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DIVISION DE EDUCACICN CONTINUA
CURSOS ABIERTOS
ILUMINACION EXTERIOR PRINCIPIOS DISENO Y APLICACIONES
DEL 15 AL 30 DE SEPTIEMBRE DE 1954,

FECHA HORARIO TEMA PROFESCR

Lunes 19 17:00 a 17:30 hrs. Apertura Ing.Carlos Garcia
17:30 a 18:00 hrs. Evaluacidn
18:00 a 18:45 hrs. Fuentes de luz Ing.ErnestoMen-
doza
19:00 a 20:00 hrs. Balastros Ing.Alfredo Badi-
llo
20:00 a 21:00 hrs. Alumbrado Ing.Javier Romero
Piblico-Ter- :
minoclogia
Martes 20 17:00 a 17:30 hrs. Principios de Ing.Javier Romero
Contrel de la
Luz
17:30 a 18:30 hrs. Fotometria °
18:45 a 19:45 hrs. Practica de

Analigis de In--
formacién Fotomé-

trica
19:45 A 21:00 hrs. Luminarios para Ing.Carlos Gar-
alumbrado pibli- cia
co
Miérc.21 17:00 a 21:00 hrs. Disefilo y Calculo
Jueves 22 17:00 & 18:45 hrs. Anilisis de costos
19:00 a 21:00 hrs. Iluminacidén con Arqg.José Amor

super postes
Iluminacion de
pasos a desnivel

Viernes 23 17:00 a 18:45 hrs. Alumbrado General Ing.Jaime Ga-
de &reas lindo
Consideraciones

de proyectores y
. su fotométria
19:00 a 21:00 hrs. Cilculo de Ilumina-
cién de &reas

Lunes 26 17:00 a 21:00 hrs. Iluminacion de Ing. José Luis
dreas deporti- Bonilla
vas, Canchas de
futbol, basquet
bol, tenis, alber-
cas, etc.
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Iluminacién Arqui- Arg.Enrique
tectdnica de Exte- Quintero
riores, Considera-

ciones plazas, jar-

dines y fachadas,

ejercicio de aplica-

cidn
Instalaciones de Ing. Emilio
alumbrado pibli- Carranza

co, postes, bra-

zos y anclas, - -

transformadores,

ductos y bases

Equipe de control Ing.Alberto
Souza

Disposgitivos para  Ing. Ernesto

el ahorrc de ener  Mendoza

gia

Diagnéstico de Ing.Carlos

-instalaciones de Garcia

alumbrado publi-

co para el ahorro

de energia Lo
Ejercicio de Apli-

cacidn

Metodologia e Ins- Ing. Ernesto:
trumentos para me- Mendoza
dicicnes en campo
Evaluacidn Ing. Carlos
Garcia
Mesa Redonda vy

Calusura



EVALUACION DEL PERSONAL DOCENTE

c_URso;ll>uminaci6n Exterior Principios, Disefio y Ab!iacaiones
FECHA: el 19 al 30_de Septiembre de 1994.

CONFERENCISTA - DOMINIO | USO DE AYUDAS COMUNICACION |. PUNTUALIDAD
. . " DEL TEMA AUDIOVISUALES CON EL ASISTENTE

Ing. Carlos Garcia - :

Ing. Ernesto Wendoza . .
ing. Alfredo Badillo . -

Ing. Javier Romero

Arqg. José Amor

ing. Jaime Galindo

Ing. José Luis Bonilia ’

Arq. Enrique Quintero

Ing. Emilio Carranza

Ing. Alberto Souza

Ing. Ernesto Mendoza

EVALUACION DE LA ENSENANZA

ORGANIZACION Y DESARROLO DEL CURSQO

GRADO DE PROFUNDIDAD LOGRADO EN EL CURSO

ACTUALIZACION DEL CURSO

APLICACION PRACTICA DEL CURSO

EVALUACION DEL CURSO

: CONCEPTO ' , l CALIF.

CUMPLIMIENTO DE LOS OBJETIVOS DEL CURSO

Lo CONTINUIDAD EN LOS TEMAS

CALIDAD DEL MATERIAL DIDACTICO UTILIZADO

—




.- GLE AGRADO SU ESTANCIA EN LA DIVISION DE EDUCACION CONTINUA?

Iy
A\

S NO

SIINDICA QUE "NO" DIGA PORQUE.

MEDIO A"TRAVES DEL CUAL SE ENTERO DEL CURSO:

PERIODICO . FOLLETO GACETA OTRO
EXCELSIOR ANUAL UNAM MEDIO
PERIODICO FOLLETO REVISTAS '
EL UNIVERSAL DEL CURSO TECNICAS

{QUE CAMBIOS SUGERIRIA AL CURSO PARA MEJORARLO?- -

bl
M

IRECOMENDARIA EL CURSO A OTRAIS) PERSONA(S)?

si NO

+QUE CURSOS LE SERVIRIA QUE PROGRAMARA LA DIVISION DE EDUCACION CONTINUA.

OTRAS SUGERENCIAS:
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Definition of Light
a. Light is a part of an energy grbup called radiant energy.

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

c. Light is measured in a unit 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 (1) and frequency
(f). In many applications these characteristics are not
necessary and light can be represented simply by an arrow
indicating its g@direction. '

£. The vélocity of light (¢) is approximately 186,000 miles
per second in air or vacuum,

WAVELENGTH o ELECTRIC FIELD
%’ WAGNETIC FIELD
2= DIRECTION OF ENERGY
G\// Low

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




g.

e
Scientists today use two’ concepts in explaining the

___——-"nature iTe of Jlight, These are the "electromagnetic wave

Fig.

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

in the form of electromagnetic waves (Fig. 1-1) and that
these waves act upon the eyes to produce the sensation of
light. The quantum theory 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 sensation of light. The movement of light through spac:
may be explained best by the electromagnetic theory.

The effect of light on matter (a barrier layer cell light
meter, for example) is best explained by the quantum theory.

Picture of the Radiant Energy Spectrum

a.

In addition to light there are other forms of radiant energy
The entire energy group is called the electromagnetic
spectrum, or the radiant energy spectrum. See Fig. 1-2.

Radiant energy travels at a constant velocity of approxi- .-
mately 186,000 miles per second in air or vacuum.

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

Frequency represents the number of Waves {wavelengths) that
pass a given peint in a second.

Wavelength is expressed in several 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).

FREQUENCY IN HERTZ

w2 w0 w ¢ 0 w? ) w? . Wt we w
WAVELENGTH TN METERS

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

1-2



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.

3. Visible Light Spectrum r

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

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

c. The primary colors of light according to the Young;Helmholz
color theory are red, blue and green.

.
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Fig. 1-3. The visible spectrum; white light is composed of all
the colors of the rainbow.
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Fig. 1-4. The ultraviolet spectrum.

4. Ultraviolet Spectrum

a. Ultraviolet energy is invisible to the eye.



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.
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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 thé camera:

Eye Camera

Sclera Covering .or housing
Choroid Middle Lining
Retina Film

Iris Diaphragm

Pupil Aperture

Lid Shutter

ggns Lens



€. A description of parts of the eye:

(1)

(2)

The sclera is the outer coat or covering; it is tough,
white and opaque; it holds the eyeball in shape. Toward
the front it becomes transparent and is here called the
cornea.

The choroid is the middle lining; it consists of a

layer of blood vessels, and serves as the nourishing

and feeding coat of the eyeball. 1In front it becomes

the iris; this is a colored diaphragm which serves the
same purpose as the diaphragm in the camera. It auto-
matically controls the amount of light which enters the
eye; for example, by expanding the pupil under low levels
of light. The pupil is the hole in the center of the
iris and corresponds to the aperture in the shutter of
the camera.

(3)

(4)

(5)

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

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

(b) Rods. There are also approximately 135 million
rods. They fan out and are located all the way from
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 cones at low levels of illumination.
For this reason blue was ruled out and the red
light preferred during the war blackouts.

The agueous humor is a watery solution between the
cornea and the iris.

The lens is suspended and held in place by muscles
immediately behind the pupil. It is a flexible,
multiple layer body formed in the shape of a lens

and corresponds to the lens in a camera; however, it

is an automatic focusing device, whereas in a camera
focusing is accomplished by moving the lens.  Eye fdcus



Fig.

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 vitreous 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.

AQUECUS HUMOR
pupLL

BLIND S$POT

OFTIC NEAVE

1-6 Cross section of the eye.

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 conmes and rods come into action. From this
point on the process is electro-chemical. Pulsations are set
up and are carried from the cones 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
sensation of sight.



8. Seeing Characteristics of the Eye

b.

- Accommodation refers to the focusing activity of the lens. ’

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.
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RELATIVE SPECTRAL LUMINOUS EFFICIE NCY

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

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 1.

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 portion 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).



Purkinje Effect. The standard (photopic) eye sensitivity
curve 1s based on "cone and rod vision." At very low levels
of illumination, where the luminances are of the order of
0.01 to 0.001 footlambert, the cones no longer function and
the rods take over the entire seeing process. 1In 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.

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.

90°

270°

Fig, 1-8, Normal field of view of a pair of
human eyes, The central white portion 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.



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¢c. Daylight Hours vs. Day and Night Hours. Sunrise to sunset
was a normal day for man 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:

Approximate
Footcandles
(1) Natural light

(a) Open field-noontime in

summer : 7,000 to 10,000
(b) Shade of tree-noontime 1,000
(@) On porch-noontime in summer ‘ 300
(d) Cloudy day-any season 200
(e) Threshold of darkness-midway

between Civil Twilight 3 to5
(f) Nighttime-full moon 0.01

(2) Artificial illumination not

necessarily recommended
(a) Offices, factories, stores,

schools and homes : 5-.200
(b) Average well lighted roadways

1. Freeways 0.6 to 3

2. Major and Expressway l to 3

3. Collector 0.5 to 3

4. Local 0.4 to i

5

. Alleys 0.2 to



10. Changing of Eyes with Age

al

b.

Physical 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 tiis condition and
high~level lighting is a big help to older people.

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 Relating to Visibility as used for Lighting Roadways.
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 luminance 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. Blackwell.
106 ~ OVER 60
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Fig.1-9, Prevalence of Fig. 1-10. Factors in seeing.

defective vision by ages.



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 or ones
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 D'IFFICULT ——
CO CO ¢co co co

Fig. 1-11. Gap in the letter ¢ is
the critical detail.

SEEING BECOMES MORE DIFFICULT ———t .

CO

Fig. 1-12. Illumination constant,
surfaces reflecting differing
amounts of light.

LUMINANCE DECREASES -

Fig. 1-13. Illumination constant .
surfaces reflecting differing ROTATION OF DISCS 1S CONSTANT
amounts of light.

ILLUMINATION ILLUMINATION ILLUMINATION
HIGH MEDIUM LOwW

SEEING BECOMES BLURRED =

Fig. 1-14., The time factor in seeing.
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r
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. An object is discerned
by reverse silhouette when the general luminance 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 detail.



TEST YOURSELF (QUESTIONS)

l. Explain the nature of light. -

2. Name two effects that occur when there is a change of
light on the retina. :

3. What is the difference between scotopic and photopic
vision?

4. What are the four fundamental factors that affect
visibility?

5. 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)

1. 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 0.0l foot-
lambert. This condition is also called the dark-adapted eye.

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

5. 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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_LANGUAGE OF ROADWAY LIGHTING—2—-?—d-- |

Fundamental Lighting Terms and Units

1. Solid angle (w) is defined as the ratic of spherical areas
" (Ag ) to the square of the radius (R). Solid angle is
measured in a unit called the steradian (sr). See Fig. 2-1.

0 = ASIR2 (Equation 2-1)

‘2. 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: 1t 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.

3. 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).

1=2%/, (Equation 2-2)
Candlepowkr 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 demsity. When
the unit of luminous flux is the lumen and the area is in :
square feet, the unit of illumination is the footcandle (fc).
When the area is in square meters, the unit of illumination
is the lux (1x). See Table 2-1.

E = #A (Equation 2-3)



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 = 1x
£L X 3.626 - cd/m?
cd/in2 X 1.55 = 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 at a 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 c¢d/in2. The relationship between
footlamberts and candelas per square inch is:

1 cd/in? = 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, 1light, 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.



b. Reflectance. The illuminating engineer is particularly
interested in the total reflected light so that he
defines reflectance as:

- Total reflected liﬁhg

P ® Total Incident Iight

p for diffuse surfaces = -%

Note: Refer to the IES 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

v o Jotal transmitted light v/
' Total Incident Iight &7
&/
T

Fig. 2-1. Relationship of a spherican area, radius, and solid
angle. The solid angle subtended by the area A,Bzc.D is 1
steradian solid angle = spherical area/ (radius) . There are
4v gteradians in a sphere,

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

Also: L = E Equation 2-5)
or LI i e ion 38)
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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 approach 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*

1. Candela, ¢d. The unit of luminous intensity; one lumen
per unit solid angle (steradian) see Fig. 2-1. 1 candela
"per square inch = 452 footlamberts.

2. Candlepower. Luminous intensity in a specified direction
expressed In candelas. It is no indication of the total
light output.

3. Candlepower Distribution Curve. A curve showing the
variation of luminous 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
Candlepower Distribution Curve represents measurements made
at various angles of azimuth In a horizontal plane through
the light center.

*American National Standard Practice for Roadway Lighting



10.

Coefficient of Utilization. The percentage of rated lamp
lumens which fall on elither 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
maxioum candlepower. ,

Footcandle, fc. 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 o%

one lumen. It equals one lumen per square foot.

Footlamberts, fL. The unit of photometric brightness (lumi-
nance) equal to 1/T 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 1pss 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¢. 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.

d. Veiling Glare. The effect produced by candlepower
emitted in the direction of the eye which has a veiling
effect within the eye that reduces the ability to see.

Glint. The reflection of light from a specular surface.

Isocandela Line or Trace. A line or trace plotted on any
appropriate coordinates to show all the direction in space,
about a source of light in which the candlepower is the same.




11.

12.

13.

14,

For a complete exploration the line is a closed curve. A
series of such curves usually for equal increments of
candlepower is called an isocandela diagram.

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
lines for various illumination values is an isolux
(isofootcandle) diagram,

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

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

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

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

Light Loss Factors. Factors based on physical conditions
causing a reduction or depreciation of the lumens received
on 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
also have an indirect adverse effect on lamp life and
light output.

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

d. Luminaire Component Depreciation. Luminaire surface
depreciation results from adverse changes in aluminum,
paint, and plastic components, which reduce light
output. Clearly this is an important consideration in
design calculations. '




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.




15.

16.

17.

18.

19.

20,

e. Change in Physical Surround. New construction or
demolition within or adjacent to the roadway that
was not considered at the time of design of the
lighting system.

f. 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,

g. 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.

h. Luminaire 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.

Longitudinal Roadway Line. (LRL). May be any line along the
roadway parallel to the curb line.

Luminaire. 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.

Maintenance Factor. A value to be used in calculation
formula, that is less than a whole number, and is toc be

known as the Light Loss Factor. It 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 immediately prior to

any recovery procedure,.

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

Noncutoff Light Distribution. A classification with no
prescribed Timits of control of candlepower distribution
above maximum candlepower.

Overhang. The distance between a vertical line passing
through the luminaire and the curb or edge of the roadway.



21.

22.

23.

24,

25.

26.

27.

28.

Reference Line. Radial lines where the surface of the cone

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.

Semicutoff Light Distribution. A classification with pre-
scribed limits of control of candlepower distribution above
maximum candlepower. '

Spacing. The distance between successive lighting units
measured along the center line of a roadway.

Spacing-to-Mounting Height Ratio. Ratio of the distance
between luminaires to the mounting height.

Transverse Roadway Line. (TRL). May be any line across
the roadway that is perpendicular to the curb line.

Uniformity of Illumination. The ratio of average
illumination level on the roadway to the minimum 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 surface and is plotted as a ratio of width of
area to mounting height of the luminaire.

- Visual ‘Angle. The angle subtended by an object or detail

at a point of observation. It usually is measured in minutes
of arc. It is determined by the size of an object and its
distance from the viewer.

Lighting Laws

1.

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

Enormal = 1/92 (Equation 2-7) 1In Fig. 2-4.

100/1 = 100 fc
100/4 = 25 fc
100/9 = 11.1 fc

E, = 1/(D)?
Ey) = 1/(Dy)?

2
E3 = I/(D3)



Table 2-3 - Most Often Used Lighting Terms
DESCRIPTIVE ABBREVI-
TERM SYMBOL UNIT ATION DEFINITION
Light Q Lumen-~-Hour lm-h Radiant energy the
eye can evaluate
Luminous Flux ¢ Lumen lm Time rate of flow of
light
Luminous Inten- I Candela cd The solid-angular flux
gity - Candle- - density in the direc-
power ‘tion in question
I1lumination E Footcandle fc The density of the
Lux 1x luminous flux incident
" on a surface
Luminance L Footlambert fL 2 The lumincus intensity
{(candelas (cd/m“) 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. 1If 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 = (I) ( ),
the lumens contained in the unit solid angle are I or
(100) (1) = 100. Illumination is also defined as incident
luminous flux per square foot. When is in lumens and A
is in square feet, illumination is in footcandles.

E= ¢/A
Then: E; = ¢/A,=100/1= 100 fc
Ey = ¢/Ap=100/4= 25 fc
Ey = #/A3=100/9=11.1 fc

.These agree with the results obtained using the candlepower

concept. The candlepower concept is therefore used to
determine illumination at a 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.



b. 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 practical standpoint this is true only if the
distance is more than five times the maximum
dimension of the source.

(5) This law measures only direct illumination from the
source.

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

E E + E +E (Equation 2-8)

total” 2 3

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

Eg =(I/D2)(cos ¢) = (Epormal) (cose¢) - (Equation 2-9)

Table 2-4 - Basic Lighting Equations

w = A_/R? Equation 2-1
I = ¢/ Equation 2-2
E = $/o Equation 2-3
1 cd/in? = 452 fL Equation 2-4
L = ( p){E) Equation 2-5
L = ( D)(E) Equation 2-6
Enormal - 1/D2 Equation 2-7
Eoral = E,* Ez+ E, Equation 2-8

Eg = (1/D?)(cos 6) Equation 2-9



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
8 = angle in degrees which the illuminated plane must

be rotated to be normal to the projected ray from
the source :

D = distance in feet from source to point in question
A = area of illuminated surface in square feet
A = spherical area
R = radius
P = reflectance
T = transmittance
A, =8 8q.ft.
Armasatt

A.' w] sq.ft.
QOne lurmen emitled

in direction of
Ara A

po- D, =\ FT

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.



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.w) = 100
lumens; the illumination on the base (E = ¢/A) is 100 fc.
When the plane containing the base is rotated through
some angle 6, as indicated in Fig. 2-5, the solid angle
will intercept an area (A') equal to the area (A) of
the base divided by the cosine of the angle rotated
through (A' = A/cos 8). Therefore: E = $/A' = -

(% /A) cos 8)

~TEST YOURSELF (QUESTIONS

Lighting Terms

Place the letter in the parenthesis that corresponds to the
term defined.

P Yo Y

(

Units

P Y N RO ANDOL

N St g S S N

N N

luminous flux g. light
illumination h. wavelength
luminous- intensity i. adaptation
luminance j. accommodation
reflectance k. brightness
transmittance

1. The ratio of the light reflected by a body to the
incident light.

2. Radiant energy evaluated by its capacity to produce

: a visual sensation. .

3. Solid angular flux density in the direction considered.

4. Density of luminous flux incident upon a surface.

5. Time rate of flow of light.

6. The luminous intensity of any surface in a given
direction per unit of projected area of the surface
viewed from that direction.

7. The focusing activity of the lens of the eye.

8. Adjustment of the iris and change in response of
the cells on the retina.

9. Sensation

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

P Yo Vo Yo W W

N Nt S g Nt Nt

P r

luminous flux a. candela
luminous intensity b. footcandle
illumination c. footlambert
wavelength d. nanometer
luminance e. lumens/watt
light f. per cent



( ) 7. 1light source efficacy g. lumen

( ) 8. reflectance h. watt

( ) 9. solid angle i. lumen-hour
( )10. electric power b steradian

Abbreviations

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

( ) 1. Candela a. f1,
( ) 2. Footcandle b. 1lm/W
( ) 3. Footlambert c. cd
( ) 4. Wavelength d. 1m
( ) 5. Efficacy e. fe
( ) 6. Lumens ‘f. nm
TEST YOURSELF (ANSWERS)
Lighting
Terms Units Abbreviations
1. e 1. g 1. ¢
2, g 2. a 2. e
3. ¢ 3. b 3. a
4. b 4, d 4, £
5. a 5. ¢ 5. b —
6. d 6. 1 6. d
7. 7. e
8. i 8. £
9. k 9. j
10. h

TEST YOURSELF (PROBLEMS)

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

1. 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




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

S. A source of ten candelas has a total lumen output of

6. One_s?uare foot of a surface is normal to a light beam of
two lumens; if the surface is rotated through an angle of 60 degrees,
the average illumination would be .

7. A surface has an average luminance of 100 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 to a distance of ten feet from P, the
luminous intensity of the source would be

10. ' A square foot surface (reflectance 20 per cent) receives
100 lumens; it has luminance of

TEST YOURSELF (ANSWERS)

Problems . .
I=9¢/w=1/2cd
E=¢/A=4/2=2 fc ¢

E = I/D? = 100/25 = 4 fc

E=¢/A=20/5=4 fc

F=1ouw= (10)(4r) = 125.7

E¢o = (¢/8) (cos 60) = (2/1)(0.5) = 1 fc

E = L/p = 100/0.1 = 1000 fc

Ey = (1/D?)(coss) = (100/100)(6/10) = 0.6 fc

100 ¢d (candlepower does not change with distance.)
L = oE = (p)(¢/A) = (0.20)(100/1) = 20 fL

-
o

REFERENCES
IES Lighting Handbook, Fifth Edition, Illuminating 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 illuminatiom on every point omn
either flat plane varies; hence, the illumination is said to be
average illumination. Egyge ¢/A. E'ayg= ¢/A'= ( ¢/A) (cos o ).
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= PRINCIPLES OF LIGHT CONTROL™

A

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.

1.

Specular Reflection. If a surface is polished, it reflects
specularly; that 1s, 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 form a virtual, erect, or
inverted image of the source. A lateral reversal of the image
occurs when an object is reflected in an odd number of plane
mirrors.

Specular Reflectors. Examples of specular reflectors are:

a. Polished and electroplated metals, such as gold or copper,
and first-surface silvered glass or plastic mirrors. Inside-
aluminized, sealed-beam lamps utilize first-surface
reflectors 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 sheen of silk and the shine from smooth or
coated paper are images of light sources reflected in

the first surface.



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. 3-2¢, .
parallel to the ray reflected by the first surface.

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).

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. 3-5b.

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.

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. 3-5c. '

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.




h-—Compound Reflection. Most common materials are compound
reflectors and exhibit all three reflection components
- (specular, spread, and diffuse). In some, 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.

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. 3-8a which usually amounts to
from 5 to 15 percent of the incident light.

j. Circular Contour--Cylindrical and Spherical. These
reflectors assume a focal point or line 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.

1. 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 produce 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



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.

Total Reflection. Total reflection of a light ray at a
surtace 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 nj/n;. If the index
of refraction of the first medium (ny) is greater than
that of the second medium (nz), sin "r" will become unity
when sin "i" is equal to n,/n;. At angles of incidence
greater than this critical™angle (l.), the incident rays
are reflected totally, as in Fig. 3-9. 1In 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 (ny/n;=1.5) normal to its surface, about 4
percent is re%lected 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.

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.



oo Every-surface-absorbs somez of the light fluX it 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,

3. Refraction. When a light ray passes from a transparent medium
of one 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. 3-10a.

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. 3-10b.
The law of refraction (Snell's law) states:

| n; sin i =n, sinr

where

n, = the index of refraction of the first medium

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

n, = the index of refraction of the second medium

it

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

r

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 = n, 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.




b. Reflection by Prisms. As shown in Fig. 3-10b, when a
Iight 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)

i

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

Flint glass - Critical angle = 34.7 degrees (n = 1.75)

Figs. 3-13a and b show the bending of the incident ray by
90 and 180 degrees, respectively, by the process of

internal reflection. 1In 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.

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 lens 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.



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

1.

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 some light and absorb the rest.

A transparent material, one which transmits light without
scattering, can be either c¢lear 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 transﬁarent 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 some-
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 patterms. 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."”

¢.. 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

1s 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.

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.

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 enters the medium at an angle
with the surface less than 90 degrees, it will be bent

by 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. 1In 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 pigments 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. :

Spread transmission occurs when the translucent medium is

of a relatively li%ht 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.




h. 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.

2. Transmission Factors - Transmittance. A transmission factor is
the ratio of transmitted Iight flux to the incident light flux.
This generally is assumed to be total transmittance, although
diffuse, regular, and spectral components can be measured.

Some 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
Equipment

1. Luminaire Optical Designs

a. Control by Reflector Only: Luminaires having control of

‘ Tight by reflector 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.



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. 1In 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 some sort of curved sections.
Offsecting the light source effects some 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.

Diffusers. Luminaires consisting of diffusers along have
Iimited 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
glare from today's light source. 1Its 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 concentration of light
in asymmetric patterns; hence, they are ineffective in
controlling vertical or lateral light distribution in the
usual sense,

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.



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.

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

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
complicates 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:

1.

Answers:

1.

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

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

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

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

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 form a ''beam' or concentration
of parallel light to provide the "punch'" to light remote
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.

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."

There is really no 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 arc stream is perhaps 1/8" to 1/4'" in-diameter . . .
and from say 1 1/2" to several inches long.

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 refracts, light can be bent as much as perhaps 90°

but a greatly reduced efficiency.
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Tables

Tahle 3-1-Total Reflection
Coefiicients of Various Surfaces

Material Reflectance
Highly polished siiver 0.9
Glass lined mirrors 0.70t00.85
White blotting paper 0.82
Emerald green paper 0.18
Blach paper 0.05
Dark blue suit 0.03
Dark blue overcoat 0.2
Light grey suit, 0.1
Grey suit 0.07
Caucasian (male) face, front 0.30tc0.50
Negroid (male) tace, front 0.10t00.30
Roadway (total of specular and diffuse)
Macadam 0.06t00.13
Concrete 0.08t00.15
Dirt and gravel 0.03t00.07
Black velvet 0.004

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

Materiat Transmittance

Glass

Clear transparent and prismatic 0.96-0.95

Configurated, etched, frosted

and sancbtasted 0.70-0.85

Opalescent and alabaster 0.55-0.80

Flashed {cased) opal 0.30-0.65

Solid opa!l 0.15-0.40
Piastics '

Depending on type 0-0.95
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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 promote the
uniform evaluation of the optical performance of roadway
luminaires.

EQUIPMENT

1. Luminaires. Luminaires selected for test should be represen-
tative of the manufacturer's typical product.

2. 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. Gonio - 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.



Electrical Requirements

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. The ac power should be such that the
RMS summation of the harmonic component does not exceed
three percent of the fundamental.

¢. 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 + 1 °C should be maintained

in the laboratory during all tests. The air in the vicinity of
the test luminaire should be free of drafts.

TEST PROCEDURE

1.

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

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.

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 and a calibrated photometer.

+
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Special Photometer Calibration.

a. If it is desired to provide photometric data for optical
performance of a luminaire using a specific ballast and
lamp, the factor for the ballast must be obtained and
entered into calibratisn. The report should include
ballast information.

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.

Positioning Luminaire. 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. ‘

Light Source Positioning. If the lamp is not rotated inside
the luminaire, the filament (or arc tube if mercury or

sodium lamps) should be aligned and the position recorded

in the test report. It is extremely important that arc 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.

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.

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.

LUMINAIRE CHARACTERISTICS

1.

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 4-2¢c. 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 corresponding to those directionms
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.

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

The lateral distribution of candlepower through the cone of
maximum candlepower is shown in figure 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.

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)

Utilization curve. Utilization curves are available for various
types of luminaires and afford a practical 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 curve 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.

Angles commonly used in roadway lighting are as follows:

Vertically - 0 degrees at nadir
90 degrees at horizontal
180 degrees at Zenith
Laterally - Measured clockwise viewing luminaire from above.
0 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 curbd.
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Mounting height correction factors (figure &4-16)

ROADWAY LIGHTING DISTRIBUTION CLASSIFICATIONS

1.

General. Proper distribution of the light flux from the
luminaires is one of the essential factors in efficient roadway
lighting. 1In order to have a definite system of light distri-
butions, the Illuminating Engineering Society Roadway Lighting
Committee has established the following terminology to

‘describe roadway lighting distributions. There are three

general criteria wused to describe distributions.

a. Vertical light distributions,

b. Lateral light distributioms.

c. Control of light distribution above the maximum candlepower.
Vertical Light Distribution

a. Short distribution (figure 4-15)

b. Medium distribution (figure 4-15)

¢. Long distribution.(figure 4-15) |

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 IIl distribution (figure 4-12)

f. Type IV distribution (figure 4-13)

g. Type V distribution (figure 4-14)

Control of Light Distribution

~a. Cutoff distribution

b. Semi-cutoff distribution

c. Nb cutoff distribution

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

1. 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.
¢. Dimensions to give a general idea of size.

d. Light center location by dimensions, if necessary.

e. Other essential information such as auxiliary
reflecting devices.

f. Goniometer center location with respect to luminaire.

g. Test distance. |

3. Lamp description. ANSI type service aﬁd 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/IES
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)
5. Optionél information

a. A complete isocandela diagram.
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b. Curve or table of relative light outpuf when luminaire uses
a lamp and ballast combination.

FIELD MEASUREMENTS

1. 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 "IES 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
described 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.

5. 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.

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 proper 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.

¢. 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.)

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. Ppoto—
electric 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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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)

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.

Describe environment as to surrounding dirt. The

"~ adjacent atmosphere is the product of the effect of

(1)
(2)
(3)

(4)

(5)

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 critical. 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.

Photometric Data

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 AND HIGHWAYS

1. 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
significanpe, such as along the curb line and center line,
half-way between or immediately under luminaires, or at
points where a maximum or minimum 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.



Fig. 4-1, Three-meter-diameter
spherical photometer in back of
engineer holding 8-foot
fluorescent lamp.
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Fig. 4-2. Isocandela diagrams and associated methods of presentation.
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graphical analysis techniques while the rectangular format is adapted to
automated mechanical plotting techniques.
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Mounting Height
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Crnversion Factors in Terms of 15, 20, 25, 30 and 35 Foot (4.6, 6.1, 7.6, 9.1 and 10.7 Meter)} Mounting Heights

- Conversicn Factors

" 15 Feet

N 20 Feet 25 Feet © 30 Fest 15 Fest
Feet Meters ‘ (4.6 Meters) (6.1 Meters) (7.6 Maters) (3.1 Meters) | (10.7 Meters)
» o p s
1 34 ! 1.86 :
12 3.7 156
13 40 1.33
14 4.3 1.15 _
15 46 1.00 1.78
16 49 0.879 1.5
17 52 4 0 1.39
18 55 i 0.634 1.53 1.93
19 5.8 | 0.623 1R S 1.13
) 61  § 0562 1.00 1.5 2.6
21 6.4 - 0.907 142 2.04
22 6.7 0.826 1.29 1.86
23 7.0 0.757 1.18 1.70
24 13 0.654 1.09 1.56
5 P 16 f 0.540 1.00 1.4 1.9%
% 18 I 0.925 . 1.3 151
27 8.2 0.857 1.24 1.68
28 8.5 0.757 1.15 1.56
2 8.9 03 1.07 1.46
FY) 9.1 0.695 1.00 1.3
N 9.5 . 0.936 127
2 96 0.878 120
33 10.1 0.826 112
"] 10.4 ! 0.779 1.05
35 10.7 0.735 1.7
k] 11.0 0.945
37 11.3 0.85
13 116 0.818
Ky} 11.9 0.605
) 122 0.765

Nots: Conversion factors are the square of the mounting height at which the isofootcandie (isolux) diagram is plotted
divided by the square of the mounting helght desired.

Fig. 4-16.

'fc

Mounting Height Conversion Factors.
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4-18a.
Low range portable illumination meter.

Fig. 4-18b.
Low range street lighting
footcandle meter.

Fig. 4-19.
Pritchard Photoelectric
Telephotometer.
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Appendix A —Procedurec for Computing
Isofooteandle (Jsolux) Cnrves

Al The following is a sugzested method where nan-
ual data taking is used.

{n) Calculate horizontal illumination values for
vertical angles listed in Table A) far each lateral
angle through which a verlical candlepower distri.
bution curve has been taken. Iforizontal illomination
values equal candlepower times the cosine cubed nf
the vertical angle divided hy the mounting height
squared.

(h) Plot horizontal illumination values versus the
tangent of the vertical angle. This may be dene on
scmiilop, paper or on reclanpular cnardinate paper if
the ordinate (horizontal illumination values) scale is
chenred each time that valie goes helow one-tenth
full scale value. ’

(e) The isofooteandle (isnlux} diagram has as its
scale a ratio of distance to mounting height which is
the tangent of the veriical angle, Iadial lines may he
drawn on the chart representing the intersection of
the vertical planes through which candlepower values
were recordsd.  Then from the horizental illumina.
tion values versus tangent curves. desire? horizenial
values may he sclected, plotied and values of cqual
ilumination joined by a smanth curve 16 form the

isofootcandie (isolux) diagram.

Can refcrences 2,
3 and 13 :

A? Suggested mothods where automatic recording is
used nare: '

(n) Transparencies with lines of equal iNumina.
tinn (isofootcandle (isolux) lines) can hs made by
platting candlepower for an isofootc.ndle (isolux)
linc versus the vertical angle. A transnarency is re-
nuired for each mounting height and cach full scals
randlepower value. The equation from which values
are calculated for plotting is: Can-lepawver cquals
Horizanta! Fantcandles (Lux) times Mourting Height
Squared divided hy the Cosine Cnbed of the Vertical
Anale.

(1) The photometer must be calitirated so that
full scale deflection of recorder js th snma as that of
one of the fransparencies.

{#) As distribution curves are tsken from the
recorder, the transparency overlay is trasd. Points nf
intersertion locate the vertical angle at which that
horiznntal illumination valna should he plot*ad on the
Isofanteandle (Tsolux) diagram. Jt is planed on the
line which represents the lateral angls thrauph which
the vertical distribution furve was 1nken at a distanes
from the luminaire Jocation numerirally canal to the

Takle—Appendix 2!

15 Fert

Vertical | 20 Meat
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TEST QUESTIONS : RECE

T

1. 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?

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

ANSWERS

1. 25°% + 1°%

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.

5. So that the photocell records the same amount of light

that our eyes record.
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DISTRIBUCION DE LA LUZ YERTICAL

Las luminarias se clasifican dependiendo st su potencia luminosa méxima cae corta, mediana,
0 a gran distancia de ellas. '

1.- Distribucidn Corta: De una Linea Longitudinal de camino {LLC) de
1AM, 2 2.5 A.M. squivalente a 45° y 66° -

2.- Distribucion Medfana: ‘ . De una (LLC) de 2.5 de A.M, a 3.75 A.M. equi-
——— ‘ . valente a 66" y 75" verticales.

3.- Distribucidn Larga: De una (LLC) de 3.75 de A.M. a 6.0 A.M, equi-
valente a 75% y 80" verticales.
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_ 'CONTROL DE LA DISTRIBUCION DE LA LUZ SOBRE LA POTENCIA LUMINOSA MAXIMA

La clasificacidn indica 1as cand:ias emitidas desde la Lumimaria a angulos elevados, sien-
do de acuerdo a la IES como sigue:

QnToF

Mo mis de 25 camdelas per 700 Lumewes
de 12 Timpar: per encima de . Smgule
de 90° sobre ¢l Nodir ¥ mo mis & 190
candelas por 1000 Lumenes de ldmpara
por encima de wn dngulo de 80 sobre
el Radir.

SEMI CUTOFF

"

Mo mis de 50 camdelas por 1000 i ameres
por encima de mm dngulo de 907 sobre -
el Nadir y mo mds de 200 candelas por
1000 Lwmemes de 13mpara nor encima de
wn ingulo de 80° sobre el Nadir.

NON CUTOFF Sin limitaciones de candelas.
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.- LUMINAIRES FORROADWAY LIGHTING 6

General Considerations

The Roadway Lighting Luminaire is a more specialized and
sophisticated luminaire than most commercial luminaires. 1Its
components may be broken down 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 pole mount. The cover is hinged and
latched and supports a plain transparent cover or a light
controlling refractor. In some 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 some designs an open bottom refrac-
tor for additional light control. Dirt buildup on the optical
surfaces is prevented by a chimney effect of the heat from
the lamp and wind currents which produce a continuous upward
air movement through the optical assembly.

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
luminaires onto the roadway area. This may be accomplished
by means of a reflector alone or by a reflector and refractor
integrated optical system.

Chapter 5 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
measured and how its distribution is displayed in data form.
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.

Luminaire Types and Component Parts

Luminaire design varies 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 also contains the neces-

sary—electrical-ballasts—and control equipment for
proper operation of the lamps.

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 allows 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. 1In 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
lumindre 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

3
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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
congrol 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. 1In
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.

Decorative Luminaires: In downtown, commercial areas,
boulevards, parks, campuses, and residential
areas where people are becoming more aware of day time
esthetics something more than the conventional func-
tional luminaire is being asked for. To fill the needs
of this market, manufacturers have been able to incor-
porate the functional optical system in a decorative
housing. Thus, night time lighting
efficiencies have been preserved with an improved day
time appearance. In the newer residential areas under-
ground wiring is being used. This made the low mounted
decorative post top luminaire practical (Fig. 6-14).

In the lower wattage sizes and with a good optical
design, brightness of these luminaires can be kept within
acceptable limits.

For large area lighting such as parking and mall areas
high mounted high wattage luminaires such as shown
in (Fig. 6-15) are often used.

Underpass Luminaires: Wall mounted luminaires (Fig. 6-16)
are available both with and without ballasts for use

in lighting underpasses. These are usually supplied with
the lower wattage lamps which combined with a well
designed optical system will usually provide satisfactory
distributions at fifteen foot mounting heights.
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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.,—several

luminaires—are usually employed, mounted on a pole
surrounding ring which can often be lowered to the ground
by winch for servicing. The luminaires use vertical
burning discharge lamps in reflectors 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.

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. T

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 ancther's optical system with
the resulting'effect of producing a ljght distribution
pattern different than the original specification. 1If
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 stifle
creativity and the development of new and better luminaires
and competitive rivalry among manufacturers.
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6-2. AC Relay Photoelectric Control Element with Cover Removed.



Fig. 6-4, Sockets-fixed (left) and
adjustable (above). -

Fig, 6-3, Fluor: .ra,



Fig, 6-8, Fluorescent luminaire,
2
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Fig, 6-11.

Streamlined oval luminaire.




Fig. 6-14. Low-wattage

decorative post-top
luminaire.

Fig. 6-16. Wall-mounted
luminaire for underpasses.
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Fig. 6-15. High-wattage, high-mounted, area-lighting luminaires.
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XXX
—._ .. .- ROADWAY LIGHTING PRINCIPLES - 4 ==

Principles of Vision in Public Lighting

Though public lighting has to satisfy both drivers and pedes-

trians, it is in practice the requirements of the drivers
which are the more stringent.

1. Requirements for 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 some 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).

¢. 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 the 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, which may be dangerous.

123
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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.

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 wvisual
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.

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; nevertheless 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.

9
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It is elso 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 referred to_above_is_obvious.—

Thé location of luminaires should therefore be carefully
set out and studied in a perspective view of the road.

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.

¢. 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.

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 form a
_ 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-

1S
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up areas, the luminance 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 practical considerations.

The contrast of an obstacle depends on both its own

luminance and on that of its background; but in most instal-
lations luminances 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.

Visibility Factors which Influence Seeing and Visibility

1.

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.
¢. 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. Luminance, however, is a function of
illumination 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
e
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1;,bgmpedestrian, vehicle, -or some othér 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 of the
i1{Egigggigg_hp;_of_the*reflectance“of-thé'ﬁﬁject--an
inheTent 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

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. :

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.

To sum up, it may be said that in the design 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 gonsiderations 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 principles 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:
’ i+
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Seeing by surface detajl. See Fig. 7-3.
Seeing by silhouette. See Fig. 7-4.
Seeing by glint of highlights.

Seeing by shadow.

AanNn o

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 Requirements

1. 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 IES-ANSI spacings
and mounting heights, pavement luminance will generally be
much more uniform than measured illumination. In downtown

't
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‘streecs 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
are produced simultaneously.* -

——

3. Pavement luminance is also influenced by the transverse
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. 1In 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 minimum illumination (footcandles)
should not exceed 3 to 1.

b. Where vehicular traffic is very light and speeds lower,.
an exception is made in which case the ratio of average
to minimum jillumination should not exceed 6 to 1.

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 minimum illumination
levels can be calculated from the manufacturer's isolux
curves for the particular luminaire .to be employed.

Factors Influencing Pavement Luminance

1. 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.
7
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Footlamberts = footcandles x reflectance

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 streaks of high luminance form an
entirely different pattern from that provided under dry
conditions. It 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. -

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 reflect as much as 90 percent of light
striking the surface at grazing angles. See Fig. 7-11.

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.

It 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. : 2%
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€. Prior to the 1963 Standard Practice for Roadway Lighting
it was proposed to increase the recommended minimum
footcandles by 50 percent for very dark (3 percent
reflectance) surfaces. Also, it was proposed that the
stated minimum _values_might-be-reduced—by—25-percent

where the pavement reflectance was unusually high (20
percent reflectance). While this degree of refinement
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-
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.

b. It is perhaps obvious that narrow distribution patterns
such as IES Types I 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
IIT 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.
7
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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. Staggered or Opposite Arrangement. Staggered or opposite
arrangement will result in a luminance 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:

1.

8.
9.

More effective light flux distribution coverage on wide roadwzys

and interchange areas.
Usually less glare, more comfort, and better visibility.
Possible lower costs.

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

Less dirt accumulation from traffic.

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

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

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

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
adjacent driving lane.* 2

*See Fig. 7-8.
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Negative Factors

1.

Glare from Street Lighting. In street lighting, as with in-
terior lighting, glare 1is described, studied, and discussed

under—two headings--namely, disability glare and discomfort
glare. Under either description, glare itself refers to the
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.

Practical 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 1ogg
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) Some designers feel that to achieve highest possible
pavement luminance it is necessary to direct some 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

11 :
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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."

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.

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.

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 scan 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. 2
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4.

Weather Conditions

a.

"We recognize that as paved 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

nothing ahead of us until_an_object—becomes- lighted with o

the direct light of our headlights, an effect commonly
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.*

Fog conditions at night are particularly hazardous for the
driver. Up to now, no practical 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

*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 employin% 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 a2 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.

¢. 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

1. 1In street lighting design, the primary concern is with the
area of the roadway surface itself 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.

it
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Commercially available luminaires for street-lighting are =~~~
_.designed -to distributé 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 light beyond_the—curb-provides

a most_useful-and-oftenesseritial 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 accurate 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.

2. Business and Congested Streets

Downtown business 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 distribution.

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
levely of light and careful placement of luminaires
to improve visibility in the peripheral areas.

3.. Outlying Streets and Highways (See Fig. 7-19b.)

a. Streets may be narrow, permitting center mounting, one-
side pole locations and/or IES Types I and II
distributions. 1%
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b. Sidewalks or walkways may be poorly defined, increasing
the hazard to pedestrians. Such conditions require ample
illumination.

¢. Building setbacks 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 requiring consideration of
twin luminaires mounted on center strip or perhaps
separate treatment of each roadway.

c¢. Break-down lanes resulting in unusual setbacks, or
grade intersections on high-speed traffic streets,
requiring special attention to approach lighting
from all directions.

d. 1Interchanges and toll plazas which require special
attention to the illumination level and placement
of lights with respect to curves and grade separations.
QUESTIONS: ¢

1. Will uniform horizontal illumination on a roadway produce
uniform luminance? L4
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_We have,.for years,-specified-highway lighting jobs in terms

of horizontal footcandles but lately there has been discussion
of vertical footcandles, why?

What are the major factors affecting visibility?

1t

There are two types of ''glare'. Name them and discuss each. -

ANSWERS :

1.

Uniform illumination on a perfectly diffuse roadway surface
would produce uniform illuminance but roadway surfaces are
never perfectly diffuse so that uniform illumination will
never produce uniform luminance. Roadway surface reflectance
characteristics vary from 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.

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 measured
horizontally, but by a vectorial component at 45°. 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.

Object luminance

Background luminance

Contrast between object and surround
Time

Glare

Object size

HOON oW

It is generally agreed that there are two types of glare

a) discomfort, and b) disability of veiling glare. Discomfort
glare is one causing fatigue of the eyes but not necessarily
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.

'S
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Cut-oft luminaire, surface mat and dry.

Cut-oft luminaire. surface smooth and dry.
Semi-cutoff luminaire, surface mat and dry.
Semi-cutoff luminaire, surface smooth ang 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;
street.

Fig. 7-4. Seeing by
silhouette: (above)

blocks;
street.

(right) typical

(right) typical

37
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OBSTACLE DISCERNMENT BY .
. ENT BY SILHOUETTE Fig. 7-5.
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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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1-

DIRECTIONAL REFLECTANCE FACTOR

88~ VERTICAL ANGLE
84"
82" SAMPLE NO .4

75°
70°

{ _ 65°
A 8
W : 35°
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St o
:‘ 0.1 /".\ |
i . y T ——— —
0.01-5
6" 3:)" 6}) 910 1 QTO" 1_50" 1 50" 2: o 2';0" 2|70" 360" 3:"0“ 3160"

HORIZONTAL ANGLE

Fig. 7-9. Directional Reflectance Factors for 100" Viewing Distance.



Fig. 7-11. Pavement
luminance vs. surface
reflectance.

Fig. 7-12. Luminance
pattern - one-side
arrangement.

Fig. 7-13. Luminance pattern -
staggered arrangement.

s
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Fig. 7-14. Luminance pattern -
opposite arrangement.

Fig. 7-15. Luminance
"Dattern - center-
mounted arrangement.
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EFFECT OF GLARE ON DISCERNMENT

L

g“ =

s =

220 //

> )/

£

oo¥ LY 3 1 T) Y 2
Fig. 7-16. Veiling Luminance-Footlamberts

Effect of glare on discernment. Loss in visibility
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.

LIGHTING DRV PRIEMENT

L1 laed—1 ]

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.

LISHTING WET PRVEAENT

| P R T e M

When pavement is wet the 'surface luminance’ is produced

by the street lamp located 1000 feet or more in front
of car.

hg— . .

—————

When pavement is wet the headlight beams are reflecﬁed
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. 7-18Ba. Visual comparison
of dry vs. wet pavement -
dry conditions.

Fig. 7-18b. Visual
comparison of dry vs.
wet pavement - wet
conditions.
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Fig. 7-19a. Typical street lighting 1nstallat10n - business
street (day and night).

Fig. 7-19b. Typical street lighting installation - residential
street (day and night).

Fig. 7-19¢. Typical street llghtlng installation - highway
(day and night). :
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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

integrally mounted ballast equipment.
Y1
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ROADWAY LIGHTING DESIGN AND COMPUTATIONS _(C) e

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 some other areas.

For special computations relating to Area Lighting and High
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 Fundgmentals 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.

CALCULATION PROCEDURE. The general procedure for calculating

maintained Roadway Illumination consists of a series of steps.

They are divided into two major groups; Objectives and
Specifications (6); Light Loss Factors Not to be Recovered
(6); and Light Loss Factors to be Recovered (2). The main
pfocedure 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 8 roadway we wish to illuminate
so0 that it can be traversed safely by cars and pedestrians.
This area will naturally have dimensions, 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 mounted
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. 1If this were
a clty street the pole might be only 2' from the curb
or if it were a country road it might be 12' from the edyc
of the road. 1In 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 5' over the roadway
(OH). See Fig. 8-1.

3. STANDARD DATA FORM. The IES Testing Procedure Committee has
recommended a standard form for reporting photometric data.
See Fig. 4-17, p. 4-16 and Fig. 8-2, p. 4. The data on Fig.
8-2, p. 8-4 will be used in the next series of computations.
(see following 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 immediately is that the test was made for a lamp
rated at 20,500 lumens. Referring to page 5- we find that
the H33-1cd lamp is now the H33CD-400 lamp which has a rating
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 calculations:

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

b. Determination of the illumination at a specific point on
the roadway. '

c. Determination of uniformity of illumination.

*Footnote - Committee on Testing Procedures of the IES: ''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 poles for an average

of—9-footcandles—can—be donte ifi 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 enlargement of
Fig. 8-2a), or by means of computing the illumination at
a large number of points (see paragraph 8.6.a) and
averaging the values calculated. Since this latter methed
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
Luminaires (*See footnote in paragraph 8.2.a) this method
will be discussed.

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 indicates
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 order to evaluate correctly the true performance
of the luminaire, especially concerning uniformity or
compliance with the recommended ratio of minimum
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' utilization.
In a like manner the percentage projected in the
opposite direction from the reference line is called
the "house side'" utilization. One thing to remember
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.



Fig.

2

Fig. 8-3. Enlarged utilization curves from Fig. 8-2.
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(4)-To obtain thé same results the 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 of luminaire

mounting height to roadway width.
c. Formulas for Computation

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

Lamp Lumens x Coefficient of Utilization
Width of Pavement x Average Initial Illumination

|1

Spacing

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

Lamp Coef. of Luminaire Dirt _ Lamp Lumen
Lumens Utilization ™ Depreciation Depreciation
Width of Pavement x Average Maintained Illumination

Spacing

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

Symbol Definition

AME Average maintained illumination
AT Ambient temperature
BF Ballast factor
BO Burn out
CD Component depreciation
CPS - Changes in depreciation
Cu Co-efficient of Utilization
E Illumination
FCM Footcandles maintained
LL Lamp Lumens
LDD Luminaire Dirt Depreciation
LLF Light loss factor
LLD Lamp lumen depreciation
MH Mounting height
OH Overhang
S : Spacing
VF Voltage factor
W Width of Pavement
Basic formula with symbols for the determination of
Spacing is:
g - LL x CU
W x AME
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Calculations

Coefficient of Utilization '"Street Side"
. _ W-OH _ 50' - 5" _ 45' _
Coef. of Util. = T T XM 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., = — = =— = 16

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 .4853 + .045 = .53.

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

Spacing = 19%861 Tg‘53 - 10’223 = 231.6

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 cycles. In our example, the
cleaning cytle is six months. Therefore the point on the
lamp lumen depreciation curve should be a multiple of six
months. Assuming 4,000 hours operation time per year, we
would see that 16,000 hours represents a four year life.
Four years if of course a multiple of a six months cleaning
cycle. Therefore the 16,000 hour point has been chosen
from the lamp lumen depreciation curve. In looking at
the curve and taking the average of the span at the
16,000 hour point, we have a lamp lumen depreciation
factor of 67%.

Besides these two factors others such as Allowance for

Ambient Temperature, 10.a, Voltage, 10.b, Ballast
factor, 10.¢, Component Depreciation, 10.d, Possible
Changes of Physical Surrounds, 10.e, Burn-outs, 10.f,
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Spacing (S) =

etc. could be entered at this point if they will
influence the final calculations.

With the two factors of LLD and LDD we can now use the
second formula ~ 5.c(1).

19,667 x .53 x .95 x .76 - 7526 - ,
50 x .9 5 167.2 (166)

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 IES 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 IES Approved
Method for Photometric Testing of Roadway Luminaires,

the isofootcandle method will be discussed.

Isofootcandle (isolux) Diagram.

(1) The illumination on a roadway surface produced by
the light distribution from one or more luminaires
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
mounting heights are usually given in the tabulation
along side the isofootcandle curves.

Typical Computation. To illustrate the use of the isofootr-
candle diagram, a typlcal calculation is as follows:
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Given: Roadway with layout as in fig. 8-1.

Staggered Luminaire spacing (S) (see 8.5.d4(1)) 166"
Roadway Width (W) curb to curb 50"
Luminaire Mounting Height 30°
Luminaire OverHang(OH) 5'
Luminairce Dirt Depreciation (LDD) .95

Lamp Lumen Depreciation (LLD) .76 -

Lamp - 400 watt clear mercury rated at 19,667 lumens

Required to determine:

Initial and maintained fc¢ at points "A", "B"-and 'C" Fig. 8-1
To determine the fc 1level at point "A" the values will have
to be determined from the isofootcandle diagram Fig. 8-6.
Solution (1) The location of point "A" in respect to a point
on the pavement directly under the Luminaire is dimensioned

in transverse and longitudinal multiples of the mounting
height. The luminaire produces isofootcandle lines (hori-
zontal footcandles) as shown in Fig.- 8-6 Point "A" is then
located on the isofootcandle diagram for its position with
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" - Transverse distance to ''House Side"

O 3 = 0.16
MR - 30T ¢ . L .

-Longitudinal distance along pavement
S _ 166’

:”I_H- = —m-r': 5533

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 .0l and .016 for a value of .013 fc. There-
fore the two luminaires will deliver 2 x .013 or .026 fc. total.

(b) Luminaire No. 2

Locate Point "A'" - Transverse distance to "Street Side"
W-OH _ 30' - 5' _ 45' _ 1.5
MH - 307 307 T &

Longitudinal distance along pavement is 0' 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 isofootcandle lines .63 and .4. It is estimated
that the value is .55.
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__ (c)_ Luminaire_No._4

Locate point "A" - Transverse diQtance to ""Street Side"
W-HO _ 50' - 5' _ 45' _ 1.5
MH 30_l 30' .

Longitudinal distance along pavement 1is
332" (2 x S) _ 332" _ 11.06
30

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 .0

Total fec at "A" 7576

This value is based on a clean luminaire with a lamp
producing 20,500 lumens. As it is desired to express the
foctcandles in terms of fc. 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 fc. at point A is fc at "A'" x LL x LDD

X LLD = FCM or .576 x .96 x .95 x .76 = 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 = %% =1.5
Longitudinal along road 83'/30' = 2.766

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 fc.
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(¢) 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'.h fe line.

(d) Luminaire No. &4
Locate Point "B" - Transverse to H.S. 50-5 = 45

'3-0'= 1.5
Longitudinal along road 240/30 = 8.3
Point "B" from these figures for No. & is off of the chart.

(e) Total foctcandle values for all luminaires at point
I|B|I is

Luminaire No. 1
Luminaire No. 2 .15 fe
Luminaire No. 3 .40 fe
Luminaire No. &
Total fc. at "B

This value is of course an initial value. Using the
factors of .96 for the lamp lumen factor, .95 for LDD
and .76 for LLD we come up with .55 x .96 x .95 x .76 =
.38 fc maintained. :

(4) In a like manner the fc¢ values are determined for point
|IC||

(a) Luminaires Nos. 1 and 4. From previous calculations
under paragraph 3a and 3d we found that the longi-
tudinal distance produced a point off  the chart.

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

W/> - 0H _ 50/2 - 5 _ 20 _ 667
"MH 30 30 '

Longitudinal along road = 83/30 = 2.766

Point ."'C" for units 2 and 3 are .667 across street
and 2.766 to the left. This point will be found
between isofootcandle lines .4 and .63 which is about
.56 f¢  The total then for this point "C'" is 2 x .56
for 1.12 £fc as luminaires No. 1 and & do not project
any values to this point.

(¢) 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 fc x .96 x .96 x .76 = .78 fc
maintained.
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a.

7. UNIFORMITY RATIOS

The uniformity of illumination requirements of para-
graph 3.5, pages 14 and 15 of the American Standard
Practice should be determined by computing the ratio:

Minimum  Horizontal Footcandles
Average Horizontal Footcandles

1t can also be expressed as the ratio:

Averape Horizontal Footcandles
Minimum Horizontal Footcandles

Sufficient number of specific points over the roadway
should be checked, as outlined in paragraph 8.6, to
ascertain accurately the location and value of the

minimum point. If the values at points "A", '"B" AND "C",
as shown in Fig. 8-1, are first determined, the approximate

-location of the minimum point may be located or its

location will become more apparent.

The average illumination on the roadway pavement should-
be computed as in paragraph 5.a taking care to use the
same lamp output and other conditions as used in deter-
mining the minimum illumination value.

Some manufacturers are now supplying curves of the type
shown in Fig. 8-7a and 8-7b, which indicate the average

to minimum maintained footcandle ratio for a particular
arrangement of luminaires as roadway width and spacing
are varied. (These are computed for the lowest value

on the roadway area, not necessarily for points "A", "B"
and "C".) Such curves are a convenient aid to determine
the average to minimum illumination ratios for a given
spacing and roadway width, or-to determine the possible
spacing for a required uniformity ratio. They also can be
used to determine the relationship between average illumi-
nation for spacing and roadway width. Each different
combination of luminaires, lamp type and arrangement of
luminaires will produce a different set of these
characteristic curves.

In the calculations the maintained footcandles at point "A"
is .399 ( 6.c (2) (d); at point "B' the value is .38

( 6.c (3e) and at point '"C" the value is .78 ( 6.c

(4 ppg. c¢). From these data we can assume that .38 at

point "B" will be the minimum, other points between "A" and
"B" could be checked if necessary. Using the value of .38

fc we have a ratio of .9 fc average maintained to .38 fc

minimum maintained or a ratioc of 2.37 to 1.
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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 isofootcandle curves are made, it is
necessary to find the correct new location on the diagram
as well as apply a correction factor to the footcandle
values at the new location.

b. The following items will change, Coefficient of Utilization,
footcandle values and point locations. The coefficient
of utilization and point locations are on a percentage .
ratio. Footcandles have to be changed in relationship (o
the mounting height. A table adjacent to the diagram will
give a factor for changing the footcandle values in relation
to the given mounting height (30'). In other words the
footcandle values at a certain point will be multiplied by
the factor for the new mounting height. This point will
have been located in regard to the new mounting height.
The coefficient of utilization factors are located as well
in regard to the new mounting height.

¢. To illustrate the problem for a lower mounting height, we
will use the data used previously except the mounting
height will be 25°'.

Roadway width (W) 50"
Mounting Height (MH) 25"
Over Hang (OH) 5"
Rated Lamp Lumens (RLL) 19,667
Test Lamp Lumens (TLL) 20,500
Lamp Lumen Correction factor (LLC)
19,667/20,500 .96
Luminaire Dirt Depreciation (LDD) .95

Required Average Footcandles Maintained .9

To find coefficient of utilization

Street side = égl—igal = %%

1.8 ratio .509 C/U Fig. 8-3

)
House side = %gr = 2 ratio

.058 C/U Fig. 8-3

.509 + .058 = 0.567

i

Coefficient of utilization
To find Spacing (S) i
Spacing = 19,667 x .95 x .76 x .567 _ 8051

0 %0 75— = 178.9"' (178)

'In the problem where a 30' mounting height was used the
spacing was 167.2'. 1In our calculations we used 166' as
it was the next lower even number. 1In the following
problem we will use 178'.
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The footcandle 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
Transverse to H.S. 5/25 = .2

Long. along road 178' /25" = 7.12
This point is off the chart and has no value
Luminaire no. 2
Transverse S5.S. 45/25 = 1.8
Long. along road O
This point is between .25 and .4 estimated at .30 fc.
Luminaire No. 4
Transverse S$.S5. 45/25 = 1.8
Long. along road = 356/25 = 14.25 which is off the
chart, .

The total fec produced at point "A" is .30 from luminaire
No. 2. These of course are initial. To obtain the main-
tained value for a 25' mounting the following factors are
applied. LDD .95, LLD .76 Lumen correction factor (LCF)
.96 and 1.44 which is the mounting height correction factoer
found in the table Fig. 8-2. So we have .30 x .95 x .76

X .96 x 1.44 = 299 fc maintained.

The footcandles at Point "B" are as follows, Luminaire
no. 1 having a longitudinal distance along the road of
267'/25"' = 10.68 is off the chart for no value, Lumi-
naire no. 2 with factors of 45/25 = 1.8 and 89/25 = 3.56
produces a value of .075, Luminaire no. 3 with ratios of
5/25 = .2 and 89/25 = 3,56 produces a value of .l4, Point
"B" for luminaire no. 4 is off the chart for no value.
The total then for point "B" is ,075 + .14 totaling .215
fc. Applying the factors to get the final maintained value
we use the same factors as in the above paragraph or .215
x .95 x .76 x .96 x 1.44 = _215.

The footcandles at Point "C':

Luminaire Nos. 1 & 4 Trans. = 20/25 = .8, Long. 267/25 =
10.68 off chart. Luminaire no. 2 & 3 Trans. = .8, Long.=
3.56 = .25 x 2 = .5 fc. The total of .5 f¢ times the
various factors produces a .499 fc wtd.

The problem of solving for a greater mounting height is

solved in a similar manner. For a 35' mounting height we
would have the following data: (Only MH has been changed
. from previous problems). ’
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Coefficient of utilization "Street side' ratio = 2%%2 = %% = 1 2%§

Coefficient of Util. house side = 5/35 = .1429, c.u. is .042
Total coef. of util. = .457 + .042 = .499
Substituting in Spacing formula:

Footcandles at Point "A"
Luminaire No. 1 & 3 Trans. 5' MS. = 5/35 = ,1429
Long. = 158/35 = 4.51
At this point each luminaire produces .032 fc. totaling .064

Luminaire No. 2 Trans. 45' s.s. 45/35 = 1.286
Long. 0
This luminaire produces .75 fc 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" is .032 fromno. 1, + .75 from no. 2 +
.032 from no. 3 and .0 from no. 4 for a total of .8l4. To
get the maintained fc at 35 feet mounting the following
factors are applied:

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

The four luminaires project the following values to Point ''B"
Luminaire No. 1 No value

No. 2 .25
No. 3 .58
No. &4 012
Total BL2

842 x .74 %X .95 x .76 x .96 = .432 fc mtd.

The four lumindires project the following values to point ''C"
Luminaire No. 1 & 4 No value (less than .01 fc )
Luminaire No. 2 & 3 .72 fc¢ each or 1.44 fc¢ for both units
1.44 fc¢ x .74 x .95 x .76 x .96 = 739 fc¢ maintained.

The three sets of data on the same fixture under the same
conditions except mounting height provide information which
can be compared. This comparison will then bring in various
factors which should be considered, such as economics,
quality, glare and other factors.

The following gives the accumulated data.
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—---Mounting——Avg.--fc_. _.Pole. . Maintained footcandles Ratio

Height Maint. Spacing A" "B "C'"  Average to Min.
25° .9 178° .299 215 .499 4.19 to 1
30° .9 166" .399 .38 .78 2.37 to 1
35 .9 158’ A2 .43 .14 2.14 to 1

All three systems produce a .9 fc average maintained, but

the 25' mounting height develops a 4.19 to 1 average to
minimum 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 77 more pole and
luminaires. The pole costs will be greater also due to the
additional 5' 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 are
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 AND 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.

¢.. 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 1. Also, consideration should be given to allow-
able limits 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 portion cf Flg _8-5 shows five
groups of typical area .atmospheres. _ e —

e. Area Descrlption - A complete descrxptlon is required feor
each area to be lighted. This should include: the

_physical-characteristics—such—as roddway width, curva-
tures, grade, obstructions, (trees) and border areas.

f.. Selection of Luminaire - Selecting the .specific luminaire
requires the almost simultaneous consideration of.many
factors. Selection of the type of luminaire for a given
roadway depends upon the requirements and conditions
‘found above, such as dimensions of roadway and atmo-
spheric conditions and such factors (whose relative
importance will vary from project to project) as:.
mounting height; luminaire dirt depreciation; lamp choice;
maintenance considerations, including cleaning and lamp
‘replacement; luminaire and installation appearance; color
of light; lighting and relighting time; cost of enquip-
ment; etc. All factors should be examined in detail first,
then reviewed so.that the proper weight will be given
to everything that mlght effect the luminaire selectlon

. LIGHT LOSSES - NOT RECOVERABLE

Once the facts in' 9 have been appraised and the luminaire

is chosen, the factors that cause loss of light should be
studied and evaluated. The factors immediately following

are difficult to appraise and are usually of little 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 practical.

a. Luninaire Ambient Temperature - The effect of ambient
temperature on the output of some fluorescent luminaires
may be considerable. To apply a factor for light loss
due to ambient temperature, 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 {or the specified
luminaire to be used.

b. Voltage to Luminaire - In-service voltage’ is dlfflcult to
predict, but high or low voltage at the 1um1naxre will
affect the output of most luminaires.
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Ballast Performance - If the ballast used in the luminaire
does not provide rated watts to the lamp, the light output
will differ proportionately, and a ballast factor should

be applied. The manufacturer should be consulted for neces-
sary factors. :

. Luminaire Component Depreciation - Depreciation of the

light controlling elements of a luminaire, resulting from
deterioration of metal, glass, plastic, paint 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 evaluate losses due to deterioration. Even luminaires

with a single light controlling element of one type of

material will show losses due to the type of atmosphere
in the area. No standard factors have yet been daveloped
to cover depreciation of components. (5ee Fig. 11-2)

Changes in Physical Surround - The designer should be
aware of planned changes in the roadway conditions that
may 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.

Burn-Outs - Unreplaced burned-out lamps will affect the
quality of the lighting system. It would be ironical to
incorporate 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
necessity for a good maintenance program. E

11. LIGHT LOSSES - RECOVERABLE

a.

Lamp Lumen Depreciation - Information about lamp lumen
depreciation 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 manufacturers data or the IES

‘Lighting Handbook, 5th Edition for LLD factors.

This factor has already been used in the problems and
solutions presented. The tables for the various lamp
types are found on page 5-1), Fig. 5-5 for incandescent
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12.

lamps; page 5-3!, Fig. 5-24 for mercury lamps. page 5-3

. ... Fig. 5-28, for-metal-halide lamps .~ The loss for sodlum
is reported to run from 5 to 10% at end of lamp life
according to the late = information and depending on
the manufacturer contacted.

b. Luminaire Dirt Depreciation---The-accumulation—of dirt
on luminaires results in a loss in light output, and
therefore a loss on the roadway. This loss is known
as the luminairc dirt depreciation (LDD) factor and
is determined as follows: -

(1) Determine the dirt category (very clean, clean,
average, dirty or very dirty) from 10.d and
Fig. 8-5 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 cleaning is determined
from section 10.f and 1ll.a.

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 reselect 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 given very careful study for many
special considerations in regard to roadway complexities.

General information: If the minimum illumination of any
point on the roadway is less than 1/3 the average illumination
it is possible that,

The mounting height is too low.

Another light distribution pattern (if available)
might be used to advantage.

A different overhang might be used.

Spacing is too great.

The lamp-luminaire combination has too great a lumen
output for the average illumination level desired.

[V, Q=W NN
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No.

0 oo

PROBLEMS

1 Apply the new design parameters to Fig. 8-1

Roadway width (W) ' 44"
Mounting Height (MH) 30'
Overhang (OH) (A

Luminaire Fig. 8-8 (McG-Ed. Ne. E359-280)
ANSI/IES Type: III, 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(horizontal)

Required maintained footcandles 2.0
Atmosphere - surrounds CLEAN

Cleaning schedule - months 6

Lamp replacement 837 life 20,000 hours

Determine luminaire dirt depreciation (LDD)
Determine lamp lumen depreciation (LLD)
Determine commercial lamp lumen/test lamp

lumen factor

Determine Coefficient of Utilization (CU)
Determine staggered spacing for 2 fc avg. mtd___
Determine maintained fc to minimum fc ratio

—————

Solution No. 1

a.

Refer to Fig. 8.5 for a 6 months line draw a line
vertically half-way between the 0 and 1 year line. Where
this line intersects the clean line is just about 97%.

To determine LLD refer to Fig. 5-24, page 5- . Draw a
line from mid point of "H33" to 100%, where this line
crosses vertical line for 20,000 hours it appears that
the lumen value is about 70%.

According to the tables page 5-33 a 400 watt H33CD-400
lamp produces approx. 19,667 lumens in a horizontal
position. This value divided by the test lamp lu=a.ns
gives us (19,667/20,500) a 967 factor.

To determine the CU factor refer to Fig. 8-8,.

CU- Street Side (5.S.) ‘ﬂﬁ%ﬂ - ‘—“L-'mi‘- - %% = 1.333

Draw line from 1.333 Street Side to intersect 5.S. curve at

CU- House Side (H.S.) g% = %67 = ,1333 ratio

Draw line from .1333 to intersection of H.S. curve at .057
Total CU for_H.S. and S.5. is .057 + .453 = 01

§-22
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100 SLIECT APPROPRIATE DIRY CURVEL FRGM KIND OF CONDI-
&L\ TIORS DESCRIBED BELOW FOR TYPE LUMINAIRE T0 BT USED
' N - I D me _YERY CLEAN Areas—Ciaan—Pavament—Grass—No-opan-loose ground "
— e TN \ Slow tnffic Llittls or no sdhesive qualities in stmos-
g phere, Most rursl sreas, residentiai roadways, slew trai-
; 0 \\\ \‘\ fic. no trucks.
O LEAN :
Y \ e Areas—-As above except aversge car and truck trathic Down.
; \ fown open aress. intermaediate end lreeways in open areas
& 0 Y
H N \__,__ -
ot
3 \ N"AG'
5 4 < o ; .
z Areas—As sbove t  iightly more exposure. Residential,
8 \ intermadiste, locsl mimot roads. Few trucks.
g ” . TIH
e \ \ Areas—Confined. Greater than average Cars and truchs ex-
\ pressway, freeways. Downtown, major, Adhesive dirt.
40 ]
VERY DIRYY
Ind./Comm. Areas. Trucks, buses, adhesive dirt, contined
3%, . 2 3 p s o 7 areas, heavy traffic,
Years

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

(LDD)
[ 3
Figg7o 1 11 | .|
11 Example of chart showing uniformity ratio vs.
Luminaire spacing for staggered arrangement. o
Luminaire classification 11 Medium Semi-cutoff Type 11 Distribution .
88
- 1.5 _8%
c
2% |~ 30" width
&% —_— 40’ width
211 E g b\_\\ . : .
g€ NN L\ | 50" width
|5 E ANAN /\\.§§
=2 1\ ~ N_/ [60" width
31 Ls @
41 E© ¥ XN
S~ N
51

60 80 100 120 140 160 180 200 220
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easier computations).
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(Fig

- 8-2) Maintained footcandle values are calculated for a 400-watt clear me. ity

lamp with a lumen output of 19,667 (horizontal), a luminaire dirt depreciation
(L.D.D.) of 95% and lamp lumen depreciation (L.L.D.) of 76%.
Overhang (OH) 5', Roadway width varies "W'".
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MOUNTING
HEIGHT (MH)

S
(Spacing)
No. 4A No. 4
Fig 8-9 Layout of Luminaires Street side House side
and roadway assumed for (W-0) (Overhang) (OH)
typical computation,
w
(Width)
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e. Staggered spacing using formula 5¢ page 8-7

Staggered spacing = 19,667 za‘ilzx 97 % 70 Eg%g = 77.39%' (76")

f. To determine average fc. to minimum fc ratio
Determine fc at point "A" luminaires no. 1 & 3
Transverse H.S. 4/30 = ,1333) _ -

Long. along R. 76/30 = 2.533) = 21 x 2= .42 fc

Luminaire no. 2

Transverse S.5. 40/30 1.333)

Long along R. =0 = 1.10 fc
Luminaire No. &
Transverse 5.5. 40/30 = 1.333)

Long. along R. 152/30 = 5.0666) - -2X2 -
Total for No. 1, No. 2, No. 3
& No. &4 1.535
Maintained FC = 1.535 x .97 x .70 x .96 = 1.0 fc¢ maintained

Determine fc. at point "B" Luminaire No. 1

Trans. H.S. 4/30 = 1333, Long. 114/30 = 3.8 .04 fc
No. 2, Trans. S.S. 40/30 1.35, Long. 38/30 1.266 .48 fc
No. 3, Trans. H.S. 4/30 .135, Long. 38/30 1.266 1.00 fc
No. 4, Trans. S5.S. 40/30 = 1.33, Long.114/30 = 3.8 .085 fc
Total footcandles at point 17605 fc

Determine fc. at Point ''C" Luminaire 1 and 4
Trans. $.S. 20/30 = .667, Long. 114/30 = 3.8 = .11 fc x 2 = .22fc
No. 2 & 3 Trans. §.S. 20/30 = .667 Long. 38/30 = 1.266

= 1.15 fec x 2 = 2.30
Total footacndles at point 'C" 2.5Z fc

nwn

" Maintained fec¢ at point "B" = 1,605 x .97 x .70 x .96 = 1.05
Maintained fc at point "C' = 2.52 x .97 x .70 x .96 = 1.64 f:
Point "A" is low and produces a ratio of 2 avg. to 1 or a

2 to 1 ratio.
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roblem No 2

Using the same parameters as for problem no. 1 change the pole
locations to opposite spacing for a 2 fc avg. maintained. See

__Fig. 8-9.
a. Determine spacing
The values for coefficient of utilization, LDD, LLD, ITL,
will remain the same.

b. Determine maintained fc¢ for points "A" , 'B"
and IFCII

¢. Determine ratio for average maintained to minimum
' maintained

Problem No. 3

Determine data for the following situation:

Roadway Width (W) 60"
Mounting Height (MH) 30"
Overhang (OH) 4
Luminaire-See Fig: 8 8 (Opposite spacing)

LDD 97%
LLD 70%
ITL _ 96%
Average maintained footcandles to be

provided . , 2 fe

Determine Coefficient of Utilization (CU)
Determine opposite spacing

Determine maintained fc¢. at points "A",
lIBII and |1CI|

0o

d. Determine average to minimum ratio.

Problem No. 4

Photometric Data - see Fig. 8-2, 8-3 and 8-6.

Luminaire, Medium, Semi-cutoff type II

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) . 78%
Roadway Width (W) 42"
Overhang (OH) 6'
Required maintained fc 2

Luminaire Dirt Depreciation (LDD) 97%
Mounting Height 34"
Mounting Height factor (see table on dJata sheet) 78%
Installed - Test Lamp factor (ITL) 96%
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a. Determine Utilization factor (CU)

b. Determine staggered pole spacing

c. Determine footcandle values maintained at Points "A", "B"
and "C".

d. Determine average to minimum ratio. -

Problem No. 5

The previous problem was on a clear mercury lamp, this one will be
on a phosphor coated lamp of the same wattage, and will produce a
different type of distribution. -

Photometric Data - see Fig. 8-10.

Luminaire, IES Type III Short, Cutoff (1972)
Lamp; 400 watt Phosphor coated H33GL-400/DX
Test Lamp Lumens 22,000

Installed Lamp Lumens, initial 21,780

Installed - Test lamp factor .99
LLD 787%
Roadway width (W) 42"
Overhang (0) 6'
Mounting Height 34"
Mounting Height Factor 74%
LDD 97%
Footcandles maintained 2
a. Determine Coefficient of Utilizatiom (CU)

b. Determine staggered pole spacing

¢. Determine footcandles maintained at points "A", "B" and "'C"
d. Determine average to minimum ratio

Problem No. 6

This problem has the same physical perameters as the two previous

problems. The change is substituting a 400 watt sodium lamp
fixture.

Photometric Data - See Fig. 8-11
Luminaire ~ IES type IV, medium, semi-cutoff
Lamp: LU-400 E-18 ‘

Test Lamp Lumens 42,000
Rated Lamp Lumens 50,000
Installed - test lamp lumen factor 1.19
LLD .90%
Roadway Width (W) 42"
Overhang (0) 6'
Mounting Height : 34"
Mounting height factor 78%
L.DD 97%
Footcandles maintained 2



PHOTOMETRIC REPORT
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a._ Determine Coefficient of Utilization_(CU)_ _
b. Determine Staggered pole spacing
c.
d.

Determine footcandles maintained at points "A", "B" and "C"
Determine average to minimum ratio.

This problem is for a greater mounting height and a wider roadway.
Photometric Data Fig. 8-12 -
Luminaire IES type III, medium, semi-cutoff distribution.
Lamp: 1000 watts H36-15GV (Ansi - H36GV-1000) clear.

Test Lamp Lumens 57,000
Rated Lamp lumens initial horizontal 54,000
Installed- Test lamp lumen factor 94,747,
Roadway width (W) (Fig. 8-1) 72"
Qverhang (OH) 5'
Mounting Height (MH) 50
Footcandles maintained 2

a. Determine lamp lumen depreciation for 16,000 hours Fig. 5-24
page 5-

b. De%ermine luminaire dirt depreciation factor for a system of

cleaning every 6 months in an avg. area.

Determine Coefficient of Utilization (CU)

Determinelstaggered spacing

Determine .footcandles maintained at points "A', B" and "C"

Determine~?verage to minimum ratio

i
|

Problem No. 8*i

i

H® b

To get a comparison of a clear and phosphor coated mercury lamp
the same perameters will be used on this problem as in problem
no. 7., except that a 1000 watt Deluxe white lamp will be used.
"Photometric data - Fig. 8-13

Luminaire Ansi/IES 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 (0) : 5
Mounting Height (MH) 50'
Footcandles maintained 2

Mounting height factor 497%

a. Dectermine Coefficient of Utilization

L. Determine staggered pole spucing -
c. Determine maintained footcandles at points "A'", “B" and 'C"
d. Determine average to minimum ratio
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PHOTOMETRIC REPORT

DISTANCE ALONG STREET IN MOUNTING HEIGHTS

° 1 2
DISTANCE ACROSS STREET IN MOUNTING HEIGHTS

ISOFOOTCANDLE AND UTILIZATION CURVES
TEST CISTANCE_Z8_FT.

Foolcandle datais basedon a lummalre mounting height ol 30 feet. For other mounting heights, mutiiply the values of tao!-
candles shown by the toliowing table. The utihzation curve (dashed) is correct 1or all Mouning heights and does no' recuire
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40°%

20%

10%

COEFFICIENT OF UTILIZATION

LamP__H38-18GY WATTS_1000 LUMINAIRE:
— SERIES: 227
Lov- 08 voLts WATTAGE: 1000 . an \
SLUMENS__ST70G00 :
WT[STNO 227 8 DATE 7 -24 73
“BY REVISION__Q
APPROVED BY
1esTYPe: {11 MEDIUM SEMI-CUTOFF
HOUSE SIDE UTILIZATION(DalhodLinn] STREET SIDE 0%
) T 1 t i % ] *
{ SR ‘:1&?L5TT*? T
[ iR .*f"-*“;“.wjf 1IN T Tt
1 a wq,z_ LN
. b1 -{' T ' P + | N 0%
03 | ;1 — ; . i
e INT T
Lol b L...r . i

cotrechion,
Mounting HL—Ft. | 10 12 14 6 e 20 25 30 35 a0 a5 5001w 73
FACTOR _— — -—_ —_— — —= 1 1,44 | 100 .74 .56 —_ _— —— —-
This reporl is based on les! methods in accordance with IES Guides on Treuting Procedures. Sigrihicance 16 hmied 10 1he deqree thit TRe 1r- © 0 wa =it 1. fepte-

sentative and 1hat test condiions are duplicaled. Yollage and charactenstics ol lamps and ballasts. wrrigusly attec! heig perloimanse

LIGHT FLUX VALUES

{Test Distance Shown Apave]
Lumens Perceni ol Lamp
DOWNWARD
STREET SIDE 31230 54.8
UPWARD
STREET S1DE
DOWNWARD
HOUSE SIDE 13897 244
UPWARD
HOUSE SIDE T
Total 45127 79.2 %
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Fig. 8-12.

Values of isocandela. lumens, and foolcandies are basec upon a lamp operated a1 _97000
lumens. It the dsta is desired for a duterent lumen raling. mu
footcandie values by the ditferent lamp lumen raung divided by

lli{)li all isocangela. lumen, and
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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 - IES type III, medium cutoff, distribution
Lamp: MH-1000 1000 watts Bt-46.

Test Lamp Lumens 50,000
Rated Lamp Lumens (Horizontal - initial) 95,000
Installed - Test lamp lumen factor 1.0555
LLD 7000 hours, 70% life 747,
LDD 95%
Roadway width (W) 72
Overhang (0) 5°
Mounting Height (MH) 50
Footcandle maintained : 2
Mounting height factor 0
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'. 1In this case we are using a 10'
median and the luminaire is mounted over the edge of the roadway
see Fig. B8-15. The lumens falling on the median will not be
included in our calculations for CU. or footcandles.

Photometric Data Fig. 8-16

Luminaire Ansi/IES type 1II medium, cutoff.

Lamp; 1000 watts, M-1000/BD Bt-56 clear.

Test Lamp Lumens 90,000 90,000
Rated Lamp Lumens Horizontal initial 95,000
Installed - Test Lamp lumen factor . 1.0555
LLD (70% 1life - 7000 hours) . 14%
LDD . 95%

Roadway width Fig, 8-17 (2 strips 36' wide with
10' separation).

Mounting Height (MH) 50°
Mounting height factor 497,
Mast arms 5' (Approx.)
Overhang (0) (center of fixture over curb) 0'

2 luminaires per pole.

8-36
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Determine Coefficient of Utilization

a.
b. Determine Spacing for double mounting
- ¢. Determine maintained footcandles for points “A't, "B, "C"
_ and ”D"-
d. Determine average to minimum ratio.
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Ansvers

Problem
a.
b.

c.

Problem
a.
b.
c.

d.

Problem
a.
b.
c.

APPENDIX A

to Problems 2 through 10

2.
Opposite spacing
Maintained footcandles at
Point A :
Point B
Point C
Ratio average to minimum

3.
Coefficient of Utilization
Opposite spacing
Maintained footcandles at
Point A
Point B
Point C
Ratio average to minimum

4,
Coefficient of Utilization
Staggered spacing
Maintained footcandles at
Point A
Point B
_ Point C
Ratio

5.
Coefficient of Utilization
Staggered spacing
Maintained footcandles at

-Point A

Point B

Point C

Ratio

6.
Coefficient of Utilization
Staggered spacing
Maintained footcandles at
Point A
Point B
Point C
Ratio

154,

— W N R

—

.8§ to

.37
126.

.08
.58
.84
.52 to

A7
83.

.15
.17

6!

72 to

.351
68.

56
.98
.54 to

.391
‘203.

.48
.561
.567
.57 to

2!



Problem 7.

a. Determine lamp lumens denrec1atlon .665
(LLD)
b. Determine luminaire_dirt 95— —
depreciation (LDD)
c. Coefficient of Utilization .415
d. Staggered spacing 98.8'
e. Maintained footcandles at
Point A 1.21
Point B 1.7
Point C 2.35
d. Ratio ' 1 65 to 1
Problem 8. .
a. Coefficient of Utilization .27
b. Staggered spacing : 70°
¢. Maintained footcandles at
Point A 1.33
Point B : 1.72
Point C 2.08 .
d. Ratio ' 1.5 tol
Problem 9.
a, Coeff1c1ent of Utilization A7
b. Staggered spacing 218"
c. Maintained footcandles at
Point A 1.02
Point B _ .84
Point C : C1.14 ‘
d. Ratio 2.27 to 1
Problem 10.
a. Coefficient of Utilization .335
b. Spacing - 310
¢. Maintained footcandles at
Point A 3.46
Point B 447
Point C .524
Point D .567
d. Ratio : . 4,47 to 1

Note: Where photometric data is difficult to interpret, answers
within 5% of those given may be considered correct.
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STRUCTURAL SUPPORT METHODS 9 S—

luminaire Supporting Structures

1.

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 some cases may consist only of a mast arm or bracket
mounted on a structure such as a wall or bridge member.

Classification

a.

By location of electrical supply circuits

(1) For overhead wiring
(2) For underground wiring

By composition

(1) Wood
(2) Steel
(3) Aluminum
(4) Concrete

By functional requirements for luminaires
(1) Mast arm (bracket) tvpe

(2) Davit or inclined shaft type

(3) Post top type

(4) Specill types for high mast lighting
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

9-1



CIA. DE LUZ

Y F iu DEL CENTRO S.A.
N GERENCIA 3 STRUCCION
T CALCLO DR mIVEL |LUIIUAGIOI
FECHA. _
1.~ DATOS

1.1 LOCALIZACION.

Calle

Enire
Celonia

Delegecica

1.2 DATOS F3ICO8.
Anche do ie calle

(AA} Aache del srreye
(AB) Anche banguetes

(DIP) Distancia interpesial
(M) Altare ¢ mente)e

(TA) Tipe & embiente (Muy |impie, |imple, medurede, sucie, -
mey sesle )

(TL) Tiempe @0 limpisze
(N1} NMivel ¢o iluminacion

1.3 DATOS DE LA LUMINARIA.

Tipe d¢e luminerie y/é grdfice

Grdtica fotomdirice nimero

Tipe de reflectier

Caracteristicas de luminaria

;.dmpm {t1ipo y potencia)

(L)) Lumenes iniciales de lo idmpara

Vide de ia lampara {(horas)

| 1 11 i 1 | | ] 1




CIADE LUZ Y Fgglll DEL CENTRO 8. A.
RENCIA X CONS TRUCCION

NOJA R DX B

l {AD)» l

1.4 Detes Complomsatarios

(AA)
(AM)
(LH)
(LS)
(AD)
e
(ore)

(AM )=

"'""";’6;5’)1.'] BEITIT L3 —pen
(AAs

2~ CALOMO O WIVER PROMIROD.
(Witede & lumen )

2.4 Calevie dol feoter du pirdides toteins éo lus.
FrTL)

- (FD) Depreciasida luminice do io lamperes ol SO% do sv vide
(ver curvas dei fobriceats de Idmperes)

(Fi) Mwtondad & idmperes o 50% do su vide (ver curves dul
fotviccatn & dnperes)

(CS) Cosfintonts és dogreciceidn (00 nesssiten les dates de
tpe & omblante (TA) y tiompe & limpieze (TL) pare
ealtrer ¢ jo surve. ver insise 1. 8

.9
L e
., 9 LI P
4
28
g op WOOERADS
arT p
L
o wew
j e
85 as
x
EO
> WY sucie
U§ o4 -
«
(M
.‘ 2 3 & A - 2 I
o3, 1 1 s ¢ -8 [ 7 [}

TIEMPO OE LIMPIEZA EN ANOS
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CIA. OE LUZ ¥ FUERZA DEL Ci

GERENCIA DE CONSTRUCCION
CALCULO DE MVEL DE ILLANNACION

{FNR)
s)

b)

¢}

d)
(FPTL)

FACTORES NO RECUPERABLES OE PERDIDAS DE LVUZ.

Temporeture smblente do luminerie.
Veltaje ds linee.

Facler d» balesire .

Depreciecién do lo superficio dol refloster.
FACTOR DE PERDIOAS TOTALES DE LUZ.
(r®) (F) (CO) (FmA) »

2.2 CALCULO DEL COEPICIHERTE OE UTH.IZ2AGION.

(Se seleuln con lo relesidn do lo Olstensia Goi oje —

de lu luminerie @ loe Doaquetes 3 jo ettere B0 men-

tajo (AM), y 106 curves o cosficionte @& wtilizecidn
de le luminerie).

(AM) Altere do montaje ¢ ls luminerie.

RAS * Retacida ds le distencio do! ¢jo @ o leminerie ¢ I

bonguets epueste /olture &0 meateje.
(LS)

( A)

RAH = Relecidn du lo Glstancia do! aje do 'a luminerie o ie

banquete adyecente / alture do menteje.
(LK)

2 ]
(AM)

RBS * Relacion de lo d¢istansie dol ojo @ lo hminerie ol

fin du I banqueie opuesia/ allure do menteje.
. (LS) + {AB) .

{AM)

RBH = Relacidn de lo distancia de! sje de Il luminarie al

fin de lo banquete odyacente /altura de montaje.
. (LH) + (AB)

(AM}




GERENCIA DE CONSTRUCCION

ClA. DE LUZ Y FUERZA DEL CENTRO S.A l
CALCULO DE MIVEL DE HUMINACION

—» Curve

{
— Curve (
—> GCurve {
"RB MW — Cwrve {

F B B
o> »
® X o

2.2.1 Costicionte do wiilizecidn dul arreye.
{CUA ) = (CUS) + (CUN) =

222 Cooficihante @& wilizesiin & benguates
(CUB) = (CUBS) - (CUS) + (CUBM) - (CUN) =
2.3 Nivel o Numinoeils
231 Nivel & Huminesida dol arreye

(Li)2(FPTL)x (CUA)
{AA) x (DIP)
2.3.2 Nivel de lluminacida d» benquetes
(L1)a(PPTL)z(CUB)
(N®) = a1 1 (0P ‘

2.3.3 Nivel é» Ruminssiia promedh

{(NIA) =

(NIP) = (lll):(ﬂ.i . .

3- CALCULO DE MIYEL PROMEDIQ
( Metode por peatos )
3.0 Cdiculo del aivel promedie per medie de la ecuacion
(EPP)EPP= /4{ES)+1/S(EA+EC+EB) + 1/16(E1+ E3+ETHEY)
3.1.1 Puntos utilizades ea la ecuacioa '

MOJA 4 de 8
Para obtener ol coeficients de uiilizesida se ontre en g curve
respective scem ol valor de les relecisnss anterieres.

—
—

1 1 1 T 1 1T 1T T T 1




CIA. DE LUZ Y FUERZA DEL CENTRO S. A,

GERENCIA DE CONSTRUCCIONM
_______— CALCULO-DE NIVEL -DE-ILUMINACION

o f_-_kr— (o.’, HOJA 3 DE 8
{ow)/4

4/1//////’5//1[1/////1/// PIIIIII Y |
I

- —
—— —

P |4 ?; (AA)
- | _ | 5
2 ‘L__
“Tp_z ‘h Pe = (L
Py Pe Pe |
PERFIL PLARTA

3.2 Céicuio do relecienss.
3.2.2 NRelesiones transversdies pere lee lemineries “A~" y "B
i (RTP 147) AB = 0
(AA)/2 - (LM) .
(AM)
'(AM - {(uw)
(Am)
3.2.3 Roelesionss longitudineiess pere e leminerie ~ A~
(RLP 123} A =0
(RLP 486) . A = (DIP)/ 4(AM) »
(RLP 789) A8 = (DIP)/ 2(AM) =
3.2.4 Reisciones longitedineles pore ig luminarie ™ B ~

(RTP 288) AS »

(RTP 300) AB

(D1P)

(RLP 123) B =
( AM)
(RLP 488) B « > {0IP)
4 (AN)

Y6



CIA. DE LUZ Y FUEEIZA DEL CENTRO S. A

GERENCIA DE TRUCCION
CALCWLO DE NIVEL DE HUMINACION

3.3

3.4

HOJ A

Colcwlo del foetor de correccion de e grefice.
(FC) ,
(FL) Feoteandel o luzes s10.78

(RAM) Altwra de meatsje ée groficas o
aliura de montsje do compe

¢ o8

: 2
(RAM) = (AM gretics) . .

(AN)2

(LL) Fester do sorreccion deo lumenes de la grafice
(1000) ¢ lumeones de (e lempere utliizeds -

+ (1000} .
(FPTL) (Vor insian 2.1) =
(FC} = (FL)s{namdn{tL)x{PPTL)s s

Nivel deiluminecion do ise punies s ® oblenides deo le grefice
34.1 Nivelde iwminesion ¢o los punten | ¢ 9 debides o la luminarie "A"

{(E) = Footesandeies 1 (FC)
Lecture gréfice Fester & cerressiia

iy

€1A)
€ 2A)
€ 3A)

E4A)

€ GA)

ETA)

ESA)

{
{
(
{
(E SA)
(
{
(
{

ESA)
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ClIA. DE LUZ Y FUERZA DEL CENTRO S.A.
GERENCIA DE CONSTRUCCION

T

CALCULO OE NIVEL DE- HUMINACION

ng;‘vuo
3.4.2 Mdoibmuhomictﬁwehhm

(E) = Feotsandels x (FC) .

]

(E1B) —
(E28)
(E3S) -
(E48)
(zo8} F—
(el
3.4.3 Cdicule dei nivel promedie de lee puntes conasiderados A
€1 = (E1A) + 2(Ei8) x I/H8 s _—
l?'(lll)-&lu' x I/8 =
€3 = (E3A) + 2(£38) pnI/18 =
€4 = (E4A) + (E48) x I/8 s
ES = (ESA) + (ES®) ___ = =z /e =
8= (fQA)+ (BOB) ___ a /8 =
7 = $t4Mm) —_— e . 2 /8=
B9 = 2EOA) - — x I/8 =

£9 = 2(E9A) . —_— = /e

(hu») Nivel do iluminesidn pre~
medie por punivs. (Sume)

Lux

| ‘ISJ-‘.




ClA. DE LUZ Y FUERZA DEL CENTRO 8. A,

GERENCIA DE CONSTRUCCION
CALCULO DE NIVEL DE ILUMINACION

HOVA 8 OL 8
4.- RESULTADOS Y CONCLUSIONES

NIPP = Nivel de iluminacion promedie

(Método de puntes) (inciso 3.4.3) =
NIP = Nivel de iluminacida promedio

(Métode de himen) (incise 2.3.3) -
NIPPI 2 Nivel de iluminocion imiciel

Nl" -

(FFTL) {ver incise 2.1)
Emin = Nivel ¢ iluminecién del pumto de menor

intensided (ver incise 3.4.3)
Emdx = Nivel de iluminacion del punte de mayer

intensidad {ver incise 3.4.3)

Relacioa de ulfotmhl de ll" -

promedie o muu- Em

Releacidn do waifermided de PP =

proemedio ¢ mdrime [

Rclecuon de umformidod de me -

MAXiMma & Minime !mu’n =

Anexos
Grdfice fotomc'tricnr de le luminerie,
Feche
CALCULD
Nombre y Firmo
1 [ 1T 1T 71T 1T T T T "T1=




ALUMBRADO PUBLICO
DISENO ¥ CALCULO

OBJETIVO:

EL OBJETIVO DEL ALUMBRADO PUBLICO ES EL
DE PROPORCIONAR LA ILUMINACION ADECUADA
EN CANTIDAD ¥ CALIDAD,PARA UNA VISION
CONFORTABLE A LOS CONDUCTORES DE
VEHICULOS ¥ PEATONES QUE LES
PROPORCIONE SEGURIDAD ¥ PROTECCION,
ADEMAS DE AYUDAR A EUITAR ACCIDENTES,
REDUCIR EL UANDALISMO ¥ ESTIMULAR EL

COMERCIO



METODO DE CALCULO
EL METODO ES APLICABLE PARA CALCULOS DE
ILUMINANCIA EN CARRETERAS, CALLES,
nUENIDAS,RNDnDORES 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 anos
PERTINENTES, ADEMAS DE DEFINIR SU
'LOCALIZACION DE LA VIALIDAD,DENSIDAD DE
TRAFICO, JURISDICCION,LOCAL, ESTATAL,

NACIONAL ¥ CUALQUIER OTRO FACTOR

UTIL.



" PROCEDIMIENTO DE CALCULO

El procedimieuto principal es pare
deterwinar por wedio de calevlos
y dutos jotom e'l:vlcos, gue conmbina

cioh de ldwpara-fominaro se

regurere para proveer Vna (luun.
nacion deda a yua validad &
dimevciones especi'ficas y cowr-
prevde dos parfes priveipules:

“A) OBJETIVOS Y ESPECIFICACIONE

B) £ACTOR TOTAL DE PERDIDAS DE LY.



A) OBJETIVOS ¥ ESPECIFICACIONES

1 )UN COMPLETO CONOCIMIENTO ¥ ENTENDI-
MIENTO DE LA LOCALIZACION ¥ TIPO DE
UIALIDAD PARA DEFINIR SU CLASIFICACION

2)CALIDAD DE ILUMINACION.
CRITERIOS DE BRILLANTEZ Y 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
POLVUO EN LA ATMOSFERA PARA DEFINIR QUE
GRUPO TIPICO DE AREA ATMOSFERICA.

OJ)DESCRIPCION DEL ARER.
SE. REQUIERE UNA COMPLETA DESCRIPCION

DEL AREA A ILUMINAR QUE
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Pigure 1. Example of roadway and srea classification.

ahared with other Ua.nsporutic;n modes.
(I) Type A—Designated bicvcle lane. A por-

tion of roadway or shoulder which has been desig-

pated for use by bicyclists. It is distinguished from
the portion of the roadway for motor vehicle traffic
by a paiot stripe, curb, or other similer devices.

(2) Type B—Bicycle trail A separate trail or-

path from which motor vehicles are prohibited and
“which is for the exclusive use of bicyclists or the
shared use of bicyclists and pedestrians. Where such
a trail or path forms a part of a highway, it is sepa-

JAFS. CF €2 1 Al 100D -
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AR A 0R ROUTE
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- cotie Pl anes,

LOCAL capi s s .
LAND uSE USO DEL Susil

{AREA CLASSIFICATION)

ERENNANTN  ComMERTIAL

P e P S

V77777 /7] ixteamioian
[: RESIDE m,'“

rated from the roadways for motor vehicle traffic by
an gpen space of barner,

.22 Arca classifications (abuotting land uses).

(1) Commerciol AdwaitiSargredk of 8 municipality
whareordinarilytherenremanypedestriansduring
night-hours. This definition applies 1o densely de-

" wveloped busipess areas outside, as well as within, the

central part of a municipality. The area contains land |
use which attracts a relstively heavy volumewof
niyhttimwvehirular and/or-pedestrianraffic oo a

e

S



Table 2 Cont'd

{=) Maintsined luminance values :
T ‘ Luminance
- : L. Unitormity
- {c/m?} L, to Lain Lo 10 Lo Maximum Ratia
Rosad end Area Don
- Classification iL.tol .,
Freeway Class A 0.6 Sto1 6101 0.3to1
Freeway Class B 0.4 Sl 6lo1 03101
Exprosswa remmeaas 08 351 311 03t 1
‘ Intermediate 0 o1 .
y Residental 0.6 - 35101 G to 1‘ )
Commercial 12 301 5t0'1
“Major Intermediate 0.9 o1 5w1 03tw1
Residential 0.6 S0 1 6t
. Commercial 0.8 3t01 511
allactor Intermediate 06 35101 6o 1 04101
: Residential 0.4 4101 Bto1
b Commercial 0.6 6to1 10101 '
" Locnl InMtermediate 0.5 6to 1 i0to1 04to1
Residential 03 61 10101

-- Yrfomssnge maintained lliuminance vaiues (E,.,) In fux

Road and Area

luminance

Pavement Classification Uniformity Ratio

T T e —

omeds of night traffic (vehi.+lar and pedestrian} and.

b- u:pressed in terrs ..nea:ly understandahle by

T viual ennmnmenml needs along the -oadway

. ao-dmscribed in this Standard Practice in- »rms of

pevemsent luminance, luminanee uniforo 'y and
disgbility veiling glare produced by the syst nlight

—aswreas. Table 2(a) provides the recommr _ded Ju- .

-~ —omimemce design requirements, uniformity and the

- ~iminsiogship beiween average luminance (Lo, 4) and |

sugllne £¥ ¥R ) ioem vewy -
- m

des:gnr. .rafﬁc engmeers. a.nd mgbway

Rl R2andR3 A4 (Epvy 10 Evin)
Clasasification _ .
Frasumy Class A 8 9 8 3w1
. -Feagwey Class B> Autaprstas 4 6§ . 5 -
L]
Commercial 10 14 13
~Eopensvay F;f"i'f ' inermediate 8 12 ° 10 3101
¥ R:; “" s Residental 6 9 8
. \ ] . .
- Commoerdal 12 17 5 - , T
~I-iur AVC““‘“ Imermediate 9 17 1. " 3tw1
Priucipales  Residential 8 9 8 |
’ . Commercial 8 12 40
Cotecty  Call€S Imermediate 6 9 8 - 4101
e Frimunes Residential 8 8 5
—— . - Commergial . 6 .9 85
. Locl coll 0» intermediate 5 7 BT 6101
‘ Secuymdarie’ Residential 3 4 4 L
W LT I
L, = sufng LMinance S T . I
BN -

veiling Juminance (L.}
The visual needs alang the roadway may also be
satisfied by the use of illyminance criteria. ‘Table 2(b)
- provides the recommended illuminance design re-
quirements, considering 1he differences in roadway
rellectance charactenstics. The desiguer should not
expect that lighting systems designed under either
criteria will correlate perfectly with each other.
(2) Appendix D includes information fur assessing
the visibility conditiors which also take into con-

sideration the psychophysiological aspects of human = .3

54
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'DEBERA INCLUIR LAS CARACTERISTICAS
FISICAS DIMENSIONALES, COMO ANCHO DEL
ARROYO0, BANQUETA, CURVATURA, OBSTRUC-
CIONES (ARBOLES,POSTES DE OTROS

SERVICIOS, CANALIZACIONES,ETC. >, ARERS
ADYACENTES.

6 )SELECCION DEL LUMINARIO
LA SELECCION DEL LUMINARIO ESPECIFICO
REQUIERE CONSIDERAR SIMULTANEAMENTE
UARRIOS FACTORES ENTRE ELLOS:

DIMENSIONES ¥ TIPO DE VIALIDAD
LOCALIZACION EN QUE TIPO DE ZONA
_CONDICIONES ATMOSFERICAS

ALTURA DE MONTAJE

DEPRECIACION POR POLUO

FUENTE LUMINDSA

CONSIDERACIONES DE MANTENIMIENTO
APARIENCIA

FACILIDAD DE MONTAJE
UVANDALISMO

56






PE—

--B) FACTOR TOTAL DE PERDIDA DE LUZ
-NO RECUPERABLES |
1 )TEMPERATURA AMBIENTAL
2)UOLTAJE DE LINEA
ES DIFICIL PREDECIR EL UOLTAJE DE LA
LINEA EN SERVICIO,PERO ALTOS O BAJOS
UOLTAJES AFECTARAN LA EFECIENCIA
LUMINICA DE LA MAYOR PARTE DE LOS
LUMINARIOS. | | -
3)FACTOR DE BALASTRO |
S1 EL BALASTRO USADOC EN EL LUMINARIO
NO PROVEE EL WATTAJE REQUERIDO POR LA
LAMPARA LA SALIDA DE LUZ SE AFECTARA
PROPORCIONALMENTE 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, VIDRIO,
PLASTICO,PINTURA Y ACABADOS
DEL REFLECTOR, QUE CAUSARAN UNA
DISMINUCION DE LA SALIDA DE LUZ
NO EXISTE FACTOR FIJO PARA ESTE PUNTO

[£3



5> CAMBIOS FISICOS EN LOS ALREDEDORES.
EL DISENADOR DEBERA ENTERARSE DE QUE
CAMBIOS SE PLANEAN, QUE PUEDAN AFECTAR
LA EFECTIVIDAD DEL SISTEMA, TALES COMO
AUMENTAR EL ANCHO DE LA UIALIDAD,
MODIFICACION DE ACERAS,CAMBIO DE
PAVIMENTOS, 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. |

e



RECUPERABLES
1)DEPRECIACION LUMINICA DE LA LAMPARA

- 2)DEPRECIACION POR POLVUO EN EL LUMINARIO
LA ACUMULACION POR POLVO EN LA
SUPERFICIE DEL LUMINARIO CAUSA UNA

PERDIDA EN LA EFICIENCIA LUMINICA ¥ EN

CONSECUENCIA MENOS LUZ SOBRE EL
PAVIMENTO.

EL TOTAL DE LOS FACTORES DE PERDIDQS DE
LUZ (FPTL)> ES SIMPLEMENTE EL PRODUCTO
DE MULTIPLICAR LOS FACTORES DESCRITOS
| FPTL=F.BxDSRxFDxFMxCS
CUANDO--LOS- FACTORES NO SON CONOCIDOS O

APLICABLES SE PUEDEN OMITIR LOS NO
IMPORTANTES.



F.B

DSR

FD

FM

CS

FACTOR DE BALASTRO - BF

DE LA SUPERFICIE
Z"RD

DE MORTANDAD- B(F

ION POR POLVO_EN EL
- LDD



EMISION LUMINICA REAL DE
LAMPARAS DE VAPOR DE SODIO
ALTA Y BAJA PRESION

POTENCIA TIPO FABRICANTE EMISION EMISION DISMINUCION
NOMINAL REAL L
LUMENS LUMENS

S5 W  LPS  PHILIPS 8,000 7,888 1.4 %
135 W LPS  PHILIPS 22,500 20,654 %
70 W HPS G.E. 6,300 6,016 4.5 %
150 W HPS G.E. 16,000 15,600 3
250 W HPS  PHILIPS 27,500 26,317 4.3 %



TIPO DE DISPOSICION

l DiP
! ¥ X

UNILATERAL TRES BOLIILILO

— DIP—

X

pd

DIP

D1F

W X by ' %

OPUESTO x ¥

AL CENTRO

FORMULAS PARA EL CALCULD

E_0_ LUMENES DE LAMP xCUx FTPL
A ANCHO CALLE xDIST. INTER POSTAL

DIP_ LUMENES DE LAMP x CU x FTPL

" ANCHO CALLE x NIVEL DE ILUMINACION



s

AA: ANCHO DE ARROYO

AB: ANCHO 'DE BANQUETAS

DIP:DISTANCIA INTERPOSTAL

AM: ALTURA DE MONTAJE

LH:LADO CASA

LS:LADO CALLE

DPB:DISTANCIA CENTRO POSTE FIN BANQUETA
NI:NIVEL DE ILUMINANCIA MANTENIDO

CU:COEFICIENTE DE UTILIZACION

[



RECOMENDACIONES GENERALES

LONGITUD DEL BRARZO0 NO MAYOR 2.5 % 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.~-CURVA DE DISTRIBUCION INADECUADA
3.-MODIFICAR LONGITUD LADO CASA
4.-ESPACIAMIENTO EXCESIVO
S.-EXCESIVUA POTENCIA LUMINICA

T-1 SELECCION DE TIPO DE DISPOSICION

ARLTURA MONTAJE
TIPO DE RELACION ANCHO CALLE
DISPOSICION

: UA L. OR
MINIMO RECOMENDA BLE
L et e e e e e e
UNILATERAL

G.85
TREBOLILLO 8.5 8.6
@.33

CPUESTAS

T4



ALTURAS RECOMENDADAS EN FUNCION DE LA
- POTENCIA LUMINOSA INSTALADA

POTENCIA
LUMINOSA
INSTALADA

ALTURA DE

MONTAJE

CLM> <Cmd>
3888 A 9@34aa 6.9 A 7.9
2
9290903 A 1906860 7 -5 A 9 .08

> 19G8aa > =

9

EJEMPLOS DE CALCULOS PARA CALLE

DATOS:
ANCHO DE CALLE 10.5 ™
ANCHO DE BANQUETA . - 3.0m
DISTANCIA DEL POSTE AL
BORDE DE LA BANQUETA 0.6 M
CALLE PRINCIPAL EN ZONA
COMERCIAL (NIZA>



DETERMINAR:

A.~NIVEL DE ILUMINANCIA REQUERIDA
B.~-ALTURA DE MONTAJE ¥ LONGITUD DEL
BRAZO

C.-TIPO DE DISPOSICION

D.-DISTANCIA INTERPOSTAL

E.-NIVEL DE ILUMINANCIA EN BANQUETAS
F.-INDICE DE UNIFORMIDAD

L b |

<?



SOLUC I ON:
A.- NIUEL DE ILUMINANCIA

DE LA TABLA 2 (b) DEL AMERICAN
NATIONAL STANDARD PRACTICE FOR
ROADWAY LIGHTING, CONSIDERANDO UNA
CLASIFICACION DE PAUIMENTO R2-R3,
ESPECiFICﬁ PARA ESTE TIPO DE VIALIDAD
12 LUX.

B.- ALTURA DE MONTAJE

1.- DE LA TABLA 2 RECOMENDARCIONES
GENERALES TENEMOS QUE SUPONER QUE
FUENTE LUMINOSA ¥ POTENCIA
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:S
Y DE ACURDO A LA TABLA SE REQUIERE UNA
ALTURA DE MONTAJE DE 8 METROS.

s
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' LUCALOX
LUL 50

LSB #220-6187R

4/21/78 :
-4

e

LAMP TYPE: High Pressure Sodium lSQ-WATI LUCALOX ®
ORDERING CODE: for operation in any position: : LUl50/0 LU150
PERFORMANCE DATA:
* Initial lumens (Avg.): Horiz. 15,000 16,000
Vert. 15,000 16,200
* Rated Averace Life at 10 hrs/start 24,000
Percent mean lumens at 10 hrs/start 90% est.
Apparent color temperature 2100K
Warm-up time 3-4 minutes
Restart time 1 minute
C.I.E. chromaticity x=,522 "y=,423
PHYSICAL DESCRIPTION: )
K Base designation Mogul
. Bulb designation E-23-1/2
i Bulb material Lead borosilicate glass
; Bulb finish Diffuse Clear
: Bulb diameter 2'5/13"
DIFFUSE j Maximum overall length 7:3/&
7 Light center length 3 "
Arc length ) 1-60
Bulb temp. limitation (max,) 4007C
Bage temp. limitation (max.) 210°¢
Eccentricity: .
base to bulb 4
are tube to lamp axis 5mm
ELECTRICAL CHARACTERISTICS:
. Nominal lamp watts 150
Note: £ d Nominal lamp volts 55
All performance data Nominal lamp current 3.3 ampe
shown are approximate Max. current crest factor 1.8
values based on normal Max, starting current 5.0 amps
operating conditions Ballast design open-circuit volts(min) 110%*
with auxiliary equip- Starting pulse requirements:
ment that meets pulse peak voltage (min) ¢ 2500
current published pulse peak veltage (max) 4000
specifications. pulse width l micro-sec. (min,) at 2250 v.
Data subject to change pulse repetition 50 per sec. (min.)
without notice. pulse peak current .2 amp. (min.)

**ppplicable for ballasts » operate lamps at rated performance, Lamps will operate
at lower than the minim ballast design OCV but performance values will change.

* Lumens at rated watts, Actual lamp watts may vary depending on the ballast '
characterlstic curve,



2.- PODEMOS SUPONER COMO ALTERNATIUVA
INICIAL UN LUMINARIO ” CROMALITE ” CON’
- LAMPARA DE 150 WATTS V.S.A.P. ¥ CURVA
FOTOMETRICA  No.35-175631 DE  DONDE
OBTENEMOS EL VALOR MAXIMO DE LA
POTENCIA EN CANDELAS.
582 X 16 = 9312 = 10,000
CON ESTE VALOR SE ENTRA A LA GRAFICA
DE LA FIGURA 3 DEL AMERICAN NATIONAL
STANDARD PRACTICE FOR ROADWAY 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 % DE LA ALTURA DE MONTAJE,DE DONDE
SE SELECCIONA DE 1.8 METROS.

C.- TIPO DE DISPOSICION

DE LA TABLA 41 DE RECOMENDACIONES
GENERALES SE ENTRA CON LA RELACION:



Luminario Cromalite*250

Los luminarios CROMALITE® 250 ofrecen la mas elevada tecnologia y la méxima eficiencia para la ilu-
minacién de calles y avenidas. El conjunto bptico hermético y filtrado (opcional) disminuye los costos de
mantenimiento y da como resultade mayor cantidad de luz mantenida con minimo costo total de operacitn.

El luminario CRCMALITE® 250
puede utilizarse con iémparss de
vapor de mercurio o aditivos me-
thlicos de 250 watts y con Jém-
paras de 70, 100, 150 y 250 watts
de vapor de sodio de sits presidn,

1.- FACIL ACCESO A TODAS
LAS COMPONENTES ELEC-
TRICAS PRINCIPALES : Ei
MODULO exclusivo del lumina-
rio CROMALITE" 250 que
contiene al balastro, facilita la
ins1alacion, reposicion y mante-
nimiento, .

N

. FACIL REPOSICION DE LAMPARAS Y SERVICIO AL SISTE.
MA OPTICO : Lo operacion de un picaporte abre la puerta porta-
refractor v permite ef acceso al refractor, al reflector v la lampara,

3.- MINIMA PERDIDA DE LUZ DEBIDO A LA CONTAMINACION:
€l tiro de carbdn activado vy el empaque de etileno propilenc
termopolimern del conjunto bptico. {modelos CM), reducen
enormemente las pérdidas que resultan de la contaminecibn por
materiales gasegsos y particulas, eliminidndose virtuaimente la
necesidad de limpieza del luminario entre periodos de cambio
de lampara.

4.- ENSAMBLE SIMPLIFICADO EN LA TIERRA O EN EL AIRE :

© Un adaptador deslizable con dos tornillos, permite a los innglado-
res colocar el brazo al luminaric en la tierrs o montar el luminario
al brazo ya colocado en el poste, con un minimo de esfuerzo y
tiempo,

.- AMPLIA GAMA DE DISTRIBUCION : El porte-léampara de 12
posiciones en el caso de tos modelos CM, s# ajusta por medio de
2 tornillos para cumplir sus requerimientos.

[
.

OPERACION AUTOMATICA DE ENCENDIDO Y APAGADO ;
El fotocontrol integrado al luminario (opcional para modelos CM
y Cl} permite la operacidn sutomitica de encendido y apagedo.

7.- ELEVADA REFLECTANCIA DE LA LUZ : E| reflector de
aluminio recublerto con Vitreflex® (vidrio flexible transparente)
mantiene por largo tiempo sus caracteristicas de reflectancia.

*MARCAS REGISTRADAS

Fabricado Bajo Licencia de :
GENERAL ELECTRIC COMPANY, U.S.A,

GUIA PARA ESPECIFICAR :

E! luminario deberd ser modelo CROMALITE® 250 y debe consistir
de un cusrpo de aluminio fundido a presidn, un marco porta-reflector,
un madulo de potencia v un control fotoeléctrice automatico lopcio-
nall, el sdaptador deslizable debera tener dos tornillos, que podrin
apretarse interna y externamente y deberd s8r capaz de adaptarse a
un brazo tubular de 38 8 50 mm. {1 1/2 & 2"} sin requerir & reajuste
de las partes de montaje, .

El conjunto dptico consistird de un reflector de sluminio, recubierto
con Vitreflex*® {vidrio flexible transparente}, un porta-ldmpara {ajus-
table 8 12 posiciones para los modelos CM), colocado en un recipiente
fundido a presion, un fittro de carbén ectivado lopcions!), para filtrar
tanto particulas como gases, un eMpaque qQue servird comoe sello entre
¢l reflector y el refracior, y un refractor de vidrio scrilico ¢ policarbo.
nato iespecificar). Las distribucién juminosa deberd ser |IES (especifi-
car}, el MODULQ de potencia deberd contener un balastro marcs
LUMICON® integrado y deberd ser ficil de remover y resmplazar,
mediante el uso de clavijes de desconexidn répida. El belastro debers
estar pre-alambrado ol porte-lémpara requiriendo solaments gue e
conecten Jos cables de alimentacidn,

El bslsstro deberd opersr una ldmpara de [especificar) watts de

mercurio, editivos metélicos o vapor de sodio de slta presidn, desda’

una red de alimenacién nominal de 127, 220, 254, 277 4 440 wolt,
{especificar) 60 Hz., y ser capaz de encander y operar la limpa:s
dentro de los Il'mit_es sspecificados por sus fabricantes.

Evellumisistemas
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this has been due to esthetic considerations. An ex-
ample is the use of pole-top-mounted liminaires in
residential areas, despite their reduced cnefficient nf
utilization (CU) as related to conventional luminaires
* that overhang the roadways.

(3) When des1gmng 8 system, mounting height
. must be considered in conjunction with spacing and
' laters] positioning of the luminaires. as well as the
luminaire type and distribution. Uniformity and

levels of luminance or illuminance must be main-

tained rs recommended, regardless of the mounting
height selected.

(4) lncreased mounting height will usually (but
not necessarily) reduce dxscomlfort giare and dis-
abling veiling luminance. It increases the angle be-
{ween the luminaires and the line of sight to the
roadway; however, luminaire light distribution and
candlepower also are significant factors. Glare is

dependent on the flux reaching the observer’s eyes

from all luminaires in the visial scene.

(5) Multi-level interchanges or highway sections :

with three or four separate roadways mayv be ad-
vantageously lighted with high mast-type units where
high intensity sources are suspended in clusters at
heights of over 20 meters. Such a design improves

traffic safety by reducing the number of poles. High -
mast units also offer greater flexibility in pole locn- K

tion. (See Section 3.14.)

tionable. High mast lighting design should be based

on illwminance. The method of calculation and high -
dassi.ﬁcation is no assurance that it will produce the

mast system layout principles are outlined in Ap-
pendix B, Section B5.

3.5 Lnminaire spacing. The spacing of luminaires
is often influenced by the location of utility poles,
block lengths, property lines, and roadway geometry.

It is generally more economical to use lamps with

high lumen output at more reasonable spacings and -
moounting heights than to use lamps with lower lumen
output at more frequent intervals with lower -

mounting heights. Higher mounting is usually in the

intercsts of good lighting, provided the spacing-to--
mounting height ratio is within the range of lighting .

disttibution for which the luminaire is designed. The
desired ratio of lowest luminance at any point on the
pavewment to the average luminance value should be
maintained. Disregarding luminaire light distribu-
tion characteristics ard excceding mazimum spac-

ing-tonnunting Reight ratios can cause loss of visi-

bility of objects between luminaires. Terminology
with respect to luminaire arrangement and spacing
igs shown in Fig. 2.

Optimum luminaire location is best determined
Ly reference to the photometric data showing lighting

Jdistnibution and uuhzatmn. Other factors t.hat must

be considered are: c
(a) Access to luminaires for servicing -~ *;
" (b) Vehicle-pole collision probabilitim ‘

~ {¢) System glare aspects e

(d) Visibility (bot.h day and mght) of traﬂic
signs and signals . - _ e
{e) Esthetic appe.uanca _ L

-
-

-
o
1

-
-
i

[}

-
N
1

" MOUNTING HEIQHT (N METEAS

-
Q
T

] ] 2 H 1 1 H
10 1§ 2 25 30 15 40 a5 S0 55
) MAXIMUM CANDLEPOWER IN CANDELAS X 1000
Figure 3. Minimum luminaire mounting heighis based
on current practice and DVB (Disability Veiling Bright-
neas) caiculations. -

- (f) Trees
{g). Locations of poles at intersections to allow
joint use for traffic signals

3.6 Luminaire selection. (1) Luminaire light dis- °
tribution classifications will help to determine the
optical and economical suitability of a luminaire for

-.-. lighting a particular roadway from the proposed
With the present state-of-the- ar‘L the ca]culatlon
method of luminance for high mast lighting is ques-.

mounting height and mounting location. A wide se-

7 lection of light dxstnbunon systems are available (see

Appendu E).
{2) Because a luminaire is assigned a particular

recommended quantity and qualitv of lighting for all
roadway configurations and mountings shown in Fig.

2. The relative amount and control of light in areas
" other than the cone of mazximum candlepower are
. equelly important in producing good visibility in the

final gystem, but are not considered in the classifi-
c.atmn system. .

.7 Lighting system deprec:anon. {1) The rec-
ommended values of Tables 2, 3, and 4 represent the
lowest in-service luminance or illuminance values for

 the type of maintenance to be given to the system.

Prior to beginning the design of a lighting system
it is necessary to determine the expected light
losses. . =
" Since the lighting values may depreciate by as

- much as 50 percent or more between relamping and
. luminaire cleaning cycles, it is imperative o use lamp

lumen depreciation (LLLD) and luminaire dirt de-
preciation (LDD) factors which are based on realistic
judgment.

Pavement luminance values rlso mey be changed
by wear on the road surface, resuiting in modifica-
tions of the reflectance coeflicient. For example, as-

" phalt tends to lighten due to exposure of aggregate,

and Portland cement darkens due to carbon and oil

. deposita.

{2). There are eight general causes of luminaire-
light loas (see Appendixz B, Section B3.2):
(8) Lamp lumen depreciation (LLD)
(b) Lummau'e dirt depreciation (LDD)

| R OF ER ! AMPL 19D



TBOT POSTES S

COL. SAN NICOLAS TOLENTINOG IZTAPALAFA A P 3549

C.P. 0P850 MEXICO, D. F.
TEREFONOS: 404-22.44 £36-)4-80

POSTE CHURUBUSCO CON BRAZO SENCILLO.4 PAGINA 9).

ESPECIFICACIONES GENERALES.- FABRICADO CON LAMINA CALIRRE 11, LLE-
VANDO UN ACOPLAMIENTO PARA EL BRAZO DE TUBO RECTO EN SU EXTREMO suU
PCRTOR Y UN REGISTRO DE MANO A 60 CM DEL EXTREMO INFERIOR.

No . CATALOGO ALTURA ALTURA DTAMETRO DIAMETRO DIMENSION ESPESOR DISTANCIA
DE DE "DE LA . DE LA DE PLACA- DE LA - ENTRE CEN
CARA  MONTAJE  BASE CORONA DE BASE  PLACA DE TROS AGU-=
: _ (CUADRADA) BASE. .  JERO BASE.
(M) M) (CM) (M) (CM) (M) (CM)
PCH- 5.00/CBS 5.00 6.00 14,0 7.5 . 28 X 28 1.27 19.0
PCH~- 6.00/CBS 6.00 7.00 16.0 7.5 28 X 28 1.27 19.0
PCH- 6.50/CBS 6.50 7.50 18.0 7.5 ° 28 X 28 1.27 19.0
PCH- 7.00/CBS 7.00 8.00 18.0 7.5 28 X 28 1.27 19.0
PCH~ 7.50/CBS 7.50 8.50 18.0 7.5 28 X 28 1.27 . 19.0
PCH- 8.00/CBS 8700 9.00 18.0 7.5 28 X 28 1.27 19.0
PCH- B.50/CBS 8:50 -+ 9.50 18.0 . 7.5 . 28 X 28 1.27 19.0
PCH- 9.00/CBS 9.00  10.00 18.0 7.5 28 X 28 1.27 19.0
PCH- 9.50/CBS 9.50  10.50 "18.0 7.5 28 X 28 1.27 19.0
PCH-10.00/CBS 10.00 . 11.00 18.0 7.5 - 28 X 28 1.27 19.0
PCH-10.50/CBS  10.50  11.50 19.0 7.5 28 X 28 1.27 19.0
PCH-11.00/CBS 11.00  12.00 18.0 7.5 28 X 28 . 1.27 . 19.0
PCH-11.50/CBS 11.50  12.50 18.0 7.5 28 X 28 1.27 19.0
PCH-12.00/CBS 12.00  13.00 18.0 7.5 28 X 28 1.27 19.0
.
“"”’,,—~’4r DETALLE REGISTRO DE
MANO
l%EﬂALiE’
PERCH.
Z 0 ACOPLAMIENTO 7N
- a3 o/16" 38
T A 28, I
¢
c/ 2" g Y-
5. 5 ; ,
e - _ vista"bd"
' 2 . (? geoten ¢ |
‘ =4 - ' \
3§ 37 o

FAGRICANTES DE: FOSTES METALICOS TUBERIA DE ACERO TANQUIS ELEVADOS GRUAS VIAJERAS FABRICACIONES METALICAS




R = _ALTURA DE MONTAJE
ANCHO DE LA CALLE

R=_8_ = @.7619

19.5 |
DETERMINAMOS BILATERAL AL TRESBOLILLO

D.— DISTANCIA INTERPOSTAL

LA ECUACION PARA DETERMINARLA ES:

pip = LUMENES DE LAMPARA x CUx FPTL
| ANCHO CALLExNIUEL DE ILUMINANCIA

DETERMINACION DEL FPTL
FPTL = F.B.xDSRxFDxFMxCS

FB = .925 (BALASTRO) SE CONSIDERA

DSR = .95 (REFLECTOR) ESTIMADO
FD = .9  (LUMENES) CURVA FABRICANTE
FM = .9  (MORTANDAD) CURUA FABRICANTE
CS = .87 <(LUMINARIO) IES

B.925x.95x.9x,.9%x .87 = 0B.62

FPTL

75
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| ClIA DE LUZ Y FUERZA DEL CENTRO S. A.
GERENCIA DE CONSTRUCCION
. CALCULO DE NIVEL DE ILUMINACION

1.4 Dotos Complementories

HOJA 2 DE 8
(AB)s2.0

(AA)=8.00
(AM) = 7.50
(LM)=0.30
(L8) =7.70
(AB) =2.00
(L®)=0.10
{DPB)=0.10

(Am}s 7.50

R R R (T A
} - {AA)e 8.00 B

- 2= CALCULO DEL NIVEL PROMEDIO.
{Metodo de lumen )

2.4 Cdiculo del factor de perdidas tetales de luz.
{(FPTL)

(FD) Depreciacicn luminica de lo Mmpara al B0% de sv vida
(ver eurvas de! fabricante de idmpares) 0.9

(FM) Mortandod de Idmparas a! 80% de su vide (ver curvas del
fabricante de Iomp«n) 0.9

(CS) Coeficiente de depreciocicn (se mecesitan los datos de
tipo de embiente (TA) y tlempo de llunplou (TL) pare

entrar a lo curva. ver inciso 4.2 . Q.92

10 g

as |

LA LUWMINARIA (CS)
[ -4
-4

FACTOR DE DEPRECIACION POR

POLVD EN

3 e A B Y
2

° 1 f

TIEMPO OE LWIMEZA EN ANOS

L s L] r .
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PARA LA BANQUETA DEL LADO DEL LUMINARIO

"DISTANCIA LADO CASA
ALTURA DE MONTAJE

OD.. 1.2+3_4.7 - g.525 PARA UN CU=8.89
aM 8 8

0C_1.2-3.145 PARA UN CU=0.83
aM 8

cu NETO EN BANQUETA=0.09-0.083=0.06
POR LO TANTO EL NIVEL DE ILUMINACION EN
BANQUETAS SERA:

NIB:iSBBBXG. B6x4. 62=595- 2= 6 LUX
33x3 9

F.-— INDICE DE UNIFORMIDAD

- 16.5 Feu

' T e B :
r .-9@1 ............ | ,,4 ..................... 7,:;;1 28 _
18.5 o h 2o 1 gy.44.85 !

o : | r 45 25 ' B
1 i 6 q;'; """""" aveen- Eq‘i.za

o 24.75 ;____ﬁs_tzf’

‘< 33.8 .

Ja



DETERNINRCION DEL CU
EL COEFICIENTE DE UTILIZACION ES LA
RELACION ENTRE LOS LUMENES UTILIZADOS
EN EL ARROYO DE LA CALLE ¥ LOS LUMENES
TOTALES PRODUCIDOS POR LA LAMPARA.
EL FABRICANTE DE LUMINARIOS
PROPORCIONA LA CURVA DE UTILIZACION.
PARA QUE LA INFORMACION SEA USADAR SE
UTILIZA PARA ENTRAR A LA CURVA, LA
RELACION DE DISTANCIA LATERAL O
TRASVERSAL A LA ALTURA DE MONTAJE.

RELACION LADO CALLE

1.s=DISTANCIA TRASUVERSAL
ALTURA DE MONTAJE

~108.5-12_ 9.3 _ 4 @33

-]
LH=DISTANCIA TRASUVERSAL 1.2
B = = 8.133
ALTURA DE MONTAJE 3

CON ESTOS DATOS ENTRAMOS A LA CURUA



RELACION 1.0633 LADO CALLE CORRESPONDE UN
'CU = 0.40 | '

RELACION ©.133 LADO CASA CORRESPONDE UN
CU = 8.83 |

POR LO TANTO EL CU TOTAL ES ”CU = 0.43”
ESPACIAMIENTO REQUERIDO

DIP= 16@ng9- 43 x08.62 _ 42656= 33.85
16.5x12 126 |

CONSIDEREMOS 33 METROS
LA DISTANCIA INTERPOSTAL
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UTILIZACION EN LAS BANQUETAS

' CON POSTE EN LA BANQUETA,PARA LA
BANQUETA DE ENFRENTE |

_DISTANCIA LADO CALLE
= ALTURA DE MONTEJE

AM 8

CORRESPONDE UN CU = 0.48

23::963-1.152 CORRESPONDE UN CU =@. 42

CU NETO EN BANQUETA 0.48-08.42=0.086

3>



PARA LA BANQUETA DEL LADO DEL LUMINARIO

DISTANCIA LADO CASA
ALTURA DE MONTAJE

OD_1.2+3_.4.7 - 9,525 PARA UN CU=8.09
AM 8 8

0C _1.2-p9,15 PARA UN CU=0.83
AM 8

CU NETO EN BANQUETA=8,09-8.03=0. 86

POR LO TANTO EL NIVEL DE ILUMINACION EN

BANQUETAS SERA:

33x3 99

F.- INDICE DE UNIFORMIDAD

tp 16.5 L ] ]
I rt 8.25 i-: ' y
= s -~ -
T Y F U S8 e Te-41.28
18,5 - §Ze o B e ay.43:%°
1 , v ¥5.25 Bk
i3 6 5 b 1.28
< 24.75 % 16.5 -




TTNIUEKL DE ILUMINACION DEBIDO A

LUMmIMNARIO *""A""

B T e T e el e
1 | 8 8| 8 | @ | .132 | 139.4 | 18.4
2 | @ |48 8 | 85 | .1a8 | | 20.63
3| 8 |93] e | 1.16 | .86544 | | 9.12
4 |8.25s | 8 | 1.83 | @ | .86718 | | 9.35
S |8.25 |[4.85 | 1.83 | 8.5 | .1888 | | 15.85
6 |8.25 | 9.3 | 1.83 | 1.16 | .B5274 | | ?.35
?7 |15 8 | 286 | @ | .82328 | | 3.23
8 |16.5 |4.65 | 2.86 | 8.5 | .84188 | | 5.83
9 |16.5) 9.3 | 2.86 | 1.16 | .82726 | | 3.88

CALCULO DEL FACTOR DE CORRECCION : FC

(FLO)FOOTCANDEL A LUX = 10.76

(RAMJALTURA DE MONTAJE DE GRAFICA A
ALTURA DE MONTAJE EN CAMPO

RAM =$AM GRAFICAYZ _ 9.1442_83.16_4 3q¢
CAM)= 8= 64

By



(LL) FACTOR DE CORRECCION DE LUMENES DE
LA GRAFICA (1888) A LUMENES DE LA
LAMPARA UTILIZADA

16000 / 1600 = 16

C(FPTL)EN ESTE CASO FUE DE 9.62
FC=FLxRAMLLXFPTL
FC=10.76x1. 306x16x0. 62

» FC = 139.4 »

$¢



NIUEL DE ILUMINACION DEBIDO A
LUMINnnxo_ e e - U —

PUNTOIB&ST ?AST IDIST LDHGIDIST . TRAN I;ii:l:}:: Iﬂ:é%::ﬂ' 10TAL
1 |33 |e.18 | 4.4 | 1.4 | .Be37s | B.522 | 18.92
2 |33 |485| 4.1 | 8.586 | .88264 | B.368 | 21.80
3 |33 |1.2] 4.4 | 8.15 |.88123¢4 | 8.172 | 9.29
4 |z24.75{8.1 | 3.89 | 1.81 | .81638 | 2.27 | 11.62
5 |24,75|4.85 | 3.9 | @8.586 | .B1678 | 2.32 | 17.37
6 |24.75) 1.2 | 3.83 | ®8.15 | 88561 | @.78 .|  8.23
7 |16.5 |8.18 | 2.86 | 1.81 | .83148 | 4.377 |  7.61
8 |16.5 |[4.85 | 2.6 | ©.586 | .84188 | 5.826 | 11.65
3 |16,5| 1.2} 2.86 | 8.15 | .81945 [ 2.71 | 6.51

CON UN FACTOR DE CORRECCION DE 139.4
SUMA TOTAL = 112.1 |

112.1 - 12.45
E

NIVEL DE ILUMINACION POR PUNTO

7 12.45 LUX *

NIUVEL DE ILUMINACION INICIQL”12;45_
8.62

» 28 LUX ”

NIVEL DE ILUMINACION DEL PUNTO MENOR
% §.51 LUX ”

NIVEL DE ILUMINACION DEL PUNTO MAYOR
" 21.00 LUX 7



RELACION DE UNIFORMIDAD PROMEDIO A
MINIMA

QUE ES MENOR DE LO QUE ESPECIFICA LA
NORMA PARA ESTE TIPO DE VIALIDAD
& 4 . 1 2

57
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cem ot 77T ALUMBRADD DE_AREAS

Designacion de los Proyectores,

Los proyectores son designados por su tipo y potencia de _
l Smpara utilizada asf como por su distribucién de luz y apertura del
haz. La apertura del haz puede darse en grados & por el tipo NEMA
(ver tabla 1), La abertura del haz se basa en el &ngulo a cualquier
lado del eje del punto de enfoque donde las candelas tienen un valor
del 10% de su miximo valor. Ei tipo NEMA solo debe usarse como una
referencia. Este no describe la forma y patrén de luz que produce _
un proyector ni tampoco proporciona el nivel de iluminancia (fux).
Los proyéctores simétricos tienen la misma abertura del haz tanto __
horizontal como vertical y son clasificados con un ndmero NEMA. Las
aberturas de haz asimétricés tienen una designacidn horizontal y

una vertical. El valor horizontal siempre se da primero.

DESIGNACION DE LUMINAR!OS TIPO PROYECTOR PA
RA EXTERIORES -
ABERTURA DEL HAZ EN GRADOS | ' 'PO
. NEMA
10 s 18 1
18 a 29 2
20 a 46 3
46 a 70 4
70 a 100 5
100 & 130 : 6
130 6 mas 7




(2)

DIAGRAMA 1SOLUX;

Las dimensiones para los diagramas isolux est&n basadas en
la altura de montaje de los luminarios. 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 (A) también est& basado en la altura de montaje.

s PanN

PUNTO DE ENFOQUE AMx2

En este ejempio (punto de enfoque = 2 x AM) el proyector _
estd enfocado a una distancia de 2 veces la altura de montaje desde
un punto en el piso directamente abajo del proyector. Esta distan--
cia podrfa ser de 24 metros para una altura de montaje de 12 metros,
Cada |fnea isolux muestra los lugares donde el nivel de iluminacién
es el mismo. Cuando el punto del cual se desea conocer su ilumina--
cién queda entre dos Ifneas isolux, se puede interpolar para obtener

su valor. Lla retfcula tambien esté bagada en la altura de montaje,



Los valores de las Ifneas 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 direccién de! enfoque del proyector,
£l nﬁmerq 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.

[LUMINACION VERTICAL.

El disefio con diagramas isolux también puede usarse para
determinar el nivel de iluminacién vertical. La relacién entre los
valores de ijuminacién vertical y horizontal es la misma relacién _
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, el nivel de iluminacién vertical es dos veces mayor que

el "horizontal.

AM . EN EL PUNTO A

LuX (VERT) = LUX (HOR)(%H)

b

o
1



(4)

Esto es dti! para &reas muy grandes que requieren distan
cias de proyeccién de 4 6 5 veces la altura de montaje. En estas
aplicaciones los Lux horizontales serén muy bajos al final del

drea pero la iluminacién vertical ser&§ 4 6§ 5 veces mayor.

VALORES 1SOLUX,

Para convertir los valores isolux a otras alturas de

montaje (AM) se utiliza la siguiente férmula:

x) () = x) (am?)
VALORES DEL DIAG. NUEYOS VALORES

Por e jemplo, para un nivel de 50 Lux a 15 metros, se

tendrfa un valor de 28 lux a 20 metros.

(50) (15%) = (x) (20%)

LX = (50) (225/400) = 28
MAXIMO VALOR 1SOLUX.

Las |fneas isolux del centro de la gr&fica dan el valor
méximo de iluminacién 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 tres veces el nivel
inicial promedio de tluminacién. Se pueden obtener valores mayo~-—
res, pero darfa como resultado puntos calientes cerca de los pro--

yvectores y menores niveles de luz alrededor.



COEFICIENTE DE UTILIZACION
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Las curvas en la gr&fica anterior proporcionan el porcen=-
taje de los ldmenes iniciales’ de la |&mpara que alcanzan un &rea

adelante de la base de la localizacién del proyector.

El ndmero al lado de cada curva identifica el punto de __
enfoque por lo que la curva de utilizacién puede ser identificada _
con el diagrama isolux asociado. En las curvas mostraaas anterior-
mente, por ejemplo, el proyector enfocado a 2 veces la altura de __
montaje desde el poste, tendr8 una utilizaciédn de 35% si este estu-
viera alumbrando un &rea de 3 alturas de montaje de ancho. El mis-
mo proyector enfocado a una vez la altrua de montaje desde el poste

tendrfa una utilizacién de 45% para la misma &rea.

La seleccidn del punto de enfoque apropiado se basa tanto
en la uniformidad como en la utilizacién. La mejor uniformidad se
obtiene cuando la luz es igualmente distribuida en toda el &rea.
Una curva de utilizacidén que diera este efecto serfa una |fnea rec-

ta, como las indicadas en la figura con }fnea 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 los ldmenes en la zona de 0 a 1 _
vez la altura de montaje, un 20% adiciona! 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 _
My 2 a3%para2 a3 MM, FEI enfoque a 2 veces AM proporcionar§

me jor uniformidad,

El seleccionar el enfoque adecuado requiere algo de cono

cnmlento de Ias necesidades de la aplicacién particular,

Como una regla los proyectores se enfocan a 2/3 o 3/4 de
distancia transversal del &rea iluminada. También se requiere

hacer algunos ajustes en el campo para producir los me jores resul-

tados.
Localizacién de proyectores y alturas de montaje.
4 x AM I

— T

|
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I
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<« | —
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- I =
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Un proyector puede iluminar adecuadamente un &rea de
hasta 2 veces su altura de montaje por: lado. Para separar mis __
los postes se requiere aumentar el éngulo de enfoque, dando como
resultado una menor utilizacién y un aumento de deslumbramiento _
debido al equipo. Con las separaciones mostradas en la figura
anterior, habr§ suficiente traslape entre los proyectores adyacen

tes lo cual asegura una iluminacién uniforme y sombras reducidas

FACTOR DE PERDIDA DE LUZ PARA PROYECTORES DE ALUMBRADO EXTERIOR

En el disefio de una instalacién de alumbrado calculada
para proporcionar valores especfficos de iluminacién,utilizando _
una cantidad dada de fuminarios, es necesario suponer { asumir )

factores especfificos de pérdida de luz asf como eficiencias mini-

mas. Para los célculos del disefio de iluminacién se recomienda _
utilizar luminarios que cumplan con las normas NEMA, lo cual per-
mite utilizar los factores de pérdida de luz normalizados de 75%

del valor inicial para luminarios cerrados y del 65% para lumina-

rios abiertos.

CALCULOS DE ILUMINACION EXTERIOR

tntroduccién (a) El. método de cllcular el nivel de lux
que ‘se pdeden esperar de cualquier arreglo y ndmero de proyecto--
res requeridos para producir un nivel dado, es més complicado que
el c8lculo de iluminacién interior, Esto es debido a que hay mu-
chos factores variables, tales como la distancia del &rea de jue-
go a los Iuminarios? la altura de montaje y el enfoque de los lu-

minarios.



FIGURA C~I CAMPO DE FOOT BALL ILUMINADO EN FORMA TIPICA, UTILIZADO PARA EL
EJEMPLO DE CALCULO DE LUX PROMEDIO HORIZONTALES.




Algunos métodos aproximados de cdlculo han sido desarro-
llados y estan a disponibilidad con los fabricantes de equipo de

iluminacién.

El método m&s exacto de calcular el nivel en lux produ
cido por una instalacién de alumbrado se reproduce en la figura
C-1. Este método involucra el uso de curvas de distribucién de

. . 7. . .
luz del tipo isocandela en las cuales el &rea es dibujada

alrededor del eje de! haz.

Para propésitos de c&lculo, dependiendo de la exacti--
tud requerida, deben seleccionarse uno § m&s patrones representa
tivos de haces de luz para cada uno de los postes donde puedan _

varijar las utilizaciones,

El método de c&lculo consiste en dibujar el &4rea a ser
iluminada.en la curva fotométrica para luego sumar—los lumenes _
contenidos dentro del &rea. E! ndmero de ldmenes dividido por _
el &rea en metros cuadrados da como resultado la iluminacién pro

medio proporcionada por la unidad en lux,

Ejemplo de célculo. Un ejemplo de un &rea tlipica a __
ser iluminada se da en Jla figura C~1. E! problema es obtener el
perfmetro del &rea en términos de los grados laterales y vertica

les y. transferirlos a la curva isocandela de la figura C-2,

Para simplificar el problema, e! eje vertical del haz
del proyector se considera perpendicular a los lados del é&rea,

es decir, un plano vertical a través del eje del proyector es __
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perpendicular a la Ifnea KIM de la figura C-1, Los dos lados del
4rea, KM y RT, aparecer8n en la curva isocandela como |fneas rec-
tas paralelas al eje horizontal del haz. Por lo que solo es nece
sario calcular los @ngulos verticales Ay R que se forman entre
el poste y los lados del &rea a iluminar y relacionarlos con el
&ngulo de enfoque P', e| 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 |fneas, puntos K,M,R y T, deben encon--
trarse obteniendo el dngulo lateral B en el plano que pasa a tra-
vés del proyector y el lado del campo en el cual se localiza el
punto. El contorno de los lados KR o MT se encuentra asumiendo
un ndmero de puntos en la |Ifnea y encontrando sus correspondien--
tes &ngulos lateral y vertical. Log dngulos verticales A, Ay
P se obtienen del nomograma mostrado en la figura C-3. Los angu
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 cdncidiendo con la altura de montaje H (50 pies 6
15.2 metros). En el centro de la figura se lee el angulo
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 Xy= 57.9 metros (190 pies),
se encuentra el &ngulo vertical A& correspondiente al lado
mas alejado del campo (75.2°). El &ngulo P' es 61° (Hw»15.2
metros, X=27.4 metros).
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~ Refiriendonos a la figura C-2. La localizacién de &rea en la

curva isocandela depende del &ngulo el cual esta enfocado et
proyector, es decir el &ngulo de enfoque P', Debido a que el
punto de enfoque es el punto de cero-cero grades de la grSFi-
ca, el lado mls cercano del campo ser8 dibujado en la gré&fica
a 61° - 31° = 30° abajo de la |Ifnea horizontal de cero grados
y el lado lejano a 75.2° - 61° = 14.2° arriba de la Ifnea horj
zontal de cero grados. Las |fneas horizontales que represen-
tan los lados cercano y lejano pueden dibujarse en la gré&fica

(fig. C-2) con los anteriores &ngulos verticales.

Para determinar el punto R nos referimos a la figura C-4. Co
locamos una regla con un extremo en la altura de montaje

H= 15.2 metros {50 pies) y el otro en el &ngulo vertical

A =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 &ngulo lateral B=52,5°,
Dibujamos este punto en la |fnea horizontal superior. De la
misma forma, encontramos el punto K ﬁtilizando A=31° vy D=77.7
metros (255 pies). Los puntos M y T se encuentran usando los
mismos &ngulos verticales con que se encontré K y R respecti-

vamente, y D' = 32 metros (105 pies).

Ahora ya tenemos localizadas las cuatro esquinas del &rea,
pero dos de los lados no aparecen como |fneas 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°, E| &ngulo vertical para _
usarse en la figura C-4 es 61°, Con este Sngulo y la distan-
cia D=77.7 metros a! punto del lado izquierdo se obtiene un _
&ngulo lateral de 68°, para el punto del lado derecho se tie~

ne una distancia O (105 pies) y se obtiene un

= 32 metros

-~
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&ngulo de 45.5°. Se deben determinar al menos otros dos pun-

tos para cada lado una arriba y uno abajo del eje de cero gra

dos.

Estos puntos pueden encontrarse considerando &ngulos

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.

-

d}.-

e).-

Con e! campo dibujado en |a-gréFica, se suman los lume-
nes que quedan dentro del!l campo, estimando la propor---
cién de ldmenes que quedan de las zonas no incluidos _
totalmente. En la tabla C~1 se muestran tabulados es--

tos valores.

Volviendo a la figura C-2 se puede notar que aunque los

c8lculos se hicieron para el poste No. 4 los mismos re-
sultados se pueden utilizar para los postes 2,9 y 7.
Por 1o que solo es necesarioc hacer dos c8lculos més

(postes 3 y 8 y postes 1,5,6 y 10).

Puede suceder que se logre obtener un mejor factor de _

utilizacién enfocando el proyector a un &ngulo diferen-

te. Esto puede determinarse répidamente estudiando la _

suma de ldmenes en las zonas laterales, dados a un lado
de la gré&fica isocandela. Se puede corregir el &ngulo
de enfoque subiendo o bajando el &rea entera en {a gréa-

fica.
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Table |I—Current llJumination Recommendations®

Due to the wide choice of both lamps and lighting units, lamp sizes and quantities are not shown. The many factors governing the individual situation should be taken
into consideration in recommending lamp sizes and quantities necessary to meet the desired classifications.

Lay-
out Footcandles® Dekalux®!
on
Pg.
No. Sport Classification v Indoor 3 Outdoor y Indoor Qutdoor
TRy te .['.l_ll\f. A CT Ve
s Archery Target, Tournament 50+ 10~ 54~ il-
Target, Recreational 30~ 5¢ 32 5.4
Shootlng Line, Tournament 20 10 2 1
Shooting Line, Recreational 10 5 11 5.4
Audience Seating See Seating
2%, | Badminton Tournament 30 30 2 R S
k- Ciub 20 20 2 22
Recreational 10 10 11 11
Baseball . Infield Qutfield Infield Outfield
38, Jr. League I.(baselines 60’ or less) —_ 30 20 - 2 2
® Class If '
Jr. League I (baselines 60 & up to 75 — 30 20 - » n
Ciass It
Baseball Infield | Outtield Infield Outfield
n, Regulation Major League 150 | 100 150 100 160 110 160 110
x - AAA-AA —_ 10 50 —_ 75 54
: A-B —_ 50 30 —_ 54 32
c-D - 30 20 - 2 22
Semi-Pro & Municipal —_ 20 15 - 22 16
Recreational . —_ 15 . 10 -_— ) 16 11
Combination with Football See Combination ’ See Combination
13, | Basketbali College & Professional 50 - 54 -
3% College & Intramural & High School 30 — 2 —
Recreationat : —-— 10 -— . 1
Bathing Beaches On Land : — 1 — 1.1
150’ from Shore — I _ 3.2
Bicycle Track See Racing See Raclng
Billinrds Tournament 50 - 54 -_—
Recreational 30- - 32 -
F- Bowling Ap- Ap- N
: proach- proach- .
es Lanes Pins . es Lanes Pins o
Tournament 10 20 50~ — 11 22 b4~
Recreational 10 10 30 - 11 n 32v -
(For visual Considerations) :
Tournament 0 100 200 - 75 110 r7.i -
Recreation 50 10 150+ - 54 ] 160 -
{For public attractlon & increased )
business considerations) | |
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” Bowling on the Tournament - 10 -— 11 |
Green Recreational —_ ] - 5.4 'l
23, | Boxingor. Champlonship 900 - 540 —_ !
37 Wrestling Professlonal 200 —_— 220 _ ‘l
Amateur 100 -_ 110 _— I
40 Canadian Football- - See Football See Football
Rugby .
37, | Casting: Pier Target Pier Target
k1 ] Balt, dry or wet Recreational - 10 Hrb - 11 LX)
i85, | Combination Qutfield & Cutfield &
39 infield Football Infleld Football
Baseball/Footba!l -— 20 15 — 2 16
Industrial Softball/Football - 20 15 - 22 16 |
- ‘Industrlal Softball f/6-man Football _— 20 15 - 22 15 .
33 | Croquet or Roque Tournament - 10 — 11 3
Recreational —_ 5 —_ 5.4 ,
26 Curling Tees Rink Tees Rink )
Tournament 50 30 — 54 2 -_— !
Recreational 20 10 -— 22 11 -
Dragstrips —_ See Racing See Racing
40, Football
52 (Regulation, . Class I: over 100* - 100 -— 110 ’
Rugby or Soccer) Class 11 50-100' 50 -_ 54 ,
Classification Index: | Ctass IM: 30-50" —_ 10 —_ 32 _
Distance from Class tV; under 30’ —_ 20 —_ 22 s
nearest sideline Class V: no tixed seatlng facllities : - 10 - - 1 - ;-J
to farthest row of | Combination with baseball See Combinatlon See Combination : i
- spectators. :
£ Football, Six-Man High School or College —_ 20 —_ 22 g
Jr. High School or Recreational —_ 10 — i1 |
29, | Golf Tee -_ 5 - . 5.4
a1, Falrway —_ 1,3 - 1.1, 3.2
42, . Green . -— 5 — 5.4
a5 Driving Range —_ 10, 5= - 11, 5.4«
Miniature _— 10 - 11
Practice Putting Green -— 10 Ca— 11
18 Gymnasiums Exhibitions, Matches 50 — 59 —_ |
General Exercising & Recreation 0 - R - l
Assemblies 10 — 11 —_ .
Dances 5 - 5.4 — !
Locker & Shower Rooms 20 — 22 _ . ‘
Audlence Seating See Seating - See Seating
7, Handbatll Tournament 50 - 54 — ‘
[ —Four Wall or Club 30 - 32 — !
Squash Recreational 20 -_ 22 —_ ‘
—Two-Court Club -— 20 —_ 2
Recreational _ 10 - 1
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Table I—Current 1Illumipation Recommendations*

into consideration in recommending lamp sizes and quantities necessary to meet the desired classifications.

Due to the wide choice of both lamps and lighting units, lamp sizes and quantities are not shown. The many factors governing the individual situation should be taken

Lay-
out Footcandles® Dekalux®-i
. on
Pg.
No. Sport Classitication Indoor _ Qutdoor Indoor OQutdoor
N Lrrt e
25, Hockey
a3 Fleld (180" x 3007) College or High School — 20 —_ 22
Hockey
Ice (85" X 200°) Professional or College 100 50 110 54
Amateur 50 20 54 22
Recreational 20 10 22 1 ———-
13 Horse Shoe Courts Tournament _ 10 _ 11
Recreational —_ 5 — 5.4
a3 Horse Shows — - 20 — 22
26 Jai Alal Professional 100 -_ 110 b —
Amateur 70 - 75 —
M Lacrosse College & High School — 20 — 22
Ping Pong — See Table Tennis See Table Tennis
4 Playgrounds — — 5 — 5.4 _
Putting Greens — —_ See Golf — See Gol!
_45 Quoits — —_ _ 5 —_ 5.4
1, Racing Auto - 20 —_ 22
32, Bicycie Tournament -_— 30 - 32 .
45, Competitive —_ 20 —_ 22 . o
45, Recreational —_ 10 - 11
a, Dog —_ 30 - 32 .
ag Dragstrip—Staging Area —_ 10 — 11
Acceleration 1,320 — 20 - 22
Deceleration, first 660" — 15 —_— » 16
. “ second 660’ - 10 — 1
Shutdown, 820' —_ 5 — 5.4
Horse — 20 —— 2
. Motor {midget or motorcycle) — 20 -_— 22
Rifle (50 Yards) - Firing Firing
Points | Range | Targets Points | Range | Targets
— 0 | 5 50° - 11 5.4 | 54
23, ‘Aulle & Pistol Firing Firing .
45 Points | Range | Targets Points Ef.“ge Targets
20 10 100 — 22 1 110~ —
i ] Rodeo - Pens & Pens &
. Arena Chutes Arena Chutes
Professional — 50 5 — 54 5.4
Amateur — 30 5 - R 5.4
Recreational — 10 5 —_ 1l 5.4




___1Roque - - ___See Croquet - See Croquet
Seating Before & After Event 5 5 54 5.4 i

] During Event _ 2 2 2.2 2.2 |
49 | Shuffteboard Tournament 30 10 i 32 n i

. 1 Recreational 20 - 5 22 5.4 :
50 Skating Roller Rink 10 - 11 - I

lce 10 5 1 54 .

B : Lagoon, | Pond orF Flooded Area ' —_ 1 -— 1.1 i
29, | Skest Firing Firing '
50 Points Targets Points Targets

o = . —_ 5 30 - 5.2 R
51 Skeet & Trap Firing Firing ‘

Points Targets Points Targets
Comblnation 5 304 54 - 32d..
51 Ski slope Recreational — 1 _— 1.1 |

_5_2:_: Soccer — —_— See Football - See Football | -
39, | Softball Infieid - | Outfield Infleld Outfietd
52, Professional & Championship —_ 50 30 — 54 32
53 Semi-Professional - 30 20 — 2 .22

Industrial League - 20 15 - 22 16 ;

Recreational (5-pole) — 10 7 - 1 1.5

Slow Pitch, Tournament - 20 15 - 22 16

Slow Pilch, Recreational (6-pole) -~ 10 7 - 11 7.5

Combination with football —_ . See Combination - See Combination |
Squash — L See Handball See Handball

77, | Swimming Exhibitions 50 20 54 22 )
53 Recreational 30 10 k4 1
, Underwater 100~ h« 110~ b5= !
21 Tennis, Table Tournament 50 —_ 54 — |

Ctub 30 — 32 —_ |
Recreational 20 — 22 - !

25, | Tennis, Lawn Tournament L] 30 54 . 3?2 1
30, Club 30 20 iz 22
54 . Recreational 20 1n 22 11 !
54 | Trap Firing | Firing i

Points Targets ! Points | Targets
. 5 1 || 54 2]

33, | Volley Ball Tournament —_ 20 — 22 |
55 Recreational — 10 - 11 [

777 { Wrestling See Boxing " See Boxing 1

* 30 footcandles (32 dekalux), vertical, on skeet target at 60 feet (16.3 meters) |

IClass | Jr. League Baseball includes Little League, Little Boys League, Khoury
League, etc.

* Class 11 Jr. League Baseball includes Pony League, Bigger League, etc.

* all values represent minimum maintained illumination in a horizontal plane
unless otherwise indicated. i

| one dekalux equals ten lux, the SI unit for illumination.

* illumination on a vertical plane.

i Telecasfing or other speciat considerations may require higher levels of ilumi-
nation. See Section 2.2,

= farmp lumens per square foot of water surface,

I footcandles (dekalux), vertical, at B0 feet (24.4 meters) for Bait Casting; 50 feet
(15.2 meters) for wet or dry-1ly casting.

< 5 taotcandles (5.4 dekalux), vertical, at 200 yards {183 meters) and 10 footcandles
711 dekalux), horizomtal, over tee area.

4 310 footzandles {32 dekalux), verlical, on trap target at 100 feet (30.5 meters).
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1. Introduction

1.1 General, (a) We have witnessed an nnparal-
leled growth in sports and recreational lighting.
Baseball, with its various leagues, has probably led
the way to public acceptance for the lighting of prac.
tically every outdoor sport. This is evidenced by
more and more lighted football fields, softball dis-
monds, golf driving ranges, and a host of sport and
recreational play areas for player and spectator night
participation.

(b) The lighting of areas used for various sports
activities, especially those located outdoors, involves
problems not encountered in other fields of Lighting.
Some of these problems, including, for example, the
selection of proper floodlight locations, aiming tech-
niques, and provisions for multiple uses of an area
and its lighting facilities have not previously been
covered by other Illuminating Engineering Society
recommended practices.

1.2 Purpose. The purposes of this report are to aid
in the design of new lighting systems and in the
evaluation of existing installations.

1.3 Content. The text of the report consists of four
basic parts: (1) recommended footcandle (lux)
levels satisfactory to both players and spectators,
{2) quality requirements prerequisite to good visi-
bility, {3) recommendations of floodlight types,
mounting heights, and mounting locations for specific
sports, and (4) layouts of typical and existing. illus.
trative sports lighting installations which conform to
current good practice.

1.+ Scope. This recommended practice covers all
forms of sports from the so-called major professional
sports, such as baschall and football, to the recrea.
tional and playground sports, such as horseshoe
pitching and ecroquet. It also includes recommenda-
tions for the lighting of gymnasiums and other in-
terior areas specifically designed for sports activities,
such as squash, handball, and bowling.

2. Factors of Good Illumination -

2.1 Illumination Levels. (a) It is important that

levels of illumination be sufficient for comfortable
and accurate seeing and to enable (1) the players to
perform their visual task and (2) the spectators to
follow the course of the play.

(b) In those sports where large numbers of spec-
tators are expected, as in large football and baschall
stadiums, the illuminatjon level is determined by ihe
amount required for the spectalors, in the row of
seats farthest removed from the playing area, to fol.
low the course of play. This condition may 1 ;uire
several times the amount of light found sati- - -tory
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10 for the players. The illumination levels |uggaled by

Table 1 are those which are currently considered
minimum values of good practice, taking into con-
sideration both players and spectators.® In commer-
cial establishments, much higher levels may be a
profitable investment in increasing patronage and
sales. It should alse be borne in mind that nearly all
sports evolved under daytime. levels and that they
can usually be played bﬁt and enjoyed most under
these levels.

(¢) It is important to note that the idllumination
values in Teble I are, in most cases, stated as hori.
zontal footcandles (lux) maintained in service. It is
recognized that the vertical component of the illu-
mination on the playing area is important in most
sports. Particularly in the “aerial” games, both play-
ers and spectators rely, to a considerable degree, on
the vertical illumination on or near the playing area
and, in some cases, well above the playing area. The
same is true of movies and television, for the normal
viewing position. In full recognition of the impor-
tance of vertical illumination, the recommended foot.
candle (lux) values for most sports and recreational
areas are given in terms of horizontal illumination
for two reasons: {1} values of horizontal footcandles
(lux) are much less complicated to compute and
measure in the field, and (2) the vertical components
of illumination have been found adequate when the
horizontal illumination meets the values in Table I,
and when lighting equipment of the proper type (see
Table 11} is positioned at mounting heights and loca-
tions conforming to accepted good practice. Unless
otherwise noted, the recommended values in this
table are horizontal footcandles (lux) en the playing
surface, or for “aerial” sports, horizontal footcandles
(lux) on a plane 36 inches (91 centimelers) above
the ground or floor. )

2.2 Movie and Television Lighting Require-

.ments. (a) When expanding the audience of ath-

letic events by television or by recording the events
on motion picture film, it is usually required that
special altention be given to lighting. Lighting lay-
outs that provide a high photographic quality of light
are necessary. Definile consideration should be given
to the type of sport and playing conditions in design-
ing this lighting. Events requiring great depth of field
will obviously require higher lighting levels.

*It will be found that In Table I, geveral sports are shown
with two or more recommended illumination levels for what
appear to be ldentical visual tasks, such as Indoor and out-
door lawn tennls, or golf driving ranges and golf courses.
Actually, the visual tasks are not ldentical. In the case of
lawn tennls, the contrast between the ball and the back-
ground wall indoors Is more often less than the contrast
realize¢ outdoors at night: therefore, higher levels are re-
quired indoors. Golf driving ranges requlre higher levels
than regular courses because one of the driving range tasks
involves ldentifying one golf ball from a background of
many—a m..e difficult situation than that usuaily found in
& golf course.
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" "Table I_I:-Outdoor Flo;dllght Luminalire Deslgnations®

Minimum Efficisncies (per cent)**

- . : Fluorescent
incandescent Lamps Mercury [ amps Lamps
' Effective Reflector Area in Square inshe: (Square Centimeters)
S
NEMA Under 227 Over 227 Under 227 Over 227

Beam Spread Dagrees Type (1460) (1450) {1460y (1460; Any
IDuptols 1 u 35 - §o—- 20
18upto 29 2 3% 36 2 30 25
2 uptods 3 39 5 24 34 35
46 upto?0 4 42 50 35 38 42
70 up to 100 ] 4% 50 38 42 50
100 up to 130 6 —_— —_ 46 55

- 130 and up 7 — - i 46 50 55

* Taken from NMational Efectrical Manufacturers*' Assoclation, 155 East 44th Street, New York, New York 10017, Publication

#FL 1-1964.

** [ndicative of what can be expected from typical equipment.

(b) The actual footcandle (lux) level require.
. ment will vary depending upon the lens opening, the
type of pick-up tube or film, color or black and white,
and other circumstances peculiar to the athlelic event.
Care should be taken to insure proper contrast be-
tween equipment used in the sporting event such as
balls, bats, uniforms, etc. end the background, Nor-
mal luminance ratios for television pickup should be
on the order of 20:1. If the luminance ratio is ex-
ceeded, there will be accompanying loss of detail in
highlights and shadows, When the luminance ratio is
less than 20:1, contrast and resultant differentiation
between objects is lessened. Placement of lighting
equipment to provide light from at least two direc.
tions is suggested to model participants. This model-
ing light can easily provide the brightness difference
to separate objects from their background.

2.3 Quality of Ilumination
2.3.1 General. The quality of lighting, whether day-

light or electric light, is highly important in provid-
ing good seeing conditions. Glare control, uniformity,

and direction are the most significant [actors in de- .

termining the quality of illumination.

2.3.2 Glare Control. A floodlight is inherently a
glare source; therefore, one of the primary tasks of
the illumination designer should be to reduce the
objectionable effects of glare to a minimum. The

basic [actors with which the designer may accom.
plish this task are: proper beam spreud, adequate

mounting heights, proper luminaire locations, and'

proper floodlight aiming.

2.3.2.1 Beam Spread. As the distance from the Aood.
light to the ares to be lighted increases, the beam
spread of the floodlight used should be decreased
{see Fig. 1). The usc of a floodlight with too great
a vertical beam spread for a particular application
can result in glare and ineflective utilization of avail-

able light (Fig. 2).

2.3.2.2 Mounting Height. Recommended minimum
mounting heights are shown on the recominended
layouts, Where, for physical or economic reasons,
it is considered necessary to utilize lower mounting
heights, the possibility of objectionablc glare should
be considered (see Fig. 3). For floodlighting appli-
cations, the following basis may be used to determine
mounting heights which are minimum from the stand-
point of glare: (1) The angle between the korizontal
playing surface and a line drawn through the lowest
mounted floodlight and a poins 1/3 the distance
across the playing field should not be less than 30
degrees, and (2) in addition to meeting the require-
ments above, the minimum mounting height should
not be less than 20 feet (6.1 meters) Jor ground
sports and 30 feet (9.1 meters) for aerial sports.
See Fig. 4.
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VERTICAL BEAM SPREAD TOO GREAT, RESULTING IN =

Figure 2. Floodlighis with too great g vertical beam spread
waste light and cause glare.

e~
sort
\ | Figure 1. To maintain same beam
S pattern with varying distances
from area to be lighted, beam
oFT spread must be reduced. {Mount.
ing height is as recommended in
mounting height chart, page 35.)
r Note: 15 ft = 4.6 m: 40 ft = 12.2
1'!’@:!. . ™m: 75 ft = 22,9 m: 40 ft = 42.7
m;: 160 ft = 45.8 m. :
SEAM FROM GLARE RESULTS FRACM LOW POLE MOUNTING.
LOW MOUNTED

FLOCDLIGR TS TO AVEID GLARE
CAUSES MiGH BALLS TODISAPPEAR

[-TILTING DOWN OF LOW WOUNTED
T FRON IEW, DUE TO LOW CEILING.

FLOCOLIGHT. ._|

T -

Figure 3. Sports floodlights mounted on poles that are
too low either cause glare in the spectators’ eyes or do
not luminate high-flying balls.

t
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He (Do fw) (TAN 307

Huun GROUND SPORTS 20 6T (61M) - .
AERIAL SPORTS 30 FT_ 91m} ’

Figure 4. For adequate mounting
heights, a line drawn from a point
one-third the distance agcross the
playing field to the lowest mount-
ed floodiight should form an angle
with the horizontal of not less
than 30 degrees. In addition,
minimum height for ground sports

wi~ o

should not be less than 20 feet

WIDTH —

D - WIDTH OF MAYING uu———j

J
§wiorw 1| (6.1 meters); jor aerial sports,

not less than 30 feet (9.1 meters).

2.3.2.3 Luminaire Location, (a) The effects of glare
are diminished as the luminaires are removed from
the normal lines of sight of players and spectators.
The angle betieen the luminaire and the normal line
of sight depends upon both the distance of the lumi.
naire from the observer and the luminaire’s mounting
height. : '

(b) The luminance of floodlights, particularly
narrow beam types, is lower as they are viewed at
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increasing angles to the axis of the beam. For this
reason, particular emphasis should be placed on
location and aiming so that, within practical limits,
floodlights are not directed slong normal lines of
sight of spectators or players (see Fig. 5).

(¢) The recommended layouts show luminaire
locations which reflect balanced judgment with re.
gard to providing light from the proper direction,
and at the same time localing the luminaires out of



the normal lines of sizht. Where phy:ical obstruc. . .
. tions require changes from-these typical locations, all -

lines of sight of both plavers and spectators should
be carefully evaluated i:. determining the new loca-
tions of the luminaires, ' ‘

(d) "With indoor applications, where fixed equip-
ment is mounted on or near the ceiling, two angular
regiens are involved: (1} the angle beiween a hori-
zontal line through the light center and the line of

.sight at which the bare source first becomes visible
(called the shielded zone) and (2) the angle within
which the lamps are visible (called the unshielded
zone). .

(e) Excessive luminance within the shiclded zone
may cause glare, particularly in large spaces. Lumi-
nance in the unshiclded zone may cause direct glarc
or glare by reflection from the specular surfaces of
bowling lanes, the surface of the waler in swimming
pools, or from polished floors and walls. In addition,
the luminance of the luminaire in the unshielded
zone may cause discomfort or even disability glare
as players or spectators look upward. This possibility
is minimized by so locating the luminaires that they
are moved as far as possible from the normal line
of sight and/or by using sources of low luminance.

2.3.2.4 Luminaire Luminance Reduction. (a) In the
. many sports where light must come into the playing
area from many different locations, it is not always

possible to remove all of the luminaires from the -

normal lines of sight of both players and spectators.
Where this siluation exists, the vse of glare shields

. or some form of louvering (see Fig. 6) should be -
considered to reduce the high luminance of excessive -
spill light which might cause discomfort to spectators,.

or even to inhabitants of the surrounding area. The - .
annoyance of light spilling into the region surround-

ing the playing area is often overlooked in the design
of a sports lighting installation. - .

(b) Both glare shields and louvers can be de-
signed to control only that light at certain angles

which might cause annoyance. It is not necessary

that such 2 device block all of the spill light or ex-
cessively reduce the light output of the luminaire.
However, the amount of light reduction will depend

upon the particular louver design employed. For any

specific louver-floedlight combination, some reduction
in the published lumen output of the floodlight alone
may have 1o be allowed for in the installation design.
It is recommended that a qualified engineer be con-
sulted before attempting a specific louver design.

2.3.2,5 Surround Luminance, Increasing the lumi-
nance of the surround seduces the luminance differ-
ence between luminaire and surround and improves
visibility. This can be done very eflectively for

GASEBALL VIEWING DIRECTIONS

Ay

>,
s
¥ -'.". ‘\.
™ ¥
\

:3 SPECTATGRS

\ <r . | == PLAYERS

. ~ ~

— s, — CRITICAL VIEWING
. . Az DIRECTIONS

Figure 5. [Fhere physice! elbstructions require changes
from tle recommended pole lncations, an analysis should
be madc of possible lves uf sight of both players and
spectaturs lefore new positions are selected. Poles
should never be locared directly in line with critical
viewing dire:tions.

Figure 6. Properly dcsigned glare shields (top) or
louvers (Lelow) can efiectively allininate, ac certain
angles, the Mgh luminaire luminance that might cause
annoyance either inside or outside the playing ares.

11



indoor sports by finishing the walls and ceilings of
the rooms in light colors. Control of the surround
luminance is much more difbcult in outdoor locs-
tions; however, 8 great deal can be done in this
regard. Adequate light in the stands and light colored
fences, together with provisions for providing some
illumination on the ground immediately around the
playing field, &ids considerably in improving the
surround conditions,

2.3.3 Uniformity. Reasonable uniformity of illumi.
nation over a playing area, and throughout the entire
space above the playing area, is required for satis-
factory seeing by players and spectators. Sharp
changes in the illumination level in the space above
the playing area through which the ball may travel
will result in making a fast moving ball appear to
accelerate as it passes from a light to a dark space.
This occurs when there is inadequate overlap of
floodlight beams. Such a condition distorts the play-
er’s judgment of ball trajectory. Expressed in terms
of horizontal illumination, acceptable uniformity
occurs when the ratio of maximum to minimum illu-
mination does not exceed three to one within a
specified area for those sports in which play is skill-
ful, the visual task is severe, or there are likely to
be spectators.

2.3.4 Direction of Light. (a) The luminance differ-
ence between &n object and its surround, ns well as
the Juminance difference between the various sur-
faces of an object, provide the conirast required for
the eve to see. Since the visual tasks of the spectators
and players involve seeing vertical surfaces as well
as horizontal surfaces, it is essential to provide ade.
quate illumination on both the horizontal surfaces
and the vertical surfaces of a solid object. However,
as the objects of view in sports are not flat-faced
solids, it is not estential to provide uniform illumina.
tion on all surfaces; in fact, semidirectional illumina-
tion provides shading and modeling which aids see-
inz. To eliminate harsh shadows, however, and to
permit good visibility at any location in the playing

14

area for both players and spectators, it is generally
necessary to provide light from seversl different
directions at each point throughout the area. Good
directionzal quality of the lighting in & sporis installa.
tion is not characlerized by the absence of shadows
(since the very nature of foodlighting tends to pro-
duce shadows) but rather by the number of shadows
produced (Fig. 7).

(b) For unidirectional sports, such as bowling,
driving golf balls, racing, handball, archery, etc,, it is
permissible and desirable to provide much higher
footcandles {lux) from one direction. This makes it
possible to locate the luminaires so that they are
almost completely removed or shielded from the
normal field of view. _ 7

(¢) The aiming of the floodlights, even with the

correct luminaire locations and mousnting heights,

" determines to a large extent whether the uniformity,

direction and candlepower toward the eye are satis-
factory. For information concerning the correct
fundamentals of aiming Aoodlights, see Appendix A,
Fig. A-L.*

2.4 Maintenance. See Appendix B.**

3. Classification of Play

3.1 Player Requirements. Player requirements

. vary with the class of play. The tournament classifi-

cation applies to" the caliber of play as found in
tournaments and exhibitions; the club classification
applies to good, fast play; \he recreational classifica-
tion applies to amateur play for fun and relaxation.

3.2 Spectator Requirements, Spectator require-
ments for satisfactory seeing vary with the type of
sport, distance from and orientation to the playing
field. A stadium where the last row of spectators is
several hundred feet away from the playing area

*See ILLUMINATING ENainpkmaNg, Vol. 58, February 1961, p. 76,
**In reprint only.

—_—
N
- )

\

ONE TwWo THREE - FOUR
SOURCE  SOuRCES SOURCLS SOURCLS

I

ol
(= -e >

12

V4

X
A

]
7

=

-
%

:';:;jﬁ:::lllhu

o

Figure 7, Shadows ocour on flood-

lighted fields but their effect is
" minimized by proper aiming of

lights. Note how an increase in

the number of light sources (jrom

i A to E) reduces the eflects of
ln:I':E! : shadows.

i,
8
s,
-

A

= L s



must be lighted 1o a high level of illumination if the .

~ more remote spectators are to follow the play. Iithe -

speclator section it limited to swonall bleachers afong
the sides of the field, the illumnination level which
will provide good plaving conditione will adequately
serve the spectators.

3.3 Commerciasl Requircments. It is recognized
that many sports are played or waiched in commer-
cial establishments where levels of iHumination maust
be based on additional factors of almosphere, atlrac-
tion value, and better than adequate seeing. 'This has
been true in major league bas:hull for sorsa time,
but applies also, for examph:, to racing, bowling,
archery, and all sports in conunercial arenas, Since
recommended levels based on commercial considera-
tions depend on many factors which require further
study, such considerations arc uot necessarily io-
cluded in the values in Talle T except where shown
as in the case of bowling.

4. Equipment Clussification

4.1 General. (a) The oplical characteristics 'of the
luminaire affect, to a large extent, such important
factors as direct and reflected glare, shadows, dis.
tribution and diffusion. Becausz there ere wide varia-
tions in these optical characterislics, the selection of
the correct luminaire for a particular apphcnlmn
deserves careful consideration.

(b) Luminaires should bLe designated so as to de-
scribe the manner in which the light from the lamp
is controlled by the lighting uvnir, the degree of con-
centration of zonal lumens (coucentration of light),
and mechanical details. Since in sports and recrea.

tional area lighting there are Loth outdeor and indoor

lighting problems, the lighting equipment should
necessarily be sclected to qualify for the service
designated. There are, therefore, separate designa-

“15E

T T

RO Ground Area ( pen (0) Thls clau provxdel .

-~ a8 weatherproof ‘enclosure for the lamp socket and

tions and classifications pertaining to outdoor and -

indoor lighting equipment.

4.2 Outdoor Floodlight Luminaire Desigﬁalionh . |

4.2.1 Floodlight Classes.
(HD). This class is weatherproof, having a substan-
tially constfucted housing into which is placed a
separate and removable rcflector. The asserbly is
enclosed by a weatherproof hinged door with cover
glass, which provides an unobstructed light opening
at least equel to the effective diameter of the reflector,

(b) Enclosed Ground-Ares and General Purpose
(GP}. This class is weatherproof and so constructed
that the housing forms the reflecting surface. The
assembly is enclosed by a cover glass.

(a) Enclosed Heavy-Duty .

housing. No cover glass is required.

(d) Ground-Area Open with Reflector Insert
(0!1). This class is weatherproof and so constructed
that the housing forms only a part of the reflecting
surface. An auxiliary reflector is nséid 1o modify the
distribution of light. No cover glass i: ycequired.
4.2.2 Beam Data. (a) The choice of the light dis-
tribution of & luminaire may be selected and desig-
nated by type as shown in Table II. Beam spread is
the average of the horizontal and vertical spreads,
and for the purpose of classifying floodlights, the
method of determining and recording the beam
spreed should be in accordance with- the edopted
report of the IES Committee on Testing Procedures
for Illumination Characteristics.*

(b) Asymmetrical beam floodlights may be desig-
nated by a combination type designation which indi-
cates the horizontal and vertical beam spreads in that
order; e.g, a floodlight with a horizontal beam
spread of 75 degrees (Type 5) and a vertical beam

of 35 degrees {Type 3) would be de51gnated as
Type 5 X 3 floodlight.

4.2.3 Method of Designation, Floodlights covered
by the sbove may be designated as Heavy Duty,
Type 1, 2, 3, ete., General Purpose, Type 1, 2, 3, etc.,
and Open Type 4, 5, 6, etc.

4.2.4 Performance Characteristics, In addition to
beam types and floodlight class characteristics. the
National Electrical Manufacturers Association’s
“Standards Publication for Floodlights™ specifies the
minimum beam efficiency that each class and type of

floodlight should provide. The summary of photo- -

metric data in Table !l is indicative of what can be

.expected from typical equipment.

4.3 Reﬁeclorized Lamps, Lamps having integral

~ reflectors are applied particularly to the minor sports,

Outdoor types with heat resistant glass bulbs mav be
considered as physically corresponding to the general
purpose category. Substitution of reflectorized lamps
for floodlighting luminaires should be on the basis of
equal lumens delivered in service. See manufacturers’
publications for photometric data and application.

4.4 Interior Lighting Luminaire Design. (a)
Interior lighting luminaires may be classed into five
different types, based on the manner in which light
is distributed from the luminaire. These classifice.

*“TES Guide for the Photometric Testing of Floodlights of
10 to 160 Degrees Total Beam Spread,” ILUKINATING ENneI-
Nxemivg, Vol. 48, March 1951, p. 183,
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tivns apply to all interior luminaires regardless of 1 6

the type of source the luminaire employs. The type
designations do not in themselves imply quality of
lighting or luminaire efficiency. The figures given in
Table 1I1 indicate the percentage of the total lumi-
naire light oulput emitied upward and downward.

(b) Direct luminaires mav be further classified
so as 1o denote concentration of zonal lumens (con-
centration of light), such as concentraling, medium
spread and wide spread.

4.5 Photometric 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 Illumination Character-
istics.*

5. Lighting Systems

5.1 General. For sports lighting applications, there
are three basic types of light sources in use today:
incandescent, fluorescent, and high intensity dis-
charge. Each type has certain advantages and dis.
advantages and the proper selection, from among
these sources, will depend upon the particular re-
quirements of the installation being considered, the
economics (see Appendix F** for a suggested for-
mat of an economic analysis), and perhaps some
personal preference of the system designer or owner.

5.2 Incandescent Filament Lighting. (a) The
chief advantages of incandescent lighting are its low
initial cost, good color rendering properties, and
zood optical control capabilities. Disadvantages are
shorter lamp life and lower lamp efficacy (lumens-
per-watt) as compared to the other light sources.
Included in the family of incandescent are the tung-
sten-halogen lamps, having a much better light output
maintenance characteristic and longer lamp life than
standard incandescent Jamps. In addition, the tung-
sten-halogen lamp can be compact in physical size
and of a shape that results in small luminaires.

(b) Overvoliage operation of incandescent lamps,
including tungsten-halogen lamps, can often be used
to cconomic advantage in sports lighting. This is
especially important if a lighting system is used for
only a- few hundred hours or less each year. In
gencral, operation at 10 per cent above rated voltage
tresulting in an approximate 35 per cent increase in
Jizla output, 15 per cent increase in lamp watlage,
vl a reduction in lamp average life to 30 per cent)

recommended if the lighting system is in use for
t-ss than 200 hours. Operation at § per cent above

*)¥R Guide for Reportng Genera) Lighting Equipment En-
mimeiiie Dals,’ JuuMiNiTing Exanianine, Vol B4, August
e p A

"“In nvyront saly,
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TABLE I
Interior Luminaire Desigrations

APPROXIMATE

DISTRIBUTION
TYPE OF LIGHT EMITTED
(CIE CLASSIFICATION) BY LUMINAIRE

UPWARD  DOWNWARD.
PER CENT  PER CENT
| - — ‘ B
DIRECT . !
o-10 7 100-90
SEMI-DIRECT t) i
10-40 0-65.

GENERAL DIFFUSE &) =
40-60 6€0-40

SEMI-INDIRECT

. INDIRECT

rated voltage (resulting in an approximate 17 per
cent increase in light output, 7 per cent increase in
lamp wattage, and a reduction in lamp average life
to 50 per cent} is recommended if the lighting system
is used from 200 to 500 hours per year. If annual
use exceeds 500 hours, lamp operation at rated
voltage is recommended.

5.3 Fluorescent Lighting. A fluorescent lighting
system provides high lumens per watt, long lamp life,
low brightness, and good color rendition, but is

.generally higher in initial cost than its incandescent

filament counterpart. For indoor spplications, lou-
vers are desirable Tor use with fluorescent luminaires
lo provide lamp proleclion as well as maximum
shiclding, The semi-direct type luminaire is recow-
mended for use whers the Iuminmre is' mounted in
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reasonably close proximity to the ceiling to reduce
luminance differences and to provide adequate dif-

----fusion over-the area. Fluorescent luminaires are

applicable for certain outdoor sports and recreational
areas where mounting heights are relatively low and
required projection distances are short. Typical ap-
plications would include bowling, curling, tennis and

similar sports.

5.4 High Inlensity Discharge Lighting, The
family of high intensity discharge lamps include the
mercury lamps, the metal halide lainps, and the high
pressure sodium lamps. Although each of these lamp
types has its own specific characterisiics, they have
the following characteristics in common: long lamp
life and high luminous efficacy when compared to
incandescent lamps, a time delay and slow build up
of light output when the lighting system is first ener-
gized or when there is a power interruption. Because
of this time delay characteristic, it may be desirable
to include an incandescent lighting system 1o provide
emergency stand-by illumination, particularly over
spectator areas. Properly designed, a high intensjty
discharge lighting system may require fewer lumi
‘naires for & given lighting requirement, but these
luminaires are usually higher in initial cost than in-
candescent luminaires. See Appendix F.*

5.4.1 Mercury Lighting. In those sports where color
rendition is of some imporlance, improved-color

*In reprint enly,

Figure 8. Comparative character-
istics of light sources for genera!
lighting purposes. There are four
ratings for each characterisric—
high, good, fair and low.

phosphor-coated mercury lamps are usually recom-
mended rather than clear mercury lamps. It should

“be noted, however, that phosphor.coated Jamps pro-

vide inherently wide beam spreads. Over-watlage
operation of mercury lamps is feasible, within limits,
resulling in an increase in light output proportional
to the increase in lamp wattage with a major redue-
tion in mercury lamp life.

5.4,2 Metal Halide Lighting. The metal halide lamp
is basically & mercury Jamp to which has been added -

. metal halides. In comparison to mercury lamps, the

metal halide lamp provides higher luminous efficacy
and good color rendition coupled with good optical
control characleristics; however, the metal halide
lamp bas ‘a shorter life.

5.4.3 High-Pressure Sodium Lighting. The high
pressure sodium lamp has a higher luminous efficacy
than the metal halide lamps, coupled with good op-
tical control characteristics, and a light output main-
tenance characleristic simjlar to the mercury lamp.
The life of this lamp is approximately equal to that
of the metal halide lamp.

5.5 Light Source Summary. A comparison of the
major characteristics of the various light sources
provides a guidance for choosing the light source
for a particular application. The chart shown in
Fig. 8 has been prepared by the Light Sources Com-

MAINTE.
LUMEN LFE COLOR | DEGREE | NANCE of
OUTPUT EFFICACY EXPEC- ACCEPT. | QF LIGHT LUMEN
PER LAMP TANCY ABILITY CONTROL QuUTAYT
INCANDESCENT FAIR LOw LOwW HIGH HIGH Co00
TUNGSTEN HALOGEN FAIR LOW Low HIGH HIGH HIGH
MERCURY GOOD FAIR HIGH LOW GO0D GQOCD
. FAIR
PHOSPHOR MERCURY GOOD FAIR HIGH T FAIR FAIR
G000
G000
METAL HWALIDE HIGH GOOD FAIR TO GOQD FAIR
. HIGH
MIGH.PRESSURE SODIUM | HIGH HIGH FAIR FAIR 600D GOOD
GO0D
A0WATT FLUGRESCENT LOW GOOD €000 10 LOW 400D
HIGH
GOGD
HIGH QUTPUT FAIR cooo | . GCOD 16 LowW €00D
FLUQRESCENT HIGH
GOOD
t300-MA FLUORESCENT GOQD GQOD FAIR 14} LOW FAIR
- HIGH
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mittee of the Iluminating Engineering Society.® 1 § 6.2 Choice of Equipment. (a) Floodlights, due

Further information on the characteristics of light
sources can be found in the latest edition of the 1.LES.
Lighting Handbook. This chart must be tempered by
the actual application for the light source which
might alier the rating shown. For example, in the
case of a low ceiling interior lighting installation,
the “low™ rating given in the lumen output per lamp,
and the degree of light control ratings for the 40-watt
fluorescent source, might be considered most ad-
vantageous lo obtain a low-source brightness and a
wide beam spread.

5.6 Special Design Considerations, In selecting
either a mercury, metal halide, high-pressure sodium,
or a fluorescent lighting system for use in a sports
or multipurpose area, some important factors should
be given special consideration: (1) These light
sources, when operated singly on alternating current
circuits, produce a noticeable flicker on rapidly
moving objects. This condition, stroboscopic effect,
may be minimized by connecting lamps or luminaires
on alternate phases of a three-phase supply, or by em.
ploving two-lamp lead-lag or serics sequence start
ballasts where available. (2) In multipurpose areas,
if a quiet surround is an important factor, the pos-
sible objectionable disturbance resulting from ballast
“hum” should be considered, Remote mounting of
the ballasting equipment may be desirable. (3) When
fluorescent lamps are used outdoors, they should be
protected from the wind in order o maintain maxi-
~mum light output.

6. Design Factors

6.1 General. (a) The correct choice among the
various design factors of luminaire type, lamp type,
lamp voliage, wiring method, etc., depends upon a
balancing of economic costs against such factors as
appearance, relalive safety, and reliability.

(h) The overall cost for lighting should include:
(1) an amortization of the first cost, {2) the cost of
clectrical energy consumed, (3) cost of lamp replace-
ments, and (4) an estimate for maintenance expense
exclusive of lamp replacement.

(¢} Comparison of lighting systems on this basis,
perhaps with different luminaires, or different wiring
methods, may be made by means of a cost analysis.
A true comparison should invelve systems providing
comparable quality and quantity of illumination. A
suggested format for an economic analysis is shown
in Appendix F.**

*TLLUMINATING ENCINEERING, May 1067, p. 218.
**In reprint only,

1¢

to their larger size, more elaborate mounling require
ments, and in some cases cover glasses, are more
expensive than normal indoor type luminaires. The
use of floodlights is economically justified on any
cutdoor area where the light must be projected a
considerable distance. The comparison can be readily
calculated by methods outlined in Appendix C.*

(b) Floodlights are available with beam spreads
of various degrees, and can be used economically to
concentrate light on and near the playing area, even
when they must be mounted several hundred feet
from the playing area. On the other hand, some of
the playground sports such as horseshoe pitching,
shuffleboard, etc., may in some cases be lighted by

.indoor type units suitably adapted to ouidoor use,

6.3 Choice of Beam Spreads. Most open flood.
lights provide inherently wide beam spreads. En.
closed floodlights are available in a range of ‘beam
spreads from wide to narrow. The choice of beam
spread depends largely on the distance from the
floodlights to the area to be lighted: the greater the
distance, the narrower the beam spread for high
utilization, efficiency and restriction of glare. See
Fig. 9. Conversely, when floodlights are located
relatively close to the playing ares, wide beam
spreads can be used with good economy,

6.4 Open and Enclosed Floodlights. The choice
between open and enclosed Roodlights depends
chiefly on diflerences in cost and in rate of depre.
ciation. Open floodlights cost less, but depreciate
more rapidly due to collection of dirt, soot, etc., on
reflecting surfaces and light sources. It is generally
accepled practice to allow a light loss factor of 75
per cent for enclosed floodlights, and 65 per cent for
open floodlights when calculating the -maintained
Jootcandle (lux} level. Although these factors are
gmpirical, they are based on considerable experience.
The cleanliness of the surroundings, the frequency
of cleaning of the units and replacement of lamps
will affect the light loss factors to a considerable
extent.

6.5 Wiring. (a) Outdoor floodlighting installations
can be made with either overhead or underground
distribution. From the standpoint of appearance and
minimum interference, the underground system is
more desirable where large playing areas are in.
volved. The underground system may be made using
either direct burial conductors or wire in conduit..
While overhend distribution may 1.~ less expensive
with regard to conductors, conduit and installation
costs, additional items may be required. For example, -

*In reprint only,
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Figure 9. Selecting proper beam

results in better wtilization and
lower over-gll costs. On the 100
by 100-foot (305 meter) area
shown, eight Type 4 floodlights
are required to produce about the
same footcandle level obigined
with six Type 3 floodlights of the
same wattage. Mounting height
is 60 feet (18.3 meters) in both

JwoRKING
PLANE

UNIFORM ILLUMINATION REQUIRET ON WORKING PL AMNE
Figure 10. For many interior sports lighting installations uriform illumination on the floor is not the requirement.
Adequate vertical distribution is required to the maximum height the object might travel during normal play,

extra poles to 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
thoice of installation to use will depend on local
practice, and should include a consideration of the
economics and other factors, such ‘as appearance,
safety and reliability.

(b) Some installations may justify 2 separate
transformer on each pole or tower with primary
wiring to each location. In smaller installations, it
may be more economical to reduce the number of
transformers by serving several locations from a
single transformer through secondary wiring. This
decision will also depend upon the rules and prac-
tices of the local utility company,

(e) The utility should, of course, be consulicd
as to the type of service available, whether primary
or secondary, single-phase or three-phase, wye or
delta. The rates for the various services should alse
be considered before a decision is made as to the
preferred installation. Whether to wire one or more
lighting units on each circuit is determined by local
practice and economic considerations as limited by
local and national code rules.

7. Lighting For Indoor Sports

7.1 General. (a) The walls and ceilings of intériors
“used for sports provide a means for controlling back-
ground luminances, assist in diffusing the available
light, and make possible a variety of convenient

UNIFORM ILLUMINATION ON FLOOR 1S NOT THE lll:o.um!utn'r

lighting equipment arrangements. The design ana
calculation procedures for interior sports lighting
are similar to those followed in design of any interior
lighting systern. (See Appendix D).* However, io
addition to luminaire mounting height, spacing,
lumen output, and illumination uniformity on a
horizontal reference plane, which are important fac-
tors in all installation plans, it is necessary in de-
signing sports lighting to consider the following
factors:

(1) Observers have no fixed visual axis or field of
view. During the course of the game, the ceiling and
luminajres may frequently be included in the visual
field.

(2) The object of regard will have no fixed loca-
tion, and may be viewed at floor level, near the
ceiling, or at any level in between. See Fig. 10.

(3) Tt is particularly important for observers to
be able to estimate accurately object velocity and
trajectory.

(b) The location of sport play can be divided
into general areas used for more than one sport and
areas designed for a particular sport. The lighting
system must meet the varied or particular require-
ments for the sport, or sports, played in the given
area.

(c) The sports, themselves, may be generally
divided into two classes: sports which are aerial in
part or whole, and sports which are at or close to
floor level. '

*In reprint only.
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7.1.1 Aerial Sports., Badminton, basketball, hand. easily for these sports than for aerial sporls, since
ball, jai-alai, squash, tennis, and volleyball are con- 2 0 luminaire luminance is less critical.
sidered aerial sports. The type of action encountered

during normal participation in these activities is such 7.2 General Areas. General areas used for sporis
that the ceiling may be in the observer’s field of view would be field houses, gymnasiums, community cen-
during a large portion of the playing period. In ter halls, and other multi-purpose areas. The sports
planning general lighting installations for these normal to such areas are badminton, baskeiball,
sports, therefore, every effort should ke made to volleyball, fencing, shufieboard, and other similaz
select, locate, and shield the light sources to avoid- sports. The crileria used for designing the lighting
introducing glare into the observer’s field of view.  system for such areas can be demonstrated by the
For these sporis in particular, adequate overlapping design criteria for a gymnasium.

of the luminaire beam patterns is imperative to in- :

sure proper vertical illumination over the entire 7.2.1 Gymnasium. (a) The modern school gymna-
height of the playing srea. sium is a multi-purpose, as well as a multi-sport area,

which can serve a variely of needs of the student
body during the daytime, and in many instances, of

7.1.2 Louw Level Sports. Archery, billiards, bowling, the community al night. In addition 1o its varied
fencing, curling. hockey, shufieboard, skating, rifie athletic uses, the school gymnasium is often used for
and pistol ranges, swimming, boxing, and wrestling, such activities as assemblies, dances, concerts, lec-
and other sports in which observers in the normal tures, and community meelings.

course of plav do not look upward are called low (b) Typical lighting installations for this multi-
level sports. General lighting may be planned more purpose area are shown in Fig. 11. A choice of
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Figure 11. T)plcal G)mnasmm Irlstaﬂauon.
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Fioodlights

Mount.
Ing Beam | EMI. e S0ow
Height Lamp Spraad | ciency
In Fest | Total Size {De- (Per
(Meters)] No. [(Watts)| Type | Class | grees); Cent)
Basket-
ball 50 32 1500 5 GP 9 54
(15.2) | \
Volleyball 40 8 500 6 ol 115 68 Y
Shutfle. (12.2) T .
board -
_ 50 FT.
Beachers | 28 Avg. | 14 530 § | o ns | ss T = I
. (8.5) : [

|

b 200FT

NOTES: (1) Al lamgps Glear, ganaeral sarvice, operaind st rated voltage, )
(2) Average iHumination, initial footcandies {lux): basketball—I0 Nots: 10 f1 = 3.1 m: 11 ft = 3.4 m; 50 ft = 152 m;
{75 dalx), volleyball/shutllsboard—30 (32 dalx). ; 200 ft = 61.0 m.
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Figure 12. Caution should be exercised in positioning
luminaires relotive to critical surfaces such as glass
basketball backboards (above), to avoid blinding, re-
flected glare. Windows behind giass backboards in
symnasium (above right) can produce direct glare, and
unshielded windows (right) are a potential source of
both direct ond reflected glare. Note how reflections on
the floor veil the floor markings,

~ lighting levels may be desirable because of the wide
divergence in seeing lasks that can be encountered.
Such variations in the general illumination 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 special
" activities, such as dances, where the creation of mood
or atmosphere is the primary lighting objective, quite
low illumination values are desired. The most satis-
factory results can often be achieved through the use
of portable or temporary auxiliary lighting equip-
ment, such as floedlights of reflectorized lamps, and
colored filters. To prevent breakage, it may be neces-
sary to cover luminaires with a protective cover or
wire grid. This will reduce their efficiency and
should be compensated for in the initial system
design by multiplving the luminaire’s efficiency by
the average transmittance of the cover or grid.
(¢) The position of luminaires and windows in a
gymnasium can present serious problems. Fig. 12
- demonstrates the hazards of improperly located
luminaires ‘and unshielded fenestration. The recom-
mended lighting layout for the gymnasium is shown
in Figs, 13 and 14.

7.2.1.1 Interior Finishes. (a) Light finished ceil.
ings, walls and floors not only enhance the appear.
ance of a gymnasium, but increase the utilization of
light and improve visibility, Ceiling reflectances of
80 to 85 per cent are attainable on smooth surfaces

with good grades of white non-glossy paint. The
same paints on acoustical materials have somewhat
lower reflectances because of the porous nature of
these surfaces,

(b) Walls of matte-glazed tile or other non.
abrasive material are widely used in meodern gym-
nasiums up to heights of approximately seven feet.
Above this area, light.colored cinder blocks, brick,
or wood paneling provide a wall reflectance in the
desirable range of 50 to 60 per cent.

(e) Natural hardwood floors, sealed with a non-
glossy finish, have reflectances of 15 to 30 per cent.

7.2.2 Field Houses. The field house and the gym-

" nasium closely resemble each other as far as sports

activities are concerned. The field house may, how-
ever, be larger in dimension and serve a somewhat
wider range of sports. 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 par-
ticular sports will meet the needs for the participants,
but may require considerable increases to meet the
needs of the spectators, The resultant lighting system
design should therefore meet the requirements for
the anticipated activities in the field house as well as
provide for the spectators. This could include con-
sideration for aerial and low level sports. versatile
control or individual svstems for the various sports,
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Figure 13. Lighting layout for gn indoor basketball
court. A distance of 10 feet (3.0 meters) between court
boundary end wall is recommended. Minimum luminaire
mounting height should be 22 feet (6.7 meters).

Note: 10 ft = 3.1 m: 12% ft = 3.8 m; 14 ft = 4.3 m;
Hp | 50 ft = =

16 1 = 50 m: 17 Lt = 5.2 m: § 15.2 m; 70 £t
1.3 m; 84 tt = 256 m; 104t = 31T m
Current
Recommended
Practice— Minimum
Footcandles Recommended
{Dekalux) Mounting
Maintained Height in Feet
Class of Play in Service (Meters)
College and
professional 50 (54)
22 (6.7)
College intramural .
and high school 3 3

and increased illumination levels and beam control
to meet the needs of the spectators.

7.2.3 Other Areas (Community Centers, Etc.). The
illumination methods utilized in the recommended
practice for the gymnasium can be utilized for such
areas; however, general illumination systems normal
to multi-purpose halls will mret the requirements for
table tennis, fencing, and shufleboard with little need
for special consideration. Fig. 15 provides a recom-
mended practice for table tennis to mect the par-
ticular needs of this aerial sport.

7.3 Specialized Areas. Lighting layouts which
illustrate the adaption of the previously stated prin.
ciples to certain specialized indoor sports areas are
shown in Figs. 16 through 22. It is important to
recognize that these layouts arc not the only accept-
able method which can be used for lighting a par-
ticular sports area. Other type: -.f luminaires, light
sources and, in some Instanc . . .:ninaire locations,
may be used satisfactorily. 1%..» layouts merely
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Figure 14a. A gymnasium illuminated to 100 foot-
candles (110 dekolux) by the use of 1500 mA fluorescent
lamps in suspended semi.direct, porcelain enamel re-
fector units with prismatic plastic shielding.
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Figure 14b. A gymnasium illuminated by coniinuous
rows of louvered fluorescent units,
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.Fi;'u-re 4c. A gj‘frmtlfiﬁm iluminated by individual
direct luminaires in layous as shown in Fig. 12.

show one or more ways in which the lighting objec-
tive has been accomplished.

7.3.1 Budminton. Badminlon is an aerial sport, and
requires ceiling heights of 25 fect (7.6 meters)
miniinum and upwards to 40 feet (12.2 meters)
desirable. A brown or green color is recommended
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TOURNAMENT TOURNAMENT RECREATIONAL
BCLUB B CLUB
(FLUORESCENT) OrCANDESCENT) (FLUCRESCENT}
1ES Current
Recommendcd
Practice—
Footcandles
(Dekalux)
Maintained )
Class in Service Luminaires
| —
Tournament i 50 (54)
" Direct
Club ‘ 30 (32) (Spread
= Distribution)
Recreational l 20 (22}

Mgounting: Ceiling height approximately 12 feet (3.7
meters).

for the walls and ceiling Lo provide good contrast for
the white shuttle. A dark finish is also recommended
for the floor. To minimize glare, a well controlled
lighting system mounted along the sideline, or an
indirect system, is recommended. See Fig. 23.

7.3.2 Billiards. The lichting of billiard 1ables can be
executed in many ways., It would be preferable te
have a lavout of the location of the tables themselves
before establishing Uie location of the lights, so that
the lights can be placed over the tables, thereby
providing the best lighting possible and creating the
fewest number of shadows. Luminous ceilings or
other general lightinz systems could also be utilized.
Billiard tables are approximately 5 by 9 feet (1.5
by 2.7 meters) in size and are usually located so
that they are five feet {1.5 meters) apart, side by
side and at least six feet (1.8 meters) from the ad-
joining wall. The minimum recommended mounting
height of the ceiling and light source is seven and
one-half feet (2.3 mcters). The preferred height is
ten to twelve fect (3.1 to 3.7 meters}, The ceiling
should be a light color with a reflectance of 75 to 85

per cent. The recommended illumination levels might
be substantially increased for public attraction or
business considerations.

7.3.3 Bouling. Lighting for bowling is often gov-
emed more by public attraction and increased busi-
ness considerations than any other factor. Bowling
is considered a low-level sport which is divided into
three areas—the approaches, the lanes, and the pins.

. General illumination methods are utilized in the ap-

proach area. This area often includes seating for
spectators as well as participants with lighting uti-
lized to create a pleasant atmosphere. The lighting
of the lanes should be well shielded for the bowler
and the shielding is often an archilectural element
of the structure, This ceiling area should be finished
with a high reflectance, non-gloss, light paint which
maintains a 70 to 85 per cent reflectance. The illu-
mination of the pins is so directed as to provide high
vertical footcandle (Jux) levels as seen by the bowler.
The recommended layout is shown in Fig. 19.

7.3.4 Boxing and Wrestling. These sports are con-
sidered low-level sports. The recommendations for
illumination are governed by the requirements of the

. spectators which completely outweigh the require.

ments of the participants, A recommended layvout

"is shown in Fig. 18.

7.3.5 Curling. The indoor curling rink is classified
as a low-level installation svstem. Direct or semi-
direct luminaires, with wide spread distribution,

. raounted between rinks provide the best method of

illumiation. The minimum mounting height of the
luminaires is twelve feet and the ceiling and wall
finishes should have a reflectance of over 60 per cent
to provide good luminance ratios. Fig. 24 shows a
recommended layout for curling. '

7.3.6 Handball and Squash, The handball and squash
court with its white walls and ceiling presents defi-
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Figure 16. Recommended lighting layouts for squash
and four-wall kandball. Lamp size and luminaire quan-
tities for each class of play are dependent upon the
specific room characteristics and luminaires employed.

nite luminaire beam control problems for this aerial
sport. The wall and ceiling finish should be a white,
non-glossy paint with a reflectance of 75 to 85 per
cent. The luminaires should be recess-mounted in
the ceiling with a carefully shielded spread distribu.
tion. In these areas, adequate protection of the lumi-
naires from possible breakage through the use of
guards or impact-resistant covers js vilally important.
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, but the possible loss of visibility
due 1o reflected glare from the ice is of equal im.
portance. Care should be exercised so that no shadows
from the boards and nets cause difficulty in following
the course of play. All luminaires should be mounted
above the line of sight of the spectator in the most
elevated seat at the greatest distance from the plaving
area, This provides an uninterrupted view of the
plaving area, minimizes possible direct glare to the
spectators, and improves appearance. See Fig. 21,

7.3.8 Jai Alai. Due to the extreme speed of the ball
in play (over 150 miles (240 kilometers) per bour),
careful consideration must be given to level of illu-
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Note: 20 ft = 6.1 m; 40 ft = 122 m.
Current
Recommended
Practice—
Footcandles
(Dekalux)
Maintained Type of
Class of Play In Service Luminaires
Tournament?® 50 54) Direct recessed,
spread dis-
Club 30 (32) tribution,
carefully
Recreational 20 (22) shielded.

* lllustrated above.

mination, shielding of luminaires, and surface texture
of paint on the court walls and floor. Glare is to be
avoided at all costs. Play is fast and serious acci-
dents are not uncommon. Colors recommended are:
grass green for the frontis, lateral, and rebote; off-
white for the floor; and dark red for the foul stripes.
Luminaires should be mounted above the top screen
for physical protection. Viewing is done from the
open side of the court, again through a protective
screen. It is good practice 'n .rovide for dimming
in the audience area at the +.3.. of play. See Fig. 22.

7.3.9 Shooting (Archery, Pistil and Rifle Ranges).
Indoor archery, pistol and rifle ranges present similar
illumination problems for these low-level classifica-
tion sports. Major emphasis is placed upon the
illumination at the target and the distance from the
firing line to the target. In the case of the indoor
pistol and rifle range, which has a 50 foot (15.2
meter) distance, the recommended vertical illumina-
tion on the target meets the requirements for the
distance from the firing line to the targets and the
size of the targets. In the case of archery, distances
of 60 to 150 feet (18.3 to 45.7 meters) are normal
between the firing line and target. The recommended
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vertical footcandle (Jux} level on the target again
considers the distance and the size of the target. The Current Recommended Practice—
typical layvout for shouting ranges is shown by the Footcandles (Dekalux)
example in Fig. 17 which illustrates the slandard Location Maintained in Service
pistol and rifle range. Firing point 2 @2)
.7.3.10 Swimming. (a) The lighting of swimming Range 10 (11}
pools is multi-fold. It is te: (1) light the water sur- T
arget (vertical 100 (110
face; (2) the floor of the pool; and (3) the deck get ( ) (10

area aronnd the pool adequately, and for the safety
of the persons using the peol. Underwater luminaires
should be so located to give complete illumination to
all underwater areas. Refer to National Electric Code
and applicable local codes for specific placement of
lominaires.

(b) For underwater lichting, luminaires should
be properly located in the pool walls to provide
adequatc illumination throughout the pool, but should
not be placed in line with a swimming lane where
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Figure 18. Recommended layouts for indoor boxing or
wresiling rings.

compelitive swimmers would make a turn and pos-
sibly kick the light during the turn. It is therefore
quite important that the luminaires should be located
between the lanes so.that it would not in any wav
interfere with competitive swimming,

(¢) The overhead lighting of the indoor pools
can be executed in a way similar to lighting any
indoor space with proper spacing and location

Current
Recommendad
p Practice—
Foolcandles
(Dekalux)
Maintained Type of
Class of Play in Service Luminaires
Championship 500 (540) Direct with con-
centrating dis- -
Professianal 200 (220) tribution from
20-foot (6.1
Amateur " 100 (110) meters) mount-
ing height.
Note: 24 £t = 1.9 m; 37 ft = 82 m; 30 ft = 2l m.
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Current Recommaended Practice~Fopotcandies (Dekalux) Maintained in Service

For Yisua!l Considerations

|

I For Public Attraction and Increased
Business Considerations

Ctass of Play Approaches "Lanes Ping Approaches Lanes Pins
Tournament 10 (11) 20 (22) 50 (54)* - 0 0% i' 100 (110) 200 (z20)*
Recreational 10 (11) 20 (22) 50 (54)* 50 (54) i 70 7% 150 (160)°

* Vertical footcandles (dekalux).
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.throughout the ceiling. In the event there is crawl
space above the ceiling, it is desirable to select lumi-
naires that could be relamped from above, In the
event the luminaires must he relamped from below,
it would seem dusirable to locate them over the deck
rather than over the waler and aim some of them
toward the water. This will eliminate the need for
servicing the overhezd luminaires from a pool loca-
tion, Fig. 235 illusirates the recommended practice
for swimming pools.

7.3.11 Tennis. The area under con<ideration for
indoor play should approximate that recommended

for outdoor, i.e., 120 feet (36.6 mcters) by 48 feet’

1:1.6 meters). Suggested interior finishes are: ceil-
ing and upper walls, light non-glossy, 80 to 85 per
cent reflectance; ﬂoors, natural hardwood, clay or
concrete, non-glossy, 15 to' 30 per cent reflectance;
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Figure 19. Tvpical lighting arrangements for bowling.
The ceiling lumingires should be completely shielded
from the view of the bowler. To aroid severe luminance
difficrences and to make maximum use of reflected light,
the ceiling should be maintained at a reflected light, at
a reflectance of 70 or better.

walls, lower 8 fect (2.4 meters), gray, non-glossy,
with a maximum reflectance of CO per cent. The
luininaire should be provided with vertical ballles,
louvers, or other shielding techniques to reduce the
possibility of glare distracting the players. These
shielding elements should provide cut-off at 45 de-
grecs in the divection of piay. This shielding design
should be such as to allow adequate illumination to
reach high balls. The luminaires should be mounted
toward the side of the courts or belween courts as
shown in the recommended layout in Fig. 20.

7.4 Indirect Lighting. (a) Many aerial sporls re-
quire the upper walls and ceiling to be finished with
a high reflectance sem - loss whitc paint. This area is
illuminated by the upward ccoponent of the semi-
direct type luminaires and becunies an added factor
in the overall quality of illumination. One method
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_Current Recommanded. Practice—Footcandles (Dekalux) Maintained in Service

1
For Yisual Considerations

For Public Attraction and Increased
Business Considerations

Class of Play Approaches Lanes Pins Approaches Lanes Pins
Tournament 10 (1)) 20 (22) 50 (549)* - 70 (75) 100 (110) 200 (220)°
Recreational 16 (11) 20 (22) 50 (54)° 50 (54) 70 (75) 150 (160)*

* Vertical footcandles (dekalux).
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.throughout the ceiling. In the event there is crawl
space above the ceiling, it is desirable to select lumi.
naires that could be relamped from above. In the
event the luminaires must be relamped {rom below,
it would seem desirable to locate them over the deck
rather than over the water and aim some of them
toward the water. This will eliminate the need for
servicing the overhead luminaires from a pool loca-
tion. Fig. 23 illustrates the recommended practice
for swimming pools.

7.3.11 Tennis. The area under coneideration for
indocr play should approximate that recommended

for outdoor, i.e., 120 feet (36.6 mcters) by 48 feet’

{146 meters). Suzgested interior finishes are: ceil-
ing and upper walls, light non-glossy, 80 to 85 per
cent reflectance; floors, natural hardwoed, clay or
concrete, non-glossy, 15 to' 30 per cent reflectance;
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walls, lower 8 feet (2.4 meters), gray, non-glossy,
with a maximum reflectance of GO per cent. The
luminaire should be provided with vertical baflles,
louvers, or other shielding techniques to reduce the
possibility of glare distracting the players. These

. shielding elements should provide cut-off at 45 de-

grees in the direction of play. This shielding design
should be such as to allow adequate illumination to
reach high balls. The luminaires should be mounted
towurd the side of the courls or between courts as
shown in the recommended layout in Fig. 20.

7.4 Indirect Lighting. (a) Many aerial sports re-
quire the upper walls and ceiling to be finished with
a high reflectance sem’ - loss whitc paint. This area is
iHluminated by the upward ccaponent of the semi-
direct typs luminaires and beconics an added factor
in the overall quality 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 efficient than a semi-direct system, but often pro-
vide other benefits and at times present the only
adequate method of obtaining satisfactory results.

{b) Inflatable structures are finding a wide usage
in the sports field. This is especially true for skating
tinks, swimming pools and tennis courts. These in-
flatable structures normalily mount on a foundation
that varies between ground level and a wall of up
to 8-foot (2.4-meter) height. The structlures cannot
support overhead items such as luminajres and,
therefore, indirect lighting answers the lighting need.
The design of such structures normally emplovs the
use of materials which provide a high reflectance
malte surface. It is very important that such material

Current
Recommended |
Practice—
Footcandles
(Dekalux) !
Maintained : Type of

I

1

Class of Play in Service Luminaire

106 (110) i Semi-direct,
carefully
shielded

Ll
Professional I

Amateur ' 50 (54)

‘Recreational 20 (22) i

Current
Recommended
Footcandies Minimum
(Dekalux) Mounting
_ Maintained Helght in Feet
Class of Play In Service (Meters)
Professional  ~ 50 (54)
Club  ° 0 @2) 2 6.7
Recreational 20 (22)
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Note: § ft = 1.8 m; 9 ft = 2.7 m; 101§ ft = 3.2 m; 17 1t
= 5.2 m; = 136 ft = 11,0 m; 48 £t = 14.6§ m;
T8 f1 = 2%, 1.0 ft — 36.6 m.

is utilized to eliminate glare caused by specular re-
flections and to prevent increasing the lighting load
as the surface reflectance decreases.

(¢) A major consideration in the design of an
indirect lighting system is the uniformity of illumi-
nation over the entire surface. Hot spots around the
lurninaire’s location can be as distracting as a direct
view of the luminaire or light source by the partici-
pant. The number of luminaire locations need only
be governed by the uniformity which can be achieved
and architectural or surface elements which could
create deep shadows on the surface being illumi.
nated. These could be as distracting as a black cload
might be in an otherwise clear blue sky. An example
of the results obtained in an indirect lighting svstem
utilized in an inflatable structure is shown in Fig. 26.
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Figure 21. Typical lighting layout of semi-direct fluores-
cent luminaires on an indoor hockey arena.

Note: 10 ¢t = 3.1 m; 85 ft = 259 m; 200 ft = &1.0 m.
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Figure 22, Typical lighting layout for jai-alai court
with besic dimensions of 176 X 44 X 55 feet (536 X
13.4 X 16.8 meters).

Note: 44 ft = 13.4 ra; 55 1t 16.3 m: 176 ft = 53.6 m.

Current
Recommended
Practice—
Footcandles
(Dekalux)
Maintained
in Service

Luminaire

Class of Play Mounting

Protessional 100 (110) Mount above

top screen.

70 (75)

Amateur

=
AP 18 FT SPACING
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Figure 24. Recommended lirhiing layout for curling.
Lamp size and luminaire gqua.ifiics for each class of
play are dependent upon the specific room characteris.
tics and luminaires used.

Note: 6 in = 152 cm; 4 ft = 1.2

12 ft = 37T m; 14 ft = 4.3 m; 17 £
m; 28 ft = 8.5 m; 83 ft = 10.1 m.

m: T {t6in = 23 m;
iz 4.6 m; 21 £t = 6,

IES Current | Mini-
Recommended mum
Practice— ' Mount.
Footcandles ' ing
{Dekalux) | Height
. Maintained ! Luininaires | In Feet
Class in Service } fosuired |(Meters)
I
Tees Rink Il
Tournament | 20 (22) { 10 (11) lDirect ar 12 3.7)
(Double . Seri-Direct :
Sheet) | VWivta Spread
Distribution.
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- Figure 23, Recommended lighting layout for badminton.

Lamp size and lumingire quantities for each class of
play are dependent upon the specific room characteristics
and {uminaires used,

.1 m; #4 It

Note: 20 ft = 61 m; 30 fx = = 134 m;
60 ft = 18.3 m.

IES Current

Recommended

Practice—

Footcandles . *

(Dekalux)

Maintained

Class In Service Luminaires
Tournament 30 (32) Semi-direct
carefully

Club 20 (22) shielded.
Recreational 10 (11)

* May use any lamps including fluorescent,

8. Lighting for QOutdoor Sports

8.1 Representative Layouts. lllumination levels
obtained with the illustrative layouts presented in this
report equal or surpass the current footcandle (lux)
values recommended for the class of play under con-
sideration. The recornmended values are intended to
be minimum values. In any installation, the illumi-
nation obtained is subject to unpredictable variations
in installation, aiming, luminaires, lamps, voltage at
the lamps, and atmospheric transmission. Some
typical installations for several outdoor sports areas
are shown in Figs. 27-33.

8.2 Recommended Layouts for Outdoor Sports.
{(a) In the following discussion, where various
“classes” of sports are indicaled, the classifications
follow league ratings where they exist. In general,
these ratings are indicative of the skill and speed of
play to be expected, and correlate closely with the
relative number of spectators regularly accommo-
dated. This latter factor determines the maximum



WET NICHE MOUNTING

DRY NICHE MOUNTING
UNDERWATER®
Lamp Lumens Per Square Foot
Location of (Square Meter) of Pool Surface
Pool {width X length)
Outdoors 60 (650)
Indoors 100 (1100)
Dimensions
A Maxi- | B Maxi-
mum mum
in Feet | in Feeot E in Inches
{Meters) | (Meters) (centimeters) below
where D [ where D water line
Is over |is under
5 feet 5feet
. (1.5 .5 Mini- Maxl-
Lamp Lumens | meters) | meters) | mum mum
3750 to 8000 8(2.4) | 10¢3.1) | 12(31) | 15(38)
9900 to 33,000 12(3.7) 1 15(4.8) | 18 (46) | 24 (61)

* C dimension is equal to the swimming lane width to
minimize glare and accidental damage.

Above lighting uses especially designed floodlights
not covered by IES Classification or Type. Two systems
are used—wet niche and dry niche. The former uses
submersible 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 poqgl, the C dimension
can be douvbled or units eliminated especially at the shal-
low end or for narrow pools.

OVERHEAD*
Current
Recommended
Practice— Minimum
Footcandies tuminaire
(Dekalux) Mounting
: Maintained Height In Feet
Classof Play | InService (Meters)
Exhibition B
. 20 (6.1)
Recreational It 30 (32)

* A method should be provided for easy maintenance
of lights especially over pool,
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Figure 25. Lighting recommendations for swimming
pools. Locate lighting equipment or lije guards’ posi-
tions so as to minimize direct and reflected 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 data for sports
lighting layouts considered to be good practice. There
follows comments pertinent to a few of the more

popular sports.

8.2.1 Baseball. (a) Baseball presents a severe,
though ot prolonged, seeing task. The ball is smail.
moves rapidly, and is viewed at varying distances
against variable background brightness. The neces-
sity for concentration is intermittent. The large
number of possible-observer locations and the move-
ment of the players also introduce difficulties. See
layout shown on page 36.

(b) In providing adequate and uniform illumina.
tion for baseball, it is standard practice to consider

2
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Figure 26. Indirect I:ghrmg in an lnﬁambie structure,

the infield 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 line.

(¢) The floodlights should be aimed so that the
beam overlap will provide lighting from two direc-
tions at almost every oulfield point and from four
directions over most of the infield,

T" T T _ "'"'3 1 8.2.2 Junior League Ba.seba” _This classihcation.of ——

baseball includes such leagues as Pony, Colt, Khoury,
Little, Teen-Age, etc. In general, the standard base. -
ball principles apply here also, However, an auxiliary
strip outside the baselines and foul lines equal to -
one-third the length of the baseline is recommended
in each instance to be lighted to the same level of
illumination as the adjacent playing area. See layouts
on pages 35, 36,

8.2.3 Combination Sports Field. (a) The combina.
tion layoul is never as satisfactory as two individual
lighting svstems. Nevertheless, athletic fields are laid
out for daytime seasonable playing of several sports,
usually for a two or three game combination of
baseball, softhall, and football. Lighting such a
combination field for night play requires special
attention, since the lighting requirements for each
individual sport must be considered in developing
the final lichting plan. The final design will be large-
ly affected by the relative location of the several
fields, and the limiting restrictions which each spe-
cific arrangement may impose.

l Floodlights
| .
Mounting No. Per Pole EFfl-
Heght : Beam | clency | Total
in Feet Total | {De- (Per Load
No. of Poles (Meters) No. A B [ Type Class | grees) | Cent) (KW)
12 8 10 5 76 58 .
10 95 (29) 240 GP 418
12 40 14 3 ’ k] 49
Lamps: 1500-watt PS-52 clear, general service, operated at 10 per cent over rated voltage.
I
o b s ‘;E
E - o v
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Figure 27 Typr.cd Bosebal! Imlaﬂanonr—Cla:s C. Foatcanu’!cs (lux) Maintained in Service—infield, 44 {473

dekaluz); Outfleld, 23 (24.7 dekalux).

Note: 30 f1 = 5.1 m; 76 £t = 220 m; 80 f1 = X4.4 m; 100 ft = 649 m; 340 £t = 1086 m; 400 £t = 1319 m,
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thure 28, Typzcal Golf Drmng Range Footcandles (lux) Maintained in Service—Tees, 10 (10.8 dekalux}; at 200
yards 5 Vertical (53.8 luzx).

Note: 35 ft = 7.8 m; 30 ft = 5.1 m; 530 ft == 13.2 m; 60 ft = 183 m; 100 yds = 91§ m.

i
Floodlights
Mounting
Height ‘ 7 Beam

in Feet Total No. Per Spread Efficiency
No. of Poles (Meters) No. Pote Type Class {Degrees) | {Per Cent)

X2 - 1 ] GP 78 58

2 30 (9.1) Y4 2 3 GP 34 49

Z6 3 1 - GP n 30

Lamps: X and Y—1500-watt, PS-52, clear, general service; Z—1000- watt G.40 clear floodllght service lamp. Operated atrated
voltage.

Floodliglﬁs
Mount- | \
ing Beam | Etfi-
Helght . Neo. Spread | clency
No. of in Feet | Totatl Par (De- (Per

grees) Il Cent)
| ‘

2|GPIZCi45

Poles | (Meters)] No. Pole | Fyps | Class
] H

2 20 (6.1) 8 4

Lamps: 1500-watt, PS.52, clear, general service, operated at rated
valtage.

Figure 29. Typical Skeet Installation. Footcandles (lux) -
Maintained in Service—Target (vertical surface at 60
Jeet or 18.3 meters), 30 (32.3 dekelux); Firing Polnt, :
10 (10.8 dekalux).

Note: 10 ft = 3.1 m; 100 ft = 30.6 m.
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Figure 30. Typical Tennis lnsfaﬂmian-—Overhead Su:peuded
Lumingires. Footcandles (lux) ‘Maintained in Service, 10
(10.8 dekalux).
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‘ Floodlights il '
Mount. ' { Y '
' ing Effi-
i Height No. per ciency 1 ' 1
No.of | inFeel | Total ; Mes- Distri-; (Per | 4
Poles |(Meters)! No. | senger | Type [bution| Cent) i1
12 3009.) ] 3 6 [Industrial | wWide | 78 e 35F00T POLE
High Bay o LUMINAIRE
Note: 10 ft = 3.1 m: 20 ft = 8.1 m; 36 f1 = 11.0 m;
Lamps: 1500-watt, PS-52, clear general service cperated at rated '3 It = 23.8m: 1221t = 37.2 m.
voltage.
o L ik e e r-v-r- Y v N -
b e ..
b £ oi; .
t ; i
i Ea RN ’
) F H
1 o !
L S hend -
i C e | ' - 1
E. 0 ._‘ ,h,_\:'\ - - ] i H
) ﬁL‘ . e e ?&Hti 't*-r-'\v G'Hw?. AR .—‘%
. oo -.i;‘\“- L i' :'i
W BRI i S ok sl b G S i b N TR S Y |
Figure 31. 1 np:cal Tcnrus Installatmn—Pole Mounted Flood-
lights., Footcandles (lux} Maintained in Service—10 (10.8
dekalux).
. .
Floodlights h]
Mount- ™ SOFY
tng Beam | €01 "' rr
Helght No. Spread |ciency
No. of in Fest | Total Per (De- {Peor
Poles | (Meters); No. Pole | Type | Class | grees) | Cent) . .
| | L )
17 | e | 6 [ | oP | | 5
Lamps: 1500-watt, PS.52 clear, genersl service, operated at rated Note: 36 ft = 1.0 m; 60 ft = 183 m; 78 ft = 234 m;

voltage
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Mile Race Track Installation.

Figure 32. Typ
: Mount-
Beam Effi- ing
*loods Spread | ciency | Height
Pole Per (De- (Per in Feot
No. Pole Class | Type | grees) | Cent) |(Meters)
e fztz.i_ n:';‘ 149 Hell Tz.'l:z':;;miogo :ftt = c‘i":nz o 14 30 GP 3 R 49 180(24.9)
425 ft = 129.56 m; 1065 ft = 3247 m, 5, 14 19 6P 3 2 49 60 (18.3)
N 5 GP. 4 57 54 |60(18.3)
WES FT
™ T 613 15 GP 3 2 | . 49 |60{(18.3)
o rT =T 5 GP 4 57 54 |60(18.3)
R 2
e Total 28 Total Load—571 KW
azsrr g
NOTES: (1) All iamps are 1500-watt, PS.52, clear, general service
lamps operated at 10 per cent over rated voltage.
(2) Calculated average illumination level, footcandles (dekalux)
o . . maintained in service; home stretch—30 (32), back stretch and
AP s AR ST turns—26 (22).

@n :z%t j(;j—'-;"—‘—@h

(b) Sometimes baseball and softball are played
with the same home plate and foul line locations.
In these cases, baseball pole locations and mounting
heights can be made entirely satisfactory for softball
lighting by means of a system (switching or other)
that will permit lighting only as many floodlights as
are necessary and properly aimed to cover the soft-
ball area.

(c)} A great number of equipment locations is
possible when overlapping baseball or softball and
football fields. It is gometimes necessary either to

- reaim floodlights on certain poles between seasons,
or mount additional foodlights on those poles that
otherwise require reaiming. Mounting height on a
pole should be the greatest height recommended for
any sport served by that particular pole. Portable
poles may be desirable for certain locations in order
to avoid too great a departure from the standard
layout for each sport. See combination layouts on

pages 38, 39

(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, und Rugby. Football, soccer,
and rugby are a combination of aerial and ground
play requiring sdequate lighting from ground level
to approximately 50 feet (15.2 meters) above ground.
The symmetrical field utilized for these sports affords
easy provision for good lighting. Pole locations may
prove the biggest problem because of existing facili-
ties. See layout on pages 40, 41, 52.

8.2.5 Golf. (a) The lighting of a golf course for
night play involves problems not generally encoun-
tered in other sports. The area involved is many
times larger. than the average sports area. Although
the sport is basically unidirectional in nature, the
frequent orientation of fairways in direct opposition
to each other, and the extreme variations in terrain
make the selection of pole locations, beam types, and
luminaire orientation a2 much more critical problem
than in most sports areas.
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Note: 5 ft = 15 m: 25 ft = 7.6 m; 72 ft = 220 m;
£5 ft = 259 m; 110 ft = 135 m; 140 ft = 42.7 m:
160 ft = 48.8 m; 170 ft = 51.8 m; 190 ft = 619 m:
410 ft = 125.0 m; 1070 ft = 326.8 m.
Mount-
Beam Effl- Ing
Floods Spread | clency | Height
Pole | Per (De- (Per In Feet
No. | Pole |Class | Type { grees) | Cent) |(Meters)
1,5 16 GP 3 R 49 |80(24.9)
8 GP L 76 58
2,4 24 GP F 26 44 80 (24.4)
3 32 GP 2 26 4 80 (24.4)
617 2 0 [ 136 72 120 (24.9)
Total | 272 Total Load 473—KW

-NOTES: (1) »" lamps are 1500.watt PS.52, clear, general
service lamy. . operated at 10 per cent over rated voltage.
(?) Calcufated average illumination level, fooicandies
{dekalux) maintained in service—20 (22
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Figure 33. Typical HalfMile Race Track Installation,
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{b) The tee should be lighted so that neither a
right- nor left-hand player shadow his ball. High
vertical values of illumination down the fairway
should be provided to permit the player to follow
the small sphere for the full Jength of that area while
it is traveling at a speed of 100 miles (160 kilo-
meters) per hour or more and to locate it after it
has come to rest.

(¢} Each green should be lighted from at least
two directions to minimize harsh shadows. Care
should be taken in the selection and aiming of the
floodlights so that glare from the units does not
handicap either the player or those on adjacent {air-
ways. _

(1) See pages 29, 41-2, 45 for recommended
lighting layouts for tees, fairway, greens, driving
ranges, praclice pulting greens, and minature golf. _

(e) Special consideration must be given areas
not covered by the general lighting system. Some
will present physical hazards or require special ac-
cent. Examples: sand traps, water hazards, bridges,
steep grades, roughs, areas adjacent to greens, path-
ways, etc.

8.2.6 Softball, Lighting for softhall follows the same
general principles as for bascball. Fields may vary
in outfield distance from 160 (48.9 meters) to 280
feet (85.3 meters). Dimensions for slow-pitch soft.
ball are essentially the same as standard softball. See
layout and footnotes relative to slow-pitch softball
on pages 52, 53.

8.2.7 Tennis, Tennis is a fast, aerial sport, confined
to & smaller area than are baseball, football, and
softball. Consequently, less equipment is required to
provide the recommended illumination. In order to
maintain the recommended quality, however, particu.
lar care should be employed in designing for play
beliind the b.selines. See layouts on pages 25, 30,
4,



" Figure 34. Typical Volleyball Installa.

tion. Footcandles {lux) Maintained in Floodlights
Service—10 (10.8 dekalux).
. [Mounting . Beam Efti-
: Height No. Spread | ciency
No. of in Feet Total Per (De- {Per

Poles {Meters)

No. Pole Type Class | grees) | Cent)

rd 00D

4 2 5 GP 78 58

Note: 40 ft = 122 m; § £t = 1.5 m:
830 ft = 244 m.
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Outdoor Sports—Recorhmended Layouts 38

1, Archery-Outdoor Range

IES Current
ey ¥ 15 FT Recommended
12FT afi2F1y Practico— Floodlights
snoorms Footcandles
eovos oty 1 20sITION (Dekalux)
x - z-""'"“ Maintalned - | Alming
2 f— ¥ e Class In Service Point | Type | Class
B TARGETS 30FT " . p-
- - [ e N
z eK Y © a - Tournament 10 1)
' L Y 5 GP
Note: § ft = 1.6 m; llﬂ._.:mISft—an;!Eﬂ
=16m; 30t = 21 m; 605 x = 549 m. Recreational 5 (5.4) z 5 GP
Locate pole B to one side of single target
2. Badminton—Outdoor Courts
——-r- IES Current Recom: Floodlights Mounting
O SFT mended Practice— Height
} s ‘ Footcandles (Dekalux) in Feet
} I . Class Maintained in Service | Type Class {Meters)
|
| 5 GP
| 20FT Tournament 3 (32)
I l A 6 0
' 5 Gp
Club 20 (22) 20-2
6 (o] (6.1-7.56)
: 5 GP
] e ———
- e Recreational 10 Q1)
6 0

Note: 101t = $.1m;: 15 ft = 4.6 m; 20 ft = &1 m; ¢4 ft = 134 m.

3. Baseball-Class | Junior League (Baselines 60 feet (18.3 meters) or less)

This layout I3 based on the following total playing area including a strip 20 feat wide (6.1
metens) eutside #ach foul iine. Infisld ares—10.000 square feet (9229 square meters), Out-
fisld Area—24.700 square feet (2295 squats maters) lapproximataly). Dimensions: W = 20
feat to 30 feet (5.1 merars to 9.1 meters): X = 30 feet to 50 test (9] meters to 15.2

maters); ¥ = 5 feat to 15 feet (1.5 meters to 4.6 meters); Z = 90 feet to 110 faet
(27.4 matars to 33.5 metend.
Minlmum
IES Current Mounling
H Recommended Height to
L) Practice— Bottom
Footcandles Floodlight
{Dekalux) Crossarm
Maintained tn Feet
- In Service Floodlights {Meters)
W Class of AsB
Baseball Infield Qutfietd’| Type Class | Pales | C Poles
Class | 3 20 340r5 GP 40 50
32) @) - (12.2) | (5.9
4,50r6 10o0orQ!

Note: 20 ft = 6.1 m: 60 ft = 123 m; 185 ft = B84 m.



4. Baseball-Class Il Junlor League 39
(Baselines longer than 60 ft. (18.3 m.) and up to 75 ft. (22.9 m.)

This layout is based on the fellowing total_playing area_including s strip 25 fest-wide- (0.6 - -
e - e " meteri) sulside aach foul line: Infield Area—15.625 square fert (1450 squars metera}. Oule

* field Ares—46.600 sguare feet (4330 square meters). Dimensioni: W = 25 fest to 45 feet
(7.6 meters to 13.7 maters}; X = 35 feet 10 65 feet (10.7 maters to 190 matens) [ ¥V =
10 ieet te 25 foet (1) to 1.6 meters); 2 = VID feet to 145 teat (315 maters te #4.2
maters).
Minimum
IES Current Mounting
Recommended Helght to
CTIRS Practico— Bottom
Footcandles ) . Floodlight
18F1 {Dekalux) Cressarm
8iN. Maintained In Foet
in Service Floodlights {Maters)
].-
ar® Class of ALB
Baseball Infield (Quifield| Type Class | Poles |C Poles
. |
Class Nl 30 20 3, 40r5 GP 50 60
(32) (22) (15.2) | (8.3)
4,50r6 o]
4 Note: 18 ft 8 in = 6. T m; 60 £t T in = 154 m; 76 ft = 223 m; 126 ft = 3.1 m.
[ ]
5. Baseball—-Regulation S c
z),:./ :
{ES Current Recom- . /
mended Practice— i c.
Foolcandiss Miaimum 3
(Dekalux} Mounting ™ "SOFT
Maintained - Heipht to E'l W =
in Service Floodlights Bottom d /
Crossarm
Class of Baseball ’ In Feat —= E3FT .
{Regulation) Infisld | Outfield | Type Class (Moters)) 2°Fia /
.
N T Ve
Major League 150 100 340r5 GP 120 10 FT [} -
(160) {110) : (3%.5) gee Y T
AS / I
AAA or AA 70 50 Jdorh GP 110 Jox
{75) (54) 19 /_ , z_:i_
Aand B 50 30 4005 GP 50 -y l B;
(54) G2 (27.8) - 9OFT .
CandD 30 20 Jdors GP 0 " Thesa layouts are based on the following total playin
[ }
32) @2) ) 21.3) area iactuding o stzip 30 Feet wide (9.1 meters) outs
- X side each foul [line—132,500 square feet (12,320
Seamn;Fh;tf:iscsiloar}al {gg) (}:) d.4ors GP (2103) square meters). Infield Area (shaded)—22.500 square
P T o - feet (2090 squsre meterst. Outfisld Area—110,000
* square feet (10,230 square maters}), Dimensions: W =
) 15 10 1 4orS GP 70 30 feet to 80 teet {9.1 meters to 18.3 metens); X =
Recreational {16) (1) : 2.3 40 feet to BO feer (12,2 maters to 24.4 meters);
4,50r6 o Z = 130 feet to 180 feat (396 meters to 54.9
meters),

Note: 20 ft = 4.1 m: 30 ft = 5.1 m; €3 £t = 19.3 m; $0 £t = 274 m; 150 £t = ¢6.7 m.

6. Basketball-Outdoor Courts Ll L Ly
N 2 "I' )

'
- : Minimum .
. IES Current Recommended Floodiights Mounting ;f) O (; 42°80 FT
Practice—Footcandles Height
(Dekalux) Malntained in Feot
Class in Service Type | Class (Meters) | S, \_j §

’ 10FT

: 5or GP \‘/ ’ ¥
Recreational ) 18 (1D 30 (9.1

) o 14- sa FT
' Note: 10 ;1 = 8.1 m; 12-50 £t =12.3-..2

- m; T4 It :um.utt-—-sum.
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7. Bathing 'Beache_ 5

- 1
{ES Current Recommended Floodlights
LAY OF SWeNG ANCA Practice-—~Footcandles
* - = = (Dekalux} Maintained ~ Alming
in Service Point Type { Class
3 (3.2) (vertical) in surf at 150
feet (45.7) X 3 GP
1(1.1) on beach ’ \§ 5 GP
Note: 100 ft = 30.5 m; 150 £t = 45,7 m; 300 £t = 914 m.  Mounting Height: £0 feet (18.3 meters) above beach,
8. Bowling Greens
& A\“ 8 IES Current
7 X Recommended
l ! r I l Practice— Minimum
I ] | | Footcandles Floodlights Mounting
| i l I {Dekalux) Height
. | |1 o Maintained ! in Feet
: Class In Service Type Class Meters)
Aelre | 26Ty izeFt { -->M P (
S N 5 | ap
| | ! I | Tournament 10 Q1)
[ 6 o
LA__L»Kl_/_I_D\ 5 GP
A A \.B Recreational 5(5.4) . S
Note: 15 ft = 4.6 m: 126 ft = 384 m.
1] . A
9. Boxing—-Qutdoor Rings <¥ />‘
IES Current Recom- Floodlights Mounting
mended Practice— - Helght
Footcandies (Dekalux) in Feet 20 FT
Class Maintained in Service | Type | Class (Mcters)
Championship 500 Jor GP
40 4 0 26 FY
Professional 200 dor GP 15-20
(220) 4 0 4.66.1)
Amateur 100 or GP </ \>‘
4 A
10 0 Note: 20 ft = 61 m; 3 ft = T3 m
10. Casting-Bait
f20rmb—— 100FT ——]
A _ IES Current
N TARGETS ™ Recommended Flocdlights
\ Practice—
: \ o fu vy ‘Footcandies Mounting
x {Dekalux) Letter Height'
BOFT———F 60FT Maintained Desig: in Feet
X . /GOFT _:" 0 .y in Service natien | Type | Class j (Meters)
/ General on pier or . GP
A X dock—10 (11) X Sorb 0 25 (7.6)
PIER OR  APPROXIMATE AREA C_EAROF
o On vertical surface
DOCK N LIS T
KRG oS S TOBE at 80 feet (24.4 Y 3 6P | #0.6
Note: 20 ft = 6.1 m: 40 £t = 12% m; 60 £t = 183 m; meters)—5 (5.4)

106t = 2.4 m; 100 £t = 30.5 m.
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11. Casting-~-Wet Fly

b= 2077 o s r7 o ——— TS ———
A- 1T Floodiights
\ v IES Current Recom- Mounting |
X mended Practice— Letter Helght
ocogo0oO0 20FT Footcandles (Dekalux) Desig- in Foet
I I ] e — Maintained In Service nation Type Class (Meters)
¥
/ / General on pier or GP .
A 4 dock—10 (11) X Soré 0 5 (7.6)
PIER OR  APPROXIMATE AREACLEAR OF .
DOCK  OBSTRUCTICNS,WHICH IS TO BE On vertical surface at
LIGHTED 50 feet (15.2 meters)— Y 3 GP 50.6)
Note: 20 ft = €1 m: 50 ft = 152 m; ¢5 ft = 5G9
1.4 m.
12, Casting-Dry Fly
b-20r7 oL €OFT o
A ~— -+ Floodlights
\ ° IES Current Recom- Mounting
TAncsh Y mended Practice— Letter Height
X Footcandles (Dekalux) Desig- in Feot
o SOFT Maintained in Service nation Type Class {Meters)
X SQFT -
o) ¥ General on pler or - GP :
/ dock=10 (11) X S5ar6 o 5 @7.6)
PIER OR APPROXIMATE AREA,CLEAR OF - On vertical surface at '
DOCK OSSTRUC‘I’IONS,WHIEH ISTOBE 30 feet (13.2 meters)— Y 3 GP 5.8
LIGHTED 5G9
Note: 20 ft = 6.1 m; 50 ft = 152 m; §0 ft = -
i3 m.
13. Combination Baseball and Football
138 FT—l/7 :
IES Current Minimum r ca
Recommended Mounting = <
Practice—. Height to |
Footcandies Bottom 1
(Dekalux) Floadlight d
Maintained Crossarm . |
Sport {Class) in Service Flocdlights in Feet (Meters) Bl {
N
Poles <
Al, A2, | Poles Q
Infield |Outfleld| Type | Class |Bl1, B2, | C2& M.H}*_ o
Cl& c3
A NNTA AN 0OF1 A ____ )
- 2 x ‘a2
sorr—]
Baseball (Semi-Pro- 20 15 3, 40r5 GP 70. 90 _
:SSi_‘)?al ll;nd (). @8) @3 [ @9 ‘Note: 5 ft = L52 m: 40 ft = 123 m;
unicipa . 30 ft = 27.4 m; 100 £t = 30.5 m; 135 £t
P - = 411 ms:o 150 n§=s 45.1';:;11“ "o'_"r
48,3 m; 180 ft = &4, H t = 108.
Football 1509 450rb . ol : m; l::l ft = 1097 m; Too ft = 1219 m.

This combination layout is mot a3 satlsfactory for either sport a3 individu.' !=vouts, Re-aiming for esch sport will increase the effectivensss. The layouts are

bascd on the lollowing: Total playing area, incfuding a strip 30 feet (9.1
Ascs Lbasebail)22,500 square teet (2,090 square matersh. Outfield An.

(122 meiers to 24.4 meten); ¥ = 20 feat to 30 feet 18] meters to 5.7 motany)

a8

w.ortsb putside each foul line—132,500 squaze feet {12,300 square meters). lafieh
110,000 square feet 110,200 squire maters). Dimenglans: X = 40 feat to B0 feut



14. Combination Football and Softball

!

U.HH-CI. mrt—avi-m mn:—:“_
WIT
4
1ES Current 0 el
Recommended \\\\ ’
Practice— Minimum \§ mott
Footcandles Mounting [\
{Dekalux) Height to BETMN. A
Maintained Bottom
in Service Floodlights Floodlight
Crosgarm
. InFest
‘ Sport (Class) Infisld | Outfield | Type Class (Meters)
Iaftball (Industrial)| 20 (22) | 15(16) |3.,40r5| GP }
: . Note: § ft = 152 m; 30 ft — 81 m; 60 ft =
Football 15 (16) 4,50r6 o]] 50 (15.2) 18.2 m; %0 ft = ui‘ m; 100 tt = 1.;‘ﬂ.s m; 160
£t = ¢5.5 m; 360 ft = 109.7 m.

The combination layout iy met 45 satisfactory fer either sport at Individual Iinuh. Re-alming for esch sport will Increase the effactivemess

Use all Hoodlights on all poles wxcept poles C5 and C& #or seftball and floodlights on B and C only for football.
The layoul is bared on the following: Total playiag srea for seftball including & strip 20 feet (6.1 meters) outside sach fou! line—35,700 square fect (7,970

squate meters), Infield Ares (softbal)—10,000 wquare feet (930 square meters?.

X = 25 feet 1o 50 feet (7.6 maters to 15.2 meters) Y == S feet to 15 foat {1.5 meters to 4.6 matens).

15. Combination 6-Man Football and Softball

Qutfield Area—15.700 jquare feer (7,040 square meten),

Cle Cde

Dimsngisns:

es. L

00 FT —ap=—100 FT ——i00 FT —{30FT

T

§%O FT

~ IES Current €2
Recommended
Practice—
Footcandles
{Deokalux)
Maintained
In Service Floodlights Poles
Mount-
Ing
Height
in Feet
Sport Loca- (Me-
{Class) Ilnl'ield ‘Outfield| Type Class | tlons No. ters)
Softbalt b2 ] 15 5 GP A, B&C} 10 50
(Industrial) | (22 | _(16) 4 ol (15.2)
Football (6-Man) | 15 5 GP |B&C 8 50
l (16) 4 ol (15.2) 914 m.

NOTE: '*A" poles used only for softball.

Ths comblnation layout is mot as satisfactory for eithar sport as individual layouts. Re-aiming lor each sport will increasy the effectivenwis.

16. Croquet or Roque Courts

Note: 5 ft = 1.52 m: 13 ft = 4.é m; 20 f¢t =
.l m: 25 ft = 76§ m: 30 ft = 9.1 m: 60 £t
=183 m; S0 ft = 213 m; %0 ft = 274 m:
100 ft = 30.5 m; 240 ft = 73.2 m; 300 ft

J= =
A A ~
\q———-—-———p
] > s A1)
"l oo " 3 oo
ey D o o
A
QML A f———.mn
——
STANGMY  CROGUET  COURT WOGERN CROGUET

Note: 30 In = 76.2 cm; 35 ft =
TO0 = 21.3 m; 85 £t = 259 m.

10.7 m; €6 It

IES Current |
Recommended
Practice—
Footcandles Mounting
Floodligh
| (Dekalux) oodlights Height
A Maintained in Feet
] Class in Service Type Class (Meters)
5 GP
Tournament 10 (11) or
§ 0 20-25
5 GP {6.1-7.6)
avaT Recreational 5(5.4) or
6 o
= 188 m: .
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17. Feotball- Regulation’

. & A
2 s T '] *
‘1 "1" 8T gorr
wofr a et
worT N ‘o * s
* rorr Ll
$ worr {3 4 worr &
pTerT o,
wory : st * et
100FT
| s FT os pri0eT
. A i:
PO s o
“reRbedl 1
L -=d30-13 i} nL J
S FT OR OVER =+ nnumn

Any of the above six pole plans or sny Infer
mediate longitudinal spacings are considered good
practice with [ocal field conditions dictating emact
pole lecations.

Note: 15 ft = 46 m; 30 ft = $1.m;
75 ft = 22.9 m; 85ﬂ—259m120!t=
36.6 m; 150 fv = 45.7 m; 180 ft = 649 m.

CLASSIFICATION

. 1!_lt,lenerlé conceded that distance betwean the spectators and the play Is the firsi con-

sldcfution in determining the class and lighting requiremants. However, tha potential
seating copacity of the stands should also be considared.

Distance—Naarest Sidetline
to Farthest Row of

18. Canadian Football-Rugby

---—IBSFT—DI A
A i
A
AAA ¢
A nar‘r
A 4 ., z4or‘r
330FT®
| A A o | A MSF
480F T o —&—
e
A
I65FT-
e | Ao—]— zqorr
jB2FTEm
st — A :45
Es:-wrr 530FT [“
3075FT .o-n
75FT OR OVER 75FT OROVER
l-———f e—sd

Any of the above iix poie plans or any Inter-
mediate longitudinal spacings are considercd good
practice with local field conditions dictating exact
pole locations.

"

Note: 1. ft = 4.6 m; 830 ft = %1 m;
75 ft = 229% m; 82 ft 8 in = 25.1 m;
85 1t = 20.0 m; 110 ft = 33.6 m; 148 £t
= 442 m; 166 £t = 60,3 m; 198 Mt =
59.4 m; 240 rt = ?I tm; 330 ft = 4008
m; 430 £t = 1488 m

40

Class Spectators in Fest (Metars) Spoclitor Sesting Capacity
1 over 100 (30,5) Over 30,000 spectators
1 50-100 {15.2-30.5) 10,000-30,000
.. i 30-50 (9,1-15.2) 5,000-10,000
v . Under %0 (9.1) 8,000
v No fixed seating facilities
1ES Currant
Recommanded
Practice—
Footcandies Distance—Nsarest Floodlights
(Oekalux) Sideline to
Maintained Floodlight Poles No. of
Class in Service in Fast (Maters) Poles Type Class
! 100 (1193 Over 140 (42.7) 6 lor2 GP
100-140 (30.5-42.7) 6 2or3 GP
] 50 (54) 75-100 (22.9~30.5) 6 3 GP
50-75 (15.2-22.9) 8 3, 4 GP
] 30 (32) 30-50 (9.1-15.2) ] 4 GP
15-30 (4.6-9.1) 10 5 GP
v 20 (22} 15-30 (4.6-9.1) 10 [] [o]]
15-30 (4.6-9.1) 10 ] o]
15-30 {4.6-9.1 10 -5 GP
Y 10 (11} 15-30 (4.6- 9. 10 3 Q1
’ 15-30 (4.6-9, l) 10 § 0
For minimum mounting height see chart, page 55.
- CLASSIFICATION

It Is generally conceded that distance between the spectators and the ptay is the first
consideration in determining the class and lighting requirements, However, the potentiel
seating capacity of the stands should also be considered,

Dista

to Farthest Row of

nce—Nearest Sidaline

Class Spectators In Fest (Msetars) | Spectator Seating Capacity
I over 100 (30.5) Over 30,000 spectators
1l 50-100 (15.2-30.5) 10.000-30,000
1] 30-50 (9.1-15.2) 5,000-10,000
v Under 30 (3.1) 5,000
v No fixed saating facilities
IES Current -=
Recommaended
Practice—
Footcandles Distance—Nsarest Floodlights
{Dekalux) Sideline to
Maintained Floodlight Poles No. of
Class tn Service in Fest (Meters) Poles | Type Class
| 100 (110) over 140 {(42.7) 5 lor2 GP
100- 140 (30,5-42.7) 6 2o0r3 GP
1] 50 (54) 75-100 (22.9-30.5) [ 3 GP
50-75 (15.2-22.9) 8 k) GP
1} 30 (R2) 30-50 (9.1-15.2) 8 3,45 GP
15-30 (4.6-9.1) 10 5 GP
v 20 (22) 15-30 (4.6-9.1) 10 50r6 [2]]
15-30 (4.6-9.1) 10 6 0
15-30 (4.6-9.1) 10 5 GP
v 10 {11) 15-30 (4.6-9.1) 10 Soré [o]]
15-30 (4.6-%.1) 10 6 (o]

_For minimum mounting height, see chart page 593,



. 19, Football-6-Man

a4

}- 120fFT

. L
Bz T
(ES Current T 100 FT
Recommended Distance BOFT
Practice— Nearest A
Footcandles | Sidefine to Floodlights +‘4 b
(Dekalux) Floodlight
Maintained | Poles in Feet| No. of 80FT I0OFT
Class In Service (Meters) | Poles | Type Class +A y A
15-30 8 50r6 | GPorOl_ 8OFT g
High School or College 20 (4.6-9.1) : ‘ 100 FT
@) 30-50 8 |5 GP RLY :
(9.1-15.2) NN\ .
15-30 8 | soré |GPorO! |‘—.- bl
Jr. High School 10 (4.6-9.1) . 13FT ISFT
c T0 70
or Recteation an 30-50 8 5 Gp SOFT ‘SOFT
(9.1-15.2)
Either of the pole plans at right or any intermediate longitudinal spacings are bo's 1o 8 = 48 m: 80 (& = 122 o
considered good practice with focal field conditions dictating exact pole locations. . ft = 38.6 . ) '
20-A. Golf-Driving Range
e ) Floodlights
25rr, I b4 Y ' IES Current Recommended
L Y e Practice—Footcandles
33{:7_. X v vz LAYOUTMAYBEUSED (Dekalux) Maintained Aiming .
. N ¥ WITH THE TEESIN A in Service Point Type | Class
50 FT X ey STRAIGHT LINE OR
5;‘;1 ——y re+Z AN ARC. 10 (11)}—general on tees X 5 GP
el . SR 2
',r Y Y 3 GP
25F T~ P 5 (5.4)—on vertical surface at
rm 200 yards (180 meters) rd 1 GP
23F7 X AIMED AT TAMEDAT 7 AIMED AT
20-25YDS, 100 YD5. 2007v0S. Minimum mounting height: 25 feet (7.6 meters) above tees.

20-B. Golf Course Greens

\ L
———\\\\\\\\\>\\£Q P
1 \\\ég\&m\ L - o

A

1. Each green chall be lighted from at least twe
directions to minimize harih shadows,

Tha sverage maintained harizontal itlumination
over the grean asea shall be § tootcandles i5.4
dekalus},

Pale locations should be confined to the 40°
\ cress-hatched Tone ladicated in front of the

MAXIMUM SPACING ~ 4_

green.
- . Pols spacing should be egual to or lexs thas 3
¢ 3 X MOUNTING HEIGHT

times mocnting height,

4. The mazimum hotizontal illemination meazured
at any place on the green area shall mot e
preater than 3 times the minimum illumiration
weasured st any other place on the gresn srea.

6. Care should be taken in placement of luminaire

. poles atound green 30 a3 to neither obirruct
Iha approaching drive mor create objectionadls
glare in the eyes of the approaching goifer,

7. Soscial consideration must be given arers aot
covarad the genera] lighting systam, Seme
will presant physical hazards or require wpecisl
sccant, Examples: sand teaps, water hazards,
Sridges. steep grades, roughs, 27ea3 adjscent te
precas, pathways, efc.

-

S

DIRECTION
OF PLAY

Fd

//////////////2/}/2/’ s* [__ BACK TO TEE
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20-C. Golf Course Tees o
' ' 45

L ﬁ.”‘ .. . . _ - .-l Useonepolelocateda minimumof 5 1eat (1.52 meters) behind
back edge of tee. Extremely wide 1ees may require more than 4
one fioodlight location,

2. Floodiight mounting height sbove tee should be egqual to or

TV e grester than one half the width of the iree byt in no caseless

——— ) — - . - -:_;D_ than 30 feet (9.1 meters) Good practice indicates higher mount-
ing heigh s for deep tees.

,:‘,;z.:'lr.l_, . il 3. The average maintained horizontal illumination over the tee

area should be 5 footcandles (5.4 dekalux),

20-D. Golf Course Fairways

1ES Current Recommended Practice—
TEE POLE Footcandles {Dekalux) Maintained
in Service
Maximum
Uniformity
Plane Average Minimum Ratio
X = o Horizontal .01 0.2 (.22) 71
R ST Vertical 1.0(3.2) 1.041.1) 11
100FT uln.\-t—
{30.5M)

* Uniformity Ratio is defined as the ratio of average to minimum illumination at any point in the plane under consideration.

~— Speclal Notes —
1. Vertical planes should be considered to:

(2) Extend the full width of the fairway at the point in question,
(b) Be perpendicular to the centerline of the fairway, ,
(c) Extend from fairway centerline elevation to a point 50 feet (15.2 meters) above the fairway centerline.
2. Vertical planes should be considered 1o be at points midway between fairway poles,
3. The first vertical plane should be considered to be no less than 100 feet (30.5 meters) from the tee pole,
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 poles must be coordinated wiih photometric characteristics of floodlight employed. terrain existing at site
and other lighting design criteria,

21. Handball-Outdoor Courts

=S = AT T T T T T W T WY | L T W Wy .
..{ ’ ’ IES Current Recom- Floodlights
1 mended Practice—
p Footcandles (Dekalux)
AFT . Class. Maintained in Service | ‘Type | Class
—a167 [e—20F 7= =—QOF T8 T
l, - 1 Club 20 (22) Soré GP
0
FT T
/ 4 Mzon—& / ..T_ \ -
A s A A A Recreational 10 (1) Sorb GP -
€LUa LATOUT RECREATION LATOUT o
Note: ¢ ft = 133 m; 16 ft = 4.6 m; 18 it = 49 m;

20 ft = €1 m: 26 £t = 7.9 m; 34 1 = 104 m. Minimum mounting helght: 25 feet (7.6 meters).
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s b—worr—q .

22, Ho_ckey-—FieId

CLASSIFICATION .

It is generally concaded that the distance between the spectators -'nd the play Is the first

FY .: consideration In determining ¢ e class snd 1ighting requireaments, Howaever, the potential

‘T . 4 " P seating capatity of the stands « ould also be considered,
100F 17 v TLET
180FTF | , « f.‘{‘ {ES Current
- o » Recommended Distance
a A SR, Practice— Nearest
= doeriy % ry b Footcandles | Sideline to Floodlights
4 T {Dekalux) Floudlight
sort | 4 . ’ Maintained | Polfe in Feet | No. of
100F T /_\ 1oet Class in Service (Meters) Poles Type Class
251505 LI 3T 75-100 6 | 3 GP
+ j-20T030FT (22.9-30.5)
| ! 307075 FT —] I.- )
- k7510100 F7 High School or 2 30-75 8 4 GP
Aar| of the 6 pole plans or any in?egm:dim fongle College ) (8.1-22.9)
dinal spaci idercd tice with
local iela condtioas dtatin the exact locations 2% | 10 |4506|GPorol
Note: 20 £t = 61 m; 30 f: = 9.1 m; 15 ®.1-9.1
ft = 229 m: 100 £t = 30.5 m; 160 £t =
45.7 m; liﬁ_ﬂ = 549 m. For minimum mounting height see chart, page 55.
23. Hockey—Ouidoor Ice Rinks
L 2 L4 [ ) L 4
H M B A IES Current
1 ! Recommended
i 1 Practice—
a7 | ! Footcandles : Mounting
1t | (Dekalux) Floodlights Height
or 1—‘ . . " Maintained in Feet
T ,I_ |' .L,., Class in Service Type | Class {Meters)
— 30FT \ wFT-rbOFY =l
Outdoor | Indoor
bt 200 F¥
T 1 Professionat 50 100 s | Gp
G4 Q1o 6 ol
Note: 20 ?z= i.’ls :‘::: ”z;l- = Ti:n“;:
B0 ft = 15.2 m; = 258 m;
= om Amateur 20 50 $ ‘ GP @D
@) (54) 6 ol .
10 20 5 Gp
Recreational an {22) 6 ‘ o1
Poles: 8
24. Horseshoe Courts Wit
IES Current Recom- Floodlights Mounting
1 mended Practice— Height
I i Footcandles (Dekatux) | No.of | | in Feet
! . bt i * l . ! Class | Maintained in Service | Courts | Type Class (Meters)
A"-- 4—‘15
: | 46 5 or GP 20 (6.1)
| | 6 0
1[ ‘t Tournament 10 (11)
1 i 1-3 S5or GP 20 (6.1)
‘ WOFT I [ 0
1 I
H oFT "T"il 4-6 5or GP 20 (6.1)
! ! , 6 o
8 &~ T ;,-j.,‘l Recreational 5(5.9
t E] | . E—r' 13 | Sor | GP | 206D
| ' i 5 o

1.83 m; ¢ ¢ For 1-3 courts no **B* poles are required.
Poles: 4 for 4-6 court layout, 2 for 1-3 court layout.

Note: 3 ft = 91 m; 6 ft =
B 374 m: 40 ft = 133 m.



25. Horse Show Ring | | .

IES Current
Recommended
Practice— Minlmum DOFT
Footcandles Floodlights Mounting (30.9m)
(Dekalux) Height
Maintained - . in Feet’
in Service Type l Class {Meters)
10(11) 3,4,50r6 | GP 30 (3.1) I I
BOFT —.-L._ e0FT

(24.4M) (24.4M)

26. Lacrosse

+ & b—168FT —-o-I-—ass n—q

20-3
1 'r:-az rr-l-—uzn-ftszﬂ—-}-—sm-n
‘A

6N 'Y 6N, SIN. L8 GiN, .

" .A .. l‘ I‘
TIA I‘ .l "
30-75 ° -lIOFT +—uo FY < 10FT -+
FT b "
f——1330 n

—

Any of the € pole plans or any intermediate longi-
tudina! spacings are considerad good practice with
local field conditions dictating the exact locations

Note: 20 ft = 6.1 m; 30 ft = 9.1 m;
75 ft = 22,8 m; 82 ft 8 in = &5.3 m;
100 ft = 30.5 m; 110 ft = 335 m; 14
ft = 0.3 m; 200 £t = 61.0 m; 330 £t =

100.8 m.

27. Playgrounds

CLASSIFICATION

It is generally conc eded that the distance between the spectators and the play is the
first consideration in determining the class and lighting requirements. However,
the potential seating capacity of the stands should also be considered,

IES Current
Recommended | Distanco—
Practice—- Nearest
Footcandles Sldeline to Floodlights
(Dekalux) Floodlight :
Maintained Pole in Feet | No. of
Class in Service (Meters) Poles | Type Class
75-100 [ 3 GP
(22.9-30.5)
High School or 20 (2) 30-75 ] 4 GP
College (9.1-22.9)
2-3 10 {450r6|GPorOl
6.1-9.1)
For minimum mounting height see chart, page 55.
Pole spacing not to exceed 4 times mounting height.
, Minimum
LES Current Recommended Flood!ights Mounting
Practice—Footcandles Height
{Dekalux) Maintained In Fest
in Service Type Class {Meters)
L] GP
20 (6.1)
é (o]




\

’28. Practice Putti_ng Greefns and Miniature Golf Area 48 -

PRACTICE GREEN
MINVATURE GOLF

29. Quoits

30FT

BI—J——L

Nots: § ft
0ft=81m.

91 mi 4 ft

©O+©
- .

Pole spacing not to exceed 2 times mounting height.

IES Current
Recommended
Practice— Minimum
Footcandies Floodlights Mounting
{Dekalux) Haight
Maintained in Feet
in Service Type Class (Meters)
PUTTING GREEN .
MINIATURE GOLF 5 GP
10 {11) 20(6.1)
‘ § o
@ ' | IES Current
+— s f Recommended
’ . I Practice—
' Footcandles Floodlights
" | (Dekalux)
LI Maintained Number
| TF[Class in Service of Courts | Type | Class
ke~ 1071~ 10 FT—J 4106 : gp
C3FT } IA Recreational 5(.4)
’ @ I 1to3 5 GP
-F | ] o]

1.22 m; 10 ft 31 m;

“B" poles are not required for three courts or less

Mounting height: At feast 20 feet (6.1 meters) above courts

30. Racing~Y%-Mile (402 Meter) Auto Track (High Mounting)

10FT R

‘e

[

Yariation In quar;ﬁty and type of ficodlights as well as mounting height
may ba reguired under conditions which are dilfarant from those on the

recommended layoul,

Special consideration should be given to the lighting of tha finish line,
Floodlights may be mounied on grandstand oot If desived. “Type™
specification and mounting height depend upon floadlight location set-

back D",

Note: 50 £t = 152 m; 55 ft = 1465 m; 100 ft = 30.5 m;

130 £t = 3p.8 m; 280 ft = THE W,

{
IES Current i
Recommended 1
Practice— . Minimum :
Footcandles Floodlights Mounting i
{Dekalux) Pole Height
Maintained Loca- in Feeot
In Service Type | Class | tions | (Meters)
2or3 GP A See Chart,
page 55
20 (22) 2or3 GP B 40 {12.2)
2 GP Cc 65 (19.8)
45




31. Racing—Y4-Mile (402 Meter)

Auto Track (Low Mounting) 49 Dog Track (High Mounting)

TIFTAM
1
——230F7

- . 4 -

32. Racing—-"-Mile (402 Meter)

FENCE -BACKGROUND

 J "D"' L}
4 e T ¢ 3

b - 11141 —

LD MARIMUM BAACING ron‘c"*/ LA

POLES SRDLLD MOT )
Cy
L e

EXCEED S PULLY
@9

4-

/
¢
Vs

122 9 NETLRS)

-

3O FY ¥

M o “
Variation in quantity and type of Hoodlights s well as mounting balght —— “Wﬂl'- =
may be required under conditions whick are different from thoss sn the |l-‘Il ‘; . “I
ntor_nmondcd fayout, . ] GRAMDSTAND i
Special consideration should be given te the lighting of tha finish line., MARIMUN SMACING FOR™A" AMD OR 3" POLL S SHOVLD WO EXCLED

llooglpgntll may be mounted on grandstand roof it desired. “Type
specification and mounting height depend wpen floodlight location st

" 2O0FT (61.0M) OR THALE TIMES THE MOUNTING HEIGHT t

Variations in quantity aad type of floodlights as well as meunting heights

back “D".
¢ may ba required under difterenl conditions from thosa shown in the sbews

. layout. .
Note: 50 1 == 15.2 m: 55 ft = 163 m; 713 1 ¢ In = 22.4 m: Special consideration should be given to the lighting of the finith lias

100 ft = 30.5 m; 230 ft = 396 m; 250 ft = 76.2 m

Filoodlights may be mounted en grandstand root if desired. “Typa™
spacificahon and mounting height depend wpon floodlight location et
h‘k Ilnll.

CoaGk REFLICTANCLE

‘ote: = %1 mi = 3196 m; 250 ft = 6.2
1ES Current Note: 30 12 1 m; 130 ft 3%.6 m; 250 ft 1 m
Recommended © Minimum
Practice— Minimum IES Current Mounting
Footcandles Floodlights Mounting Recommended Height to
(Dekalux) Pole Height Practico— Botiom
Maintained Loca- in Feet Footcandles Posi- Floodlight Flaodlight
in Service Type Class | tions (Meters) {Dekalux) tion Crossarm
Maintained Desig- in Feet
A See Chart, In Service nation| Type Clnss (Meters)
page 53
. A 20r3 GP See Chart,
20 (22) 20r3 GP B 40 (12.2) page 55
0.
c 20 (12.2). 30 (32 B 5 GP 35 (10.7)
5 GP 15 (10.7)
33. Racing—Y-Mile (402 Meter) Dog Track (Low Mounting)
IES Current Recommended Floodlights , Mounting
Practice—Footcand!es Position Helght
(Dekalux) Maintained Deslg- In Feet
In Service nation Type Class {Meaters)
A 2.3, 40r5 GP See Chart,
page 55
3G B 5 GP
Note: 30 ft = 9.1 m; 130 £t = 39.6.m; 20 (6.1)
250 ft = 76.2 m. c Sorb Oor i

This recommendation is based upon the average track width of 30 feet (3.1
maters). Tha same principies apply for dificrent widths, but the total oumber
of fumens should be adjusted In propertion to the total ares,

Poles inside and outiide track are shown schematically; symbols de not la
any way indicate the correct aumber tf poles or lighting units. Units may
be supported by messenger cables strung betwesn poles or brackets.
Variations in quantity and typs of luminzires 85 well a5 mounting heights
may be required wndcr conditions differant from those shown in the layeut.
Special conmsideration should be given fo the lighting of the finish Mne.
Floodlights may ba mounted on “randstand reol if desired. “Type" specitica-
tion and mounting height depend wpon floodlight location setback “D.”



34. A 250 Meter Bicycle Track

50

should be located outside of danger zone of steip and may be either on one
or both sides :

36. Racing—0One Mile (1609 Meter) Horse Track (High Mounting)

i
70F7 LIOET Min
o J e ¥ oC Y4 [ o x of ol
ETON B 3OFT -4.2:?:..,.. ’,.,.-_!

L}

MAX VUM SPACING FORTCPOLES SPOULD !

NOTEXCEED 2COFT OR THREE TIMES Tl
MOUNTING HE.GHT

. s
o g |30 F T '\
-‘ Lsz £

~

[T b4 8
OFT. e o — | +-sortT
L) I"--1"‘ . L O
; :
230¢T
| L !

MAXIMJM SPACING FOR 2" AND OR "8” POLES SMOULD NOT EXCEED
200FT (6 OM) OR TWREE TIMES THE MOUNTING HEIGHT

Variations In guanlity snd type of floodlights as well a5 mounting heights
may be requited under conditions ditfesent from those shown In the above
layout, Special consideration should be given to tha lighting of finish line.
Fieodlights may be mcunted on grandstand roof il dasired. “Type” 1pecifica-
tioa and mounting haight depand wpon tloodlight lecatien satback “B".

Note: 30 £t = %1 m: 80 £t = 152 m: 10 ft a 213 m!
200 ft = 61.0 m; 423 ft = 13100 m; 1300 ft = 3861 m,

; _
' 166 r*r——-i
IES Current {48.8M) \90FT
Recommended . I .' ) (37.9M)
Practice— Minimum | |
Footcandles Floodlights |Mounting 20F1 .
{Dekalux) Height 16.1M) A
Maintained in Feat e
Class In Service Type | Class |(Maters) - ~ " 1 ..
[
Recreational 10 Q1) 6x4 | GP |40(12.2) l“lgfj,j;""_{—sn (1L52M) MIN,
or L ISCFT »-
Tournament 30 (32) 4,50r6| GP |40(12.2) (109.T™)
20FT
GONSTANT
MAXIMUM BANK
ON TURNS
:35. Drag Strip
:jl:;:g:n oscg:i:oﬁnou : ACCELERATION STAGING IES Current Recommended
(250M) |, cenpr SEOFT d.’ég :;, Practice—Footcandies {Dekalux)
{201.2M} {201.2M) Area Maintained in Service
T : 7
60FT ; ® FINISK START Staging 10 A1)
|
& RETURN PITS | Acceteration 20 (22)
' : A 15 (16)
Deceleration -
' B 10 (11)
The spacing tatio Js 2 times the mounting height. Special conslderation must
be given fo areas not coversd by the main track [ighting system. Poles  Shut Down 55.4

For minimum mounting height see the Chart (page 55).

1ES Current
Recommended
Practice— Minimum
Footcandles Floodlights Mounting Posi-
{Dekalux) Height tion
Maintained in Feet Desig-
In Service Type | Class | (Meters) nation
. 2,30r5| GP See Chart A
page 55
20 (22) 2,30r5| GP 60 (18.3) 8
lor§ GP 60 (18.3) c
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37. Racing—-One Mile (1609 Meter) Horse Track (Low Mounting)

i
[ TOrY
E¢=¢Cch5’cccccc 1ES Current .
SET. L T O _ Recommended..{_ | . e
MAXIMUM SPACING FORTCPOLES . Practice— Minimum
IHOULD KT £xCELD 32 FT Footcandles Posi- Flooglights Mounting
{Dekalux) tion Height
1300 F1 Maintained Deslg- . In Feet
in Service nation | Type Class (Metors)
30FT MIN A 2,30r5] GP See Chart,
page 55
m"j ___0 - KL 2@ 8 .}230r5] GP
|50'T’b|5°'l. r' ---‘ .-z “lSO‘I‘I’-—
H’TsTc'p. .]:gml.. THser ¢ la50r6| O 30 (9.1)
""IHJ"DSF‘fr!cam FCR “4” AND O8 “B" POLES SMOULD KOT EXLEED Variations may be required in the type of floodlight at the
200 FT [61.0M1 OR THREE TWES THE MOUNTING HEIGNT “'A" and ''B" lacations, as well as the mounting height under

conditions different from those shown in the layout. Special
consideration should be given to the lighting of the finish line,
Floodiights may be mounted on grandstand roof if desired,
“Type* specification and mounting height depend upon
floodiight location setback *‘D."

Note: § ft = 1,52 m; 30{1-—91m'35ﬂ—107m.7 it =
21.3 m; 120“.—.335:!\ l!of&-iﬁ‘lm £25 £t = 130.0 m;
1300 ft = 3983 m.

38. Rifle and Pistol-50-yard (46.7 Meter) Outdoor Range

{ Note: 12 ft = 3.7 m; 2§ ft = 7.6 m; 100 ft = 305 m;

I S0 YDS.
25 yds = 229 m; 60 yds = 45.7 m.
’7 I-— — 28Y08. .’
9y
L= B
14 WIDTH [] - ( 1
et g ; 1ES Current Floodiights
| T I] B ! Recommended
T 0 Z |1 |00 FT MAX Practice—
v l €< E 1| e ot Footcandles Posl- Mounting
R g (Dekalux) tion Height
-l.—‘li g EN I Maintained Desig- |Average in Feet
1/a WISTH P n //—‘ _,EF: i | in Service nation Type Class (Meters)
H \ = ' -
a® § -
IF CANOPY IS USED, PROVIDE LOCAL LIGHTING 10 (11) at firing
FOR 10 FOOTCANDLES (It DEKALUX) point A 5 . GP 25 (2.6)
‘ ARROWS INDICATE BEAM DIRECTION
s and L) L
‘3.15’ F rcer 5 (5.4) on range B 5 GP 25(7.6)
STEEL
T1 d BAFFLE G l 50 (54) on target c 4 GP on ground
12
ki
39. Rodeo Arena
IES Current
. Recommended
Practice— Minimum
Footcandles Floodlight Mounting
. {Dekalux) Height
2 —a : Maintained in Feet
~ Class in Service Type Class (M eters)
s e, Protessional ki
H= Sen  Amateur 0@E) {34506 GP | BED
"o ) . ' N e
CHUTES  — } . acreational 10 (1)
. a0 T —— ! To minlmize glare for calf roping, a relatively close pole spacing is recom-
tod.eu) mended.



40-A. Shuffleboard—Outdoor Courts Using Fioodlights

. HFT
B A
52F1 BOFT
Aer
B
leFrlert| fe3rr
[ T
Note: 3 ft = 1l m; 6 ft = 133 m; 11 ft = 3.36 m;
30 ft = §.1 m; B2 £t = 159 m.

. J& ;

1ES Current
Recommended
Practice— .
Footcandles Floodlights
{Dekatux)
Maintained No. of
Class in Service Courts | Type Class
5 GP
45 or
6 0
. Tournament 10 1)
5 GP
1-3 or
6 0
5 . GP
46 or
[ 0
Recreational 5 (5.4
5 GP
1-3 or
6 0

NOTE: For 1-3 courts no **B'* poles are required

Mounting height: At least 20 feet (6.1 meters) above courts
Poles: Four for 4-6 court layout two for 1-3 court {ayout

40-B. Shuffleboard-Outdoor Courts Using Indoor Type Lighting Units
(Adapted for Outdoor Use) .

@

A\

?

s_rr!s FT (J,srT
i b

. 4

| ) i

»12 r‘r-l-—aa FT—J.-—IZ FT—-L-lz FT+ IT—ISFT
Nots: 3t = Al m; 6 ft = 1.83 m; 11 ft = 3.35 m;

t
20 = 3T m; 1501 = 4.8 m,

IES Current
Recommended
Practice—
Footcandles
{Dekalux)
Maintained

Class In Service

Luminaire Pesignation

Tournament 10 (1)

Direct (spread distribution)

Recreational 5(5.4) Direct (spre

ad distribution)

Mounting Height: As shown,
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41. Skating—Outdoor Rink and Pond

) IES Current
5 3 Recommended Floodlights
Practice—
. o |__ Footcandles e ————
Ty A A (Dekalux)
A A Maintained
in Servica Type | Class
. . 5 GP
A RiNK Rinks 5(5.4)
] 0
" 1 5 GP
Ponds 1¢.1)
A A
A 6 0
Pole Spacing: Not to excesd 4 times mounting beight. Fer
minimum mounting height see chart, page 55.
42. Skeet Shooting
100 FT JI
A Note: 10 ft = $.1 m: 15 ft = 4.6 m; 18 ft = 6.5 m; 66 ft =
* 1OFT 20.1 m; 80 ft = 4.4 m; 100 £t = 30.6b m; 120 £t = 36.0 m;
T_ 132 ft = 03 m.
Minimum
LES Current Recommended Floodlights Mounting
Practice—Footcandles Halght
{Dekatux) Maintained in Feet
in Service Type Class (Meters)
Target (vertical) at 60 feet
(18.3 meters)—30 (32)* 2 GP 20 (6.1)
Firing Point—5 (5.4)

50

TARGET

GHr  CROSSING

Pales: 2.
* Normal to all shooting positions from trap to boundary post.

|

s}

— C
— TARGET
at ,__—:,o/ DISTANCE
e FUS= Srooting  MARKER
Rz BOUNDARY -
MARKER
oo > (]
LOW

T
I0FT
|

66FT BOFT

I00FT

SKEET

TRAJECTORIES OF TARGETS
(APPROXIMATE)

120FT

132FT



43. Combination Skeet and Trap

e

- - N(IAG[ . "
- MIT AREA ~_ TRAP BOUNDZARY
Pl 1':'.-..,_..:_‘ ~ . 130FT Mmus)(
-

-

" -

LEGITIMATE

TRAP mmu ANEA \\)/
~
wh 4 Ny FT
nmzr - TloofT
AIEA
.J‘
%
o %
BOUNGARY Ay l K ‘\.}
STAKE <R
W\ \ 3k \ / T
STan *\%"M'r et b ond
DISTANCE T T K
waARER "% 3T
SXEET SKEET
niGH
wousE e
SKEET STATIONS aBFT
TRAP STATIONS |
Lo y— 1
WOFT I
S50FT ——en
I0OFT -
Note: 10 ft = %1 m; 33 ft = 106 m; 4% ft = 14.6 m;
50 ft = 30.5 m, 115 ft = 435 m.

152 m: 100 It =

44, Skiing—Practice Slopes

D

300FT- 400FTT300FT— 400FT*’"‘"" 300FT—-400FT'

54

IES Current
Recommended
Practice— Minimum
Footcandles Floodlights Mounting
(Dekalux) A Height
Maintained in Feet
Yargat in Service Type | Class | (Meters)
TRAP: (Vertical .
at 100 1t. (30.5 m.) 30 (32) 2 GP 20 (6.1)
from trap house)
SKEET: (Vertlcal,
at 60 ft. (18.3 m.) 30 @D 2 GP 20 (6.1)
from shooting
position)

Note: 160 ft = 457 m; 300 L = 914 m:
400 ft = 1213 m.

AN ‘7\

l-—ao*rmM OF SLOPE

X /v_

~

\ ° /-:
TS ALTERNATE

POLE LOCATIONS FOR
A" POLES

IES Current Recommended Practice

Footcandles (Dekalux) maintained in service—1.0 (L.1)

Floodlights

DESCRIPTION: Floodlights rnarked sX"'—Type 3, 4 or
5, class GP. Floodlights marked "Y' '—Type 3,4 or 5,
class GP.

NUMBER: Provide single floodlights or banks of
floodlights according to area to be lighted, based on

TOP oF SLOPE— '5$OFT
X y 300FT
DOWN \ I
— N
.‘B

POLE OR 'mEE‘l

10lamp lumens per square foot (square meter) of area.
DISTRIBUTION: Distribute fioodlights to project
approximately 2 lymens in the direction of travel
(“X'" arrows) and one lumen opposing direction of
travel ("'Y' arrows),

Mounting Height
Not less than Mo dimension D",
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45- SOCC&I' ! 5 5 1ES Currant
: Retommendsd | Distancy—
v Prattice— Naearest N
Footcandies Sideline te Flaodlights
-}-lssn—-L—}-mn _ (Dekalux) Floodlight .
. ¥ w_ . - = - ~|—Maintsiped | PolesInFeet| Na. of
!
*-HOFTJ' *_"0 ! -*-'IIOFT . Class in Service (Meters) Poles Type Class !\4
over 140 6 lor2 GP
-—-.’--az.srrah-easnd-azw;i—ezs “an
100-140 . [] 20rd GP
Prolasgnal 30 (32) (30.5-42.7)
| - T and llege
pry L =330F3 ol 75-100 6 3 )
o ] i _E . . (22.9-30.5)
- - -
n 2—’ 50-75 [ § 3 GP
l g (15.2-22.9)
-
l 30-50 2 4 GP
318 rg—.h o> o> o> @.1-15.2)
ez 13 f . 15-30 10 5 GP
; _l'ﬂ_'._._.b [ 3 o (4.6-9.1})
g " » High School 20 (22 S
15-30 10 Sorb {
* 14 > or (4.6-8.1)
. 5-30 10 L] [+]
(4 6-9.1)
Note: 15 ft = 4.6 m: 30 f1t = 3.1 m; 75 ft = 15-30 10 5 GP
229 m; B2.5 1 = 251 m: 110 ft = 315 m; (4.56-9.1)
165 ft = 50.3 m; 195 ft = 53.4 m; 330 ft =
100.6 m. 15-30 10 Soré 0l
Recreational 10 11) {4.6-9.1) ’
15-30 10 6 o
{4.6-9,1)

for minimum mounting height see chart, page 55.

46. Softbhall

: ' o
® | [ ae
\7/ 2BOFT | “::
o lw he-
240FT M.l 200°FT
o
200FT . !—Q\ | :
\ c: L\\sorr \l 2e*
b L—\\ mt}rrx%gI \
1AFT L Al \ NN <
NANSNY ]
Pt b 1
¥ - Y l-ﬂ- . |

B2
. . § POLE LAYOUT
2 . - . ) ’

8 POLE LAYOUT . )
Note: 15 ft == 4.5 m; 28 ft = 5.5 m: 40 ft = 12.2 m; 60 ft = 133 m; 100 ft = 30.6 m; 200 ft = 61.0 m; 240 It = 1.3 m(
‘ B

280 f1 = 85

These layouls are based on the following tetal plaving area Including a strip 20 mr wide suteide auch foul lins: Infield Ares—10,000 square feal; Outfleld

Arey (200 feet) 29,815 square feet; Outfield Ares (240 mn—as 240 squars fwet: Outfiald Arcs (280 leet)—70,330 square feet. Dimeasions: W = 20 feet
to 30 feat; X = 15 feet to0 SO feat; Y = § feel 40 15 fuet; T = 50 test to 110 fest. \~,
~
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g Pole Layout

56

These layouts are based on the {ollowing total plaving area including a strip 20 feet wide (6.1 meters) outside each foul lire:

Infield Area—10,000 square feet (920 snuare metr: <) Cretleld Area 200 feet (61.0 meters) —29,815 sc. are feet (2,770 squars metcrs):

Qutfield Area 240 feet (73.2 meters)--63,200 sguare ‘ool (5,877 square meters); Outlield Area 280 feet (85.3 meters)—70,330 square

_ feet (6,540 square meters). Dimencions: W = 20 fret to 20 feet (6.1 meters to 9.1 meters); X = 25 feet to 50 feet (7.6 meters to 15.2
e Teters); Y = 5 feet for 15 feet (1.5 meters to 4.0 misters); 7 = 30 feet to 110 feet (27.4 meters to 33.5 meters).

1S Current Recom- Minimum Mounting
mzmicd Practice— Height to Bottom
Foul:andles (Dekalux) Floodlight Crossarm
‘ Muintained In Service Floodlights in Feot (Meters)
Outfield —_— _
In Feet .
Class (Meters) Infreld Qutfield Type - Class A & B Pales | C & D Poles
8-Pola Layout
Professional and 280 (£5.3) 57 30 340r5 GP 50 (15.2) 60 (18.3)
Championship 240 (73.2) {5} (32}
Semi-Professional 280 (85.3) 30 20 3, 40r5 GP 40 {12.2) 55 (16.8)
240 (73.2) GD 22 4,50r6 (o]} 40 (12.2) 50 (15.2)
280 (55.3) 3. 4o0r5 GP 35(10.7) 50 (15.2)
Industrial League 240 (73.2) 20 15 4,50r6 (o}] 35(10.7) 45(13.1
200 (61.0) z2) {16) 6 0 35 (10.7) 40 (12.2)
6-Pole Layout
5 GP
Recreational 200 (61-0) 10 7 550r6 o] 35 Q0.1 40 (12.2)
(D (7.9 6 o]

. Jhles: 6 for recreational; 8 for other classes

" NOTE: Supplementary corner poles may be inslalicd to carry overhead wire around boundary rather than across playing area
Stow-pitch softball, Tournament Class to be same as Industrial League above
Slow-pitch softhall recreational Class to be same as Racreational above

47. Swimming-Qutdoor Pools Overhead Lighting

(For Underwater Lighting See Fig. 25 in Text)
A f ‘/A
H POOL
ot X =
IES Current
’ Recommended
X Practice— Minimum
! \i Footcandies Floodlights Mounting
A A {Dekalux) Height
== Y - A Maintained in Feet
. l in Service Type Class {Meters)
§ ) DIMENSIONS 10Q11) 56 GP 20 (6.1)
\s) X=20FT {6.]M) OR MORE

Y - NOT TO EXCEED 4 TIMES
MOUNTING HEIGHT

The pole locations outtine the area to be lighted. Pole
spacing not to axceed 4 times mounting height.
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48, Tennis

- rel2FT* I
~ peizFTe b - f."”". 12 F T ¥ 57 - e | o et
—t . SOFT | L TAFT
SOFT o < l"" FT 120FT
120FT .]
o N r - g
L 3
le—60F1 —ot | F— GOFT —o
e 108 FT 1 . o OBFT o . RECREATIONAL CLUB OR TOURNAMENT
TENNIS = ONE COURT
RECREATIONAL €LUB OR TOURNAMENT I.h POLES
TENNIS - TWO COURTS :
POLES s [ 9
Note: 12 ft = 27T m; 60 ft = 188 m; T4 ft = 22.6 m; 108 {t = 329 m; ok *
120 ft = 36.6 m. ' 12FT%e | e - | peer | !
Kl [ =] [~ -] ——j
1ES Current Recommended f
Practice—Footcandles Uniformity Ratlo i ok ol NT
{Dekalux) Maintained Maximum &
Class in Service Minimum
K = =] = -}
Tournament _ 37'(2) 2:1 —
H 1—-- K =2 <] -2 -] J’
Club 2) (22) 21 X -
= kK =] -]
Recreational 1001 xl x5 (f (S
FLOODLIGHTS \POLES

Minimum Mounting Height in Feet (Meters) = 30 (8.1)

All floodlights to be IES Types5 or6 TENNIS -ONE OR MORE COURTS
® —Recommended pole locations MESSENGER CABLE MOUNTING
* These clearances are to be considered minimum; greater distances are Flocdlights suspended on messenger cable a5 Indicated
desirable when space permits hare may uie any lamps including fluorescent,
”
. mvos):
49, Trap Shooting 0 Tanis
TONE
P
[
T
1ES Current Recommendad Floocdlights Mounting ,{—_ .-___tgfnﬁ'::gﬁ. ,oo’,m
Practice—Footcandles Helght e 1= Pe——C bancEn
(Dekalux) Maintained in Feet H
in Servica Type Class {Meters) ‘|
-
Target (vertical at 100 feet
(30.5m) from trap)—30 (32) STATIGN '
2 GP 20 (5_1) LCBE fgzﬂ:ﬁg UNITS
Firing point—5 (5.4) LDAC COVERAGE OF ynITS
LOCATED AT A E
Poles: 2. 4
AVERAGE WIT AREA
20FT LEVEL
TRAP |
MOUSE . 9FT o
Note: 2% ft = 78 m; 9 ft = 274 m; 20 ft~== 61 m; 20 Lt = = 3OFT 60FT  BOFT OOFT 120FT BOFT
9.1 m; 40 ft = 12.2 m; 60 ft = 183 m; 80 ft =-- .4 m;
91 ft = 317 m: 100 1t = 30.5 m: 120 ft = 346 m; 150 ft . TRAP '
= 45.7 m; 16 yds = 14.6 m; 37 yda = 24.7T m; 60 yds = 46.7 TRAJECTORY OF TARGET
m; v yda = 274 m; 360 yds = 384 m. (APPROXIMATE)
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50. Volleyball-Outdoor Courts g
5

*————— 80 FT—-.-—-.——-—;- . IES Curront
A Recommended
‘ . Practice—
A Footcandles Mounting
. (Dekalux) Height
Maintained In Feet
Class In Service Type | Class {Meters)
40FT Tournament 20 (22) Sor6 GP 30 (9.1)
/i >
X-/ SFT TQ IOFT : Recreational 10 (i1} S5orb GP 30(9.1)
A f (o)

Note: § ft = 1.52 m: 10 ft = 3.1 m; 40 ft =
122 m; 80 ft = 24.4 m. Poles: 4.

MOUNTING HEIGHT CHART

MOUNTING HEIGHT
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>
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8 1004 A 4 LS
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& s pa A %Q*/
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E )d 1A di% _// /]
A 160 d ' // L1 // 1/ *\ -
a 7 d O
Wa A P 2 y, .‘0
< L / / ¥
18024 - A1 A4 4
,/ ’,z e Z] v - »
20 1 1A

0 L
0 40 80 120 60 200 240 280 320 J40 400 440 480
TOTAL WIDTH OF AREA IN FEET

NOTE: 1 METER = 3.2808 FEET

*20 FEET MINIMUM FOR GROUND AREA SPORTS, 30 FEET MIN{MUM FOR AERIAL SPORTS

Mounting height chart for all sports areas—minimum height to bottom floodlight crossarm. Read mounting height along
diagonal at Interssction of appropriste horizontal and vartical tines. For example, wnere Area Widlh = 160 test (48.8 meters)
and Poie Setback = 50 feet (15.2 meters), minimum height of 160 feet (48.8 meters) is indicated by diagonal at intersection of
50 feect (15.2 meters) and 160 feet (48.8 meters).
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Appendix A—Floodlight Aiming

A-1 General. (a) In any sports lighting project,
proper aiming of the luminaires upon installation is
vitally important so that the user may secure the full
benefits of quality that the manufacturer has built
into his equipment and the engineer has provided in
his lavout. Each luminaire must be carefully directed
to its appropriate point on the plaving field if the
lighting svstem is to provide both the horizontal and
vertical uniformity. and freedom from objectionable
glare for which the installation was designed. To
facilitate the actual aiming process, an aiming or
“spotting™ diagram prepared in advance is generally
emploved (see Fig. A-1).

(1) Calculation methods make it posslblc lo pre-
determine accurately the foolcandle {lux) distribu-
tion provided by any given aiming patiern. However,
because such caleulations are long and tedious, it is
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general praclice to base spotting or aiming diagrams
for cenain.aporu,.such as -football which employs a
symmetric field, or for minor sports where relatively
few floodlights are involved. on scale plots of the
floodlight beam spread and the area to be lighted,
previous calculations, and practical experience with
similar installations.

(e) The procedure is as follows: from an end ele

vation view, similar to that shown for a football field
in Fig. A-1 (b), the vertical aiming of the floodlight
beam axes can be determined 10 obtain approximate-
ly uniform horizontal illumination across the field
together with sufficient “spill.” *“‘direct filament,” or
“beam-edge” light in the space above to provide ade-
" quate illumination 1o a height of approximately 50
feet (15.2 meters) above the field. In this connec-
tion. care must be taken 1o minimize the amount of
light from the upper portion of the floodlight beams
falling in the opposite stands. A limited number of

point calevlations along a line perpendicular o the

T | :
. el -4
i !
o 1
N ,./[ Voo
I - . i ‘ ‘ \ 7 ’ Z‘
e S s FRRE it v A il L kS L R
| D‘_-‘:,-—-CI\ oy w2 .2 "o 4 "3
! : | 1N A c?\ | Q /A\
i /I
1 N eaviy \ FTEBE
90;7 L//\\* I'/_rl:7i;‘c‘ \/__1_ _ POLES LAND &
1S FTi-f A f- y s0Ft \\
<§~://‘ \\Vi=p.a \ | . GO
“29 FT( }\]r//ﬁ,.‘t [ 0 FT GRID }Qn Z T, =z, SJO/‘ ®F FOLES S AND 10
A T b3 el :
MOUNTING HEIGHT {FOLES A AND B33 11 B @
OUTFIELD DISTANCE ====== == ===~ 200 F1 vnucummt

NOTE AW CENTER OF BEAM AT POINT ON
GROUND INDICATED BY ARROW

{a) Manua! aiming diagram for a 32-unit
sottball field for use with a floodlight

‘s A:!;'

POES 2.3, 4,70, 9

-
-
-

sight.

Figure A-1 Floodlight spotting diagrams.
Note: 15 ft = 4.6 m; 25 ft = 7.6 m; 30 ft =

= 10,7 m; 40 ft = 122 m; 60 ft = Hzm. 60 tt =
m: 160 ft == 48.§ m. 200 ft = 610 m,
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BACK OF FLOODLIGHTS FACING IN
ORECTION OF BEAM.

FIGURE IN 8O1TOmM OF CIRCLE
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SETTING ABOVL NADIR.

- FIGURE I TOP OF CIRCLE DENOTES
” " HORZONTAL DEGREE SETTING, LEFT
’ 3 On S1GHT, wilws THE OASERVER

WoFt

END ELEVATION OF FLOODLIGHTS
AJMED AS SHOWN IN AN YIEW

(b) Angutar aiming diagram for 40-unit football field.




axis of the pole crossarms, bascd on a single group .

of floodlights, can be mude without excessive diff.
cully to check the graphical appraisal of the proper
vertical aiming angle. Such calculations will increase
the accuracy of the aiming diagram, particularly if
more than one row of floodlights from a single pole
is required. The plan view of the field makes it pos-
sible to plan horizontal aiming of the floodlights to
provide approximately uniform horizontal illumina-
"on in the longitudinal direction of the field.

(d) It will be noted in Fig. A-1(b) that relative-
ly wide beam floodlights (Type 5) are used because
the poles are close 10 the playing field. It will be
noled also that the upper parts of the beams of the
two sets of focdlights indicated fall in the opposite
standst However, since these are the wide beam
type, the candlepower in the upper portions of the
bearn (more than 16 degrees from beam center) will
be low, and the spill brightness from them will be
well within comfortable limits when evaluated with
respect to the relatively high brightness of the field
itself,

(e) For installations differing appreciably from
the standard recommendations or involving a larze
number of floodlights, it is desirable 1o obtain an
aiming diagram prepared by the manufacturer of the
lighting equipment.

A-2 Field Meihods of Adjusting Floodlizhis,
(a) There are several ways to put spotting or aiming
and most accurate, is manual aiming of the foodlight
beam centers at predetermined spots on the plaving
area. This may be accomplished by using buili-in
beam sights, or by placing accessory beam sights
against the fRoodlights parallel to their optical axes.
Then by gridding both the aiming dizgram and the
playing area into square sections, 30 feet on a side
{9.1 meters), markers can be placed at the aiming
points on the field desiznated on the drawing, and
the sights aimed at those points,

() A second aiming method for directing the
foodlights is to calculate nr determine graphicatly
from the aiming diagram. the vertica! and horizontal
angular settings of each floadlight. Most floodlights
are equipped with degree scales which may then be
set to those angles. The accuracy of this system may
be less than that of the one described above unless
the poles are set accurately and the crossarms care-
fully leveled and aligned. A difference of only a few
degrees may move the beam center 20 feet (6.1 me-
ters), more or less. depending upun the mounting
beight. See Fig. A-2.

(c) A third aiming method which may be used
successfully with practice is to stand an ohserver on
the field short of the aiming point so the line from
the floodlight to the aiming point passes approxi-
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Figure A-2. An error of only a few degrees i, " ngula;

aiming may move lhe beam center 20 ‘.2t 1
meters), more or less, on the playing field.
Note: 20 ft = 6.1 m; 60 ft == 183 m; 160 ft = 458 m.

matcly through the observer’s eyes. (Preferably, the
observation of the floodlight should be made through
binoculars.) As the floodlight is moved by an assist-
ant, the observer then estimates the position in which
the lamp filament (or concentric reflector rings) ap-
pear exaclly centered in the floodlight aperture. An
alteruale observaiion method that may be used with
the narrow beam {specular reflector) Aoodlight is te
light the lamp and, with sinoked glasses on (pref-
erably with binoculars), estimate when the entire
reflector appears uniformly bright and at a maxi-
mum brightness,

() The latter methods are inherently less accu-
rate thay the first but can be satisfactory when rela-
tively Jarge numbers of medium or wide beam flond-
lights are directed into the same general area.

Appendix B—Maintenance

B.1 The Importance of Proper Maintenance.
Loss of illumination will result from the use of de-
preciated lamps and from accumulated dust and dirt
on the reflecting or transmitting surface of any lumi-
naire whether installed outdoors or indoors. If the
instailation is indoors the resultant maintained illu-
minaticn value is also affected by the condition of the
ceiling, walls and gencral surrounds. Depreciation of
25--30 per cent may be expected dependinz upon ei-
ficieney of the maiutenance program (see Fiz. B.11.

B-2 Light Loss Factors for Qutdoor Desizn Cal.
culations. In the design of a lizhting installation
calculated to provide specific illumination values
using a given quantity of luminaires; it is necessary
to assume specific light loss factors as well as mini.
mum efficiencies. For the basis of lighting design, it
is recommended that the NEMA Standards be ap-
plied to luminuire desiznation to permit the use of
standard light loss factors of 75 per cent of initial
value for enclosed luminaires and 65 per cent for
open luminaires.
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Figure B-1. Necessity for adequate cleaning and re-
iamping program is vividly illustrated by these test
results of two tloodlights removed from a major
league baseball stadium after two seasons of opera-
tions.

B.3 Lizht Loss Factors for Indoor Design Cal-
culations, For interior lighting calculations the light
loss factor used will depend upon the desizn of the
specific luminaire chosen. For sugvested light loss
factors for typical luminaires refer 10 Appendix D.

B.1 Frequeney of Cleaning, (a) Since accumu.
lation of foreign matler upon a luminaire depsnds
upon the local atmospheric conditions, it follows that
the frequency of cleaning the equipment must be
determined on the basis of the existing ulmospheric
conditions and the type of lighting system emploved.
It is rccommended that Roodlight luminaires or in.
dustrial type luminaires used out-of-doors be thor-
oughly cleaned as follows:

111 At the beginning of each season.

12} Whenever a lamp is replaced.

(31 In extremely smoky areas at least once and

preferably two to three limes during the scason.

(b) For interior lighting systems a suitable clean-
ing schedule should be established by a periodic
check of the illumination with a light meter. When
the illumination has decreased to 75 per cent of its
initial value, the equipment should be washed. A
thorough washing of interior lighting equipment at
least twice a year is justified in most locations. In
dirtier arcas, three or four cleanings per year are
needed 1o achieve the lowest cosl operalion in terms
of footcandle-hours (lux-hours} per dollar.

() The frequency of cleaning the surrounds such
as walls and ceilings is determined to a large exlent
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by the amount and character of dirl contained in the
atmosphere. Regular inspection and adequate clean- .
‘inz are recommended 16 maintain the relative eff.
ciency and brizhiness ratios between Juminaires and
surrounds, ‘

B-5 Lamp Replacement. (a) Replacement of
lamps which are badly blackened or considerably de-
preciated in lumen oulput is important in maintain-
ing the illumination level for which an installation is
designed.

{b) To minimize lamp labor replacement costs
and outages during the playing season, a group re-
placement plan is recommended. Group replacement
of all lamps in an instailation can be combined ef-
fectively with annual luminaire inspection and clean.
ing. Because each of the three lizht sources, incan-
descent, fluorescent and mercury, has a different rate
of failure over ils respective life, the time for group
replacement may be diflerent in each case.

(¢) The lamps removed should be visually in-
specled and the hetter ones saved for replacement at
burnouls prior 1o the next group replacement. There
are, of course, many variables, depending on the type
of installation in group replacement, and any partic-
ular installation should be gone over thoroughly with
lighling engineers 1o determine the replacement sys-
tem that will best suil the needs of that installation
from both a lizht and economic standpeint.

B-6 Cleaning Agents, Neutral soap or ncutral de-
tergents completely dissolved in water. or mild clean-
inz agents will generally clean lichting equipment
satisfactorily. Special cleaners are available for ex-
Lremely dirty equipment.

B-7 Physical Inspeetion. Every time a luminaire
is cleaned or relamped, it should also he inspected
for mechanical defects. Prompt correction of any de-
fects will serve to prolong the life of the equipmeunt
and minimize {requency of cleaning. Service men
should be instructed to exercise reasonable care in
handling lighting equipment, especially in not forc-
ing the cover-glass doors or zlohes shut when incor-
rectly aligned.

Appendix C—Outdoor Illunmination
Calculations

C-1 Introduction. (a) The method of calculating
the footcandle (lux) level which can he expected
from any given number and arrangement of flood.
lights, or of calculating the number of floodlights re-
quired to produce a given level. is more complicate:!
than the i -2rior lighting caleulation, This is tru-



‘because there are many variable factors such as the
distance {rom the playing area to the floodlights, the
mounting height, and the aiming of the floedlights.

(b) Some approximate methods of calculation
have been developed and are available {from the man-
ufacturers of lighting equipment. The most accurate
method of calculating the footcandles (lux) pro-
duced by a floodlight installation is reproduced in
Fiz. C-1. This method involves the use of light dis-
tribution curves of the isocandela type on which the
urea to be lighted is plotted around the beam axis.

(c) For calculation purposes, depending upon the
accuracy required, one or more representative flood-
light beam patterns should be chosen for each pole
location where varying wiilizations may result.

(1) The method of computation consists of plot-

ting the area to be lighted on the photometric curve
and then adding up the number of lumens contained
inside the area. The number of lumens divided by
the arca in square feet (square melers) gives the
average illumination from the unit in footcandles
(lux). _
C-2 Sample Computation. (a) An example of a
tvpical area to be lighted is given in Fig. C.i. The
problem is to obtain the outline of the area i7i terms
of lateral and vertical degrees and transfer it to the
isocandela curve in Fig. C.2,

{b) To simplify the problem, the vertical axis of
the floodlight beam is assummed to be normal to the
sides of the area, ie.. a vertical plane through the
floodlight’s axis is perpendicular to the line KLV in
Fiz. C.1. The two sides of the area, AM and RT,
will appear on the isocandela curve as straight lines
parallel to the horizontal beam axis. It is, therefore,
necessary to calculate only the vertical angles A and
A’ from the pole to the near and far sides of the area
and relate them to the aiming angle P’. which is the
zero-zero degree point on the isocandela cutve. in or-
der to draw the sides on the curve. The extremities
of these lines, points K. M, R and T, must be found
by obtaining the true lateral angle B in the plane
passing through the floodlight and the side of the
field in which the point is located. The contour of

“the side AR or MT is found bv assuming a number
of points on the line and finding the correspondinz
lateral and vertical angles. The vertical angles A, A’
and P’ are found from the nomogram in Fig. C.3.”
The lateral angles B are found from Fizg. C.1. The
exact procedure is as follows: ‘

i1} Refer 1o Fig. C.3. Lay a straighiedge across
the chart X connecting the distance V 130 fert or 9.1
meters) with the mounting height H (50 feet or 152
meters), On the centerline .4, read the vertical ancle
A from the pole to the rav of light reaching the near

Figure C-1. Typical fioodlighted football field used in
sample caiculation of average horizontal footcan-
dles {lux).

Note: 30 ft = 9.1 m; 50 ft = 15.2 m; 60 ft = 13.3 m: 90

ft = 274 m: 105 ft = 320 m; 160 ft = 458 m; 140 ft =
57.9 m; 225 [ = B3.6 m; 360 £t = 109.7 m.
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Figure C-2. Fioodlight distribution data sheet,

side of the field {317}, In the same way, using H =
50 feet (13.2 meters+ and Xy = 190 feet {537.9) me-
ters), the vertical angle 4’ to the far side of the
field is found to be 73.2°. Angle P* {X; = 90 leet
or 27.3 meters) is 61°.

(2) ‘Refer 1o Fig. C-2. The location of the area
on the isocandela curve depends on the angle at
which the floodlight is tilted, i.e., the aiming angie P’.
Since the aiming point is the zero-zero degree point
on the curve. the near side of the field would he
plotted 61 degrees — 31 degrees = 30 degrees be-
low the zero degree verticul line. and the far side
75.2 degrees — 61 degrees = 14.2 degrees above the
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zero degree vertical line. Horizontal lines represent.
ing the near and far sides of the field can be plotted
on the curve (Fig. C-2) through these vertical angles.

I __.._(3)fTO.dElCl’mine.poinl.R_re{er,lo FlgC-4. Lay'a' .

straightedge across the chart from the mounting
height H = 50 feet (15.2 meters) to the veriical
angle A" = 75.2 degrees and read on line ¥ (196
feel or 59.7 meters). Now connect 196 feet on line
Y with D = 255 feet (77.7 meters) on line D, and
read on line B the lateral angle (52.5 degrees). Plot
this point on the top horizontal line. In the same
way, find point K by using 4 = 3] degreesand D =
255 {eet (77.7 meters). Points M and T are found
using the same vertical angles as for K and R, re-
spectively, and ' = 105 feet (32.0 meters).

(4} The four corners of the area are now located,
but the ends of the area will not appear as straight
lines, so0 il is necessary 1o plot sulbicient points to
determine the curvature. The first points to be de.
termined are those on the 0 degree center axis. The
vertical angle 1o use on Fig. C-1 is 61 degrees. From
this and D = 2355 feet (77.7 meters) at the point at
the left is found to be 68 degrees, and from D’ =
105 feet (32.0 meters} the point at the right is 45.5
degrees. At least one additional point above the axis
and one below should be determined. These may be
found by assuming vertical angles such as seven de-
grees above the axis, or 4 = (61 + 7) = 68 de-
grees. With these points plotted on the isocandela
curve, the ends of the field can be drawn.

{c) With the field plotted on the curve, the Ju.
mens which fall on field are added up. In the zones
cut by the sides of the field, estimate the proporticn
of the lumens included within the boundary. A tabu.
lation of these values is given in Table. C.1.

(d) Referring to Fig. C.2, it will be noted that
while the calculations have been made for a unit on
pole 4 the same result applies to similar units on
poles 2. 9 and 7. It is'then necessary to make a simi-
lar calculation for the remaining poles.

(e) It may happen that a better utilization factor
and increased lumens can be obtained by tilting the
Hoodlight at a different vertical angle. This can
readily be determined by studying the summation of
lumens in the lateral zones, given at the side of the

isocandela curve. Tilting the beam up or down mere-

ly involves shifling the entire diagram of the field up
or down the required pumber of degrees on the
curve,

C-3 Irregular Areas. In the case of irregular areas,
the sides of the fkeld, such as KR and MT, may not
be straight lines ‘or may not be parallel. In that case
it will be necessary to determine both the vertical and
lateral angles for several points on each line.

C-1 Specinl Cases. (a) In computing values for a
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Figure C-3. Nomogram for determining vertical an-
gle {angle A in Fig. C-1} in terms of longitudinal
distance X and mounting height H.

closed projector installation where the projectors can

be so localed that all of the beams will {all on the

area involved. the average initial level can be com-

puted by dividing the sum of beam lumens of all of

the floodlights by total area. In cases where the en-

tire beam will not fall on the areas involved, the

method of computation described in Section C-2.
should be used.

(b) For a baseball field installation where the
average level for the infield is given, the computa-
tions should be made by the method given in Section
C-2 or by the point-by-point methed, selecting a suf-
ficient number of stalions within the area lo give a
true average. If values are required at specified
points, the point-by-point method of computation
should be used.

C-5 lllumination Level at Various Points. If {ur.
ther details on illumination level at various poinls
are desired, it is recommended that the so-called

- point-by-point method be used in computing values.

In view of the lengthy process and its wellknown
principle, it is not included in this discussion.

Appendix D—Inierior Hlumination
Calculations

Recommended levels of illumination are the mini-
mum values required on the tasks found in various
types of interiors; however. it is usually more practi.
cal to design lighting systems 1o provide an average
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Vertical Zones

From

To

10-20
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 + 18,04 =

71.7%

Wi

Table €C-1, Summation Of Lumens On Field

Lateral Zones

e . s N

0 10 20 30 40
10 20 30 40 50
Field To Right Of Unit
207 141 77 10
1,159 575 F i) 109 14
1,148 580 229 121 60
506 34 1 167 35
201 162 120 85 3
3,222 1,772 29 432 122 6,377
Field To Left Of Unit
207 141 80 53 27
1,159 575 2 124 83
1,149 580 229 121 76
506 314 171 107, 45
201 162 120 85 3
3,222 1,712 832 450 37 6,550
12,927
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illumination level with a reasonable degree of uni-
formitv throughoul the area. Such calculauons may
--be-made by The Lumen Method, :

The lumen method for calculating the illumination
that represents the average of all poinis on the play.
ing ‘area in an interior is based on the definition of
a foolcandle as one lumen per square foot {a lux as
one lumen per square meter), or:

Lumens
Foolcandles =
Area in square feet
Lumens
Lux =

Area in square meters

Not all the lamp lumens will reach the playing
area because of losses in the luminaire and at the
room surfaces. To take this inlo account, lamp lu.
menz are multiplied by a “coefficient of utilization”
which represents the portion of the lumens that actu-
allv reaches the work plane. Thus:

Lamp Lumens X

Coeflicient of Utilization
Initial Foolcandles (Lux) =

Area in sq. fi. (meters)

Since the design ob;ectnc is usually the mirimum

maintained illumination, factors must be applied to

account for the estimated deprecialion in lamp lu-

mens and the estimated losses from dirt collection on

the luminaire surfaces (including lamps). Thus, the
formula becomes:

Lamp Lumens X

CUXLLDX LDD

Maintained Fooleandles (Lux) =

Area in square
feet (meters)

where:
Cl = the Coeflicient of Ulilization
LLD = the Lamp Lumen Depreciation Faclor se-
lected from Table D-1
LDD = the Luminaire Dirt Depreciation Factor

selected from Fig. D-1
The lamp lumens in the formula are most con.
veniently taken as the lotal raled lumens in the lu.
minaire. and the area then becomes the area per
luminaire. Thus:
Lamp Lumens per Luminaijre X

CU X LLD X LDD

Maintained -
Footcandies (Lux) ™

Area per Luminaire in square
feet (melers)

or, if the desired footcandles (lux) are known, the

area per luminaire {and hence the spacing between

luminaires) to produce this illumination can be ob-

lained by:

Lamp Lumens per Luminaire 3
CUX LLDX LDD

Area per Lumi.
naire in square =
fect (meters) Maintained Fuotcandles (Lux)

A lightlag system can be designed with spacings be-

02
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Table D-1. Lamp Lumen Depreciation (LLD)
{Per cent of initial lumens produced at
———70-per-cent-of life*) - -~ —

Lamp Description | LLD Factor

Incandescent

General service 10150 W 1 91

250 to 500 W ¢
750 to 1500 W 85
Silver-bowl 200 to 500 W 7%
Reflector RaG 85
. RS2 and R97 8l
Projector PAR 38 to B4 84
Mercury
H33.22 KB 175w | - 8
H38.22 KC/C 175 W 83
H39.22 KC/W 175 W 75
H37.5 KB 250 W 85
H37-5 KC/C 250 W 83
H37-5 KC/W 20w | 73
H33-1CD 100 W 86
H33-1 GL/C 400 w 83
H331 GL/W 400 W 74
H35-15 GV 1000 W 77
H35-15 GW/C 1000 W 72
H36-15 GW/W 100 W 61
Hours per
Start
Fluorescent —_
6 12 13
Instant start 425 ma
Standard colors** 88 87 B85
Improved-color types®®* 8 80 78
Rapid start 430 ma
Standard colors** : 87 8 8
Improved-color types*** 81 80 79
Rapid start 800 ma
Standard colors®* 81 719 1N
Rapid start 1500 ma
Tubular** 76 14 12
Others** 70 68 64

* Factors shown are averages for groups of lamps at
design conditions and should be compensated 1o reflect
operations in the field, Improvements in lamp design are
beirng made so rapidly that it is important, for accuracy, to
consult the manufacturer's up-to-date statistics for the
particular lamp considered,

** Cool white, warm white, white, daytight,

**+* Defuxe cool white and deluxe warm white,

lween unils to npprowim'nc this area, but i{ the total
number of lumma:rcs is also desired, then:
Total Room Area

Total Number of Lutninaires = —
. Area Per Luminaire

For addition.:! information on illumination calcu-
lations, sce th- latest edition of the JES Lighting
Handbook..
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Figure D-1. Luminaire Dirt Depreciation factors (LDD) for six luminaire categories {} to Vi) and for five de-

grees of dirtiness.

Appendix E-—Power Supply and
Distribution for Floodlighting
Installations

The electric wility serving the sports lighting proj-
ect should be consulted as 1o the tvpe and rates for
service available, as well as rules for use of this
service before plans are developed for the wiring,

In many communities the installation of.wiring is
zoverned by local ordinances based on the National

Electric Code. In other communities provisions of
the Code mizht well be followed because the merits of
the Code are indicated by its widespread acceptance,

Wiring plans will normally be prepared by the
electrical enzineer, after consultation with the elec-
tric utility, giving due consideration to the various
factors involved such as service vollaze. line voltage
drop and veltage ratings of the lamps. These factors
should be given consideration in order to secure the
most eflective use of the complete installation.
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Suggested Form for Economic Analyses of Different Sports Lighting Systems

T

Appendix F

6 7 System
ITEM No. CALCULATION ! ! 1] 11
. llumination Calculations
1. Photometric Data Utilized xXYZ-4
2. Spacing of Poles or Area Being llluminated Feet or Square Feet 600 sq. ft.
3. Utilization Factor Decimai ’ 0.75
4, Light Loss Factor Decimal 0.60
] 5. Average Maintained Hlumination Footcandles 9
It. Initial Equipment Investment :
6. Luminaire Cat. No. xXYZ
7. Quantity of Luminaires 20
8. Net Cost, Luminaire, Each $100
9. Net Cost, Luminaires, Total (7)x (8) $2,000
10. Ballast Cat.-No. (if needed and not included in 6 QRS
above) '
11. Quantity Ballasts 10 (A)
12. Net Cost, Ballast, Each $40
13. Net Cost, Ballasts, Total x12) $400
14. Pole Cat. No. LMN
15. Quantity of Poles—and Mounting Height 2—50 ft.
16. Net Cost, Pole, Each, including brackets & mounting $500
accessories .
17. Net Cost, Poles, Total (15)x (16) $1,000
18. Net Cost, Pole Foundation, Each . $250
19. Net Cost, Poles & Foundation, Tota! (1H+(15)+(18) $1,500
20. Lamp Cat. No, PQR '
21. Quantity, Lamps per Luminaire 1
22 Quantity, Lamps (3% (21) 20
23. Net Cost, Lamp, Each | 520
24, Net Cost, Lamps, Total (22)X(23) $400
24, Transformers, Wire, Photocells, Switching, Miscel- $180 (B)
ltaneous Control, etc. :
26. Total injtial Equipment, Less Lamps O+ A+ (194 (25) $4,080
27. Total Initial Equipment, including Lamps (24)+(26) $4,480
28. Stores Charges (initial warehousing, etc.) $672 (C)
29. Totat Initial Equipmentinvestment 21+ (28) $5,152
30. Relative Initial Equipment Investment (29) = (lowest system value) 1.0
if), Initial Labor, Estimates
{includes Miscellaneous Hardware)
1. Pole Erection and Painting, Each $100
32. Luminaire (including its lamps), Each . $10
13, Ballast, Each $10
34. Net Labor, Polas, Luminaires & Ballasts (15)X G+ (NxX (324 (11)X (33) £500
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6 8 _ ) System
ITEM No. CALCULATION i wolm
35. Transformers, Wire, Photocells, Smtching. Misce!- $135 (D)
lanepus Control, etc. .
36. Total Initial Labor GIE5 $635
37.Tolal Initial Investment, Equipment, and Labor (29)+(36) $5,767
38. Relative Initial Investment (37) + (lowest system value) 1.0
39, DaMars Initial Investment per Footcandle @GN+ (15) $643
iV, Annual Costs
40. Walls per Luminaire 450
41. Total Watts of System {NX A0y 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, Demand Charge per Year, il Applicable . $40
45, Cost of Energy @ —per KWH — X (43) $324@ 3%
46. Total Energy Costs per Year (44)+(45) $364
47, Lamp Life Hours 16,000
48. Quantity Lamps Required per Year (MXR1X{(42)+ (47) 1.5
49, Net Cost, Lamps per Year, Total (23)x (48) $30
50, Energy plus Lamps per Year (46)+ (49) $354
Y. Annuzl Maintenance Labor & Materials
51. Cost of Labor Dollars/Manhour $5
52. Relamping Time per Luminaire Manhours 0.2
53. Number of Relampings per Year per Luminaire (42)+ (47) 0.075
54. Cost of Relamping System per Year, Labor Only I (5)X (52) % (53) $1.88
85. 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 (13X (51)X (55)% (56) $50
58. Painting Time per Pole Manhours 4
59. Number of Paintings per Year per Pole 1} 0.2 (E)
60. Cost of painting System per Year, Labor Only (19X (B1X (58X (59 $8
6l. Replacement Parts, Paint, Detergent, Etc. $40.80 (F)
62. Tota! Annual Maintenace. Labor and Materials, Less | (544 (57)4{60)+(61) $100.68
Lamps
63. Tota! Annual Costs, Including tamps, Energy & [ (50)+(62) $494.68
Maintenance
Vi. Annual Fixed Costs
64. Fixed Owning Costs $612 (G)
65. Total Annual Operating Costs (63)4(64) $1,106.68
66. Dollars Annual Operating Cost per Footcandle {65)+ (5) $122.9
Vil. Relative Costs of Light
67. Relative Dollar Total Initial Investment per Foot- | (39) + (lowest system voltage) 1.0
candle
68. Relative Dollar Annual Operating Costs per Foot- | (66) + (lowest system value) 1.0
candle

" Note: The values used in the following footnotes serve only to illustrate the method used and shouid not beinterpreted
as meaningful in the true economic sense..

A. Two-lamp ballast used.

B. Equipment costs estimated at $20 per connected KVA,

C. Storage cost estimated at 15% of total initial equipment cost.

D. Labor estimated at $15 per connected KVA,

E. Assumed Aluminum, Concrete, or Wood = 0; Steel 0.2.

F. Replacement parts, etc., estimated at 1% of total initial equipment, less lamp cost (26).
G. Fixed owning cost estimated as 15% of total initial equipment, less lamp cost (26).
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*Advisory

Introduction

The following represents a complete revision 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 IES
Sports Lighting Practice.* It is assumed that the

* Committee on Sports and Recreational Areas of the IES,
“Current recommended practice for sports and recreational
area lighting,” ILLUMINATING ENGINEERING, Vol. €4, No, 7,
July 1969, p. 457 (also available as a separate publication under
the IES designation RP-6).

Printed in the US.A.

- special consideration was given to surface reflectance, luminaire
distribution and mounting height, layout and recommended levels {o include
lighting for indoor exhibition (levels for the viewer).

user of this revision is also familiar with the previ-
ous publication which contains specific recommen-
dations associated with good lighting practice.

Indoor tennis courts*®

The area under consideration for indoor play
approximates 50 by 120 feet {15 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 minimum 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 [lluminating Engi-

neering Society, January 1975, as a Trensaction of the [ES,

* Replaces Paragraph 7.3.11 of the TES "Current recommended
practice for spurts and recreational area lighting.”
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footeandles (220 lux) for indoor lighting is the7 2ﬁned to a smaller area than sports like baseball

minimum requirement for normal play, 100 foot-
candles (1100 lux) or more may be necessary when
lighting for public attractions, competitive busi-
ness or exhibitions.

Figure 1* shows a typical layout for an indoor
lighting system with these special considerations:

(1) The choice of lamps and luminaires is criti-
cal and careful consideration should be given to
their selection (direct or indirect luminaires may
use any lamp, including fluorescent lamps).

{2) Luminaires in the back court may be tilted
slightly toward the back of the enclosure so that
the light source or its reflected image cannot be
seen from the opposite court.

{3) The number of squares in Fig. 1 do not nec-
essarily indicate quantities.

{4) Where courts are more than 18 feet (5.5 me-
ters) apart, two rows of luminaires are necessary.

{5) If guards on indirect luminaires are visible,
they may be finished flat black to reduce reflected
- glare.

" Quidoor tennis courls'
Being a fast aerial sport, outdoor tennis is con-

* Replaces Fig. 20 of the “Current recommended practice for
sports and recreational] aren lighting.”

*Replaces Paragraph 8.2.7 of the “Current recommended prac-
tice for sports and recreational area lighting.”

Figure 1. Recommended layout for Indoor tennis courl only.
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INDOOR TENNIS COURT ONLY

and football. In order to produce the best quality,
luminaire beam control and luminaire location
must be considered. Typicel ligh ' g systems for
various classes of play are illustrated in Fig. 2.

Side lighting of the courts, end-to-end, produces
the most acceptable results. Luminaires located at
the back court lines should provide beam control
that will cut off objectionable glare in the opposite
court. This can be done by directional aiming and
shielding of the light source. The mounting height
of uncontrolled luminaires should be considerably
greater than those providing beam control and
light source shielding.

The minimum mounting height for continuous
rows of luminaires along the sideline, provided by
cable mounting, is 25 feet (7.6 meters}. See Layout
1 for Messenger Cable Mounting in Fig. 2. For lu-
minaires mounted on messenger cable, the direct
light should be controlled with baffles, louvers or
other shielding techniques to reduce the possibili-
ty of glare that would distract the players. The
baffles should provide cutoff at 45 degrees ip the
direction of play.

For pole mounting, 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-corner poles
(see Fig. 2, layout 4 for Recreational Only).

Note: It 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 minimum mounting heights are
considered.

In the layouts of Fig. 2, the following should be
observed:

(1) Floodlights on corner 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 1ES “Current recommended practice for sports and recrea-
tional area lighting.”

Minimum mounting height frem floor

Indirectc

Class of play IES current recommended - Direct
—_— practice—footcandles {fux) ———— Between base lines Behind

Indoor maintained in serviced See noted and outside lines base lines
Recreational 20 (220}
Clubd 30 (320} 23 1t 16 ft 13 ft
Professional 50 (540) {7 m) {4.9m) (4 m)
Exhibitions 100 (1100) . :

8 Uniformity ratio of 2.0 to 1.0.

® Spacing (spacing-to-mounting height)—2.0 to 1.0 between rows.
€Spacing {spacing-to-distance from ceiling)—2.0 to 1.0 between luminaires in a row.

9 May be increased for commercial considerations.
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for the players, but also to confine the li‘ght to the

playing area when the courtls are in & residential
location._In any case, the. floodlnghtsxhould have

adequate shielding.

73

(2) Net or interior poles should have 20-foot
(6.1-meter) crossarms to provide a minimum spac-

ing of -16 feet-(4.9 meters) between floodlights-di-———

rected to the same court.

Figure 2, Recommanded layouts for outdoor tennls courts.

1ES current Unitormity Minlmum mounting height in
recommended practice— ratio feet {meters)
footcandies (lux) maximum- —_—

Class maintained in service to-minimum _Com'er - Intermediate
Tournament 30 (320) 2010 1.0 35 (10.7) 35(10.7)
Ciub 20 (220} 2.0t0 1.0 35 (10.7) 35 (10.7)
Recreational 10(110) 2010 1.0 35 (10.7) 35 (10.7)
Recreational only 10 (110 31t0l0 40 (12.2) {See notef))

O
K] o _ e
|_2FT(37 M) [RFT (37 M)
[Q v-c]' >
36 F"I' M
HM
| [ b by
k] (23] b
—— 120FT
: Q A ol L36.6 M}
6 FT 4 kd-sFr
11-8 M) 1.8 M)
=X <] (2 5] (= ]
[ §
—*— ] b o4 ]
 §
-—t—- < DA bl

y-NOT MORE THAN 10 FT (3 M)

LAYOUT |~RECREATIONAL, CLUB OR
TOURNAMENT PLAY
(MESSENGER CABLE MOUNTING®)

Special Notes

All floodlights should be IES Type 5 or 6, Class GP.
Floodlight symbol {7} does not indicate quantity of floodlights.
® Recommended pole locations.
© Alternate pole locations used only on outside courts. A
* These clearances are to be considered minimum, greater dis-
tances are desirable where space permits.
* Can be used for coin meter operation.
b Poles should be 30 feet (9.1 meters) or more high. -
¢ It is advisable to provide pads around poles that are not locat-
ed at the net line or corners.
d Where courts are less than 24 feet (7.3 meters) apart, the
poles should be located at the corners and net lines if center
poles are used.
* Poles located on the back court lines may have a davit arm Lo
Place the floodlights en the side of the courts.

Where enly four poles are installed (corners), they should be
40 feet {12.2 meters) or more high.

18.3M
'V—'L—‘— vy T
—23FT{Ls W}
I:Ln ts.r m/
WOFTIEaW) » }
L2 1 o
L - 3EFT 4l « 24 FY Jg—
fim}p ] Fr3m {
_'1'_ 120F7
] 136.8 u)
1PTI3T M) -l
A0
» LJ
ONE COURT’

SEE NOTES o,c,d,0

Tl
)
/———IZFTII.! L H
16 FT - l 8 F T =4
{nm) [LIL 1]
T
JOPTUSTIM) -
l- - — -
L]
RAFTIT.IM) f
40,
hat and
TwO COURTS

SEE NOTES ¢, 4,9

LAYOUT 2-TOURNAMENT PLAY
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L) —
q
an]  BrTeew  2FT T s ru . ] 74
[L.% 3¥)] rq‘__ [ / _\_ \ ]
MFH l o {-m r‘|‘1u T—B‘Gl .F‘T y

;’" M M) | ; .

f ? t'::.: LIE* ) - h]z ]
ry

2iFT (8400 '
N av,
f34rTUEEM 102 FT{31IM)
ONE COURT TWO COURTS
SEE NOTES 8, 4,0 SEE NOTES 4,0

LAYOUT 3~RECREATIONAL, GLUB OR TOURNAMENT PLAY

S4FT —+—-4a FT l': 102 FT ;]!
UESM) 1 (46 M) (311} Cag
Ll remt. ) v
- [} 12FT 21FT .
IZFTIMIMY  12FT{3.TMI (B7W) (64N 12FT(S7M)  R2FT(37TM)
38 FT 136 FT| | | 36 FT |
wiw x M Muim . (M} ¢
=
120F1 i
136.6M) T8 FT
123.0M)
2IFT(6.4M) }
ﬁ l_'b 7 h ‘ R _'A'E.
ONE COURT TWO COURTS
SEE NOTES o,0,p ' SEE NOTES a.p

LAYOUT 4—RECREATIONAL ONLY
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SYLVANlA OUTDOOR LIGHTING
21 Penn Street
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Current lllumination Recommendations® .

Innoducnon | | | In@ex

BRI AA ¥ih el AL

¢ X = Touwnamaent ', =
. 1 -Recraational- : .
AxIop 1 iy ibg] Championship
The puirpoge bE this bulletin | "' g e il - Protessional o 200
mw*-':umhuuoq:‘ly”s"u;’m Th < y ‘Amateur 100
. o ofaspoy _
1 included m . 3 : See Football :,
" be considersd -cuphbh. bt £ -
saments .\ o Pier
ity |mtllllﬁoﬂa.'n 3 i
" _ - 10
For uth'U 5, . e
”n u:t & custom ﬂ?ﬁng ' : ; Infinid
R or combination ..
. v - 20
ites” B
O i T e ‘Tndtria SoflboWFoo - ' 20
your tocal Sylvanis represen tagd 9 {ll'l'dl.ulrial Suﬂ - 20
vania distributor. P . ‘5
X 2§ Yarget, Tournamant | 50 T
1 - . Target, Recreationad - o
£ feltn - Shoating Line, Tourfament 20 ¥
. 7 A Shoolmg Line, R-cmum - 10
3 . See Seating
30
20 .-
10 .
E,. infiatg- -
3 - 0
. o ‘
3 - 0
; Infieid -
A 15¢ 150
¥ goasted for sxisting couct. - 70
H '«cﬁnn duicant & Metalarc 5 - ‘ o
£ B . hed — : . 3
P anc & Sami-Pra & Mumclpll -~ 20
3 Recreationsl Tl o i - - 15
Combination with Footbill Ses Combination
4 +Coliwge & Prolessional ‘ 50
. “Coliege & Inlranuﬂl & quh School 30
i' g L Rectvationat - i
- “Bathiog Baaches S On Land - ] SR
E. ok st U SR80 trom Shore - : »r
: o m‘l’r-:t B s L See Racing
: B s ¥ F. Tournamant o 50 -
21" Recreational 30 -
| L
3 proaih-
L LH Ldney Ping
‘ Tournament . : 10 20 50" -
: Recreabional ' 10 {4 ¥ .-
F {For visual Considerations)
! Tournament . 70 130 2007 .-
4 Racraation : 50 n 150" -
{For public allradlnn & increasad
business consuderations)
- - OreQuarter Mile Teack =7, Tournament - - 10
L incandescent & Metalarc 5” s Recreational . - 5 -
P . ’ R 1nes, Rink X -
Towmnamant 94 30 -
Recreational 20 10 -
i Peey gt See Ra 3 .




Current lllumination Recommendations* Curent lllumination Recommendations®

Sport

AT . L L

Crat el

Foottall
{Regulation,
Rugby or Soccer)

Classification Index:
Distanca from
neareit sideline
ta farthest row of
spxctators.

Chass I1: 50-100" .
Class HI: 30.50° -
Class IV: unaer 3. =

Clast V: no fixed mﬂng
Combination with b

ok
LS -t
Ticfites ]

Football, Six-Man

High Schoot or Colleg
Jr, High School or R

{Field (180" x 300"
Hockey

Golt Tew
Fairwiry
Green
. Driving Range
Miniatura
Practica Putting
SR
Gymnatiums Exhibilions, Matches 5V T
General Exarcising &ﬁﬂ"lﬁm
Assemblies S an
Dances I NSy
Locker & Shower Riims
Audienca Ssating . "0,
Handbal Taurpamaent
— Four Wall or Ctub .
Squaky Recrastionat
— Tweo-Court Club
Recreationa) -
Hockay g 2%

College or High Scm?’jﬁ

Professignal or Coll lp

+ Firing »5

- Points

[ A I I I

A
ol

:.See Handball

Ice (85" x 200} I 50
Amateur . 30
Recreational . O jo0*
- Harse Shows Courts Tournament 50
Recieational 30
T 70
+ Horse Shows — 50
I Jai Atai Protessional 30
| Amaleur 20
! Lacrane Sk —
* Ping Pong : -, Sue Fable Yennls
- Playgrounds - E = , ) : - )
- Volley Ball Tournament ‘ -
Putting Greens - . - Retruational —
Guoits - Wrastling : x- See Boxing
Racing Aulo " v .
- Bicycle Tournament * = . 9
Compalitive f N Et
Recreational Toon . R . - * . R
Dog T1 %L evels based on Pplayer dut spectator visibility = telecasting of oLhar special cunsiderations may require higher lavels Tl

Dragitnp — Staging Area™ -
Acceleration 1,320
Decaleration, flrst 660"
Deceleration, second 6607
Snutdown, 8200 . .-

Harse

Moltor {madget or motorcycle)

. 'lumﬂlummpu square faot of watsr surface. 7' .
of

“Ritla {50 Yardy)

Finng
Pointy Range | Targets
10 5 50¥

“Rifie & Pital

Firing
Points | Range | Targats
20 10 100~

“of illumination,.

Bfoatcandies vertlcal, at 80 teat for Bail Casting; 50 feat for wat or dry-Hy casting. . L
€5 tootcandles vertical, &l 200 yards and 10 foalcandies horlzontal, over tes area, .
930 fooicandias vertical, on trap target at 100 feet, . |
*30 footcandies vartical, on skost target st 60 test .

Class | Jr, Leagua Basaball inctudes Litile League, Little Boys League. Khoury League, etc.
SClass |1 Jr. League Basabalt includes Pony League, Bigger League, elc.
Pakl valuss represent minmum maintaned Hlumination in a3 horizontal plana uiless othe wisa indicated.
Yillumination on & vertica plane,




Base. _..i Baseball

Incandescent Systems Metalarc Systems

ay i w.

Thivy gl

o

I,
:

gl

(ot o
e _\_-16,000 Hours)

4 HiFfono.

il 1081212
3 bR D"

Dwmansions
w= 30- 60
X = 40'- ag

Yo 20- 30

Z = 130180 B
Baselines of 90)

o
.
L. W ln
INCANDESCENT SYSTEM — A:muésq 3
'er Pole +°
Polas Mounting ;
. Adaprer | MIS00;
Min.i 211061217 | Totat | A100-222 | BUHOR
Mntg 1 3 3 2
Class Dwsig- | Qnty. Hgt. 3 . s & 8
A 2 4 L 3 3 -3
Recrea: B8 2 Kl
I c 4 70 - 12 30 30 3(:
Totat [ 52, g ; &
A 2 0 2 a % s
Semi-Pro & 8 2 o
Municipak [ 4 ' 22 40 40 Cg
d : 3 5 5 .
Total 8 ; N 6 . 10 10 10 .
" A 2 ;g 5 3 5 5 - g
c-D 2 '
g ] 70 30 50 50 50 ‘
5 8 8 8 Cis
fowry 8 . 12 16 16 16 . R
o 2 o 5 8 8 8 1304 | - C.
A .
# [ 4 90 54 a6 80 80 130.40 | 30
Total 9 14 14 14 22.83
o > ; A 1o 20 28 28 28 45.66
AAAA a FA e 9 Ia 14 ia_ | 22.83
AAA .
C 4 L Total |. . , R 54 130 140 140 73
o dg .
Tot | 8 124 £ I NOTES: 1, Mimimum haight from playing fisid 1o battom Hoodlight crossarm,
MOTES: 1. Muumum height fram playing field to botlond floodiight ¢femsarm, i- E:"‘n';;soi:::':' are Li(::::t iar‘:.oa. 240, 277 or 480 voll ballasi - 1eler 16 page 35. ]
. t 1 Laga, I { ] L .
; t:'l:f:nfez'o?f.'ﬂe:uffpl.or*n:ﬂ:m:°' D o . 4, Load based on 1.085 KW per 1000 watt fixture and 1.63 KW per 1500 Watt frature.
4. Foolcandle tevels cunlorm 1o 1ES recommendations. | e . 5. Footcandie laveis conform to JES recommendatiuns.
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Baseball/ Class 1l - Junior League i
Incandescent & Metalarc Systems ‘
H

I

JIncandescent & Metalarc Systems

‘Baseball/ Class 1 - Junior League

,‘(r-*}: f H
! R
- |
Cs
Ji
{Bawlings jonger than 60 ”
naup 1o 737
b 7 3.7
INCANDESCENT SYSTEM — 1 ATT !
Foles .. 7
' Min. X, {4
- Moty |
Class Daslg. | Qaty. Hegt.
A 2 50 t
n 8., 2 500 ;
C 4 60" {3 - 1
-
Total 8 | AHRERE L e s
NOTES: §. Minimum height from playlng TRld-ta 60 i !
vottaga, 3. Lmdhudml%,ﬂl_ ’ f
e L g i
METALARC SYSTEM — 1000 WAT] g\ et LNy 1
Polms
3 Min.!
Mntg.
Class Dailg. | Qnty. Hgt,
A 2 50 - 2R TG ‘
1] B8 2 50 NOTES: 1, Minimum haight from playing fletd to battom floadlight crossarm. I
c 4 60" ‘;;‘Zq Lamps to be operated at 10% pwer' rated voltage.
. . tA.} Load based on 174 HOW pér fia e -
Total 8 : g 1 4, Footcandie levels re binedt on tES yeEo dationy, ™
NOTES: 1. Munimum haight trom 4 K : - — -
240, 277 and 480 volt ballasts X" k; | METALARC SYSTEM — 1000 WA Lamp Life — 10,000 Hours
KW per fixture. 5, Fool Lroxd . - I"m SYSTAM- n“w e . .
i K R ’ Floodlights s0d Batlasts Accas. per B
METALARC — 1500 WATT {Ratad | T e Pola -
‘1.5- . Min,? Y Mounting L i .
Poles I Mntg. | HIF1000-108 | - Adapter Lamp? Kwt In | Out.
I = — —— Hat. -"121%. - | Towl | A100-222 | M1000/BU-HOR Load | Fled [ Field
- AL o 3 g - =
Moty "HIF15005T ] Out- 40’ NN 3 3 3 3zss| - T
Cans | owig | anty. | wat S100-021%4 ] Totnt Flatd o 8 s 5 I BT I
A ? 56 = 3 ] 3 . - - ‘
" B 5 et P s ~|"7s Tatal 24 24 24 24 26040 | 30 | 20
c 4 60" . 3 3 S N R - A - .
™ " - ’ NOTES: 1. Minimum height trom playing fisld to boltom ligadighl ciaywsam, ) . o
Totat 8 2 10 — 30 30 30 48.30 39 2. ' . = 2, Ballasts shawn are 120 volt, For 208, 240, 277 and 480 vuil Lallasts refer ta page 35, IR A
NOTES: ). Minimwn height from playing lisd to bottom flcodlight crossarm, 2. Ballasts shown are 120 vort, For 208, 3. 'Load basad on 1.085 KW per tixture, " PO . A SO
240, 277 and 480 volt ballasts raler to 35, 3, Lamps operated 41 normal voltage, 4, Load bamd on 1.63 Kw * S Footcandi levels ars based on |ES recommandations. . . .- L | R
per hatue, S Footcandie levals are b on 1ES recommendations. R - 7 —— e T P T — - — VR —. g-..m:l..




- S N 8 ve 1 gt

Softball RGN 1000 WALE FETHRE 000 and 10
A Py . Acesascriéds
par Pole
Incandescent Systems
\ ZD‘:*WQq  Mounting | Lamesk
Adapier | MA00S -
A100.222| BU-HOR
3
El
5
24
2
4
2
20
2
5
k]
+ 26
3
c 7
. 4
kL
3
?
4
6
a4
. 9
6
50
€
Class { 10
Recreational A 12 ' CEE &
200’ Outfweld| B -2 ! 5G: 56
6Pole D .2 ] B
Layoul* = . &
Total 6 P I N 15
A 2 H AN 8’
Industeial® * a8 2 . et s 74
200" Qutheld C 4 bl LS
Totm | 8 a4 Aot
A 2 6 . ] Im'}
Ingustial®* ] 2 10 HR T
240 Quttimal  C 4 7
Total 8 60
A 2 . 8 PR
tnaustioars > a 2 ‘14 . 'soo- ‘ ' i
240’ Qutheid C 4 110  AHIF1500-108-1212 | Tatai { A100-222]{BU-HO Losd |Flabd| Fiuld
Total a 80 0 2 2 : i
L .2 5 5
A 2 1 3 3
Serrn-Pro 7] 2
240' Qutheid C 4 -8 26 26
Tolat a g é'! 2
A 2 2. 4 4
Semr-Pro B . 2
280" Oulbield C 4 _14 34 34
Total 8 0. 3 4
A |2 3 I
of. a8 2
w40 Guihen C L it EL:] k23
Tota: a 0 4 4
1 6 0 1o
A 2 14 14 2436 . . P 6 I
Pt B 2 30 *3Q 52.20
180 Gutheld [ 4 18 ‘18 31.32 28 57 52
T Ty piidl - X N K
. utal { H . 160 160 ] 278.40] 50 | 30 1. Minkmum height from playing fisid to bottom crossarm, :
HOTES: L. Munmum heght from playng tieid to botlom crossarm, .- - - - 2 Bamm shown ars 120 valt, or 208, ZAQ‘Z 77 and 480 vou bailust - reler 1o pag- .15.
2. Lamps tu be operated 4 T0% over ratad voitage. A . Y . E ot normal .
3. £oad based on 1.74 KW per fixture, w- 7T - wAno for slow piich recreationat play bl!-dﬂﬂ ‘555KW per ?"ﬁ.’#r‘"ﬁ. o . T L
4. Foulcandie leveis basad 1 1 " *a par, i ture. - - *
& vels ‘asu on IES recommandations’ i Atso for slow pllth loumamenl play 1630 KW bt 1500 wratt fixiare: N A; Atso tor stow p"d”xmt phoy
- g ° ‘ 3 *A




MOUNTING HEIGHT . | .
?ELf?mnciEf}?:n Football/ standard Layout Football |
mounting heyght from
bels 10 bottom

110001ght Crossaem. | d nt Metalarc System '
" ncandescent & yste Sn Four Pole System

N R L] =

-
Ty
R

BRL 2N

Floodilghts | Mounting

ang Ballails | adapter
per Pole A100.222

e F]

] w20 20
TIAL3 3

% 30 30 -

= - .--:. T '3"5
»( ¥ 1;

i AEpneE e

e

R 4
i ?
C . . § -y 32
Class Setback Poles | Mgt 4 : d T 3 H’.,'?:_ln
v 15'-30" 10 LYY -1 e - - A
Total 10 i A ; Lt 3 e ,..% L
W i5-30 T4 (N B X3 hacs. “Hibciians crossum. z.-snmpwqu ot
2 1 i Wcmeralm alnnrmll M LA q &
Total 10 B Lt A _ Vdations, . b
1 050 .| 8 (I T ~ |3 :
.- Total ] SRR Yo aked §I0)
" 507 8 il R R
Total a E : 7.4
n 75'-100° 6 i 5 :,;‘.i-,
Total 6 ¥, 28
1 10071407 6 - 7
Total [ 1
PR “!.
*Sea Mounting Height Salctor Chart ;

s 1
1
NOTES: . Minimum height from to bol
voitage. 3, Load based on x-f"ﬁapwn;m
gl

x“

METALARC SYSTEMS — 1000 wA
Qnty. | Mmin2 :
. of Mntg. . :
Class Sathack Poles Hgt. ALD0-222 .
v 15730° 10 . HrFlmlos-ln . 3 3 -3~ i ([
- Total 10 1-1{}\17;8-.4- Ay 30 - 5308 . J i
LY 15-30° 10 . 2 *“‘E,r% Accet. par Pols o i
Total 10 b I SR TS 80 - L~ 1B rhml hits | Mounting L-m EE 3
— - - ﬁg@ - i ‘sad Batlasts | Adapter Kwe | :
n 30750 8 - HlFlMerﬁ 8 [inye i % por Pole | AV00.222 au-uob( ‘Load i
Total 8 " g 54 6 . e 4.753_100; YRS Klﬁ (D-lol 121 8 . 8 13.04 f
H 9075 8 - HIFIO(I)-IDS-IZI 14 4 N s | T otel - Hred & - AL - 32 3z 32 52.18 :
Totai 8 i 112 j12- . 112152 “75%-100° - ¢, . 100" -HlFlﬂDD'lO!-lZ] 12 12 12 19.56 E
t 75100 6 - HIF 1009-101-121 22 22 | 2387 N -1 Total - i N AR 48 48 43 78.24 {
Total & - . 132 132 14322 ) 50 i) 1a100. 100" |- '#M1F1500-101-121 16 15 16 26.08 . ) .
] 100°-140° & . HIF1000-101-121 48 48 52.08 _ Jotal .: T E 64 64 64 104 .32 HEWT I o
i
Total [ il 288 288 :312,48 100 SIS-100° f- 100" |.HtF1500-101-121 20 20 20 12.60 © i
*See Muuring Haght Seiector Chart b - o : : . Tota) SRR 80 80 a0 130.40 50 ) i
NOTES: |. Munmum hewht fram playing fild to bottom Noodlight cressarm, 2, Ballsh shm ara 120 volt. For 208, ' b
24y, 2774 and 480 voit Datlast refer 10 page 35. X Lampi operatec ot nom'nlwitup 4 Load w on 1, 085 Kw :

NOTES; l: Fr—— h!ig‘h-t from playle, :fhld to bottom Hogdhght ciussism. 2. Ballasts shown are 120 wot For 208,71
7' 240, 277 snd 480 voit batiast ¢ b page 35 1 Lamops operated ot normal watlage. 4, Load baades I slIKW 3

per Tixlure, 5. Foolcandle vails based an FES rlcomm.naations R
- ~ __l_}!tul.‘ﬁ.\, qulcanau oy hud on IES T Crumandatione.

o o~ A




) f .
Combination Municipal Baseball and Football Combination Football and Softball

¥ : ; :
, A i.man'il-mo rTA-nnrr-u_ ‘
- et ' oty rl'. 2
4, . H
\ 364 FT- L
o Y Lo 1
DIMENSIONS - 2 N, ' 160 ) -
X = 4080 o A P
Y - 20300 7 I
Aoy ; Z ILLUIIINATION' Y : 1
[N 4 rT E 20 Foolcandles maintained basebati h'mdd 1
:'m‘ - e 15 Foalcandies mantained Basebalf oy ttisd | o nﬂl f s;:{:::::::;z: 2
T H L .
30 FT.- e . 15 Footcandies nul.mallh.d tootbail tiald b m-bh 100 tbal field .
INCANDESCENT SYSTEM — 1500 WATT (Rnn’ Lanp Llh 300 Hours) ; [
Tetal Accatsories L-m tlfl — 300 Hours)
Folas Total FloodHgirts p- Pole'~ Bessbalt i1 . per Pols PNy =
Min, b y = .| Total Accassore . a -
ooy 5 o) R : et ot 4.
siq. | Qnty. | Het, 1500 | Laowd- 5 X ‘4 '} Mdapier |Lsmpt
A 2 [ o - A100-222] 1500
) 7 | 1o z s
C 4 1 14
Tow [ 8 10 H
NOTES: |, Minimum height from paying ndu" 3 100
2. Lamngs Lo be operated at 10% owar 7l ! oy N t crosasm.
3. .
T e
SRR Ldu — 10,000 Hours)
"Total Accesories . el ey I Totst Accessarion aee
in. ¥ A La 3 M ti 3
. Moty ’ Sth Adsptar |M10007] . Kwe LIRSS Adapter u?a‘&’:; Kiwd
Desiy. | Qaty. | Hyt. |HIF1000-108-1212 mnmm&mx Totel] A100-2228U-HOR] Load Dasly A100-222BU-HOR| Lo Foouull Omiy L sudd
A F 707 3 EFDERN | 6:1-v 6 [3 6.51 A 3 F] 1.255
B 2 70 [ Y 12 | =12 12 [1302 a ’ ? 1.595 L .39
I3 & 0 3 Y 6. & s .51 [ 4 4 4.340 4 4.340
Tola 3 26 Y &0 80 60 55.10 Total a4 s jarran 3a 41.230 |}
NOTES: |, Minimum heighl from ptayng fiekd to bottom foodlight crasssrm. Minimum height t 1 t m. )
2, Baliasts shown e 120 voit. For 208, 240, 277 and 430 voll ballasts rafer (0 pog- 35, NOTS: ;_ B;lnluu shorm :.’m’:&?au&mng;:;ﬂ:gg 'g:ﬁ:““, 1aler to page 35, . :
| 3. Lamps oparsied st nocmal watlage, Tzoht vay . 5 KW
. 4. Load basd on 1.085 KW per Aature. - 10" 105 Rt ' IIF? & Coad bated on 1,025 KW b habere. -
% Fooilcandia javels are based on IES mr—mnhm. Ly . _;. Foclunﬂu I-uuun based on JES ratinmmendations. . 1
METALARC SYSTEM — 1500 WA'I'T {Retand L.'np Lm 21,500 Hourt} e METALARC SYSTEM = 1500 WATT (Rxtad Lamp Life — 1,500 Hours)
Total Accesoriea - .-
Pules pac Pals s ; i Cf pol " Total Floodlights per Pole— Sompau | 7914 Accmories
Min. 1 - | Mounting] Lamp? |Basstatt] Tatal Floodiights} Foétball Mint ; KR Mounting] Lamp? |Softbull | Total Floodlights | Footbes
Mnty. ; | | Adapter [MIs00;| Kwa U for KW 1 . Motg.] - CT Adspier |M15007] Kwe Usad fos Kt
Desg. [ Qnty. | Het, [HIF1500-108:1212 HlFlSW-'O‘-?ZI? Yotal| A100-222{BU-HOR]| Lo Footbat! Oniy Load Desy. | Qnty.| Het, |HIFI1500- 1041212 | HIF1500-106-1212] Total| AV00-2228U.HOR Load Foatball Oaly Load
A 2 o FH F] 4 4 4 6.52 ' A 2 | ar 7 - F] T ] 1.26
s | 2 | 1o 3 s ) s 2 | 1304 s nu 1JHe] =210 3 2 3 E 2 | 8as 5 —
c + [ o F] 2 ) a 4| 652 + 5.52 H {3 6| wr 2 i 3 3 3 1 s 3 4
Tatal | 8 18 22 40 | 4o 40| 6s.20 3z 52.16 HFew ] 10 z L 2 i 3z_| 5216 28 4564
HOTES: 1. Muimum h t hroen ol tigid t t + [ NOTES: 1. Minimum height lrom playing lisld to botlom Noodhgnt cras,aini.
2. Balll;u‘s‘ mo::r‘..'nzo U;I';ml"ol“.'.’un‘.'h‘oou?;'l':.::‘gg v:rl?::l'lr:‘th ratar {0 page 35. ! o 2. Ballasts snown are 120 voit. For 208, 240, 277 and 48U voik butiayLreles 10 page 35,
A Lamps oparated ol normal wattoge, 3 - & Lamps cperated at normal waitsge. -
4. Luad bared on 1.63 KW per fiatyrs. & posebased on 1.63 K per faburs.
5, - : ¥

. Foolcandie levals a8 based on ES rxamml.luu s L

e R

LR TR PPN fpe PR

.2



SELekTon AR Soccer/ standard Layout Soccer !
Chat showang nwvinium
muuntingteigne lrom

Lttt Lo LOtlun :
S T osdtant i, Incandescent & Metalarc Systems Four Pole System _
FE
i 1t A 2 2 ‘,' 3
i % 1 e Nt o
E 111 1y genevaity Son irdinae s . e ‘nts
J tors and the plary. m He. Ay ““ﬂ: 3 ¥ Battasts
) mecussmdﬂwﬂﬂgrwulnmonw ’ 2 Hgt A rp Pole
mhnguoamyultm;tnmssh JI? 2 ] ot T N AT
i u ~ \‘-"' H\,"‘ M B ¥ by
ks | -
'y bt ; ¥
; £ H k-
4 N N,
1 - 4 = ey
Class | Setvack. | b i — Ll
Y el A o from ol &"z. Batlasts Sim, pit, 450 H
Total .-}.7- & o " . al normal it A * 'W‘; “ 53 | .
v 1830 - 3 . . et L IR
Total - - .} T
" 3034 o
i -Total 7. i
Il 50078, R
TotM.. - |- )
i 751000
Tois " .
- 1 100'- 140" X
Totai

*Sen Mounting Hrighl Seloctor CH
NOTES: 1. Minlmurs heigh! from
3. Load based on 1.74

METALARC — 1000 WATT (Ray
§ <
- 1A
i Acces. per Pols .
Mounting | Lam S -9
¥ Adnnl-' msﬁ Kwd” ,
L A100-222 | BU-HO Load . ]
L ol if 100° ~t-unmo-wi HY 8 8 8 13.04
5 i - T 32 32 32 $316
DA T, 5 100’ .le.lsoolm 121 12 12 12 19.56
8 PIEY000-106-TRI N : R a8 48 48 78,24
IO TN g z 2
] HA TR . P 100° | _HIF1300-101-12] 16 16 16| 25.08
n 6 mr[ 101?']75 - — o co 1T Toes? \
—_f_To ] i3 100° |. HIF1500-101-121 20 20 20 3260 | -
[ |4 1a0” 3 . mﬂmlm 121 - a0 80 80 130.40 :
fotal 6 e 3 5 S . 4
3 . 1 P . Y . - - . [T
f “oee Mounting Heignt Sgtectar Charl B .,.-:’-;u(!: y *"Minimum beight trom 4 ekt ﬁ bottom crossarm. 2. Lllasts shown are 120 valr, Fnr 205 2 277ama | 4
NOTES: | Mirmum beght from playing flqn [ % bouut 430 volL beflasts. — reter AR AT Lampy are operated at nuimal wﬂtlpl 4 Lcud baud on 1 Kw‘pw .
! 4850 volt ballasts ~= safer (o pige 38," X Lampy sre Ntwre. 6 -Footcanale evers B recommendations e L ey
{

hixture, 5, Footcandle Jevels bas.d o {ES m:ommmdgtl
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Tennis - Qutdoor Tennis - Outdoor

Club

r‘-,.

PR

e

o

2
- .

5 e .
(iamp Lits — 1000 Hours)
Clast Qnty. '::::‘::'
Toumament A 4 Aloo-322
! Court B 2 e 2 z
Tolal 6 3
Townament L] 4 14
2 Court -] [] z
[ 1 3
Totat 3 L L]
LN AELATY [ 253028 2
 oregal vol [FEC ey o

NOTES: |, Manimum mounting
2. Lamps 10 ba operated
3. Load based on 1.5 KW piet fiwture. - - -

on h.irlll‘lﬂn h'ﬂl'bldloboltnmcrmwm
op:lanl'oda wm_'_ .

ekt b ronsam,
TR
B - &

4. Foolcandie level based on 1E5 recommen Ronits 1 1 ERRe ok 00 1.5 KW pur fixtuew, : -l e
T T ey & Footcandis leveh bised on LES facommendations. :
! METALARC — 1000 WATT (Hlu'lt.np Life — 10,000 Hours) | T - - R ]
!_ — X e . METAUARC <. 400 WATT (Rated Lumyp Lits — 15,000 Hours) I
. e = . P . .
7l e U] Flaodigats SRR .
X sod Balts ! o MI. 2 3 emd Ballasts - s . S
A . v | - n.. R Polad aunting - 3
Clons 4 permote T Cadspte [T mntg O Adapter Kw : -
Desiy. | Qnly. ‘1 HwoFteoo-1212 . A100-222 | M1000/80 - Hetd | HDFa00-121 A100-222 ' .
Tournament A 4 | .- 1 T ) -r.o8s 3% F] 2 10 :
1 Counrt ) 2 2 D2 2,170 35" 3 3 3 1.265
Tolal 3 = 3 a ] 5.680 1 14 a 14 6.370 . .20
Tuuw nahent A 4 . N .
wr hhatian 33 1 1 1 1.085 ) L 35 2 2 2 910 - t
2 Coust 8 a 35 2 H 2 2.170 L ETS 3 3 3 1.36% :
[ 1 3% 4 4 4 4.340 ) y 35 3 [ & 2.7130 i
Tota E] 16 16 16 17.360 30 - Tolat 9 26 26 26 . 15.830 20 *
HOTES: b Mirnmum mounling height from playing lisd te battom crossarm. i b i i
. W mou! haigh: R H
3-‘ E:l:;:soﬁ:?.;t:t::::“l' 23 vosl. For 208, 240, 271 and 480 volt bahasts — "f-' 1o page 35. ',‘OTES' }.. Ba':'.';‘:"mo-n':l.n?m'ﬂ:; 13?1"!3":’33.'3‘.'3,';‘;";"3.".7“4;2,"11‘.1'2.,..,“ — rafar 10 page 35. -
Iy - .o - 3 Lamps opersied at nocmal wal ta
: t__md b:':ld Ion 1.08% KW par finfure, T ) - AL based on 455 KW per looq\:'ull tinture. !
. Foottindis lgvels bised on 1£S recommaendations. .o i LN 3, Footcandis Wveals based on IES racommendations '
g el o o 9 — P = gy - s = - - - - - "
o — -



Tennis - Qutdoor Tennis - Outdoor ,

Suggesled Dyout Tor exelng Counts whese |
pru‘le I(L:IJL'EI'IIL'III Delween COwls s nol Club Or TOU rnarrlent . -
prac con } N Recreational Piay |
3 N :
g
4
" .‘F'\
&
» . N
‘; ;&
Club C . ; k. % .

1 Court Total-.
Club R -
2Courts = RO
o fe Total |
Tournament [;.C:
1 Caurt ' Yolal

Townament {2.. O
2Courts” PTE -
" Yol
. Minimum height from

. Lamps to be cpersisd st

1
2
3. toad based on 1.5 Kw
4, Footcandie lavels

HOTES:

Mounting
Pole - -1, Adapter
V200-104 - ANOD-222

METALARC — 400 AND 1000 WA
Polna

“Clasy Dasiy. | Gnty.
Ciub [

1 Court Towd
Ctub D

r

4
4
2 Court 13 2 Mounting
Totat & Adapter
Tuuinament C 4 wr—
1 Cpurt Told 4 > HDF400-12)2 A100-222
Tournament D 4 2 >
2 Court £ 2 : P - 8 B
Totah 6 e st - 14 T.14 7.1 15190 © 30 ' Y - 4 4
MOTES: 1. Muimum neight trom pwmmnwm: ouarm. s e - b J 16 16
2. Ballasts shown above are 120 volt, Fu 20!.240 217 .nﬂ uo »oit allasts -wuq'u lnpql 3. :
3. Lamps cperated at normal w, . . v . m‘rﬁ| 1 rlllmmum ehounting haight from playing field 10 botlom crussarm, . . -]
4. Load based on 455 KW per wat fixture. s 2. Bakasts shown are for 120 voit, For 208, 240, 277 and 480 it Lullasts  rater L0 page 35, .t
1.085 K par LOOO watt tixhwre. - . . l{t oparated at normat waltage. & Lyt -
4. Foolcandis levels sre based o0 IES recommandal & w on 455 KW par fixture, e, !
;- 3 FOOIcendie Wvals based on tES r-:omrrnnditlons W

=



Tennis - Indoor

Indirecf System

Fintures

mounted on

Unistrut

8¢

O0O00O0000C0C

ks
1 o § »
- rarid

0.

o

0.0:(

.:l

000000000

0 0.

4]

Tennis - Indoor

Indirect System

T“T"T'T‘ T"T T 'T“A

""C.‘ 9,6 00,0 00

:

oooonooodf’x

I.mm:ll
(Mutature)” *
Fixture with MI10007 - | 400/
' - integral Ballast* :]+] - BD
- [VE-21-5-1-1000-120-C-IM 24 creiv 1 26040
.2} N6-21-5.2-900-120-C- 1M ,
¥521.5-1-400-1 20-C-1M -
Lamps? .
B {Metalarc) < =
Fixture with MIDOO; | Ma0Dy | KW?Z 1 Foottandims3
Integral Ballast! BD an
—"33‘.: V5.21-51.1000-120-C 1M 38
P41 38 5 L V2 1-6-2.400-120-C-1M
38, ] V5-21-5.1400-120-C.1M
Lampsd :
(Metatarc) -
Fixturs with M 1000/ M40/ ww Faotcandias?
Inisgrat Ballastd BD 80 Load Maintasined
V5.21.5.1-1000-120.Cim{ 52 56.420 100 -
V5-21-5-2-400-120-C-1M los 47,320 .3 &0
V5-21.5-1-400-120-C-1M 52 | es0 | (¢ 30
N A
Lamps! :
(Muatalarc) .
Fixture with Mi1000/ MA00; wKwi Footcandies?
Integral Ballast* BD BD Losd Maintainad
Ewxhibitfon 1-3 66 {V5-21-5-1-1000-120-C-1M 66 FL.610 100
Tournament 18 66 V5.21-5-2.400-} 20-C.iM 112 &0.06 60
3 Club and Recraational 16" &6 V5-21-5-1-400-120-C-1m .66 30.030 30
NOTES: 1. Lamps operated at normal watt 2, Load bated on 1.08% KW per 000 watt and 455 KW par 400 |
. wilt lamp (includes bailass loss). 3. Fooltandie levels based un 1ES recommandations, 4. Ballats shown
we 120 voll. For 208, 240, 277 or 480 volt baliasis — reter {0 paye 4,




Tennis - Indoor Tennis - Indoor

. Direct System Direct System

22

: M'ﬂ""‘ 4*' ot
»u‘T—n'-cr-.w-T-u-r-uT— ¢—T-a- o
1 T T l'
0 (8] c © o] T
i
(P [ CP ol ¢ o [d o1+ ;
wr i
o b ~_+
3 =~ [0 |
' .- J L 1o o {91t tdt—of 1+t i
METALARC H ;
:| - SYSTEMS ! +—+ :
400 and 1000 Watt $ v
- (Ratsd Lamp Lits — $ - Pl 19 @] |1¢__ ¢ *—-}r :
15,000 and 10,000 Hours .
. ) Hours) o0 o 0 O o0 o o {4
.| SINGLE COURT x FOUR COURT LAYDUT 1
Lamps! . .
| * {Mutalarc) ~
- Flature with MI1000/ M40/ Kw2 | Footoandles?
yntegrat Balisst BU-HOR | BU-HOR | Losd | staintained
V5 21-W-1.]1000-120-C 4 15.190 100,
el VER21W-2-400.120-C 28 .| 12.740 &0
J14 L] ws21-w-1406-120C 14 5.370 L)
o |
LIli .
- i (Metalarc) . i
4 Fintura with Micoo; | maoo/ Kwi | Footcandiesd'}’
t - } integral Batiasts | BU-HOR | BU-HOR | Load | Maimtsined |
Exhibition V5-21-W-1-1000-120.C 28 38.380 100'
il Townament 20-30r | 28 W5-21-W-2-400-120-C 56 25.480 [T )
Ciub and Recraational -3 | 28 V5-21-W-1-400-120-C 28 12.740 3a,
i THREE COURTS Coe . |
l ; Lampst ‘
. . . (Mstalarc) ;

N ! R e ) Mountiag Fixture with MiD00; MA00; w2 Footcandiss?
" Class Height | anty. Integeal Ballast+ BU-HOR | BU-HOR | Losd | Msintsined
t Exhibition - & - 0300 [ 42 | ws.21-w-1-1000.120C 42 45.570 100 |

| ¢ Tournameni - 20300 | a2 W5.2]-W-2-400-120C B4 38.220 60 |
{ " Club and Recsationsl 2030 2 V521:W.1-400:120-C a2 19.110 30 |
i I
! FOUR COURTS . - ,
i :
I N Lamps? ;
! - . {Melalarc) ;
t . : - ’ Mounting Finturs with MIOOO; | MO0/ Kwi | Footcandin?
i Class Haight | Gety. tntegral Ballast® BU-HOR | BU-HOR | Load Maintsingd
i Exhibition 20.300 | 56 V5-21-W-1-1000-120-C 56 60.760 100
b B Toumament 20" 30 56 V5.2 |-W-2-400-120.C 112 50.960 60
. : o A Ciub and Recrsalional 20°-30° 56 Vv5-21-W-1-400-120-C 56 25.480 30
: + THREE COURT LAYOUT NOTES: 1. Lamps operated at aormal waitage, ;
. - 2. Load basad on 1.085 KW per 1000 walt lamp and 455 KW per 400 watt lamp (ncliuoes balkasl 1033).
3. Footcandle levels based on lES recommandations. '
s e Hasts shown ara 120 voit For 208, 240, 277 of 480 valt Lalissts - refer to page 35,

¢




Basketball - Qutdoor Courts Basketball - indoor '

%
b

.y
= d

INCANDESCENT ~ 1500 WAT Y.}

e
Poles

- Mounting
Adppter

Crass Desig. anty.

Recteational T A 4

% T .
ATT (Rated Lamp Lifs — 10,000 Hours) 4
e 7 1 B e - Lampst 1. Y
[ B ;Ei‘ . . % (Metatare) .|+ SO &
. ‘Fixtwe with - MI000/ | - MADD; Kw2 Footrandies
Intogead Ballast® - [ BU-HOR | BU-HOR | Losd | Maimtained3
| ¥5-21-W-2.1000-D-120 32 s Wl 34,720 1 7 100
" {vs2iw2-1000.0120 36 {39060 | 100+
Chass Daslg. V5-21-W.1.1000-D-120 16 © | 12,360 50
Hecreatundl A V5-21-W-1-1000-0-120 18 19.530 S04
Total tntramuesd
— L. B | and High Schoot
SonE iq . 25-35° 16 W2 -D-
NOTES: 1. Minlmum height from oy : : } » p— - - V5-21.W-2.400-D-120 32 14.560 10
2. Lamps oparated al normal Gntm : by h -4 : 1. Lamps opevated at normal wattage
3. Lamps oparated at normal, 1 ' EIREY £ . 2. )
3 Losd bated an 1.5 KW peg GRE 1900 et W per HOF 400 !!m%ﬁ ¥ : 2 l;:ao?:!:m F:"ll;ok?‘s“»:\ﬁﬁgti&o;“a&l:;%;:? -455 KW per 400 watt lamp [includes ballast loss),
2' ;:3:&"3:;::';:.';'20 ‘»olt.-'h 208, 28CRTF m‘;il.ballam _-“'-';w ST ' o " 4. Sepacats circuit for highiighting baskst area of main COUrt during gamas,
. y ot "“’!H‘--’l b Pondeiioh R R o, ST a % . 5. Batlasts shown ars 120 volt. For 208, 240, 277 or 480 volt pailosis -- refer to page 35. j i
H o S S
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Hockey - Indoor Hockey - Outdoor Ice Rinks ¥

P L vy

‘.§¢ T ‘!‘
v
Total Accassoiles’
Ny per Pole
L . MQunting BN i
i) 3 Adapter Lampd Kwd
A100-222 1500 . | Lo

.. 3 3 B I 7'5'2"20

MERGL 2. L | 2 .2
A 200 © 20 :
7 5 l’@i{.‘,":,.:: - 4
QO s :
3z . 32
107 "0
a 10
80 B0
JELPrY \»,- -
-.&.a. . %
. .}'ﬁ Tolal Accassorlas
&:’k Badlasts per Pole
- par Pole . .
Mounlting 2 Bl .
HIFA00- | HIF1000- | Adapter Mago; | mMI0007 K Footcandies® |
uwIle $06-121% { A100-222 | BU-HOR | BU-HOR | Load Maintained |
B 3 a 1.365
3 3 . 1.365
ST 24 24 10.920
2! 2 2 2,170
g 4 2 2 21710
Mounting
Clans Halght BU-HOR R 16 16 6 17.360
. . . N s
Prutesnional & College 2030 {2177 | vB-21-W-2-1000-120C A2 [N . 5 5 5 5,425
Amateur 2030 | .21 | v$21.W-1-1000-120-C 21 a a 4 .340
Recteational 2073 21 V52 ) -W-2-400-120-C © 42 Q ' d - 36 36 36 395.060 50
g : ! INOTES: ; Minimum height from playing fisld 1o bottorn Crossaim. " .
:-' - . LAMOs Opers: 110% ted voltage. -
NOTES: 1. Lamps operaled at normal -m.&. includes b-lilut : - : 3 Lamps BDOFI::: :' nmn:‘l’:':u“.w B f i
2. 1,00d based ;’.’1,‘,,“:,5,,'2,“;,."",'55',",“0‘,';',?,‘,,';“" ;2: 55 KO par 400 watt lamg (Inclu . o B o .4 Load based on 1.74 KW per GPF 1900 fixture 455 KW par HIF 306 lixture and 1.085 KW per HIF1000 fixtwre. |
4. Bailasts shown ara 120 voit, For 208, 240, 277 or 480 voit ballasts — reter to p.g- as, . : i7" 5. Foalcandia levels are based on IES recommandations, -;
— - — — e — 6. Ballasls shown are 120 voli. For 208, 240, 2 /7 or 480 volt baliasls -~ ieler to page 35, . -




30

Skeet Shooting

Trap Shooting

LOCATED AT B
; LDAC COVERAGE OF UNITS

L —— e

B e T Tl U IO ——

i i et

. ph
Desiy. Qnty. Hagt, GPF1500-101 - ADO-227
A F] 20 LA 4

Total 2 G 8 -8

NOTES: 1. Minimum height from playing field to bottom |loodllv|l CTOYsarmm,
2, LLamps operaled 3t 10% over rated volhn
3. Load based on L.74 KW par fixturse.
&

- Footcangle tevels conform 10 IES rec

METALARC — 1000 WATT (Rated Lamp Life — 10,000 Hours)

. Footcanding?

Tatsl Total Accessories '
Potes Floodlighty . par Pole .
- and Ballasts . Horlz. N
Min.1 pet Pola Mounting Yo on
Mntg. Adapter Lamps?d Firing Target
Oesig. Gnty Hat. HIF100C-106-12)2 Al00-222 M1000/BU-HOR Load ‘Point ot 60°
A 2 20 2 2-. 2 2.17 -
Totad 2 4 g 4 4 4.34 - 30
™ .
NOTLS: 1. Minimum haght trom playing field to bottom lloudtlghl CLOSAFM, il “

2, Ballasts shown are 120 volt, For 208, 240, 277, or 489 voit ballasty ~ rlf-( to w 35. .
3

Lamps operaled al normal watiage.

4. Load based on 1.085 KW per finture.

5. Footcandie levels conform to IES rucommundalions.

—
[~

LOCATED ATA

s

. Total Total Accessories - Fostcandbes®
S Floodlights - par Pole jntsi
and Hait Horiz. [ Ve,
pw Pole . Mounting [ 3 on
Adapter Eamps? s Firing Taget
H HIF 1000-106-1212 Al1D0-222 MI10600/8U-HOR Load Poimt » 100
N 2 4 2 2 217 B
¥ 2 2 2 217 .
' Y + 3 4.34 5 30

'-Hlnimum h.lgm from play.ng {leld 1o battom Hoodtight crossaim,
2, Baitusts shown are 120 volt, For 208, 240, 277 or 480 volt Dallusls -~ refer to paga 35,
- 3.4Lanps aparstad at normal wattage.
) ‘.ﬂ.n.d basad'on §.085 KW per fxture,
Fm Mvets conform to LES recommendations.




Combination Skeet and Trap

kg
aE
I REE £
AVEHAGEJ?L« _“_’\”‘:‘-‘ 1

~~ TRAP HIT AREA? -71\‘3?9;

-

- Al
ik
LEGITIMATE; RN
/'rmurn .,
»  DESt 2
Y, TRA \
ARGETS <

BOUNDARY
STAKE
5
K(e;r‘l
g
SKEET HT s A
DISTANCE I T
MARKER
skeer BT
HIGH :
HOUSE 2
SKEET STATIONS
FTAAP STATIONS

Dasig. qQny. Hll
A 2 20"
Total 2

_NOTES: 1. Minimum hmight from puyina fisld to bonom u'
2. Lamgs oparated 3t LO% over rated voltage, '
3. Load based on 1,74 KW per fixturs. | - IR
4, Footcandle levels conform m IES m:ocmmndlilom. [+

Incandescent & Metalarc Systems

Golf Driving Range

IR T, o

Accessaries par Pole

Mounting o N
Adagter Lamp? ‘KW | Faotcandiert
Totsl | AVOD-222 1500 Losd By intalned
B A ) 6 9.0 ' | 10 horizontat
o laws v
6.0

24 - 24 24 5 vartical ol
- . 200 yds.
Vit - ‘
,h‘nm playing atd to bomm CrosAnm, '
ated at normal -olhp |
: m el KW por fixtare, - - | -
1 TF .\vd flooalight qumtluu hisnd on |ES recommendations, | -

;,gono WATT {Reted ump Life — 10,000 Hours)

pav Poie .

Accesorins par Pols

‘GPF... Mounting Lamp? . '
\nnn-m- . Adapter M1 000/ MWt | Footcamdiee®
1212 | Total | ALOD-222 BU-HOR Losd Maintained

e ) [] 4 434 ] 10 hoeibontal

8 16

16

16

(WLmlpLﬂn

1,600 Hours) I

METALARC — 1000 WATT (Rlud I..-mp Li‘h-—- 10,000 Hour!l
< Totel Accessories
Poles ... T _ pePFola
Min.i Mounting ‘
Mntg. T Adapter Lampsd -
Detig. Gnty. Hgt. HIF 1000:106-1217 A100-222 M 1000/8U-HOR
A 2 20" 2 2 2
Total 2 4 4 .- 4
NOTES: F, Minimum heght trom playing fald to bottom ilooaliﬂ“ Crossarm. .

f N
2, Baitasly shown sre 120 volt, For 208, 240, 277 or 480 -ou batiasis — refer Lo page 35.
3. Lamps uperaied at normal wallage. .
4. Load bised on | 085 KW par fixture.

5. Foolcandle levals conform o IES ucomrmndnlm

b

4. Load based on 1.085 KW pev 1000 walt fixlure and 1.630 KW per 1500 watl finture,
5. Footcandle levels are baved on IES recommendations.

'.'.hﬂ"'ﬂh and Baltests pay Pols Accessaries per Pole  *. L,
Ay AT e Mouniing LT
A HIFI500- | HIF1500- | HIFI500- Adapter Lamp? L4 ] Focicamiies®
‘| 1os-113 61292 101-0212 | Total A100-222 { M1500/BU-HOR Load Mai d
b 1 1 3 3 3 4.8%0 | 10 nocirontat | -
L.t on tems .
I a N 12 1z 12 19.560 | 5 verticar | |
T at 200 yos. J
NOTES: L. Minimum height from playing fisld to battom crosserm. l
2. Ballasts shown are 120 vait. For 208, 240, 277 and 480 volt béliavts - saler to pége 35, ! 0
v 1 3. Lamps are operated at normal wattage. ~




. - fm e

Racing - 1/4 Mile Auto Track

INCANDESCENT — 1500 WATT {

’ Total Accessories |
Polas 4 : por Pote « Aa;.?‘.’;‘n

Min.1 "_ 1 Mounting

Mntg. Adapter

Class Desig. | Qnty. Hgt. A100-222
LA 3 [} <ot B D]
Reguistion B 2 40" 8 8
[3 13 a9 , 8 L8
Tolat 144 -, “lad

METALARC — 1000 WATT (Rated Lamip Life 10,000 Hours)

. Floodfiights

L
" Total Accassorias

. : pw Pale
Moutting .
Mntg, Adupter Lamps?
Class Desig. | Gnty. Het. HIF1000-1048-T21¢ | aypg-222 | MI000/BU-HOR
A k] 49" 4 . 4 4 -
Regulétion [:3 2 40' By ) 47 .
c - 13 a4y S A 4
Total 72

‘12 12

METALARC -~ 1500 WATT [Rated Lamp Life ~ 1,500 Hours)

‘Tohl Awl;l

and 1630 KW per HIF 1500 fixturs, - - .

o

I

Foutcandle tevels ara based on IES rmnr;indations. - B
u. Ballast shuwn are 120 voit, For 208, 240, 277 or 480 voll batasts — rafer

foles .
; . Pola
Min, ! | - Mouming .
Mntg. B T 0 “Adagter Lamy
Class Deslyg. | Qnty. Hat. | HIF1500-106-1218 | AJ00.222 | M1000/BU-HO!
A 3 40" e - 3 3 3
Hegulalion B 2 40 L 3- 3 k]
C 13 40" 3 -3 . k]
Tolal 54 54 54
HOTES: L. Mimmum height from playing field 10 bottom crossarm.
2. Lamgps operaled at 10% over rated vollage,
3. Lamps opeiated at normat wattage, [ e S
4. Load based on £.740 KW per GPF 1500 fixtura, 1.085 KW per HIF 1000 fixture”

S e g dgm n -

Application Products

HIF SERIES

For additional information
refer 1o Builetin 3106-20

HDF SERIES

For additional information
refer to Bulfetin = 106-8

VANGUARD-5 SERIES

\#.

For additional information

refer 1o Bulletin #103-34

F
|
]
)

For additional information
rafer to Bulletin #103-36

VOLTAGE OPTIONS VOLTAGE OPTIONS .
Typical Yoltags Typical Valtage !
Catalog No. Sultix Vﬂ“_l_’:“ Calalog No. Sutfin Vollage R
HIF1500- 121 820 HDF § DOO. 121 120 N
123 208 123 208 :
122 240 122 240 )
124 277 124 277 .
125 480 125 480 :

INDIRECT VANGUARD-5 SERIES

VOLTAGE OPTIONS VOLTAGE OPTIONS

Inspct Tnsard
Typical Dasired Typical Davred

Calaleg No. Volsge | Catalog Mg. Vola

' V5-21-5-1-1000-120-C 120 V5-2)1-5-1-1000-120-C-1M 120

. - T |

! 240 240
217 217 .

480 480

GPF SERIES

- e e : -
T . 2 B

For additional information

refer to Bulletin 8106-5
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MOUNTING ADAPTER 7A100-222
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~ APENDICES

APENDICE2 =~ '~

NORMAS DEL D.D.F.

+ Normas para levantamientos topograficos y localizacidn de postes y arbo-
tantes para alumbrado publico/Direccién General de Servicios Urbanos/Sec-
cidbn de Normas y Especificaciones/Octubre de 1973,

¢ Normas de Obra Civil/Direccion General de Servicios Urbanos/Seccion de
" Normas y Especificaciones/Oc¢tubre de 1963—Noviembre de 1974,

¢ NORMAS PARA LEVANTAMIENTO TOPOGRAFICO Y LOCALIZA.
CION DE POSTES Y ARBOTANTES PARA ALUMBRADO PUBLICO.

1. LEVANTAMIENTO PARA POSTES DE ALUMBRADOC PUBLICO : 381
1.' GENERALIDADES

1.1 Informacion preliminar

.

" Al topbgrafo designado para el levantamiento topogréfico de una Red de Alumbrado
Publico, se le debera proporcionar la informacién completa, acerca de la localizacion
general de los puntos iniciales y terminales de la_Red de Alumbrado PUblico, del tipo de
- postes, levantamiento de primera o de sequnda importancia, segun parrafos 2.1 y 2.2,
datos que seran comunicados por la Ofna. de Alumbrado Pablico. '

1.2 Reconocimiento de terreno

El topografo proceddrd iunio con un representante de la Ofna. de Alumbrado Pablico un
reconocimiento del posible trazo, teniendo en cuenta los siguientes puntos:

.1.2.1 Tipo de levantamiento por efectusr.
1.2.2 . Fijacién de puntos obligados.

1.2.3 Evitar en lo posible accidentes topogréficos.

1.2.4 Considerar la localizacidn que parercan convenientes por razones técnicas o por
facilidades de paso. .
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1.2.5 [Indicar las alternativas que parezcan convenjentes por razones técnicas o por faci-
lidades de paso, . ) .

1.3 Trazo preliminar

Realizado el reconocimiento general del terreno, se efectuard un trazo preliminar sin de-
talles, que permitan a la Oficina de Alumbrado Publico formarse una idea aproximada, de
la localizagion, direccion y longitud de l1a futura red de Alumbradoe Piblico,

E! trazo se indicara en un croquis que contenga ademés:

1.3.1 Los terrenos atravesados y dificultades encontradas.
1.3.2 Lascalles que toca el trazo y la cercania a otras. -

1.3.3 Lineas eléctricas, de telecomunicacién, cruzadas o paralelss al trazo a una distan-
cia menor de 100 mts, & cada lado de la red de alumbrado publico.

1.3.4 Obstdculos que condicione el trazo (casss, cantaras propierades cerradas, etc.).

382 El croquis se elaborard a una escala de 1:______* para redes de alumbrade plblico de
Km. delongitudy 1: ________ para mayores.

1.4 Recomendaciones para el trazo,

Durante el reconocimiento y el estudio para el trazo, el topbHgrafo deberd tener presente
las recomendaciones siguientes:

1.4.1 Realizar alineamientos lo més largo posible y evitar dngulos grandes,

‘1.4.2 Al localizar los vértices, es Importante tener presente el tipo de poste con obje-
1o de dejar el espacio necesario para las bases, y evitar interferencias con cer-
cas lineas, de fuerza, caminos, etc. ’

1.4.3 Todos los cruzamientos de la red de alumbrado con las lineas de comunicacién
de potencia, FF.CC., carreteras y caminos se deben efectuar en dngulo recto o tan
cerca del gngulo recto como ses posible y evitar hacerlo a menos de 45°,

1.4.4 No implantar postes en cruzamientos con las vias férreas, caminos y calles a una
distancia inferior a Iz altura de poste que se estime instalar.

1.4.5 Se deberd evitar en lo posible localizar el trazo en laderas que pueda deslizarse o
en terrenos de rellenc o blando, En caso contrario deberd anotar en los planos res-
pectivos,

* En 10d0s 103 casos en qua figure Escala 1‘:, data 031 a especificar,
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2. " LEVANTAMIENTO DEFINITIVO e R AU
2.1 Levantamientos de primera importancia,

Se ejecutard el levantamiento con transito y cinta por lo que respecta a ptanimetria y con
nivel fijo o el transito utilizdndolo como nivel, por lo que respecta a altimetria.

2.2 Levantamijento de segunda importancia

Se usara el método estadimétrico, comprobando las lecturas hacia atras y hacia adelante,
para cerciorarse de que las distancias no se exceden de las tolerancias marcadas por el
mismo método v las permitidas por la aproximacién de! aparato usado.

2.3 El método de caminamiento sera:

23.1 Azimutes astronémicos directos, referidos 8 un meridiano fijo que pasa por el
punto de partida. '

232 Caminamientos por deflexiones.

De estos dos métodos se recornienda el primero, por ser mas sencillo y tener menos proba-
bilidades de su error, ' '

2.4 Trazo definitivo. ) o _ 0

La disposicién de! trazo se hara con ayuda de estacas de estacién numerada y centradas en
- cantidad de cinco por cada 200 metros cuando menos. La cabeza de la estaca se pintara
de amarillo para su facil identificacidén. En caso de que el terreno sea de pavimento se eje-
cutarad una marca en el mismo color rojo, marcando el centro del mismo,

24.1 La red de alumbrado deberd pasar por.los puntos del trazo preliminar, excepto
con las modificaciones que en su caso indique la Ofna. de Alumbrado Publico.

25 Linderos de propiedades, A S . C e

Los linderos de las propiedades se deben de localizar en el punto del cruce, debiendo de
registrar la siguiente informacion:

- 2.5. 1. Distancia del lindero a la esra&i&n mds oercana de.l. t.raz.a. )

252 Rumbo del h'ndero.. o
253 Nombrey direcc:.'én del;oropielfario. A Lot
26 Edificio y obstrucciones,

vt e -

Se deben describir completamente y ligar topograficamente todos los edificios arboles de

15 05 80
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altura considerable v obstrucciones similares, que estén dentro de 5 metros de la red de
slumbrado piblice,

2,7 Vérticesy daﬂaxionés.

‘La Iinea del levantamiento en el plano, se debe mostrar interrumpida en los vértices y se-

falar con una flecha apuntando a derecha o izquierda, segln el giro del éngulo,

En todos los vértices en el plano se debe indicar la estacidn nimero que le corresponda,
8s{ como la magnitud del 4ngulo en grados y minutos y el kilometraje correspondiente,

Se debera determinar el rumbo de las redes. - - T , .
28 Datos adicionales en el perfil.

A lo largo del caminamiento, se tomardn puntos intermedios entre las estaciones consecu-
tivas, de preferencia en los Jugares en que cambie la pendiente del terreno, ¥ con menor
detalle en los puntos prominentes, asi como en fas hondanadas.

Estas observaciones, se haran con detalles de cunsideracidn en calles, carreteras, vias fe-
rreas, lineas de energia eléctrica telefénica, o telegrificas, etc,

2.9 Cruzamientos I I
2 9.1 Ferrocérriles. - . C e ey BRI :

8) Nombre del ferrocarril y su sentido. sy

b) Estacion y kilometraje en el eje de las vias, - e

¢) Angulo de interseccibn, '
" d) Elevacion de los rieles, ‘

e) Kilometraje de la via férrea en el punt-o cruzado.

f) Altura de los conductores telegraficos cruzados superior e inferior,

g) Distancia a la estructura de telégrafos en cada lado de la Interseccidn,

h) Cuando !a red sigue paralela al ferrocarril, se debe dar la distancia desde el eje del
levantamiento, hasta los linderos de los derechos de via. En troncal o espuela, se
deberd indicar el kilometraje de la via principal en el entronque v la Iongltud del

_ entronque o espuela al cruce con el trazo. :

29.2 Callesy carreteras.

Se deben localizar todos los cruzamientos con calles y carreteras, registrando la siguiente
informacion:

#) Nombre de la carretera.
b) Estacién en el eje de la calle. L s e

160580



DRSO Y S .

e e e T e S “APENDICES S

6

~ ¢) Angulo de interseccion. R T e e
d} Ancho de! derecho de vis, i ) .
e} Tipo de la superficie de rodamiento (asfaltc terracena tierra etc, )
f} Ancho entre los acotamientos,
g) Elevacibn tanto del centro como de los acotamientos.
h) Se debe indicar si la carretera es primaria, secundaria o camino vecinal,

i) Cuando ¢l trazo vaya paralelo a la calle o carretera, se debe dar 1a distancia del
' eje del levantamiento a las cercas de los derechos de v/a. :

29.3 Lineas de energia y comunicacién,

En los planos génerales de tocalizacion del trazo, se deben mostrar todas las iineas de
energia, de teléfono, de telégrafo y de sefiales, incluyendo 1as Iineas de comunicacién de
los ferrocarriles, que queden dentro de 5 metros a los lados de la red de alumbrado,

Se deben localizar todos los cruzamientos de las lineas de energfa y de comunicacién re-
gistrandose |a siguiente informacién:

a) Nombre de la Linea.-
b) Estacion en la interseccidn del eje,
c} Angulo de interseccion. :
- d) Distancia del eje de |a red en cada lado de la interseccnén
e) Namero de alambres que se cruzan. .
f) Voltaje, tipo de servicio (teléfono, energia, telégrafo, etc)). .

294 Canales. - ' '

TSR

Se deben localizar todos los canales, y drenes, registréndose la siguiente informacién:

a} Estacién a la sltura de la superficie del canal.
b} Estacién en las orillas del canal. e

2.10 Leventamiento do alternstivas o modificacionas

Cuando se tengan que elaborar levantamientos para modificaciones o alternativas, se de-
" beré registrar la siguiente informacién:

a) Estac:on del trazo definitivo con el kilometraje exacto en el punto de partida y
llegada de 12 moditicacion. .

b) Angulo y direccion de la deflexion de los puntos de partiday Ilegada
c) Elevacion de las estaciones de los puntos de partida y liegada.

La diferencia de cotas entre el levantamiento original y la modificacidn deberdn ser las
mismas. ' '

" 150580
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Asf mismo deberd registrar toda la Informacién indicada para el trazo definitivo, .
2.11 Derechos de via de Ia red de alumbrado pablico

Es importante que al efectuar un levantamiento se vigile que 1a faja de terrenos corres.
pondiente al derecho de via, no invada otros derechos de via o bien a construcciones de....
cualquier indole, salve casos extremos, eén cuyo caso se localizaran en |a planta de! trazo
para que fa oficina de alumbrado pablico juzgue si es mas conveniente desplazar o cam-
biar la direccibn del trazo,

A continuacién se indica el ancho de via, empleada en la red de alumbrado pablico. -

. 2,12 Registro de campo

~ Se usarén libretas de trénsito para registrar las notas del alineamiento, los puntos de refe-

rencia y la informacion relativa.

Se usarén Yibretas de nivel para registrar todas las notas de nivel, banco§ de nivel perma-
nentes, asl como suxiliares.

En las respectivas libretas deberédn indicarse los siguientes datos:

a) Constantes de estadia correspondientes al aparato empleado en el levantamiento,
b} Altura de! instrumento sobre 1a sstaca. ‘

¢} Lectura directa en el estadal.

d) Angulos horizontales y verticales,

¢) Distancias horizontales calculadas.

f) Desniveles calculados,

g) Elevacién correspondiente a cada estacion de trénsito.

h} Rumbo magnético observado para cada lado de la poligonal.

1} Croquis indicando la configuracién general del terreno y posicion relativa de los
puntos Intermedios y de detalle.

Todas fas anotaclones hechas en el registro de campo deberin ser de fécil interpretacion
para en caso necesario, facilitar la relocalizacién en el terreno de los datos contenidos
en dicho registro. El topografo hard entrega de las libretas de registro del levantamiento
en la oficina de alumbrado publico.

2.13 Nivelaciones .

Siempre que sea posible; todos los niveles se deben referir at nivel del mar.,

Las niveiaciones se trazardn abiertas, d_et_)ién'dose cerrar en los bancos establecidos por el
Gobierno (FF.CC., caminos, etc.) , siempre que sea posible.
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En el caso en que no haya bancos de nivel oficiales para ligar las nivelaciones y comprobar
jos resultados, se debe recurrir a procedimientos de comprobacidn de las nivelaciones que
el topdgrafo juzgue més conveniente,

E! interés principal es obtener desniveles relativos exactos.

En terrenos en donde se encuentren dificultades en |as nwelacmnes se pueden usar méto-
dos de estadia a 1unc|o del topbgrafo,

3

3.1

ELABORACION DE PLANOS
Planos de conjunto

a) E! plano de conjunto se dibujaré en papel albanene v a tinta, donde se mostrard
el alineamiento de la localizacién final, el plano se dibujard en hojas de___cm
usando tantas hojas como sea necesarlo o

b) Escalas. ' e o
Se dibujaré a una escalade 1: ' o

¢} Simbolos.

3.2

Se usarén los simbolos convencionales que se muestran en la tabla No. 1.

d) Se completara el plano, agregando los datos del levantamiento de la red de alum-
brado como son: deflexiones {N(imero progresivo, 4ngulo indicando si es dere-
cho o izquierdo y Kilometraje), cruzamientos con kilometraje rumbos, tipos de
terreno atravesado y principales calles cercanas, asi como cualquier detalle de
importancia que facilite la identificacién del trazo, se indicard ademas el kilome-
traje total final de la red.

e) Se indicard claramente la orientacién de referencia, asl como Ia correccmn entre

el norte magnético y el ‘norte geogréfico.

.’.! .

Ptanos de planta y perfil

a) La planta y perfil se dibujerdn en las hojas recomendadas por 1a oficina de alum-
brado publico.

b} Al empezar la primera parte de cada perfil, deberdn incluirse 30 metros de perfil
de la hoja anterior.

¢) Deberd verificarse |s igualdad de elevaciones y kilométraié de los perfiles en la
continuacién de las hojas adyacentes,

d) Escalas.
Los perfiles y ptantas se dibujarén siempre a las suguuentes escalas; .
Vertical: 1! .
Horizontal t: : -

e) Se dibujara una flecha sencilla que indique el norte geogréfnco ]unto a cada tan-
gente del plano sobre dicha tangente.

150580
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f) En el cuadro de la parte inferior derechs se indicaré e! titulo de la red, as{ como
el kilometraje progresivo que contenga cada hoja.

Se usard el mismo nimero de planc para todas las hojas indicando el nimero co-
rrespondiente de cada hoja con relacién al nimero total de hojas.

g} Todos los planos contendrén claramente la fecha, nombre del topégrafo v su
firma.

h} Una vez elaborados los planos el Topégrafo obtendra la firma del supervisor en
cada plano, lo cual indicaré que han sido revisados y aprobados por et mismo.

Planos de cruzamientos
R

a) Los planos de cruzamientos con FF.CC,, se presentardn en tela calca y entinta-
dos. ' ' :
b} Escalas,
Las escalas que se usardn siempre son:
Vertical 1:
Horizontal 1:

c} Cada plano mostrard los datos que se requieran en ef pirrafo 2.4.1. No se marca-
ra el derecho de via. )

d) En todo plano de cruzamiento deber indicarse el Norte geografico representan-
dolo por una flecha, la cua! se dibujard hacia arriba aungue para elio sea necesa-

rio invertir el sentido del levantamiento y no sea coincidente con los planos de
planta y perfil,

II. LOCALIZACION DE ESTRUCTURAS

1.

150580

LOS PLANOS DELAPERFIL PARA LOCALIZAR LOS POSTES DEBERAN TE-
NER INFORMACION SUFICIENTE, LA CUAL HA SIDO INDICADA EN PA-
RRAFOS ANTERIORES.

EN EL CAMPGC, EN ALGUNOS CASOS PUEDE SER NECESARIO CAMBIAR LA
LOCALIZACION PROYECTADA DE LOS POSTES PARA SATISFACER LOS
REQUISITOS DE CONSTRUCCION. EL DESPLAZAMIENTO SERA RAZONA.
BLE, DONDE NO OCASIONE MODIFICAR LA REPARTICION DE LOS POSTES
ADYACENTES,

PARA LOS DESPLAZAMIENTOS DE MAXIMA CONSIDERACION SE DEBERA
CONSULTAR CON LA OFICINA DE ALUMBRADO PUBLICO.,

LA LOCALIZACION DE CADA POSTE SE DEBE EFECTUAR DESDE LA ES-
TACION MAS CERCANA BIEN DEFINIDA,

LOS POSTES SE LOCALIZARAN POR MEDIO DE UNA ESTACA COLOCADA
A UN METRO ADELANTE DEL EJE DEL POSTE SIGUIENDO EL SENTIDO
DE LA LINEA,



6. . SEEVITARAINSTALAR POSTES EN LOS SIGUIENTES PUNTOS:

- a) Dentro de los derechos de via de Ioi FF.CC., carreteras v calles,
b} En lugares de peceso dificil, e me =

6, ANTES DE EFECTUAR LA LOCALIZACION DE POSTES SE VERIFICARA
QUE EL PERFIL DEL TERRENO COINCIDA EN TODOS SUS DETALLES CON
. LOINDICADO EN LOS PLANOS.
DE ENCONTRARSE CUALQUIER DISCREPANCIA SE REPORTARA AL SU-
PERVISOR DE LA OFICINA DE ALUMBRADO PUBLICO, QUIEN DECIDIRA
LOPROCEDENTE, .

NOTAIMPORTANTE et

Por ningdn motivo se aceptadn rmbalas topograﬁcos que no hayan sido efecutados de
conformidad con lo anterior, no planos que no contengan la informacion indicada en és-
tas nonmas y Sus anexos.
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TABLA {

SIMBOLOS CONVENCIONALES B

$i1GND

N D M B R E

e X{ds

o 2008060655IRNNR B34

-£

ARBOTANTE ESFERICO

ARBOTANTE COLONIAL

CADLES

COMBINACION CENTRO OE CAROA CONTROL
DUCTO DE CONCRETO €N BANQUETA

2 DUCTOS DE CONCRETO EN ARROYO
FLUORESCENTES 40 / 80 {Wwatts)
FLUO!!E!C[N’TE! 50 ( Wetis) ]

FLUORESCENTES 110/120 { Watts)

FLUORESCENTES 150 { warts}
INCANDESCENTE 18 { Wotts)
{NCANDESCENTE 13 { wanis) .
INCANDESCENTE 40 { Wetts )
INCANDESCENTE 80 { Warts)
INCAKDESCENTE 78 { Watts)
{NCANDESCENTE 100 {wotis}
{NCANDESCENTE i50 { Wetts)
INCANDESCENTE 200  (Wotts)
INCANDESCENRTE 300 (Wotne)
INCANDESCENT £ 800 (Wetta)
WCANDESCENTE oo { watts )

INCANCESCENTE 2000 {W=ere)
LAMPARA PAR
MUFA DE CIA. DE LUT ¥ FUEREA

NUMERQ OEL CIRCUITO / NUMERD DE
LANPARAS

POSTE ORNAMENTAL SENCILLO

@@E@BOQG@D@4G<)£®O@O®I

POSTE SEMI ORNAMENTAL

POSTE TIPG JARDIN

POSTE TIFO COLONIAL"

POSTE TIPO CUADRADO

POSTE HENAGONAL 20000

POSTE TIPO YISTA IN

POSTE ORNAMENTAL DOBLE MENSULA
REFLECTOR DE CUARZO

REFLECTOR TIPO CANON

REFLECTOR DE MERCURID
REFLECTOR DC 80010

REGISTRO DE CAMBIO DE DIRECCION
REGISTRO PARA CRUCE EN ARROYOD
SODIO BAJA PRESION 138 {worta)
S0DIO BAJA PRESION zﬁo {waetts)
80010 ALTA PRESION 1000 { wotts )}
VAPOR OE MERGURIO 178  { watts)
YAPOR DE MERCURIO zﬁo { wotts}
VAPOR DE MERCURIO 400 { wotts}
VAPCA DE MERCURID. T00 (waits)

VAPOR DE MERCURIO 1000 (watts)

150580
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TABLA 1
SIGNO NOMBRE
————— - — LINEAS BAJA TENSION 3 WILOS
_———O— LINEAS BAJA TENSION 4 HILOS
o : ’ POSTE DE CONCRETO OE 30' O MENOS
o _ POSTE DE CONCRETO DE 35' O MAS
| - 4 POSTE DE MADERA DE 35' O MAS
& TRANSFORMADOR EN POSTE DE ACERO
N\ — FUSIBLE
" .
. - FUSIBLE DESCONECTADOR
TRANSFORMADOR € 20/6
"ALUMBRADO PUBLICO MULTIPLE
SIGNO
- NOMBRE
AEREOD SUBTERRANEQ
———— | &— & 2 HILOS ALIMENTACION
. o § s 3 HILOS .
. - 2 ALIMENTACIONES | CONTROL
ALUMBRADO PUBLICO SERIE
SIGNOQ
NOMBRE
AERED SUBTERRANED
— e | TTETT | HILO 6.6 . AMP
Y S W _——é——‘ 2 HILOS 6.6 AMP

15 05 80
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o NORMAS DE OBRA CIVIL.

L DUCTOS (Figura ) =+~ 7t
1. INSTALACION

1.1  En banqueta E
. Se instalaré con el eje una distancia entre ejes de 930 mm l36-5/8;') con respecto al pafio
exterior de la guarnicién cuando se instalen arbotantes tipo ornamental, latigo o jardin y.
760 mm (14-31/32") con relacién a 1a corona de 1a guarnicidn,

12 Enarroye

Se instalardn dos vias en un solo lecho con el eje a una profundidad de 1040 mm (40-61}'

64"} con respecto a la corona de la guarniciéon y con una separacion en planta entre ejes
de 240 mm (9-29/64"),

13 Especial

La especificada en el inciso 1.1 con la siguiente variante:
Este tipo de ducto ird instalado en los lugares donde haya entradas para vehiculc,

2. CEPAPARA INSTALACION
- 21 En bangueta

21.1 Tipo

Seccion rectangular, con un trazo recto en la planta y una pendiente igual a la de la ban-
queta en corte longitudinal. ' '

2.1.2 Dimensiones

300 mm {11-13/16"} de ancho por 500 mm {19-11/16") de profundidad.

2.1.3 Caracteristicas de construccion

" En caso de que la bangueta estuviera recubierta ¢on losa de concreto, se hard un corte con
sierra previo a 1a ruptura de la misma, El corte tendré una profundidad minima de 2/3
del espesor de la losa, Una vez hecha 1a cepa se procederd a apisonar y nivelar el fondo

en toda su longitud. . L

22 Enaroyo

160580 .
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22,1 Tipo

Seccién rectangular, con un trazo en planta y con una pendiente igual s la existente entre
las guarniciones de las banquetas por donde pasaré el ducto, en corte longitudinal.

222 Dimensiones

600 mm (19-11/16") de ancho por 1160 mm {45-43/64") de profundidad.

223 Coaracterfsticas de construccidn

Una vez hecha la cepa se proceder§ a nivelar el piso v a 6olocar una cama de 50 mm

{1-31/32") de espesor con concreto de f'c = 150 Kg/cm? a los 28 dfas con agregado
méximo de 20 mm (25/32"). '

23 Especial

23.1 Tipo

El especif‘icado en él Inciso 2,1.1,

2.3.2 Dimensiones .

300 mm (11-13/16") de ancho por 550 mm (21-21/32"} de profundidad.

2.3.3 Caracteristicas de construccién : : R

En caso de que |a banqueta estuviera con losa de concreto, se hara un corte con‘sierra
previo a la ruptura de la misma. El corte tendré una profundidad minima de 2/3 de! espe-
sor de la losa, Una vez hecha la cepa se procederd a nivelar el piso v a colocar una cama de

50 mm (1-31/32”) de espesor con concreto de f'c = 150 Kg/em? alos 28 d(as con agre-
gado méximo de 20 mm (25/32"). ' '

3 Dbucrto

3.1 En banqueta
3.1.1 Tipo

De seccidn circulsr

3.1.2 Dimensiones y caracterfstices

102 mm {4") de didmetro interior por 133 mm (5—15/64"") de didmetro exterior y 200 mm
(7—7/8"} de diémetro en la campana. Deber4 ser de concreto, con un recubrimiento Inte-
rior asfiltico de 3 mm (1/8") de espesor.
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. .‘3. 1.3 Instalacién _ E - : e

La instalacién del ducto en la cepa debers efectuarse de forma tal que siempre quede para-
lelo a la guarnicion de la banqueta y perfectamente nivelado, La alineacién de los ductas
serd verificada con un cordel como referencia.

3.1.4 Junteado

E! ducto ird junteado, con mortero de cemento proporcién i:3, debiendo ser colocads
una cama de dicho mortero de 26 mm (1) de espesor en la campana del ducto al proce-
" der a su colocacidén. Previamente se humedecera la zona de junteado,

32 En anoyo‘ T et : R L
) | .' fn, 77 I o o v

321 Tipo

De seccién circular

3.2.2 Dimensionesy caractérfsticas
. Las especificadas en el inciso 312 .
3.2.3 Instalacién ‘ . h | 398 .

~ La Instalacidn de ductos en las cepas deberd efectuarse de forma tal que siempre queden
" perfectamente nivelados y alineados. La alineacién de los ductos serd verificada con un
cordel como referencia. ‘

3.2.4 Revestimiento

Y T '7-,‘-_:!{'-.‘-'.; e
Previamente al colado, los ductos deben ser humedecidos, El revestimiento de los ductos

. se hard con concreto de fe = 150 kg/cm? a los 28 dias con agregado maximo de 20 mm
-, {25/32"}, con una cama sobre lecho de 150 mm (5-29/32"}.‘

- 3.3 Especial
“33.1 Tipo

Dé seccidn circular.
3.3.2 Dimensiones y ceracteristicas

Las especiticadas en el Inciso 3.‘1.2...‘ R '. . : o -

3.3 Instalacién

" lguat 2 la especificada en el Inciso 3.1.3.

WU v T4

[o]
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6. REPARACION -

3.3.4 Revestimiento ) ' .

jgual al del inciso 3.2.4 con la diferencia de que la cama sobre lecho serd de 120 mm
{4-3/4"}.

4. RELLENO
4.1 Enbanqueta - . S Crs e ime L

El relteno se hard, con una capa del material producto de la excavacidn de 320 mm |
(12—19/32") de espesor debidamente compactada. No deberé dejarse ablerta la cepa de
un diz para otro y del mismo modo el retiro de escombro tendré que hacerse en el mismo
turno de trabajo en que se haya excavado la cepa. :

4.2 Enarroyo

El refleno se hard, con materlal de subbase, que se compactaré con agua v pisén en capas
de 200 mm {7-7/8") hasta una altura de 400 mm (15—3/4'"} abajo del nivel del piso. La
altura restante se construird con materlal de base compactado con agua y pisén en capas
de 100 mm {3—15/16") de espesor.

No deber4 dejarse abierta la cepa de un dia para otro asf como el escombro deberé ser re-
tirado en el mismo turno de trabajo en que se haya excavado la cepa.

T T T A R N LA

51 En banquetq

Cuando se proceda a la reparacién de la bangueta se colocard una capa de relleno debida-
mente apisonado de 100 mm {3—15/16") de espesor de grava cementada antes del colado
de la losa. El concreto que se emplee para colar la losa de 80 mm {3-5/32"') de espesor,
serd de o = 150 kg/cm? a los 28 dias con agregado méximo de 20 mm (25/32"'} y dando
un acabado semejante e integral w existente en toda la banqueta afectada.

5.2 Enarroyo )
. » . . '

Se reconstruird el pavimento del corte con una capa de concreto asféltico compactado de

75 mm (2-61/64"} de espesor,

AR TN

5.3 Especial

.

“ lgual al inciso 5.1 ¢gn la advertencia de que no deber3 dejarse abierta la cepa de un dia pa-

ra otro y del mismo modo el retiro del escombro tendrd que hacerse en el mlsmo turno de
trabajo en que se haya excavado la cepa.

IL. REGISTROS - R B
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1. INSTALACION
1.1 Deflexidn ' _ B LU SRS I
Se instalard al pie del poste de la Cfa. suministradora donde se instale el equipo de control

de 105 circuitos, también donde el ducto en banqueta cambie de direccién v en aquellos lu-
gares donde por necesidades debe existir registro de candelabro al pie del poste.

12 Paso

* Como su nombre lo indica, este registro se instalard en los lugares donde haya necesidad
de pasar arroyos.

1.3  Especial
Cuando se vaya 2 colocar en banqueta, una de sus caras debe estar paralela e la guarnicion

y a un minimo de 200 mm {7--7/8") de su pafio interior. Cuando vaya a ser colocado en
zona jardinada su instalacion serd en el lugar donde se juzgue conveniente,

2. CEPAPARA INSTALACIOi\I

2.1  Deflexion

Seccibn réctangu!ar I o _' ,I.__' -
2.1.2 Dimensiones

Lado menor 700 mm (27--9/16""), iado mavor 850 mm (33—15[32") ¥ con una profun-
didad de 638 mm {25-1/8").

22 Paso
221 Tipe .. e -
Seccidn rectangular.

222 Dimensiones

Lado menor 800 mm (31-1/2"), Iado mayor 1000 mm (39-3/8") y cOn una profundn—

dad de 1238 mm {48-3/4").

2.3  Especial de 1250 mm (49-7/32") por lado.,

150580
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231 Tipo - _ e
Rectangular de seccién cuadraaa. T I
2.3.2 Dimensiones

1730 mm. (68-7/64"") por lade y 1870 mm (73—5/8") de profundidad.

24 Especial da 1500 mm {59—3/64") por lado,

24.1 Tipo
Rectangular de seccidén cuadrada.
24.2 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 Deftexion

En caso de que la banqueta, estuviers recubierta con losa de concreto, se hard un corte
con sierra prévio a la ruptura de la misma, debiendo quedar ef lado mayor paralelo a la
guarnicion. El corte tendrd una profundidad minima de 2/3 del espesor de Ja losa.

Al efectuar |a excavacidn se tomarén las precauciones necesarias para evitar que al encon-
trarse con tuberfas o ductos de otros servicios pablicos, estos resulten dafados.

3.2 Paso

" Las especificadas en el inciso 3.1 de reglstros.'
3.3 Especial -
Las especificadas en el inciso 3.1 de registros.
El escombro que resulte de la excavacién para |s cepa serd retirado en el mismo turno de
trabajo de su excavacién,

4.-‘ REGISTROS COMO TALES |

4.1 Deflexibn (Figura 2}

4.1.1 Tipo . | - i

Seccidn rectangular ' I
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A4. 1.2 Dimenslona; ‘

Lado menor de 500 mm {19-11/16""} lado mayor de 650 mm (25—19/32"") y una profun-
didad que Incluye el marco de fierro dngulo de 368 mm {25-1/8").

4.1.3 Caracterfsticas de construccién

Ei registro deberd ser precolado y las paredes tendrin 50 mm (1—31/32"} de espesor y se-
rén de concreto fp = 150 kg/cm? a los 28 dias con agregado méximo de 20 mm (25/32°)

y reforzados con una malla de alambrén de 6.3 mm (1/4"'} de didmetro con la distribu-
cién que se sefiala en la figura 2. Ei marco serd de fierro dnguio de 38.1 x 38.1 x 4.8 mm
=112 x (1-1/2"} x {3/16”') el cual quedard integralmente empotrado al registro inme-
diatamente después de vaciado el concreto y antes de que se inicie el fraguado inicial del
mismo, mediant® seis ancias de varilla No. 3, La cimbra interior deberd ser metélica y la
exterior simifar o de madera a criterio del contratista. La varilla ird soldada a} fierro én-
gulo con doble cordén. -

.4.1.4 Instalacién

. Al ser instalado el registro cuyas caras interiores dehen estar al plomo, escuadras v bien pu-
lidas, el lado mayor quedard paralelo a la guarnicidn, se le dard {a pendiente de la banque-
ta ¥ en ninglin caso deberd quedar arriba o abajo del nivel de la misma. El ducto serd en-
troncado y emboquillado debidamente con |as paredes del registro.
4.2. Paso (Figura 3)

'4.2.1 Tipo

- Seccibn rectangular

4.2.2 Dimensiones

Lado menor 600 mm (23—5/8"}, lade mayor de 800 mm (31-1/2"} y una brofundidad
que incluye el marco de fierro dngulo de 1238 mm (48-3/4").

4.2.3 Caracteristicas de construccidn

Las éspecificadas en el inciso 4,1.3 de registros a diferencia de que el nimero de anclas de
varilla No. 3 es de ocho. ’

4.2.4 Instalacién
La especificada en el inciso 4.1.4 de registros.

4.3 Espacial de 1250 mm {49-7/32") por lado,

160580
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43.1 Tipo
Rectangular de seccién cuadrada.

4.3.2 Dimensiones

1,250 mm (49-7/32") por lado en |z parte interior, y 1,500 mm (59-3/64") de profundi-
dad entre lecho bajo de la losa especificada en el inciso 7.1 y lecho superior de la plantn
tla especificada en el inciso 5.3, .

4.3.3 Caracter/sticas de construceidn

Los muros serén de tabique recosido de 140 mm (5-33/64") de espesor con aplanado in-
terior de mortero de cemento de proporcidn 1:3 con impermeabilizante integral,

4.4 Especial de 1,500 mm {59-3/64") por lado
4.4.1 Tipo
Rectangular de seccidn cuadrada.

4.4.2 Dimensiones

1,500 mm (59-3/64") por lado en la parte interior y 1,800 mm (50-7/8") de profundidad
entre lecho bajo de la losa especificada en el inciso 7.2 y lecho superior de la plantilla es-
pecificada en el inclso 5.4,

4.4.3 Caracter/(sticas de construcclén

Los muros serdn de tabique recocido 'de 280 mm (11-1/32"') de espesor con aplan'ado'ir'\-
terior de mortero de cemento de proporcién 1.3 con impermeabilizante integral.

8. PLANTILLA

8.1 Deflexién

Una vez instalado el registro se procedera s colar uhh plantilla de 50 mm (1-31/32'} de
espesor de mortero de cemento proporcidn 1:3 con un dren central de 140 mm (5-2/2")

de didmetro y una profundidad de 200 mm (7-7/8").

52 Paso
Igual al inciso anterlor.

5.3 Especial de 1,250 mm {49-7/32") por lado,

1505 80
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531 Tipo : e R TR

L BT S

- Rectangular de seccidn cuadrada,

£3.2 Dimensiones

1,530 mm (611 5/64_1") por.lado y 80 mm {3-9/64") de espesc;r.
5.3.3 Caracteristicas de construccibn

Sera construida con concreto de ¢ = 150 Kg/cm2 a los 28 dias con agregado maximo
de 20 mm {25/32") armado con varilla de 9.5 mm (3/8") de didmetro a cada 300 mm
{11-13/16") en ambos sentidos, con un dren central de 140 mm (5-1/2") de didmetro vy
200 mm (7-7/8""} de profundidad. La plantilia tendra una pendiente de 2% hacia el dren,

5.4 Especial de 1,500 mm (59-3/64") pot lado
" 54.1 Tipo

Rectangular de seccién cuadrada.
5.4.2 Caracteristicas de construccion

 Las especificadas en el inciso 5.3.3 de registros. . . . -

6. TAPA
- 6.1  Deflexion

6.1.1 Tipo
) ' b IRV e T
Rectangular, :

'6.1.2 Dimensiones

630 mm (24-13/16"") lado mayor, 480, mm {18-29/32"') lado menor vy 51.7 mm {2-1/32'")
lado menor y 51.7 mm {2-1/32"} de espesor total. Para mayores detalles ver figura 2.

6. -1.3 Caracteristicas de construccién S

Seré construida de concreto fg = 200 Kg/cm2 a los 28 dias con agregado méiximo de 20
mm (25/32") con fierro dngulo de 31.7 x 4.8 mm {1-1/4” x 1 1/4” x 3/16") vy
con refuerzo de varilla corrugada No, 3 distribuida segun figura 2 utilizando cimbra meta-
fica. La varilla ird soidada al fierro dngulo con doble cordén, Las llaves para levantar las

tapas serdn construidas con placa de acero de 4.76 mm {3/16") de espesor llevando la

16 05 80
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placa central una perforacion de 12.7 mm {1/2") de didmetro. Para obtener la forma ¥
dimensiones de las llaves ver detalle a y b de la figurs 2.

6.2 Paso
6.2.1 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 espesor total. Para mayores detalles ver figura 3, '

8.2.3 Caracteristicas de construccién
Las especificadas en el inciso 6.1.3 de registros ver figura 3.
6.3 Especial de 1,250 mm (49-7/32") por lado

Su tipo, dimensiones y caractersticas de construccion serdn las especificadas en el inciso
52,

6.4 Especial de 1,500 mm (59-3/64") por lado

Su tipo, dimensiones v caracterrstucas de connrucclbn serén las especufscadas en el inciso

7. LOSA

7.1 Especial de 1,250 mm {49-7/32") por lado

211 Tipo

Cgadrado de acuerdo con especificaciones de la CLYFC

7.1.2 Dimensicnes Interiores R A O

Base: 1,260 x 1,250 mm, altura 1,000 mm.

15 05 80

Z2.1.3 Caracteristicas de construccién

Sers de concreto armado de 80 mm (3-5/32"') de espesor siendo el concreto de e = 200
Kg/cm? » los 28 dias con agregado méximo de 20 mm l25/32”) y el armado, de varilla
corrugada de acero estructural No, 3,
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72 Especial de 1,500 mm (59-3/64") por ledo
7.21 Tipo G e e
Cuadrado, de acuerdo con especificaciones de la CLyFC'

7.2.2 Dimensiones

Base: 1,500 x 1,500 mm, altura 1,500 mm.

7.2.3 Caracterfsticas de construccién

Las especificadas en el inciso 7.1.3. .

8. CONTRAMARCO

8.1 Especial de 1,250 mm (49-7/32") por lado

8.1.1 Tipo

Rectangular,

8.1.2 Dimensiones

600 mm {23-5/8") por 800 mm (31-1/2") de dimensiones exteriores.

8.1.3 Caracteristicas de construccidn

Construido de fierro éngulo-de 38.1 x 381 x 48 mm {1.1/2" x 1-1/2" x 3/16"} y
8 anclas de varilla No. 3 ird instalado sobre un brocal de tabique de 150 mm {5-29/32"')
de espesor y de 210 mm (8-17/64") de altura entre el nivel de la banqueta y el lecho su-
perior de la losa. El marco deberd quedar nivel de banqueta y con la pendiente de la
. misma, .

82 Especial de 1,500 mm {59-3/64") por lado -

Debera cumplir con las especificaciones dadas en el inciso B.1.

9.’ ESCALERA
8.1 Especial de 1,250 mm {49-7/32") por lado.
9.1.1 Tipo

Marina,

- 150580
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9.1.2 Caracterfsticas de construccién -1 T
Formada por 4 escalones de varii.la_ redonda del No, 6.

9.2 Especial de 1,500 mm {59-3/64"} por lado .

8.2.1 Tipe

Marina.

822 Caracteristicas de construccién

Formada por 5 escalores de varilla redonda del No. 6.

10. PINTURA

10.1 Deflexion, Paso y Especial T s

El fierro dngulo del registro o marco vy la tapa 0 contramarco <erén pintados con dos ma-
nos de pintura anticorrosiva.

1. ﬁELLENO

11.1 Deflexion y Paso

El relleno alrededor del registro se hard con grava cementada debidamente compactada,
hasta una profundidad de 80'mm (3-5/32) medida del nivel de la banqueta hacia abajo.

11.2 Especial

Cuando el registro sea construfdo en banqueta el relleno alrededor del registro se hard
con grava cementada o material de subbase debidamente compactada, hasta una profun-
didad de 80 mm (3-5/32°') medida del nivel de la banqueta hacia abajo.

Cuando e registro sea construido en zona jardinada el relienc alrededor del registro ‘se
haré con grava cementada o material de subbase debidamente compaciada, hasta el nivel
de tierra. ' ‘ :

12. REPARACION DE BANQUETA
12.1 Deflexién, Paso y Especial

'El concreto que se emplee para colar la osa de 80 mm (3-5/32'") de espesor, serd de
f¢ = 150 Kg/cm?2 a lqs 28 dias con agregado méximo de 20 mm {25/32").
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I CIMIENTOS DE CONCRETO - =t ~"r o
1.  INSTALACION
1.1 Para arbotantes tipo Oramental, Litigo, Jardin y Colonial

Una de sus aristas de la cara superior paralela a |a guarnicién y a una distancia de 200 mm
{7-7/8"'} con respecto a su pafio interior, Ver figura 4.

1.2 Para pastes de 12000 mm

Una de sus caras paralela 3 la guarnicién vy a una distancia de 150 mm (5-29/32"') con res-
pecto a su pano interior, Ver figura 5, ‘

1.3 Para postes de 16000 mm
1.3.1 Enbangueta

Una de sus caras paralela a la guarnicién y a una distancia de 50 mm (2"} con respecto a
su pafio interior. Ver figura 6.

] 405
1.32 Endrea libre

En la posicidn que mis 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
tigura 10)

En la posicién gque mis se acomode para el fin que se perslgue, de acuerdo con el super-

visor de 1a Oficina de Alumbrado. .

2. CEPAPARA INSTALACION R RN

2.1 Para arbotantes tipo Ormamental, Lé&tigo y Jardin I

21.1 Tipo

Seccibn cuadrada.

2.1.2 Dimensiones

1100 mm (43-19/64"'} por lado y 1000 mm {39-3/8""} de protundidad.

2.1.3 Caracteristicas de construccibn

v w Yl

En caso de que la bangueta estuviera recubierta con losa de concreto, se hard un corte con
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sierra previo ala ruptura de la mijsma, debiendo quedar un lado, parélelo.v razante a la ca-
ra interior de la guarnicion, El corte tendrd una profundidad minima de 1/3 del espesor
de 1/3 del espesor de la losa.

Al efectuarse la excavacién se tomarén las pfecadciones necesarias para evitar que ¢l en-
contrarse con tuberfas & ductos de otros servicios publicos, estos resulten dafiados. Una
vez hecha la cepa se procedera a apisonar y nivelar el fon_do.
2.2 Para arbotantes tipo Colonial o San Angel
2.2.1 Tipo
Seccién cuadrada.
2.22 Dimensiones
900 mm {35-7/16") por lado y 900 mm (35-7/16"") de profundidah. |
2.2.3 Caracteristicas de construccion

* Las especificadas en el inciso 2.1.3 de cimiento de concreto.

408 2.3 Para postes de 12000 mm
231 Tipo |

Seccidn cuadrada,

232 Dimensiones

YRt

| 700 mm {27-9/16") por lado y 1500 fnm {59”) de profundidad.
'2.3.3 Caracteristicas de construccién ' ST

La especificada en ¢! inciso 2.1.3 de cimientos de concréto, con la salvedad de que el lado
paralelo a la guarnicidén debe quedar a 150 mm {6") de la carta interior de la misma.

2.4 Para postes de 16000 mm
24.1 En banqueta

24.1.1 Tipo

24.1.1Tipo

Rectangular de seccidn cuadrada,

150580
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2.4.1.2 Dimensiones

’

BOO mm (31-1/2"") por lade y 1800 mm {70-7/8"") de profundidad.

- 2.4, 1,3 Caracteristicas de construccion,

La especificada en el inciso 2.1.3 de cimientos de concreto, con Iz salvedad de que el lado
paralelo a la guarnicion debe quedar a 50 mm (2"’) de la cara interior de la misma.

24.2 En grealibre.

2421Tipo

Rectangular de sec(.'.ién cuadrada.

2.4.2.2 Dimensiones -

2000 mm (78—-5/4"} por lado vy 1220 mm (48"} de profundidad,
| " 2.4,2.3Caracter/sticas de construccion.

La excavacidn se hard en la posicion que mas se acomode para el fin que se persigue, de

- acuerdo con el supervisor de ta Oficina de Alumbrado vy se tomnardn las'precauciones nece-
sarlas para evitar que al encontrarse con tuberias o ductos de otros servicios publicos, es-
10s resulten dafiados. Una vez hecha la cepa se procederd a apisonar y nivelar el fondo.

2.5 Parapostes de 20000 mm.
251 Tipo

" Rectangular de seccién cuadrada:

t - - Tow
[

2.5.2 Dimensiones : ' NI M 2 -

2500 mm (98—27/64""} por lado y 1500 mm {59”') de pr‘ofundidad. .

2.5.3 Caracteristicas de construccién,

tgual a las indicadas en el inciso 2.4.2.3 de cimientos de concreto.

2.6 Perapostes de 25000 mm,

26.1 Tipo - : .ff.

CES W
o
e

Rectangular de seccién cuadrada, 77 Forney s w T

15 05 80
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2.6.2 Dimensiones,

¢

3600 mm (141-13/16") por fado y 1900 mm (74-13/16"} de profundidad.
: 2.6.3 Caracteristicas de construecion, . |
Igual a las indicadas en el inciso 2.4.2.3 de cimlentos de concreto,
2.7 Para postes do 30000 mm. T v
27.1 Tipo |
Rectangular de secciéon cusdrade.

2.7.2 Dimensiones

4500 mm (177-—5}32") por lado y 2080 mm (81;57)64") de profundidad.
2.7.3 Caracteristicas de construccidn, |
408 lgual a las indicadas en el inciso 2.4.2.3 de cimientos de concreto.

' 3. CIMIENTOS

3.1. Para arbbtantes tipo Orna:ﬁantal, Létigo y Jardin.
" 311 Tipo . .
Tronco—Piramidal
- -3.1.2 Dimensiones

600 x 600 mm (23-5/8" x 23—5/8") en la base superior, 1000 x 1000 mm (39 x 39")
en iz base inferior y 1000 mm (39") de altura. ‘

3 1.3 Caracteristicas de construccibn

Una vez apisonado el piso de la cepa se procederd a colocar la cimbra metalica con una de
sus aristas de la cara superior paralela a la guarnicién, a una distancia de 200 mm {7-7/8")
con respecto a su pafio interior y a una altura de 15 mm (19/32"') con relacion a su coro-
na. :

Esta cimbra deberd $er construfda con lémina No. 18 de 1.27 mm (1/20") de espesor y re-
fuerzos mecesarios para obtener que sus caras laterales queden planas y las aristas de las
caras superiores ¢ inferiores a.escuadra. La cimbra deberd troquelarse a fin de que no se
mueva durante el colado y vibrado del concreto. Integralmente se colocaran 4 anclas de
varilla redonda de 25.4 mm (1"} de didmetro y 600 mm {25-5/8"") de longitud. En un
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extremo les anclas llevardn 100 mm (3—15/16"") de cuerda standard da 8 hilos/pulg y en
¢! otro un dobléz o regatén de 100 mm (3—=15/16") de Iongituf:l. debiendo ser galvaniza-
das la zona de cuerdas. La separacién entre anclas serd de 270 mm {10—-5/8"") de centro a
centro y sobresaldran del ¢cimijento 60 mm (2—23/64"') debiendo quedar centradas con re-
lacion a las aristas de las caras superior y completamente verticales. Para asegurar lo ante-
rior se empleard un escantiiléon metdlico, También integralmente se colocara 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 colocard a una altura de 50 mm
{1-31/32") con relacidn al nivel de tierra. El colado se hard con concreto de f'; = 150 ka/
em? a jos 28 dias de agregado maximo de 40 mm (1—-37/64"") debidamente vibrado, Ter-
.minado el colado y verificada la posicion de las anclas y la “*Y’* conforme a lo sefialado
anteriormente y lo establecido en la figura 4, se pulird la cara superior dejandola a nivel,
" se boleardn sus aristas y se emboquillara a 13 salida de !a pieza en "Y' de concreto.

Si se empled concreto de resistencia normal se descimbrard a las 9 horas si se empled resis-
. tenciardpidaalas 4 horas. Una vez descimbrado el cimiento se entroncaré el ducto en ban-

3.2 Para arbotante tipo Colonial o San Angel.
‘3.2.1 Tipo

- Tronco—Piramidal,
32.2 Dimensiones

400 x 400 mm (15-3/4" x 15-3/4") en la base superior, 800 x 800 mm (31-—1!2"
. _31-—1I2") en la base inferior y 900 mm (35—7/16 ) de altura.

3.2.3 Carsacteristicas de consarucc:dn.

Las especificadas en el mmso 3.1.3 con la diferencia de que la separaclon entre anclas se-
rd de 180 mm {3-35/64"') de centro a centro, :

3.3 Para postes de 12000 mm
3.3.1 Tipo

‘Rectangular de seccibn cuadrada.
.?.32 D:’mens."on_es _ .
700 mm (27-9/16") por lado y 1500 mm (59") de altura.
3.3 Cal"acren'sric.as de -construcc:"_dn.

Una vez apisonado el piso de la cepa s procederd 8 colocar el srmado, el cuat llevard 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"}
para evitar el contacto directo del armado con el piso de la cepa. Ver figura 5,

Una vez colocado el armado se procederd a colocar una cimbra metalica de 500 mm
(19-11/16") de altura, la cual ird desde 15 mm (19/32") arriba de la corona de la guarni-
cién hacia abajo y con uno de sus lados paralelo a la guarnicién,

Esta cimbra deberd ser construfda con ldmina No. 18 de 1.27 mm (1/20) de espesor y re-
fuerzos necesarios para obtener que las aristas, formadas por (as caras laterales y la superior
queden a escuadra. La cimbra deberd acufarse lateralmente a fin de que no se mueva du-
rante el colado y vibrado del concreto. Integralmente se colocardn 4 anclas que deben
cumplir con la especificacidn AP/AFR-1000. La separacién entre anclas serd de 270 mm
(10—5/8") de centro a centro y sobresaldrén 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 didmetro y completamente verticales. Para asegurar lo anterior se
empleard un escantilién metalico. También integralmente se colocard una pieza de congra-
to en forma de “Y" vy los niples necesarios, tal como se muestra en la figura 5. E) colado
se hard con concreto de ¢ = 200 kg/cm? a los 2B dias con agregado maximo de 40 mm
{1-37/64"") debidamente vibrado. Terminado el colado y verificads la posicién de las an-
clas y la Y conforme a lo sefialado anteriormente, se pulird la cara superior, dejandola a
nivel, se bolearan sus aristas y se emboquillard 1a salida de la pieza en *’Y"’ de concreto.

Si se empled concreto de resistencia normal se descimbraré a ‘as 9 horas y-si se empled
resistencia rdpida a las 4 horas. Una vez descimbrado el cimiento se entroncara el ducto en
banqueta. ‘

3.4 Para postes de 16000 mm
3.4.1 En banqueta

34.1.1 Tipo

Rectangular de seccidn cua;:lrada.
3.4.1.2 Dimensiones

8O0 mm {311 {2") por lado y 1800 mm ({70-7/8"") de profundidad.
3.4. 1.3 Caracteristicas de construccion.

Lina vez apisonado el piso de la cepa se procederd a colocar €l armado, el cual llevara ama-
rrado en cada esquina un dado de concreto de 50 x 50 x 50 mm {2 x 2’ x 2"’} para evi-
tar el contacto directo del armado con ¢l piso de la cepa. Ver figura 6.

Una vez colocado el armado se procederd a colocar una cimbra metilica de 500 mm
{19—11/16") de alturg, 12 cua! ird desde 15 mm (19/32"') arriba de la corona de la guar-
nicién hacia abajo y con uno de sus lados paralelo a la guarnicion.

Esta cimbra deberd ser construfda con Iémina No. 18 de 1.27 mm (1/20") de espesor y

il
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refuerzos necesarios para obtener que las aristas, formadas por las caras laterales y la supe-
rior queden a escuadra. . La cimbra deberd acuiiarse lateralmente & fin de que no se mueva
durante el colado y vibrado del concreto, Integraimente se colocaran 4 anclas que deben
cumplir con la especificacion AP/AFR 1220, La separacién entre anclas serd de 270 mm
(10--5/8"'} de centro a centro y sobresaidran del ¢cimiento 60 mm (2-23/64") debiendo
quedar alineadas con los vértices de ta cara superior, con centros sobre una circunferencia
de 380mm (15”) de didmetro y completamente verticales, Para asegurar o anterior se em-
pleard un escatillén metélico. También integralmente se colocard una pieza de concreto
en forma de “Y" o codo segin sea el caso y 10s niples necesarios.

El colado se hard con concreto de fz = 200 kg/cm? a ios 28 dias con agregado maximo
de 40 mm (1-37/64") debidamente vibrado. Terminado el colado y verificada la posicion
de las anclas y la “Y" o e! codo conforme a lo sefialado anteriormente, se pulird la cara su-
perior dejndola a nivel, se bolearan sus aristas y se emboquillara la salida de {a pieza *'Y"'
o el codo de concreto,

Si se empled concreto de resistencia normal se descimbrard a las 9 horas y si se empied re-
sistencia rapida a las 4 horas. Una vez descimbrado el cimiento se entroncara e} ducto.

" 342 Endrealibre

34.21 Tipo

Dado tronco—cbnico de seccién cuadrado con zapata cuadrada, Ver figura 7.

- s

' 34.22 Dimensiones R
Las mostradas en la figura 7.
3.4.2.3 Caracteristicas de construccién,

Una vez apisonado el piso de la cepa se procedera a colocar una cama de 80 mm (3-5/32"}
de espesor con concretode o= 100 kgfem? a los 28 dias con agregado maximo de 20 mm
{25/32"). Unavez colocada y fraguada la cama de concreto se procederd a realizar el arma-
do del ¢cimiento en la forma indicada en la figura e inmediatamente después de terminado
este, se procederd a colocar una cimbra metalica tanto en los lados de 1a zapata como en
las caras laterales del dado tronco-cénico.

Esta cimbra debers sobresalir del nive! del piso 80 mm {3- 5/32") Y se debera construir
con ldmina No, 18 y refuerzos necesarios para obtener que las caras laterales queden pla-
nas y las aristas de la cara superior a escuadra. La cimbra debera troquelarse a fin de que
no se mueva durante el colado y vibrado del concreto, Integralmente se colocardn 4 an-
clas que deben cumptlir con la especificacion AP/AFR=1220. La separacion entre anclas
serd de 270 mm (10-5/8") de centro a centro y sobresaldran del cimiento de 60 mm
(2-23/64") debiendo quedar alineadas con las vértices de la cara superior, con centros
sobre una circunferencia de 380 mm (15") de didmetro y completamente verticales. Para
asegurar lo anterior se empleard un escantilldn metédlico. También integralmente, se colo-
card una pieza de concreto en forma de Y™ o codo segun sea el caso y 10s niples necesa- -
rios, : '

. 15 05 80



12

(& manuaL oE ALUMBRADO PUBLICO 32

-

El colado se harg con concreto fe = 200 kg/cm? a los 28 dias con agregado maximo de
40 mm {1-37/64") debidamente vibrado. Terminado el colado y verificada la posicién da
jas anclas y la “Y" ¢ el codo conforme 8 lo sefialado anteriormente, se pulird la cara supe-
rior dejandola a nivel, se bolearén sus aristas y se emboquillard la salida de la pieza *Y"
o el codo de concreto, '

Si se empled concreto de resistencia normal se descimbrara a las 9 horas v si se empleé

' resistencia rdpida a las 4 horas. Una vez descimbrado el cimiento se entroncars el ducto.

3.5 Para postes de 20000 mm.

251 Tipo

Dado tronco cnico de seccién cuadrada con zapata cuadrada. Ver figurs 8 _

3.5.2 Dimensiones
Las mostradas en la figura 8.

3.5.3 Caracteristicas de construccibn

Una vez apisonado el piso de la cepa se proceders a colocar una cama de 80 mm (3-5/32'"
de espesor con concreto de fz = 100 kg/cm? a los 28 dias con agregado mdximo de 20
mm (25/32*). Una vez colocada y fraguada la cama de concreto se procedera a realizar el
srmado del cimiento en la forma indicada en la figura 8, e inmediatamente Cespués de
terminado éste, se procederd a colocar una cimbra metilica tanto en los lados de {a zapa
como en las caras laterales del dado trpnco-cénico. Esta cimbra deberd sobresalir del nivel
del piso 80 mm {3-5/32’) y se debera construir con ldmina No, 18 y refuerzos necesarios
para obtener que las caras laterales queden planas vy las aristas de la cara superior a escua-
dra. La cimbra debera troquelarse a fin de que no se mueva durante el colado v vibrado
del concreto. integralmente se colocaran 6 anclas que deben cumplir con la especificacion
AP/AFR-1220 distribuidas uniformemente sobre una circunsfarencia de centros de 508
mm {20"), debiendo quedar comnietamente verticales, Para asegurar lo anterior se emptie-

"aran escantilléon metalico. También integralmente se colocara una pieza de concreto en

forma de “Y" o codo segin sea el caso y tos niples necesarios, El colado se hard con con-

. creto fg = 200 kg/em? a los 28 dlas con agregado méximo de 40 mm (1-37/64"") debida-

mente vibrado. Terminado e! colado y verificada la posicidn de tas anclas y la “Y* o el
codo conforme a lo sefialado anteriormente, se pulird la cara superior dejandola a nivel, se
boleardn sus aristas vy se emboquillara 1z salida de la pieza “Y" o el codo de concreto,

Si se empled concreto de resistencia normal se descimbraré a las © horas v si se empled re-
sistencia rapida a las 4 horas. Una vez descimbrado el cimiento se entroncara el ducto. '

3.6 Para postes de 25000 mm
3.6.1 Tipo

Dado tronco-conico de seccidn cuadrada con zapata cuadrada, Ver figura 9.
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3.6.2 Dimensiones o T
Las mostradas en la figura 9.
3.6.3 Caracteristicas de construccion

Una vez apisonado e piso de la cepa se procederd a colocar una cama de 80 mm (3-3/327)
de espesor con concreto fc = 100 kg/cm? & los 28 dias con agregado méximo de 20 mm

{25-/32"). Una vez colocada y fraguada la cama de concreto se procederd a realizar el ar-

mado del cimiento en la forma indicada en la figura 9, e inmediatamente después de ter-
minado éste, se procederd a colocar un cimbra metdlica, tanto en los lados de la zapata
como en las caras laterales de! dado tronco-conico, Esta cimbra deberd sobresalir dei nivel
del piso 80 mm (3-56/32") y se deberd construir-con {dmina No, 18 y refuerzos necesarios
para obtener que las caras laterales queden planas y las aristas de |a cara superior a escua-
dra. La cimbra debera troquelarse a fin de que no se mueva durante el colado vy vibrado
del concreto, Intégralmente se colocarén B anclas que deben cumplir con la especifica-
cibn AP!AFR-1220, distribuidas uniformemente sobre una circunsferencia de centros de
762 mm (30"} debiendo quedar completamente verticales. Para asegurar lo anterior se
empleard un escantilibn metdlico, También integraimente se colocard una pieza de concre-
to en forma de Y " o codo segln sea el caso v los niples necesarios. El colado se hard con
concreto de fp = 200 kg/ecm? & los 28 dfas con agregado maximo de 40 mm {1-37/64")
debidamente vibrado, Terminado el colado y verificada la posicidn de las anclas y 12 "Y*"
. o el codo conforme a 1o sefialado anteriormente se puliré la cara superior, se bolearan sus
aristas y se emboquiliara la salida de la pieza *Y" 0 el codo de concreto.
Si se empled ¢oncreto de resistencia normal se descimbrard a las 9 horas y si se empleb re-
sistencia rapida a las 4 horas. Una vez descimbrado el cimiento se entroncara el ducto,

3.7 Para postes de 30000 mm
321 Tipo ' S R T
Dado tronco-conico de seccién cuadrada con zapata. Ver figura 10,

3.7.2 Dimensiones

L]
-
-
.

Las mostrada en la figura 10, SRR L
3.7.3 Caracteristicas de construccién ' o

Una vez apisonado el piso de la cepa se procederd a colocar una cama de 80 mm (3-5/32")
de espesor con concreto g = 100 kg/cm? a los 28 dias con agregado méaximo de 20 mm
(25/32"). Una vez colocada la cama de concreto se procederd a realizar el armado del ci-
miento en |a forma indicada en la figura 10, e inmediatamente después de terminado éste,
se procedera a colocar una cimbra metalica tanto en los lados de 1a zapata como en las ca-
ras taterales de! dado tronco-conico, Esta cimbra deberd sobresalir del nivel del piso 150
mm (6"} y se debera construir con lamina No. 18 y refuerzos necesarios para obtener que

- 150580

413



414

las caras laterales queden planas v las aristas de la care superior a escuadra, La cimbra de-
beré troquelarse a fin de que no se mueva durante e! colado y vibrado del concreto. Inte-
gralmente se colocarén 8 anclas que deben cumplir con la especiticacion AP/AFR-1220,
distribuidas uniformemente sobre una circunsferencia de centros de 762 mm (30"} debien-
do quedar completamente verticales. Para asegurar lo anterior se empleard un escantillon

‘ metélico, También integralmente se colocara una pieza de concreto en forma de “Y* o

codo segun sea el caso y los niples necesarios, El colado se hara con concretc de fc = 200
Kg/cm?® a los 28 dias con agregado méximo de 40 mm (1-37/64) dehidamente vibrado.
Terminado el codo tonforme a lo sefialado anteriormente, se pulird la cara supe-

rior dejandola a nivel, se boleardn sus aristas y se emboquillars la sahda de ia pieza “Y" o
¢l codo de concreto,

Si se empled concreto de resistencia normal se descimbrard g las 9 horas y si se empled re-
sistencia rdpida a las 4 horas. Una vez descimbrado e! cimiento se entroncaré el ducto.

4, RELLENO

" 41 Pars cualquier tipo de arbotante

El relleno alrededor del cimiento se hard con material de sub-base debidamente compac-
tado, hasta una profundidad de 80 mm {3-5/32"’). medida del nivel de la banqueta o piso

_hacia abajo.

6. 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 serd de

. ta = 150 Kg/em? & los 28 dias con agregado méximo de 20 mm (25/32").

15 05 80

IV. VESTIDO Y PARADO DE POSTES

1.. EL POSTE SE DEBERA VESTIR ANTES DE INSTALARLO SOBRE LA BASE, Y
ESTO IMPLICA LO SIGUIENTE: e

1.1 Colocarle &l o los brazos; en caso de ser stornillables, en el punto de unién, se le
debe colocar una junta resistente o la intemperizacion como el neopreno.

1.2 Colocarle la luminaria, sin foce, de tal manara que el plano longitudinal del poste,
con brazos, ¥ el de la luminaria, coincidan,

1.3 La luminaria al colocarse sobre los brazos, deberd estar conectada segiin su tipo y
los cables de conexidbn deben quedar con holgura de 1500 mm (59-1/16"), para sus
conexiones a las bases de alimentacibn.
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22

23

2.4

25
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E| tapén superior del poste, si [o llevara, debera quedar perfectamente sellado.

LA SECUELA DEL PARADO DEL POSTE, DEBE SEGUIR- LAS FASES SI-
GUIENTES:

Colocar 1a base del poste sobre la cimentacidon pasados cuando menos 7 dias de su
colado,

Le base del poste, deberd quedar nivelada en sus dos ejes sobre la cimentacion y pa-
ralele & ta guarnicion de ta banqueta, para posteriormente fijarla por medio de las 4
anclas colocadas en la cimentacién,

De ser necesaria la colocacién de calzas para la nivelacion de la base debera ser gal-
vanizada,

Se colocard el poste vestido sobre su base, teniendo cuidado en que los cables de

conexiones no queden entre el poste y [a base. El poste deberd quedar plomado y
nivelado, vy los brazos con las lAimparas deberdn quedar perpendiculares a la guarni-
cién de la banqu-:ta, Los tornillos se deberdn colocar con la tuerca hacia arriba.

La maniobra de parado del poste, se debers realizar con cables flexibles, tales come
manila o polipropileno para no lastimar la pintura de! mismo, En caso de hacerlo el
contratista deberd resanar el arc: lastimada.

Todos los tornillos, deberan levar arandela plana y de presion todo esto galvanizado
por inmersidn en caliente.

i
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Concreto de f, — 150 kg/cm?

con agregado maximo de 40 mm.
Doble codo 90° de concreto de
10 cm de didmetro interior. An-
clas de 25.4 mm (1"} de didme-
tro y 65 cm de longitud con do-
blez de 10 cm.

1
o o0
b a c \ ‘ ;'
“ - *
. -Op" L) 9 f
i N ®
.1_._,"____" !,
PLANTA
CIMIENTO a b c d e f g h
para arbotante churubusco v jardin 60 | 100] 27 | 6 49 1 28 100 | 38
para arbotante colonia! 40 ¥ 80 1916 49 | 28 90 38

' Figura 4

Acotaciones en cm

CIMENTACION DE CONCRETO TRONCO PIRAMIDAL
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1.5_.4_ Postes

Las luminarias para alumbrado publico se montan generalmente.en postes, ya sean propios
o.de la red eléctrica, Cualquuera de estos soportes deberdn cumplir con las siguientes fun-
ciones:

" — Resistir los impactos de viento
— Resistir los agentes corrosivos de la atmésfera
— Ser lo suficientemente ligeros para su manejo
— Proveer espacio suficiente para los accesorios que deban alojarse en elios, tales
como: conductores, balastros o equipos de control
— Requerir el minimo de mantenimiento.

En la figura 11163 se muestran las principales caracteristicas geométricas de la unidad pos-
te-luminaria, que son definidas por el poste mismo.,

1.5.4.1 Componentes

Los postes son en si columnas verticales instaladas con el fin de soportar una o varias lu-
minarias y constan de varias partes:

Poste o columna vertical que permite alcanzar la altura de montaje requerida, en
combinacion 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-

gun sea el caso y que permite el montaje de la(s) luminaria(s). Puede ser Ilsa o
roscada

Placa base  sOlidamente fija a la base del poste para recibir las anclas de fijacion al cimiento

Registro - puesto cerca de la base del poste para permitir el alcance a los accesorios den-
' tro del poste '

Pedestal pieza que tiene el doble propésno de servir para el anclaje de! poste y alojar el
balastro

" Anclas pernos metalicos empotrados en la cimentacién de concreto para sujetar la

base {placa o pedestal) al cimiento

En las figuras 111-64 a III-66 se muestran los componentes anteriormente descritos, en di-
ferentes modalidades de montaje,

15 05 80 - S
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“H{ F
Ii POSTE
a = angulo de inclinacion de
. ta luminaria :
. e, 115
f .= angulo de inclinacion del
brazo
h = altura del poste y brazo
. " = altura de montaje
REGISTRO f = altura del poste
| r = alwradel brazo
| . SUPERFICIE DEL ARROYO s = longitud del brazo
A BANQUETA -
!-’ L A4 '
LE | '
Oo T ANCLA
, ¢ % ~J_oMENTO.
. R
t _-ég
- Figura 11-63

1.5.4.2 Construccion

Los postes se fabrican con ldmina de fierro rolado, en sus presentaciones mds comunes y, se
pueden encontrar también fabricados de concreto, madera o aluminio.

Uso

Par 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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Brazos metdlicos

[

s

O Cotas mms,

BASE PARA POSTE : * Figura I[]-66

#

soportar diferentes tipos de brazo. En ambos casos, pueden soportar una o r_nés luminarias.
Longitud

Varia de los 3 a los 30 metros; es necesario hacer resaltar que la longitud del poste no ne-
cesariamente corresponde a Ia 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 {1atigo).’

~
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Seccidn transversal

Es costumbre definirla por la forma, el material y el espesor del mismo, pero es recomenda-
ble especificarla por los esfuerzos a que estara sometido el poste, tales como: empuje del
viento, impactos, flexién, peso originado por la luminaria y el brazo, etc. Las formas mds
comunes en el mercado son: circular, cuadrada exagonal y octogonal.

Caracteristicas estéticas - - . )

En el pérrafo 111.1.5.2.8, se menciona la necesidad de adecuar la luminaria al paisaje urba-
no, tanto diurno como nocturno. El poste debera ser seleccionado en forma tal que armo-

nice con dicho palsaje urbano,

En la table 1II-13 se resumen los tipos de poste {con sus nombres comerciales) ofrecidos
por los fabricantes y que puede servir como una guia inicial para su seleccion.

1.5.4.3 . Postes de /a red eléctrica !

Tanto desde el punto de vista econdmico como estético, es conveniente usar los postes de
la red eléctrica para soportar luminarias para alumbrado publico.

Desde el punto de vista estético, al disminuir el nimero de postes se reducen los obstacu-
los al paisaje urbano.

Desde el punto de vista econdmico, la inversién inicial disminuye por:

1. No se requiere de postes ni de su instalacion,

2. No se requiere la red subterranea ni la obra civil {(excavaciones, ductos regis-
tros, bases, etc.).

3. En caso de instalarse una red aérea de alimentacidon exclusiva para el servicio
de alumbrado publico, el costo de los conductores se reduce al usarse desnu-
dos y de longitud menor.

Por otra parte, la inversibn aumenta por:

1. La posibilidad de instalar controles de encendido y apagado para cada lampara.

2. La posibilidad de requerir que zlgunas operaciones de montaje y/o manteni-
miento tengan que ser realizadas por la empresa suministradora,

Qbviamente, esta solucién s6lo se puede considerar en aquelios casos en que la red eléctri-
ca sea dal tipo aéreo.

Deberd consultarse 1a oficina mds proxima de la CFE, a fin de elaborar el proyecto en for-
ma conjunta, ya que las aituras de montaje permitidas en este caso, asi como la distancia
interpostal, estdn deflnidas por la geometria de la red eléctrica.

La figura III-67 muestra una instalacion ti picé en poste de la red eléctrica,
\

16-05 80
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NOTA : LA COLOCACION EXACTA OE LA LUMINARIA
DEBERA. DETERMINARSE DE ACUERDO CON
EL PERSONAL TECNICO DE CFE,

FIGURA [l - &7

a) 'MONTAJE DE LUMINARIA CON BALASTRO Y FOTOCONTROL
REMOTOS EN POSTE DE CFE

AT 3

TN U

LUMINARIA
LUMINARIA AUTOBALASTRADA
BRAZO

"REACTOR REMOTO

FOTOCONTROL
INTERRUPTOR

LINEA DE ALIMENTACION
POSTE DE CONCRETO

B)  MONTAJE DE LUMINARIA AUTOBALASTRADA EN POSTE DE CFE

Figura I1I-67
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Tabla 111-13 POSTES
. . ALTURA DIAMETRO DIAMETRO LONGITUD ALTURA
TIPO MODELO MATERIAL BASE CORONA, MONTAJE BRAZO MONTAJE
{m) {cm) {em) {m} {m)
CUADRADO | Conico Limina de acero 4 y as|2 6.35 Subrepuesto | 18225 52 y 87
Lamina de acerg 5 a7 15.24 71.62 Sobrepuesto tBa2$5 62 » 72
Lamina de acerg 75a 95| 168.73 -5 ] Sobrepuesto | 18225 - 87 at0?
Lirnina de acero 10 als 2413 a 205 10.16 2 14 | Sobrepuesto | 1B a25 11.2 2162
Can base metilica | Concreto (tigerg) 6 y 75|15 y 163 | 0 Con pedestat | 2.4 ? ¥ 85§
Concreto {normal) 7 ail 231 a 3 15 Con pedestat { 2.4 8 ats.
Para empotrarse Cancreto (ligerg) 6 y 75(15 y 163 | 10 Empotrado- | 2.4 17 vy 8BS
Concreto (normal) T a1z {230 a 30 15 Empotrada | 2.4 8 a4
PUNTA DE Tipo de jardin Lémina de acero H 15.2 5.1 Sobrepyetto | Sin ?
POSTE Circular Lamina de scero 4 2 7511525 10.16 Sobrepuesto | Sin 4 s 715
Limina de acero 8 12 1651 a 26.67| 10.6 3 15.25] Sobrepuesto | Sin B a»12
Lamina de atero J a 8 15 5 Sabrepuesto | Sin J a8
Alameda pars 1 Lamina de acero 5 a 7 15.24 7.62 Sobrepuesto | Sin’ 5 a7
bombillo Lamina de acero 75a 9 18.73 8.9 . 1599
San Anget Lamina de acero 45 13 5.1 Sobrepuesto | Sin 45
Cuadrado Limina de icero 12 28 10 Sobrepuesto | Sin 12
Recto henagonal Lamina de acero a5y 5 N. R, N.R, Con pedestal | Sin 56y 61
Tubo recto para Limina de acero 4 2 5 162 162 Sobrepuesto | Sin 4+ a5
‘nipie sin registro Lamina de sterg 55 » 65 10,16 10.16 Sobrepuesto | Sin 552 B85S
OCTAGONAL | Cénico para niple | Lamina de acero 4 y 45| ns 6.35 Sobrepuesio | 18225 52y 57
con y sin registio Limina de acerg 5 a7 15.6 762 Sobrepuesto | 18825 62 a 8.2
: Lamina de acero 752 95 |19 BY Sobrepuesto | 18225 8T 2107
Limina de acero 10 y105 | 22 10.16 Sobrepuesto | 18225 112 w117
Tipo Insurgente Lamina de acero 6 2 9 21.7 N.R Conpedestal | 18 y2.4 652 95
Conico para 1 Lamina de acerp 6 o 7 15.6 7.62 Sobrepuesto | 18 a25 123 82
brazo cony sin Lamina de acero 76a 95|19 89 Sobrepuesto | 18 225 B.7 2107
reqistyo Lamina de acero 19 y105 | 231 10.16 Sohrepuesio | 1B 225 1.2 y11.7
Rec1o con y sin Lamina de acern T a2 BINR NoA. Con pedestal | 2.4 760 86
pedestal Lamina de acerg T a 8 |19 10 Sobrepuesto | 18y 25 8 a9
Arbatanie Cancreto {hgeru) 85y 105 21 y 245 [ 135 Con pedestat | 2.4 95 y 115
Con base métalica | Cuntrein {npurmall T oa 13 |2% a 1s 1% Con pedestat | 2.4 8 ala
Fara empotiarse Coneretn (ligera) B85y 105} 21 y 245 | 13§ Empotrado 24 95 ¢y 115
Concretn {nod maf) P T 25 P 15 Empatrado 2.4 8 a4

1zl
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Tabla 11113 (Cantinuacion!
. - . DIAMETRO DIAM_ETRO LONGITUD ALTURA
TIPO MODELO MATERIAL ALTURA - BASE . CORONA MONTAJE BRAZO MONTAJE
) {m} {cm) {cm) {m} {m) -
CIRCULAR Conico tipo churubusco Limina de acero N.R. 19 N.R. Con pedertal | 18 y 2.4 N.R,
Ligero para reflectores Limina de acero 6 a wWs| 19 9 Sobrepuesto 18y 24 5 #2105
) Limina de acero 12 at 25 240 10 Sowepueito 1By 24| 12 221
Pevado para reflectores Limina de acero 12 ame 30 " a36 16 Sobrepuesto 18y 24|12 a8
Lamina de acsro 24 v 30 40 vy 4B 30 Sobrepuesto 18y 24|24 ¢y
Tronconco Lamins de scero 103 a4y | 258 2327 | 12 Empotrado tAy 24] ° NA
Recto sin pedestat Limina de acero 65 a2 8 N.R. N.A Sobrepuesto 24 75 » 886
Recto con pedeitsl Limina de ace:o 65 .a B .NR_ - N.R Con pedestal | 2.4 B a 9.1
Redondo para sobreponer | Limina de acero 4 a 55 N.R - NR Sobrepueilo 24 45 » 6
sin pedestal Limina de acero 6 s 15 N.# . NR Solwepueits | 2.4 65 2 B
‘| Redondo para sobreponer | Limina de acero 4 s 55 N.R NR Con pedestal | 2.4 5 a 85
con pedestal Limma de scero 6 als. N.R N.R Con pedestal | 2.4 7 & 8BS
Cénico Lémina de acero 7 s B 19 10 Sobvepuesto 18y 25 ] ']
Conito para un brazo Lémina de acera 5 2 95 156 a19 76 » B9 Sobvepuesio 18a 25 62 alD7?
$in registro Lémina de scero 0 v 105 231 101 Sobwepuetto 188 25 112 2117
Conica para niple Lémine de acero 4 a7 118 2156 635 s 76 Sobrepuesto 18a 258 52 a2 82
Limina de acero 75 a 98} 19 89 Sobrepuesto 18a 25| 87 2107
Lémina de sctro 10 212 231 10,16 Sobrepuesto 182 25| 112 2132
Larmnina de acero 15 s 14 Sobrepuesto 18a 251 162
LATIGO Forma parabélica Lémina de scero [ : 8 . MN.R, N.R. Sobrepuesto 18a 28 8 a B
Circulas tipo olimpico Lamina de acero 53 a 13 15 45 a2 69| Con pedestat |16 5 215 7 a9
, Circular sin pedestat Liémina de acero 7 a8 NA. NR - Sobrepuetia 18y 241 7 a8
- Cénico circular para Limina de acero 7 a %8s 156 219 76 a2 B9 | Sobrepuesto 18a 25| 82 207
. 1 brazo sin registro Limina de acero 105 a 12 2.1 . 10.16 Sobrepuesto 18a 25117, 4122 |
Cénico ciroular pars Lémina ge acero 4 a7 118 2156 635 3 7.6 Sobrepuesto 182 25| 52 a 82
niple sin registro Lémina de acero 75 a 95 | 19 ‘8.9 Sobrepueste | 182 25| 8.7 2107
Lamina de acera 10 a5 231 a 30| '0.16 2134 | Sobrepueste 1B a 25| 112 2162
Cusdrado tipo olimpico Lamina de acero 53 2 13 27 45 3 69 Con pedestal |18y 24 7 a2 9
Octagonat sin pedestal Lamina de acero H s 8 N.R. N.R. Solwepyesto 18y 24 7 a8
HEXAGONAL | Cénico pars niple Limina de acero 4 y 45 11.43 6.25 Sobrepusito 8By 25|752 v 57
Limina de scero 5 a6 15.24 162 - Sobrepuesto By 25| 62 o 72
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CALCULO DE CONDUCTORES

_————— e e e

Se va a iluminar una calle donde la compafifa suministrado-
ra de energfa eléctrica proporciona una |lfnea trifésica de 13,200V,

tipo aerea, con transformadores monofédsicos de 10 KVA.

Los luminarios se instalar8n en los mismos postes de la _
compéﬁfa suministradora, los cuales éstén espaciados regularmente
a 40m, por lo tanto; se tiene un arreglo lateral y se colocar$ una
luminaria p&r poste. El control y la alimentacién se har§ por gru

po para un miximo de 23 luminarios.

DATOS:

No. de luminarios -« = = = = =@ = - = = —cec = = - - 198

Tipo de l&mpara = = = = = = = & =& = = = = = = = = Sodio A.P.
Potencia = = = = = = = = = = - - = & v = o = - = =~ 250 W
Perdidas= = « = 0 o 0 = = 0o = = - = = = - - - - - - 50 w

Factor de potencia = = = = =« = = = = = = = = = = « - 0,9 (-)
Balastro autorregulado - = = = = = = = = = =~ = = « 60 Hz, 220V
DESARROLLO:

1°. Verificar si un transformador de 10 KVA, puede llevar la car-

ga de 23 luminarios.



13200 Vv

MWW 10 KVA
 WWWW 220 V.
oy | ‘no. ! 09 | | 4 |
75 — i —ei0li . —e I
1 Ommmmeo— - ot o- O-———-0——0
—e It —eli0 — 1

2 S © S © B O JOREEROSENNO!
l_____.___} 40m } 40m I 40m_]i 40m } ______ . 40m l




{No. luminarios) x {Potencia del luminario) = (23) (300) = 7.66 KVA.

zol

3°.

4°.

FACTOR DE POTENCIA 0.9

Determinar el No. de transformadores requeridos.

198 Luminarios = 8.6 . .
23 LUM/TRANSFORMADOR

No. de transformadores = 9

Reagrupar el No. de luminarios por transformador.

198 Luminarios = 22 Luminarios/Transformador

9 Transformadores

Localizacién de transformadores,

La tocalizacién del transformador se hard al centro de ca-
da grupo de 22 postes .". la alimentacién a cada luminarijo se

hara de acuerdo al siguiente arreglo.

._’5-



52 CALCULO APROXIMADO DE CONDUCTORES.

T
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1
T
1°%

CONSIDERANDO LA MISMA POTENCIA PARA TODAS LAS LAMPARAS:

.2 42 4 ,, %
e2= — g +e, 7 C2eg
ds
e, = 3¢, —
3 | dl
d

d
er;r : = @ Ay =ft{e,,I,,v,d)
'Z j di
=1
Si dy=dp =....... =dn . .
e > n{n+r)
eT=?'|- ]d;-e,Z] ., —,
j=1 j=1
_— 4{-
_ (e} (2)

(n}{n+1)

i
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PARA NUESTRO CASO EN QUE LA DISTANCIA INTERPOSTAL ES LA MISMA,
TENEMOS ..

2e
8=
1 Talaen) ® 1 = MAXIMA CAIDA DE TENSION PERMITIDA A
LO LARGO DE LAS 1| LUMINARIAS.
.T 59
(ACp— 0.07575 %

SAINTITF
3

dn
e = ne —— [ »
n | di
40 )
e = e . .
11 IIB, 40
o= 0.833 %

PARA CALCULAR LA SECCION DE UN CONDUCTOR QUE NOS PERMITA LAS CAIDAS
DE TENSION ESPECIFICADAS, PARA CADA TRAMO DE ALIMENTACION DE LUMINARIAS,
SE PUEODEN APLICAR DIFERENTES METODOS ENTRE ELLOS .

41
A= 2 PARA CIRCUITOS MONFASICOS 2 HILOS.

Vne

DONDE : A = AREA DEL CONDUCTOR EN mm? -
1 = CORRIENTE NOMINAL EN EL TRAMO QUE SE ANALIZA.
L =LONGITUD DEL TRAMO DE CONDUCTOR QUE SE ANALIZA
Vn=VOLTAJE NOMINAL DE LA.LAMPARA. :

¢ = PORCIENTO DE CAIDA DE TENSION DEL TRAMO QUE SE ANALIZA.

-— b"



" "0 BIEN APLICANDO EL FACTOR DE CAIDA DE TENSION UNITARIA

exlOxV
Fes= 01

DONDE : Fc= FACTOR DE CAIDA DE TENSION UNITARIA

e = PORCIENTO DE CAIDA DE TENSION PERMITIDA EN EL
TRAMO QUE SE ANALIZA
TENSION DE LA LAMPARA
LONGITUD INTERPOSTAL DEL TRAMO QUE SE ANALIZA
CORRENTE QUE PASA POR EL TRAMO QUE SE ANALIZA

—r g
n "N

PARA DESARROLLAR CUALQUIERA DE LAS FORMULAS ANTERIORES, ES
NECESARIO CONOCER LAS CORRIENTES EN CADA TRAMO .

_ POTENCIA DE LAMPARA + PERDIDAS EN BALASTRO
VOLTAJE NOMINAL DE LUMINARIO POR FACTOR DE POT. DEL LUM.

. 250450

2 —————— = | .55 A.
"~ (220)(0.9)

In= nl

Ti= n(is515)=16.66 A

41 L
§| A=—————
Vne
PARA EL LUMINARIO 1 TENEMOS : Ajs 21l LI
. vVn e

_4(1.515)(40) _ 2
A= 220(0.07575) '4'5 mm-

....6_
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DE TABLA 1.4 TENEMOS QUE EL CONDUCTOR QUE SELECCIONADO SERA EL
No. 4 AWG.

PARA EL LUMINARIO No. i1 TENEMOS

ANLLsISI40) 2
220 (0.833)

APLICANDO LA FORMULA DE FACTOR DE CAIDA DE TENSION UNITARIA TENEMOS:
PARA EL LUMINARIO

e x0xV__ . (0.07575)(10)220)

= 2.75
LixIy {40) (1.515)

Fce

CONSULTANDO LA TABLA "A"” TENEMOS UN CONDUCTOR CALISRE No. 4 AWG.
PARA EL LUMINARIO |1

I0euxV__ _ 10(0.833)(220) _
Lyx In 40(16.66 )

2.7%

S| CONSIDERAMOS EL CONDUCTOR CALIBRE 4 AWG., SE CALCULA EL PORCI+N —~
SNTO DE CAIDA DE TENSION REAL EN CADA TRAMO.

0= FeliI. - 1.919x 40x1.515 = 0.0528
10V (10)( 220)
nin+1i
er= ""‘"'(""2"""')— e =3.488 %

ESTOS METODOS SON MUY APROXIMADOS, SI SE DESEA TENER CALCULOS
MAS EXACTOS, SE PARTE DE ESTE CONDUCTOR PARA APLICAR LA SIGUI-

ENTE FORMULA - F -



6'1 (Rcos ® + Xsen® ) x 2

¢ =21 (Ricoso+ Xisene)
Ri= ? = 0.04037 .
Xt= ¢ |
e . ?
DE TABLA 1.4 R=0.83 .n/Km o 20°¢C
ENTRE EL LuumARlo 1y2 HAY UN TRAMO DE 40m. « o

Ri=0.83 -0 IKm
Km * iooom * O™

Ri = 0.0332 _n_ o 20°C

Ty + 234.5

CORRIGIENDO A 75° Ry =Ry =M——"

ORRIG c W T 2348
_ 154 234.5
Ru =0.0332 20+ 234.5

Rw =0.04037 _~

X=2TtL PERO L DE TABLA B TENEMOS :

2 |0-4 DMG
X Ln BMG

r
n

ARREGLO DE CONDUCTORES.

— o= S = DMG = DISTANCIA MEDIA GEOMETRICA
D = DIAMETRO EXT. DEL CONDUCTOR C/AISLAMIENTO
8 D, = DIAMETRO EXT. DEL CONDUCTOR S/AISLAMIENTO

—&-



D=g9.4mm.
Di= 5.41 mm.

'S =Dco9.4amm. (DE TABLA B )

r = RADIO DEL CONDUCTOR

D .
re 2‘ = "’;' t 2.705 mm.

DE TABLA D
RMG = 0.726 1 = 0.726x2.705 = {.9638 mm.

APLICANDO LA FORMULA

- MG -4 9.4
L= 4 0 .
2xi0 Ln RN G = 2xl0 Lnl.9658
Lz2xi0%Ln 4.786¢ HENRIOS
KM,
e oy it H_ KM
PARA 40m TENEMOS: L=2xI0 Ln 4.7866 v mOM.l 40m

L=2x16%Ln 4.7866 x 0. 04 H

L= 2x10%1.5658 x0.04 H

L=0.2526xI0°H

X=2MtL =2(3.1416)(60)(1.2526 x 10°>)

X= 472.219x10°%

X = 0.00472219 .n_




CALCULO DEL ANGULO DE DEFASAMIENTO
FACTOR DE POTENCIA DE LUMINARIO = 0.8

ANG. cos (0.9) =06 = 25.84° /

cos € 0.9

sen 6 = 0,4358

SUSTITUYENDO EN LA ECUACION

ez 2]i{Rcos® ¢+ Xsen o) |

e = 2{1.515)(0.04037 x0.9 + 0.00472219 x 0.4358)

ei= 0.116 VOLTS

er=—"-‘-';—“-1—e.=7.ssv.
eT(%) J68_ 00 = 343%
ol =330 *



Dimensiones de conduct

Talla }

2

ores con ailamirnio dr hule y Wermoplistico’
Tpus7.TW y THW2
KHW y RHH Tapos R1W y REHN
Calibee {mn cubserta exienior) {tou cubiesla enitrior) Tpos TUWN y TIHIN
AWG, MOM
Damevro Area: Dumetre Area Ligmetra Area
mm mm? mm mmi mm mm?
Col | Col. 2 Cot 3 Lol 4 Col S Col b Col. 7
A
L 14 3.3 8.7 - - ] 2.7 59
A H 4.1* 13.3* 5.2 21.) - -
M 12 3.8 11.1 - - 3.2 79
B 12 45°* 16.2¢ 5.0 4.7 - -
K 10 43 14.3 - ~ 4.0 123
E 10 5.0* 20.1* 6.1 no - -
S
4 36 9.9 . T 3.0 69
4 4.3* 13.8* 54 23.0 - -
12 4.0 128 - - 34 9.3
12 48°* 184°* 59 273 - -
10 4.6 10.8 - - 4.3 14.7
10 54* 23.0* 6.5 33.3 - -
C 8 6.2 304 - - 5.0 25.0
8 7.0* 38.6 83 515 - -
A
6 8.2 529 10.1 798 6.6 34.2
B 4 94 70.1 11.5 103.5 84 55.2
2 11.0 95.0 13.0 1333 9.9 771
L 1/0 139 152.7 16,0 200.5 12.5 - 123.5
2/0 15.1 1794 17.1 2309 13.7 147.6
E 3/0 164 2121 18.5 1693 15.0 1767
4/0 7.9 2518 19.9 3122 16.4 211.2
S
250 20.0 3li6 220 3ul.8 18.2 2613
300 214 360.1 23.7 $1.1 19.6 3026
350 27 405.9 25.0 4916 - =
400 239 449.6 26.2 539.6 221 3843
500 2.1 536.5 284 6344 243 463.0
600 2.0 662.0 33 7703 - -
730 3.7 7904 M40 908.4 - -
1 000 35.7 998.8 379 11309 - -
} 250 40.1 1 260.} 426 14233 - -
1 500 43.2 1467.8 45.7 16435 - -
YABLA - A
FACTORE S BE CAIDA PE TENSION UNITARIA
CALIBRE BISTEMA SISTEMA CALIBRE | SISTEMA SISTEMA
AWG | MONORSICO| TRIFASICO| AWE |MONOFASICO | TRIFASICO
14 19.5033 16,8903 8/0 0.4782 C.4141
12 12 2663 106229 40 0.3794 0.3286
10 T.Ti46 66810 250 03214 02783
| 4.8517 42007 300 0.2678 aesiy
] 3.0514 2.6426 ).} 1¢) 0.2305 0.1996
4 1.9191 1.6820 400 0.2020 0.1749%
4 1.2072 1.0455 800 0.1624 0.1406
| 0.97¢68 0.8459 600 0.1362 0.1179
10 0.7594 0.6577 T80 0.1100 0.095%
20 0.6024 05217 1000 0.0843 0.0730

[




TABLA B CASO |

FORMULAS DE CALCULO DE LA INDUCTANCIA TOTAL

(H/Km)

ONC)
-

' H]
f— -l
L.... 2x10 ln——ms (6.3)

Formacién triangulsr

El valor madio de la inductancis tetal del sistama
[}

DMG
Le2x10-4 In——o0 (65}
’ RMG

donde DMG es la distancia media geométrics y
queds definida como:

-
DM = ¥8, 3T AT,

. (657}

equidistante
5“ ¥ S‘c # SCA
g ] Fermacion triangular
s
L= I'A = LS =1

B valor medlo ﬁ; 1a inductancia to-
tal es:

MG

s—F

c + ).L
s !
L=2x10-* In--§—

(6.4 RMG Formacién plana

-2310-0 Ip—o
t=2 nRHG

donde DMG = ¥7xS {6.6)

TABLA

c

CONSTRUCCIONES PREFERENTES DE CABLE DE COBRE CON
CABLEADO REDONDO COMPACTO

Designacidn Peso
. AWG Area de In seccién Nimero Diémelro exterior nominal
mm? oMCK transversal, mm? de alambres nominal, mm kg/km
—_ ] 837 7 LR L 759
- 6 13.30 7 429 120.7
_— 4 21.15 7 541 1919
— 2 338 7 6.8] 305
- 1 424 19 159 85
50 U e 483 19 £33 438
- 10 535 i% 853 485
_ 2/0 674 19 9.55 612
70 _— 69.0 19 978 626
—_ 3,0 850 19 10.74 m
—_ 4/0 107.2 19 12.06 72
-_ 250 126.7 37 13.21 1149
150 —_ 147.1 37 14.42 1334
-_— 300 152.0 37 1448 137%
— as0 13 7 1%.65 1609
_ 400 203 kKH 1674 1839
240 — 239 kY 18.26 2200
- 500 253 37 18.69 2300
- 600 304 6l 206, 2760
- 150 80 61 ' 231 3450
- 800 405 61 238 3680
-— 1000 507 61 269 45%0

I




TABLA D

RADIO MEDIO GEOMETRICO DE CONDUCTORES USUALES

Construccion dal
conductor RMG
‘Algmbre s8lido 0.779r

Cable de un solo material

7 Mios 0.726r
19 hites 0.758:
37 hilos 0.768r
61 hilos 01
91 hHos 0.774¢
127 hites B %[

t = Radio del conductor

YABLA Lo
RESISTENCIA ELECTRICA DE CONDUCTORES DE COBRE
AREA DE LA RESISTENCIA
“."",""E SECCION ""::“ ELECTRICA
TRANSVERSAL C.D.20°C
MeM (mma2) WiLos (OHMS /XM)
A
L T 0.823 - 21.0
A 16 1.508 - 3.2
“ ie 2.08 - ..27
8 12 33 - 8.22
R 10 5.26 - 3.28
E .
s.
18 823 7 213
16 1.308 7 13.42
14 208 7 8.45
12 3.34 7 532
10 526 7 335
[ (%1 7 2.10
€ 1330 7 1.322
¢ 4 21.18 7 0830
2 336 ' 0.523
A
10 538 19 0.329
B 2/0 67.4 9 0.261
30 5.0 9 0.207
L 4o 107.2 19 0.1640
£ 0 126.7° 37 0.1390
300 182.0 4 olIISsT
8 350 I177.4 37 0.0991
400 £202.7 37 00067
800 2533 37 0.009%
€00 304 .| Y 0.0578
180 3800 ) 0.0463
1 000 806.7 s 0.0348
1 B50 $333 o o.R78
1 800 760.1 » 0.0232
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 AREAS DEPORTIVAS

 PUNTOS DE PRUEBA

Espaciados de acuerdo ol area.
Lecturas al centro.

Dividir cuadros aprox. 57 del area “o{o‘
Puntos especiales de prueba.
(Compos de tiro, Galf, patinaje, etc.. )

Luadros conmas del 50% dentro del area s
Incluyen al caleulo, menores no se inc\uqm

PROCEDIMIENTO DE PRUEBA

Nivelar celda.

Mediciones en cada pun'}o (cliqqromas)
Promediar lluminancia . o

Celda en supzrﬁcw. de juego 0 9lcms (36 pulgs)
de supenfic N




CARRETERAS
PUNTOS DE PRUEBA
Espacios de rectdngulos.
Lecluras al centro,

Medir an longitud (3postes por lo menos)
Puntos de prueba (centro del trdfico)

Arreglos caracteristicos (Figura)
[ntervalos entre pun"oslﬂ pies aprox,

PROCEDIMIENTUO DE PRUEBA

Mediciones en cada punto,
Nivelar celda.

Promediar iluminancia

Celda a 0.5 mls. (Gpulqs) de superticie de lq
carretera,

Powmcm‘o Seco (no aqgua, no mevc)




 REPORTES DE DATOS

1) Locacién (avenida, cancha, estadio, ek )

2) Descripcién del equipc. (lumnano)

3) Fecha de mediciones.

~ 4) Diagrama de puntos de prueba (dimensiones)
- 95) (ondiciones eléctricas (V, Iq P) |

6) Londicion de luminarios ( limpicas, duracin k)

() Condiciones climalicas.

8) Tabulacign de dates de pruaba

9)  Registro de mediciones de procba (bn"o
| elc.) ospeciales.

‘0) Rc‘auoa maxmo/ minimo (prom.de “un)

| “) A\hm cl'c mn’rqjc,cquéiqmicn*o, arrcqlo. ,
12) Dales de inshumentos de prucba,

13)  Tiewpo de instalacion.

" 14) Datos de probadores.



INSTALACIONES ANTIGUAS

Para instalaciones de este 'Hpo os luminarios
deben checarse sin limpiarlos y tomar madiciones,
- posteriormente se limpian y se toman wediciones,
0 2a que s Nacen L series de mediciones.

INSTALACIONES NUEVAS

[on el ob]c’ro' de choogr rendimizn‘}o alas condicio.
nes iniciales; se limpian, acondicionan y ajustan los

Kuminarioa.

Fojf.ommlros : oSN, Y color

corregide, portd il y ealibrado
Condiciones electricas; checar (lampara, luminario ek)

V = VUH'Q)@S
I = Corriente
P . Potenda

TIPD DE LAMP H\D,FLUDR. ¢ INCAND.

Y



EXTERIORES

En instalaciones de alumbrade en exteriores donde el
fluio luminoso s dirigido a zonas, Formando un angulo
de incidencia con la superficie dl ser iluminada; ; debe

— AJUSTARSE (UIDADOSAMENTE —
para que esa iluminacion sea UTIL yde (ALIDAD

I E.S. desarrolla metodos con el objetive de normaliza.
cion en la medicién y rcglsfro de caracteristicas prin_
cipalmente para: -

° (ARRETERAS .
O AREAS DEPDRTIVAS

La precisién es menor a la oblenida en laboratorio, debido
a las condiciones adversas inherentes,

( voltaje, Yemperatura, polvo 4 ctros factores)



Medicidn de Tluminancia

La iluminancia en las areas definidas debe
medirse en el momento del trabajo en puntes
especificos.,

la celda debe colocarse en ef plane alc trabajo 760 mm.

(30 pulgs.) =Dpt.

InSpccciones de instalaciones.
Donde se utilize al dia yla noche, la inspeccidn debe
hacerse en ambos furnos (%) ydonde se vtilize solamente

enel dia, debe inspeccionarse enel dia,

() Se puede una inspeccicn nocturna realizarse an el
dia, bloqucando ventavales o hdq fuente de luz externa

a la inspecciovada |



~ INTERIORES

EN LA EVALUACION DE INSTA.
LACIONES DE ALUMBRADO ES
NECESARID .

*MEDIR ILUMINACION
+REGISTRAR DATOS .
1.E.S, DESARROLLA UN METODO DE
INVESTIGACION UNIFORME-DE ME.
DICION Y REGISTRO DE DATOS.
- 105 RESULTADOS SE USAN COMPARA.
TIVAMENTE CON ESPECIFICACIONES PARA
DETERMINAR NECESIDADES DE




MANTENIMIENTO
MODIFICACION
'REEMPLAZO
Medicidh de iluminancia

Instrumento de cdda (cesao v celer comegicles )
celda expuesta aluz 5 q 15 wins,antes de 1as medicicres,

#Probadores no causan Som bms, ref ’qos leer en 26
3% parte de la escala (mayor precision, menor error )

2 anparas HID *lempo aencendido = 30 mins.

1 Lamparas fluorescentes 1hora g tiempo vida en_
cendido =100 horas de cperacicn.

| amparas jncandescentes tiempo accndicionamien
ty = 20 Woras de cperacidn,



ILUMIN AN(IA PRUMED\DE

E\ método se utiliza para un plane horizontal con 10%
de valores aprox. tomando lecturas en cuadros de 0.6 m

(2f1s) 9 PROMEDIANDU;

P = Jectoras

- Jlowmwane prom, ég p L' p- #oh lec/

/7

AREAS

0 RQgUIC"' con 'UMI"O“OS 5\m¢+rlcamcn+6 QSPQCIQ -
dos en dos & mas filas.

& Reqular con un luminario localizado snmehncamcm‘e.
@ chular con una fila mdividual de luminarios.

® Regular dos émas filas continuas cla luminarios.
= Raqulqv con una fila continua de luminarios.
m Regqular con techo lummoso.



4-36 MEASUREMENT OF LIGHT

Fig. 4-25. Form for Tabulation of Luminance Mea-
' surements .

Luminance

Work Pont Location* T T T l
|a'eic olele

Luminaire al 45° above eye level
Luminaire at 30° above eye level
Luminaire at 15° above eye level
Ceiling, above luminaire i
Ceiling, between luminaires :
Upper watl or ceiling adjacent to a :
luminaire - !
Upper wall between two luminaires S
' ' 1
|
|
]
{

walil al eye level :
Dado
Floor .

Shades and blinds i

Windows I

Task !
Immediate surroundings of task , t
Peripheral surroundings of task : i
Highest luminance in fietd of view l i j

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 area, 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.

* Describe locations A thru F,

FIELD 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 to pro-
duce the best utilization and quality of illumi-
nation. For an accurate evaluation of this type of
installation, special care must be taken in the
measurement of the resultant illumination. A
summary of the IES guides for Roadway Hlumi-
nation Measurements and Sports [llumination
Measurements follows, but the full guides should
be consulted before making an actual survey.™ '

Preparation for the Survey: (1) Inspect and
record the condition of the luminaires (globes,
reflectors, refractors, lamp positioning, etc.). In
the case of roadway lighting, make sure lumi-
naires are level and their lateral placement is

1o

IES LIGHTING HANDBOOX
198 REFERENCE YOLUME

correct. Unless the purpose of the test is to check
depreciation or actual in-service performance, all
units should be cleaned and new lamps installed.
New lamps should be seasoned properly.” While
inoperative lamps are readily noticed in roadway
installations, they can easily be overlooked in
large floodlighting svstems. If these lamps are
not replaced 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 the poles, the
number of units per pole, the wattage of the
lamps and other pertinent data, Check these data
against the recommended layvout; 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. (3)
Record the atmospheric conditions. Because of
the effect of adverse atmospheric conditions, the
survey should be made only when the atmo-
sphere is clear. Extraneous light produced by a
store, service station, or other lights in the vicin-
ity, requires careful attention in street lighting
tests. {6) Because of the influence of the electrical
circuit operating conditions on lamp light output,
it is uvsually necessary to 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-
mally be used, record the voltage at the lamp
socket with all of the lamps operating. The volt-
age at the main switch may be measured pro-
vided allowance is made for the voltage drop to
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 photometer should be selected
for its portability and repeatability of measure-
ments at any point of the scale which is used. 1f
required by the spectral characteristic of the
light source in the system being measured, ap-
propriate corrections should be made to each
reading.

I. 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 of each rectangle formed

by the above divisions and the lanes of the road-
way. Additional measurements may be taken at

‘points of special significance, but these readings

should not be used in calculating the average

horizontal illuminance. In some instances, lumi-

nance measurements may also be desirable.

2. For sports installations, the sports area, or
that portion of the area under immediate consid-
eration, should be divided into test areas of ap-
proximately 5 per cent of the total area and
readings should be taken in the center of each
area. Where illuminance for color television is
involved,* multiple readings should be taken at
each station: one reading with the meter cell
tilted 15 degrees from vertical in the direction of
each camera location, and 0.9 meters (36 inches)
above ground level, unless otherwise specified for
the particular sports activity, and a final reading
with the cell in the horizontal position.

- 3. Readings should be made at each test sta-
tion with repeat measurements at the first sta-
tion frequently enough to assure stability of the
system and repeatability of results. Readings
should be reproducible within 5 per cent. Enough
readings should be taken so that additional read-

_ings in similar locations will not change the av-

erage results significantly. Care should be exer-
cised while taking readings to avoid casting

shadows on the receptor of the measuring instru-’

ment, and also by standing far enough away from
the receptor, especially when wearing light col-
ored clothes, to prevent light from the source
from being reflected onto it.
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RECOMENDACIONES PARA LA MEDICION DE ILUMINACION DE AREAS E

INSTALACIONES DEPORTIVAS

1.- INTRODUCCIO

‘llll-

1-2--

Aspectos Generales.~ E| objeto de estas recomendacio~
nes es proporcionar un procedimiento de |la medicién y

reporte de las caracterfsticas fotométricas en instala
ciones deportivas. Considerando los factores que in--
tervienen, se procurard determinar las condiciones del
sistema de jluminacién,

Condiciones de la Prueba.~ Generalmente l|las pruebas _
de iluminacidn 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 estan afectando el sistema. En consecuencia habr§
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, deber§ procurarse que los luminarios se encuen
tren limpios., Las |&mparas deberdn ser “curadas” y ___
tanto la | &mpara como el luminario deber&n estar bien
ajustados en su conjunto &ptico.

Si la prueba es hecha con prépositos de una verifica--—
cién de la instalacién después de una depreciaci%n en
servicio; el ndmero de horas de operacién de las l&mpa
ras, asf como las que se encuentran en falla, deber§ _
ser registrado en el reporte. A continuacién se efec-
tuard una prueba al sistema en estas condiciones, rea-
lizando enseguida un mantenimiento compleo; para con--
cluir con una nueva medicién al sistema en Sptimas con
diciones.



Es recomendable que en sistemas que tengan |&mparas
de alta intensidad de descarga (HID), estas deberdn
tenerse en operaciédn normal por un |§pso de media __
hora como mfnimo, a fin de estabilizar su temperatuy
ra de operacién antes de efectuar la prueba del sis
tema.

Debido a la influencia que el circuito eléctrico __
tiene sobre el flujo luminoso de las |&mparas, es _
recomendable determinar los pardmetros de corriente,
voltaje y potencia de los luminarios en operacién,
lo anterior es con el propésito de establecer una _
comparacién con los datos originales del fabricante
del Juminario y con esto determinar si se encuentran
en condiciones normales para efectuar la prueba foto
métrica del sistema. Generalmente es suficiente con
lecturas de voltaje y corriente de [fnea, pero si se
sospechara una condicién anormal en el funcionamien=
to del- (os) luminario (s), es conveniente hacerle‘__
pruebas m§s exhaustivas al equipo del cual se tenga
duda, * -

En instalaciones grandes, las lecturas de voltaje de
berdn tomarse en un buen ndmero de luminarios (de
ser posible en el socket de la |&mpara) para asegu—-—
rarse que el valor es el apropiado para la |&mpara o
para el conjunto |&mpara-balastro que se esté utili-~
zando.

La prueba de medicién fotométrica deberd hacerse pre
ferentemente en condiciones ambientales despe jadas y
cuando la aportaciédn de luz de fuentes externas sea
mfnima,

Un especial cuidado deber§ 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. |gual
cuidado se tendr8 en verificar que la luz incidente
en la celda del instrumento que detecte las lecturas,

'3
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no se vea influenciado por reflejos muy acentuados. ___
En general el evitar sombras o luz extrafa requiere
siempre una actitud alerta del bersonal de prueba, con
el propédsito de detectar estos inconvenientes.

- 1.34a=- Equipo de prueba.- Se utilizar§ un fotémetro que sea
port&til con el propésito de poder efectuar las lectu-
ras en cualquier punto del &rea que se esté probando.
Deber§ estar bien calibrado y corregido en color y en
coseno. La celda del fotémetro podr& ser llevada a di
ferentes niveles sobre el plano horizontal y también _
podr8 ser colocado en cualquier plano que se requiera.
No deber& ser sensible a variaciones de temperatura y
en caso de serlo, se hardn las correcciones correspon-
dientes para compensar las lecturas, Cuando se utili-
ce un instrumento de escalas miltiples, aseglrese que
la lectura se obtenga en la porcién superior de |a es-
cLIa del aparato. Para més informacién refiérase al
"|ES General Guide to Photometry” (4).

2.~ PROCEDIMIENTO DE LA _PRUEBA.

2.1.- Puntos de prueba.~ Los puntos para la medicién de la
' iluminacién deberdn localizarse y espaciarse de tatl
forma que las mediciones sean representativas del .
drea que se este midiendo; constituyendo un conjunto
de lecturas que permitan calcular la jluminacién pro-
medio. :

Recomendaciones especificas para la localizacién de _
puntos de prueba de la mayorfa de areas deportivas se
dan en las figuras 1 a la 16 que se anexan m&s adelan
te.

Para 8reas irregulares, como el caso de canchas de __
golf, o cualquiera que no tenga dimensiones regula---
res, se recomienda hacer divisiones en cuadrados igua
les o recténgulos que no excedan del 5% (cinco por

ciento) del &rea total considerada y las mediciones
se procurarén hacer al centro de este cuadrado o rec=-

téngulo.
/4
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Las 4reas que esten disehadas con diferente nivel de _
tluminacién con el mismo sistema o instalacién se tra-
tar8n de manera individual, H&gase la consideracién,

al dividir las zonas de prueba, de eliminar los cuaw--
dros que participen con menos de la mitad de su &rea _
en el campo y en el caso que su &rea sea mayor de la

mitad, entonces deber$§ inclufrsele como punto de prue-

ba.

Cuando se den recomendaciones en puntos especlfficos,
definiendo valores de iluminacién para ellos, tales __
como |fneas de salida en campos de golf, lugar del __
blanco en campos de tiro de rible y pistola, etc., se
tomarén diferentes lecturas de tal manera que se cubra
el total de puntos que involucren el lugar objeto de _
mediciones fotométricas.

Medicién de iluminancia.- A menos que no se especifi-
que otra cosa, se harin las lecturas fotométricas pose
sionando la celda del instrumento directamente en la _
supérficie del campo de prueba cuando se trate de jue-.
gos sobre piso, en tanto que en el caso de juegos o
aéreos la celda se colocarid a una altura de 91 centfme
tros (36 pulgadas). Las lecturas se efectuar8n 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 variacién __
mayor del 5% de la lectura se considera estable.

Medicién de luminancia.- En instalaciones deportivas

y recreativas, cuando hablamos de equipo de ilumina=—-
cifn, el control de la luminancia indeseable producida
por los proyectores, o bién los reflejos producidos -
por superficies especulares, deben ser evitados median

.te el posesionamiento adecuado de los proyectores que

constituyen el sistema. Se recomienda ver “|ES Current
Recommended Practice for Sports and Recreational Area
Lighting” (2).



1).-
2).-
3).-
4).-
5).-
6).-
7).-

8).-

9).-
10).-
11).-

12).~

13).~

14).-

REPORTES DE_DATOS

Locacién (Avenida, éancha, Estacio, cte.)
Descripcién de! equipo {(Ldminario)

Fecha de mediciones

Diagrama de puntoé de prueba (aimensionés)
Condiciones eléctricas (v, | v P) y
Condicién de luminarios ( Limpieza, Duracién etc.)
Condicicnes climaticas

Tabulacién ae datds de prueba

Registro de mediciones dé prueba (Brillo, etc,) especiales
Relacién m&ximo/minimo (Prom. de llum)f
Altura de montaje, espaciamiento, arreélo.
Datos de tnstrumentos de prueba,

Tiempo de instalacidén

Datos de probadores

[#]
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En ocasiones es deseable determinar la magnitud de _
deslumbramientos causados por el sistema de ilumina--
cién en cicrtos puntos de visién crftica, con el pro-
pésito de tomar alguna accién correctiva. Un camino
a sugerir serfa efectuar un receorrido por diferentes
puntos de observacién que pudiéfan considerarse crf-=
ticos (generalmente son los directamente frontales a
los proyectores) y con esto procurar determinar fa _
- correccién aefectuar, siempre y cuando esta sea posi-
ble y no afecte el comportamiento de iluminacién en e!

drea,

3.~ REPORTE_DE PRUEBAS

El reporte deberd integrar los datos mé&s significativos, de
. manera que permita un manejo f&cil de ellos. Es recomendable
"que incluya los siguientes aspectos:

)7



Promedio de lecturas en campo

Relacién m&ximo a mfnimo

Promedioc de Lecturas fuera de campo

Relacién mdximo a mfnimo

Voltaje en proyectores con el total de l&mparas en operacién

DATOS DE LA_INSTALACION

Tipo de luminario

Ndmero de unidades

Fuentes de luz

Ndmero de torres

Altura de torres

Distancia de las torres a la |Ifnea de “foul” o a extremos de la
cancha
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MEDICION FOTOMETRICA DE_INSTALACIONES DE_ALUMBRADO PUBLICO

1.- LOCALt ZACION

CALLE ENTRE
COLONIA DELEGACION
2.-  FECHA
DE
HORA

3.- DESCRIPCION DE LA INSTALACION Y EQUIPO,

3.1.~ LAMPARA

3.1.1.-

; | 3.1.2.-
| O 3u1.3.-
3.1.4.-
3.1:5:-
P 3.1.6.-
3.2.- BASTRO

| 3.2.1.~
| 3.2.2.-

3.2.3.~
3.2.4.-

MARCA

DE 198

TIPO

WATTS

ACABADO

POSICION

HORAS DE USO ESTIMADAS

MARCA

TIPO

FACTOR DE POTENCIA

INTEGRAL REMOTO




3.3.~

3-4--

3!5!’

72~

3.5.3--

LUMINARIO

3.3-.1.- MARCA

3.3.2.- TIPO

3:3-3-- CURVA _
3.3.4.« CERRADO ABIERTO __
3-3l5|-

POSTES

3.4.1.- ARREGLO

3.4.2.~ ALTURA DE MONTAUJE

3.4.3.~ TIPO T
3e4.4.- DISTANCIA INTERPOSTAL

3-4-5-“ LONG|TUD DE BRAZO

3.4.6.- DISTANCIA POSTE A LA ACERA

CALLE

3.5.1.- LONGITUD A MEDIR

3e5.2.- ANCHO DE CALLE

ANCHO DE ACERA

-t



CIRCUNSTANCIAS ESPECIALES

L

4.1.- |INTERFERENCIAS

4.2.- CONDICIONES AMBIENTALES (NO DE TIEMPO)

4.3.- FUENTES DE LUZ EXTRANAS

CONDICIONES ELECTRICAS DE LA INSTALACION

S5.1.- VOLTAJE ENTRE .FASES

5.2.- VARIACION DE VOLTAJE

5.3.— CORRIENTE DE LINEA

5.4.- WATTS DE LINEA

5.5.- WATTS DE LAMPARA

5.6.- HORAS DE ENCENDIDO HR, DE OP, POR ENCENDIDO

CONDIC!ONES DE LUMINAR!O

6.1.- MESES APROXIMADOS DE USO

6.2.- CONDICIONES DE LIMPIEZA
6.2.1.~ BUENAS
6.2.2.- REGULARES
6.2.3.- MALAS
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7.- CONDICIONES DEL TIEMPO

7+1.- NUBLADO

7+2.- DESPEJADQ

RN



7.~ CONDICIONES DEL TIEMPO

7.1.-
7!21-

NUBLADO
DESPEJADO

14/

)

ESTACION

CARRIL

CARRIL

CARRIL

CARRIL

CARRIL

CARRIL

oo.|l-a i

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26
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ESTACION

CARRIL

CARRIL

CARRIL

CARRIL

 CARRIL

CARRIL
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10

11

12

13

14
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16

17

18
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20 -
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27
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ESTACION CARRIL | CARRIL | CARRIL | CARRIL CARRIL CARRIL

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

TOTAL POR CARRIL

PROMEDIO

MAXIMO

MINIMO
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10.- MEDICIONES ESPECIALES

ESTACION : LOCALIZACION LECTURA
OBTENIDA

11.- RELACIONES -

~-[ PROMED 10

PROMEDIO A
MINIMA

PROMED IO A
MAX IMA

MAXIMA A
MINIMA

LA RELACION DE PROMED!O 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 1,

>
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12.-

13-"

INSTRUMENTOS UTILIZADOS

_\/.E?.-

CLASE

MARCA

MODELO

OBSERVACIONES

PRUEBAS EFECTUADAS POR:
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1.-

PROGMA DE MANTENIMIENTO PARA SISTEMAS DE ALUMBRADO
PUBL ICO.

INTRODUCCION. El mantenimiento adecuado de cada instalacién es
la dnica forma de continuar proporcionando un alumbrado pﬁb[i;
co efectivo. El mantenimiento del alumbrado incluye todos los-
medios gue puedan utilizarse para mantener |a cantidad de luz-
en el pavimento, tan cerca de su valor inicial como sea'préc--

tico.

Los objetivos del mantenimiento del alumbrado pdblico son el -
mantener el nivel deseado de iluminacién con un costo minimo y

un uso efectivo de la energfa.

Porqué es importante el mantenimiento del alumbrade pl--

blice?

é

Primero, porqué el propésite primordial de una instalacién de-
alumbrado puiblico es el reducir la criminalidad, mantener las-
calles seguras al tré&fico peatonal y vehlcular durante la no--

che y ayudar al desarrollo de la comunidad.

Segundo, porqué se debe proporcionar tanta luz como sea econé-
micamente posible, Por lo que se debe minizar la depreciacién-
de Iog limenes de las |&mparas vy Ias.lémparas apagadas.

El uso de factores de pérdida de luz, en el disefio de toda ins
talacién de alumbrado pdblico es un reconocimiento necesario -
de que no hay un programa de mantenimiento capaz.de mantener -
los par8metros iniciales de una instalacién. Los valores de --
los factores de pérdida de luz usados, indican la cantidad es-

perad de depreciacién incontrolable y a la vez la cantidad de-
esfuerzo necesario para contrarrestar ests depreciacién.



2.- FACTORES QUE AFECTAN LA VLUMINACION. Es importante conocer los

2.1

2.2

factores que afectan la iluminacién proporcionada por un siste

ma de alumbrado piblico, estos factores son:

1) Temperatura ambiente del luminario.

2) Voltaje de alimentacién al luminario.

3) Factor de!l balastro.

4) Depreciacién de las superficies del luminario.
$) L&mparas apagadas. |

6) Depreciacién de los lumenes de las |&mparas.

7) Depreciacién 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.

Temperatura ambiente del luminaric. La temperatura puede ser -
un grave problema cuando por alguna causa la l&mpara permanece
encendida durante el dfa va que esta se puede-elevar a valores
que danen los arslamientos ¢ algunas otras partes del lumina--
rio, Se debe corregir lo antes posible cualquier falla que pro

voque que fa lampara permanesca encendida durante el dfa,

Voltaje de alimentacién al luminario. Cuando el voltaje de alji
mentacién al luminario no est8d dentro de los valores nominales
de operacién del balastro o |l&mpara, se pueden tener variacio-
nes sensibles en el flujo emitido. Las variaciones grandes de-
voltaje de alimentacién se deben evitar ya que reducen conside
rablemente la vida de las ldmparas y equipos auxiliares. El so
brevoltaje puede dahar r8pidamente los aislamientos, mientras-
que un bajo voltaje puede proveocar que las |l&mparas no encien-
dan 6 estén encendiendo y apagando. Adicionalmente, cuando se-

presenta alguno de los casos anteriores, la iluminacién no tjo

P



2.3

2.4

2.5

“ne el valor para el cual fué disefada la instalacién, por lo an-

terior, se debe revisar periodicamente este parémetro y corregir

se en caso necesario.

Factor del balastro. Cuando el factor del balastro utilizado en-
un luminario difiere del balastro usado en la fotometrla, la emi
sién de luz diferird en la misma cantidad. Se debe consultar a -

los fabricantes sobre estos factores.

Depreciacién de las superficies del luminario. Los materiales --
usados en la construccién de luminarios difieren en su resisten-
cia al deterioro. El aluminio procesado tiende a depreciarse - -
poco, pero por otro lado el esmalte es mas fé&cil de limpiar. Con
respecfo al uso de plésticos en la construccién de luminarios --
este se ha incrementado en los ultimos afios. Los tipos mas comun
mente utilizados para la transmisién y control de luz son los --
acrflicos y poliestirenos. Despues de un periodo de tiempo de es
tar expuestos a las radiaciones ultravioletas, estos materijiales~
cambian 'su color y transmitancia. Los acrflicos son los mas re--
sistentes a estos cambios. El grado de cambio en el color y tran
smitancia depende dé la aplicacidn; tipo de l&mpara, distancia -

del pléstico a la l&mpara y temperatura del pléstico durante la_

operacién del luminario. Cuando estos materiales son |impiados,-
se debe tener especial cuidado en utilizar materiales y técnicas
adecuadas de |limpieza yva que sc puede cambiar la transmitancia -

del material por la acciédn de productos qufmicos 6 maltrato.

Lamparas épagadas. Las |a&mparas apagadas contribuyen a Ja péfdi
da de fuz. Si las l&mparas no son cambiadas répidamenteldespues_
de que fallan, la iluminacién prdmedio disminuird proporcional-
mente. Cuando existen tramos con |&mparas apagadas y encendidas_
se disminuye notablemente la capacidad de detectar obstéculos o
peatones en las vialidades, ya que al estar el obstéculo o pea--

tén en una zona obscura el contraste disminuye, impidiendo al --



2.6

2.7

ojo humano detectarlo.

Depreciacién de los ldmenes de las |&mparas, La emisién luminica
de fas l&mparas disminuye conforme la l&mpara se va enve jeciendo,
Esta disminucién es |lamada depreciacién de ldmenes y es una ca--
caracterfstica inherente de todas las |8mparas. Las pérdidas debi
do a este factor se reducen con los programas de reemplazo de |&m

paras en grupo.

Depreciacidén por polve en el Juminario. lUna cantidad significante
de la pérdida de luz puede atribuirse generalmente a la cantidad_
de polvo acumulado en las superficies internas del luminario, el
humo de los escapes de los vehfculos automotores en especial, se_
adhiere a las superficies de los luminarios depreciando ré&pidamen
te la emisién de estos. En adicién a la clase y cantidad de polvo
en el ambiente, la cantidad de pérdida de luz depende del disefio_
def luminario, forma y tipo de |l&mpara y acabados del luminario.
Adicionalmente a los factores mencionados anteriormente existén -
otros dos que son: Vandalismo y la obstruccién de &rboles. 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 utilizadas son; el aumentar la -al-
tura de montaje cuando es posible, utilizar luminarios fabricados
con materiales resistentes a los impactos. y colocar guardas a --
los refractores de los luminarios. Por lo que respecta a la obs--
truccién de ramas de &rboles, este problema se presenta principal
mente en avenidas en las cuales existen &rboles en la misma acera
en que se encuentran los postes de alumbrado pdblice, la dnica S0
lucién es podar las ramas de &rboles que interfieren con el cono_

de candelas maximas de cada luminario.

J.-LA NECESIDAD DE IMPLEMENTAR PROGRAMAS DE MANTENIMI1ENTO. Todo Sis-

tema de alumbrado piblico pucde mantenerse en perfecto estado de



trabajo tanfo mec&nica como eléctricamente y-aﬁn asf{ puede- estar pro-
porcionado a la superficie de la calle solo un tercﬁo 6 menos de la -
iluminacién para la cual se disené el sistema,

En un caso tfpico, un luminario que estuvo en servicio durante cin
co afos sin |impieza, se deprecié hasta un 29% ae su emisién inicial.
Se lavd el exterior del refréctor y se obtuvo una ganancia significa-
tiva. .Posteriormente se lavé el interior del refractor y se obtuvo --
una ganancia mucho mayor. El exterior estaba tan suciﬁ que la curva -
de distribucién se habfa modificado Gon objeto de tratar de obtener_
una ganahcia de luz mayor, el reflector se lavé varias veces, se cam-
bié la lampara por una nueva y tambien se instalé un refractor nuevo,
con esto solo se logré recuperar la emisién hasta un 84% de la jni---
cial, lo cual indica claramente que puede ocurrir un dafo irreparable
y permanente debido a la falta de un mantenimiento adecuado.

Un programa adecuado de mantenimiento de un sistema de alumbrado pi--
blico permite obtener el méximo beneficio de la instalacién y evita -
que esta sufra dafos irreparables,

Este programa debe estar basado en el ndmero de horas que trabaja la
instalacién, el tipo de l|&mpara y luminario, las condiciones ambienta
les y de tré&fico, inspecciones perfodicas, reportes de los usuarios, -

magnitud de la instalacién, etc.

Sistemas para el mantenimiento del alumbrado péblico. Existen tres ti

pos de sistemas de mantenimiento que son:

1} Reemplazo individual

2) Reemplazo en grupo

3) Reemplazo en grupo combinado con reemplazo indi-
vidual intermedio.
Reemplazo individual. Ei reemplazo individual es un sistema utilizado

ampl iamente sobre todo en -instalaciones de medjana y baja importancja
Consiste en el reemplazo de l&mparas apagadas cada vez que esto sucede

esto generalmente se |leva a cabo con una inspeccién perfodica de las



instalaciones la cual genera reportes para ser atendidos de inme

diato. Este trabajo se faclflita utilizando un vehfculo con canas
tilla con mandos hidré&ulicos. En casos particulares la escalera_
remolcada es de gran utilidad, sobre todo cuando los vehliculos -

motorizados no pueden intervenir.

Este sistema de reemplazo de |&mparas apagadas, combinado con_.
la limpieza simulténea de los luminarios correspondientes, da --
buen resultado para las fuentes luminosas de corta y mediana vi-

da'del orden de:

Lamparas incandescentes 1000 horas

Ldmparas incandescentes con
halégeno 2000 horas

Lamparas de luz mixta - 4000 horas

Reemplazo en grupo. Teniendo en cuenta, por una parte el aumento
de las vias de circulacién y por otra la larga vida de tas lampa
ras de descarga, es cada vez mas importante el reducir las ins--
pecciones perfodicas para localizar y cambiar |&mparas apagadas.
El sistema de reemplazo en grupo, consiste en cambiar al cabo de
un cierto ndmero de horas de funcionamiento, todas las l&mparas_
de una misma vialidad o de un cierto sector.

En los intervalos de reemplazo en grupo, las |amparas apagadas
no serén cambiadas, pero al cabo de cierto tiempo de horas de --
funcionamiento, se efectuaré una inspeccién para localizar y cam
biar |&mparas que hallan fallado prematuramente. Las visitas pa-
ra limpieza de luminarios se deben mantener, asf como la verifi-
cacién de los equipos de encendido vy apagado.

Este sistema es vélido y econémico, pero da lugar a algunas_
observaciones: |

- Cuando no se reemplazan las l&mparas apagadas, se tiene que -

atender a las reclamaciones (a veces muy acaloradas) de autorida

des y de!l pGblico, que se incomodan por el no funcionamiento de

las | &mparas.,



- La e;}éfen;ia de |&mparas apagadas puede provocar gque aumen
ten los casos de accidentes y los actos de delincuencia de-
bido a condiciones inseqguras por haber zonas iluminadas y -
zonas obscuras. Esto puede generar dificultades y la respon
sabilidad moral puede ser empanada. .
Pero este sistema tiene ventajas ya que al mismo tiempo que

se efect@ia el reemplazo en grupo se puede dar el mantenimi-

ento necesario, particularmente:

- Limpieza del luminario y sobre todo del sistema &ptico.

- Posicionamiento correcto de la |&mpara en el foco del siste
ma 6ptico. ' '

- Mantenimiento- mecénico y eléctrico del luminario, equipo --

auxiliar y soportes.

Las condiciones de funcionamiento de las' |&mparas en cualquier -
sistema de alumbrado son diferentes de las condiciones en que --
son probadas las l&mparas en un laboratorfo. Las |&mparas en sis
temas de alumbrado pdblico estén sujetas a vibraciones, variacio
nes de voltaje, variaciones de temperatura, intemperie, variacio
nes en el ciclo de encendido-apagado, etc., La duracién de la vi-
da pré&ctica, no puede determinarse en base a valores obtenidos -
en condiciones diferentes. La experiencia conduce a determinar -
el ndmero de horas después de las cuales las Iémpa}as deben ser_
reemplazadas en grupo. El ndmero aproximado de horas es el sigui
ente: .

- L&mparas de vapor de mercurio - 8000 a 12000 horas.

-~ L&mparas fluorescentes 8000 horas.

- La&mparas de vapor de sodio baja presién 8000 a 12000 horas

- Lamparas de vapor_de sodio alta presién 8000 a 12000 horas

Los valores que se establezcan para una instalacién dependen de

las condiciones locales de operacién, el costo de la mano de --

obra, disponibilidad de material, etc.
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En general, y particularmente en zonas con mucha contaminacién

y en vialidades con alta densidad de tréfico, no se puede efec

tuar la limpieza Gnicamente en el momento del reemplazo en gru
po. Se debe adoptar un calendario de limpieza adecuado a las -
condiciones locales, la periodicidad de lim-

pieza varfa generalmente entre 6 y 18 meses.

ReeépIaZO‘en Qrupo combinado con reemplazo individual interme-
dio. Este sistema es el mas complete y que d&, desde e! punto_
de vista técnico los mejores resultados, pero tambien es el --
m&s costoso. .

Las inspecciones para detectar y cambiar |&mparas apagadas
se mantienen, aungue menos Frecueﬁtes. El reemplazo trata de -
efectuarse al dfa siguiente de su localizacién y puede ser ---
acompafado con la accién de |impieza y mantenimiento mecénico_
y eléctrico del luminario.

Aunque este sistema de mantenimiento es el méas métédico y -
el mis cuidadoso, la instalacién no vuelve a proporcionar la -
misma cantidad de luz que proporcioné inicfalmente. Esta pérdi
da anual de flujo puedc ser importante,.

La gréfica siguiente mustra para un caso tfpico el porcentaje_
de flujo inicfal despues de hacer la limpieza cada aho y reem

plazo en grupo cada 2 afios.

MANTENIMIENTO DE INSTALACIONES DE ALUMBRADO PURLICO. El mante-
nimiento de instalaciones de alumbrado piblico lo dividiremos_

en tres grupos:

- Limpieza
- Cambio de |&mparas
- Regulacién dc voltaje y verificacién de

equipos de encendido-apagado

Limpieza.



General idades, - ———-—-
a) La acumulacién de suciedad fuera y dentro de los luminarios
causa absorcién de luz, reduciendo la iluminacién en algunos_

casos a una fraccién de su valor original,

b) La dépreciacién debido a la suciedad Varfg con los tipos de
luminarios ; por eJempIo, los luminarios, cerrados modernos de
buena cal idad requieren menos mantenimiento y gran parte de la
suciedad acumulada en el exterior es limpiada en algdn grado -

por la lluvia.

c) Los humos industriales y de escapes de vehfculos en vfas --

con mucho tréfico crean &reas donde las condiciones quiza re--

quieran de un programa de limpieza mas corto. (ver figura 4.1)

DEMRECIACION OF LUMENE ~ N LINMELA
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La acumulacién excesiva de contaminantes dentro & fuera del re
fractor puede provocar un calentamiento anormal que puede oca-
cionar fracturas, causadas por una condicién |lamada choque --

térmico.

d) Las superficies reflectoras comunmente fabricadas de alumi
nio anodizado en los luminarios modernos, pueden oxidarse é -
mancharse por la acciédn qufmica de contaminantes en el aire &
por insecto; los cuales se introducen dentro del conjunto ---

éptico.



e} El vidrio es un material inerte, pero debe ser limpiado reqular

f)

g)

h)

i)

mente. De otro medo la acumulacién continua de contaminantes, -
se adherird a la superficie del cristal, debido al calor de la_
ldmpara. Esta cubierta no puede ser limpiada por metodos ordina

rios,

La depreciacién debe tomarse en cuenta en los cdlculoes de dise-~
fio, para que el promedio de iluminacién en servicio, coincfda -
con el nivel especificado de iluminacién. Esto significa que la

iluminacién inicfal excedera el nivel de disefio en una cierta -

cantidad.

Todo disefic asume condiciones promedio y requiere que el progra

ma de limpieza recupere al sistema lo mas cerca posible de su -

eficiencia original, al menos cada vez que se cambie la |&mpara

X

"Esto puede ser satisfactorio para luminarios incandescentes, pe

ro es completamente insatisfactorio para luminarios gque utili--
zan las fuentes modernas de luz que tienen una vida econémica -
muche mayor, que la de las incandescentes. Este equipo debe la-
varse entre cambios de |&mparas con objeto de obtener los valo-

res de emisién luminica previamente mencionados.

Por supuesto que las condiciones locales varfan grandemente, vy
en lugares muy sucios e! lavar con intervalos de un afo puede -
ser inadecuado. Se deben estudiar las condiciones de cada loca-
lidad y obtener .un programa de limpieza que proporcione buen --
servicio y proteja su inversién en el sistema de alumbrado pid--

blico.

Un mane jo meticuloso puede hacer necesario el tener un inventa-
rio por localizacién, cantidad y tipo de todos los luminarios -
del sistema, si es posible en un mapa. Se puede determinar la -
frecuencia de limpieza de varios luminarios por medio de un es-

tudio, el cual muestre las pérdidas de iluminacién en un inter
valo dado de tiempo.
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a)

b)

d)

-11_

En ciertos tipos de luminarios antiguos no se cuenta con
la facilidad de retirarlo facflmente, por lo que e! equi

po debe limpiarse en el lugar, En tales circunstancias -

utilize un detergente que elimine la suciedad répidamen

te v a fondo vy que no requiera enjuagarse. Elimine =----
el exceso de humedad con un trapo limpio. Los trapos su-
cios ensucian nuevamente la superficie limpiada. Nunca -
se deben utilizar materiales abrasivos para limpiar las_
superficies metdlicas § de vidrio, particularmente los -~
reflectores de aluminio y refractores de vidrio, Ibs cua
les, pueden daﬁarse_permanentémente . destruyendo‘su efi
ciencia éptica y proporcionando superficies rugosaslmés_
suceptibles de acumulacién de polvo, Estas superficies -

pueden cambiar los patrones de distribucién de luz.

la mayoria de refractores de los Iuminérios modernos son
removibles por medio de un seguro, permitiendo bajar el
refractor a donde sea apropiadamente lavado, enjuagado vy
secado, un procedimiento es tener refractores de repues-
to 6 ensambles completos, los cuales puedan ser instala-
dos para que los sucios sean retirados para limpieza, la
cual puede efectuarse en el vehfculo de mantenimiento, -

si cuenta con facilidades disefiadas para este proposito.

Sumer ja totalmente el conjunto &ptico 6 parte de él en -
una solucién detergente, utilizando una esponja 6 eepi-~
llo suave para quitar la suciedad adherida. Existen my--

chos polvos de limpieza particularmente adecuados para -

lavar equipo de iluminacién. Sin embargo, los agentes de

limpieza acidos 6 alcalinos no deben usarse para el man-

tenimiento de partes de aluminio.

'
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Despues de limpiadas las unidades deben ser enjuagadas con agua
limpia y tibia y dejarlas escurrir hasto secarse. El proceso de
secado puede ser acelerado con un chorro de aire caliente redu-

ciendo el costo de mantenimiento por unidad.

Hay dos tipos claramente diferentes de luminarios abiertos, que

son los llamados no ventilados y ventilados. En el disefio abier
to no ventilado, el control de la luz depende del refractor ---
prismdtico. El llamado marco met&lico 6 porta refractor no in--
terviene casi nada en el control de la luz por lo que solo es -
necesario limpiarlo con el fin de evitar el deterioro mecénico.
Contrariamente a lo que se piensa, este tipo de luminario nece-

sita limpiarse con la misma frecuencia que el tipo cerrado.

El luminario abierto ventilado depende tanto del refractor como
el reflector para el control de luz. El efecto venturi produci-
do por el <calor de la lampara y las corrientes de aire, asegu
ra un movimjento continuo de aire hacia arriba, a través del --
conjunto éptico. Este principio a sido us&do para interiores in
dustriales especialmente en atmésferas sucias tales como fundi-

doras.

Los luminarios fluorescentes son usados actualmente para la ilu
minacién de pasos a desnivei, taneles y para iluminar puentes.

El gran pér!metro con empaque entre la cubierta transparente vy
el cuerpo del luminario hace necesario asegurarse que las fugas
de aire sean minimas. Las condiciones de polvo en el ambiente -
varfan grandemente y afectar&n los programas de limpieza. La -
baja altura de montaje de los luminarios puede hacer necesario_
lavarios exteriormente en forma muy frecuente debido al agua su

cia que salpica sobre ellos. Por la circulacién de vehfculos.
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Cambio-de—l &mparass -

Una fase importante del mantenimiento del alumbrado piblico

(iluminacién)es la adopcién de un programa eficiente y efec-

tivo de reemplazo de la&mparas de acuerdo con el disefo del_
sistema y otras circunstancias, Este programa tiene dos pro
positos: Primero, el més obvio, mantener las |&mparas encen

didas y segundo, mantener los niveles de iluminacién.

Cuando las | &mparas estan apagadas:
l1.- Las calles estan obscuras, presentando el peligro
de crimenes y accidentes.
2.- El departamento responsable tiene una mala imagen.
3.- Los viajes especiales son costososys

4.- La pérdida de luz es importante para el piblico.

Llos viajes especiales requeridos para cambiar |&mparas son
caros. Cuando las l&mparas estén encendidas con baja efi--
ciencia, la pérdida de luz es més seria, pero més sutfl. -
Cualquier persona puede observar cuando una |&mpara se ha_

apagado, pero pocas pueden decir si la iluminacién tiene -

su valor nominal. Por esta razén las personas que tienen -

conocimiento especial de la depreciacién de luz, asf como_
la responsabilidad de proporcionar un buen servicio de ---
alumbrado pdblico, deben estar pendientes no solo de mante
ner las l&mparas encendidas, sino también de cambiarlas --
cuando se han depreciado hastd su valor determinado.

i Que !imite de depreciacién es aceptable en un caso dado?
Depende del tipo de l&mpara, criterio de disefioc y otras --

condiciones locales.

La vida nominal de la l&mpara es publicada por el fabrican
te basado en pruebas de vida de la |&mpara en particular,-

cuando es operada & voltaje y corriente nominal. No es po-

sible fabricar l&mparas que trabajen durante un ndmero ---
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4.3.1

f)

exacto de horas y despues fallen.

Sin embargo con los métodos modernos de fabricacién, es posi
ble producir grupos de laémparas las cuales se aproximen mu--
cho a la vida de disefio. Hay !amparas que fallan.prematurg——
mente, pero esto se compensa con algunas ltamparas que fallan
déspucs de finalizada su vida de disciho. El comportameinto -
de las |&mparas actuales se muestra en gré&ficas |lamadas cur
vas de mortalidad, _

La curva tlpica de mortalidad es una gré&fica de sobrevivien
tes de un grupo de |8mparas contra una base de tiempo, por -
ejemplo; el namero de horas que han estado encendiﬂas desde
el inicio de la prueba, La vida nominal de una |&mpara es el
punto en la curva de mortalidad donde la mitad de las |émpa-

ras se han apagado.

Reducir el ndmero de |&mparas fundidas entre reemplazos en -
grupo, naturalmente reduce el costo de mantenimiento. El res
taurar el nivel de iluminacién a su valor inicial en inter-

valos regulares es un beneficioc directo al pdblico.

En un sistema adecuadamente programado de reemplazo de |&mpa
ras en grupo es posible reducir los cambios individuales 6 -

cambios intermedijos a un 5% o menos.

Regulacién de Voltaje y verificacién de equipos de encendido-

apagyado.

Regqulacién de voltaje. Como se mencionbdanteriormente el volta

Jje de suministro a una instalacién de alumbrado piblico debe
mantenerse dentro del rango de operacién nominal de los equi-

poS.

Las l&mparas de descarga de alta y baja intensidad est&n co--

nectadas a los circuitos a través 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 l&mpara, se debe mantener el voltaje nominal.
El que el voltaje nominal se proporcione o né depende en gran --
parte de la etapa del disefio. Cuando se disefia un sistema de alum-
brado pUblico se debe poner especial cuidado en seleccionarAlos -
conductores de alimentacién para evitar cafdas de tensién excesivas,
también es importante investigar la regulacién de ia fuente de su-
ministro,lya que puede ser mala y afectar constantemente al siste-
ma de alumbrado pidblico. Se debe inspeccionar perfodicamente el va
lor del voltaje de todo sistema de alumbrado pdblico y en caso de_

no ser el adecuado se debe corregir lo antes posible.

4.3.2 Verificacién de equipos de encendido-apagado.

4.3.2.1 Relevadores contactores. Los relevadores contactores utilizados -
en alumbrado pdblico son de construccién robusta para asegurar una
larga vida sin |la necesidad de inspecciones frecuentes,Se recomien

da una inspeccién anual a los siguientes puntos.

a) Contactos. Se debe revisar si hay flameo excesivo y si las ca-
ras de los contactos estan erosionadas, y si es asf, habr§ que
desconectarlo del circuito y arreglar los contactos o cambiar

les si es necesario.

b) Circuito magnético. Compruebe su operacién silenciosa.
Los ruidos magnéticos pueden ser resultado de bajo voltaje en
las terminales de f{a bobina, materiales extrafos en la super-
ficie del ndcleo o corrosién. Se recomienda limpiar y elimi--

nar |la corrosién.

1.3.2.2 Controles fotoeléctricos . Los controles fotoeléctricos requieren
de poco mantenimiento, como puede ser limpiar la ventana de la cu

bierta y recalibrarlos. Las cubiertas sucias provocan que las --

| dmparas permanescan encendidas m&s tiempo del necesario.
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Se recomienda limpiarlos cada vez que se haga limpieza a los lumi
narios. Los controles fotoeléctricos usualmente fallan en |la posi
cién de encendido. Esto provoca que la |&mpara permanezca encendi
da hasta que el control es cambiado. El calor generado por la |l&m
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 de! luminario. Esto puede_
causar una falla prematura del balastro y otros componentes. Por_
otro lado al permanecer !as |&mparas encendidas en horas en que -
no son necesarias, se esté desperdiciando energia eléctrica y se_
enve jecen las |&mparas innecesariamente, estos controles fallados

deben ser reemplazados tan pronto como sea posible.
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c-

Las instalaciones de alumbrado publico estéan crecigndo cons-
tantemente, debido al aumento de poblacfén urbana que demanda
es por esto que se hace cada dfa mas dificil proporcionar un buen
buen servicio de mantenimiento a estas instalaciones.

Con olijeto de. obtener el méximo provecho al menor costo
posibje.de nuestras instalaciones de alumbrado publico, se-
han desarrollado una serie de programas de computadéra que
facilitan el control de personal, equipo vy materiél, neces- -
arios para e! mantenimiento de instalaciones de alumbrado--
publico. Adicionalmente se ha desarrollado un programa que
nos permite evaluar en forma economica que sistema de ----
mantenimiento es el m&s adecuado. Este programa est§ -----
basade en las siguientes consideraciones;

El costo por reemplazo unitario es:

Cu = L+S

El costo por reemplazo en grupo es:

Cg=L+ 8§
}

El costo por reemplazo en grupo{usando reemplazos intermedios):

Co| = L+G+‘BxS!

Siendo:

C = Costo total del reemplazo por la&npara

L = Precio neto de ta L&mpara

S = Costo de la mano Ze obra por reemplazar una |&mpara
(una a la vez)

G = Costo de |la mano de obra por reemplazo de una |é&mpara
{reemplazo en grupo)

B = % de lamparas fuera de servicio en el momento de

efectuar el reemplazo en grupo.

= % de la vida promedio de la |4mpara en el momento de
efectuar- el reemplazo en grupo.

serbic
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EJEMPLO '

DETERMINAR EL PERIODO OPTIMO DE REPOSICION EN GRUPO DE LAS LAMPA-
RAS DE VAPOR DOE sobno EN ALTA PRESION DE 250 WATTS DE UNA--
INSTALACION DE ALUMBRADO PUBLICO EN LA QUE ﬁL COSTO DE REEM
PLAZO |INDIVIDUAL DE UNA LAMPARA ES DE ¢ 69,798.95, EL COSTO OE

REEMPLAZO EN GRUPO DE UN LAMPARA ES DE ¢ 8,934.26, Y EL PRE-

Cl0O DE LA LAMPARA ES DE ¢ I3, 750.80 .

PARA EL CALCULO DEL PERIODO DE REEMPLAZO EN GRUPO UTILIZARE-

MOS LA SIGUIENTE FORMULA :

L+6G+ (BxS) - .
l

Cei =

DONDE:
Cgi = COSTO DE REEMPLAZC EN GRUPO (CON REPOSICION INTERMEDIA DE

LAMPARAS )

1"

L = PRECIO DE UNA LAMPARA ( $13,750.80)

G

COSTO DE MANO DE OBRA DE REPOSICION DE UNA LAMPARA CUANDO
SE UTILIZA REEMPLAZO EN GRUPO (8 8,935.28 )

S = COSTO DE MANO DE- OBRA DE REPOSICION DE U_NA LAMPARA CUANDO
SE UTILIZA REEMPLAZO (INDIVIDUAL (¢ 69.798.95) 4

.B=% DE LAMPARAS FUERA DE SERVICIO EN EL MOMENTO DE EFECTUAR EL
REEMPLAZO EN GRUPO { VER TABLA ADJUNTA )

I=% DE LA VIDA PROMEDIO DE LA LAMPARA EN EL MOMENTO DE EFEC-

TUAR EL REEMPLAZO EN GRUPO ( VER TABLA ADJUNTA}
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DE LA CURVA DE MORTANDAD PROPORCIONADA POR _LOS._FABRICANTES_ .

DE LAMPARAS TENEMOS

DATOS DE CURVA DE MORTANDAD  DATOS PARA LA FORMUL A RESULTADOS
WORAS DE % CE LAMPARAS | 9% HORAS DE vIDA | % LAMPARAS FUERA COSTO DE REEMPLAZO
FUNCIONAMIENTO ENCENDIDAS ENTRE CIEN DE SERVICIO EN GRUPO CON REEMPLAZO
{EN MILES DE HORAS) (x) ENTRE CIEN INDIVIDUAL INTERMEDIO
: (8) . ‘ {cet)
0 10 © 0 0 _—
! 99 .9 .0 4 1 7 .00 $ 5456680
2 99 .7 .08 3 .00 38 2 1T6257
3 99 .5 .t 28 .00 50 | 84 27 2
4 9% .0 .1 67 .00 9 5 i 398089
5 98 .3 .208 .01 & S 1 4 599
3 97 .4 .2 80 .02 60 79959
7 9 6 . 4 .29 2 .03 T S ® 665 2
] $ 5.3 .33 3 .0 46 5 77870
® 9 4 .2 .37 s .0580 T 1 289
10 92 .8 .4 v .07 20 6 6 4 5 2
X 91 .4 . 458 .08 6 0. 6 2 63 7
k 12 89 .9 .8 .10 1 0 5 9 4 6 9
'3 88 .0 .5 4 2 1 200 5 7 308
14 8 5. 8 .88 3 I 4 2 0 55 9 | 1
15 8 3 . 4 . 6 2 5 L6 58 s 4778
16 8 O .8 .6 6 7 .1 92 0 5 4 1 0 2
17 7 8.0 .7 08 . 2200 5 37 2 3
* 18 75 .0 .1 %0 . 2500 5 35 1 3 =
9 70 .7 T 9 2 .28 30 5 3 58 3
20 68 .5 .8 33 31 80 5 362 7
21 6 4. 6 .8 1S5 35 40 5 41 6 &
22 6 0 .6 .9 17 39 40 s 472 8
23 5 5 .3 .9 5 8 4 4 6 5 5 6 2 | |
24 5 0.0 V.0 500 0 57 58 4

COSTO DE REEMPLAZC INDIVIDUAL
Ciz L+$*13750.80 +637968.95:% 8354975
COSTO DE REEMPLAZC EN GRUPO SIN REPOSICION DE LAMPARAS FALLADAS

Co:z L+G=13750.80 + B934.26= § 22 §85.06
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MILES DE
PESOS
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COSTO DE REEMPLAZO EN GRUPO CON REEMPLAZO INDIVIDUAL INTERMEDIO.
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DETECCION_DE_FALLAS_EN_BALASTROS H1D

Ya que las l4mparas de alta intensidad de descarga produ-
cen un corto e intenso arco y porque {legan a consumir misg potencia
que una sola l&mpara fluorescente, el conjunto |&mpara-balastro de
alta intensidad de descarga, puede‘proporcionar una variedad de

guflas visuales para detectar su mal funcionamiento.

Un bélastro para |&mpara HID origina un calor considera-
ble cuando est§ en operacién y normalimente recibe algo de calor de
la |8mpara que est8 alimentando. Por esta razén el material ais--
lante se deteriora y puede causar un corto en los devanados de la
bobina. El calor puede causar tambien dafios a los conductores o _

falla a! capacitor en cualquiera de [as dos formas corto o abierto.

Un balastro HID puede verificarse de manera similar al
balastro fluorescente usando un multfmetro, Nuevamente el aspecto
seguridad debe observarse con cuidado enetodos los casos, porque _
existen muchos balastros disefados que proporcionan alto voltaje _
en circuito abierto. Cuidado especial se debe tener cuando se
est§ trabajando con luminarios de vapor de sodio en alta presidn,
porgue usan un voltaje especial alto en el circuito de arranque
para iniciar el arco de conduccién. El voltaje de arranque en |é&m
paras de 50 hasta 400 Watts es mfnimo de 2500 volts y para |&mparas
de 1000 Watts el mlnimo es 3000 volts., (ver fig;ﬂ
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Dos mediciones se pueden efectuar en cualguier 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 véltmetro para valores RMS preciso, para medir
el voltaje proporcionado en el portal&mpara (Socket) sin |&mpara _
en el socket (Voltaje a ciruito abierto). Para realizar esta ope-
racién en luminarios con l&mpara de sodio en alta presién, se debe
desconéctar los pulsos de alto voltaje del circuito de arranque |

(ignitor) ya que pueden dafar los multfmetros comunes,

Un métodg 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 gruese o un conductor se puede
usar para conectar el centro del contacto del portal8mpara al! cas-

quillo, la medicién puede hacerse con un ampérmetro de gancho.

El capacitor de balastro se puede probar con un &hmetro
analégico, puesto en una escala de resistencia muy alta. Al prin-

-

cipio el ohmetro estd§ apagado y el capacitor desconectado del c¢ir-
cuito, un desarmador o una pieza de metal se pone uniendo.las ter-
minales para descargar el capacitor, una punta de prueba del medi-
dor se sujeta & cada terminal del capacitor, se pone en operacién
el instrumento v si se obtienc una lectura muy élta, el capacitor
esté abierto y se debe reemplazar. Si el ohmetro mide cero o una

muy baja resistencia, entonces el capacitor est§ en corto y se de-

be reemplazar. Si el ohmetro mide cero o muy baja resistencia



inicialmente y la resistencia se¢ incrementa lentamente entonces el

capacitor esta bien,
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GUIA DE FALLAS

|.-__LA_LAMPARA_NO ENCIENDE

CAUSA PRORAELE

1,- Falla de! portlémpara.

2.- Lé&mpara incorrecta.

3. {in de ta vida norma! de
| &mpara

4.~ Soldaduras abiertas.

¥

ACCION CORRECTIVA

Revisar el portal8mpara y reem-
plazarlo si esta danado. (fla--

meado oxidadé).

Atornillar la |&mpara hasta que

haga buen contacto. Sin descui
dar que un torque excesivo pue-
bulbo.

de romper el

Revisar que l|las caracterfsticas
eléctricas de la | &mpara sean
compatibles con las det balas--

tro.

Netarminar las horas de use de

la l&mpara, para compararlo con
el rango de vida especificado _
| &mparas.

por el fabricante de

Inspeccionar las soldaduras vy
puntos de contacto eléctrico en
tos conductores internos de la

| dmparas.
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CAUSA PROBABLE ACCION CORRECT!VA

-~

5.- Fin de la vida del balastro Revisar las bobinas del balastro
sobre todo en los puntos negros,
capacitores hinchados o perfora-
dos.

Medir tensién de circuito abier-
to y corriente de corto circuito,
reehp]azar el balastro si las me
diciones estan fuera de las espe

cificadas.

6.~ Alambrado incorrecto o dete Terminales sin .energta, revisar
riorado el alambrado contra el diagrama,
Revisar conexiones o aislamien--

tos raros probar continuidad,

7.- Perdida del suministro o ba Medir tensién de suministro y de
jo voltaje de entrada salida del balastro.

8.- Temperatura ambiente muy __ Revisar la temperatura dentro __
alta o muy baja " del luminario.

9.- Falla de ignitor (En balas- a) Para [8mparas de 250 W y 400w
tros para |&mparas de sodio Sustituirlias por |&mparas de mer
alta presién) curio de la misma potencia, sf _

- la l&mpara enciende la parte mag
nética del balastro esta en buen

estado (EI ignitor es ¢l Fallédo)

b) Para |&mparas de 35W a 150W _

sustituir las lamparas de sodio
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11-"

13.-
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CAUSA PROBABLE

ACCION_CORRECTIVA

por focos (l&mparas incandescen-
tes) de 120 V., y potencia similar
a la sustitiaida; si cenciende con
un brilllo entre 1/2 a 2/3 de sﬁ
brillantes normal |la parte magné-
tica esta en buen estado, si bri-
Ila con mds o menos, la parte mag

nética del balastro esta averiada,.

Bajo voltaje de suministro

Bajo voltaje de salida del

balastro

Capacitor en corto circui-
to

Conexiones corroidas u oxi

dadas

Medir voltaje de suministro con _

la | &mpara encendida,

Medir voltaje de salida con la

| &mpara encendida.

Medir voltaje de circuito abierto

v corriente de corto circuito,

Revisar corrosiédn en terminales
de la portal&mpara, tablillas,

etc.,
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111 _CICLEQ DE LA _LAMPARA

( La l8mpara enciende y se apaga cont inuamente )

CAUSA PROBABLE

14 .-

15.~-

16.-

i?.—

18, -

19.-

Bajo voltaje de suministro

Balastro incorrecto

Alto voltaje de suministro

(solo l&mparas de sodio)

Bajo voltaje de salida del

balastro.

Fin de la vida de la |&mpa

ra

Voltaje de operacién de

la {&mpara alto

ACCION_CORRECTIVA

Medir voltaje de suministro y _
compararlo con los rangos de __

voltaje de entrada del balastro,.

Revisar que |as caracterfsticas
eléctricas de |la l&mpara sean

compatibles con las del balastro.

Medir voltaje de suministro y __
compararlo. con les rangos de vol

taje de entrada del balastro.

Medir voltaje de circuito abier-
to y corriente de corto circuito.
Compararlios con los datos publi-

cados por los fabricantes.

Determine las horas de uso de la
| &mpara para compararlo con el

rango de la vida esperada,

Determinar las horas de uso de _
ta |&mpara para compararlo con _
el rango de la vida'esperada.y

confirmarlo con la medicién de _

voltaje y potencia de |&mpara.
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LAMPARA MUY _BRILLANTE

CAUSA_PROBABLE ACCION_CORRECTI VA

20.- L&mpara incorrecta Revisar que las caracterfsticas
eléctricas de la |&mpara sean _

compatibles con las del balas--

tr'o-
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DE LA FIGURA No. 1

El balstro para una |l&wmpara de vapor de sodio en alta)_
presidn incluye un ignitor con un circuito magnético y un capaci-
tor. La falla del ignitor que suministra alte voltaje, alta fre-

cuencia de pulsactén para empezar el encendido del arco, es la

mayor causa de deterioro de la |&mpara en uso.
Para determinar si el ignitor ha fallado:
a).- Si con una l&mwpara probada inicialmente y que se encuentra

en buenas condiciones la instalamos en el conjunto bajo prue
ba y la lSmpara trata de arrancar y no se establece el .arco,

entonces el ignitor es el problema,

b).- Para una prueba répida, se sustituye la |&mpara de sodio en

alta presién, por una l&mpara de mercurio del mismo wattaje

(para l&mparas de 150 a 400 watts), si la l&mpara arranca,

la parte magnética estd buena, pero el ignitor est8 malo.
c).~ Para l&mparas de 35 a 150 watts de alta presiédn de sodio, se

inserta una l8mpara incandescente, Si la l&mpara se prende a

1/2 o 2/3 de su brirlante: normal, eso nos indica que el

circu}to magnético esta correcto y el ignitor esté fallado.

Si la l&wpara brilla totalmente o es muy obscura, nos indica

mal circuito magnético del balastro,.
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Limparas de sodio baja presifn.- La l8mpara de sodio baja
presién ha sido usada extensamente en Europa desde 1940.

En los Estados Unidos se inici6 una gran campafia de publi
'ci@ad en 1972. La l8mpara de sodio baja presifn tiene la-
eficacia m8s alta de todas las fuentes, pero tiene un es--

pectro monocromdtico 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 pequefias burbu--
jas para mantener una distribucién uniforme del sodioc a -
través de €l. E1 tubo de aréo contiene una pequefia canti-
dad de argén y neén péra ayudar al encendido de la l&mpa-
ra. La presién interna del tubo de arco es de aproximada-

mente 1 x 10.3 mm,

Tiempo de encendido = 9 min. (89%), 15 min. (100%)

Reencendido = 30 seg. (80%)
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Bulbo.- El bulbo esta hecho de vidrio comfin. 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--
cfo. El tubo de arcb'obéré a upﬁ téhperatura de 260°C - --

(500°F).

Hay cinco potencias de l&mparas:

POTENCIA LONGITUD FORMA DEL POSICION DE

NORMAL MAXIMA BULSO OPERACION
{WATTS) (PULGADAS)
35 12 3/16 T17 - HOR/ARRIBA
55 15 3/4 T17 HOR/ARRIBA
90 20 3/4 T21 . SOLO HORIZONTAL
135 36-1/2 T21 SOLO HORIZONTAL

180 44 1/8 T21 SOLO HORIZONTAL

Conexifn elé&ctrica.- La base es una base bayoneta (BAY-B1l)
la cual mantiene la U del tubo de arco en una posicibn =---

horizontal.

Caracteristicas de color.- La luz producida'por una l&mpara
de sodio baja presifn es un amarillc monocromético (ver --
figura 3-33)., La distribucifn de potencia espectral consis-
te de dos lfneas a 589 nm (aproximadamente 95% de la sali--
da) . Debido a la caracteristica del amarillo aonocromdtico,
noc existe rendimiento de color. Todos 1los colores aparecen
como diferentes tonos de gfis y café excepto los objetos --

amarillos.
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Figura 3-33 Distribucifn de Potencia Espectral
para una Limpara de Sodio Baja Presién.

Designacién de la ldmpara.- La designacifén de SOX se usa
para indicar una l&mpara de sodio de baja presifn. La --
designacién también incluye la potencia nominal de la --

l&mpara, tal como SOX 180 (180W).
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" Caracterfsticas de funcionamiento.- Depreciacibn del flujo
luminoso. El flujo luminoso aumenta ligeramenté durante la
vida de la 1§mpara. Se dice que ei flujo luminoso es cons-
tante éon un rango de temperatura de operacibn de - 10°C a
+ 40°C, El efectec en el flujo luminoso cuando la lémpara -
Ee opera fuera de este rango de temperatura no ha sido pu-

blicado,

Vida.- El tiempo de vida para todas las potencias es de --
18,000 horas, basadas en un ciclo de encendido de 5 horas.
La posicibn de encendido de la ldmpara es crIt;ca para la-
vida de esta, ya que ésta.falla debido a la migracién de -
sodio hacia los electrodos. Esta migracién causa un aumen-
to en los watts consumidos por la l&mpara durante su vida,

lo cual da como resultado que falle el electrodo.

POTENCIA DE ENTRADA
) 100%
- __J
F:"%i'd:oo Potencia on"l;:rco

I

Perdidgs no rodioctivos Rodiacion de la descarge
B.7% 40.0%

) :
Perdidas de potencia Redwcnen vmﬂ lc&* ih-

s0.0x e

Figura 3-34 Distribucifn de Energfa de“una Lampara de
Sodio Baja Presién con 180 lm/watt y 35.5% de ra-
diacién Visible.



WATTS WATTS DE EFICACIA WATTS DE EFICACIA

NOMINALES LUMENES  LAMPARA LAMPARA  LAMPARA LAMPARA
(100 h) (100 h) (18000 h) (18000 h)

35 4,640 36 129.2 a4 105.7

55 7,700 53 ©145.3 62 124.2

30 112,500 % . 138.9 122 © 102.5

135 21,500 130 165.4 178 120.8

180 33,000 176 187.5 241 136.9

3:3.2.2. FUENTES DE DESCARGA GASEOSA DE ALTA PRESION (FUEE?ES DE DES?
CARGA DE ALTA INTENSIDAD) . '

La3mpara de Vapor de Mercurio.

Elemenﬁo productor ée luz,.~ El elemento productor de luz --
es un tubo de arco. El tubo de arco es construido de cuarzo,
'.él cual permite transmitir la radiacién ultravioleta ( ver-
ficra 3-35 ). E1 tubo de arco contiene mercurio y una ---
pequena cantidad de argén, neén y kryptén. Cuando la lampa-
ra es energizada, se genera un arco entre el electrodo prin
cipal Yy el de encendido, en cuanto se ioniza el mercurio,--
la reéistenci& 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 céntinua-ionizandose, incrementan-

dose la emisifén luminosa, la luz producida es tipica de --
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Figura 3-35 Ldmpara de Vapor de Mercurio y Tubo de Arco.
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las lfneas de mercurio (404.7, 435.8, 546.1,'577.9). -—

ademds genera energia ultra violeta.

El tubo de arco es operado desde 1 a 10 atmSsferas de --

presién.

TIEMPO DE ARRANQUE = 5 min. (B0%) 7-10 min. (100%)

TIEMPQO DE REENCENDIDO = 7 min. (80%)

Bulbo exterior.- Las funciones principales del bulbo ex-

terior son tres:

l1.- El vidrio primario actua como un filtro de rayos ul-

travioleta, el cual previene contra quemaduras en la

piel y ojos.

Proporciona también un ambiente constante para el --
tubo de arco. La presifn del tubo de arco es afecta-

da por el répido cambio de temperatura y el movimien .

to del aire.

Este proporciona una superficie para el recubrimien-

" to de fdésforo, el cual es colocado en el interior --

del bulbo exterior para corregir el rendimiento de -
color de la l&mpara de vapor de mercurio: Una l&mpa-

ra con recubrimiento de fésforo requerird 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,.

Conexidn eléctrica.~- Se utiliza una base tipo mogul para-
las lamparas con potencias mayores de 100 watts; las lam-
paras de 40, 50, 75 y D0 watts se fabrican con bases me=--

dianas.

Caracteristicas de color.- La l&mpara clara de vapor de -
mercurio tiene un color predominante azul-verde, caracte-
rfstico de las l{neas del espectro del mercurio. La figu-
‘ra 3-36 muestra las curvas DPE, Para corregir el color de
la l&mpara, se aplica un recubrimiento de f&sforo en la -
pared interna del bulbo exterior. Los colores primarios -
adicionados por el f8sforo son el rojo y naranja. Las - -
ldmparas de vapor de mercurio blancas o con recubrimiento
de idsforo se recomiendan para todas las aplicaciones - -
donde el color es importante. Existen comercialmente tres

tipos de l&mparas 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.
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3.- Blanco calido de lujo, WWX: Excelentes rojos, excelen
te color, altamente recomendado; menos lumenes.
Designacién de las lé&mparas.- La designacién para las =~ -
l&mparas de vapor de mercurio es miy diferente a las lam-
paras incandescentes y l&mparas fluoresgentes. Las unicas
partes que tienen significado importénte son la designa--
ci6n H, la cual identifica la l&mpara como de vapor de --
mercurio (Hg mercurio), y la potencia. Los nlmeros y le--

tras marcados son arbitrarios.
H 33 GL - 400/DX

H - Indica gue es una lampara de vapor de mercurio.
33 - iNmeros que se usan para los balastros de 400 Watts.
GL - Son dos letras convencionales que describen las caraé
terIsticaé fisicas de la ldmpara, tales como: tamano-
400 - Indica la potencia nominal de la lampara.
DX - Indica el color de las l8mparas; en el ejemplo: - --

"Blanco de Lujo"

El bulbo se designa en términos de una letra y una combi-
nacién de nfimeros. La letra o letras son utilizadas para-

designar la forma del bulbo (ver fig. 3-37).
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PAR: Parabolico - BT: Tubular abultado
PS: Forma de pera R: Reflector
T: Tubular , ‘E: Eliptico
B: Abuitado A: Estandar

Los nGmeros representan los difmetros miximos de la. l&mpa

ra en octavos de pulgadas.

5

@OOQOQQQ !

el

Figura 3-37 Designacifén de las rormas de Bulbos para Lamparas
de Descarga de Alta Intensidad.

BT=37
S "
Difmetro = 37 = %
: 8

Forma: tubular abultado
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La posici6én de encendido es funcifn de la posicién del --
electrodo de arranque. El glectrodo de arfﬁnque debe es--
‘tar siempre colocado en la parté superior de la l&mpara -
para evitar que el mercurio se deposite en el electrodo -

de arrangue.
Caracteristicas de Funcionamiento.-

Depreciacién lumfnica. La grifica de depreciacifn lumini-
ca para una l&mpara de vapor de mercurio eg algo drastica
y es funcifén del balastro y de la potencia. (ver figura =--
3-38) . La lémpara de vapor de mercurio es la Gnica lémpara
gue se publica su vida nominﬁl § su vida ftil.

La emisién lumfnica también es funcibén del suministro y re

gulacidén del voltaje a la lémpara (ver fig. 3-39).

Vida.- La vida de la lampara de vapor de mercurio puede -
ser descrita en términos de su vida (til o de su vida ﬁo-
minal, tipicamente, la vida nominal de las l&mparas se es-
tablece en bage al 50% de la curva, de mortandad. Debido-
a su r8pida depreciacibn de lumenes, la vida de la l&mpa-
ra de vapor de mercurio se establece cuando aGn hay més -

del 50% de lamparas encendidas, para mantener una salida-

de lumenes m&s razonable (ver fig. 3-40) .
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Distribucién de energ!a{- La distribucién de energfa para
las lémparas de vapor mercurio se muestra en la fig. 3-41
Eficacia de las lé&mparas.- La eficacia de la l&mpara - --
varfa con la potencia de esta. A mayor potencia de i&mpa-

ra, mayor eficacia.

40/50 W : 25 a 30 Lm / W

75,100,175,250 W : 34 A 48.4'Lm / W

400 W : 55 A 60 Lm / W

1000 W : 57 A 63 Lm- / W
H 33 GL ~ 400 / DX CON 22,500 Lm

EFICACIA = 3%-6-3-92-

56.3 Lm / W

Ladmparas de vapor de mercurio autobalastradas.- Las ldmpa-
ra: de vapor de mercurio autobalastradas contienen ya sea-
un componente de estado sflido para arranque, © un filamen
' to incandescente que actua como balastro. La l&mpara con -
.'componenté de estado s6lido no debe utilizarse en un lfmi-
nario totalmente cerrado, debido al calor generado por este
tipo de limpara. En.general. la l&mpara de vapor de mercu-
rio autobaliastradas, son 50% menos eficaces en comparacifn
con las l&nmparas normales de mercurio, peroc 50% m&s'efica-

ces que las l&nmparas incandescentes.
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Potencia de entrode
$00%

l

Potencio al arco
| X

P {

Perdidas :.e' rodiacti- Raodiacicn de descargo

48.0%
Rodiecidn
vitroviolate
.
} 1
, Radiocidn Rodiocidn
Perdidos de potencic visibie Intrarrojo
7% “umn wnox

- -

Figura 3-41 Distribucifn de Energfa para L&mpara de
Vapor de Mercurio con 56.3 1lm/watt (400 w).
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Estas ldmparas debén limitarse a sustituir lampafas incan
descentes, d6nde el cambio de l&mparas es diffcil y el --

adicionar un palastro es impréctico. .

Disposiﬁivos ahorfadores de energfa.- Recientes desarro--
llos en‘ias balastros electrfnicos para la&mparas de vapor
de mercurio permiten atenuarlas actualmente. Los balas---
tros electr8nicos han sido estudiados desae que aparecié-.
la 1am§ar§ de vapor de mercurio. Existen todavia varios -
problemas, entre ellos el alto costo; pero se sabe que --
con un balastro electrénico la eficacia de la id&mpara y -
la eficacia total del sistema aumentan considerablemente.
* Otras ventgjas que se eséeran del balastro electrfnico --

son: el menor tamano y pesc, menor ruido, aumento de la -

vida de la limpara y mayor facilidad para atenuar.

Limparas de Acitivos Metdlicos.-

Elemr:ito productor de luz.- El elemento productor de luz-
es un tubo de arco. El tubo de arco tiene los mismos prin -
cipios de operacifén y tipo de construccifn del de la l&m-
para de vapor de mercurio (ver fig. 3-42). El tubo de ar-
co contiene ademds del mercurio, argén, nebn y kryptdén; -
yoduros de metales. (Los aditivos primarios son el mercu-
- X10, sodiq y escandio; otros son el talio, indio y cesio).
Estos aditi&os proporcionan colores adicionales a las - -
lineas tipicas del mercurio, esto es, rojo, naranja y ama

rillo. El color de la l&mpara de aditivos metdlicos esta-
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"balanceado a través del espectro, Debido a que la ifmpa-
ra de aditivos metflicos mejora el ¢tolor sin necesidad -
de un rdcubriniento de tasforo: la l&mpara se abioxima -
4 una fuente puntual, lo cual da como resultado gque se -
facilite su control 8ptico, Para la posicién horizontai-
de encendido, el tubo de ;rco es curveado Liéornmente. -
para tener una temperatura més uniforme dentro del tubo-

de arco (ver fig. 3-42).

Tiempo de encendido = 9 minutos (80%)

‘Tiempo de reencendido =10 a 15 minutos (80S%)

Cubierta.- ﬂa_cubierta exterior (bulbo) sirve solo para dos

funciones.

1. Filtro de luz ultravioleta
2.- Ambiente constante para el tubo de arco (mantiene
la temperatura constante y evita las corrientes -

de aire)

NO B8 necCesita un recubrimiento de fOsforo para el buen =--
rendimiento de Color y ademis debe evitarae ya que afecta-
en forma negativa el control Sptico; esto es la lémpara ya

no se aproxima & una fuente puntual.



Conexién eléctrica.- La lfmpara de aditivos netdlicos usa
una base mogul para todas las potencias. Las lamparas pa-
ra posicién de operacifn horizontai gue contienen el tubo
de arco curvo (ver fig. 3-42), tienen ‘un pasador en la --
base para posicionarlas. Existe un portal&mpa;a especial-
que asegura el posicionamientc adecuado del tubo de arco-

cuando la l8Smpara es asegurada en el portalampara adecua-

‘damente. El tubo de arco curvo siempre debe ser colocado-

con la curva hacia arriba en un planc vertical.



Builtode vidrio de borosilicato Soporie de moniaje
deal domo

Montaje del tubo de
arco pora serviclo rudo

Bass mogul do
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Electrodos de

tungsteno toroido
" Tubo de orco

de cuarro -
Etectrodo de
arranque .
Bimetal .
AN Rer (imitodor de .
Resistor de lorgo vidg
. posicion Tubo de dvco
- . Diodo . curveodo
Reflector termico .
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bronce con e3pacio
para grabor la fécho

Soporte de montaje &
cuelto

~

{a} Construccion de ldmpara de
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metol aditivo
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Figura 3-42 Variaci6n de Temperatura Interna y Temperatura de la Pared, de
una Limparade Aditivos Metdlicos.

4]
]



e e

Caracteristicaa del color.- La l&mpara de métales'aditivqs
produce energfa en todas las longitudes de onda a través -
del espectro visible. Esto es, su distribucién de energia-
_espectral esta bien balanceada, lo que significa que la --
l&mpara produce un buen rendimiento del color ain.la neée-
sidad de una pantalla de f-ésforo (ver fig. 3-43). La apa--
.riencia del color es una funcifn del control de calidad =-
de los aditivos dentro del tubo de Arco. La consistencia -
del color de una l&mparaa-'otra es funcifn del balastro, --
del voltaje aplicado y edad de la l&mpara. Donde es una --
cons ideracién importante de diseno el teher igualdad de --
color entre las llmparas; estas deben cambiarse en grupo,-

debido al cambio de color con el tiempo.

of o
'°.° - ® =f = -]
2elelg 5| © |EIS -
:22“’4 P ‘5 -}
2 1> « > gl z [- 4
-] 1 1 [} 1 1 ¥ L
h-
-
-—P -y
£ -
o [ -
o
- ]
-
e -
[
w
LLHL-'V‘I\-
i 1 ] 1 1 1

300 350 400 450 S00 650 600 €50 700 750
Longitud de ondo en nondmetros

Figura 3-43 Distribucién de Potencia Espéctral de
una Limpara de Aditivos MetS&licos., -



Designacifn de la l&mpara.- Las designaciones para l&mpa-
ras de métales aditivos no han sido normalizadas. El inge
niero debe tener cuidado al espec;ficar las l&mparas con-
designaciones no standar para evitar que algn fabricante

sea descartado.

1a designacién de la letra M 6 MH debe ser usada para - -

identificar una l&mpara de métales aditivos.

MH 420 / BU

“~
Métal aditivo Watts Posicién de operacibn -
de la l&mpara :

Las lamparas de métales aditivos son especialmente sensi-
bles a la posicifn de encenaido. Los datos de los fabri--
cantes debé&n ser consultados para conocer los zsqubrimieg

tos de la posicibn de encendido. 5.

El bulbo es designado por una letra y una combina;;6n de-
ndmeros. Las lé&mparas de métales aditivos se fabrican con
bulbos BT y E (ver fig. 3-37). El n@mero representa:el -
didmetro exterior miximo del tubo, en octavos de pulgadan;j

BT - 37 Difmetro = 3~ = 4 5/8°



Caracterfsticas de operacién.-

r -

Depreciacifn de l@menes. La curva de depreciacién de lGme
nes para una l&mpara de métales aditivos es sustancialmen
té méjor gue la curva para una l8mpara de vapor de mercu-
rio. La salida de l@menes al final de la vida de una l&m-

para de alta potencia es 75% (ver figura 3-44).

T 1T 1 15 rrrrrrrrrr
100 ~
2™ 7
2 - Gontinuo =
T 7 horgs /arranqu
. 6o 3 horas/orranque |
'3 wn— -
L ]
§ e} ;
- xi- -l
2 ot -
0 -
0 1.1 1 1 1 1 1 1 | N | 1 1
0.1 2 3 4 5 & 7 8 9 10111213 416
Horas da encendido (miles)

Figura 3-44 Depreciacién de Llmenes en la Limpara
de Aditivos Metdlicos.

Vida.- La vida varfa como una funcifn de los watts de la
. ' '
lidmpara y el lapso del tiempo que la l&mpara ha estado -
en el mercado, Por ejemplo, la l&mpara MH 175/Hor estaba

comercialmente disponible en 1972;



"La prdctica normal en la industria de las l&mparas es intro
ducir todas las l&mparas nuevas al'mercado con un promedio-
Ge 7,500 hrs. Cuando los informes 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 mf{nimo -
de 15,000 hrs. Los catflogos de l&mparas usuales de todos -
los fabricantes, deben ser consultados para obtenér el pro-

medio de vida de las l&mparas.

Distribucién de energfa.- La distribucién de energfa para -

una l&mpara de aditivos met&licos se muestra en la figura =~

3-4 5 -
Potencio de entrodo
100%
$ ]
d:l.rlﬂgfrzdd Enargie pora ¢l orco
: %
”
1
‘ {
Perdidas .
noradiactivas De '“':;:: rodiacion
38.8% i
i
Rodiocioh
uitraviolete
i
{ J 1 { J
Perdidas de energlo Rodiocion Radiccion
51.2% - visible infrarrojo
: 4.0 24.5%

Figura 3-45 Distribucién de Energfa en una L&mpara de Aditiv
Met8licos con 100 lm/watt y 24.3% de Radiacién Visible.



.1

N

-~

Eficacia de las l&mparas.- Las eficacias de las l8mparas
varian con la posicién de operacién y los Watts de la --
l&mpara., Mientras mayor es 1a1p9tenéia, mayor es la efi-

cacia,.

175 W 80 a 85.7 Lm/W

250 W : 82 Lm/W

400 W : 85 a 100 Lm/W
1000 W : 100 a 115 Lm/W
1500 W : 96.7 a 10.33 Lm/W

NOTA: Los rangos de valores son debido a varliaciones entre

fabricantes.

Dispositivos de ahorro de energfa.- El atenuado de lé&mpa-
ras de métales aditivos es un desarrollo reciente. La 1lédm
para de 400 W puede ser atenuada (5 min.) en un 47% del -
total de energfa consumida, lo cual resulta en un 22% de-
reduccién en lGmenes. La lampara de métales aditivos de -
1000 W puede ser atenuada (15 min.) en un 35% de su ener-
gfa total consumida, o 14.6 de su rendimiento de lGmenes.
Cuando 6curra un desarrollo tecnolégico adicicnal, el ---
costo de atenuacifn deberd disminuir y el rango incremen-

tarse.
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‘LAmparas de Sodio Alta Presién.

Elemento productor de luz.- El,eleménto productor de iuz
es un tubo de arco. El tubo‘de arco es pequefio en difme-
tro para mantener una temperatura de operacién alta. De-
bide a que el di&metro es pequeiio, no hay electrodo de -
arranque dentro del tubo de arco. El sodio operando a --
una presién alta y a alta temperatura tiene un efecto -
corrosivo sobre el vidrio ordinario o cuarzo. Por eso, -
el tubo de arco est8 hecho de cerfmica de alurminio. El -
tubo de arco contiene Xenén, una amalgama de mercurio, y

sodio operando a una presién de 200 mu., de mercurio.

Tiempo de encendido = 3 min. (80%)

reencendido = 1 min. (80%)
Envoivente {bulbc).- Lz snvolvente avuda a mantener el --
tubo de arco dentro de una temperatura ambiente constante

y protege al tubo de arco de corrientes de aire,

Conexifén eléctrica.~ La conexién eléctrica es una base mo
gul. La l&mpara requiere un pulso de energfa de 2500 a --
5000 V para el encendido de la l&mpara. Esto se realiza -
por medio de un pequefio dispositivo de arranque electréni
co, que suministra el pulso de alto voltaje para abatir -

la resistencia y encender la l&mpara.
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Caracterfsticas de celor.- La l&mpara de sodic de alta --
presién produce energfa en todas las longitudes de onda -~
(fig. 3-46). Sin embargo 15 mayor porcifén de energfa estéd
-éoncentrada en la parte amarillo-ngranja del espectro. --
Las caracterfsticas de color de la l&mpara cambian los --
objetos rojos a naranja y obscurece el c¢olor aparente de
los objetos azul y verde, incrementando la presién en el
tubo de arco parece mejorar la apariencid de color de ---
rojos, azules y verdes. La consistencia del color de una -
- l8mpara a otra es mejor que con las l&mparas de métales -
aditivos. Sin‘embargo, los cambios de color pueden ocu---
rrir debido a las variaciones de voltaje y diferencias --

en balastros.

18
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Figura 3-46 Distribucién de Potencia Espectral

para una L&mpara de Vapor de SodIlo alta -
Presidn,
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Designacién de las l&mparas.- Las designaciones de las --
ifmparas de sodio de alts presifn no han sido normaliza--
das por la Industria de l&mparas. El ingeniero debe tener
' precaucién en no especificar o usar nombres comerciales -
gue provoguen que 1&mpar£s QCeﬁtables queden descartadas.
Las l4mparas de sodioc de alta presifn estan disponibles =~ -
en bulbos, E, BT, y T (ver fig. 3-37). Se utiliza una - =
combinacién de letras y nfimeros para designar la configu-

racién del bulbo.
Caracterf{sticas de operacién.-

Depreciacién de lumenes.- La curva de depreciacién de ---
l8menes de la lamparé de sodio alta presidn es una de las
mejores de las l&mparas del tipo de descarga de alta inten
sidad. El rendimiento lumfnico al final de la vida de la-

misma, para altas potencias €5 80% {ver fig. 131-47).

100 =T 1 T 1 T |
[ ]
[ 3
-] N 400 W
s R -
[ 4 20 1000W

- -

'i'ﬂ
-3 n- -
-
R 2} -

0 A 1 [ I i1 1 1

0 2 4 6 8 10 12 ¢ W 18 22
Horas de operacidn (en miles)

Figura 3-47 Depreciacifn de LGmenes en ﬁna.L&mpara
de Sodio alta Presién.
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vida.- La vida varfa en funcifn de la potencia, el circui

to del balastro y del fabricante. El rango es desde - -

15,000 a 24000 hrs. para las l&mparas de alta potencia --

m&s comunes.

Distribucifn de energfa.- La distribucién de energfa para
las l&mparas de sodio alta presién eé mostrada en la fig.

3-48
Eficacia de las l&mparas.- La eficacia de las ldmparas --
de sodio alta presién varfa como funcién de la posicién -

de operacién y de la potencia de la misma.

70 W : 77 a 82.9 Lmw

100 w : 88 a 95 Lm/W

150 w : 100 a 106.7 Lm/W
250 W : 102 a 120 Lm/W
400 W : 118.8 a 125 Lm/W-

1000 W : 140 Lm/W

Las 16mpafas de sodio alta presibn también estan disponi
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 paré una adecuada seleccién del balastro para -

la l&mpara.
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Dispositivos de ahorro de energfa.- Es posible atenuar --
algunas potencias de l&mparas de sodio alta presifén. La -
lémpara de 1000 W puede ser reducida en un 38% de su po--
tencia total en aéroximadamente 15 min., con una reduccidn

en la salida de luz en un 20% de los lGmenes nominales.

Energlo obsordido, potenacio de entrade
shon

! ¢

|:f':|2°n.o:| _ Pouncia.:‘n ol arco
%
Perdidos Rodiocidn de la descorgo
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l‘dﬁoeivu _ 0%
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vitroviole-
‘ O.§% ta
! i1
I Bardidas da snacalo | Rodiacion Radiocidn
0.9 o T WsiDie laf:’:-'.‘c:'_'
nw || T

Figura 3-48 Distribucién de Energfa pira la L&mpara de
Sodio Alta Presifn con 125 lm/watt y 29.5% de ra--
diacién Visible.

3.3.3. BALASTROS .
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SON 50 W-1- SON 70 W-|

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:



.- HP (with clear outer envelope)
. HPL-N
HPL Comfort
HPL-B Comfort .
(wlith spherical outer envelope) e T

INDICA CADA PARTE DE LA LAMPARA :

1.- 2.-
3.- 4.-
5.- 6.-
H 8.- 9.-

EXPLICA BREVEMENTE EL PRINCIPIO DE OPERACION DE ESTA LAMPARA:



1 2 3 4 56 78 9 0 - N

INDICA CADA PARTE DE LA LAMPARA:

1.~ 2.-
3.- 4_-
5.- 6.-
7= 8.-
9.- 10.-

11,=-

EXPLICA BREVEMENTE EL PRINCIPIO DE OPERACION DE ESTA LAMPARA:



1 2 3 4 56 7 8 9

INDICA CADA PARTE DE LA LAMPARA:

1e= 2.~
3.- 4.-
5.~ 6.-
7= 8.~

9.~ 1.

EXPLICA BREVEMENTE EL PRINCIPIC DE -OPERACION DE ESTA LAMPARA:

"



CADA PARTE DE LA LAMPARA:

10.-

BREVEMENTE EL PRINCIPIO DE OPERACION DE ESTA LAMPARA:




SON

INDICA CADA PARTE DE LA LAMPARA:

3.- S5.-
6.- 7.-
8.- g, -

10-_ 110_

EXPLICA BREVEMENTE EL PRINCIPIO DE OPERACICN DE ESTA LAMPARA:

w

1
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ALUMBRADO HID "DIMEABLE"
MANUFACTURERA DE REACTORES, S. A,

ING, FIiS. ERNESTO J. MENDOZA E,

“~RESUMEN -

ESTE TRABAJO PONE AL LECTOR EN CONTACTO CON ALGUNOS FUNDAMENTOS DE LA
OPERACION DE LAS LAMPARAS DE ALTA INTENSIDAD DE DESCARGA ( H1 D),

SE ENCUENTRA CON DEFINICIONES UTILES, AS{ COMO EL ESTUDIO DE LA OPERA
CION DE LAS LAMPARAS DE SODIO EN ALTA PRESION.Y DE ADITIVOS METALICOS
OPERANDO A UNA POTENCIA MENOR QUE LA NOMINAL.,

-NOTA -

CON EL FIN DE PREVENIR CONFU
CIONES, ALGUNOS TERMINOS NO
SE HAN TRADUCIDO DEL INGLES.
(POR EJEMPLO NO TRADUJIMOS
GLOW)



INTRODUCCION:

El trabajo aqul desarrollado es un -
esfuerzo para analizar la operacidn

de lamparas 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 energia elec
trica mediante la operacidn a menor -
potencia de los sistemas de alumbrado.
A lo largo de este trabajo nos respon
deremos preguntas como estas: -

iComo se afecta la operacidn de una -
lampara de alta intensidad de descar-
ga cuando se opera a una potencia me-
DOY gue su potencia.naminal?

éDe que pardmetros eléctricos depen-
den factores como: vida 4til de la -
lampara, témperatura de color de la
lampara, el mantenimiento optimo del
flujo luminoso, etc. ?

{Qué posibilidades se abren bajo --
esta operacidn para el ahorro de --
energia?

DESARROLLO:

Para poder sustentar adecuadamente -
el andlisis que vamos a desarrollar
aqui, recordaremos brevemente los
principios de operacidén de wuna lam-
para de descarga. NOs referiremos fun
damentalmente a las lamparas de aditi
vos metdlicos y a las lamparas de so-
dio en alta presioén.

Pongamos nuestra atencidn en los fe-
némenos que ocurren al operar una -
lampara de descarga; en general los
podemos dividir en dos:

A) Ignicidn
B) Estabiliazacidn

En la ignicidén nos enfocaremos a las
etapas que ocurren de el primer momen
to en el cual se energiza el sistema
a que se alcanza la descarga de arco.
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Cuando analiazamos la estabiliazacidn -

profundizamos en las condicicnes electr:
cas de una lampara en operacidn nomina

Es para todos conocido que las lamparas
de alta intensidad de descarga requieren
de un balastro para su operacidn. En ge
neral nos referimos al sistema balastro
limpara en este trabajo:

A) Ignicién
Una vez que el sistema balastro lampara
se energiza se presentan varios fendme-
nos electricos dentro del tubo de des--
carga: )

1.- DESCARGA GEIGER.

2,- DESCARGA TOWNSEND

3.- DESCARGA DE CORRIENTE AUTO-SOSTENIDA
4.- DESCARGA "GLOW" SUB-NORMAL

5.~ DESCARGA "GLOW" NORMAL

6.- DESCARGA "GLOW" ANORMAL

7.- DESCARGA DE ARCO,

v
N
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Para visualizar mejor lo que ocurre
durante la ignicidn, pensemos en un
experimento que consiste en presen--
tar dos placas paralelas, entre las
cuales ocurre la descarga eléctrica.

Eg——“‘—?:——td,. Eg

FIGURA 1

La descripcifn de tal experimento en
términos de una curva (v)tensidn - (I)
corriente, se muestra en la grafica t

1) DESCARGA GEIGER

A una tensidn minima fluye una corri-
ente muy pequefa, es una corriente in
termitente que fluye entre las dos --
placas. Las cargas portadoras de esta
corriente son generadas por la ioniza
cidn aliatoria del gas originada por
efecto fotoelectrico y/o el impacto -
de rayos cosmicos. Para elevar el va-
lor promedio de esta corriente, la
tensidén entre las placas se debe de -
elevar.

2} DESCARGA TOWNSEND

La corriente promedio se ha venido in
crementando fuertemente para pequencs
incrementos de la tensidn, es aun in-
termitente ., al alcanzar un cierto va
lor de corriente promedio la descarga
se vuelve auto-sostenida.

DESCARGA DE
A,

3) CORRIENTE AUTO-SOSTENI

ahora cada electrdn primarioc genera -

.

e

por lo menos un sucesor, ademas generan
nuevos electreones libres por otros meca
nismos, por ejemplo por el impacto‘dg -
iones en las placas etc.

La descarga ya no es intermitente; la -
tensidn cambia muy ligeramente a pesar
de aumentos comparativamente grandes de
corriente.

4) DESCARGA "GLOW" SUB~NORMAL,

La condicién anterior se sostiene hasta
que se alcanza un valor de corriente --
tal que se presenta el rompimientc en -
tensidn.

En este punto Se presenta una fuerte --
caida de tensidn.

5) DESCARGA "GLOW" NORMAL

Después de la caida de tensidn anterior

se presenta una tensidn relativamente -

constante para un rango menor de corrien
te,
6) DESCARGA "GLOW" ANORMAL.

La corriente se puede incrementar hasta

un punto donde la tensidn se eleva nue-
vamente,

7) DESCARGA DE ARCO.

Si el cidtodo es elevado a la temperatu-
ra de termo-emisidn, entonces se pasa -
de la descarga anterior a la "DESCARGA

DE ARCQO", caracteristicamente a una ten
sidn menor. -

En la condicidén de descarga de arco, se
presenta la zona caracteristica de re--
sistencia negativa para las limparas de
descarga.

Es evidente que la operacidn de una lim
para de descarga no es exactamente mode
lada por el experimento de placas para:
lelas, sin embargo es una aproximacidn

Qtil para comprender algunos de los prin
cipios de operacidn de las limparas de
alta intensidad de descarga. :

Nuestro propocito aqui no es generar un
_

-



modelo exacto para las lamparas de -
alta intensidad de descarga, pero si
el fundamentar, al menos en forma --
descriptiva las afirmaciones que se
pretendan sostener.

En esta linea debemos de profundizar
un poco mas en la etapa inicial de -
la descarga. '

Podemos intulr que los rompimientos
tanto en corriente como en tensidén -
son fendmenos criticos en la opera--
cifn de una lampara de descarga. Nos
referiremos al proceso que va del --
rompimiento en corriente a el rompi-
miento en tensidén como simplemente -
"ROMPIMIENTO"

En el caso de las lamparas de sodio
en alta presidn y en las lamparas de
aditivos metdlicos (compactas) opera
das con ignitor podemos .encontrar --
dos mecanismos para el rompimiento -
en corriente:

- TOWNSEND
- POR "CHORRO" DE CORRIENTE.

El fendmeno de rompimiento en corri
ente se puede entender en forma sim
plista comc 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 1la
avalancha de electrones es muy peque
no como para distorsionar el campo -
aplicado.

+ -
B —>
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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 electrdn pri-
mario produce: '

n=(exp (x1) -1 )

n-iones en su cambio hacia el &nodo

x: La probabilidad por unidad de lon
gitud de trayectoria (en la direc
cidén del campo eléctrico), de que
se produsca un ion.

1: La distancia efectiva para la io-
nizacidn

En esta condicidén, el rompimiento en -
corriente por efecto TOWNSEND ocurrira
si

F. ( exp (x1) = 1) =1

F.: coeficiente de emisidn de un elec-
tron secundario por bombardeoc de -
iones.

El coeficiente de ionizacidn de TOWNSEND
{X} &3 fuertemente dependiente de la -
intensidad de campo eléctrico y se pue -
de describir por:

Po = A exp (- B Po/E)

Po = Presidn del gas a T = 273°k

E La intensidad de campo eléctrico

AyB, son constantes caracteristicas'del
gas.

Combinando la condicién para la descar-

ga auto-sostenida, con la expresidn para
el coeficiente de ionizacidn de TOWNSEND
podemos obtener una expresidn para la -

tensidén de rompimiento en corriente V.
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{en particular para un campo electri-
co homogeneo libre de carga:

B Po 1°
A Po 1l

Im (T + +~ )
n F.
1

In

Una expresidn {til para la tensidn -
de rompimiento en corriente es un --
griafico de Paschen, el cual muestra
la tensidén de rompimiento en corrien
te con respecto al producto Po 1

K

Xe Ar

; y.

INQ

15
1 —- // ',/__ —
., 1 :
&8 = IR Ao A 7

0.4 — _ Po 1
1 A0 100

GRAFICA 2 (Pa m)

Los resultados mostrados en la grafi
ca 2 son una buena aproximacidén al -
modelo que venimos desarrollando si -
consideramos gque Fi no depende del
producto Po 1 En = general es de in-
teres saber el valor minimo al cual -
se presenta el rompimiento en tensidn,
minimizando nuestra expresién para -
Po 1,

2,72
L

1
(Po l)min = T / n {1+ Fi)

De la qriafica 2 notamos que la mez--
cla Ne + 0.1 % Ar, de las opciones -
analizadas, es por mucho la que pre-
senta la tensidn de rompimiento en -

-

corriente menor. Tal tipo de mezcla -
recibe el nombre de mezcla Penning.

En forma simple pcdemos decir que los
dtomos de argon son exitados hasta un
estado metaestable, en este estado, -
son capaces de ayudar a la exitacidn

de los dtomos de Neon, La mayoria de
las lamparas de sodio en alta presidn
comerciales, utilizan Xenon como gas

de ayuda al encendido, '

Como se ve en la grifica 2 esto trae
como consecuencia una tensidn de rom-
pimiento en corriente mayor, pero por
otro lado previene un fendmeno de --
"sputering" prolongado, y debido a su
menor conductividad térmica, asegura
una mayor eficacia.

MECANISMO POR CHORRO DE CORRIENTE.

Si la presidn del gas en el tubo de
descarga es grande, y la amplitud de.
la tensidn de ignicidn excede fuerte-
mente la tensidn 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 -
dispare cuandeo 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 conduccidn que se observa al -
energizar el conjunto lampara balas-

tro.

Para completar el "rompimiento" se de
be de presentar el rompimiento cn ten
sién. Este rompimiento en tensidén se
presentara después del rampimiento de

" corriente siempre que se encuentre --

disponible la corriente necesaria.

fre—ta o
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Revazando el rompimiento en corrien-
te entramos a la descarga "glow". El
poder acceder a la descarga de arco
dependerid de la energfa adquirida --
por el citodo de la lampara.

El cidtodo deberid de alcanzar y soste
ner la temperatura de termo-emisidn.

E
PCA
CALOR )
PERDIDO "\ ELECTRODO
v/
Z.
BARRA DE CONTAC
TO.
FIGURA 3

La energia drenada fuera del citodo
esta determinada por la conduccidn -
de calor en el material del citodo ,
el calor especifico asi como su masa
y su densidad.

La energia aplicada al citodo es el
producto de la corriente de lampara
por la caida de tensidn en el citodo

B) ESTABILIZACION

Hasta este punto, hemcs cnfocada  --

nuestra atencidn en el proceso de

ignicidn, analicemos ahora la opera-
o -

cidn estable de la lampara.

Una vez iniciada la operacidn de 1la
lampara esta se encendera” y apagari
cada medio ciclo, Es decir la lampa-
ra tendri que romper y pasar de arco
glow a arco de descarga cada medio -
ciclo. Intuimos que esta transicidn
periodica define poderosamente la -
vida de la limpara. El estudio de --
esta transicién la denominamos: Estu
dio de reignicidn a corriente cero.

N
r

GRAFICA 3

En la grifica # 3 mostramos en forma si-
multanea la tensidn y la corriente de --
lampara.

Como podemos ver, en el momento gque la
corriente cruza por cero la tensidn en -
la lampara 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 tensién de capacitor ambos medidc
en el momento que la lampara se exting...
En un circuito XH tendera al OCV natural
y asi cada circuito. Para fines de clari
dad escribiremos aqui que en general -
tiende al pico al OCV ( a una.fraccidn -
de €1, en general). Dependiendo de este
valor pico, conocido como el pico de -~
reignicién, la lampara tardarid mas © me
nos tiempo en pasar del arco "glow" al
arco de descarga.

Después de algunos ciclos operando en -

‘este estado la lampara rencendera sin -

pasar por el arco "glow" en forma per--
ceptible, ya que la temperatura prome--
dio de los ci3todos, durante los micro-
segundos que transcurre el paso de co-
rriente cero, seri la temperatura de --
termo-emisidn

El tiempo que pasa del primer rompinien
to a el momento en que deja de ser per-
septible el arco "glow" se le denomina



tiempo de ignicifn.

En la prictica se encuentran fuerte-
mente correlacionados la presencia -
del arco glow con la expulsidn del -
material electro emisivo del ciatodo
(fendmeno conccido como “sputering”)
Este fendmeno conduce a dos efectos:

1) EL ENEGRECIMIENTO DEL TUBC DEL AR
co

2) EL AUMENTO EN LA TENSION DEL CATO
DO

Es por lo tanto deseable reducir al
minimo la presencia del arco glow.

La operacidn correcta de una lampara
es funcidn de varios pardmetros elec
tricos, estos se encuentran descri--
tos en las normas ANSi correspondien
tes (por ejemplo trapezoide de regu-
lacidn, tensidn de sostenimiento etc)

En este pequefio espacio nos hemos es
forzado por describir unicamente el
fendmeno de rompimiento y de transi-
cidén "glow" a arco, no pretendemos -
dar una descripcidn detallada de 1la
operacién de las lamparas de alta in
tensidad de descarga.

Desde el punto de vista que hemos --
trabajado aqui consideramos que una
limpara ha estabilizado cuando ya no
se presentan descargas “"glow" duran-
te ningun medic ciclo. -

En particular una limpara habrid esta
bilizado en sus condiciones nomina--
les cuando opere sin presentar des--
cargas "glow" durante ninguno de sus
medios ciclos y ademas opera a ten--
sién y corriente nominal.

Es posible operar una lampara de al-
ta intensidad de descarga a condicio
nes inferiores a las nominales siem-

pre que:
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1) Se asegure la presencia de un fendme
no "sputering™ menor o equivalente -
a el que se presenta en operacidn -
nominal,

2) Se asequre la operacidn de la lampa
ra estable, esto es sin la presen-:
cia de descargas "glow" durante nin
gun medio ciclo. . B

Desde luego esto nos permitira demandar
menor energia del sistema suministra--
dor.

Es predecible que al operar ébr debajo
de las condiciones nominales, una lam-
para de alta intensidad de descarga se
presente:

1) Una disminucidn de la eficacia.
2} Un corrimiento de color

Hoy en dia existen dos sistemas comer-
cialmente distribuidos para operar las
lamparas de descarga por debajo de sus
condiciones nominales:

I) Acondicionador de la tensidn de
alimentacién del conjunto de lam
para-balastro.

II) Acondicionador de la impedancia
del balastro.

El primer tipo de sistema esta cayendo
en desuso por gque:

-TARDA MUCHO EN PERMITIR QUE LA LAMPA-
RA ESTABILICE, CONDUCIENDO ESTC A UN
MAYOR TIEMPQO DE PRESENCIA DEL FENCME-
NO DE "SPUTERING"

-0OBLIGA A QUE LA TENSION DE REIGNICION
SE CONSTRUYA EN FORMA LENTA, CAUSANDO
QUE AL ENVEJECER MEDIANTE UNA LAMPARA
DE DESCARGA CCMIENCE A CICLAR.



I lamp.

i
—4 e —— __+
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REIGNICION LENTA

Sin embargo este tipo de sistema es -
la solucidén mas simple para controlar
uns sistema de alumbrado en grupo.

La segunda opcidn es la que garantiza
una operacidn té&cnicamente confiable

Existen distintas té€cnicas para vari-
ar la impedancia de un balastro, las

mas difundidas hoy dia son: La varia

cidn capacitiva y la variacidn induc

tiva.

RESULTADOQS :

TODOS LOS DATOS Y MEDICIONES DE -
ESTA SECCION SON VALIDOS UNICAMEN-
TE PARA BALASTROS QUE VARIAN LA —-
PARTE CAPACITATIVA DE SU IMPEDAN--
CIA. '

“_r.ﬂ_L"L._*_ —— ¢
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Observamos primero la operacidén de una
lampara de sodio en alta presidn para
dos potencias de lamparas diferentes:

Un sistema de 250 watts sodio alta pre

sidn.
.OPERACION QOPERACION
NOMINAL REDUCIDA,
TENSION 220¥rcm/60Hz 220¥rcm/60HA
oCv 210 ¥ rcm 210 ¥ rem
CORRIENTE DE
ARRANQUE DE 3.9 Arcm 3.9 Arcem
LAMPARA
CORRIENTE
DE LINEA 1.32Axrcm 0.84Arcm
POTENCIA DE
LINEA 280 watts 180 watts
FP 96.4 97.4
CORRIENTE DE
. o1 .
ARA 3 2.85
TENSION DE
100 67
LAMPARA ©
PERDIDAS 30 ’ 28
FC 1.65 1.68

Como se muestra, se tiene una disminucidn
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 2 razén de 8.2%
hasta la potencia de lampara indicada; -



es decir la salida de luz disminuye -

un 43.9%. Si bien es cierto que la sa

lida de luz disminuye mis (8.2%) gque
la reduccidn en el consumo, tambien -

es cierto que el sistema ldmpara ba-

lastro presenta un mejor mantenimien-
to de flujo luminoso, lo cual nos ha-
ce pensar que a 10,000 Hrs. de cpera-
cibn este efecto no es perceptible.

En cuanto a la vida de la lampara me-
dida en t8rminos de la tensidn de 1lam

para, podemos esperar que el uso de -

balastros con impedancia capacitiva -

variable aumenta la expectativa de vi

da. :
En pruebas de operacidn 10 min. encen

"dido v 10 min. apagado, con 5 min., a

potencia plena y 5 min. a operacidn -
reducida, se obtienen tazas de incre-

mento en la tensidn de limpara meno--

105-

102

Qs "

N

res que si la lampara se opera a po-
tencia plena.

TENSION

. 4 Hrs
4

10 000

POTENCIA NOMINAL

4+ + 4 POTENCIA REDUCIDA
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Veamos ahora otro caso: Una lampara de -

400W de aditivos metdlicos.

OPERACION OPERACTION
NOMINAL REDUCIDA,
TENSION 220¥rcm/60HZ 220¥rcm/60HZ
ocv 290¥rcm/5200k | 290vren/520k
Vss 250Pk 250pPk
C§§R§§2§§QUE 3.8 3.8
DE LAMPARA
gg“:iﬁng 2.14 1.58
EETE?EEi 439 330
FP 93 95
ggRiiﬁgigA 3.2 2.58
Eﬁﬂi;gg PE 1 430 127
PERDIDAS 47 40
FC 1.65 1.62
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El mantenimiento de flujo luminoso - En lo que se refiere a la temperatura -

se comporta un poco diferente para - de color, la informacidn internacional
una lampara de aditivos metdlicos -- al respecto refiere que al operar las -
que para una lampara de sodioc en al- lamparas de aditivos metdlicos a una --
ta presidn. potencia menor a la nominal, la tempera
tura de color se moveri paulatinamente
Operando nuevamente las lamparas 10 dentro de una banda de - 200°K durante
min. encendidas 10 10 min,., apagadas, las primera 3000 Hrs. y después tendera
con 5 min, a potencia nominal y Smin a la baja. '

a potencia reducida tenemos:
Para este caso, tenemos un ahorro de --

% Lumens INICIALES .
A - - = - - I‘* - potencia de consumo de 109 watts -
(~24.8%) con una disminucidn 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 ldmpara se reduce aun mas, no
es posible sostener la temperatura de -
termoemisién en los citodos, y como re-
sultado se presenta un fenomeno de ----
"sputering” virtual muy acentuado que -
trae como resultado una gran deprecia--
cidén en el flujo luminoso y una falla -

MANTENIJIENTO DE FLUJO Luminoso prematura de la lampara.

|
A | ’

6oy | | |

HRS DE PRUEBA

&
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I . CONCLUSIONES:

-Es posible operar las limparas de alta
intensidad de descar=a por debajo de -
su potencia nominal siempre 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,

v~ HRS DE PRUEBA

S00 1600 4500 3)SE ASEGURE QUE LA TEMPERATURA DE

LOS CATODOS SEA SUPERIOR o IGUAL -~

A LA TEMPERATURA DE TERMO-EMISION

ELEVACION DE LA TENSION DE LAMPARA

' : 4) SE CONSERVE UNA CORRECTA TRANSICION

DEL "GLOW" ARCO AL ARCO DE DESCAR-
GA.



-En general el flujo luminosc por —---
watt aplicado disminuye ligeramente
mds riapido que lo que disminuye la
potencia de lampara.

-El operar una lampara de descarga -

~ por debajo de su potencia nominal -
no afecta su vida Gtil, si la opera
cidn se hace correctamente.
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Mercury Vapor Lamp Construction

A mercury vapor lamp consists of a clear quarlz arc tube
enclosed in a gas-filiwd hard glass outer buld wiuch may be clear
or phasphor-coaled. The addiuon of a phosphor coating 1o the
cuter bulb, dramaucally rmproves the appedrancs and colos
renderning praperties ol the hiyht produced by the aie discharge,
aswell as deftusing the ight autpuat of the L

The are tube contans a small amount of mercury, together with
argon gas, which ss used w tacikiate stating ol the famg. Jhe
are tabe structure features a one piece, ull press constuchion
that 1s designed 10 withstand thermal stress and the intarnat
pressure wiuch occurs during lamp operation. The arc dischiarge
takes place between double coled tungsten electiodes winch
ate sealed i each end of the are sube end ey nated with a
banum contaming material o promote elecion etussion. This
electrode design prevents migraton of the enussion matenal

to il walls of the arc tube, provding maximum Inght Quitput
duneg lamp life.

Mercury Vapor Lamp Operation

Mercury Vapor Laimps iegquie proper wicwnls and auxiiary
equipment designed for the partcular wallage famp

see page 324

Starting and Warm-up

A mercury vapor lamp goes through & series of steps in the
process of starting and reaching full light outpat, which can
be briefly outhned as follows:;

1. When power 15 turned on, the ballast 1s energized and the
proper starting vottage s applied iroim the ballast across
the lamp base. '

2. This establishes an electric field between the man

electrode at the base end cf the lamp and the nearby
starting electrode.

3. As a result of this action, there is emission of electrons,
develooment of a local glow and omzation of the argon
gas i the arc tube.

A The wnzahion pecnmets an are to be estdablistred bobween
the main electrodes tocated at either end of the arc tube,
resulung in a diffuse biuish discharge in clear lamps or 8
redcish glow in coated lamps.

Y. Heat from the die causes the meicury 10 vaporize
gradually unti the charactenstic mercury appearance is
reached at steady state (full) guiput.

When a mercury vapor latnp stants, the ight output 1s
about 3% 10 5% ot full uiensity and larmp voltage
approximately 25V 1o 30V. As the arc tube's internal
pressure ncreases, the output and lamip vottage ncrease
until the stabiized opeiabng vatues ate-reached, usually n
three 1o four minutes. (See Fiy. 8}
Fig. 8 e |
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Metal Halide (MH)

e TG L et

Metal Halide Lamgp Construction

A metal halide lamp consists of a clear quartz arc tube enclosed
in a gas-filled hard glass outer bulb which may be clear or
phosphor-coated. The arc tube contains mercury, together

with other metals in wdide form, which serve 10

improve the color appearance, color rendering properties and
luminous efficacy ot the lamp in comparnson to standard
mercury lamps. The color characierisuics of the lamp are further
improved when a phosphor coating 15 added ¢ the outer bulb.
The coating also has a light ditfusing efiect,

Quartz is used as the ar¢ tube matenal in a metal hakide

lamp because of its ability to wilthstand the extremely high
temperatures (up to 900°C) and pressure which build up durnng
lamp cperation. Heat-reflecting coalings are applied to one o
both ends of the arc tube 10 maintain uniform temperature and
to keep the metals vaponged so that they tetnan in the aic
stream. The arc discharge 1akes place between tungsten
electrodes which are seated \n each end of the quartz tube,

Metal Halide Lamp Operation

Metal Halide Lamps require proper circails and auxiliary
equipment designed tor the particular wallage lampisee page 32).

Starting and Warm-up

Most meta! halide lamps are equipped with a starting electrode
ta permit lamp igniiion from the ballast open-circut voitage.
These lamps, connecied 10 the proper ballast ierminais, start
and warm up to full hght output in the following sequence of
Steps:

1. When power 15 turned on, the ballast 1s energized and the
proper slarting voltage is apphied lrom the ballast across
the lamp base.

2. This establishes an electnic hield belween the mam
electrode a1 the base end of (he lamp and the nearby
starting electrode. '

i At £ 1= 7 22 e

3. As a result of this action, there is emission of electrons,
development of a local glow and onization of the argon
gas in the arc tube.

4, The iomiation 9&imits an orc o be ectablished hetwern
the main eiectrodes located at =ither end of the arc tube,
resulting in a diffuse bluish | harge.

5. Heat from the arc causes e -ercury, and subsequently
the other metals, to vaporize, causing a gradual coior
change until fult output s reached, at which tume the
light takes on its characierisuc pure while appearance.

When a metal halide lamp starts, the ight outpul s
about 3% 10 5% of full wtensity and lamp voltage 15
approximately 15V 1o 30V. As the are tube's internat
pressure increases, the output and lamp voltage increase
until the stabilized operaung values are reached, usually
in twe to six minutes. (See Fig. 4.)

6. Encrygy [rom the are tube beats the banctal swilch i the
starting electrode circuit, which opens after two 10 four
minutes. This prevents electiolysis and breakdown of the
molybdenum seal. Philips lamps are designed so that this
circud opens, rather than shorng to the main electrode
tan alternate method used by some manufacturers), 16
prevent possible arc tube damage if a poor shorting
contact is madoe,

Certain low watlage rnetal hahde lamps do not have a staruing
electrode and require a starting pulse similar 1o ihat used 10
initiate the arc in a high pressure sodium lamp. When power is




High Pressure Sodium (HPS)

HPS Lamp Construction

A High Pressure Sedium Lampconsists of a translucent ceramic
arc tube constructed of polycrystalling alunuina (FCAY enclosed
1 3 clear or coated evacusted hard giass outer bulb. The clear
bull allows good opucai contrel ot the hight, while the Couted
bulb has a hght dittusing ettect. The matenal used for constiug
uon of the arc tube i an HPS lamp Jdiflers tom that used n
mercufy vapor and metal hahide lamps because of the hugh
chemical activity ob sodium. Whure sodiim is present, the the
mal and chemical stability requirements placed on the dischaige
tube material are very demanding. The arc discharge takes place
between tungsten electrodes which are secured with a ceranic
sealing material i each end of the arc tubea.

The Philips High Pressure Sodium Lamp, marketed under the
Ceramalux™ brand name, teslures 3 patented manchihie PCA -
arc tube. The strong constiuction of this unigue are tube offers
extra protecuon against sodium leskage, a prome cause of
premature HPS lamp faillure. The exclusive Philips arc tube
design combined with a thicker end seal and voltage-conuroling
emitler matenal, resulis in more stable operation throughout the
life of the lamp, even with frequent starts. The positive location
at both ends ol the a1¢ tube supporl reduces potential weid
Lreaks under conditons ol vibation gnd maintans e Wb
-alignment, ensunng stabihty of lamp pertormance and optical
efficiency during operanon.

-

L e

-

-

HPS Lamp Operation

High Pressure Socum Lamps require proper Sircuis and
auniliary equipment designed for the parucular watlage: Lo
{see page 32).

Starting and Warm-up

The steps an HPS lamp goes throuygh in the pracess of sttine;
and reaching tull ight output can be bneily outhned ds wllos

1. When the lamp is connecled 10 the pioper ballast and nrawr
is turned on, a narfow high voltage pulse 1s apphed 10 hw
lamp, initiating an electrical discharge between the cle
trodes. As soon as a path of wnized inulecutes wasts, cannent
is supplied by the baltast {o initiate a conuiNUINg arc 1IN e
lamgp. I necessary, the staring pulse repeals dunig coc b
cycle untl the arc is established, at which time the puls.
aulomatncally ceases.

2. The initial arc occurs through the xenon starting gas anit
produces a smalt amount of blug-white light.

3. Heat from the xenon ar¢ causes the soedium and mercun, o
the arc tube to vaponze rapidly.

4. As the metats vaporize, 1he lamp assumes 115 warnm golien
white hue and beth hght owiput and [amp voltage meiea - o
their s1abilized operaung vatlues, With most HPS tans thas
process takes four 1o six minutes. {See Fiyg. 1)

T
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At any given time, only one arc tube is tighted. When power is
remdored aller o moapentany intesraption, tho second sue obe
hghts immediately and produces 3% to 5% of the lamp's fuli
light output, which is normally achieved within two minutes.
The instant relighting and rapid recovery of a Dual Arc lamp
chngmnte the penod of el darkoess associted wath the
reigmition of most High Intensity Discharge lamps. This provides
an exira measure of safety in applications where machinery or
mioving vehicles pose a hazard to workers,

[ instant restoke applications, rated lamp e equals 24,000+
hours. When instant restrike is not inportant, rated lamp life is
40,000 hours.

White SON Lamps

Advances in tigh pressure sodium lamp technology have led

10 the development of a new product called White SON. It
olfers high source brightness together with the color rendering,
appearance and uniformity of incandescent lighting for
commercial and architectural lighting applications. White SON
lamps offer three times the efficacy of incandescent lamps.
They atso leasure a special bise and sockel 10 provide precise
location of the source in optical systems. An electronically
controlted hallast with built-in ignitor is used to maintain
unifonm lamp to lamp coldr appearance over life.

Comfort Lamps

Ceramalux Comiort Lamps are high pressure sodium lamps with
animproved color rendering index of 65, and higher color
temperature of 2200K; a significant improvement over standard
high pressure sodium tamps typically rated 21 CR}I and 2100K.
These lamps provide improved color rendering in the red, blue
and viclet regions of the spectrum compared to conventionat
high pressure sodium Jamps.

Although these lamp types directly replace regular high pressure
sodium lamps of the same wattage, optimum life and color
petiormance are best achieved by operating on a Regulated Lag
(Magnetic Requiated) or equivalent type ballast. Operation on
ballast types with less regulation { Reactor, High Reactance
Autciransiormer and Constant Wattage Autotransformer will
result in grealer color variation and up 1o 30% reduction in lite
expectancy.

RETRO LUX Lamps

RETRO LUX High Pressure Sodium Lamps are designed specifi-
cally to operate on all mercury vapor and metal halide single
lamps ballasts for parallel type circuits. They are a direct retrofit
product for mercury vapor and metal halide lamps as noted
below. These lamps differ from other HPS sources in that they
do not require a high voltage pulse to initiate the electnical
discharge. Instead an internal ignitor in conjunction with the
ballast inductor provides the pulse,

RETRQ LUX tamps replace meiat halide or mercury vapor lamps
as follows;

Metal Halide or
Mercury Vapor Lamps RETRO LUX HPS Lamps

T175-Watt ... 150-Watt
250-Watt ... 215-Watt
400-Watt ... ... 360-Watt

I 1erms ot light output, RETRO LUX lamps represent a higher
lumen package with lower power consumption as campared
to the mercury vapor tamps they replace.

Dual Arc High Pressure Sodium Lamps

r

1. Waather Duty® Bulb. Made of high quality
glass which resists thermal shock caused by
rain or snow and withstands harsh
armospheric conditions.

& & 2. Patentad Monolithic Arc Tubas. Two
monahthic arc tubes ta insure instant relight-
ing over the rated life of the lamp.

3. Voltage-Controlling Emitter Material.
Reduces emitter lasses 10 maintain stability of
voltage, eliminating premature oniolf cycling.

4. Sturdy Suppaorts. Minimum number of
parts reduces potential weld breaks under
conditions of vibration. Arc tube has flexible
connector for electrical conunuty and protec-
ron aganst thermalt stress. Fositve focation of
both ends maintains arc tube alignment in
center of buib for maximum optical efficiency

5. Nickel-Pisted Brass Base. Lliminates base-
to-socker seirure, which can occur with
unplated bases on long-life lamps. Reduces
maintenance costs, as well as risk of ol
injury and socket damage during rei,

Includes comvenient date code 1o rec

month and year of installation.

White SON High Pregsurs Sodium Lamps

1. Short Arc Langth. Short arc tube
length allows ellicient design of optical
systemns with excellen! light utilizatian.

2. Patantad Monolithic Arc Tube.
Sintered monclithic arc tube provides extra
protaction against sodrum leakage lor longer
life and reduced mainienance costs.

3. Sturdy Supports. Strong construction
with mirimum number of parts reduces
potential weld breaks under conditions of
vibration. Positive arc tube location at both
ends mainiains alignment in center of bulb
for maximum optical efficiency.

o——§———— 4. Prefocus Base. New prefocus base

‘ {PG-12] insures precise lamp positioning
within luminaire, providing exceflen” 3
control and perfarmance.
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Low Pressure Sodium (LPS)

g,

LPS Lamp Construction

Adow pressuie sodiim lamp consists ot a U shaped sre tube:
constructed ol sodim resssiant e borale glass nside an
evacuated Clear outer cnvelope. This glass ehvelope has an
sletnal Coatirng ul Beat et mdian asnde, wiugh

s eentnbutgs o the ealremealy igh efficacy of tha LPS lamp.,
Inside the are tube thare s a niature of neon and argen gases,
which are use 1o stert (he lamp, toyether with pure sodium
melal.

The arc iube suriace featwes a senes of dimples which serve
as 123ervoIrs 10 assurg even distnbution of the sodinn. This
promotes manunum larmen montenance thioughout janip hife.
The arc Jdiscnarge takes place between nple-coil ingsten
clectiodus, cuetud with o special eiiission matenal, wihich gre
mounted ar each e¢nd of the aie tebe near the base of the laling.

SOX-E Lamps

Phihps Low Pressure Sodium Lamps are for outdoor and
ndoor use I acas where culon 1S 0ot a prmary
consideration. They are custumanly idenufied by the
desgnabons SOX and SOX E.

The SOX E tanuly of lamps, wlnch repiesents an
expansion of the onginal SOX fine, provides tigher
famp efficacies of up 10 200 lumens per watt.

The new generation of SOX-E lamps has the same
basic construction as the ongingl SOX line. The
improved efficacies are achieved through advances in
technology wiuch inveolve the reduction of energy 1oss
in the arc tebe discharge and operation on

hybnd ballasts.

LPS Lamp Operation )
Low Pressure Sodium Lamps requuie proper circuits and ausliary
equipment designed far the particular watiage lampisee page 32)

Starting and Warm-up

Alow pressure sodiuny limp may be conbiolled et by o high
reactance ausotransformer {HX) ballast or a “hybnd’ ballast.
When an autotransformer ballast is used, the open crcunt
voltage 15 sufficient to siart the lamp; when a hybrid batlast
fwith which optimum lamp ethcacy s achicved! s used, on
ignitor is required to provide a starting vohiage pulse. in either
case, a low pressure sodium lamp starts and warms up tc fuil
light output in the following sequence ol steps:

1. Autotransformer Circuit
When power is turned on, the ballast is energized and the
proper starung voltage 1s apphed 1o the tamp.
This establishes an ¢lecting held between
the electrodes, which resubts in the emission of electrons
and ionization of the starting gases.

. Rybrid Circuit

When powet s larned ong the halbast s cnengiasd and
nairow high vollage pulse s applied 1o the lamp, ontiating
an electneal discharge between the elecuodes, As soun as
a path of wonized moleculas exists, currant is supplie:d by
thae Bralbast Toomntiote: o condmmsesg ol i thae bgy 1
necessary, Lhe starting pulse repeats dunng each cycle
untl the are s estabhshed, at which tithe the pulse
antomatically ceases.

2. Theninal arc oceurs through the neon and argon starting
gases, which begin to glow after current starts 1o ftow in
e cucoil.
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CAPITULO IV

CONSTRUCCION

Como se pudo apreéiar en el capitulo anterior la iluminacién de

las vias pGklicas ha superado ya la etapa del empirismo y estu-

dios sistemiticos y cuantitativos de los factores que afectan

la visibilidad en la superficie iluminada han pronorcionado

los elementos bésicos de una"ciencia de alumbrado".

La construccifn de sistemas de alumbrado ptblico también se ha

ido perfeccionando y simplificande debido al gran avance tecno-

légico de los ultimes afos -en l&mparas, aislamiento de los con-

ductores y controles fundamentalmente.

Una instalacidﬁ de alumbrado pGblico sé.compone de variocs ele-

mentos como sSon: postes, luminarias, lamparas, balastros, con-

ductores eléctricos, ductos, conectores, fotoceldas, contacto-

res, interruptores termom&gneticos, cintas aislantes, ancias,

registros ya sean precoladés o] consﬁruido en el terreno, cimien-

to ue concreto y lbases metdlicas.

El inicio de una instalacién de alumurado pGbhlico parte de la

calizacifn en el terrenc de leos citios en--donde-se--pretende————— . -
que gueden ublicados los postes y &sto deberd efectuarse de a
cuerdo con el proyecto librando desde luego obsté&culos naturales
como iruoles, entradas de autémoviles, registros, etc.

El Ingeniero o la persona responsable deber8 ir tomando nota,
llevando a su plano los lugarcs definitivos de'marcaje para deg
pués proceder a proyectar con las modificaciones que se tuvie-
ran yue hacer en ¢l terreno. )

i1 sigyuiente paso eé realizar las excavacioneg pvara los cimien-
tos instalando y nivelando las cimbras cue deber&n, ser de pre-

ferencia mf@talicas una vez tcerminadas las cavidades. Dentro de-

p—
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la cimbra se efectua el vaciado del concreto debidamente vi-
brado para éue tenga una mejor homogeneidad; poco antes del
colado se coloca un escantillén o plantilla en donde van las
anclas gque despu&s soportardn el poste ademds de una pieza es
pecial de concreto o doble codo la cual tiene la funcifin de
proporcionar continuidad a la instalaci®n es decir ligar el ci
miento con el ducto tendido en banqueta para gue postericormen
te se efectle sin ninguna dificultad el cableado de los cir-

cuitos.

Para los cambios de direccifn en la linea de ducto% se insta-
lan registros mediante los cuales &stos pueden librar una zo-
na con curvatura, pan coup& u obstdculos naturales; limitar

las longitudes de los tramos de ducto a las distancias regue-
ridas Y derivar elﬂducto para conectarlo a la alimentacién;

para el cruce de arroyos se instalan registros mds profundos-
de donde parten ductos ahogados en concreto (para protegerlos
dé posibles fracturas debido al trinsito de vehfculos pesados}

recibiendo también los gue estdn instalados en la bannueta.

En los entrongques de los ductos en los registros se deberdn
de emboquillar estos perfectamente cuidando de manera ¢ue no
qgueden cantos vivos gque puedan perjudicar el aislamiento de
los conducteres. En los dos tipos de registro se dejard una
plantilla de morterc de cemento con un dren central por donde

se pueda evacuar el agua que se introduzca.

Las tapas de estos registros serfn de concreto armado y tanto
el marco de £€stas como el contramarco deber&n ser construidas

de filerro &ngulo estructural.

Los cimientos de concreto tendrfn diferentes formas y dimen-
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a 607 veclts pero por razones mécanicas mis gue eléctricas se utl
liza un aislamiento para 1000 & 2000 volts.

Los cables pueden ser tambié&n instalados directamente enterrados
sobre todo en lugares donde hay posibilidad de abrir zanjas poas-
teriormente para cambio de cables, reparacidn de alguna falla,

aumento de circuitos etc.

Un cable de energfa enterrado dircctamente tiene mejor desipacidn
térmica que uneo alojado en ductos 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; ge
neralmente este modelo de instalaciones se hacen en jardines o
campos abiertos en donde no se tengan edificaciones ni instala-
ciones adicionales como los de telé&fonos, Companfa de Luz, agua,

gas, etc.

Para instalaciones de alumbrado ptblico con lémparés de vapor

de mercurio y con balastra remcta se emplea la base met&lica en-
donae se alojan hasta dos de ellas que serin de las caracteristi
'cas necesarias-para arrancar y operar las lamparas instaladas:
el primario del reactor se conectari a los zables alimgntadores
del circuito empleando el empalme tipo"Western corto" colocando
un conector del tipo “"perro" encintindolo después con'tres capas
de cinta de aislar plastica y dos capas de cinta de aislar negra
la cual servird de proteccifin a la anterior: el otro par de pun-
tas o sea la del secundario de la balastra se conectan a les ca-

bles que "bajan" de la luminaria y se encintan.

Se deberd tener cuidado de dejar suficiente holgura en los cables
alimentadores que .entran a las bases para efectuar correctamente

las conexliones antes destritas.
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Distribucién de postes
en el lugar de ereccibn

Pintura de las canas
de los postes.

En espera-del armado
Y parado.

Poste erecto Y plomeado.




Cimbra

colocada y apuntalada.
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Para las instalaciones de alumbrado pGblico con lémparas de
vappor ue Lercurio en luminarias auto balastradas v en las de
vapor e socilo alta presién no es necesaria la base pedestal

¥ own estos ¢asos se reconienda que los postes tengan un regis-

tro con tana en donde se efectuén las conexiones del circuito

a la luminaria.

Las alimentaciones a los circuites por lo general se toman ds
i1a misma red de la Cfa. surinistradora de enerqgfa eléctrica v
en el caso de redes subterrdncas el suministro se efectfia usu-
alnente al centro de carga del circuito mediante unes conducto
res que derivados de sus lineas dejan en un registro colocado
al pic del poste en donde previamente se coloca la combinacicn

contactor interruptor y el control fotoelfctrico.

En caso ae alimentaci6n Serea el suministro se efectfa también
de las lincas de conducecidn de la empresa suministradora a tra
vés de un tuwo de fierro galvanizado que se sujeta al poste de

la ¢fa. mediante amarres con fleje de acero.

Sste tuwo tendr8 en la parte superior una mufa tipo calavera
la cual permitird la entrada de los cawles alimentadores y pro

tejerd a estos de la penetracién de agua.

Cuando la instalaci6n est& terminada se les aplicard una segun
ua mano de pintura a los postes; el primer paso de éste.procc-
so fud la limpieza con cepillo de fibra de acero de los nostes
y las Lases en bodega, la aplicacién de una mano de sellador

anticorrosivo en sus superficies exteriores, en la base metéli
ca y ﬁna primera mano de pintura en bodega o en el lugar donde

su va a eregir el peste a la canha y ménsula,
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unidad de iluminacidn autobalastrada para operar

una l&mpara de sodio.

e

. 34
R LA

e

[y




fjustes finales de-
la e¢olocacisn de la
unida? on el noste.

(P13



96

Diferentes aspectos del parado de un poste por medic de garrucha
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La operacién de encendido y apagado de los c¢ircuitos, que ha

sufrido una gran transformacifn ya gque todavia hace 15 afios

se operaban con relojes de tiempc los cuales tenfan que ajustar

se cada 20 dfas para estar de acuerdo con el nivel de luz cre-

puscular de las diferentes estaciones del afio se efect@an por

medioc de una fotocelda la cual cierra el circuito y deja libre

la alimentacidén de energfa eléctrica a la bobina del contactor

el cual opera el grupo de l&mparas.

Los elementos que componen a una red de alumbrado pdblico en

la actualidad los podemos enlistar en la siguiente forma:

I.- DUCTOS
a} Colocado en banqguetas: junteadd con mortero de cemento
1:3
b} Colocado en arroyo: ahogado em concreto de F'c=150 Kg/cm2
II.- Registros -
a) hegiStros sencillos; 50 x 65 x 63.8 c#.

b) Registros dobles: 60 x 80 x 123.8 cm.

ITI.- Cimientos

"""é)’Para_pbgféJdé*IZSO'Y'S.SOWHE‘"""““"'"‘“"‘*“" T T
" b) Para postes de 7 a 9 m.
. ¢) Para poste de 12 ﬁ.
d)} Para poste de 16 m.
e) Para postes de 20, 25 y 30 m.

IV.- Base Laminada

a) Ligera (Envolvente de 1/8"; base y corona 1/4")

b) Pesada (Envolvente de 1/8"; base y corona de 3/8")

¢) Extra pesada (Envolvente de 1/4"; base y corona 1/2")
V.- Postes

a) Tipo colonial: 4,50, 5.00 y 5.50 m.de altura.
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VI.

VII.

VIII.

X.

.
[

p) Tipo ornamental tronco cbnico: de 7.

00 a 10.00 m.

¢) Tipo jardfn o punta de poste: de 5.00 a 14.00 m.

d) Tipo litigo cfnico: de 7.00 a 12.00

e) Especiales.

Balastros
a) Integrales l.- De alto
b) Remotos 2.- De bajo

Luminarias *

a) Para lampara de vapor de mercurio

;) Para lampara de vapor de sodio alta

Limparas

a) de vapor de mercurio

Alta presifn
Baja presién

b) de vapor de sodio

c) De mercuric con aditivos metdlicos.

Conductores eléctricos.

a) Con aislamiento para 600 Volts

b) Con aislamiento hasta 1000 Volts

¢) Con aislamiento para 2000 Volts.

a) Para 1000 watts, 1800 Va, 110-130 V.

o) Para 1000 watts,1800 Va, 176-230 V.

m.

factor de potencia

factor de potencia

Balastra integral
Balastra remota

presién.

Conecta:
De 5 a 20 luxes

desconecta
de 25 a 100 luxes.

* Para clasificaci®n desde el punto de vista fotométrico ver
Capftulo III.
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~I.- Combinaciones Contactor - Interruptor **

a) Para operar circuitos menofdsicos.

) Para operar circuitos trifésicos.

A{II.- Clementos varios.

a) Conectores
b) Cintas aislantes
c) Condulets

d) varillas copper-weld

Antes de terminar &ste capftulo mencionaremos el alumbrado tipo
utilitario o sea 8quel gue no es de ornato y que Gnicamente cum
ple con las principales funciones del alumbrado plblico que va
se especifican en el capftulo III. El alumbrado utilitario se
emplea en colonias proletarias, suburbios y pequefios poblados;
las variantes de Bste tipo en relacifn al alumbrado ornamental
radica en qué 4quel se instala en los postes ya existentes de
las redes de distribucifn de energfa eléctrica eliminindose en
T T 7" esa forma el poste -ornamental, la canalizacifn, -el-cimiento,——-- cmm . — o
los registros y el cableado va que se conectan directamente a
las lfncas de baja tensién y las luminarias son del tipo inte-
gral con balastra incorporada y con su fotocelda para la opera-

cifn en forma independiente.

** yay capftulo V para mayor informacidn.
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CAPITULO V

CIRCUITOS Y COHTROLES

Actualmente en la hayoria de los circuitos de alumbrado pbli
co se utiliza el tipo mdltiple en voltajes de 127, v 220 Volts
predominando la alimentacidén de 220 volts: este sistema ofrece
sequridad al operario tanto para la instalacidn como para el
mantenimiento en comparacifn al circuito tipo serie que casi
se ha extinguildo y el cual representaba un riesgo si el perso-~
nal encargado de operarlo no tenfa los conocimientos hdsicos
de ese tipo de alimentacibBn va que se manejaban altos voltajeé.
Los elementos esenclales de un circuito -ntltiple de alumbrado
pdblico son el potencial a la tensidén requerida proporcionada
por la Cfa. suministradora de energfa, o un transformader ex-
clusivo y el ejquipo de control necesario. $1 se utjiliza un
transformador cxclusivo es posible emplear un control primario
para cncergizar o desenergizar ¢l nmismo cuando el alumbrado es
encendido o apagado; esto se puede efectuar mediante un reloj
----0 wuna- fotoceclda. - - .. _ e - —— e e o oL
£n ¢l caso, m&s usual, de que la tensién se proporcione direc-
tamente de la red de la Cfa. suministradora de energfa el con-
trol para la proteccifn y operacién de un circuito se realiza-
meuiante la instalacidn de un contactor y un interruptor Fermg
magnético, combinacifn de alumbrado pﬁblico,'en el cual la bo-

bina del contactor es operada mediante una fotocelda o un reloj.
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’ Proteccidn
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Circuito tipico para alumbrado en sistema mGltiple.
También se pueden emplear relevadores pero la experiencia en
el manejo de ese tipo de control nos indica que es mucho més

conveniente utilizar el contactor.

Los arreglos en este sistema se deber&n efectuar en tal forma
que se pueda utilizar una fotocelda para operar el miximo de

circuitos paré obtener asf ademéé de una economfa el menor ni-
mero de fallas posible en la red de alumbrado alin cuando estc

tipo de falla abarque un nlmero mayor de l&mparas,
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Arieglo cuando existe linea de BT
‘en un solo ladode una AV T T © yan

Arreglo de circuitos cugndo existe B.T.
en los dos lados de una AV.

Existe también la opcién de utilizar unidades de iluminacién
a los cuales se integra una fotocelda y se alimentan en forma
individual de la red de baja tensifn

Con esto se eliminan los tramos de cable entre luminar.{as como
en el caso del arreglo de los circuitos gue hemos visto y se

pueden colocar fotocontroles de menor capacidad.
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Control con fotoceldas independientes,

Cuando se tiene el proyecto de alumbrado pdblico en una prime-
ra fase o sea cuando se determinaron y ubicarecn las unidades
de iluminacifn y se conocen sus capacidades se procede en la

siguiente forma:

a) Se agrupan l&mparas en c¢ircuitos en un nlmero gque esté de

acuerdo a la capacidad del contactor.

b) Se localiza y ubica el centro de carga o sea el punto en

donde se recibirf la alimentacidn de energfa eléctrica.

c) Se procede al cableado de los circuitos, determinando el ca-
libre adecuado de acuerdo con la carga y el tipo de sistema

empleado ( 2 @ & 3 &),

d} Se calcula la caida del voltaje al punto m&s alejado del
centro de carga la que no deberd exceder a un 3% que es lo

que indica el Reglamento de Obras e Instalacicnes Eléctricas.
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En el ejemplo que a continuacién se asienta, las l&mparas son

de vapor de mercurio de 400 watts v se ha escogido la rama més

desfavorable de un circuito.

20
22m ‘ *4
\4rn
10m 2. 12m
22m A

22

1. 42m o 40m m

‘ 3

=P

Punto de Alimentacion

Realmente la corriente en cada uno de los puntes del diagrama
tendrd gue ser determinada por la corriente de la l&mpara mé&s

las pérdidas en la balastra o lo gue es lo mismo por la corrien

te primaria de ésta dltima. — —~— — -

e acuerde con las especificaciones de los fabricantes de ba-

lastros tenemos:
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Caliure
SG. " Area Capacidad de corriente
PN S N mm2 {Amps)

8 8,366 40

G 13.300 55

4 21.150 70

2 33.620 95

El circuirto m8s usual es el bifisico alimentado a 220 volts

en donde se emplea contactores de 27 amps. Yy termomagnéticos-

de 2 x 40 amps; tamnwién pueden emplear combinaciones interrup

tor contactor trifédsico para proteger y operar circuito con

ese nlmero de fases.

) L
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Lamparas de mercurio de 1000 watts conectadas a un circuito

trifésico.

En este caso se determinan la corriente por fase de acuerdo

a la férmula I=_W_vy se elige el "centro de carga® en uno

\r;1Ecos &
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de los ramales considerando teoda la carga del mismo en esa
punto para determinar la cafda de tensién, adem#s es convenien
te que aungue los balastros son autorregulados se calcule la
calda de tensifn a lo largo de la trayectoria de la balastra
remota a la lémpara ya_que &sta es de una capacidad de 1000
watts.
Lesde luego rque en un circuito trifdsico en relacibn a una
distribucibén de dos conductores, se obtiene para iqual tensién,
longitud de conduccibn, con la misma pérdida de potencia v no
teniendo en cuenta la reactancia de la 1lfnea, una gran econo-
wfia de coure; pero como en los circuitos pifdsicos los conduc-
tores no se calculan Gnicamente por corriente sino ademds por
razones ue tipo meclnico, las secciones eleqgidas son del jo.E
Yy .i0. 4 gencralmente y en base a esas secciones se procede al
cdlcule de la pérdida de tensién limitédndose en esa forma la
longi'tud del circuito.

Combinaciones de Alumbrado PGbhlico, -
tstas fueron disenadas cspecialmente para contrel v protecci®n
ue los circuitos de alumibrado pGblico por el autor en combina-

cién con técnicos de dos companfas fabricantes de aparatos de

control v

Py

fueron sustituyendo a los  anacrfnicos rolevadores; -

se compone de un contactor magnético y un interruntor tennomaq

n€tico instalados en una caja a prueba de intemperismo HEMA-3-7.

Capacidad : Contactor
en Amps. ‘lagnético ’ Interruntor
(Jo.de polos)

. Sistema !Monofdsico
33 2 2 polos 40A

Sistema trifdsicos

30 3 3 poios 493

Gu 3 3 nolos 70A
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CAPITULO VII

PROGRAMACION:

La programacifn de una obra de alumbrado p@blico se puede efec-
tuar por ﬁ&dio del método de barras o por el de .la ruta crfitica;
‘desde luege el més usual es el primero v serd el que aguf se ex-
ponga aunrjue en el del camino crfitico asentaremos ias bases pa-
ra poderlo realizar.

Ll método de barras es el tradicional sistema que se emplea en-
la planeaci6n de toda actividad econ6mica y fundamentalmente --
en la ingenierfa; consiste en enlistar los conceptos que inter-
vienen en una obra y de acuerdo con los rendimientos ya sea pa-
ra la elaboraci6n o para la instalacién ae cada uno de esos ele
mentos vy de su secuencia lfgica ir planteando perfodos que en -
algunos casos tendrén traslape hasta agotar todos los conceptos
y finalizar la obra. .

Para llevar a cabo lo anterior es necesario que se analice la -
etapa Je elaboracién de cada concepto enlistado para que si tie
ne un tiempo de programacifn calcular rédpidamente el nfmero de-
piezas que se construirén por dfa y por lo tanto el personal ne
cesario de acuerdo a &ste ciclo de construccién o instalaci#n.
bLn un nuevo desarrollo urbano se comienza por el desmonte,el --

trazo, la instalacifn de tuberfa de agua potable y alcantarilla

do y después por la urbanizacifn de las calles nara continuar -

con las guarniciones.

Una vez terminada la base y sub-base es necesario con el dato -
del nivel de carpeta proceder a efectuar las excavaciones para-
la colocacién de los ductos de concreto necesarios paxa dar con
tinuidad a la instalacifn de alumbrado, &sta fase del programa-

es lenta porque se va al ritmo de avance de la urbanizacién. --
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Lna veZ colocados estos tulos se marca con pintura en la guar-
nicifn su ubicacida v si &sta no existe se <eja una referencia
por médio d¢e una estaca, varilla, etc., €sto es con el fin de
f{Ue posteriormente se cologuen los registros v se reciuan los

auctos.

La construccién ce cinientos v el tendido ¢el ducto en banque~
©a son las siguientes operaciones aunjue a veces =35 seclamente
posiwle afectuar la vnrimera noradue no @std nrenarada la zona
donde van las canzuetas ya se@a porque faltd relleno o por al

abundamniento de cscomoros v terraceria.

Para la construcciftn dco cimientos es necesario contar con un
nfmero adescuado e formas o cimbras para poder efectuar el ma-

yor nflwero ue colado en un turno o tienpo determinado.

i la instalaci?n consta de hases met&liéas, €stas se instalan
una vez descinwrado el cimiento y acabado, para en esta forma
estar en posibilidad'de recibir a los Postes v de proteger.a
su vez las anclas; si el proyecto no marca Lase entonces se

pueden ereqgir los arbotantes una vez que hayan sido armados.

""Los "postes - llegan- de-f&lrica.con una mano de pintura anticorro

siva y es conveniente darles una primera mano de nintura, del
color que se especifinue, antes de proceder a 5u ereccién v la

scgunda mano se les aplica ya para entregar la obra.

El cableado, balastrade y colocacifn de las alimentaciones (con
tactores y fotoceldas) son las dltimas operaciones de una ins-
talacifn de alumbrado p@Gblico; es necesario el cableado y bhalas
trado simultineo para poder sellar las puertas de las bLases y-
evitar en esa forma la sustraécidn del conductor por gentes ex-

tranas.
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Como corolario de la programacidn vienen las pruebas ¢e encen-
dido, opéracidn correcta de los contactores, la revisitn de lo
verticalidaa de los postes, el ajuSte correctc de las tanas de
los registros, el nivelado de las unidades de iluminacifn de -
acuerdo con el &ngulo de proyecto, la inspeccidn de correcto -
encintauc de los conectores en las terminales dé los balastros
v en fin la revisifén de todo anquello rnque sea necesario para —-
que la instalaéién construfda guede en condiciones 6ptimas pa-

ra su funcionamiento.
Pongamos un ejemplo de aplicacifn:

Si en un proyecto se contabilizan 2,500 m.de 2 vfas de ductos-l
para instalar en arroyos es necesario primero ver =n cue nfime-
ro de secciones seri dividida la obra, si esas secciones seré&n
atacadas simultdneamente olserén.escalonadas v prefijar tiem--
pos de Gesarrcllo de cada una de las secciones o en su defec--

to de la totalidad de la obra.

81 la obra se programa para ejecutarse en etapas escalonadas -
entonces es necesario estimar la programacidn de la instalacién
tamLién por etapas desglosando los 2,507 m.de ducto en arroyo-
en las cantidacdes por secciones: la.Secci6n 800 m.: 2a.seccibn
720 m., 3a.seccifn 450 m., y finalinente cuarta seccibn 530 m.,
sébre estos datos hacemos el programa por secciones contemplan

do las cantidades parciales correspondientes a esas etapas.

Si el cesarrollo se ataca en forma simult8nea vy su terminacién
¢5 casi coincidente también se considera entonces =21 total de-

caua uno cc los conceptos para efectuar la programacidn.

Anora Licn en cualqguiera de los casos se debe tomar en cucnta-

¢l rendiniento unitario del tipo de trabajo que se esta anali-
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zando o sea cuanto excava un pebn en terreno Clase X, rue per-
sonal es necesario para recubrir de concreto el ducto,cuantos
tubos coloca un pefn en un turno, que gente se requiere para

compactar la zanja v cuantos para acarrear el material sobran-

te.

En base a estos rendimientos, a las cantidades cbtenidas de
proyecto y al tiempo en que se va a desarrollar el trabajo se

determina las barras del programa.

PFOGRAIA O QRIA

Caoancapto octucre Joviembre Diciembre Enera
Duetd en AIroyo KALRARXIXK
Lucto en angueta ity ANKNKLRR KUIXXKXAN AN AL
Reg_istro Sencillo SRARK XX RRANNEXXXXIEXY AL
Peglistro dobdle ALXXRRXXXNAERKX
Cimicntos KEAXXL XXX KL REAKLAXX KR AKX ICIANE X TN
Colocacidn sages Jetflicas XXKXKXKKKXXKSXXKXKMXXKX!ZKXXKKKXXK
Parauc Jd¢ Postes KAXKEXE XX KKK AAN OO N KXY
Pintura c¢ Postes i NARKAX KA X XKLL L KAK LA LR AR AL NN T MK
Colocacidn de Alimentaciones XXM NARKK LKL AL AN W

Caygleado M N XN RAR KNI XN IR XA AITH

{olovacilin de ualascras

Prutc.as

£l ndtodo de la ruta crftica, os un proceszo crffico a major O
cho una grifica de actividades en la plancacién y nroyramacitn
de un provecto estando representada cada actividad por una flo
cha; esta gréfica o red estd forrmada nor esas flechas ~ue renre
sentan actividades y muchas que siriolizan hechos, - Cada ane
tiene un origen y un extremo, lo prirero indica -1 iniéio ceu

na actividad vy el extreno de =25a flacha su terminacién.

3



127

Con este mitodo es mds fdcil interrelacionar actividades por
Jue si se ve que una flecha antecede a otra se entiende que
una acitividad principia cuande termina la anterior; si dos fle
caas parten del mismo origen se entiende ague son actividades
jué se pueden ejecutar al mismo tiempo y si se tienen dos jue-
vo~ c¢olincales »ero que no estfin conectadas entre i, se en-
tiende jue son operaciones de un traﬁajo v eue  son  comnleta

mnte inaenendientes,
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CAPITULO VITII

COLGEDVACION DE LAS INSTALACIONES.

La conscrvacidn de toua instalacidn es L8sica para el huen de-
sempeno de la misma v ae su durabilidaé,

vna instalaci6én de alumbraﬁo pll:lico requiere fundamentalmente
la limpleza ue la sucliedad que se acumule en las lAmmaras, ra-
filectores y piezas de vidrio 6 pl&stico yva que ésto es lo que
ma&s contribuye a la depreciacidn de un sistema de alumbrado
urbano; adernfs la larga vida de las l&mparas de desecarga obli-
gan a que periddicamente se efectud &ste aseo.

LeLe de elaborarse un plan ¢ proyecto en el cual se fije en
cque fecha deberd efectuarse la limpieza de las instalacinnoes
anoeZando po? ¢l extremo de una zona nrefijada y terminanddo la
misma en un -plazo razonable para que una cuadrilla les aiienda
poer 1o manos dos veces al aillo y si en algln sitio la suciedad-
¢3 axcesiva entonces serd necesario en ese ¢caso una atencién
cen ayor frucuencia; se deberd tener una cxistencia en el al-
macdin we las luminarias instaladas en el sistema para su ra200-
sicfidn inmoediata y adamfls los pafos, deteraontes vy esnonias
necesarios cono equino de limpicza.

Los uateryentes no dewcrfn ser ni muy dcidos ni muy alcalinos
para limpiar los reflactores de aluminio v las superficies de
vidrio dcberénrscr armeadas con virutas finas de acero frotdn-
dolas wesnruds con un pafo limpio y seco.

Ho nay gque gencralizar en cuanto a la utilizacién de los miu-
nos.productos‘quc se usan para el vidrio va que los Jdifusores
Jdo wildstico pueden alterar su estabiilidad ffsica v perjudicarx

LU branspariencia.



La mayor pérdida del flujo luminoso se debe orimero a la sucie
dau v polvo que se acumule sobre las lémparas v luminarias que
puede representar hasta un 40% de los valores iniciales v seaun
do a la depreciacién lumfnica de las l&naras que en el casco

del vapor de mercurio =5 de uin 3% anual considerande 4,000 ho--

ras Jde operacifn de los focos.
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y el equipo de limpieza que ya mencionamos.
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Las l&mparas fuera de servicio deven reponerse a la nmavor hrea-
vedad posivle en especial si estdn ubicadas en sitios en cdondn
el faltar aunqgue sea un solo foco representa un grave peligro

nara el trdfico.

Para un prograua de reemplazo de limparas se pueden adoptar

tres planteamientos:

a) Feemplazo individual
) Reemplazo por grupos o "barrido de zonas®

’.

¢) Una compinacién de los dos anteriores.

Toua dependencia encargada del mantenimiento v conservacidn
del alumorado urbano debe contar con escaleras telesc8picas y
camiones con equipo manual o hidrfulico de ascenso y cada uno
ue €stos venfculos atender por reportes del ptiblico o de sus
propios inspectores la reposicifn de limparas dando asf una
atencién inmediata al reemplazo de fbcos apagados; para Este

es necesario tambi8n contar con balastros (para el caso en que

la l&mpara esté apagada por &sta causa), con cintas aislantes

El horario anual de encencldo de las l8mparas del sistema de
alunbrado pﬁplico en la Cd.de México es de 4,047 horas de acuer
¢o a la operacifn automdtica de las fotoceldas que controlan |
su apagado y encendido y a las diferentes estaciones del aho.
Bajo estas bases una lampara de vapor de mercurio 6 de vapor

de sodic alta presién, jue tienen una vida dtil de 19,000 ho-
ras, deberdn cambiarlas por el sistema de barride de zonas

cada cuatro anos m&ximo.
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MORTALIDAD
Lo gue indicames aszufl come una combinagién.de los dos anterio-
res @s Jde durante una operacifn Ge "parrido de zonas" se respe
tenl o dejen de cambiar aquellas lamp;ras‘que recientemente ha-
ryan sido repuestas.
La conservaciin de las instalaciones no se concreta finicamente
al canbio de lémparas y a la limpieza o reposicién de controlen

tes o difusores sino abarca todeos los elementos que estén suje-

4.

03 a operacidn constante comoe ¢s ¢l caso de los contactores

v fctocontroles y de los que estdn sujetos al intemperismo y
wor lo tanto a corrosifn como en el caso de los postes, ménsu-
las v nases laminadas.

Siﬁ vrmiwaryo la inspeceibn de é€stos egquipos no es frecuente ya
‘jue en el caso de relevadores es conveniente que sea anual, re-
visanuo los contactos va gue si estdn muy quemados o carcomidos
2n su superficie se deisen de nulir con una lima de grano fino
acre 51 estén muv destrufdas deben reemplazarse; tanbién se re-
isard ol electroiman nue debido é la presencia de materias ex-
travias =n la superficic del nfcleco o a la corrosidn en el‘vésti
O a articulacién o a baja tensifn en las terminales de la bo-
~ina puede producir un ruide wolesto.

Ll mantenimiento de los controles fotoeléctricos es minimo ya

gue solo requieren una limpieza perifdica a la cubierta de las
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mismas y a las bases en donde las entradas se llenan de nolvo

¥ pueden afectar el buen contacto en un momento dado.

El acceso fdcil y rédpido a las luminarias y egquinos dJde control

¢s uno ue los factores que en gran porcentaje Jdisminuve los

gastos ae conservacidn va gque aunque el equipo es caro &ste so

amortiza rapicamente y el servicio que se proporciona as 6ntimo.

una buena combinacifn para un egquipo de ¢scala Sesrea édecuado

deberd reunir lo siguiente:

a) El cami6én aonde iri montada la escalera deberi sor iiviano,
ripido y f&cil ¢e mancjar.

s} La escala deuz girar 360°sobre su base v sus operaciones do
perdn ser sencillas y f8ciles de efectuar por un solo oonera-
rio.

c) &n la parte supericr, .a escalera deue lleyar una nlatafor—a
con barandilla para sequridad del operario.

d) s conveniente gue guede espacio suficiente en el carién
para construir comparﬁimentos para l&mnaras, controlentss,
materiales de limpieza, etc.

&n powklados pequefios no se justifica la erogacifn para la adcui

siciln de un camibén con escala telescBpica y lo aconsejab-le en

eS0S casos es improvisar una escalera 5obreé un camidn de veltda 7T ——
o en su defecto planear que los luminarios gue se instalen po-

sean un dispositivo tal comc cable flexible cue permita el La-

jarlas sin tener la necesidad de contar con el eguino especial.

Las wases metdlicas, nénsulas v postes deben piatarse cada 3

anos, limplando con cepillo G2 cerda de acero y aplicando dos

manos e pintura del color seleccionado despufs; a las tuercas-

y partes sobresalientces de las anclas en el caso de que se ten

ga vase matdlica se le apnlicarén dos manos de esmalte anticorro

sivo aluminio.
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Los postes de aluminio y concreto no necesitan mantenimiento.-

&s convenlente que en arterias arboladas se observe el recorte

de ramas o pouado de las mismas que estorba a gque las unidades

de iluminaci6n proporcicnen todo su flujo luminoso sohre el --

plano del pavimento de la avenida; €sto es aconsejable ejecu--

tarlo una vez al afo durante la temporada de lluvias.

Para un control administrativo y elaboracién de estadisticas -

del cammbio de focos y limpicza de cristales es conveniente lle

var un registro por cuadrilla de los trabajos cfectuados en --

cada turno. A continuacifn se indica un prototipo de forma.’

Reposicidn de L&nparas

I'echa Cuadrilla No.
Operarios:
Limpieza
LEmparas
CAhLLE Cristal

Mercurio Sodio

250 | 400 |10007 250 | 40n

Cuservaciones:
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£s necesario que el cuerpo de inspectores formule diariamente
un reporte de ldmparas fuera de servicio para su atencién inme-
diata y que mensualmente se pueda sustraer a la facturacién de
la Cfa. Suministradora de energfa eléctrica el importe de esas
limparas.

Tamuifn es necesario vigilar las instalaciones encendicdas éen el
dfa por falla de fotoceldas o de contactores para no nagar por

al exceso de horas 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 ELECTRCONICOS 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 METAL;COS Y LAS DE VAPOR DE SODIO EN ALTA PRE -

SION. LAS DE VAPOR DE SODIO EN BAJA PRESTION NO SON INCLUIDAS EN

ESTA CLASIFICACION, JUSTAMENTE POCRQUE 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 -
SIOCN SOSTENIDA DE UN VALOR ESPECIFICO COMC 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
LOR PROMEDIO DE 3000 VOLTS, QUE ES PROPORC IONADA PSSE_MEDIO DE UN
COMPONENETE ADICIONAL DEL BALASTRC LLAMADO IGNITOR.

S et T .

DESPUES DE QUE LA LAMPARA HA ENCENDIDO, SE DEBE LIMITAR LA Cb -
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 DPE 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 MEDIQS PRO -
PIOS PARA QUE ESTO SE LLEVE A CABO.

DEPENDIENDO DE SU CIRCUITO O DISERO 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 FACTORlDE 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 MAXTIMO DETERMINADO PARA LA LAMPARA; PORITANTO, ESTE
PARAMETRO DEBE SER VIGILADO AL DISERNAR EL-BALASTRO, YA QUE OPERAR
A VALORES MAYORES QUE LOS ESPECIFICADOS ACORTA LA VIDA DE LAS LaM
PARAS, COMO L.O PUEDE HACER TAMBIEN EXCEDER LOS VALORES DE CORRIEN
TES Y TENSIONES DE IOS 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 SUMINIS
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 QPERAR
EN FORMA EFICAZ LA LAMPARA.

=—e - .. 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 ENRCLLADO EN UN NUCLEO DE
ACERO LAMINADO. ES EL CIRCUITO MAS SIMPLE, MAS ECONOMICO, MAS LI
GERO Y EL QUE OPERA CON MENOS PERDIDAS ( PERDIDAS DE UN BALASTRO
SE DETERMINAN RESTANDO A LA POTENCIA DE LINEA DEL BALASTRO, LA PO



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 MAYCRES
QUE LOS VALORES CON LA LAMPARA ESTABILIZADA.

AUTOTRANSFORMADOR DE ALTA REACTANCIA,

ESTE CIRCUITO Eﬁ 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 MAYCRES 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 CONTROCLA 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 PCCO



MAS PESADO Y OPERA CON MAYOR CANTIDAD DE PERDIDAS, ES LA SOLU -
CION ADECUADA EN REDES DONDE HAY FRECUENTES Y SEVERAS FLUCTUACIOQ
NES DE LA TENSION DE ALIMENTACION, YA QUE MANTIENE MAS ESTABLE
LA LAMPARA DANDO MEJOR UNIFQORMIDAD 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 REGULACICON: 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 LAMPA
RA. ESTE CIRCUITO PROPORCIONA TAMBIEN PARA LAS LAMPARAS DE VA-
POR DE SODIO DE ALTA PRESION MUY BUENA REGULACION, AUNQUE CON

-LOS_ INCONVENIENTES DEL POTENCIA CONSTANTE.

LOS DOS CIRCUITQS REGULADOS ( AUTOREGULADQ 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



. R
EFECTO DENOMINADO JOULE ( 12R ) SE GENERA ELEVACION DE TEMPERATQ

RA EN ESTOS DEVANADOS,

OTRA FUENTE DE CALENTAMIENTO ES EL NUCLEO FERROMAGNETICO DE LOS
BALASTROS DEBIDO A LA ACCICN DE LAS CORRIENTES PARASITAS Y DE LA
RELUCTANCIA DEL MATERIAL.

LA OPERACION DE LOS BALASTROS DEBE VIGILARSE MEDIANTE PRUEBAS
Y/0 RECOMENDACIONES DE LOS FABRICANTES 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 BALASTRC 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 bENOMINADAS'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 ¥ EL IGNITOR SI LC 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 PCDRIA 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 DANARIA 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 OPE
RACION A ALTAS FRECUENCTAS PUEDA AUMENTAR LA EFICIENCIA DE LAS
LAMPARAS H.I.D., SIN EMBARGO, LOS FACTORES DE UTILIZAR POCO ESPA
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 DISENAR,ICONSTRUIR Y PROBAR BALASTROS EN GENERAL PARA LAMPA
RAS DE DESCARGA GASEQSA EXISTEN NORMAS MUY ESPECIFICAS. EN EL
CAS0 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 MEXT
CANAS NMX DE CARACTER VOLUNTARIO. EN ESTAS NORMAS SE PUEDEN EN-
CONTRAR LOS REQUERIMIENTOS PARA DISERAR, CONSTRUIR, PROBAR Y EVA

CONDICIONES Y PRECISION NECESARIAS.

EXISTEN EN MEXICO VARIOS FABRICANTES DE BALASTROS PARA LAMPARAS
DE DESCARGA EN ALTA INTENSIDAD, LOS CUALES AL CUMPLIR CON LOS RE
QUERIMIENTOS DE LAS NORMAS ESTAN A NIVEL COMPETITIVO DE LOS MEJQO
RES DEL MUNDC 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.

J
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{LUMINAC ION ORNAMENTAL

INTRODUCCION:

Los efectos visuales. de la luz solar en. gdificios, facha
das y monuméntos, han sido de considerable importancia en el desa-
rrollo de un proyecto arquitecténico. Las relaciones entre volume
nes, planos y detalles arquitecténicos son estudiadas por los ar--
quitectos en relacién a la luz cambiante del dfa. La luz seolar
varfa tanto en direccién como en calidad, dependiendo de la hora

de! dfa, temporada y condiciones climatolégicas.

Durante la noche los efectos dinémicos de la fuz 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, alumbrado

piblico, luz de otros edificios se reflejan en elementos no iluni-

nados de una construccién,

Con técnicas modernas de iluminacién, asf como con equi-
pos adecuados, la situacién anterior no debe suceder. De hecho
~con iluminacién que pueda ser controlada en direccién, intensidad

y color, una estédéfura puede ser ornamentada con luz para desta--
car sus caracterfsticas arquitecténicas. Sus elementos pueden ser
resaltados 6 disminuidos, sus detalles pueden ser enfatizados para
crear disefios y texturas que normalmente no son vistas durante el

dfa o que son dependientes de la posicién del sol,



._ciones, jardines o cualquier aspecto que decore a un edificio.

(2)

Con el énfasis actual en actividades nocturnas, recreacio
nales, comerciales o turfsticas, la iluminacién ornamental ofrece

una oportunidad para crear impresiones agradables.

La ituminacién ornamental se aplica tampjggagn los alrede-
dores de los edificios o un grupo de ellos y més imsgrééhte ain, a _
4reas completas de una ciudad (Centro Histérico de la Ciudad de
México, por ejemplo). Se deberdn establecer puntos focales por me--
dio de las edificaciones m§s importantes y las edificaciones secunda
rias servirdn de gufas a estos puntos. También se pueden acusar pa-
trones de circulacién y unificar toda un drea a traves de su alumbra
do pidblico yrornamental.- Una tfuminaciédn bien planeada puede ser

una contribucién muy. importante al éxito de un proyecto urbano.

Los exteriores de un edificio y sus alrededores se iluminan
por dos aspectos, el utilitario y el decorativo., Esta seccién se de

dica dnicamente al aspecto ornamental de edificios, funetes exhibi«-

FACTORES ECONOMICOS.

Con eIVSIéo costo de la energfa eléctrica y la tendencia a
optimizar su uso, la iluminacién ornamental no debe descuidar los
factores que pueden afectar su disefio, tales como el uso de fuentes
luminosas y luminarios que sirvan a este propdsito de la manera mSs
eficiente y econdmica. Se debe considerar tambien los c8digos eléc-
tricos existentes y de una forma muy especial la seleccién de los __
equipos adecuados ya que la iluminacién ornamental o decorétiva.re—-

quiere la iluminacién en dos planos, el vertical en edificios y el



(3)

horizontal en sus alrededores, sin descuidar el confort visual
y la brillantez que producen los equipos sleccionados, ya que __

una mala seleccidn, puede arruinar el efecto deseado.

La iluminacién ornamental es escencialmente un arte,
mas que una ciencia y los c&lculos de luminancia o iluminancia _
son necesarios, pero el éxito depende primordialmente de la _
habilidad del disefador para manipular relaciones de brillantez,

textura, volumen y colores, de tal suerte que la iluminacién or-

namental ayude a crear el efecto deseado.

RECOMENDACIONES PARA EL DISENO

Para desarrollar un proyecto de iluminaciédn ornamental

es necesario contar con los siguientes elementos:

l1.- Plano de la zona a iluminar, asfl como de sus alrededores.
2.- Si es posible, tarjetas postales, fotos diapositivas, pers-
pectivas tomadas a diferentes &ngulos,
Sl S
3.- Alturas de los diferentes elementos {(monumentos, edificios,

drboles, caidas de agua etc.)

4.- Tipo color de los &rboles, flores, piedras, estructura, re-

lieve del! terreno.

5.- Sentido de circulacién (peatonal, vehicular)

Jen



(4)

6.- Posibilidades para la instalacién de los equipos de ilumina

cién sobre los edificios vecinos, en el piso o sobre postes.
7.~ Tensién de utilizacién y potencia eléctrica disponible,

8.- Nivel de iluminancia de las zonas circunvecinas,

La iluminacién ornalmental es un espectéculo que el
observador puede ver de cerca, o de lejos, o desplazé&ndose.
Entonces es conveniente estudiar cada caso, segin principios di~
ferentes, asf mismo hacer en ciertos proyectos importantes una
sfntesis de todos estos elementos, teniendo en cuenta el conjun-

to de puntos de observacién.



TABLA 1

 ILUMINANCIA PARA ORNAMENTO (NIVELES RECOMENDADOS)

REFLECTANCIA "ALREDEDORES
MATERIALES DEL EDIFICI0 |DEL MATERIAL |[[LUMINIDOS | gpscunos
EN % LUX

MARMOL CLARO, YESO BLANCO, ZARPED '
BLANCO O CREMA, MORTERO O PASTA-
CLARA 70 - 85 t 80 50
CONCRETO O CEMENTO NATURAL, YESO PN-
TADO, SILLAR DE AGUA, TEPETATE O LA-
DRILLO CLARO VITRIFICADO. 45 -70 200 | 60
ACABADOS DE CEMENTO GRIS, AGREGADOS
DE ARENA OBSCURA, BLOCK DE CONCRETO
GRIS. 23 - 45 " 300 Y]
LADRILLO ROJO COMUN, PIEDRA CAFE O - -
GRIS OBSCURO, MADERA ENTINTADA, BL OCK
DE CONCRETO RIS OBSCURO O LADRILLD
DE COLOR OBSCURO. 10-20" 500 200

% EN EDIFICIOS O AREAS CON REFLECTANCIAS DE MENOS DE 20%, GENERALMENTE NO
PUEDEN SER ILUMINADOS DE UNA FORMA ECONOMICA, A MENOS OE QUE TENGAN UN ALTO
CONTENIDO DE AGHEGADOS ALTAMENTE REFLEJANTES.

_ EN LUGARES oe;u%&_'_;uumwcu AMBIENTAL, DOBLAR LOS VALORES DE ESTA TABLA.



(6)
TABLA 2

Potencia relativa en base

a l&mpras incandescentes para
igual valor visual de luminancia.

COLOR

CLARO AMARILLO

NARANJA ROJO VERDE
POTENCIA (WATTS): 10-11

10-11 15

AZUL
25 25 40

TABLA 3

BRILLANTEZ RECOMENDADA PARA ELEMENTOS LUMINOSOS (anuncios o

fachadas)
BRILLANTEZ BRILLANTES DEL ELEMENTO LUMINOSO?
DEL DISTRITO FOOTLAMBERTS CANDELAS/m
i (T U 1 - R - 150~ 350 _ _._..514 - 1199 | ~
Media 100 - 200 343 - 685
Baja -~ 50 - 150 176 - 514
;?}
FORMULAS
lo. Para obtener la cantidad de luminarios necesério para iluminar
un &rea vertical:

NL = AREA x Lux
Ldmenes en Coeficiente de Factor total
el haz x utilizacion del ) x | pérdidas de
haz

luz




(7))

20. Para obtener la brillantez promedio mantenida de un elemento

luminoso:

Lumenes totales Cantidad Factor total Factor®* de
perdidas de utilizacién
X X

de |Aampara de {|8mpa
B = x \.ras luz de la luz
AREA
* Para elemento de una cara FU aprox,. 50%'
caras FU aprox. 70%

Para elemento de dos

Elemento pequefio montado arriba del campo visual del observador,

3

deber8 usar los niveles m&8s altos de la Tabla

Elementos de gran tamafio requieren mencor brillantes para |lamar

la atencién.

TABLA 4
:,Eéﬁ
—%G
NI VELES DE [LUMINACION QUE SE RECOMIENDAN EN TABLERO Y
CARTELERAS
. Lluminosidad cirdundante
Reflectancia del
Anuncio Brillante Obscuro
Baja 1000 Lux 500 Lux
Alta 500 Lux 200 Lux




(8)

Se sugiere recurrir siempre que sea posible, a los proyectores
perfectamente sellados, con el fin de evitar que la sociedad

y los insectos penetren en las |&mparas, en sus buses o en los

reflectores mismos.

TABLA 5
LUMENES QUE SE REQUIEREN EN LAS LAMPARAS POR M2 DE LETRERO
Briliantez de la zona Ldmenes por M
Alta 13,000
Mediana 8,600
Baja 4,300

Estas cantidades se basan en niveles de iluminacién de 300, __

200 y 100 bujias-pie, respectivamente mantenidos sobre un fon-

do blanco. "En el caso de fachadas-de-gran-extens.ién los valo-_

res podrdn reducirse hasta en un 30%. El valor siguiente m&s

elevado deberd usarse en el caso de fachadas que lleven letre-

ros de colorgs obscuros.

)
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TABLA 6

(9)

LUMINANCIAS RECOMENDADAS PARA LOS ANUNCIOS LUMINOSOS

RANGO DE LUMINANCIA

DEL ANUNCIO _ |
Candelas/ Faot | am— AREAS POTENCIALES DE APLICACION
metro duadrado berts 3

70 a 350 20 a 100 Fachadas y anuncios iluminados.
250 a 500 75 a 150 Anuncios brillantez iluminados
como en los centros comerciales.
450 a 700 125 a 200 Areas de baja brillantez, donde _
anuncios son relativamente aisla-
dos, o tienen alrededores obscu--
ros.
700 ‘a 1000 200 a 300 "Anuncios comerciales normales,
! tales como los de identificacién
de estaciones de gasolina.
1000 a 1400 300 a 400 Alto rango de anuncios y anuncios
T T T e e en ‘areas de gran competencia, -
1400 a 1700 400 a 500 Para control de tr&fico de emer-—

gencia, donde la comunicacién es
crftica




(10)

FRENTES O FACHADAS DE EDIFICIOS LUMINOSOS

El mismo principio bisico para el disefio de elementos lumino-
sos se aplican en general para iluminar porciones frontales de edj
ficios. Sin embargo las itluminancias necesarias no deben disenar-
se mayores a 350 candelas por metro cuadrado (100 foot|ambert) de

luminancia superficial,

En un &rea de bajo nivel de iluminacién ambiental, 85 candelas
por metro cuadrado {25 footlambert) de luminancia superficial ser§

adecuada.
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THE FLOODLIGHTING
OF BUILDINGS

| Introduction

. Thera is no doubl that floodlighting a bultding is ane of tha
' most speclacular achisvaments i hghting snginasnng. A
s . foodil buddwg w & focal point s a lown, when A s derk
. oand colours blurrad.
! I Formerly 1| was mostly buldings of hislonc interest that
wern Hoodid
Floudhighting ol Ihese old buldings. which ohien boast r¢h,
ornate fagedes and beoutilul sichneciure, 15 aulh vary
eliective Such wondertul 1esulis can ba schveved that otien
these buldings are resvesiad o this way with some ol thau
tormer glory,

. -y g e e Atk
[P A S L TPy

In ngddion to bewng uscd for mesthstic purposes, llood-
hghung nowadays ¢an be sumply lunctonal

This i especiatly trua of indusing! and commercisl buildings
where Hoodhghung s used tor advartiming and secunily
raatons In ganaral llopdhghbing of ndustrial and commercial
buildings can be sawd (0 have a thresfold purpose:

& As a ralatively innapensive maans of sdvanising
A buikding which sl tught would otherwise be complewsly
b o i . well dately atrracl
aantion when o % Hoodln,
i 1he noma of the hirn or the irade mark s floodil on
the lacsde. advailsing 8 posmbly snade evan more
ellective.

® Prastigs.

In many cases tho reason lor waniing a buldding to be
a3 speclacular a8 posuble is thal it s of local or nalonal
importance or has paticulsr srchileciural qualiten.
Aller sunamt, lloodlighting 18 consequently an eliecive
maans ol impreseng vieioos.

& Ine ad mecurlty around bulldings.
N ¥# It 18 und y heceasary Lo ishp slaboiate
Préacaulions in Ordar 1O Pravant disgal entry, theft or
wiltul destructson of {sctory end othar indusinal buildings.
Fioodiighting in the areas 81ound buildings ansbies night
walchmen and police 10 have & clesr view of |he scena.

Tha difurant uses to which floodlght is pui, whether they
acs prundnily sesthalic of Duraly lunctional Lo achwve
commeicial ands, doss nol all # lact that the qualdy of
ihe end product shuuld be as high as possble Even s
modern oifice block wuh a bere Irentage cean bLe made
atteaciive by maans of artifvicial ighting. Ho: i must be
+md that, whatever (he redson, ¢ s batier lo ahandon Lthe
was ol 8 lloodight wslallation than 10 be salsbed with &
madiocre redult
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A Boodughling ws1allanion proect can only be (ared aut
successfully 1f a thorough study hak been mage «f v
bullding coneened The lghung engineer shuukd hecrme
famitiar with alk lactors relanng to lghhng instatiar-ons s
the building h s esseantat he shoutd st siudy Ihe boat
ol the fagade under vangus condditions and with the yurl
foling upan i sl dillerent angies w uroer o ‘Brate wh it
ars the most arraciive features

U an onhe-spol survey 15 mpusshle  daglatr hraas
drawings or a scale model can be uselul aids An ailgemat e
part of the “daylight siudy” 5 tha Bndlyais of hnw nNe.en
elfects srpe. Although this brochure 13 about the tHiroa
kghting of bulldings Ly means ol anf.Cial ight. A w.ll cnna
the less be useful (w3l of all to go w0 certan featyeen of
the ellecin ol daylight upon them. '

In the past. an acchulecl only thaughl o 1eoms ol 4 hydilag
beng viewsd w daylight when he was drawng up hus plars
The archdeciure of the Jacade was therrlore designed
those days with the wded m mind that of would be In bram
sbove. by the aun snd the sky Today however there -3 3
greater landency to thak thal s bulding should 2130 be
sivachve after dush, when the vasous 1ulaces may hn
llumineted by s flocdlighting installavan The aprsdrance of
tha building at might v therelore Lsken «in Jccount when
desigring Ihe building and o 13 most important that o R
13 the case, there should already he good cuoperation Al
this aiege, batwesn tha lighting enginoer and sthe aich 1act
in ofder to avout any ik of the architect & conceplion beeg
mwwnterpreled,

2
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Note 4

The dillerence in tha eliecis winch can be oblamed wilh

Aaytaht dad wih bl Lhght 46 demonstrated an this

brochufd widh a builideng ol simple lurm. The ront and ale

wvitwy e gven in Fip A Throughoul the twochure thy

bBuiding 16 manly uss.d ;.u An aaample v each of the hyures,
L

DAYLIGHT
The composition of daylight

Dayhght can be regnarded as comp g bolh dusct ligh
and the ddiuse tight of ‘the sky (Frg. 9) Looked 81 lram this
powt of view the sun 13 o put light source ol small
Gumengeons and grad;brghiness. The aky. on the olher
hand, behaves khe 2 vary targe dilluser of much’ lower
beghtnass.

Daytight affects |

'
Assumung thet there 13 8 cloudiess sky and bnght sunshine,
two nalural gources ol Lignt can thus b said 10 be prassm
o1 ona and the aams Lime.

As & rasul! hard shadows (alhng under propclions on the
facade and caused by dusct cunighi sre softened by the
ddlused kght from the sky (Fig. 10). Fundamentally, diumi-
falion by sunhghi « tha ides! form of floodiighung. Sunligh
sirgamg down on 8 building causes shadows to lorm
under fagade propctons on the sde lacing the viawer
(Fig 11] The resull & & naver snding migipls, -3l
and darhnass on the lugada, smphasng the wichidwctinal
lasiures For the evar avadsble dwarl sunbghl. the bas
rebnl of 1he sncwnt Gresh temples was siraady suflciant
io creste an mterasing patiern of hght and shadow on tha
typs of sculplure. In Western Europa, howsver, with da,olten
dull weasthar and cloudy ddluse sky. more rehet was nesded
o Lhe 1agades O the Qothic cathadrals found thars, m order
o create (ke aame wintplay of hght snd shadow. This
phenomenca revesls nne of tha hirsl prneples of llood-
hghtmg. whch w 1hat the Juaction of the hght and the
duaction of vicw ahoull bo Dt an angls 1o one o Olhar,
pratarably betwaen 45" ond 135",

In'ona ol the lnuo..-ng teclions this aepact will be looked
o more Closely.

-
0

2

. imposlant 0

The contrast balween the fsgade and the background

The contras! batwaen the lagade and Ws background changes
conuinuously wilh changes i weslher Condstaons. WWhen, tor
axample. tho rays of the sun fall dwactly on tho facade and
there 13 & cloudiess sky. the fagada will ba breghter than tha
background becsuse of the graates reflacuon. Sunlight lathng
duaclly un the building causes hard shadows (Fig 13}
Whan the khy 1% cloudiess but the lagads receives 1o duecl

 rays from the sun (8 situslion which may be found f the

Iacade is [scing morih or il thare i & skyscraper closs to
the budding, shutting cul the direct sunlight) the shy
brighter than the lagade. The sky radidles hght in .all
duections, while The fagade marely rellecis the hghl. Since
tha hght 18 diluse anky soft shadows sppeas {Fig. H) Il Ihe
shy 8 clouded over, wituse Lght {alis on the budting

n such light s lagada & lees bright than tha bachyround, in
thal the light comes from the shy: moreaower praclicslly no
shadows ore ssan. The tacads therefors lkooks Hal and
unineresung (Fig 15}

in practice. ¢! cowss, all kinds of combunations ol 1he Casas.
wihich have bsen considwied shove, 8r0 possibile.

i 1 nat Oaly the changing wasthar condit:ans end 1he vanying
contrasts between the fscade and as backprowid that we
“dayhght stuckes”, but aiso tha changing
sspecis of the bulding Gver a“given perod of hme. For
examplo, duting the course of the doy. tho shadows mMmove
from one part ol the lagsde 10 snother dwing 19 (he contin-
uously changing positich of Ihe sun. Ganeisily a bulding
is at its bast w1 Ihe aatly hours of the mornng and just
belors sunset.

Ths in bacause the sun is low In Lhe sky 81 these hmes and
we sse lhe conlrast 1n colowr beiwesn the sunlighl. which
comoing mach red hpht. and the difused light from 1he shy.
whech conianns & gresl des! of blve
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C Artdsed Lighl e e ?
D Dermn of iapu

[ Usrrsan of vt =
1 Usogroms of sope

Mental image

ik s posabie 1o imagene. thit, an sludyng 5 bawidwng ihe
hgung wunert may be BMuacierd M & gven momem by B
centaw sinhng siect snd that ths menial wmage $chs w
heg mend ax tha sifech b would Ike 1o etsn.
This “menis! smage”, i 8 the kgMng szpert’s concaption of
the buddwg when Hoodid, @ Mmany cates the sdud POt
of separwa for & Noodhghing detgn Pr g hom this
wgmal wnage he musl Lansiasie the naiuwral lghling eHect,
whach he has seen wio an artdicual lighling cHrc!l. One of
“lmmnumdnmnn-wnlhm-tmol
the kght - ati trom D dayiwee
sdustion Whaveas the uluul bghl sowrces dhamnsie the
buddeng from sbove. sndicial leghl soavces sre ganarally
placed low down naw (he buddwrg or & ltle hugher on an
sdpcent buddwg
A comparison of Fg Ilu-dfog 15 will make this sbundantly
clasr Thas 8 clessr wdes o how the waiallaion w 10 be
corvad out may be gemed by methothcally collecing of
deisdls releven 1o the ponsbie posions of hohl sources.
the appropridte Iilngs snd lamps, the reflecing properties
of the swisce materst of the (acade. the veriouws poinds
trom wiwch the budkding can be cbaerved, sic.

P Grrraime Wl SWews Lo whot
P B = bt P Suid e
u—..—.-.-n-----»n
e eemhes of ol o o
oy by

T7S  CARRYING OUT A FLOODLIGHIING PROIECT

-~

Tha fotlowmg powits should be consxiered when planming
& lipouiight saslalislon

Direction of vhew

Decute on the mam duection from whuch the biniding 18
vigwed Generslly there will be seversl. bul olien one can
ba decided upon »s Ihe mpmn deaciion of view

Distance

Decide on the normal dislance bitwien the veewss and the
burddeng. besed on the men diecion ol view Whethe: ong
clnurlﬂumollhe —d\dul\nddﬂmswlfw 1agnde
will dapend on tha o

Suroundings snd bachground

Obtam & clese wos of the bachground agama which the
buidng wil be seen 1 the aunoundags and background
are dasrk p relatively small amount of bght 1s nerded 10 make
the budding hghter than the backgroun (Fig 18)

N ihere e othee bulldngs m (e clots ety #n which
ntaror hghting w lelt 0n Ml nigh, the iaghted wandows wil
p've B0 even gieater unpresnion of brghiness snd hereloe
M0r8 gt wril e areded 1o¢ lioodiighting the budding J 4 1
to have an mmpact (Fig 19) The sade s rva J, m sddiion,
1he bachground u beght in Buch CEs8L 8 Marmmum amount
of Iighu & needed 10 achseve the conirml belwedn The buid-
ng snd s background [Feg 20} The actual velues ol ihe
hghting svignsdas 10 be used wil be desll with w 1he loliow.
g chaplers Anoiher solvion for the two -l i\ menboned
canes con be lound n Ihe Cresion of 8 colgur Conliasl
watepd of 8 brghiness comrast, The colown of The Lyght
sheady present o ihe backgrownd of the budging ¢ -0
staet hghteng. must then be Taken wto consadeaton




Water

Tha design Can alsa lake Mvaniage af any eepinae ol wated
W the vicwmdy, sulh 8% 3 pond i candt The intued Dukling

! -~ ~
will be rellectad i the walrr, winCh sfors as 3 black
megae” {Fog 23) 1hc followang porots shou'd however be
' borng v mund when setmg up the hghl sources m fuch
. 2 e
Obstacies ' —
& the roys ol i must ngt sirke the swilace of e wal
Traat and fsnces m1ound the buildwsgy can torm & decorative . ths :.:“ b..?:l m:“" :larl-' ¢ fhe qudace maler. ¥y
pant ol sn nEtalianon An sirscivg way of deshng wih
hase 14 10 ptace the sources of hght batund them
Lol vaniages sre ghned lunily tha hght souwrces s not ® 3 advisable ta place the Lght Sources 2c inv: down rs
~.4-|:H-‘ll} Al by the vtwer. snd secondly tha Iress snd lences et possdbia, tha rays Me then sdher horgonidl or stanking
0 ' ndhousned sgaenst ihe kg background of the fegads. Tha upwards
* . wnpiayson ol gepih o theratorg bawghienad (Fig 21)
Lo ® ihe wslar must be clean, sme OF weede lioalng on The
I . . sutace of Lhe wate: wil weaban And 091011 Ihe sefigglion
SN . . o
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The lorm of the building
Oner the mam cduscran of b
. choite gl diesi bon ab the Gaghl ddepesed s o '
\‘ ) : Beatldn OF 43tht thes Lot gl 15 (sl e e mepgntal
i sernon .
SO The positian of e Lght sources whoth et 1o cresr the l :
Einbting may then be mace or fess | aed . !J a ‘ =2 . 4
In theary ol 4 passdia g raghane &1 gr dund il e of fetrtens
- 16 $impte geomatrcal inures, Muue, raChIAy L or FOUnd -
) ' In the cave of compler strachwas the gtownd plan can ba t . [
thought of as 8 group of such higures For buddhngs wiih a 3 H

!
Cragan tha |
i

Pyt anua of

sguare, rectangilar or cucular oround plas a Base lay-oat - i
aximls which, m vriyaliy all cases feads b) @100 resulty B 13 1
] has Leen fourd that the best light-souece Bay.out Tor 8
| 2quare bulding 13 1hat shows i Fig 29 — — ————— 1+ 11 I .
1 Tha man directinn of view 13 wdicitnd by bage BA the ..
6osiion of the hght sources by the pownts BB 1 abs kght .
A 39UrCas are placed (o one sde of the duagonal perpendicidar o -
! ‘. ta A-A. the affect schevad i3 8 good contrdst o brghtneds
N betwran the two sdacent sdes of the tuidding resuitng
A . good perspectve. The alanting beams betw=sn the Food-
- hight alac maks Iha mast of the pratura o the tudace
materpl. The Mrangement descabed tor 3 squive buldng
" — - 1 stag spplicable 10 a buikdng with an oblong o0 rectangulde
Satting up the hight sources % ~ graund pian (Frg ) 9 v .
Qg of the MO imporianl points i desigrung a floodhght w B
ngiatizhion « (0 mvestigats ofl the posvible wayy of acn-ng . .. . _k
uP the ight sources There are many alteroalives For mownt. ’ . . -
ng. lor axsmpls: A

L N e e |

® o0 jtredl lamps or other pasts speciatly erecled lor the
purpose

® on a penthouse 100l
® on biackers pn tre Pouse from

® on the ground behind Fnwar.beds. bushes or copses elc

i the buslding 18 [ocated slong & maw road it muill be borng

in mind (hat the Lighting st nat hinder the traflc Fitlings

shoutd be well screened from the drvers of oncoming

vaheches (Fog 25] In gecier 10 et wp the hght gources i the

mott sdvanlagaous posion & may be aecessary. o cortan

[ . to call i the balp of (ha tawn Councit oF the owner

ol the adiaceni or apposse property where, lor nnldnace, - ™~
tocM condiony may prevent the hoht sowrced fewn bing }

ol up on the Actual sie.
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The erampley described hare sirass the punciple alresdy ﬂ

stated, namely thal the direclion of the lighl and the direclon
af view must be 81 B cerlam angle to each gther, so that the
thunungted Fiont of the buidding iooks an silractive an
possible. !

The charscterislics of the {agade show 1o besi advaniage
whan Ihe incudent hight is at an angle smeller than 90" No
defnrie angls can be given: on the howzonial and vertical
planes the angle may vary between 07 and 90°. caltutsting
from the weriical 1o the lacade For o deep profile the angls
shauld be betwesn 0 and 607, lor w Nal profle baiwgen
60" and 85°. In ovder to ghow the struciural detals ol the
tacade to sdvaniage scatrored hght should be used. maident
.81 an sngle of 80" ta B5” 10 the veriica!

The $1ublOn w somewhat citlerant w ihe case of round
buldnigs, such a3 raund 1owers of chimneys: here o s not
50 muth & matler of sccenivatng the Lexlure or the profile
of (he fagads bul more ol emphasizing its rounded form. This
aHett can be schieved by mesns of narrow-beam or medum-
basm floadhghts set up st Iwd &r three paints around the
tower, the beams dwecled upwafds 2% tigh as possible. b
may then be assumed that the narrovr Lbeams of Lght reach
Iha tower 8 more or less parallel cays. lorming 8 Mrp of
Lghl ovar K8 entive hasghl.

Because of the raundness of the 1ower. the angle of incdence
varies btwean 0° snd 907 calculated from the guddle oul-
werds 1o the adges Conssquently the direction of the
reflaciion and alko the brughiness ol the tower wall e
both slfecied Thus & varalion i boghtness 15 ellecied
around v circumierence of the tower wall and ih3
imprestion of depth emphasizes Lhe soundness Fig 32
the positionung of two balteries of floodhghts, B.
the dirsciong ol wvew, Al end A2 can endher be 1shen
paralial or perpandiculer Ig the owechon ol the hght,

rd

fig X OWorp Pl =l 1o ey

1R et
- e

"™ The msiallatcn se1 up for thiee baiteres of loodlghts B s

gwven i Fig 33 Heve two main deections ol virw. Al nd AT
erg podmble one paruliel (o the duechon ef hght of one of
the batternes of loodhights and one rom & oWt belwesn the
Iwo baneres U the posimomng of the li..mdicgm balrencs
principally depends vpon the shapa ol the ground ptan of o
buildwvg the lype of biting tu be used n parucy' a- the wadth
of the beam 15 mamly determned by the heighl Wade beam
Hoodhghts are the moast approprate bght sowces lor low
buiddings with goe of 1we sioreys (Fug. 36)

in the case of tugh bulldings. with B 10 12 Or even mare
sfoeys |he brgt resuhs e obtained wih 2 romber of
nanow-bemn and mediuny.th am ligodhghis (Fay 37)
Unitorm brighinass 15 achweved by carelul distrdbution ol the
beams over the focade and proper adpsimeni ol the figod-
lights

PN & A eteam airigen
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ARCHITECTURE OF THE FACADE
Fist fagades .

Fisl Iscades, wihout grojections or archiectural dewsils do
not lend themselver very well to Hoodlightng. Shadow
effects may be achevad Only when the light sources see
placed vary naar 1o Ihe facade. To prevent tha result from

being flst and ng @ certain une in the
brightness pstiern should be cresled by the srangement
and ady of the flondiigh

Fagades with verticsl linep

Verucal lines of a lagode mby comprise pdlars or supporing
cohamns or, [or instance. in modern glass facades the beams
or girders carrying (he floors The verticat fine of the wall
can be amphaszed by ilmination lrom the dott and rght
sdey ol 1he facade with medwm-besm lloodughts.

in mosl cases the yshadows prpduced i this way are 100
strong snd credte too mbdked a contrast, 30 that hghting
Irom the opposile dirschion is nesded to sofien the whole
shadow patiern. Wide-beam lloodhighls we therefore used,
with the deection ol the highl paraliel 1o the mam direction
of vigw. Tha mamn direction ol vew must be such that the
bands of ghadow face the viewsr,

Fagades with horironial lines

Some iscades have & decorabive element, a horzonta! bend
or shghity propeciing beam_ If wn such cozes the hgh Milings
#re placed oo cloze to the fecade, the resuit B 8 rathar
wide dark bend ol shedow abowe this projecting beam. This
gives the impression that the buillding consisia of two parts
and thel the vpper pan 13 llosting in the sir. 7o keep the
bend of shadow nerrow there should be e greater dslance
belween the Iscode and the hghl hitngs (Fig 42).

Fa¢ades with projections

7 Projcting featlures such ss balcones, panthouses, para-

pets or belustrades can sdd to the attrechion of the fagsde
If inchuded In the scheme In thw case the bght ldlings must
be placed ot some ditance from the fscede vo #s Lo prevend
anCenind Shedow,

M the sde does not ellow of this, supplemeniary Iighting with
amail hght sources may be mownied on projecting perts of
the buitdeng (Frg 43
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Facadas with recessed parts

These may he balcomes which are sel back or aalleres with
1 hheqgs st (ke front Otvodudty a larga pant of tha builtan
npace will be  shtow f the Hoodhghts are place:i only
a shart diseance from rhe lagade

In 5uCh a case supplemeniaiy hghting wal be reguired o the
balcony and tar the Lght of another colour may be uid I
this 15 done. & paticululy strkang sifect can 9 achic.od, 2
the sama Lme Crealing 0 gresies unpigayan ol dapth
Fioodughling lrom 3 Largar dittance. howrver  raducey
shadaw, makinn o Iess visible (0 the viewer thut ohviating
the need tar extra bahing (Fig 45}

Mirroe aitects

. Nearly every {u¢ade Fas 2 number of windows which goe

3 murror effect #xnecally when it is dark ins«de The bulding
1\l for unstance, rthe Hoodhights sre mountsd on posis Ihe
pnrson viewng (he baolding fiom Baiow may be daztled
by the brght relicctions lrom the ground-loor windows
This elfect can ba avorded By mounting lighl $ouices beiow
eye level (Figs 47 en 4f)
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SURFACE MATERIAL OF THE FAGCADE

1n determining the illuminaton level needed lov a fagade, in
otder 1o obtain the required brighiness. the rellechion factor
and the way the bullding surface material reflects the Lghl
ore smporant (aciors 10 be borne in mind The Lable below
wdicates the reflection faclors of o number ol dilferent
malerals. - .

Maiarial Sise Retlection facior
Whirte marble tairly clean 660.0065
Grants Fauly clean Di0-015
Lighl concrels or Etone tawly clean D40-050
Dark concite faurty clesn 025

o slong vary dirty 005-010
mistion concrete painl  clean 050
White brick tlesn 080
Yellow brick new 035
Red brck dirty 005

The totel refllection {rom a [agade depends on the following
points:

& the malesial of Ihe fagode
® the incident angle of the hght

® the posgion of the observer in relation Lo the reflecing
matzral (specular rel!rclons).

The colour ¢f the maierial is slsc en importent lactor,
Tha colour of (he surface materisl 1 sccentuated o hght ol
the same colowr 16 used.

A distinction can be made batwean diffuse reflection and
speculer refltection and ol varations between the erlremes.
These d:figrant types of reflection sre due ta the periicular
surlace ieaiwres of the diflerent matersts. Four clazses of
rt may be & quished {sex page 22)
-
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ery smooth surface

very $rooth suilsre acls more or ks B3 3 TaiDe, with
&t that most of the teliccied hght i dwecied Lpwaid,
aay fron the obierver (19 55)

moath surface

0 i reflecied somewhal diffusely lrem 3 smooth surlace:
seail aencunt of ths highl r2actes the obserrer (Fug 56).

s surlace

naent hght tefiecied from 8 dull surlsce 3 even more
tuted 80 that 8 1arger part of the Lighl o5 dewcied 10wards
» viewer (Fig 57)
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Very dull surface

Light reliected lrom & very dull surfare 1§ diffuted to s large
degres. and theredore 8 great pan of The hght 8 dwected
towards the obsesver (Fig. 58) '

n s obvious Ihat these different yelle‘cmn praperties ol
surlace malgaal necessdate a deflerent tluminalion ol the
fagade, w gach caze. »n oeder 1o aclh-ev- the regquued
B " :

Even the mount ol gume on 8 butding 18 umpariant; the
rallectan [actor of a clean lagade can somenmes be more
grmy facade This was clearly usialed
ly whan CEBn hlonc hu-!d-ngs;-eu cleaned,

SHAPE OF RQOFS

Fhe appearance of & bulding a1 might 13 hardy complets
o the rool, which is viebie 11 the daylme_ s not visible
when the building is Noodld

A lat rool 13 neiher seen in the daytime nor 81 mighl, and
30 hghling is resiticied to the lacade (Fig 60) In the case
of & gable roof, howewer, the slope of the 100! musl be
1aken wnlo sccount. The Noodhghis musl be placed 10 the
nght of the dotied Line i Fug 61, to give & scallered light
aver the rool.

il 2 butdng has 8 113t raol the 1op slorey 1s olien set back
lorming » gallery. The 10p sioiey ¢an then ba iuminated
by seing the floodight st & grest ditance from the
lagcade Ahgcnativaly the sharp-edged shadow A can be
soltened by supplementary Lghling using small Lght sources
in the gallery nself. Anoiher possibilily is the use of Lght
of 3 atlierent colour m the gaticry. which will then diyminaie
1he whate of the top-siorey facade (Fig 82).
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SELECTION OF THE LEVEL OF ILLUMINATION

The highting level needed on a (agade 10 eHecl 8 certam
brghiness contrast depends upon such lactors 2 the
rellecton factor of 1he surface bwiding matenal. the location
of the buildmg in relation to s purroundings. the general
breghlness of these dings and the d of tha
building The 1lable below presents some recommended
fumination levels It vanous surlace building moatenials
used on buddings in edher poorly i, well it ar brightly It
surrpundings.

lliymination in lue

pacily it weH In brighily ht
BUFOUN-  SuTOUA:  SuFrOun-

dings dings dings

Type of surfaca State

Whits marble  fairty clesn 25 50 100
Lught concreln farly clean 50 100 200
tmutation

" concrets pant fairdy clean 100 750 g
VWhite buch ~  Isirly clean 20 0 80
Yellow brickh  Faicly clesn 50 100 200
White gramia  {puly clasn 150 00 600
Concreta or
dark signe farly ctean 75 150 00
Red brick Fawly clewn 75 150 W00
S::‘;:; ;';r": d'"": requwes o1 lenst 150 - 200

Mathods of calculation

There arc two possible ways of ca'tulathng the types and
numbers of loodhghty needed (o achieve the desrad idtumin.
aon, Ihe lumen method and the luminous mntensity method
For a large Facade the lumen method should be used This
ia based upon 2 cactdin average lumingus elficency. For
high and small cbpecls. church steeples. chimneys, Bte . the

. lumingus ntensdy method should be vsed Thr s based oa

the luminous sdensity radiation 1 3 certan direchon.

Lumen method
As ths name suggests, ths method conmists in calgulating
the number of lumens to be drected on fo o facade o grder
to obtain 8 certan llumination level
The number of lumans can be calculated by means of the
tormuls:
Fif

"

where o 15 the 1o1al aumber ol lamp-lumens. 1+ Ihe (012!
hn_n\mous flun produced by all lamps,
F 1a the surlace of the tagade to be dlumnalad in

'l

\

~e-

E 13 the desned ulwmenanon » lus on that fagads
and

N in 2 1acine which ket 1nt0 ACEOUNE The alhoinaCy
of the hihng et the bgh bosses lume~gus
elhicrency) .

Tha presence of a vtilizatan tactar m thes Fosmuls ndicatns
that not a1 the lamp lumens cortrdbule 1o the llumnaton
tevel on the facade The lumwens produced by the tamps are
concenirated by 1efleclors, « whach grocess some Ingy 15n.
vohveg If 1he witial guiput s3 B Y, lamg kumens 60 to 7575
are projected through the himmng equipevenst and 40 tn 757
arg 1oat i the B1Lng et Swough werreflleciion v the
reftector ond absorplion by e party of the friting
Alter the lloodlight has be=- n operstwn for some tme
8 hurther percentage of the achual number of lamp lumara
s lost because of the decreswmt m luminous Thea dus to the
#geing of the lamp and dwc which collects on thy lamp
and hinting
Finslly o parcentage of the Woases w sccounted for By
wissled bght. that a hght not eecdent to the buldirg facade
In peacice an average uhhimmeon [acior warpng betwran
0725 and 035 may be rechomas with. Usng this figure in
tha formula given sbove, e mial lumenows llus needad.
i can be calculsled Ovce She total mumber of lumens 3
hnown. the nrumber of Liltrgs M) reeded con be cateilared
by duading this amount by tee sumber of lumeny instaliad
per hiling. :
“ tors)
-
4 htting
Note i firings are €quippet wth lwa lamps < Biteg oo
twsc < Iamp
A more sccurate delermnatgm of the required lusma~gus flar
caliy tor more hrlensive and corgheaiad calculatcn: Thage
ore carred Oul iy COMDUIET = the A r! nhalaman.s Yy
on the hitings used.

Lumi intensity thad

In thia method the 1arting gowt 13 the bamrous setescat,,
w candeta, codated by & hght mmwce 18 A parbiculae duncsgr |
This luminous intensty May ¢ derrved from the umenug
miensity diagram or from 3 Tz This dald can yay ™'y be
{ound in the annronnate Carrogse and beochures l
The calcutshion 13 made wit™ == formula (Figs G4 are G5

1

E #0? o €OS s dnd 1 b
L “ Se=p

where £ i3 the vertical (llymwmanon o the 1acada,
| i the luminous ety 31 1N ann'e ..
13 Ihe heeght of the g=ect ahove the Teyel gn b o
the hiTings are artweged. ang
is the anglo Bt wha= e 1qht b=wn nfoleg (k-

Fd

™, normal on lhe plywe g he Pumesdted
fig b [y
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. for gugmpla. the top of & “Ch 21eeple has 1o be lamen- "
ated. and e heght of (Ne gieepie 13 90 m abova ground
el wha MEodights coukd be placed on Lthe rool of B nearby
bu'kling. say 20 m ngh. siluated at 75 m liom (he lowar.
Tha requead dlumnaicn E 18 50 ks, Civen h =90 - 20 70m,
a = 43" San:

] $0 2 4900

'
- -y CO8 gt el
E= -oacobutDe, 046500730 I oM

= TIBOO0 candela
The huswnases inlensity « the beam cenire should be 720.000
<d, or swes Soodlghts aach giving hall that higure. .
frqn

Asflection factor - '
fhe reMecmon lacior deschibey the 7elalonihip belwesn Ihlp
et amnoud lux snd the reflecied lumnous llun. This K : ,
lactor depands upon the 1ellection propemes ol the surface
of the mmeral 1o be diuminated. B

a3
U
i
H
i
L 4

B K e 1 .
Masiomcam intensity \ J
The mazsmpm ilenmty of The beam 1 the maamum antensity i N .
s C ot per 1000 lumen of the lamp f'us iFq 66) | o
: Fa &
Baam npeesd .

Thet 3 Dhat d@v1300n 10 degrens beitween the Tnes ind.cating
the gewcials where the lumemous inentily s 15 1. (Evrope)
o Yyg oo, WSA)

Width of lgh patch 'S .8
The dearrager ol (he Light paich can be calcutated lrom the . .
cquston W = D n 219 4 LFg 67) el

"W
o

Fram e fgure it 13 found that 1g ' |t =

APicn W o the dmeter of [he Lght pateh, fa W

O mtha distance n melres belaeen the bght source
and the surface 10 be dumingted. and

2 u% s115 the beam sngle wn degreey P

! 2 1man

™

Jearm Jummns

g 1erm besm lomers relers to the quantay ol gt {Figs el
8 andd Gy coetbinad withun ihe besm dor | e Yy |- (Europe)

#lu b (USA)

Jeam alficiency ;

I baram wthciancy 15 the 180 between the lumenous flus fam .
# |ha bess and the 1018) omenous Hun of (ke lamp, .
. -

3pil Byt

ey s sw sCattered hght which falls outude the belm.
. owasde the sold angle for i m ¥y 1. of 1ha | = Y
e (Fug 6B)

Wasted Kght

Vasted dght 1 the pant o the lumngus Hlus ol the beam ) T

Auch o WSl a3 & faltt outsde Ihe aea of the lagede

F.g ") .
ta W
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Abstract
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_determining lighling needs, provides sofutions, and evaluates resulting visibility within vehicular
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Foreword

This foreword is not part of American National Slan-
dard ANSIIES RP-22-1987.)

In September, 1970, the Huminating Engineening Soci-
ety published the report "Lighting of Tunnels.” Since
that time much experience has been gained as many tun-
nels have been lighted or relighted throughout the world.
Tn addition, research has been conducted with regard to
objects of focus, field of view and the eye adaptation
process as a molorist approaches the entrance to a tun-
nel. The speed at which the eye adapts to rapid changes
in luminance has also been investigated.

This Standard reflects the state-of-the-arr 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, Illuminat-
ing Engineering Society of North America, 345 East
47th Street, New York, NY 10017.

The Subcommitiee on Tunnels and Underpasses of the
IES Roadway Lighting Committee, which has been
primarily responsible for this revision, acknowledges the
material contributions of the technical committees of the
Hlumipating Engineering Society in providing suggested
information pertinent 1o their specialized activities. The
members of the Subcommittee and Committee are listed
on the preceeding page. '

1. Introduction

This Standard Practice has the goal of providing infor-
mation that will assist in determining lighting needs, pro-.
vide solutions, and evaluaie resulting visibility within
vehicular roadway tunnels. Pedestrian and other non-
vehicular tunpels are not addressed. This Practice is in-
tended for use by engineers. consultants, technicians,
and administrators charged with the responsibility of pro-
viding a safe environment within a tunnei - day and night.

It is not possible to provide one set of specific recom-
mendations because of the variety of tunnels. Several
methods used throughout the world in recent years have
been made known to planners in North America, 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 different lypes
of wnnels. .

Good visibility is the goal. The design must consider
the wnnel and adjacent areas as well. Many factors con-
tribute to, or detract from, visibility: therefore, it is im-
portant that all these factors be identified and their spe-
cific imponance detertnined for each tunnel, These fac-
tors include:

1. Characteristics of the roadway approaches.

2. Characteristics of the tunnel roadway, walls, and

ceiling.

3. Characteristics of the area surrounding the tunnel

portal, ) '

Seansen sttt sssverrRsccannt Rt barrnnbrdidronas
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4. Armospheric and environmental conditions.

5. Characteristics of vehicular wraffic operations.

6. Ornentation of tunnel with respect to sun and sky.

These factors and how they relate to each other are dis-

cussed in this document. Information is presented rela-
tive to visibility needs in both the approaches to the tun-
,nel and the tunnel itself. Included are tunnels and under-
passes (long or short), lighting at night as well as day-
time, treatment of interior and exterior surfaces, electn-
cal systems, lighting equipment, maintenance, and adja-
cent roadway lighting approach systems.

2. Physical Characteristics

2.1 Detinition of a Tunnel, A tunnel may be defined as
any enclosure over a roadway that restricts the normal il-
lumination of the roadway by davlight, thus requiring an
evaluation of the need for supplemental lighting so that
adequate visibility can be provided for the motorist. This
enclosure may be created either by boring through
natural materials — such as earth and rock — or by con-
struction with materials such as stee! and concrete.

For clarity, the terms shown under Fig. | wiil be used
in this discussion.

2.2 Classification, A tunnel may be classified into two
categories as either a short tunnel or a long tunnel, de-
pending upon length. .

2.21 Short Tunnel. A wnnel having an overali
length from portal to portal along the centerline which is
equal 1o, or less than, the Safe Stopping Sight Distance
(SSSD) appropriate to the speed of traffic entering the
tunnel (see Table 1).

2.2.2 Long Tunnel. A tunnei with an overall length
greater than the SSSD.

2.3 Visibllity Optimization of the Tunnel and its
Approach Features. The critical task facing the driver
approaching the tunnel entrance portal during the day-
tme is 10 overcome the black hole effect created by the
high ratio of extemnal to internal luminance. In addition
to the design of a lighting system to increase Juminance
inside the tunnel, it is important that the physical design
of the tunnel approach stucture and its environs give
due consideration to design features that will assist the
lighting system in reducing the high extemal luminance
ratio. Often these physical features, favorable to lighting
needs, add little or nothing to tunnel structure costs, and
can be incorporated into new or existing tunnels. -

The factors outlined in the following paragraphs con-
tribute to improved tunnel visibility and should be fully
explored as a prerequisite to the development of supple-
mentary daytime tunnel lighting design.

2.31 Reduction of Amblent Daytime Luml-
nances. Tunnel portals, adjacent walls, approach pave-
ment, and other external features in the motorists” {ield
of view, should be darkened to an extent that will reduce

z the high ratio of external to internal luminance. The use
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APPROACH THRESHOLD ZONE

TRANSITION ZONE

INTERIOR ZONE

Flgure 1. Descriptive terms associated with tunnel lighting,
Approach: the external roadway area leading to the tunne!,
Portal: the plane of entrance Into the tunnal.
Threshold zone: the area whers a transitlon Is made from the high lighting leve!
to the threshold of the lower iighting level of the Interlor.
Interlar Zone: the Innermost part of the tunne! where the lowest level of lighting

Ia provided.

(Note: Lengths of zones will vary with the deslgn paramaeters.)

of surface treatiments, admixtures, overlays, vegetation,
or other methods that result in Jow reflectance,
nonspecular surfaces are recominended.

The darkening of these external surfaces reduces the
luminance level to which the eye is adapted prior to en-
tering the tunnel, thus shortening the time to adapt to the
lower luminances within the tunnel.

Tunnels having a predominant sky background im-
mediately above their entrance portals should be re-
viewed for the possibility of using plants, screens, or
panels to increase the size of the darkened area above the
portals.

2.3.2 Approach and Portal Design Factors. The
amount and extent of daylight penetration inte the tunnel
entrance is largely dependant upon the orientation of the

- == -~=-~---tunnel with-respect.to the sun's.path in the sky. Since the

orientation of a tunnel is generzlly dictated by criteria
other than illumination considerations, the tunnel light-
ing systems must be able to accommodate the entrance
orientation conditions.

The use of increased tunnel entrance height and up-
sweep cetlings in the portal entrance areas may result in

Table 1—Safe Stopplng Sight Distance*

Mimmum Sale Slopping

Tratlic Speed Sight Distance {3SSD)t
Kilometers per Hour  Milas per Mour Moters Feat
48 ki) 60 200
64 40 90 300
80 50 140 450
88 55 165 540
96 60 200 650
104 65 220 720

+Based on Amencan Associaton ol State Yhghway and Transpor-
1ako.y Officials (AASHTO) recommandciatons. See A Poicy on Geometnc
Oesign of Highways and Sireefs. 1984, AASHTO, 444 N, Capitol Sireet
N.W . Caprtol Stzeet_, Sude 225. Wastington, DC 20001,

1 Assmumes aversQe prevadng speeds it 8 sraght and ievel bunnel approach
roadway ere at, or near, the posted speed hnd of the facity. For other
geametne conddions, refor 10 the AASHTO standard as relerenced.

6

increasing the length and amount of daylight penetra-
tion, thus reducing the lighting required. The upsweep
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-
ance 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 level
of lighting in the tunnel, thus saving electrical energy,
sun screens now in use have been difficult to maintain
due to dirt accumulation, permanent depreciation of rc-
flective and light transmitting properties, and snow and
ice accumulation on the screen and roadway. The high in-

.. _itial costs of such systems coupled with high mainte-
nance costs have precluded theif extensive applicationin—

Nerth America.

2.3.3 Vigibility Optimization of Tunne! Interiors.
To effectively use daylight and supplemental electric
lighting, it 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 will con-
tribute 1o the utilization of the lighting system, such as
those with curved (barrel) ceilings, these surfaces should
receive similar weatinent. Interior walls having vertical
surface relief, to reduce traffic noise, will result in
higher wall luminance.

In tunneis having curved roadways or tunnels having
curved approach roadways, development of high wall
luminance is of great value in meeting visibility nceds.
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. Tunnels having greater
width-to-height ratios will normally require supplemen-
tal lighting of the roadway surface.

In entrance portal areas, sunlight penetration can be

FOURNAL of the llluminating Engineering Society

Winter I990_



206

ANSHIES AP-22-1987

improved by use of wall, ceiling, and roadway surface
texture contrel. The use of vertical wall corrugations,
coarse finished pavements, or other treatnients that pro-
duce surface relief will increase the retro-reflection of
light entering the portal over that of smooth surfaces.

2.3.4 Types of Pavement Surfaces. The use of
dark finish material on the approach road surface to the
tunne! portzl, and light finish material on the mad sur-
face inside the portal, for a distance at Icast equal to the
safe stopping distance, will reduce the external to inter-
nal luminance difference. However, the designer must
recognize the probability of future resurfacing with other
than light finish material.

3. Lighting Design Considerations

3.1 General. Tunnel lighting design considerations con-
sist of the following:

I. Yolume of speed of traffic.

2. External luminance.
3. Tunnel classification,
4

. Tunnel 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 of Traffic. Tunnels with high
traffic volume and tunnels with high speed traffic require
higher luminance levels than tunnels with lower volume
and slower traffic. High luminance levels aid the
motorist in performing the more difficult driving tasks.
High volume traffic increases the probability of having
to stop quickly or take evasive action. Higher speeds re-
duce the time available for eye adaptation and reaction to
driving difficulries.

3.3 External Luminance. Exiernal 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 tunael entr-
ance. the luminance characteristics of the portal area and
the surrounding visual scene must be considered. Figure
2 lists the various factors that will produce the highest
to the lowest tunnel external luminance.

3.4 Tunnel Classification. Short tunnels, with a
length of less than the SSSD having straight, relatively
level approach alignment and a straight and level tunnel

roadway may have adequate visibility without supple-

mental daytime lighting. In these cases, visibility is pro-
vided by nepative contrast silhouette, with high lumi-
nance values provided by the exit poral.

In wonels with curved roadways, where the exit portal
_is nat visible, supplemental lighting may be required.
These short tunnels should have a single lighting zone
equal to the threshold zone luminance 1aken from Table
2. Long tunnels require several zones of lighting.

'....I-.....‘..'l‘....Il....ll'll'.‘.l.l.ll.l
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3.5 Tunnei Luminances

3.5.1 Threshold Zone. Daytime tunne! luminance
in the threshold zone must be relatively high to provide
visibility during eye adaptation as the motorist enters the
tunnel. Select the appropriate threshold zone luminance
from Table 2. As indicated, the required luminance is de-
pendant upon both the charactenistics 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 meters). At approximately 15 meters
before the portal, the wunnel dominates the visual scene.
SS5D can be determined from Table 1.

3.5.2 Interior Zone. Daytime lighting in the tnterior
of a long tunnel can be reduced since the motorist’s eyes
will have adapted to the lower luminance of the threshold
zone. Luminance of the tunnel interior zone should be a
minimum of five candelas per square meter with a un-
iformity not exceeding 3 to I, average to minimum.

3.5.3 Transition Zone. Daytime luminance in the
transition zone should tuper 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 steps of equal length.
The first step should be greater than or equal to one-quar-
ter of the threshold zone luminance, The Jast step should
be less than or equal to two times the interior zone lumi-
pance. Immediate steps should be greater than or equal
to one-third of the preceding zone. Figure 3 shows an
example of tunne! luminance levels in the transition
zone.

3.5.4 Nighttime. During nighuime the motorist's
eyes are adapted to the low exterior luminance; there-

MIGHEST EXTERNAL LUMINANCE

$ » £33t wesl unnel onentation. Rising of set-
wng sun hinders delection of lunnel
entrance.

» No obect above the horizon, such asmay
be encountered al a river lunnel entrance.
Bright shy encompasses most o the wiual
hedd.

o Very Bght color surroundings. Snow
covered Mountain slopes. Small and very
lrght colored Buildings

10 « Betow grade, depressed funnel entiances.

« North/south tunned onentation.

+ Gradual Siopes, vegetation covered year-
round

» Many 128, dark colored huldngs. Steep.
dark mountanous SIopes [Never SNow
coveved).

« Arttheial measure taken Lo reduce extenor
bughtvess such s sige banks of sun-

] screerm.

LOWEST EXTEANAL LUMINAMCE

X Figure 2. Factors affecting tunnel externai luminance.
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Table 2—Recommended Maintained Threshold Zone Average Pavement Luminance Values

or Tunnel Roadways

Trathc Speed

Trafhic Volume AADY®

. . . « 25,000 25-89.999 90~ 150.000 >150.000
Kitometers Miles

Characterstics of Tunnel per Hour per Hour Candelas per Square Meterf

Mountain funnels, gradual slopes where =81 50 210 250 290 30
snow can accumulate or river lunnels 61-80 38-49 180 220 260 300
with few surrounding buildings. <60 7 140 185 230 270
Eastwes! tunnel onentation.

Mountain tunnels with steep, dark slopes >81 50 145 t75 205 235
or climate conditions where snow can- 61-80 38-49 130 160 190 220
not accumulate. Portal surroundings <60 7 105 140 170 200
have medium brightness year round.

Concealed portals, dark surtaces, or =8 50 80 100 1 130
buildings surrounding entrance. Ar- 61-80 38-49 70 90 105 o120
tificial measures taken to reduce ex- <60 37 60 B0 95 110

terior brightnesses. North/south
orientation.

*Average Annual Daly Tralfic in bath directions.

tFor approximate vajues in candefas per square foot, muitiply by 0.1.

Figure 3. Examplg of tunnet lighting: por
tal with very bright surroundings (high ex-
ternal luminance); traffic speed 99 kllome-
ters per hour; and Average Annual Dally
Trafflc (AADT) In both directions |s greater
than 150,000. Required threshold zone
luminance from Table 2 ls 330 candelas
per aquare meter. Safe Stopping Sight Dis-
tance (5SSD) from Table 1 is 165 meters.

LUMINANCE IN CANDELAS PER SQUARE METER

330

163

132

99

66

N

33
297
26.4

23.1
19.8

16,3

13.2

THRESHOLD ZONE (330 CD/M¥)

TRANSITION ZONE

83 CD/M? (= 1/4 X THRESHOLD) —

28 CD/M? (1I/3 X PRECEEDING) A

10 ¢O/M? (s 2 X INTERIOR)

66

33

INTERIOR ZONE
s co/mMt

&0 120 180

240 300 360

$550 ~ 15M A 5550 ! DISTANCE VARIES
usom) | 165M) | TuseL
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 tunnel.

-3.5.5 Uniformity Ratlos. Uniformity ratios within
the tunnel zones should be the same as those used for
general roadway lighting. See Appendix B.

3.5.6 Maintenance Considerations. The recom-
mended luminance values in Table 2 represemt the [owest
in-service values that should be allowed throughout the
operating life of the system; therefore, the initial lumi-
nance figures in the tunnel, when the lighting system is
initially tumed on, may have 1o be higher to compensaie
for Lamp Lumen Depreciation (LLD), Luminaire Dirt
Depreciation {(LDD}, and tunnel surface reflectance
depreciation.

Lamp lumen depreciation will depend upon the lamp
used, and depreciation factors are available frorm lamp
manufacturers. Luminaire dirt depreciation will depend
upon the jJuminaire construction and the luminaire clean-
ing cycle. If the luminaires are well sealed and the lenses
are washed frequentiy, the light loss, due to dirt accumu-
lation, may be moderate. If maintenance and lamp re-
placement are replacement schedules are poor, the light
loss will be severe. The reflectance deterioration of the
tunnel surfaces will depend on the frequency and
thoroughness 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 10 0.60. Before the final lighting system is cho-
sen, it is good practice 1o do a detailed cost analysis
comparing the estimated initiat installation costs, plus
electrical energy costs using various schedules of routine
maintenance (changing of lamps, cleaning of luminaires
and cleaning of tunnel surfaces). A decision on the final
systern may then be made based on the lighting system
desigr and maintenance schedule that offers the gn:atcsl
economy.

3.6 Lighting and Electrical Equipment

. 3.6 Light Sources. Fluorescent, High Intensity
Discharge (HID), and Low Pressure Sodium (LPS) are
the light sonrces used almost exclusively for tunnel light-
ing installations. Incandescent lamps are seldom used in
new installations because of their lower efficacy and
shorter life.

The following factors affect the selection of a light
source for tunnel lighting:
I. Efficacy.
2. Color rendition and its effect on signs and

traffic signals.

. Wattages or lumen outputs available.

. Life.

. Lamp lumen depreciation.

Ambient temperatures.

Cost. '

. Restrike time.

Ability to control the light distribution.

Dimming capability.

SexNouew
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I1. Physical size.

§2. Physical durability.

Different light sources have various advantages and dis-
advantages.

3.6.2 Luminaires. Tunnel lighting luminaires must
be ruggedty constructed to withstand the harsh environ-
ment found in most twnnels, Vibration, air turbulence
caused by vehicles, exhaust fumes, road dirt, salt, and
the periodic washing of tunnels with industrial deter-
gents and high pressure jet spray equipment are some of
the conditions to which luminaires are exposed.

The following are factors that must be evaiuated in the
design, sclection, instailation, and testing of tunnet light-
ing equipment:

1. Prevention of vapor, dust and water jet spray from

entering into the luminaires.

2. Ease of cleaning, refamping and replacement of parts.

3. Resistance to comosion.

4. Physical strength sufficient 1o prevent warping,
twisting, or dcformmg during installation, use and
servicing.

5. Highest and lowest ambient operating temperature
within the tunnel.

6. Excessive glare from the luminaire.

3.6.3 Electrlc Power Control and Switching.

- Power supply for tunael lighting must be reliable. Even

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 greaily improved by
providing power fron: two separate sources to the entire
tunnel lighting system with transfer devices that au-
tomatically switch from one power source to the other in
the event of a2 power failure. Consideration should be
given to the installation of an emergency power supply
10 luminaires providing at least one-fifth of the design
nighttime lighting level.

Tunnel lighting requirements may vary during daily
operation as a result of external Juminances varying with
weather or position of the sun. Installations may be pro-
vided with luminaires that can be switched and/or dim-
med automatically with changes in the outdoor {uni-
nance or with changes in the effective light output of the
luminaires. Tunnel systems may also have a manned con-
trol room with closed circuit television surveillance that
allows monitoring of tunnel conditions and provides
manual override of the automatic operations.

" 3.7 Flicker Effect. In the interior of a lighted tunnet
where luminaires or their reflected images are in full or
partial view of the vehicle occupants, the stroboscopic
effect of passing closely spaced light sources may pro-
duce undesirable behavioral sensations. The flicker ¢f-
fect depends upon the candlepower intensity of the
source reaching the observers® eyes, the location of the
source in the motorists’ viewing field, and the frequency
or rate at which successive light sources appear to be
moving. Figure 4 illusirates the range of luminaire cy-
cles per second that are most likely to produce these un-
desirable flicker effects. The designer should avoid

7
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IR I A N W T |
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LUMINAIRE CYCLES PER SECOND
Flgure 4. Fllcker effect.??

luminaire spacings within the annoyance range shown (5§
to 10 cycles per second).

Appendix A — Computational Methods

(This Appendix is not part of American National
Standard ANSIIIES RP-22-1987.)

Al Design Considerations

A1.1 General, The success in designing a well balanced
lighting system for a vehicular tunnel to a large extent
will depend on the logic and sequence of the steps taken
by the designer. It should be pointed out that designers,
in the process of designing a lighting system, should
coordinate their work by closely cooperating with traffic
planners, designers of the tunnel structure and portal,

°T == — —=-— ~—maintenance-forces, and-traffic.system. operators. _ . ___ __ __

A1.2 Tunnel Structural Features. Considerations of
the structural features will assist the lighting designer in
determining the luminaire location (wail or ceiling),
luminaire photometnc characteristics and may influence
the light source setection. The tunnel portal design and
its surface treatment is also of considerable importance
in the threshold zone lighting design. The interior wall,
ceiling and pavement textures and reflectances are impor-
tant in calculating the luminance in the interior.

A13 Trafflc Lane Arrangement. Coordination be-
tween the luminaire arrangement and the traffic lanes is
an important factor. Where practical, luminaire location
‘should permit continuation of waffic operation during
lighting systemy maintenance work. In the case of merg-

" ing or diverging traffic, suitable luminaire location may
provide visual guidance to the motorist.

A1.4 Physical Safety of Lighting Equipment. In a
case where luminaires are mounted on the surface of
walls or ceiling, particular attention should be given to
vertica) any lateral cleamnces to minimize damage by
vehicles or loads permitted to pass through the tunnel.
Clearances should be based on the traffic standards s-

. ' )0
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tablished for the particular road system. In the case of -
wall-mounted luminaires. the presence of escape
sidewalks or curbs are heipful to protect the luminaires
from damage. '

A2 Calculatian Procedure

A2.1 General. Before the design cakulations are
started, the following should be determined:

L. Illuminances required in the threshold 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 10 be used. See
paragraph 3.6.1. '
4. Luminaire types and photometric characteristics.
Actual design calcuiations can be conveniently executed
with the aid of a computer. The following calculation
example is provided for those whe do not have access to a
suitable computer program.

A2.2 Design Data (Example) .
A2.2.1 Tunnei Characteristics:

Length = 1000 meters divided
Tube Dimensions = 15 meters wide and
5.5 meters high

Pavement = Portland cement concrete (R1)
Surface reflectances:

ceiling = 50 percent

wall = 50 percent

pavement = 10 percent

A2.2.2 Luminance Levels:
Threshold zone = 190 candelas per square meter
(See Table 2, middle category of tunnel characteris-
ties, 80 km/h, and 90 to 150,000 traffic volume.)
Transition zone sections?
No. I: 1/4 X 190 equals approximately 50 candelas
" per square meler.

paragraph 3.5.3).
No. 3: 2 X 6 = 12 candelas per square meter.
Tunnel interior = 6 candelas per square meter - daytime
(see paragraph 3.5.2).
Tunnel interior = 3 candelas per square meter - night-
time (see paragraph 3.5.4).
Uniformiry rarios (see Appendix B): E, 0 E;, = 310
1 (within same zone).

A2.2.3 Lamp Data:

Threshold zone = 400-watt high pressure
sodium - 50,000 lumens.

Transition zone sections = 150-watt high pressure
sodium - 30,000 lumens.

Tunnel interior = [00-watt high pressure

sodium - 9500 lumens.
A.2.2.4 Luminaires. The luminaires selected are ceiling
mounted type for use with high pressure sodium lamps. A
coefficient of utilization chart is shown in Table Al

A2.3 lluminance Method of Calculation, Tables 2a
and 2b from ANSUVIES RP-8-1983 provide the conver-
sion ratios between luminance and illuminance for road
classifications R1, R2, R3, and R4, (These conversion

WMION AT of 1he llIvminatine Froineering Socety

TNGT2: 1/2'X7S0"25 candelas per'square meler (see -~~~ - -

Winter 1990



Winter 1990

210

ANSI/IES RP-22-1987

L NN N Y N N N R R R R R R ]

Caiculstions

Table A1—Coefficients of Utilization tor Typical High Pressure Sodium Luminalre
Eltective Floor Cavty Reflectance = 10

ce B8O 70 30 10 o
wal 70 S0 20 10 70 50 30 10 30 10 s 30 10 50 20 10 0
RCR '
t 72 68 65 62 89 66 63 B0 61 59 56 537 55 .53 53 .51 .50 .48
54 . :
2 B85 59 54 .50 63 57 52 48 53 49 40 49 46 43 46 43 4 39
3 59 52 .46 41 57 50 44 40 46 42 38 43 39 .36 A0 37T 34 32
4 54 46 .39 .34 52 44 30 34 41 36 32 a8 34 3 36 32 29 27
5 49 40 34 .29 47 39 33 .28 Je .27 34 29 26 Bebl 28 25 23
6 45 36 29 25 43 34 28 24 32 21 23 30 26 22 228 24 21 20
7 42 32 28 21 40 31 25 2t 29 24 .20 27 23 19 25 2 .18 a7
-] .38 .28 .22 18 37 .28 22 .18 26 21 A7 24 20 16 23 19 16 14
9 35 .26 .20 18 34 25 19 15 .23 .18 15 22 17 14 21 17 14 12
0 33 23 a7 14 323 17 12 21 16 13 20 15 12 a9 a5 a2 M

Note: Thus [able is Jor a typothencal uminase and should be used for this example only. Consult manuiaciurer's published photometric data on tho

luminare (s) being considered when cesigmng an actual installation,

ratios are approximations of what occurs in real situa-
tions. Caleulation procedures that will provide greater
accuracy when converting roadway illuminance to lumi-
nance are currently being developed). Since the pave-
ment of this tunnel is that of cement concrete or R1, the
‘o of candelas per square meter is | to 10 (as com-
~red to 1 to 15 for an R3 pavement, for example).
Thus, the luminance levels outlined in paragraph A2.2
can be rewritten in terins of illuminance as follows:
Threshold tone:
190 X 10 = 1900 lux
Tiansition ;one sections:
No.l: 50 X 10 = 500 lux
No.2:25 X 10 = 250 lux
No. 312X 16 = 120 ux
Tiunnel interior = 60 lux (daytime)
Tunne! interior = 30 lux {nighttime)
In the manual calculation procedures, the unnel in-
terior can be considered as an infinitely long room.
The number of luminaires for various zones can be
calculated from the following equation:

NL= En x A
¢ » CU x LLF
where
N, = number of luminaires
£, = horizonal illuminance (fux)
A = area of lhe zone in square meters
¢ = initial lamp luinens per luminaire

CU = coefficient of utilization

LLF = light loss factor

Before the actual number of the luminaires can be de-
r~rmined, the values of CU and MF must be determined.

e CU can be determined by calculating the cavity
tatio and rcading the CU value from the information pro-
vided by the specific luminaire manufacturer.

JOURNAL, of the Hluminating Engincering Society

2.5 x Cavity Height X Cavity Perimeter

ity Ratio =
Cavity Ratio Arca of Cavity Base

. ) 2.5 % 5.5 % (1000 + 15+ 1000 + 15)
Cavity Ratio = =19
(1000 x 15)

From Table Al, using reficctances of 50 percent ceil-
ing. 50 percent wall and {0 percent floor (pavement) and
a cavity ratio of 1.9, the CU/, by interpolation, is 0.54,

The recommended range for LLF as discussed in
paragraph 3.5.6 is LLF = 0.25 to 0.60. For this exam-
ple, the value of 0.5 has been sclected.

A2.4 Calculation of Daytime Lighting System for
Tunnel Interior.

For E,, = 60 lux,
N, = 60 x (1000 > 15) =900.0'0() =351 units
9500 x 0.54 x 0.5 2565

Arranging the Juminaires in two rows, the number of
luminaires in each row will be:

35[ = 176 unils

Since the tunnel lcngth is 1000 meters, the spacing l'or
the luminaires will be:
% = 5.68 meters

With a spacing of 5.68 metcrs, the spacing-to-mount-

ing-hecight ratio is 55
( 5.68

approxumalcly 1.0. Such spacmg lo-mounting height
ratio, in most cases, will give an excellent uniformity.
In fact, symmetrical distribution luminaires can be often
spaccd as far apart as 2.2 to I, and obtain a uniformity
ratio better that 3 to | E,,, 10 Epip.

When a specific luminaire is sclected for a given tun-

nel, uniformity ratios on the pavement can be checked

H
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Unitormity

by using point calculation methods (reading the contribu-
tion of itluminance value by each luminaire from isobux
curves gives a close approximation).

The luminaire spacing should also be checked 1o en-
sure that no flicker effect problems might exist. See
paragraph 3.7.

A2.5 Calcuiation of Nighttime Lighting System
for the Tunnel Interior. The nighttime lighting system
design should be closely related to that of daytime since
the nighttime lighting level is 30 lux (or one-half of that
of the daytime system). Nighttime lighting levels can be
created by switching off every second Juminaire of the
" daytime lighting system in a staggered arrangement.

Since the spacing of the luminaires will be effectively
changed to 5.68 x 2 = 11.36 meters, the uniformity
ratio should be checked again.

A2.6 Calculation of Lighting System for the
Threshold Zone: Since Traffic speed is 80 kilometers
per hour, SSSD is 140 meters: therefore, the threshold
zone will be 140 - 1S = 125 meters long. llluminance re-
quired is 1900 - 60 = 1840 lux, the &) lux already hav-
ing béen provided by the daytime interior system.
N o180 X IS x 125 _3.450,000

L 750,000 x 0.54 X 0.5 12.500

=256 luminaires additional.

If the 256 luminaires are mounted in two rows, then
128 luminaires would be required 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.
Adequate space should be left between the luminaires to
facilitate cleaning and relamping. If adequate space is
not available. then the luminaires should be arranged in
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three (or more) rows. The final luminaire spacing also .

often necessitates adjustment to accommodate the struc-
ture expansion joints, coordination with ventilation ducts
and other cquipment in the tunne! interior. In all cases,
the spacing should be checked for uniformity and flicker
elfect at design speed.

A2.7 Calculation of Lighting System for the
Transition 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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Appendix B - ! Recommended Uniformity Ratios and Veiling Luminance Ratios for

Tunneis*
(This Appendix is not part of the Amaerican Nalional Standard ANSIAES RP-22-1987.)
: Veding Luminance Ratio luminance
Road and Area Luminance Uraformity (maximum) Unitormity Ratio
Classification Ll Longc ol Lol Eqvg 10 Ermr
Freeway Class A A5te1 6ol 030t 3o
Freeway Class B A5 Glot 03t01
Commercial 301 501
Expressway Intermediate 301 Sto1 031 301
Residential 3.5t01 6o
Commercial I S5lo1
Major intermediate Ao Stot 030y RILY]
. Rasidential 351 Slot
. Commercial Jto Skt
Coltector ntermediale w1 Gto1 04101 401
: Residential 4101 Btot
Commaercial 6to1 10to 1
Local Intermediale 8ol 10t0 1 04101 801
Residentiat Gto1 10to 1
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ILUMINACION CON POSTES ALTOS

vision and the visual process.

(3) The design of a roadway lighting system in-
volves consideration of visibility, economics, es-
thetics, safety, and environmental conditions, as well
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). If the pavement classification is
unknown, use the R3 values of Table 2.

{b) Selection of the level and uniformity of
pavement luminance and assessment of the rela-
tionship between the veiling luminance and the av-
erage pavement juminance, as recommended in
Table 2(a) for each different land use along the sec-
tion, or : - )

(c) Determination of roadway pavement clas-
sification, desired average horizontal levels of illu-
minance, and uniformity for design as recommended
in Table 2(b). '

{d) Selection of several tentative luminaires and
light sources. _

(e} Selection of one or more tentative lighting
system geometric arrangements, including mounting
heights and lateral luminaire positions, which may
provide an acceptable design based on recommended

- level, uniformity, and/or veiling luminance con-

trol.

{f) Calculation of pole spacing for the various
luminaire-lamp combinations under study (if for a
new system) or of lamp output requirements (if ex-.
isting pules are to be used), based on illuminance
values. Variables of mounting height or lateral lu-
minaire positions may also be considered to verify
meeting the requirements of Table 2(a) or 2(b).

{(g) When luminaires have been selected, bor-
derline situations quickly become evident during the
application stage. In most cases skilled judgment
must be exercised when considering luminaires for

aspecific system. It may not'be appropriate to specify

only one light distribution when it is obvious that
several luminaire light distributions will provide
equivalent performance for a specific application.

y i

Table 3. Recommended maintained illuminance deslign -
levels for high mast lighting.*t

Horizontal Hluminance (E,.,) In Lux

Commer- fnter- esl-
Road cial mediate  dential
Classification  Area Area Area
Freeways . 6 6 6
Expressways 10 8 6
Major 12 9 6
“ollector 8 6 6

*Recommended untformity of ilumination is 3 to 1 of better;
average-to-minimum for all road ciassifications at the illuminance
levels recommended above.

tThese design valuas apply only to the travelled portions of the
readway. Interchange roadways are treated individually for pur-
poses of unifgrmity and illuminance tevel analysis.

Table 4. Recommended average maintained Hiuml-
nance levels {or pedestrian waya"® In lux.

Average
Vertical
Minimum Levels For
Average Speclal
Walkway Horizontal Pedestrian
and Bikeway Levels Security
Classificationt (Euva) (E.o)¥
Sidewalks (roadside) and
Type A bikeways:
Commercial areas 10 22
Intermediate areas 6 11
Residential areas 2 5
Walkways distant from
roadways and Type B
bikeways:
Walkways, bikeways,
and stairways 5 5
Pedestrian tunnels 43 54

*Crosswalks traversing roadways in the rmidd!a of leng blecks and
at strest intersections should be provided with additional illumi-
nation.

tSee Section 2.1.

{For pedestrian identification at a distance. Vaiues are 1.8 meters
above walkway.

(h) Selection of final design or reentry of the
design process at any step above to advise on optimal
design.

(i) Selection of luminaire supports (pole and
bracket) which results in an acceptable esthetic ap-
pearance, adherence to traffic safety practice, low
initial construction cost, and minimal operation and
maintenance expenges.

(/) Recommended illuminance values for high
mast lighting are shown in Table 3. For separate

- —walkways or-bicycle routes, recommended illumi--

nances are shown in Table 4. The steps to deveiop
optimal design are similar to those given above.

(4) The formation of a tentative design concept
involves many variables. The choice of light source,
the extent to which available electrical distribution
facilities are used, and the types of poles, brackets
and luminaires selected are some of the factors that
will influence the economics of lighting. Any con-
sideration of appearance is ultimately resoived by
professional judgment; however, elaborate or ornate
designs, purely for the purpose of satis{ying an es-
thetic desire, cannot be justified unless the basic re-
quirements of good visibility have {irst been attained.
It is important that roadway lighting is planned on
the basis of traffic infermation, which includes the
factors necessary to provide for traffic safety and
pedestrian security. Some of the factors applicable
to the specific problems that should be considered
are:

{a) Type of land use development abutting the
roadway or walkway (see Section 2.2, “Area Classi-
fications™)

{b) Type of route (see Section 2.1, “Roadway,

Pedestrian Walkway, and Bikeway Classifications)
F



Table B3, r-Table for standard surface Rt

8
tan 0 2 5 10 15 20 25 30 35 40 45 60 75 90 105 120 135 150 165 180
Y .
0 294 294 294 294 294 294 294 294 294 294 294 294 294 294 294 294 204 294 294 294
0.25 326 326 321 32t 317 312 308 308 303 298 294 280 271 262 258 253 249 244 240 240
0.5 344 344 339 339 326 317 308 298 289 276 262 235 217 204 199 199 199 199 194 194
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 2348 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
25 289 280 222 127 B6 65 54 44 38 34 25 23 22 23 24 24 24 24 24 25
3 233 236 163 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 99 90 90 99 11 11 12 12 13
4 190 163 90 43 26 20 16 14 12 99 90 74 7.0 7.1 75 83 8.7 90 9.0 9.9
45 163 136 73 31 20 15 12 99 90 83 77 54 48 49 54 61 7.0 7.7 83 85
-5 145 109 60 24 16 12 90 82 7.7 68 61 43 3.2 33 3.7 43 52 65 69 7.1
55 127 94 47 18 14 99 7.7 69 6.1 57
6 113 77 36 15 11 90 80 65 51
65 104 68 30 11 83 64 51 43
7 95 60 24 B5 64 51 43 34
75 87 53 21 71 53 44 36
8 83 47 17 6.1 44 36 31 Q0 = 0.07; S1 = 1.11; S2 = 2.38
85 78 42 15 52 3.7 31 26
9 73 38 12 43 32 24
95 69 34 99 38 35 22
10 65 32 9.0 33 24 20
105 62 29 80 30 21 19 :
11 69 26 71 26 19 18
115 56 24 63 24 18
12 53 22 56 21 18
°All values have been multiplied by 10.000. For angles, see Fig. B1.

tAdapted from relerence 37.

terns. Two basic procedures are described as fol-
-lows:

{1} Method A utilizes curves similar to those il-
lustrated in Figures B8 and B9 as aids in calculating
initial trial values of luminaire quantities and pole
spacing. These curves may be computed by the lu-
minaire manufacturer.

(2) Method B does not require the avallablhty of
these curves but utilizes an assumed spacing ratio as

a starting point for determining the initial trial .

values.

After the trial values have been determined by
- either method, the exact placement of poles and lu-
minaires are determined.

The general procedure for determining maintained
illuminance includes the steps described in Section
B3. It is important that these be followed and the
various factors determined before proceeding with
the special computations.

B5.2 Initial considerations. Determine the outline
of the area to be lighted and select 2 tentative pole
height. This height may be limited by soil conditions,
maintenance concerns, grade differences, or other
special factors. Select a tentative luminaire and lamp
type.

B5.2.1 Method A.

(I} Calculate the area ratio (AH)} by the for-

‘ COEFFICIENT OF UTILIZATION (CU)

Figure B8. Example of CU (Coefflcient of Utilization)
versus AR {Area Ratio) curve.
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Table B2. r-Tabla for standélrd surface R2,*t

a
tan 0 2 5 10 15 20 25 30 35 40 45 60 75 90 105 120 135 150 165 180
Y
0 330 390 390 390 390 390 390 390 390 390 390 390 390 390 390 390 390 390 390 39y
0.25 411 411 411 411 411 411 411 411 411 411 379 368 357 357 346 346 346 335 335 335
0.5 411 411 411 411 403 403 384 379 370 346 375 303 281 281 271 271 271 260 260 260
0.75 379 379 379 368 357 346 325 303 281 260 238 216 206 206 206 206 206 206 206 206
t 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
15 271 271 260 227 179 152 141 119 108 93 80 76 76 80 B84 87 89 91 93 95
175 249 238 227 195 152 124 106 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
25 195 180 146 110 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
35 146 131 87 41 25 18 15 13 12 11 11 11 11 11 12 14 15 17 18 2f
4 132 113 67 27 15 12 10 94 87 82 79 76 79 87 96 11 12 13 15 117
45 118 95 S50 20 12 89 74 66 63 61 5756 58 63 7.1 84 10 12 13 14
5 106 81 38 14 82 63 54 50 48 47 45 44 48 52 62 74 85 95 10 11
55 96 69 29 11 63 .51 44 41 39 38
6 87 58 22 80 50 39 35 34 32
65 78 50 17 6.1 38 3.1 28 27
771 43 14 49 31 25 23 22
75 67 38 12 41 26 21 19 '
8 63 33 10 34 22 18 17 Q0 = 0.07; S1 = 0.58; S2 = 1.80
85 58 28 87 29 19 16 15 '
9 55 25 74 25 17 14
95 52 23 65 22 15 1.3
10 49 21 56 19 14 1.2
105 47 18 50 1.7 1.3 1.2
11 44 16 44 16 1.2 11
115 42 14 40 15 1.1 '
12 41 13 36 1.4 1.1
“All values have bean multiplied by 10,000. For angles, see Fig. B1.

tAdapted from reference 37.

Luminance (L): to be printed and/or recorded at
the same points as horizontal illuminance values.

Average luminance (Lg,,): to be determined by
averaging all values of the evaluated roadway sec-
tion.

Longitudinal luminance uniformity: lane uni-

---~formity-(L ) to-be determined-as-the-ratio-of the

. maximum-to-minimum luminance in any one single
quarter-lane line, taking the worst (highest ratio) as
the rating for the roadway.

Average luminance uniformity (L,.;): to be de-

]

termined by rating the average luminance {L,.z} to -

the minimum found in any of the lines within the
roadway.

Meaximum luminance uniformity (Lmas): to be
determined by rating the maximum luminance found
in any of the lines to the minimum found in any of the
lineg within the roadway.

Table B5 i3 an illustration of a lummau‘es s dis-
tribution of luminous intensity.

The IES proposes to develop a simplified method

- of luminance calculations as a separate publication
to supplement this Standard Practice.

Te

B3. Calculatlon procedure for high mast
interchange lighting

BS.1 Introduction. The computation of roadway
luminance as previously descrlbed in this Appendix
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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 sat:sfactory re-
sults.

High mast interchange lighting is defined as the
lighting of a large area by means of a group of lumi-
naires that are designed to be mounted in a fixed
orientation (usually level) at the top of a high mast
(generally 20 meters or higher). The area will nor-
mally contain a group of roadways such as an 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 luminaires per pole
and pole spacing to provide the intended average il-
luminance and uniformity over the area in question.
Specific locations for the poles are then determined
to insure that all 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-

1



"!Table B4. r-Table for standafd surface R4."¢

tAdapted trom reference 37.

mula:

2.5 X Pole Height X Perimeter of Area
Area

AR =

(2) Obtain the coefficient of utilization (CU) value
from the CU versus AR curve for the luminaire in-
volved (for typical curve, see Fig: B8).

The value for NLP should be rounded off to a
whole number.

—==5>» B5.2.2 Method B

(1) Assume a spacing-to-mounting height ratio
typical for the type of luminaire involved. A value of
5 is common.

B5.3 Number of Poles. The number of poles {(NP)
is dependent on the area and spacing ratio and can
be determined by the formula:

Area

NP = (HxSR)%

.

(3} Determine the spacing-to-mounting-height
ratio (SR) as a function of the uniformity ratio {UR)
-desired by use of the SR versus UR curve for the lu-
minaire involved (for a typical curve, see Fig. B9 and
Section B5.7).

8 -
tan 0 2 5 10 15 20 25 30 35 40 45 60 75 90 105 120 135 150 165 180
Y
0 264 264 264 264 264 264 264 264 264 264 264 264 264 264 264 264 264 264 264 264
0.25 297 317 317 317 317 310 304 290 284 277 271 244 231 224 224 218 218 211 211 211
0.5 330 343 343 343 330 310 297 284 277 264 251 218 198 185 178 172 172 165 165 165
0.75 376 383 370 350 330 304 277 251 231 211 198 165 139 132 132 125 125 125 119 119

1 396 396 396 330 290 251 218 198 185 165 145 112 86 B6 B6 B6 86 87 87 87

1.25 403 409 370 310 25t 211 178 152 132 115 103 77 66 65 65 63 65 66 67 68

1.5 409 396 356 284 218 172 139 115 100 B8 79 61 50 50 50 50 52 55 55 55
1.75 409 396 343 251 178 139 108 B8 75 66 59 44 37 37 37 38 40 41 42 45

2 409 383 317 224 145 106 B6 71 59 53 45 33 29 29 29 30 32 33 34 37
25 396 356 264 152 100 73 55 45 37 32 28 21 20 20 20 21 22 24 25 26
3 370 304 211 95 63 44 30 25 21 17 16 13 12 12 13 13 15 16 17 19
3.5 343 271 1656 63 40 26 19 15 13 12 11 98 9.1 88 88 94 .11 12 13 15
4 317 238 132 45 24 16 13 11 96 90 84 75 74 74 75 79 B6 94 11 12
45 297 211 106 33 17 11 92 79 7.3 66 63 6.1 61 62 65 67 7.1 7.7 87 96

5 277 185 79 24 13 83 70 63 57 51 50 50 51 54 55 58 61 63 69 7.7

55 257 161 59 19 99 71 57 50 46 4.2

6 244 140 46 13 7.7 57 48 41 38

6.5 231 122 37 11 59 46 3.7 32

7 218 106 32 9.0 50 38 32 26

75 205 .94 26 75 44 33 28 ' :

8 193- B2 22 63 37 29 24 Q0 = 0.08; S1 = 1,55; 82 = 3.03
85 184 74 19 53 32 25 21

9 174 66 16 46 28 2.1

95 169 59 13 41 25 20

10 164 53 12 37 22 17

10.5 158 49 11 33 21 1.7
11 153 45 95 30 20 1.7
115 149 41 B4 26 1.7
12 145 37 7.7 25 1.7

*All values have been multiplied by 10,000. For angles, see Fig. B1.

(4) Calculate the number of luminaires per pole
{NLP) using the formula: ,
(AMI) X (MH X SR)?

NLP =7 1) x(CU) x (LLF)

Note: MH = mounting height; LL/L = Lamp Lu-
mens per Luminaire; and 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 coefficient of utilization value
from utilization curve for the luminaire involved.
(For typical curve see Fig. B10.)

(3) Calculate the total number of luminaires re-
quired (NL) using the formula:

(AMI) X (A)
{LL/L) X (CU) x (LLF)
A = Area

NL =

B5.4 Pole locations, From an isolux chart of the
tvpe shown in Fig. B10, determine two boundaries
(usually circles); one for the minimum initial illu-
minance and the other for one-half the minimum
initial illuminance value as follows:

(1) Minimum initial illuminance is average

/7



Table B5—Example of Luminaire Distribution of Luminous Intensity
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Figure B9. Example of spacing-to-mounting height
ratlo to average-to-minimum uniformity ratlo curve.

<

maintained illuminance divided by (Uniformity
Ratio X Light Loss Factor). _

(2) Either draw circles to scale or prepare tem-
plates to scale and superimpose these on the layout
making certain that all roadway areas are covered by

the minimum illuminance boundaries or by the -

overlap of two one-half minimum illuminance level
boundaries. '

(3) If 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 individual Juminaire
and multiply the curve values by the number of lu-
minaires per pole,

B5.5 Recalculations. If suitable mounting locations
can be found, determine by inspection if higher or
lower pole heights may be more suitable, or if one or
more poles should be located differently. Repeat the
calculations above for a new trial and continue to
repeat until a satisfactory solution is reached.

B5.6 Coefficient of utilization vs. area ratio
curve. The curve shown in Fig. B8 can be prepared
by combining concepls from the zonal cavity method
with elements from the {lux transier theory.* Cal-
culations are made in which:

(1) Area corresponds Lo cavity;

RATIO OF DISTAMNCE TO MOUNTING HEIGHT
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Figure B10. Example of Isolux dlagram and utilization
curves on pavement {(mounting height; 30 meters) for
symmetric luminaire (110,000 lumen lamp). Dashed
curve shows lumen utllization (in percent).

(2) Area 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 area 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 muitipliers, are added together and then
multiplied by the total downward utilization 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
symmetric or an asymmetric luminaire,

'B5.7 Spacing ratio vs. uniformity ratio curve.

This curve can be determined by calculating the
uniformity ratio within a square shaped area
bounded by four of the luminaires in question. Ali Lhe
luminaires are to face in the same direction. Each side
of the square equais Lhe spacing distance. This in-
volves point calculations and can best be accom-
plished by use of a computer. Uniformity is to be
calculated for a suificient number of spacing-lo-

* Material on these two subjecis appears in the JES Lighting
Handbook, 1981 Refrrence Volume, starting on page 9-6 under
“Cavily Ratios™ and on page 9-37 under “"CuelTicient Tables.”

e



mounting height ratios to develop a curve such as
that shown in Fig. B9, This is primarily applicable to
symmetric luminaires but can be used with asym-
netric luminaires with little loss in accuracy.

B6. Computation of walkway and bikeway
luminance

Bé6.1 Introduction. The procedure to determine the
horizontal illuminance values on pedestrian ways for
safe and domfortable use is similar te that followed
for roadways as explained in the various steps under

Section B3. In the case of isolated pedestrian ways, .

such as park walkways and Type B bikeways where
the lighting provided is exclusively for the walkway
and is arranged on either one or both sides of the
paved area, the procedure is identical to computing
roadway illuminance values, even to the point of
using street 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 except that the
house side curve data is often used. Because the area
to be lighted for a Type A bikeway (roadside) is vir-
tually identical 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 to bikeways).

Because ‘the design of roadway lighting places
greater emphasis on achieving proper illuminance on
the roadway, it is customary that the lighting system
be initially selected to suit the needs of the roadway.
Then, the system is checked to determine if the
sidewalk illuminance levels and uniformity are ade-
quate. If desired sidewalk requirements are lacking,
the designer may modify the luminaire type and/or
spacing or may provide supplemental lighting pri-
marily for the sidewalk area, or may implement a
combination of both techniques to achieve proper

—illuminance on both roadway and sidewalk. This

procedure is sometime3 réversed when greater em-

. phasis is placed on the need for adequate sidewalk
lighting, in which case Type I or I1 luminaires or post
top luminaires are initially chosen primarily for
sidewalk distribution and, when found satisfactory,
are later checked for adequacy of roadway illumi-
nance level and uniformity, -

In some areas where personal security is a problem
and identification of another pedestrian at a distance
is important, the recommended levels on the right-
hand side of Table 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 to
the centerline of the walkway. The calculation pro-
cedure for vertical illuminance is discussed in para-
graph B6.3. ‘

B6.2 Determining horizontal illuminance. To
‘calculate the average level 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 B3.5.2,,
Leing sure to euhiract from these calculations that

portion of the CU that is related to flux falling on the
street itself due to the transverse location of the lu-
minaire.

(2} Calculate the average maintained illuminance
level on the sidewalk due solely to the immediately
adjacent luminaires, using the formula given in
paragraph B3.5.3. ‘

{3) For the same sidewalk area, determine the CU
for the street side of the luminaires across the
street.

(4) Calculate the average maintained illuminance
level on the sidewalk due solely to the luminaires
across the street, and add to that the illuminance
coming from the luminaires on the same side of the
street.

(5) Having calculated the average illuminance
level across the entire sidewalk, it is now necessary
to calculate the minimum level of illuminance, as
described in paragraph B3.6 in order to compute the
uniformity ratio.

B6.3 Determining vertical iHuminance for se-
curity areas, The vertial illuminance at a specific
point can be calculated by the inverse-square method
of calculating illuminance (See the current edition
of the IES Lighting Handbook, Reference Volume).?
In this method, the candlepower of the luminaire at
the particular angle involved is normally obtained
from a luminous intensity chart, as shown in Table
B5. The relevant geometry is shown in Fig. B11. The
general form of the relationship is given by

_ 1(¢, v) X siny X sing X LLF
= ik

If it is assumed that the typical pedestrian facial
area is approximately 1.8 meters above the sidewalk,

E,

Figure Bil. Geometric relationship for determining

- vertical illuminance_on _the face of a pedestrian.
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1.5.5 Equipos de control y proteccién

El control y la proteccion de los sistemas de alumbrado publico puede ser individual o en
grupo, manual 0 automatico y se analiza en detalle en la seccién 111-2.1.

Los‘equipos que intervienen en las funciones de control y proteccion se muestran en Ja
figura I11-68. '

¥
s
. L 8 - 1 v
i I.‘L———_r \__/’L ¢
[} i ’ . I 3
1 . | ro N DyP
i - v 3 T
La - o= =T} =t B ben L ' ;
I | = o~ a
== F2
| Q I, O D
N Cz ".JL_E__J:_*\ J L n._!..,l \.-:._J'
o™ . LY L
£ .
< Lo v
l\_’\ I\.-/\
(a) (b} (e}
QPERACION EN GRUPQ OPERACION INDIVIDUAL

D Desconexion de la red (interruptor de cuchillas o termomagnética)
P Proteccion contra cortocircuito {y sobrecarga si se desea)

C1  Sensor del control (fotocontrol, reloj, apagador manual, etc.)

C2 Control del encendido y apagado {relevador o contactor)

C3  Fotocontrol con fusible para operacion y control de unca tampara
B Balastro

L Lampara

LA Linea de alimentacidon

-

Figura I11-68

1.5.5.1 Fotocontroles . .

Son dispositivos sensibles a la luz natural, por lo que permiten encender y apagar fas lampa-
ras de un sistema de alumbrado publico cuando se aicanza un nivel de iluminacion natural
prefijado. El fotocontrol puede tener incorporados circuitos o elementos que le permitan

complementar su operacion:

— Ajuste de los Iimites de operacion en funcién de la iluminacion natural.

— Retardos en la operacidn para evitar operaciones indebidas por la influencia de
la luz proveniente de fanales de automoviles, rayos, oscurecimiento temporal
por nubes espesas, etc. .
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F untionamien to

A hn de famaltanzar al lector con el funcionamiento de los fotocontroles, es conveniente
explncar la Ilamada curva astronémica (Figura 111-69). :

El fotocontrol se ajusta a un valor tal que opere a valores cercanos a los obtenidos para el
trazo dse {a curva astronémlca del lugar. :

S (g S "APAGADO

" HORAS

. 20.

ENCENDIDO

ILJILLIIALJ‘IILIl!ll.l.[AL]l el |

8 PR S N N Y

0 20 g 20 8020 NI0ND D0 N D0 0VD220¥ Q00 3 02 DZO&IIOETIOZO}I
ENERQ =—FEBR —MARZO ABR!L —-LMAYO l.Jl.l'ilO JULIO -LDGOS?U-—SEPT‘ GCT, —LNOVBAE. DICBRE.J

IR C DIAS
’ CURVAS ASTRONOMICAS

Figura 111-69

La luz del sol noempieza en el momento mismo de salir el sol ni se apaga subitamente
cuando se pone. Asi, al orto y ocaso del sol precede y antepone una iluminacién variable
por momentos, denornmada crepusculo,

Teniendo en cuenta lo anterlor se puede trazar la curva de este comportamlento durante
el afio; a esto se le denomina curva astronomica. C

En la figura 111-70 Electricité de France grafico el comportamiento de un fotocontrol com-
parado con la curva horaria, correspondiente a la Ciudad de Paris. Se observa que el foto-
control tiene una respuesta muy aproximada a las necesidades de encendido-apagado, por
lo que es el medio mds adecuado para control de sistemas de alumbrado publico.

Existen tres tipos de fotocontroles: fotoconductores, que fqncionan por el efecto de la luz

15 05 BO
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SEGUN CURVA ASTRONOMICA.
Figura I1I-70

sobre el valor de la resistencia de determinados elementos, como el selenio v el sulfuro de
cadmio; autogeneradores, en los cuales se produce una pequena diferencia de potencial en-
tre sus bornes cuando el elemento sensible es iluminado, como el selenio y dxido de cobre;
los fotoemisores, en los cuales el cdtodo emate electrones al iluminarse, utilizando para ello
lito o sodio.

Todos los fotocontroles tienen el inconveniente de que con el transcurso del tiempo se van
_ msensublllzando por lo cual deben sustituirse o regulagse periodicamente (este periodo

e puede estar cornprendido entre dos y cinco afos, o que depende del fabncante)

““El fotocontrol se debe situar normatmente en el centro de mando de la mstalacnén, en tal

150580
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forma que sélo pueda recibir luz diurna; orientado hacia el norte, cuidando que no incida
sobre €l la luz producida por las lamparas que controla o alguna otra fuente. &l fotocontrol

también puede instalarse en la parte superior de la luminaria si ésta estd disefiada para di-
cho objetivo. ' - :

Es necesario hacer. resaltar que dada la velocidad con que varia la iluminancia en los M-

mentos en gue se enciende o apaga el alumbrado, no tiene importancia decisiva 1a localiza-

cion del fotocontrol, siempre que se tomen las medidas necesarias para gue -no incida so-
bre é! luz artificial. '

Un mismo fotocontrol puede accionar diversos centros de mando, aunque es conveniente
que los circuitos correspondan a caracteristicas similares.
En la figura I1I-771 se representa fisicamente .un fotocontrol y en la figura I1{-72 un.esque-
ma tipico. La tabla I1l-14 presenta los diferertes valores caracteristicos disponibles en el
mercado. ) '

FOTOCONTROL i

DIAGRAMA BASICO DE CONEXION

L o Figura [1I-71

<3

!
1. Contactos:

= s

Deberan estar protegidos en el interior del fotocontrol, se:sg_mi‘rij_g;t,rar_\'pa‘ra una
potencia entre 1,000 y 2,000 W, dependiendo de |a utifizacion, con accion instan-
1anea de cierre para evitar cualquier posibilidad de cebado del arco o chisporroteo. ’

150580
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2. Tiempo de retardo.

Cod

Deberé tener un tiempo de retardo entre 10 y 50 segundos en el accionamiento del
fotocontrol, con ef fin de evitar que éste funcione debido a una luz momenténea o

“*a un ensombrecimiento.

*+.3. Orientacién direccional.

Para que la maxima-respuesta se alcance colocando el fotocontrol hacia el norte {no
..todas las fotoceldas la requieren). =

: "'4. Nivel de ajuste.

.

- o hA-

Los fotocontroles se suministran con e} a;uste reallzado en:fabrica,cque puede variar
éntre 10 y 45 luxes al encender,.pero lo importante es verificar que ‘conserven 13 re-

eyl CHISPEADOR

"2 ROV (REGULADOR DE
VOLTAJE"

3 — RESISTENCIA LIMITADA

4 - FOTOCELULA
‘5 — BOBINA RELEVADOR

6 — CONTACTO DE OPERACION
+7 — TERMINALES EXTERNAS

Iacuon entre el encendido v, apagado dela 3

Figura 1172

Cahbracuén nomma! relacuon erncendldo apagado, y consumo
propio de los fotocontroies naclonales T e

Tension de  Calibracion Relaciébn  Consumo
operacion, nominal, encendido propio,

en volts * en luxes apagado @ watts
o 127 10.767 “1:3 1.5
' 127 5+ 20°% < 1:5 0.6
220 10.767 - 1:3 1.5
220 16 + 20% < 1:5 i1.5
e 105 ~ 130 45 1:3 r‘:_s/q-
. 100 -28B0 15 & 20% < 15 s/d
105 - 285 215 s/d 0.3
208 = 277 45 ” 1:3 s/d
440 10.767. 1:3 1.5

Tab{a ir-14
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1.5.6 Relojes

og-

El contactor puede ser accionado por medio de relojes‘de diversas caractefi’Sticas.

En el alumbrado publico se deben utilizar los de operacnon gléctrica, con, reglaje astroné

mico y escape de dncora.

Los interruptores horarios.con reglaje astronomlco varian dnanamente en forma automa-
tica y continua, !a hora en que efectuan el anganche y desenganche del alumbrado, reali-
zando esta operacion a lo largo del afio en eI momento en que se |nd|c:a en la curva astro-
nomica correspondiente,

En los-interruptores horarios' siri: reglaje ‘astrondmico es necesar:o a;ustar a Ias curvas as-
trondmicas.la hora a- la cual- accidnan el apagado y encendido de la :nstalacnon de alum-
brado; este ajuste debe efectuarse én périodos comprendqdos entre 10y 20 dias'como mj-
ximo, lo que hace resaltar et problema y costo de esta operacion y.justificaampliamente que
no se utilicen en alumbrado publico os interruptores horarios sin reglaje astronomico.

-CO.

P o Rrym
i -

Cuando se mterrumpe la corriente, es necesario que el reloj continie funcionando, lo que
se logra con un dlSpOSItIVO de resorte para mantener el control. El. resorte reserva debe en-
rollar electrlca y automatrcamente al retornar Ia corriente, sin necesidad de enrollamiento
manual . - : ¥ B ‘
i - N : .:‘ -‘L—‘ . ) . .
1.5.7 Combinaciones para alumbrado , AT
Integran en una unidad dos elementos basncos para la proteccion y e[ controi de circuitos
de alumbrado publico,

'

1.5.7.1 Apficacién

Cuando se requaera proteger y controlar desde un punto uno o varios circuitos de alumbra-
do, en. combmamén con algun dlsposmvo de operacmn fatocontrol, reloj, interruptor ma-
nual, ete.

] Lt e

1.5.7.2 Caracter{sticas e o N

La figura I11-73 muestra los diagramas de conexion tipicos de las combinaciones usadas.
Las caracteristicas eléctricas son:: - PN

Corriente . *No. de .- Tension ,

(Amperes) Polos - Volts C. A,
.30 2a4 120 a 600
100 - ‘2ad4 : 120 a 600
200 - : 2a4 . 120 a 600
300 - . - 2ad 120 2 600

15 05 8O
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B3

La- capacidad del interruptor-termomagnético y de los contactos del contactor estd di-

=

La bobina de operacién del contactor, generalmente opera a 127 V

i.

... mensionada para soportar una corriente de arranque de 150 %% de la corriente nominal.

C.A. v puede estar

conectada por medio de una clavija en la parte superior de la caja al fotocontrol.

-3,

-

En ocasiones se ofrecen algunos accesorios opcionales, tales como, contactos auxiliares

normalmente abiertos o cerrados, apa

R

I

rtarrayos, tablillas de conexion, etc.

También se pueden usar contactores para’ cargas de motores, teniendo la precaucion de

1.5.7.3 Construccion

0 -

) P
3 .
a

.no sobrepasar-su capacidad v se originen dafios en fos contactos.

v

E! conjunto ‘interruptor-contactor .debe alojarse .en una caja metalica para uso intemperie
y a prueba de lluvia (NEMA 3R), son dispositivos para su montaje en poste y si se especifi-
ca, con el fotoncontrol montado.en;su parte superior. Debe ser suficientemente robusto

e .~ .- . ~

2 POLOS

1.5.8 Interruptores

R T TR Y

Los interruptores son aparatos qu

iento. P

f;:‘J '

Figura III'73

..... . .para.soportar los esfuerzos que le transmita la vibracién que se produzca en el poste por
- efecto.de impactos o fa accion del v

3 POLOS

e e e e ak m b s mmhbe s e e = = b e ——

e sirven para interrumpir una corriente eléctrica, con

‘objetode, proteger los equipos que se instalan a continuacién de ellos, de sobrecorrien-
“tes que:pudieran presentarsé en las lineas de alimentacion.

= ' ‘:;-' > ’ - ye - -“'l"l - . . .
Para alumbrado piblico, se utilizan interruptores de navajas con fusibles o termomagnéticos.

. Al encontrarse normatmente a la i

exteriores y para proteger al equipo que encierran contra precipitaciones pluviales; al mis-.

- o

ntemperie, rs;e utilizan cajas o gabinetes con denomina-
cion NEMA' 3R, los cualesson a prueba de (luvia, ya que fueron disefiados para usarse en

mo tiempo son resistentes a la corrosion ocasionada por la humedad. ‘

15 05 B0
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al Interruprores de névaias con fusibles (Figura Ii1-74).

Las capacudades en Iaﬁ que &e fabrica.este" tipo de’ mterruptor son

Capacidad, Fusible Numero "~ Tension, Gabinete
-en-amperes "7 - tipot . de polos © " en C A v = Nema
30 .. . Tapén 2 240 -+3R.
T30 6 T i Tapen 3 & 240 3R
¢ {0307 o Tépdn - L 3R
v 30 Cartucho 3 240 3R
9,60 -~ iCartucho YT 2 240 3R
%60 - 7 <. Cartucho ™ SRCIRE 240 7 3R
_ 4100 -Cartucho 3 240 3R
. 200 Cartucho 3 240, ey 3R
: a,.\ L
k b) Interruprores termomaghencos en gabrnere (F:gura AT 75} -ijuu 'IA,_‘_";\
.- ‘,‘_’1 K NS o Fls S N .
Se pueden consegunr de las Sigmentes capacndades N
R s%Capac:dad Numero “Tension; .4 V:f\‘;‘,‘GEbinete
"l M en amperes depolos =~ enC.A  y70: Nema
. ’ !‘?.T{‘H“"" i :
15 1 * .-1_;2__07"-‘%‘-' i - 3R
15 T 2 3R
15 w03 : 3R
15 3. 3R
20 b I 3R
20 A2 3R
.20 3~ 3R
20 3
30 1 3R-
30 2 3R
30 3 3R
30 3 -3R
40 1 . 3R
= o 40 2 ' 3R
40 3% 3R
50 1 3R
. 50 2. 3R
50 . 3 3R
50" 3 ’ 3R
“3g T T 3R
! .70 3 3R
70 3 32
" -2
. '1£‘ 3 - 3R
.00 3 3R
O e
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Claea w

-~ . INTERRUPTQR ' -
' , TERMOMAGNETIQO
. . EN GABINETE

.-V rlll.‘
INTERRUPTOR“ : _ e
DE NAVAJAS 7 o
CON PUSIBLES : - SRR

o £ ) LA

"'-'.', el . Figura I11-74 ‘ _
.l ar o

T
e e
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