght Sources. Fluon:scent, High lntensity 

Discharge (HID), and Low Pressun: Sodium (LPS) are 
the light sonrces used almost exclusively for tunnellight· 
ing installarions. lncandescent lamps are seldom used in 
new installations because of their lower eflicacy and 
shoner life. 

The following factors affect the selection of a Jight 
source for tunnellighting: 

l. Eflicacy. 
2. Color rendition ami its effect on signs and 

traflic signals. 
3. Wauages or Jumen outputs available. 
4. Life. 
S. Lamp lumen depreciation. 
6. Ambient temperatures·. 
7. Co". 
8. Re~trike time. 
9. i\bility to control the light distribution. 

10. Dimming capability. 

....•........................ -............... . 

11. Physical size. 
12. Physical durability. 

Different light sourtes have various at.lvantages anú dis
advantages. 

3.6.2 Lumlnalres. Thnnel lighting luminain:' must 
be ruggedly constructed to withstand the harsh environ· 
ment found in mosl tunnels. Vibration, air turbulence 
caused by vehicles. exhaust fumes. road dirt, salt, and 
the pcriodic washing of tunnels with industrial deter
gents and high pressure jet spray equipment are sorne of 
the conditions to which luminaires are exposed. 

The following are factors that inust be evaluated in the 
design, selection, instaJlation, and testing of tunnellighl
ing equipment: 

l. Prevention of vapor, dust and water jet spray from 
entering into the luminaires. 

2. Ea'e of cleaning, n:larnping and replacement of parts. 
3. Resistance lo conusion. 
4. Physical strength sufficient to pn:vent warping, 

twisting, or deforming during installation, use and 
servicing. 

5. Highest and Jowest ambient oper.tting temperatun: 
within the lunnel. 

6. ExcC:ssive glare from the luminaire. 
3.6.3 Electrlc Power Control and Switchlng. 

Power suppiy for tunnel lighting must he reliable. Eren 
a momentary loss of power cannot be tolerated, since it 
can lead to serious accidents as people are plunged into 
complete darkness. Safety can be greatly improved by 
providing power fron1 two separare o;ources to the entíre 
tunnel lighling system with transfer devices that au
tomatically switch from one powei' source lo lhe other in 
the event of a power failun:. Consider.ttion should be 
given to the installation of an emergency power supply 
to luininain:s providing at least one-fifth of the design 
nighttime lighting leve!. 

Thnnel lighting requin:ments may vary during daily 
operation as a reSult of externa! luminances varying with 
weather or position of the sun. lnstallations may be pro· 
vided with luminaires that can be switched and/or dim~ 
med automatically with changes in the outdoor lumi
Ílance or wilh changes in the effeclive light output of the 
luminai~s. 1\Jnnel systems may also have a manried con~ 
troJ room with closed circUir television surveillahce that 
allows monitoring of tunnel conditions and provides 
manual overridc of the automatic operations. 

3. 7 Flicker EHect. In the interior of a lighted tunnel 
where luminai~s or thtir renecled imag~ are in full or 
partía! view of the vebicle occupants, the stroboscopic 
effect of passing closely spaced light sources may pro-
duce undesirable behavioral sensations. Thc nicker ef
fect depends upon the candlepower intensity of the 
source reaching the observers" eyes, the location of the 
source in the motorists" viewing fiel<..l, and the frequency 
or rate at which successive light sources apptar to be 
moving. Figure 4 illuslrales the range of lumin:~ire cy· 
eles per second that m most likely to produce these un
desirable Oicker effects. The designer should avoid 



............................................. 

CUculatlonl 

LUMINAIRE CYCLES PER SECONO 

Figure 4. Flicker effect 22 

luminaire spacings within the annoyance range shown (5 
to 10 cycles per second). 

Appendlx A - Computational Methods 
(This Appendix is not part of American National 
Standard ANSI/lES RP-22·1987.) 
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tablished for the particular road system. In the case of · 
wall-mounted luminaires. the pre.~nce of escape 
sidewalks or curbs are helpful to protect tite luminaires 
from damage. 

A2 Calcutallon Procedure 

A2.1 General. Befare the design c*ulations are 
started. the following should be determined: 

l. Illuminances required in the thresbold zone, transi
tion zone and the tunnel interior. See Table 2. 

2. Acceptable uniformity ratios. See paragraph 3.5.5. 
3. Light sources and lamp sizes to be used. See 

paragraph 3.6.1. · 
4. Luminaire types and photometric characteristics. 
Actual design calculations can be conveniently executed 

with tite aid of a cornputer. 1l1e following calculation 
example is provided for titose who do not have access to a 
suitable computer program. 

A2.2 Deslgn Data (Examplé) 
A2.2.1 Tunnel Characterlsllca: 

Lengrh = 1000 meters divided 
TulM Dimensions = 15 meters wide and 

5.5 mettrs high 
Pavemtnt = Portland cement concrete (RI) 
Surfaa reflecrances: 

ailing = 50 percent 
A1 Deslgn Considerallons wa/1 = SO percent 

· pavemL1Il = 1 O percent 
A1.1 General. The success in designing a well balanced 
lighting system for a vehicular tunnel to a large extent A2.2.2 Lumlnance Levels: 
will depend on the logic and sequence of the steps taken 17treslwld zo~ = 190 candelas per square meter 
by the designer. It should be pointed out that designers. (See Table 2. middle category of turmel characteris-
in the process of designing a lighting system, should tics. 80 kmlh. :ind 90 to 150,000 traffic volwne.) 
coordinate their work by closely cooperating with traffic Transition l.OnL sections: 
planners, designers of tite tunnel structure and portal, No. l: 1/4 X 190 equals approximately 50 candelas 

- -- ~ --maintenance.forces, and-traffic-system.operators. _ ·- ___ __ ___ __ per square merer. 
. . No. 2: 1/2-x·so -=-25 candelas penquare meter (see----

A 1.2 Tunnel Structural Features. ConSiderations of paragraph 3 5 3) 
tite structural featureswi!l assist '!'e lighting designer in No. 3: 2 X 6 = ti ¡ande las per square meter. 
determmmg the lummaore locatton (wall or cethng). Twtnel interior = 6 candelas per square JD<ter- daytime 
luminaire photometric_characteristics and may influence (see paragraph 3.5.2). 
tlte hght source select10n. The tunnel portal deSign and Tunnel inrerior = 3 candelas per square meter _ night-
its surface treatment is_ also of co~siderabl~ importance time (see paragraph 3.5.4). 
m _tite threshold zone hghung deStgn. The mtenor wall, Uniformiry rarios (see Appendix 8): E,., ro E,;, = 3 to 
cethng and pavement textures and reflectances are tmpor· ¡ (within same zone). 
tant in calculating the luminance in the interior. A

2 2 3 
L 

0 . . amp ate: 
A 1.3 ll'afflc Lana Arrangemenl. Coordination be· Thruhold zo~ = 400-watt high pressure 

sodium. 50,000 turnen.•. tween the Juminaire arrangement and the traffic lanes is 
an important factor. Whe~ practical, luminaire location 
· should pennit continuation of traffic operation during 
lighting system maintenance work. In the case of merg
ing or divcrging traffic, suitable luminaire location may 
provide visual guillance to the motorist. 

A 1.4 Phyalcal Salety ol Llghtlng Equlpment. In a 
case where luminaires are mounted on lhc surface of 
walls or ceiling, particular attention should be given to 
venical ant.. lateral cleamnces to minimize damage by 
vehicles or loads pem1itted to pass through the tunnel. 
Cleanonces should be based on the traffic stmdards es-

/D 

Traruition z.ont secrioru = 250-watt high pru.~ure 

TuNtel interior 
sodium · 30;000 lumens. 
= 100-wan high pressure 
sodium . 9500 lumens. 

A.2.2.4 Lumlnalrea. The luminaires selected an: ceiling 
mounted type for use witit high pressure sodium lamps. A 
ooeflicient of utilization chart is shown in "üble Al. 

A2.3 lllumlnance Method ol Calculallon. libles ia 
and 2b from ANSVIES RP-8-1983 provide the conver· 
sion ralios bctween luminance and illumiDance ror road 
classifications Rl, R2, R3, and R4. ('Thcse conversion 

U'loi!DJIJ.I.I •• r oh• lllu .... in:uina f.nain~f"rinv: Socitt'l' Wintrr 1990 



-
210 ............................................. 

----- ;---

ANSI/fES RP·22· F9!7 

Table A 1-Coefficlenls ol Utlllzation lar Typlcal High Pressure Sodium Lumlnalre 

Ellect1ve floor Cavtty ncuect¡¡I"'Ce = 10 

cr: 80 70 
§] 

§] 30 10 o 
wan 70 50 30 10 70 50 30 10 30 10 50 30 10 50 JO 10 o 

ACR 

1 .72 .68 65 62 .69 .66 .63 .60 .61 .59 .56 .57 .55 .53 .53 .51 .50 .48 
{]]] .54 
2 .65 59 54 .50 .63 .57 .52 .48 .53 .49 4G .49 .46 .43 .4G .43 .41 .39 
3 .59 52 .46 41 57 .50 " .40 .46 .42 .38 .43 .39 .36 .40 .37 .34 .32 
4 .54 .-16 .39 34 .52 .44 .30 .34 .41 .36 .32 .38 34 .31 .36 .32 .29 .27 
5 .49 40 34 .29 .47 .39 .33 .28 .3G .31 .27 .34 .29 .26 .31 .28 .25 .23 
6 .45 .36 .29 .25 .43 .34 .28 .24 .32 .27 .23 .30 .26 .22 .28 .24 .21 .20 
7 42 32 .?6 .21 .40 .31 .25 .21 .29 24 .20 .27 .23 .19 .25 .21 .18 .17 
8 .30 .20 .22 '18 .37 .28 .22 .18 .26 .21 '17 .24 .20 .16 .23 '19 '16 .14 
9 .35 .26 .20 .16 .34 .25 .19 .15 .23 '18 '15 .22 .17 ,14 .21 '17 '14 '12 
o 33 .23 .17 .14 .31 .23 '17 .13 .21 16 '13 .20 .15 .12 '19 '15 '12 .11 

No1e· ThtS tabte •s. lor a tynott,et•cal tumrn~•re .:lr'ld shoutd be useCI lor this eaampte only. Consull manulacturer's putlhShed photometric data on tho 
lurninaore (S) being cons,dered ~'<hen des•gmng an actual installation. 

ratios are appro:dmations of what occurs in real situa~ 
tions. Calculation procedures that will provide greatcr 
accuracy when converting roadway illuminance to lumi· 
nance are currently bcing developcd). Since the pave
ment of this tunnel is that of cement concrete or Rl, the 

;o of candelas per square meter is 1 to 10 (as com
r·'red to 1 to 15 for an R3 pavement, for example). 
Thus, the lurninance levels outlincd in paragraph A2.2 
can be rewriLten in tenns of illuminance as follows: 
111rtslwld 4.011e: 

190 X 10 = 1900 lu• 
1hzmitilltl 4.nne sections: 

No.l: 50 X 10 = 500 lu• 
No.2: 25 X 10 = 250 lux 
No.J: 12 X 10 = 120 lu• 

Timnel imerior = 60 lux (daytime) 
Twmel imerior = 30 lux (nighttime) 

In the manual calculation procedures, the tunnel in
te! ior can be considered as an infinitely long room. 

ll1e number of luminaires for various zones can be 
calculated from the following equation: 

Et. x A 

"' X cu X LLF 

where 
NL = number of luminaires 
E11 = horizontal illuminance (lux) 
A = area of the lonc in square meters 
,P ·- initial lamp lumens per luminaire 
CU = coefficient of utilization 
UF liglu loss fac1or 
Bcfore the :J.Ctual number of the luminaires can be de

... rrnined, the valucs of CU and MF must be dctem1incd. 
l1e CU c:m be determined by calculating the cavity 

r01tio and rcading the CU \'alue from the infonnation pro
videO by the specific luminaire manufacturer. 

Wi111cr 1990 JOURNAI. ur thc llluminatinK f.ngincrring Socirty 

Cavity Ratio = 
2.5 X Cavity Height X Cavity Pcrimcter 

A~a or Cavity Base 

2.5 
Cavity Ratio = 

X 5.5 X (1000+ 15+ 1000+ 15) 

(1000 X 15) 
= 1.9 

From Table A 1, using renectanccs of 50 pcrcent ccil
ing. 50 pcr<:ent wall and 10 per<:cnt floor (pavcrnent) and 
a cavity ratio of 1.9, the CU. by interpolation, is 0.54. 

The recommendeú range for UF as discussecl in 
paragraph 3.5.6 is lLF = 0.25 to 0.60. For this exam
ple, the valuc of0.5 ha• bcen sclcctcd. 

A2.4 Calculatlon ol Daytlme lighting System lor 
Tunnel Interior. 

For E• = 60 lux, 
60 X (1000 X 15) 

Nc= 
9500 X 0.54 X 0.5 

900.000 

2565 
351 units 

Arranging the luminaires in.two rows, the number of 
luminaircs in each row will be: 

351 = 176 units 
2 

Since the tunncl length is 1000 meters, tl1c spacing for 
the luminaires will be: 

1000 = 5.68 me1ers 
2 

With a spacing of 5.68 metcrs, the spacing-to-mount· 

ing-hcigh1 ratio is (..U.) 
5.68 

approximalely LO. Such spacing·to-mounting heigh! 
ratio, in most cases, will give an e;~~:cellent uniformity. 
In fact, symmetrical distribution luminaires can be often 
spaceú as far apart as 2.2 to 1, and obtain a uniformity 
ratio better thal 3 to 1 E,111 to E"'in· . 

Whcn a spccific luminain: is selcctcd for a g1vcn tun· 
ncl, uniforntity ratios on thc pavemcnt .can be check.ed 

11 
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by using point calculationmethods (reading the contribu· 
tion of illuminance value by each luminaire from isolu~ 
curves gives a clase appro·w:imation). 

The luminaire spacing should also be checked to en· 
sure that no flickLr tifecr problems might exist. See 
parngraph 3. 7. 

A2.5 Calculation ol Nlghttlme Llghtlng System 
lor the Tunnel Interior. l'he nighttime lighting system 
design <hould be dosel y related to that of daytime since 
the nighnime lighting leve! is 30 lu., (or one·half of that 
of the daytime system). Nighttime lighting levels can be 
created by switching off every second luminairc of the 
daytime lighting system in a staggered arrangemenl. 

Since the spacing of the luminaires will be effectively 
changed lo 5.68 x 2 = 11.36 meters, the unifonnity 
ratio should be checked again. 

A2.6 Calculallon of Lighllng System lor the 
Threshold Zone: Since Traffic speed is 80 kilometers 
per hour, SSSD is 140 mcters; therefore, the threshold 
zone will he 140 • 15 = 125 meters long. llluminance re· 
quired is 1900 • 60 = 1840 lu<. the 60 lu< already hav
ing been provided by the daytime interior system. 
N 1840 X 15 X 125 3.450,000 

L 50.000 X 0.54 X 0.5 12.500 
= 256 luminaires additional. 

Ir the 256 luminaires are mounted in two rows. then 
128 luminaires would be rcquired in each row with spac· 
ing of .98 meter. These luminaires will be mounted in 
the same two rows used for the daytime interior system; 
therefore. the spacing may need to be adjusted slightly to 
evenly intersperse them between those luminaires. 
Adcquate space should be left between the luminaires to 
facilitate cleaning and relamping. lf adequate space is 
not available. then tlte luminaires should be arranged in 
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three (or more) rows. The final luminaire spacing also . 
often nece~sitates adjustmcnt to accommodate the struc
ture expansion joinls, coordination with ventilation ducts 
and other equipment in the tunnel interior. In all cases, 
the spacing should be checked for unifonnity and flicker 
effect at design speed. 

A2. 7 Calculatlon of Llghting System lor the 
Transitlon Zones. The calculation of illuminance in 
the transition zones can be carried out in a similar man
ner as for the threshold zone. 
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ILUMINACION CON POSTES ALTOS 

vision and the visual process. 
(3) The design uf a roadway lighting system in

volves consideration of visibility, economics, es
thetic.q, sruety, and environmental conditions, as weU 
as appropriate material and equipment. The design 
process follows these major steps: 

(a) Determination of roadway classification and 
ahutting land uses along the specific road section to 
be lighted (Fig. 1). Ir the pavement classification is 
unknown, use the R3 values of Table 2. 

(b) Selection of the leve! and uniformity of 
pavement luminance and assessment of the rela
tionship between the veiling luminance and the av- . 
erage pavement luminance, as recommended in 
Table 2(a) for ea eh different land use along tbe sec-
tion, or . . · 

(e) Determination of roadway pavement clas
sification, desired average horizontallevels of illu
minance, and uniformity for design as recommended 
in Table 2(b). 

(d) Selection of severa! tentative luminaires and 
light sources. 

(e) Selection of one or more tentative lighting 
system geometric arrangements, including mounting 
he1ghts and lateral luminaire positions, which may 
provide an acceptable design based on recommended 

. leve!, uniformity, and/or veiling luminance con
troL 

Tabla 4. Recommended average malnlalned llluml
nanca levela lor pedestrlan waya• In lux. 

Walkway 
and Blkeway 

Classllicatlont 

Mlnlmum 
Average 

Horizontal 
Levels 
(E, •• ) 

Sidewalks (roadside) and 
Type A b1keways: 

Commercial areas 
lntermediate areas 
Residential areas 

Walkways distant from 
roadways and Type B 
bikeways: 

Walkways, bikeways, 
and stairways 

Pedestrian tunnels 

10 
6 
2 

5 
43 

Average 
Vertical 

Lavels For 
Speclal 

Pedestrlan 
Securlty 
(E, •• H 

22 
11 
5 

5 
54 

• Crosswalks traversing roadways in the middle of long blocks and 
at street intersections should be provided with additionaJ illuml· 
nation. 

tSee Section 2.1. 

tFor pedestrian identification ata dfstanca. VaJues are 1.8 meters 
abova walkway. 

({) Calculation of pole spacing for the various 
luminaire-lamp combinations under study (if for a (h) Selection of final design or reentry of the 
new system) or of lamp output requirements (if ex-· design process at any step above to advise on optimal 
isting pules are to be used), based on illuminance design. 
values. Variables of mounting height or lateral !u- (i) Selection of luminaire supports (pole and 
minaire positions may also be considered to verify bracket) which results in an acceptable esthetic ap-
meeting the requirements ofTable 2(a) or 2(b). pearance, adherence to traffic safety practice, low 

(g) When luminaires have been selected, bor- initiaJ construction cost, and minimal opezation and 
derline situations quickly become evident during the maintenance expenses. 
application stage. In most cases skilled judgment (j) Recommended illuminance values for high 

- .. . -l 

1 

1 
1 
l 
1 
' ' 

must be exercised when considering luminaires for mast lighting are shown in Table 3. For separa te 
- - ~ a specific system. ·Jt m ay not·be appropriateto specify· · -walkways or-bicycle routes, recommended illumi-- ·- - -- ··-. -

only one light distributÍon when it is obvious that nances are shown in Table 4. The steps to de,·elop 
severa! luminaire light distributions will provide optimal design are similar to those given above. 
equivalen! performance for a specific application. ( 4) The formation of a tentative design concept 

Table 3. Recommended malntalned lllumlnance deslgn · 
levels for hlgh mast llghtlng. •t 

Road 
Classiflcatlon 

Freeways 

Expressways 

Major 

-.onector 

Hortzontalllluminanée (E ... J. In Lux 
Commer- lnter- Hesl-

clal mediata dentlal 
Area Area Area 

6 

10 

12 

8 

6 

8 

9 

6 

6 

6 

6 

6 

•Recommended unrformity of illuminalion is 3 lo 1 Of' better; 
average·to-minimum ror all roadclassitications at the illuminance 
levels recommended above. 

tThese design values apply only to the lravelled portions of the 
roadway. lnterchange roadways an:t treated indlvidually ror pur· 
poses of unifQJmify and tlluminance level analysis. 

involves many variables. The choice of light source, 
the extent to which available electrical distribution 
facilities are used, and the types of poles, bracketa 
and luminaires selected are sorne of the factors that 
will inlluence the economics of lighting. Any con
sideration of appearance is ultimately resolved by 
professional judgment; however, elaborate or ornate 
designs, purely for the purpose of satisfying an es
thetic desire, cannot be justified unless the basic re
quirements of good visibility ha ve first been attained. 
lt is importan! that roadway lighting is planned on 
the basis of traffic information, which includes thé 
factors necessary to provide for traffic safety and 
pedestrian security. Sorne of the factors applicable 
to the specific problems that should be considered 
are: 

(a) Type of Iom! use development ahutting the 
roadway or walkway (see Section 2.2, "Area Clnssi
ficntions") 

tb) Type of route (see Section 2.1, "Roa<lway, 
Pedestrian Walkwoy, and Bikeway Classifications) 

/u 



., 1 '•.r. Tabla BJ. r· Tabla lor standard surfaca RJ. • t 
~.:..:..:.:...:..c..:::.c:...:.c..:'-'--=.::C..:...::..::..:.:.::=--------:--===-------~- -- ---

8 
tan O 2 5 10 15 20 25 30 35 40 45 60 75 90 105 120 135 150 165 180 
y 

02~2~~~~2M2~~~2M2~2M~2~2~2~~~~~ 
0.25 326 326 321 321 317 312 308 308 303 298 294 280 271 262 258 253 249 244 240 240 
0.5 344 344 339 339 326 317 308 298 289 276 262 235 217 204 199 199 199 199 194 1~ 
0.75 357 353 353 339 321 303 285 267 244 222 204 176 158 149 149 149 145 136 136 140 

1 362 362 352 326 276 249 226 204 181 158 140 118 104 100 100 100 100 100 100 100 
1.25 357 357 348 298 244 208 176 154 136 118 104 83 73 70 71 74 77 77 77 78 
1.5 353 348 326 267 217 176 145 117 100 86 78 72 60 57 58 60 60 60 61 62 

1.75 339 335 303 231 172 127 104 89 79 70 62 51 45 44 45 46 45 45 46 47 
2 326 321 280 190 136 100 82 71 62 54 48 39 34 34 34 35 36 36 37 38 

2.5 289 280 222 127 86 65 54 44 38 34 25 23 22 23 24 24 24 24 24 25 
3 253 235 163 85 53 38 31 25 23 20 18 15 15 14 15 15 16 16 17 17 

3.5 217 194 122 60 35 25 22 19 16 15 13 9.9 9.0 9.0 9.9 11 11 12 12 13 
4 190 163 90 43 26 20 16 14 12 9.9 9.0 7.4 7.0 7.1 7.5 8.3 8.7 9.0 9.0 9.9 

4.5 163 136 73 31 20 15 12 9.9 9.0 8.3 7.7 5.4 4.8 4.9 5.4 6.1 7.0 7.7 8.3 8.5 
5 145 109 60 24 16 12 9.0 8.2 7.7 6.8 6.1 4.3 3.2 3.3 3.7 4.3 5.2 6.5 6.9 7.1 

5.5 127 94 47 18 14 9.9 7.7 6.9 6.1 5.7 
6 113 77 36 15 11 9.0 B.O 6.5 5.1 

6:5 104 68 30 11 8.3 6.4 5.1 4.3 
7 95 60 24 8.5 6.4 5.1 4.3 3.4 

7.5 87 53 21 7.1 5.3 4.4 3.6 
a B3 47 11 s.1 4.4 3.6 3.1 ao = o.o7; 51 = 1.11; 52= 2.3B 

8.5 78 42 15 5.2 3.7 3.1 2.6 
9 73 38 12 4.3 3.2 2.4 

9.5 69 34 9.9 3.8 3.5 2.2 
1 o 65 32 9.0 3.3 2.4 2.0 

10.5 62 29 B.O 3.0 2.1 1.9 
11 59 26 7.1 2.6 1.9 1.8 

11.5 56 24 6.3 2.4 1.8 
12 53 22 5.6 2.1 1.8 

• All values ha ve been multiplied by 10.000. For angles, see Fig. 81. 
t Adaptad from reference 37. 

teros. Two basic procedures are described as fol
·lows: 

(l) Method A utilizes curves similar to those il· 
lustrated in Figures 88 and 89 as aids in calculating 
initial tria! values of luminaire quantities and pole 
spacing. These curves may be computed by the lu
minaire manufacturer. 

(2) Method B does not require the availabilityof 
these curves but utilizes an assumed spacing ratio as 
a starting point for determining the initial tria! 
values. 

After the tria! values have been determined by 
- either method, the exact placement of poles and !u

mi naires are determined. 
The general procedure for determining maintained 

illuminance includes the steps described in Section 
83. lt is important that these be followed and the 
various factors determined before proceeding with 
the special computations. 

Figure 88. Example ol CU (CoeHlclent ol Utlllzatlon) 
versus AA (Araa Ratio) curve. 
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85.2 lnitial consider8tions. D_etermine the outline 8 _1 

of the are a to be lighted 8nd select 8 tentative poi e --¡ .fCI 
height. This height may be limited by soil conditions, .di l'r.\ 

.. 
~ ... ., 1;-1"'. • "' 

maintenance concerns, grade differences, or other .07 
r 

special fnctors. Select 8 tentative luminaire a.nd larnp .os 
r type. 

115.2.1 Method A. 
( 1) Calnolate the area ratio (AH) hy the for· 15 

.os 
o 2 3 

,, 
"' 

• 5 6 7 • 10 

AREA RATIJ (AA) 



Tabla 82. r-Table lor standard aurface R2."t 

6 
tan O 2 5 10 15 20 25 30 35 40 45 60 75 90 105 120 135 150 165 180 
y 

o 390 390 390 390 390 390 390 390 390 390 390 390 390 390 390 390 390 390 390 39u 
0.25 411 411 411 411 411 411 411 411 411 411 379 368 357 357 346 346 346 335 335 335 . 
0.5 411 411 411 411 403 403 384 379 370 346 3:'5 303 281 281 271 271 271 260 260 260 

0.75 379 379 379 368 357 346 325 303 281 260 238 216 206 206 206 206 206 206 206 206 
1 335 335 335 325 292 291 260 238 216 195 173 152 152 152 152 152 141 141 141 141 

1.25 303 303 292 271 238 206 184 152 130 119 108 100 103 106 108 108 114 114 119 119 
1.5 271 271 260 227 179 152 141 119 108 93 80 76 76 80 84 87 89 91 93 95 

1.'75 249 238 227 195 152 124 106 91 78 67 61 52 54 58 63 67 69 71 73 74 
2 227 216 195 152 117 95 80 67 61 52 45 40 41 45 49 52 . 54 56 57 58 

2.5 195 190 146 110 74 58 48 40 35 30 27 24 26 28 30 33 35 38 40 41 
3 160 155 115 67 43 33 26 21 18 17 16 16 17 17 18 21 22 24 26 27 

3.5 146 131 87 41 25 18 15 13 12 11 11 11 11 11 12 14 15 17 18 21 
4 132 113 67 27 15 12 10 9.4 8.7 8.2 7.9 7.6 7.9 8.7 9.6 11 12 13 15 17 

4.5 118 95 50 20 12. 8.9 7.4 6.6 6.3 6.1 5.7. 5.6 5.8 6.3 7.1 8.4 10 12 13 14 
5 106 81 38 14 8.2 6.3 5.4 5.0 4.8 4.7 4.5 4.4 4.8 5.2 6.2 7.4 8.5 9.5 10 11 

5.5 96 69 29 11 6.3 . 5.1 4.4 4.1 3.9 3.8 
6 87 58 22 8.0 5.0 3.9 3.5 3.4 3.2 

6.5 78 50 17 6.1 3.8 3.1 2.8 2.7 
7. 71 43 14 4.9 3.1 2.5 2.3 2.2 

7.5 67 38 12 4.1 2.6 2.1 1.9 
e 63 33 10 3.4 2.2 1.e 1.1 ao = o.o7; 51 = o.58; 52= 1.eo 

8.5 58 28 8.7 2.9 1.9 1.6 1.5 
9 55 25 7.4 2.5 1.7 1.4 . 

9.5 52 23 6.5 2.2 1.5 1.3 
10 49 21 5.6 1.9 1.4 1.2 

10.5 47 18 5.0 1.7 1.3 1.2 
11 44 16 4.4 1.6 1 .2 1.1 

11.S 42 14 4.0 1.5 1.1 
12 41 13 3.6 1.4 1. 1 

"AIIvalues havo been multiplied by 10,000. For anglos, see Fig. 81. 
!Adaptad from reference 37. 

Luminance (L): to be printed and/or recorded at 
tbe same points as horizontal illuminance values. 

Average luminance (Lavg ): to be determined by 
averaging all values of the evaluated roadway sec
tion. 

Longitudinal luminance uniformity: lane uní-
.. ·-formity-(Ld to-be determined-as-the ratio of the- · 

. maximum-to-minimum luininance in any one single 
quarter-lane line, taking the worst (highest ratio) as 
the rating for the roadway. 

Average luminance uniformity (L •• 6 ): to be de
termined by rating the average luminance (L •• 8 ) to 
the mínimum found in any of the lines within the 
roadway. 

Maximum luminance uni{ormity (Lmax ): to be 
detennined by rating the maximum luminance found 
in anyofthe lines to the mínimum found in any ofthe 
lines within the roadway. 

Table B5 is an illustration of a luminaires's dis
tribution of luminous intensity. 

The lES proposes to develop a simplified method 
· of luminance calculations as a separa te publication 

to supplement this Standard Practice. 

is not applicable for area lighting with high mast 
equipment. The reason for this is lack of applicable 
experience either in this country or overseas in the 
design of such lighting on a luminance basis or in 
consideration of pavement reflectance values. Past 
experience has indicated that a system designed to 
an-illuminance criteria meeting the.values in.Table 
3 of this Standard Practice will give satisfactory re
sults. 

·• High mast interchange lighting is defined as the 
lighting of a large are a by means of a group oflumi
naires that are designed to be mounted in a Cixed 
orientation (usually leve!) at the top of a high mast 
(generally 20 meters or higher). Tbe area will nor
mally contain a group of roadways such asan inter
change or parking lots. (This procedure is not ap· 
plicable for luminaires with both vertical and hori
zontal adjustments to be made on site, which is 
termed floodlighting.) 

The high mast computation procedure will indi
cate an approximate number of Iuminaires per pole 
and pole spacing to provide the intended average il
Iuminance and uniformity over the area in question. 
Sjlecific locations for the poles are then determined 
to insure that al! locations on the individual roadways 
within the area receive illuminance levels at least as 
high as the minimum value required to meet the 
uniformity criteria. There are a number of methods 
for computing high mast interchange lighting sys-

'171 



''hable 84. r-Table lor atanda;d aurface R4." t 

6 
tan O 2 5 10 15 20 25 30 35 40 45 60 75 90 105 120 135 150 165 180 
y 

o 264 264 264 264 264 264 264 264 264 264 264 
0.25 297 317 317 317 317 310 304 290 284 277 271 
0.5 330 ~3 343 343 330 310 297 284 277 264 251 
0.75 376 383 370 350 330 304 277 251 231 211 198 

264 264 264 264 264 264 264 264 264 
244 231 224 224 218 218 211 211 211 
218 198 185 178 172 172 165 165 165 
165 139 132 132 125 125 '125 119 119 
112 86 86 86 86 86 87 87 87 1 396 396 396 ~o 290 251 218 198 185 165 145 

1.25 403 409 370 310 251 211 178 152 132 115 103 
1.5 409 396 356 284 218 172 139 115 100 88 79 

1.75 409 396 343 251 178 139 108 88 75 66 59 

n ~ 65 65 ro ~ ~ ~ M 
61 50 50 50 50 52 55 55 55 
44 37 37 37 38 40 41 42 45 
~ ~ ~ ~ ~ 32 ~ ~ 37 
21 20 20 20 21 22 24 25 26 
13 12 12 13 13 15 16 17 19 

2 409 383 317 224 145 106 86 71 59 53 45 
2.5 396 356 264 152 100 73 55 45 37 32 28 

3 370 304 211 95 63 44 30 25 21 17 16 
3.5 343 271 165 63 40 26 19 15 13 12 11 

4 317 238 132 45 24 16 13 11 9.6 9.0 8.4 
4.5 297 211 106 33 17 11 9.2 .7.9 7.3 6.6 6.3 

5 277 185 79 24 13 8.3 7.0 6.3 5.7 5.1 5.0 
5.5 257 161 59 19 9.9 7.1 5.7 5.0 4.6 4.2 

9.8 9.1 8.8 8.8 9.4 . 11 12 13 15 
7.5 7.4 7.4 7.5 7.9 8.6 9.4 11 12 
6.1 6.1 6.2 6.5 6.7 7.1 7.7 8.7 9.6 
5.0 5.1 5.4 5.5 5.8 6.1 6.3 6.9 7.7 

6 244 140 46 13 7.7 5.7 4.8 4.1 3.8 
6.5 231 122 37 11 5.9 4.6 3.7 3.2 

7 218 106 32 9.0 5.0 3.8 3.2 2.6 
7.5 205 . 94 26 7.5 4.4 3.3 2.8 

8 193 82 22 6.3 3.7 2.9 2.4 
8.5 184 74 19 5.3 3.2 2.5 2.1 

9 174 66 16 4.6 2.8 2.1 
9.5 169 59 13 4.1 2.5 2.0 
10 164 53 12 3.7 2.2 1.7 

10.5 158 49 11 3.3 2.1 1.7 
11 153 45 9.5 3.0 2.0 1.7 

11.5 149 41 8.4 2.6 1.7 
12 145 37 7.7 2.5 1.7 

·An values have been multiplied by 10,000. For angles, see Fig. 81. 
t Adapled from reference 37. 

mula: 

AR = 2.5 X Pole.I:Ieight X Perimeter of Area 
Are a 

(2) Obtain the coeflicient of utilization (CU) value 
from the CU versus AR curve for the luminaire in· 
volved (for typical curve, see Fig: BS). 

The value for NLP should be rounded off to a 
whole number. 

--;:Y' 85.2.2 Method 8 
(1) Assume a spacing-to-mounting height ratio 

typical for the type of luminaire involved. A value of 
5 is common. 
85.3 Number of Poles. The number ofpoles (NP) 
is dependent on the area and spacing ratio and can 
be determined by the formula: 

Area 
NP = (H X SR) l. 

(~) Determine the spacing-to-mounting-height 
ratio (SR) as a function of the uniformit.y ratio (URJ 

· desired bv use of the SH versus UR curve for the lu
minaire i;wolved (for a typical curve, see Fig. B9 and 
Section 85. 7). 

00 = 0.08; S1 = 1.55; S2 = 3.03 

(4) Calcula te the number of luminaires per pole 
(NLP) using the formula: 

i. 

(AMI) X (MH x SR)2 
NLP = (LL/L) X (CU) X (LLFJ · 

Note: MH =· mounting height; LLIL = Lamp Lu
mens per Luminaire; aod LLF = Light Loss 
Factor. 

(2) Assume a value of average distance (pole to 
outer edge of lighted area) to mounting height ratio. 
Use this to obtain a coerr.cient of utilization value 
from utilization curve for the luminaire involved. 
(For typical curve see Fig. BlO.) 

(J) Calculate the total number of luminaires re
quired (NL) using the formula: 

(AMI) X (A) · 
NL = (LLILJ X (CU) X (LLFJ 

A= Area 

85.4 Po le loe a tions. From an isolux chart of the 
type shown in Fig. BIO, determine two boundaries 
(usually circles); one for the mínimum initial illu
minance and the other for one-half the mínimum 
initial illuminance value as follows: 

(1) Mínimum initial illuminance is average 

17--



Tabla 85- Example ol Lumlnalre Dlstrlbutlon ol Lumlnous lntenslty 

ACTUAL CAN{'llt"POIJ(R VAl U( S F OR 220(10. LU"'(NS. ![SI NC BC.71'!-. 
0( l.i H o.~ &.~ 14. ') 2~.9 ., •• e ,. •.a !14.9 Edo9 f.9o9 74.9 79.9 ij4.9 

r.c • 6 J 1 • 11 6 .31. 4 b31. Hll • 4b3l• 4 6.31. 4 631 • o116~1. o\6 31. 4631. 46 3 J. 46Jlo 
2.~ 4'5tl0o • 64 e. •~ao. ... 6 4 8 • ·~3'5· 451:'0. .. 551:1. 4637. 4~R :J • 4{:26. 46941. 416 3 J. 
5. o "6911. 4 7 39. 46'H• o\66 o. " 1 3'. 4~.!'5. • t 111 • u! 7. .. 61 4. .. f: 1 4 • 11694 • 466 o. 
7.5 4b 2&. 4 626. 4592. o\6 1H. 4 6 941. '~ JS. 4637. Hd7. •sao. 4 6 71 • 452Ct. 46~4. 

1 o. e 4 626. • SJ5. • b 71 • 46.H. 46':111· 4535. 4591. • 61 -. 46'1 4. HOJ. 4637. 4535. 
12·5 116U,. "535. 4614. 116l1· 469 •• •st~o. 4580. • 61 4. o\671. 463 7. 4671. 4614.; 
1 !1. J S 7)4. 11648. ~5&7. ~Q.H • ~b!lle 4535. 4716. 116'H• 46 7 1. 4637. 11660. 46 J,. 
1 7. 5 5 759. 116118. 574tl. 5555. 5H9• ~fd 1. ~H'). 4 1 J b. ':::48 1. 5C6•· Hd4. 45Sf. 
2 o. o 5 827. 5; 782. 6HS. S737. ')762· 5714. 5782. ~111~. ~t-!i 7. 51l!. ~ 1" 7. •s~2. z¡;. ~ 5759. ~669. S 82 7 • Hd2. &961· 5 • IJ. 6201. 58!:1 o. S 711. 5&12· 51 4·7. 4614. 
2S.o S 1HZ. 578 2. SF! :>S. 6825. 6916• 6 734. 6 22111. ~ 759. 61\5. 58~0. 571 ". 466 '). 
2 7. 5 ~8 21· S669. s 1 •a. 6825. &916. 6916. 6 3 7 2. 6201. 625!5. 511". 58~0. 47H. 
3 o. o • SH!2o S 7 82. se os. 6802. &73111. 6q)6o 6! 1 S • 62!fl. 01 s. SPO~. 5!16. 46 71. 
3 2 .~ 578;. 5669. 5 771. 6 712. 57~2· 6~ 76. & 3 91t • f, 3 6 ~-. 617'.:1. ~ 771. seos. 51 1 ! • 
3 !lo. Cl 5 762. !la27o 5714. 6L21. 5782· 5759. &39111. 6315. 572 5. 5 771. 5711. 509':1. 
3 7.0:. SL"6• 5669. Sb'H. 624 7. 51:42 7. SA 7 3. 6 236. ~ 7 ,54. 512 s. saos. 5793. "66 o. •o.u '6'H. 5-HZ. s" 8 r. Sb6 9. 57'!19· 5b69. 5 771. 6lb 7. 5771. 5827. '566 9. •SS!. 
4 2. S 45.35. 4 7 39. 4t37. '5691 • 548 7. 5 71 ... ~ ~ Hl. ~7 .. 8. ~H8 • 572~. 520tt. 461"· 4'5.Ci 4 422. 1115.35. 4149. 4 61111 • 3492· •&•a. 41 S .35 • 57 71. ~Ha. 5 71 ... 51 111 7. 46~111. 
" 1. 5 3560. 4301:4. 3 t .38. .!18 77. 356 ~. 4 3 U flo 4 4!. 7. 5 7-IIIH • !.657. 5 20 ... 503-111. 4 58 o. 
5 ".o 3447. 3 515. 2t-~ u. 274 4 • 22f> 7. .l~bO. 4 Je¡¡. 568 'j. 5!:90· 5034. 46';14. 4614. 
52·> 2 ~ 6 7 • J288. 2.34 7. 2211. 2 3 1 3 • .H~1. .3 !:lb o • 4 b 7 1 • 46.37. 4 6 1111 • 4614. 111524. 
5 '=-·o 2 J81 • 22tH. 1757. 2211· 2.381· 2J13. JJ10· 4 5! =. -~92. 4!.3~. 4637. 45'52. 
S 7 o 5 1 .3 .!R. 2 26 7. 1723. 22'56. 2381. 22!1. 21!80. liStCJ. 45~ 2. .. f 1 4. 5782 • 4 61 4. 
6(-.C: 1 134 • 1 1 79. 1 2 3 6.. 2.3 2~. 211126. 2Je1. 35JJ. Hd7. !71 ~. '574 p. 6SO~. Se H. 
62.':) 1 ~ L~ • 1 3.38. 1213. 2JJ>. 2.35 &. 2 3 b 1 • J ~~ 1. ~bll. b 79 1. 7313. 8582. 6t!tt8. 
6~.0 907. 1 1 7 q. 11n. 1 7 2 J • 2199. 2.3 e 1 • .3 Sb O. 6201· 62 o l.. 7 9,. 1 • llJBJ. 909.3. 
67.5 '07. 1 2 Q 7. ILaa. 121J. 122•· 2'1 72. .3JH. e e 1!. ~601. q o 1 ~ • 1.3621. 12516. 
70. (. 9 :7 • 1 111. lt·6~. 117':1. 113/t. 22~7. 2 a .. 1 • J~ 5 a. 5~15 6. 'HPZ. 1.3627. 15872. 
72o5 o. 15 q. 57. 7 0.3 o 1 ;:t6 6 o 1 2 zt.¡. 12.36. 236~. •~se. q 21 7. 124.37. 15759. 
7~.0 • 5 • o. ZJ. 15 9. l1 Jo 1179. 1 07 7. 172.3. .3~ o~. 86!-2. 8ü3th 108SC. 
77.5 )59. o. 1 02 • 23. 11 J. 9 r7 o 1!b. 1 6 E l. ¿ 36 9. 45ar.. .3 e a~. 514 7. ar.c •1. 11 J. &8. 1.36. 11.3· o. &a. 612. 55&. 1780. 1 2 1 .3. 2211. 
82.5 •s. •s. •s. •1. . 111 5. 159. 19. 1 o 2 • 12 S o 11 o (1. 136. 1088. 
a5.c •5. l.¡ S. o. •s. •s· 11J o 136. 19. 2J. 159. •s. 1.36. 
~n. s u. •s. J. •s • '. ''· 91 • 1 e 1 o. . 1.36. 18 1 • 159. 2 3. 
q (". ú o • o. 2 04 • o • J. •s. o. 91. •5· 13 e o 11.3. 102. 
9 2. 5 2 011 • 2 0-l. 159. 1 t!) • 159. '. 1 o 2 • &o. .s. 1.3 6. 9 1. 1 1 ! • 
9!.or' 15lil. 159. 159. 159o 159. 2 ~!/,¡. 16 1 • o. o. "5. "· 1 02· 97.':1 1 ~'J. 159o 1 59 • 1 'S 9 • 159· 159. 159 • 1 (12. o. c. 23. &A. 
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112.5 113. 11.3. 11.3. 91. q 1 • "1 • '~· 1 n. 11 J. 113. 113. l!E:. 
J 1 ~. ~ 113. 113. 91 • 9 1 • • 5 • '~ . • 5 • ~ 1 • 9 1 • 11~. 113. 1 ~ Eo 
11 7. 5 91 • 'H. ~ 1 o 91 • 4 ~ o •s. ~ 5 • 91. &B. 9 1 • 9 1 • 12~o 
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r • li 4b.3t. 1116.31. "6.31. 4631· 4b .31. .. 6 .31 • 11631. Hdlo 46.31 • llf-.31. 4 6 .31 • 
2.5 '46'18. 4637. 4f:l"· 4 6 1 4 • 1!6 71. 411:- .37 o 4 &6 o o ~ 66 o. 5 il Jlt • 4t-.37. '16 48. 
5.0 li6llt. 4614. .. 6.3 7. •6~f· ~é4e. . 471b. 5U45. ~ 7H. ~6 3 7. llb71 • 46-lt(l. 
7.5 111546. 4~ e o. 4127. lf5~~0 4637 o 46118. 4 59 2. !,. t15 b. ~69'to 461 •te "5 35. 
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2 ('.o 4592. 4~eo. 341 1· ~52(· 31112~- 34 ~7. 21:10 o. 2 ijJ4. 234 7. 3197. 23R1. 
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SPACING-TO-MOUNTING RAno (SRt 

Figure 89. Example ol spaclng-to-mounllng helght 
rallo lo average-to-mlnlmum unllormlty rallo curve. 

maintained illuminance divided by (Uniformity 
Ratio X Light Loss Factor). 

(2) Either draw circles to scale or prepare tem
pla testo scale and superimpose these on the layout 
making certain that all roadway are as are covered by 
the minimum illuminance boundaries or by the 
overlap of two one-half minimum illuminance level 
boundarles. 

(3) lf the luminaires on a pole are not symmetric 
and are at varied orientations, the isolux chart should 
be a composite representing the array on the pole. 
Otherwise use the chart for an individualluminaire 
and multiply the curve values by the number of lu
minaires per pole. 

85.5 Recalculations. If suitable mounting locations 
can be found, determine by inspection if higher or 
lower pole heights may be more suitnble, or if one or 
more poles should be located differently. Repeat the 
calculations abo\·e for a new tria! and continue to 
repeat untila satisfactory solution is reached. 

85.6 Coefficient of utilization vs. ares ratio 
curve. The curve shown in Fig. 88 can be prepared 
by combining concepts from the zonal cavity method 
with elements from the flux transfer theory. • Cal
culations are made in which: 

( 1) Are a corresponds to cavity; 
!J 

RATIO OF OISTANCE TO MOUNHNG HEIGHT 

• 2 3 4 5 --- 6'-

60 

COEFFICIENT OF UTILIZATION tCU) 

Figure BID. Example ollsolux dlagram and utillzation 
curves on pavemenl (mounllng height; 30 meters) lor 
symmetrlc lumlnalre (110,000 lumen lamp). Dashed 
curve shows lumen utlllzallon (In percent). 

(2) Ares Ratio corresponds to cavity ratio; 
(3) Area-plane corresponds to work-plane. 
The fraction of luminaire flux reaching the area

plane (which represents CU) is then determined for 
an arbitrary series of ares ratios. This is done on a 
computer by summing the downward flux in a nested 
series of conic solid angles, ranging from nadir to 
horizontal about the luminaire. The flux, adjusted 
by zonal multipliers, are added together and then 
multiplied by the total downward ulilization of the 
luminaire to produce the various CU values. (The CU 
for an area ratio of zero is taken equal to the total 
downward utilization of the luminaire.) The overall 
results can then be displayed in a CU versus AR 
curve. Such a curve can be prepared for either a 
synimetric or an asymmetric luminaire. 

· 85.7 Spacing ratio vs. uniformity ratio curve. 
This curve can be determined by calculating the 
uniformity ratio within a square shnped area 
bounded by four of the luminaires in question. All the 
luminaires are lo face in the same direction. Ench side 
of the square equals lhe spacing distance. This in
volves poinl calculations and can best be accom
plished by use of a compuler. llniformity is lo be 
calculated for a sufficient number of spacing-lo-

• Material on the~e two !lubjf>ci.. .. appears in lhe lES I.iRIIlint 
Handbook,J981 RP{I'rtnct Vulumr, fllarlin~on pa¡t:e 9-6 under 
"Cavity Ratios'' ant..l on pa11e 9-;)j under "Cutfficienl Tables." 



mounting height ratios to develop a .curve such as 
thatshown in Fig. 89. This is primarily applicahle to 
symmetric luminaires but can be used with asym
.netric luminaires with little loss in accuracy. 

B6. Computallon ol walkway and blkeway 
lllumlnance 

86.1 lntroduction. The procedure lo determine the 
horizontal illuminance values on pedestrian ways for 
safe and éomfortable use is similar lo that followed 
for roadways as explained in the various sleps under 
Section 83. In the case of isolated pedestrian ways, . 
such as par k walkways and Type 8 bikeways where 
the lighling provided is exclusively for the walkway 
and is arranged on either one or _both sides of the 
paved area, the procedure is identicalto compuling 
roadway illuminance values, even lo the point of 
using streel side data from various luminaire curves. 
In the case of sidewalks (adjacent to roadways) and 
Type A bikeways, the procedure is very nearly the 
same as for roadway computation excepl that the 
house side curve data is often used. 8ecause the area 
to be lighted for a Type A bikeway (roadside) is vir
lually id en ti cal to a sidewalk area, the sidewalk 
computation procedure suggested herein can be as
sumed to apply also for Type A bikeways (without 
further mention below lo bikeways). 

8ecause · the design of roadway lighting places 
greater emphasis on achieving proper illuminance on 
the roadway, il is customary that the lighting system 
be initially selected to suit the needs of the roadway. 
Then, the system is checked lo determine if lhe 
sidewalk illuminance levels and uniformity are ade
quale.lf desired sidewalk requirements are lacking, 
the designer may modify the luminaire type and/or 
spacing or may provide supplemental lighting pri
marily for lhe sidewalk area, or may implemenl a 
combination of both techniques lo achieve proper 

______ . _ illuminance on both roadway and sidewalk. This 
--proceifüre-is sometime~ feversed when greater em-
. phasis is placed on the need for adequate sidewalk 

lighting, in which case Type I or llluminaires or post 
top luminaires are initially chosen primarily for 
sidewalk distribution and, when found satisfactory, 
are la ter checked for adequacy of roadway illumi
nance leveland uniformily. 

In sorne areas where personal security is a problem 
and identification of another pedestrian ata distance 
is importan\, the recommended levels on the right
hand side ofTable 4 in the Standard Practice apply. 
These recommendations are stated in terms of the 
average vertical illuminance reaching a plane surface 
1.8 meters above the walkway and perpendicular lo 
the centerline of the walkway. The calculation pro
cedure for vertical illuminance is discussed in para
graph 86.3. 

86.2 Dctt'rmining horizontal illuminance. To 
·calculate the average leve! of illuminance on the en
tire sidewalk with luminaires in their maintained 
condition, proceed as follows: 

( 1) Determine the coefficient of utilization (CU) 
for the sidewalk area only, as in paragraph 83.5.2., 
l·,.ing surf" tn c:uhtrart frnm thesp cnlculntions that 

portion of the CU that is related lo flux falling on the 
slreet itself duelo the lransverse location of the lu
minaire. 

(2) Calcula te the average maintained illuminance 
leve! on the sidewalk due solely lo the immediately 
adjacent luminaires, using the formula given in 
paragraph 83.5.3. 

(3) For the same sidewalk area, determine the CU 
for the street side of the luminaires across the 
street. 

(4) Calcula te the average maintained illuminance 
leve! on the sidewalk due solely lo the luminaires 
across the street, and add lo that the illuminance 
coming from the luminaires on the same side of the 
street. 

(5) Having calculated the average illuminance 
leve! across the en tire sidewalk, it is now necessary 
to calculate the mínimum leve! of illumi~ance, as 
described in paragraph 83.6 in order to compute the 
uniformity ratio. 

86.3 Determining vertical illuminance for se
curity areas. The vertial illuminance ata specific 
point can be calculated by the inverse-sq uare method 
of calculating illuminance (See the current edition 
ofthe lES Lighting Handbook, Reference Volume). 1 

In this method, the candlepower of the luminaire at 
the particular angle involved is normally obtained 
from aluminous intensity chart, as shown in Table 
85. The relevan\ geometry is shown in Fig. Bll. The 
general form of the relationship is given by: 

E = 1(~. -y) X sin-y X sin~ X LLF 
u D• 

If it is assumed that the typical pedestrian facial 
area is approximately 1.8 meters above the sidewalk, 

Figure 811. Geometrlc relatlonshlp lor determlnlng 
vertlcallllumlnance_on_tha_la.::_e o! a P~!Sirl~n-
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1.5.5 Equipos de control y protección 

El control y la protección de los sistemas de alumbrado público puede ser individual o en 
grupo, manual o automático y se analiza en detalle en la sección 111·2.1. 

Los equipos que intervienen en las funciones de control y protección se muestran en la 
figura Ill-68. 
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OPERACION EN GRUPO OPERACION INDIVIDUAL 

Desconexión de la red {interruptor de cuchillas o termomagnético) 

Protección contra cortoci.rcuito (y sobrecarga si se desea) 

Sensor del control (fotocontrol. reloi. apagador manual, etc.) 

Control deJ encendido y apagado (relevador o contactar) 
' Fotocontrol con fusible para operación y control de una lámpara 

Balastro 

Lámpara 
Línea de alimentación 

Figura l/1·68 

1.5.5.1 Fotocontroles 

Son dispositivos sensibles a la luz natural, por lo que permiten encender y apagar las lámpa· 
r~ de un sistema de alumbrado público cuando se alcanza un nivel de iluminación natural 
prefijado. El fotocontrol puede tener incorporados circuitos o elementos que le permitan 
complementar su operación: 

Ajuste de los límites de operación en función de la iluminación natural. 
Retardos en la operación par·a evitar operaciones indebidas por la influencia de 
la luz proveniente de fanales de automóviles, rayos, oscurecimiento temporal 
por nubes espesas, etc. 
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Fundonamiento 

A fin de familiarizar al lector con el funcionamiento de los fotocontroles es conveniente 
explicar la llamada curva astronóm,ica (Figura lll·69). ' 

El fotocontrol se ajusta a un valor tal que opere a valores cercanos a los obtenidos para el 
trazo de la curva astronómica del lugar. · 

([ __ · 

ENCENDIDO 

-6-
/ 1 ' 

L 
"ro 110 20 ~e 10 zo l ll zo ~ o zo 31 o 20 30 o zo 31 10 XJ 31 10 zoj 10 zo 31 10 20 ~ 10 20 ll 

,E~Ef~ ~ESA J:_MARZO A~RI_L j_IIIIAYO j_JU"'IO l. JULIO _lAGOSTOl SEPT. OCT. JM:)ya,q(.iOICBRE.J 

O lAS 

CURVAS ASTRONOMICAS 

Figura /I/-69 

La luz del sol no éempieza en el momento mismo de salir el sol ni se apaga súbitamente 
cuando se pone. Así, al orto y ocaso del sol precede y antepone una iluminación variable 
por momentos, denominada crepúsculo. 

Teniendo en cuenta lo anterior, se puede trazar la curva de este co'mportamiento durante 
el año;'a esto se le denomina curva astronómica.· · 

En la figura lll·lO Electricité ·de France graficó el comportamiento de un fotocontrol com· 
parado con la curva horaria, correspondiente a la Ciudad de París. Se observa que el foto· 
control tiene una respuesta muy aproximada a las necesidades de encendido-apagado, por 
lo que es el medio más adecuado para control de sistemas de alumbrado público. 

Existen tres tipos de fotocontroles: fotoconductores, que funcionan por el efecto de la luz 

15 05 80 
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SEGUN CURVA ASTRONOMICA. 

Figura IJ/-70 

sobre el valor de la r~sistencia de determinados elementos, como el selenio y el sulfuro de 
cadmio; autogeneradores, en los cuales se produce una pequeña diferencia de potencial en
tre sus bornes cuando el elemento sensible es iluminado, como el selenio y óxido de cobre; 
los fotoemisores, en los cuales el cátodo emite electrones al iluminarse, utilizando para ello 
litio o sodio. 

Todos los fotocontroles tienen el inconveniente de que con el transcurso del tiempo se van 
. il'l!l!nsibilizando, por lo cual deben sustituirse o regula~ periódicamente (este periodo 

",·.,: :·. · · .,. p~e-'estar comprendido entre dos y cinco años, 1~ que depende del fabricante). 
-." t .. < 1 • 

··El fotoconüol se debe situar normalmente en el centro de mando·de la instalación, en tal 
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forma que sólo pueda recibir luz diurna; orientado hacia el norte, cuidando que no incida 
sobre él la luz producida por las ·lámparas que controla o alguna otra fuente. El fotocontrol 
también puede instalarse en la parte superior de la luminaria si ésta está diseñada para di
ch·o objetivo. 

Es necesario hacer. resaltar que dada la velocidad con que varía la iluminancia en los inó:· 
mentas en que se enciende o apaga el alumbrado, no tiene importancia. decisiva la localiza
ción del fotocontrol, siempre que se tomen las medidas. necesarias para que ·no incida so-
bre él luz artificial. · 

Un mi.smo fo_toco_r¡tr.ol puede acc[onar diversos centros de IT!a(lqo, aunqu( es conveniente 
que los circuitos correspondan a características similares. 

En la figura /II-11 se representa físicamente .un iotocontrol y en 1~ figura /ll-72 un.esque
ma típico. La tabla Jl/-14 preserua los diferer.tes valores característicos disponibles en el 
mercado. 

·"":· 

FOTOCONTROL 

:: ·.-

; ,. 

DIAGRAMA BASICO DE CONEXION 

Figura l/1-11 

CARACTERISTICAS DE SELECCION ¡ :·, 

1. Contactos·: -.:: 

15 05 80 
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Deberán estar protegidos en el interior del fotocontrol, se.~lj.min~s,tran_para una 
potencia entre 1,000 y 2,000W, dependiendo de la utilizacion, con acc1on 1nstan· 
tánea de cierre para evitar cualquier posibilidad de cebado del arco o chisporroteo.· 

1 
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2. Tiempo de retardo. 

Deberá tener un tiempo de retardo entre 1 O y 50 segundos en el accionamiento del 
·fotocontrol, con el fin de evitar que éste funcione debido a una luz momentánea o 

· · a un ensomb'recimiento. 

'·3: Orientación direccional. 

. Para que la .máxima-respuesta se alcance colocando el fotocontrol hacia el norte (no 
,)odas las foioceldas la requieren). ., .• · 

·4. Nivel de ajuste. 

" Los, fotocontroles se suministran con,_e.l,ajuste realizado en•fábrica,'que puede variar 
· "ll'r'l~r·e 1 O y 45 luxes al encender,.pero lo importante es verificar que-conserven la re· 
'.' 'laéión entre el encendido y,apagado de 1 a 3,... ·· .... ,. 

-.-~ ,; . -· ··, ::·. !, 

' . 
• 

T 

·· ··: .: " ·1::._ CHISPEADOR 
2:_: ÁÓ\t (REGULADOR DE 

VOLTAJE: 
3- RESISTENCIA LIMITADA 
4- FOTOCELULA 
·s-BOBINA RELEVADOR 
6- CONTACTO DE OPERACION 
·7- TERMINALES EXTERNAS 

2 

7 

Figura III·12 

Calibración nominal, reÍación encendido•apagado. y co11sumo 
-- - --- --prOpio cre-fOs--fotoC-OnúOie{ñac·;oná!eS" , .... .::;~ -- --------.. , .. - r-· - ·- . -··-· . 

Tensión de Calibración Relación Consumo 
operación, nominal, encendido propio, 

en volts en luxes apagado e·n w·atts 

¡. 127· 10.767 1 :3 1.5 
127 15 ± 20'/o < 1 :5 0.6 
220 10.767 1 :3 1.5 
220 15 ± 20'/o < 1:5 , ;1.5 

j> 105- 130 45 • .1 :3 cs/d 
100- 280 15 ± 20'/o <. 1:5 . .. s/d 

105- 285 21.5 s/d 0.3 
208-277 45 . 1 :3 s/d 

440 10.767 1:3 1.5 

Tabla III·14 
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1.5.6 Relojes 
. .;-.-· 

El contactar puede ser accionado por medio de relojes'de diversas caractefisticas. 

En el alumbrado público se deben utilizar los de operación ~léctrica, con}eglaje astronó· 
mico y escape de áncora. _ .,. ·· · 

Los interruptores horarios.con reglaje astronómico vúían diari~mente, er(forma automá· 
tica y continua, la hora en que efectúan e_l anganche y desengánche del alumbrado, reali· 
zando esta operación a lo largo del año en el momento en que se indica en la.,curva astro· 
nómica correspondiente. · ' ,.. . 

En los- interruptores horarios· sin, reglaje astron6'rnico es necesario ajustar ~.a.las curvas as· 
tronómicas. la hcira a· la cual- accionan el"apagado y ence'ndido de la ins,talación de al u m· 
brado; este ajuste. debe efectuarsé én períodos comprendidos entre 1 O y io días como má· 
ximo, lo que hace resaltar el problema y costo de esta operación y.justifica ampliamente que 
no se utilicen en alumbrado público los interruptores horarios sin reglaje astronómico. 

-CO. 
_, •.... · .... ·~ . 

Cuando se i'i'ilérr~·ir,pe la corriente, es necesario que el reloj continúe funcionando, lo que 
se logra con u;n·dispositivo de resorte para mantener el control. El resorte.i'eserva debe en· 
rollar·eléctrica:.Y .autom-átiéamente al retornar la corriente, sin necesidad de enrollamie.nto 
manual. ' . · J .. ' 

-· 
1.5.7 Combinaciones para alumbrado 

Integran en uria"únioád dos-eleniii"ñtosbásicos para _la protección y ~Í co~;r~l de circuitos 
de alumbrado público. .. ' 

1.5. 7.1 Aplicación 

Cuando se"reqÚiera proteger v'co.ntrol~r desde un punto, ~-~o o varios circuitos de alumbra· 
do, en. combinación con-algún d-ispositivo de operación: fotocontrol, reloj, interruptor ma-
nual, etc. · · · · 

·' ~· 

1.5. 7.2 Caracter(sticas ;. •. 

La figura ll/·13 muestra los diagramas de conexión típicos de las combinaciones usadas. 
Las características eléctricas son:· 

Corriente 
(Amperes) 

.30 
60 

100 .·: 

200 ' .. 
300 

15 05 80 

No. de 
Polos 

-:·. 

2a4 
2a4 

· 2 a 4 
2a4 
2a4 

Tensión. 
Volts C. A. 

120 a 600 
120 a 600 
120 a 600 
120 a 600 
120 a 600 
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;...•·' 

La· _capacidad del interruptOJ:;,termo!_Tlagnético y de los contactos del contactar está di
mensionada para soportar una corriente de arranque de 150 "/• de la corriente nominal. 

La bobina de operación del contactar, gen~ralmente. opera a ~27 V C.A. y puede estar 
conectada por medio de una clavija en la parte superior de la caja al fotocontrol. 

~ . ~. . . :. ' . 
En Qtasiones se ofrecen algunos accesorios opcionales, tales como, contactos 
normalmente abiertos o cerrados, apartarrayos, tablillas de conex_ión, etc. 

o 

auxiliares 

Tamt:>ién se pueden usar contactar~~ para· cargas· de motores, teniendo 
,no sobrepasar su capacidad y se originen daños en los contactos. 

la precaución de 

1.5.7.3·· Construcción . ··' 

El conjunto ·interruptor-con.tactor.deb_e alojarse,e,n_yf)a caja metálica_ para uso intemperie 
y a prueba de lluvia (NEMA 3R)-, son dispositivos para su montáje en poste y si se especifi
ca, con el fotoncontrol montado, en·, su parte superior .. Debe ser suficientemente robusto 

.: _par.a.soportar los esfuerz_gs __ gue le tr~~sf.DÚa la _ _yji:J¿~·ción q.Úe se produzca en el poste por 
efecto de impactos o la acción del viento. · )¡-e,~.:¡ 

F e 
" I I 

r . 

- -)---,--) . 

_.__ -'-- 9 

1 i--,-
T T T 

l POLO 

.. J 

.l.---------------- -- -

Figura JIJ!-73 
•. . 

1.5.8 -.Interruptores 
:.:. . 

~ ;·•. 1, . ¡:, 

Los interruptores son aparatos que sirven p~r~ interrumpir una corriente eléctrica, con 
'objeto'dé,;proteger los equipos que se instalan""a continuación de ellos, de sobrecorrien· 
·tes que;PlH:tieran presentarsé en las 1 íneas de ali~_entación. 

. ~-~ ;-. _·; ¡' • • • 

Para alurrbrado público, se utilizan interruptores de navajas con fuslbles,-o termomagnctlcos. . . . , .. 
. Al encontrarse normalmen~e a la intemperie,~"~ "utilizan cajas o gabin_etes con denomina· 
ción NEMA' 3R los cuales son a prueba de lluv1a, ya que fueron d1senados para usarse en . ..,...._ 
exteriores y par~ proteger al equipó que encierra'n contra precipitaciones pluviales; al mis··. q 
mo tiempo son resistentes a la corrosión ocasionada por la hum~dad. · 
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a) Interruptores de navajas con fusibles (Figura 111-74). 

Las'capacidades en IIIS'que 5e fabrica-este· tipo de·· interruptor son:· 

Capacidad, 
· en-amperes 

30 
30 

,_. '30 :-
;> 30 

:~. ·:H;.«60 
?{ 60 . 

. . '\100 
-~· '2oo 

. ~--

,_. 

1 S OS 80 

: .. , ... :._.-, ,-: ,,~ 

Fusible 
tipo·<. 

•• 1 ' 
, JapÓ~ 

· .· :-' ''Ta¡:¡ón 
r'~Gó-n 
Cartucho 

· :cartucho 
.. Cartucho 

·Cartucho 
Cartucho 

Número Tensión. 
de polos <· en C.A. 

. -
2 240 
3 -~.:,- . 240 • -
2 . ''"'240. 
3 240 
2 240 

.• ,. -3 240 
3 240 
3 240< .. ··-·- -,· 

• 1-,. • - - . 

.. ) 

Gabinete 

~ . 

Nema 

· 3R 
3R 
3R 
3R 
3R 
3R 
3R 
3R 

3R 
3R 
3R 
3R 
3R 
3R 
3R 

3R· 
3R 
3R 
3R 
3R 
3R 
3R 
3R 
3R 
3R 
3R 
3R 
3R 
3R 
3R 
3R 
3R 
3R 
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INTERRUPTOR 
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INTERRUPTOR . 
. TEÁMOMAGNETICO 
EN GABIN.ÉTi(. ·. • 

., 

.. :- .· ' 

t" ' <. 

... 

e . . , . ... 
'· 
·~ 
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' 
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. Figura II/·14 
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