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DISE~O Y APLICACIONES" 
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MARZO 1992 

EVALUACION INICIAL 

l.- ...:.Cu.)l e:;_líl l:r:i<_J;_¡d de fl_:¡jn li.lrnirlo~;o? 

ai Lux bj Lilmen 

,_.·- <.Cudl {~~· ld IJnidad de pot.encitt iqminosa? 

4.-. ¿con quP. ap.1r;\t.o s~ midP. la í 11Jmi,nnf!ci.'1? 

<li Cande 1 a 

a) Vóltmetro l>) Luxómctro e) Osci IO~H::opio d) Galvanómetro 
' 

5.- ¿con que equipo oe trazan las curvas iotom~(ricas? 

a} RaYoS Ltlser· b) Goniómetro e) Espcctrómetro d) Radiómetro 

o 

6.- lPor qüé se deben usar 1 uxóine tros con ~ac-tor de coseno 

cor f't;!9 ido? 

éi) Son 105 t'Hl i <-:·ou· que He fabr i ccüt b) Soh m~s baratos 

e) S(>n m~s ex~ctos ~) Sort mas 1 igeros 

7.- ¿En que unidades se J.H'e::_¡,en.t."a una cur·va de dislr·ibuciOn? 

a) Lux.es h) Lónleries 

fl..- ..=,Clué par·t.t~ d(! 1 ojo deter'm i na. 1 a s·ens i b i 1 i dad. para 

C~H~O lóp i Ca? 

e) Bastones 

d) Lamber·to 

la visión 

d) Retina 



9.- ¿En que •rnidades se mide el C.R. 1 .? 

a) Grados Kelvin b) Nanómetr·os 

d) Angstroms 

e) Adimensionalmente 

se mide la Temperatura de Col.or? 10.- ¿En que unidades 

a) Grados Celsius b) Grados RanKin e) Grados Kelvin 

e) Grados ASA 

11.- l:COmo varia la emisión lumlnica de una li!lmpara incandescente 

cuar1do disminuye el voltaje? 

a) Aumenta b) Disminuye e) No varia d) Oscila 

12.- ¿cu~l de lan siguier1tes lAmparas eu 1~ m~s eficaz? 

a) V.S.A.P b) V.M.A.P.· e) V.S.R.P d) V.A.M. 

13.- ¿cu~l es el tiempo aproximado de reencendido de una 

de aditivos met~l icos? 

lampara 

a) 2 minutos b) 5 minutos e) 12-15 minutos d) 30-50 minutos 

14.·· ¿cual es la "función principal de un balastr·o? 

a) Ahorrar encrgla b) Proteger la l~mpara e) Controlar la 

poten e ¡·a d) Limitar la corrier1te 

·15.- ¿Qu~ tipo d(! balastro.·~g IJn b;tlrH~tro tipo r·n.:icl<H' ser·ie? 

a) El que regula •1- 5X b) El m~s pesaJo e) El de may•>res 

.~t) El que se usa sOlo para V.S.O.P. 

16.-· lln balastro c:on ignitor Cfi par·a·opcr·ar 1 ampar·¿¡s de: 

a) V.S.A.P. b) V.S.Il.P. e) Fluor·<>scent<> d) Tungsteno Halóg"no 

17.- Ant(~S de medir· ilurnit:'\iHlCi·.a se· dr:bt! dcj;u~ estabilizar las 

Jam(larari <te alta interisidad de desc:arga durar1te ~tnimo~ 



¡. 

a) t; minuto:> b) horél d) U horil5 

1B. -- Para qut~ sirve t~l r·eflect.<H' dt:~ un 1uminar1o·? 

b) Piu--a enfriar .la _ltlinpara 

e) ~~ra form~r la cttrva de distribu¿ión d) l~ara _dar apar~encia 

t9.- ¿como se clit~ific~lr~ los luminar~i<>s? 

a) e h) Directos, Semi directos, 

dndirecto::; e) O i re•: tos 

c.J) Semi-di r·ec tos, ~:;ein i - i nd i r"ec_; tos·. 

<1) h) Por"c i ~nto de 1117 

·que 1 1 c!~Ja a 1 <1:.:. parCdc~::; 

dt~ 'tr·abajo. 

plano 

2.t.- Entr-e qt1~ d¡:.i:anc~l:l:"'. se t·nc.tJerltr·::~ el pl_Jn"to de rntn~irna,emi:,;iñr1 

lumlnica de un llHHinaíiO clasi fic;:Ído ::orno c<H'Lo'~ 

a) o _y AM h) •:) 1.75 y 2.25 AM <ii o Y 1. 15 i\M 

e) t~.:.oc:.H\del~ 

~) -, 
'---~ . - Un !·io Cuioff ,_,:-~ un lUIIllri<.JI'IO: 

b) Abi_crto e) Hef·in~tico· a p_r·uebil de polvu 

.. ;}.~;in control dcf fiujo _lum1no:::.o 

;~4. Un;J_ <.Ü~ l <l!> pr·: nc i pid ti:~ c;_lf';lr: lt~r·! :.~ti ca:1 '-1Ut::- :~t"! dt~tH:n t:omar· t:n 

cuPnt.:1 p;H'<l 11na cfi,:it~nll.! _llurilin;H:íón" dejHH't.lva e:·;: 

.b) I·Uuner·o de· 1 :mtp~u·a~-, 

(1} Nt'HIH:r·o de t·~:·>p(;~:.i.:i<.1or·t~:; 

El t. 1 po 



deportivo es: 

a) Concentrada b) Difusa e) Di r·ecta d) Indirecta 

26.- En qué método de cAlculo se b~sa 

ex ter i. or·es? 

1 a iluminación de Are~s 

a) LOmen b) Cavidad Zonal e) Punto por punto d) Computadora 

27.- Cuando se 

asimétrica, cual 

tiene un luminaria con distribución lumlnica 

carta o curva representa en ~ormw mas prActica 

esta distribución? 

a) Curva de distribución b) Carta lsolux 

d) Curva <le Flujo 

e) Carta isoc~ndela 

28.- CuAl eH la ~órmula blsica para el cAlCUlO punto por punto? 

Lum x Area 

a) b) E ~ Cos O 1 d2 Cos O 

cu d2 

d) E. ~ 1 d2 sen O 

30.- Comerrte cua 1 es el p~incipal propósito de la iluminac,ón 

exterior·. 

agrr· /pm/3·-92 
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• __ _J LIGHT ANO SIGHT 1 

1. Definition of Light ' 

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

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 
inten~ity 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 ().) and frequency 
(f). In many applications these characteristics are not 
n·ecessary and light can be· represented simply by an arrow 

• indicating its direction . 
• f. The velocity of light (c) is approximately 186,000 miles 

per sécohd in air or vacuum. 

[LECTRIC FIELD 

WAGNETIC FIELD 

Fig. 1-1. Simplified graphic interpretation of electromagnetic 
energy. Oscillations perpendicular to direction· of energy flow. 
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q. Scientists today use two concepts in explaining the 
nature of light. These are the "electromagnetic wave 
theory" and the "quantum theory.• ·The electromagnetic 
theory conceives that luminous bodies emit light in the 
form of radiant energy, that this energy is transmitted· 

\ 
1 

in the form of. electromagnetic waves (Fig. 1-ll and that 
these waves act upon the eyes·· to produce the sensation of 
light. The quantum theoz;y conceives tha_t luminous bodies " 
emi t ·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 space• 
may be explained best by the electrom~gnetic theory. 

The effect of light on matter (a barrier layer cell light 
meter, for example) 1s best explained by the ·quantum theory. 

2. Picture of the Radiant Energy Spectrum 

a. In addition to light there are other forros of radiant energy. 
The entire energy group is called the electrornagnetic 
spectrum; or the radiant energy spectrum. Se"e Fig. 1-2. 

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

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

d. -Frequency represents the number of waves (wavelengths) that 
passa given point in a s_econd. 

e. Wavelength is expressed in severa! units, depending upon 
the part of the spectrum referred .to or unit system _used; 
i. e., picometers for the short cosmic rays to mile's for 
the long power transmission waves. The wavelength of light 
is nieasured in a unit called nanometers_. (mn) .. 

Fig. 1-2. The radiant energy (electromag.neti~) spectrum. 
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f. Radiant energy ismeasured 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 light 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 . 

Fig. 1-3.. The visible spectrum; white light is composed of all 
the colors of.the rainb6w. 

1 X•RAY LIGHT 

BACT[RICIDAL [XCITATiml OF 
100 ILACKLIGHT 

~ 
FLUORESCENT 

~ 00 MATERIA( S 
z 
o 
o. 60 ~ 

"' \ 

" \ 

"' •o 
> 
;:: .. 
~ 

"' " 400. 

Fig. 1-4. The ultraviolet spectrum. 

4. Ultraviolet Spectrum 

a. Ultraviolet. energy is invisible to the eye. 
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b. Though the aun 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 • 

i ... z .. .. 
~ ¡¡ 
..J .. 
& 

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. Structui:.-e of the. Eye 

a. The eye is a fine precision instrument; in.ínany ways it 
can be coínpared to a carnera, 

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

Eye 

Sclera 
choróid · 
Retina 
Iris 
Pupil 
Lid 
Lens -

1-4 

Camera 

Covering or housing 
Middle Lining. 
Film · 
Diaphragm 
Aperture 
Shutter 
Lens 

-
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c. A description of parts of the eye: 

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

(2) 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. In 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. Tne pupil is the hole in the center of the 
iris and corresponds to the aperture in the shutter of 
the camera •. 

(3) The Retina and Its Parts. Thé 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 deli~ate 
layer of nerve tissue, in which there are nerve fiber 
endings called eones and rods. In addition, there are 
two spots in .the retina: one for most distinct vision, 
called the fovea or yellow spot; and the other called 
the blind spot, where the optic ner:ves enter the eyeball. 

(á) (:ones. There are a·pproximately 7 million eones. 
They.are packed most closely in the fovéa or yellow 
spot. Cones do the seeing in daylight. They are 
also responsible for seeing colors. Color blindness 
is dueto improper functioning of.the eones. 

(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 
diukness and are . u sed for night vis ion. They cannot 
detect coior. Rods are many, times· as sénsi ti v'e · 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 .. 

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

(5) 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 
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accomplished with muscles which actually change the 
shape of the lens. The eye is at rest and normal when 
viewing objects at distances of 20 feet or more. .At 
close distance, such as work or reading at the usual 14 
inches, the eyes accommodate and converge. Continued 
convergent activity for long periods may result in a 
sense of fatigue. · 

(6) The 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. 

VITR!OUS 
HUMOR 

Fig. 1-6 Cross section of the eye. 

7. How We See 

41--- AOUEOU$ I!UMOR 
l""lf--PUPU,. 

IRIS 

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

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

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

10 
\ \ 1 

,· • 
8 

NIGHT 1 1 !\DAY 
(SCOTOPKJ 1 (PHOTOPIC) 

7 ROO CONE 
VISION/ VIS ION 

' 
1 

5 
1 1 

• 1 

1 1 

3 1 1 
1 1 1\ 1 1 1 

2 
1 / \ 1 

'/ ' ' " .., 
380 420 460 soo ~40 ,80 620 660 700 740 

WAVELENGTH IN NANOMETERS 

' 
Fig. 1-7. Relative spec~ral 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.) · 

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

d. .The standard spectral: luminous efficiehcy curve graphically 
indicates the relative ability of the eye to evaluate 
radiant energy at the various wavelengths in the visible 
spectrum. This curve is also called the eye sensitivity 
curve. The eye has maximum sensitivity at 555. nanometers 
which is in the yellow-green portien of the visible spectrum. 
The sensitivity of the eye decreases as the wavelengths get 
shorter or longer. When radiant flux (watts) is weighed 
according to the spectral luminous efficiency curve and 
multiplied by a constant, the result is luminous flux (lumens). 
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e. Purkirije Effect. The standard (photopic) eye sensitivity 
curve is 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 eones no longer function and 
the rods take over the entire seeing process. In rod or 
scotopic vision a. new sensitivity curve becomes effective, 
of the same shape as the photopic curve, but displaced 50 nm 
toward the biue end of the spectrum. This is called the 
Purkinje Effect. 

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

LINE OF 

SIGHT 

270e . 

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

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

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

c. Daylight Hours vs. Day and Night Hours. Sunrise to sunset 
was a normal day forman living in a simple age. Today, 
.after a normal da y 's work, usually under artificial light, 
man continues to use his eyes far into the night·, reading 

'\ at home, viewing movies and television, driving his car at 
high speeds, as well as performing other seeing tasks. 

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

(1) Natural light 

(a) Open field-noontime in 
summer 

(b) Shade of tree-noontimé 
(o) On porch-noontime in summer 
('d) Clouciy day-any season 
(e) Threshold of darkness~midway 

between Civil.Twilight 
(f) Nighttime-full moon 

(2) ·Artificial illumination not 
necessarily ~ecommended 

(a) Offices, factories, stores, 
schoo1s and homes 

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

Approximate 
Footcandles 

7,000 to 10,000 
1',000 

300 
200 

3 to 5 
0.01 

5--200 

0.6 to 3 
1 to 3 

0.5 to 3 
0.4 to 1 

. o .2 to 1 

1 
,; 

! 



·. ~ 

,., 

' 

10. Changing of Eyes with Age 

a. Physical changes (presbyopia). At the age of 40 or more 
there is often a gradual lessening of elasticity of the 
1ens so that the muscles cannot readi1y reshape the lens 
for c1ose vision. Glasses can correct this condition and 
high-1evel 1ighting is a big help to older people. 

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

11. E1ements of Seeing (See Fig. 1-10). 

a. The eye. Little can be done with our eyes except to 
sharpen vision by using g1asses. 

b. .Light. 

c. Object (task). 

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

a. The size of an object and its cr.itical detail. See Fig. 
·- 1-11. 

"' t-
u· ... ... ... 
o 
1-
z 

b • 

c. 

d. 

e. 

lOO 

80 f
t-

60 
r 

40 f-

. The 1uminance of an object on or near the roadway. See 
Fig. 1-13. 

The 1uminance of the background of the roadway. 

The time avai1ab1e for seeing the object. See Fig. 1-14. 

The contrast between an object and its surroundings. Fig. 
1-15 shows a relationship between contrast and 1uminance 
that was determined by Dr. B1ackwell. 

30·40 
r-

EYE <:]' 
'rY SO URCE OF 
~ LIGHT 

..., UNDER 20 

~ 20~ n 
o 

AGE 

Fig.1-9. Preva1ence of 
defective vision by ages. 

Fig. 1-10. Factors in seeing. 
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f. The ratio of pavement luminance to the surroundings as 
seen by the observer. 

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

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

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

SEEING BECOMES MORE OIFFICULT ----.. 

co co co. co co 

Fig. 1-11. Gap in the letter e is 
the critica! detail. 

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

Fig. 1-13. Illumination constant 
surfaces reflecting differing ROTATION OF DISCS 15 CONSTANT 

amounts of light. 

ILLUMINATION 
HIGH 

ILLUMIN_ATION 
MEDIUM 

SEEING BECOME$ BLURRED 

ILLUMINATION 
LOW 

• 

Fig. 1-14. _The time factor in· seeing. 
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Fig. 1-15. Field Use Curve. All unknown field tasks may be 
related by the Visual Task Evaluator to this curve of a four
minute circular di se which_ has been weighted to.-. represent 
"moving-eyes" field conditions and maximum fiel-g accuracy .. 

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 baékground. Thl.s method of discernmemt pre
dominates in the bbservation of distant objects on 
lighted roadways. Silhouette discernment depends upon 
the pavement surface reflectance .. . -:=: 

- b. Discérnm.ent by réverse silhouette. An o~ject is discerned 
by reverse silhouétte when the general lúminance 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
groimd, it is discerned by surface deta:i.l. 

1-12 
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l. 
2. 

light on 
3. 

vis ion? 

TEST YOURSELF (OUESTIONS) 

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

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

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

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

with the mínimum level of alleys? 

TEST YOURSELF (ANSWERS) 

l. According to the best information available, light 
appears to be dualistic in nature; propagation is best explained V 
by considering light as a forro of electro-magnetic energy, 
whereas interaction with matter can be best explained with a 
corpuscular theory. 1 

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

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

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

5. The ey~ sensitivity curve shows the relative visual 
effect of the various wavelengths in the visible spectrum. 

6. White color representa all colors'of the visible spectrum ¡ 
in proper proportions. 

7. Moonlight at .01 footcandles is about one-fourtieth of 
the illuminatiori recommended for residential alleys. · 

1-:-13 
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LANGUAGE OF ROADWAY LIGHTING . 2 •••• 

Fundamental Lighting Terms and Units 

l. Solid angle (w) is defined as the ratio 
(A 5 ) to the square of the radius (R). 

-measured in a unit called the steradian 

w = A /R2 (Equation 2-1) 5-

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

2. Luminous Flux. ( .P) is the time rate of fiow of light. The 
' unit of ·luminous flux is the lumen (lm). This is a concept 

of a rate and may be corisidered 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 lumehs, while the flow of light 
from ·a 40-watt fluorescent lamp is about 3200 lumens .. -

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

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

I = .P¡. 
w (Equation 2-2) 

Candlepowl!r' and luminous inténsity are descriptive terms 
and are used in the same sense. From an oper¡¡tional stand
point, candlepower or luminous intensity indicates the ability 
of a light source to produce illumination in a given direction. 

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

E = f/A (Equation 2-3) 
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Table 2-1-Multiplying Factors for Conversion from 
Customary Units to SI* Units 

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

S . L\nninance (Photometric Brightness) . (L) is the luminous 
flux per unit of projected area per uriit solid angle 
either leaving a surface ata given.poiilt from a given 
direction or arriving at a giveh point from a given 
direction. When the unit of ltiminous flux is the lumen 
and the area is in square feet, the unit of luminance !s 
the footlambért (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 
directiori. When the luminous intensity is in candelas and 
the area is expressed in square inches; the unit is in 

· candelas per square inch cd/in2. · The relationship between 
footlamberts·and candelas per square inch is:. 

(Equation 2-4) 

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

Note: The t.erm brightness often is used when referring 
to the measurable "photometric brightness .... While the 
context usually makes it clear as to which meaning is 

.intended, the preferable term for the photometric 
quantity is luminance .• thus reserving brightness for 
the subjective sensation. · 
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b. Reflectance. The illuminating engineer is particularly 
interested in the total reflected light so that he 
defines reflectance as: 

P E Total. reflected li~ht 
Total incident lig t. 

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

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

c. Transmittance 

. T = 

T 

Total transmitted light 
Total incident light 

. L for diffusing med1a = -. . E 

, ... 
'" \~ 
. lo 
\~ ,.,. 

1 

' Fig. 2-1. Relationship of a spherican area, radius, and solid 
angle .. The so lid angle subtended by the are a A, B

2 
C, D is 1 

stE!radian· solid angle =. spherical area/ (radius) There are 
411 steradians in a sphere. 

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

Al so: L = ( p ) (E) 
L = ( T) (E) 

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

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

Although the eriergy distributions or fluorescent lamps 
do not approach that of a b~ackbody, a color temperature 
designation ls given when the color appearance is similar. 
The blackbody radiator serves as the laboratory standard 
in k el vins. 

Table 2-2 - Color Temperature of 
Varioús Sources 

Noon sun 5500 
.100-watt tungsten inside 

frosted 2800 
100-watt tungsten 

· daylight ·3500 K,- 4000 

B. Terms Used in Roadway Lighting* 

K 

K 

K 

l. Candela, cd. · The unit of 1uminoús intensity; one luinen 
per unit solid angle (steradian) see Fig. 2-1. 1 candela 
per square inch = .452 footlamberts. 

' . ' . . ' 

2. Candlepower: Luminous 
expressed in candelas. 

·O) light oútput. 

intensity in a specified dire"ction 
It is no indication of the total 

3. CandleJ?ower Dis tribution Curve. ·A curve showing the 
variat1on of luminous intensity of a lamp or luminaire with 
angle of emission. A Vertical Candle ower Distribution . 
Curve is obtained by ta 1ng measurements at var1ous angles . 
of elevation in a vertical plane through the light center; . 
unless the angle of azimuth is specified, a vertical curve 
is as.sumed to represent an· average such as would be obtained 
by rotating the unit about its vertical axis. A Horizontal 
Candle ower Dis.tribution Curve representa measurements made 
at various ang es o az1mut ~ a horizontal plane through 
the light center ... ~ · · 

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

5. Cutoff Light Distribution. A classification with prescribéd 
limits of control of candlepower distribution above the. 
maximum candlepower. · 

6. 

7. 

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

Footlamberts, fL. · The unit of photometric brightness (lumi
nance) equal·to 1/TI candela per square foot. A theoretical 
perfectly diffus~ng 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. 

8. Glare. The effect of brightness or brightness differ~nces 
within the visual field sufficiently high to cause annoy
ance, discomfort, or loss in visual performance .. 

a. Direct Glare. -· Glare resul ting from high brightness · or 
insbfficientl~ 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. 

e. Discomfort Glare. The sensat.ion experienced by an 
observer when brightness relationships in the field of 
view cause discomfort b~t do not necessarily interfere 
with seeing. 

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

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

10. Isocandela Line or Trace; 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. 
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For a complete exploration the line is a closed curve. A 
series of such curves usually for equal incrernents. of 
candlepower is called an isocandela diagrarn. 

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

12. The lateral angle 
t e w1dth line, rne·as'ured in 

the cone of rnaxirnuni:candlepower. This angular widi:h . 
includes the line of rnaximum candlepower. See Fig. 2-2 .. 

13. Light Distribution Pattern. A diagrarned description of 
the behavior of the light frorn 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. Verticál Di'stribution Pattern. A candlepower curve 
plotted in a specified plane perpendicular to the · 
roadway and containing the luminaire. · See Fig .. 2-3. 

14. Light Loss Factors. Factors based on physical conditions 
causing a reduction or depreciation of the lumens received 
on s'urfaces in the vicinity of a luminaire, ust~ally due to 
other than ideal operating conditions.. Such factoré are: 

¡ 

a. L·w:iJinaire Arnbient Ternperature. WÜh sorne luminaires, 
the effect of ternperature is considerable. Irnportant 
considerations are: larnp arnbient ternperature, rnounting 
position, and the effect of introduced air. ' 

b. Voltage~ Voltage to the lllininaire, when varies frorn 
equiprnent desigri, rnay affect ballasts adversely, and rnay 
also have an'indirect adverse effect on larnp life and 
light output~ · 

c. Ballast Efficiency.· All ballasts, other than standard 
laboratory reactors, will vary larnp light output by sorne 
srnall arnount, which increases with poor electrical 
supply values. 

d. Luminaire Co Ltiminaire surface 
eprec1at1oh resu ts rom a verse changes in aluminum, 

paint •. and plastic components. which reduce light 
otitput. Clearly this is án lrnportant consideration in· 
design calculations. 

'1 
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Fig. 2-3. An example.of avertical 
plane through maximum candlepower . 
showing a verhcallight distribution. 

--

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

f. 

.g. 

h. 

Chanre in Physical Surround. New construction or 
demo ition within or adjacent to the roadway that 
was not considered ac the time of 'design of the 
lighting system. 

/ 

'Burnouts. As a practical matter, the number of lamp 
outages ii 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. 

Lamo Lumen Depreciation., The loss in light output 
resulting from lamp aging. Its amount should be 
decermined by reference to manufacturers statistics 
for the perfqrmance of each particular type. 

' 15. Longitudinal Roadway Line. .(LRL)-. May be any line a long the 
roadway ·parallel to the curb line. 

16. 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 thé housing. The pole, post or bracket is -not considered 
a pa:tt of the luminaire. 

17. Maintenance Factor. A value to be used in calculation 
formula,· that is less than a whole number, and is to be 
known as the Light Loss Factor. 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 wi'll cause a depreciation._ This depreciation 
point is at the end of a time period immed~ately prior to 
any recovery procedure. 

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

19. Noncutoff Li¡¡ht Distribution. A classification wich no 
prescribed lLmits of control of candlepower distribution 
abovemaximumcandlepower. 

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

. : 
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23. 

24. 
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Reference Line. Radial lines where the surface of the cone 
of maximum candlepower or of the roadway is interse9ted by a 
vertical plane parallel to'the curbline and passing through 
the light center of the luminaire . 

Sernicutoff 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 Hei~ht Ratio., Ratio of the distance 
between luminaires to t e mounting height. . 

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

26. liriiformity of Illumination. The·ratio of average 
illumination level on the roadway to the miniinum illumination 
at any point on the roadway. 

27. 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 i:o.mounting height of the luminaire. 

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

C. Lighting Laws 

l. Thé inverse square law states that the illumination (E) on a 
surface varies directly with the candlepower. (I) cif .the 
source· and inversely with the square of the distance (D) 
between the source and the surface. The inverse square law 
refer's to point sources. · · 

E l - I/D2 (Equation 2-7) In Fig. 2-4. norma -

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

E2 = I/(D2)2 = 100/4 = 25 fe 

E3 = I/(D3)2 = 100/9 = 11.1 fe 

¡ 

¡ 
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Table 2-3 - Most Often Used Lighting Terms 

SYMBOL UNIT 
ABBREVI
ATION DEFINITION 

Light O Lumen-Hour lm-h Radiant energy the 
eye can evaluate 
Time rate of flow of 
light 

·Luminous Flux' cp 

Luminous Inten- I 
s'ity - Candle
power . 

Illumination . E 

Luminance L 

Lumen 

Candela 

Footcandle 
Lux 

Footlambert 
(candelas 
per square 

. ·meter· 

lm 

cd 

fe 
lx 

The salid-angular flux 
density in the direc
tion in question 
The density of the 
luminous flux incident 
on a surface 
The luminous intensity 
on any surface in a 
given direction per· 
unit of projected area 
of the surface 

a. Lumen Concept. The inverse square law can also be derived 
from a luminous flux viewpoint. As sume spherical surfaces 
being subtended by a unit salid angle. If these·areas are 
one, two, and three feet from the center, the areas will 
be one, four, and nine square feet. Now, assume the 
center contains a uriiform emitting point source of 100 
cande.las. Since luminous flux is defined as = (I) ( ) , 
the lumens contained in the unit salid angle are I or 
(100) (1) = 100. Illuminai:íon 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 = <PI A 

Then: El = <PIA1=10011= lOO fe 

E2 = <PIA2=100I4= 25 fe 

E3 = <PI A3=10019=ll.l fe 

These agree with the results. obtained using the candlepower 
concept. The candlepower concept is therefore used to 
determine. illumination at ·a véry small area (on a point). 
The lumen concept is used when the area becomes large .. 
Note: Average illumination. When the luminous f,lux is 
not uniformly distributed on an area, the illumination 
is said to be aver•ge. 
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b. Conclusions and Assurnptions 

(1) Any point on a spherical surface equidistant frorn a 
source of uniforrn candlepower will have the same 
illurnination value. The work point is used in the 
sense that it has a srnall finite area. 

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

(3) In any case, whether the lurnen or the candlepower 
concept is assurned, the illumination at the sarne 
distartce on a point or area is the same. 

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

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

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

' E .1=E
1

+ E + E tota 2 3 (Equation 2-8) . 

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. 

. . . 2 . 
E• =(I/D )(cos •> = (Enormal> (cos•) 

Table 2-4•- Basic Lighting Equations. 

w = A /R2 
S 

I = •¡w 

E = ./A· 

1 d/ . 2 
e 1n = 452 fL 

L =(p)(E) 

L (T)(E) 

2 
Enormal = l/D 

E . ~ E + E + E 
total 1 2 · 3 

Ee = (l/D2) (cose) 

Equafion 2-1 

Equation 2-2 

Equation 2-3 

· Equation 2-4 

Equation 2-5 

Equ_ation 2-6 

Equation 2-7 

Equaticin 2-8 

Equation 2-9 

(Equation 2-9) 
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WHERE: • 

~ = luminous flux in lumens 

I = luminous intensity in candelas 

E = illumination in footcandles 

L = luminance in footlamberts or candelas per 
square inch 

w = solid angle in steradians 

e = angle .in degrees which the illuminated plane must 
be rotated to be normal to the pr,ojecteci.ray from 
the source 

·n = distance in feet from source to point in question 

"A = area of illuminated surface in square féet 

A =·spherical area ' 
R = radius 

P = reflectance 

T = transmittance 

.· ~l =4 sq.tt. 
~· = 1 sq.ft. _.-....,~ 

D,-2FT-~ 
..,_ ___ D, ~3FT --~~ 

Fig. 2-4. Inverse square law. Normal illuminatioris 
on a point (small fini te are a); surfaces of all 
points are perpendicular to the 4ireciion of candle
power. When these areas become very small they may 
be assumed to be flat wi th li ttle sacrifice ·in accuracy. 
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a. Lumen Concept. The cosine law can be derived from a 
luminous flux viewpoint. It may be easily visualized. 
by considering a right pyramid whose apex solid angle 
is one steradian and with a base one square foot 
(see Fig. 2-S, 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 lOO 
candelas, the solid angle contains <• = 1 •W) = lOO 
lumens; the illumination on the base (E = ~/A) is 100 fe. 
When the plane containing the base is rotated through 
some angle e, as indicated in Fig. 2-S, the so lid angle 
will intercept an area ·(A') equal to the área (A) of 
the base divided by the cosine of the angle rotated 
through (A' = A/cos 9). Therefore: E = ~/A' = . 
( ~/A) '=os e) 

TEST YOURSELF (QUESTIONS 

• Lighting Terms · 
Place the letter in the parenthesis that corresponds to the 

term defined'. 

a. 
b. 
c. 
d. 
e. 
f. 

( 

( 

( 
( 
( 
( 

( 
( 

( 

Units 

luminous: flux g. light 
iÍlumination h.· wavelength 
luminous intensity i. adaptation 
luminance j. accommodation 
·refl,ectance k. brightness 
trarismittance> 

) l. 

) 2. 

) 3. 
) 4. 
) S. 
) 6 .. 

The ratio of the light reflected by a body to the 
incident light. 
Radiant energy evaluated by .its capacity to produce 
a visual sensation. · 
Solid angular fluxdensity in the d:i.rection·considered. 
Density of luminous flux incident upon a surface. 
Time ra te of flow of ligh t. 
The luíliinous' intensity of any surface in a given 
direction per uni't.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 ( ) cor~esponding to the units used to 
measure the term.indicated. .. 

( ) l. luminous flux a. candela 
( ) 2 . luminous intensity b. footcandle 
( ) 3. illUIIÍination c. footlambert 
( ) 4. wavelength d. nanometer 
( ) S. luminance .. e. lumens/watt 
( ) 6. light f. per e en t .. 
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( ) 7. light source efficacy g. .lumen 
( ) 8. reflectance h. watt 
( ) . 9. salid angle, i. lUI!len-hour 
( )lO. electric power j. steradian 

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

me asure the term indicated. 

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

TEST YOURSELF (ANSWERS) 

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

10. h 

TEST YOURSELF (PROBLEMS) 

Place the riumber arid unit in the space provided which will 
complete the statement correctly. 

·l. A surface subtends two unit salid angles and ene 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 s·ource; 
if it receives four ·1umens it is illuminated te __ --'--------

3. A point source of lOO candela is five·feet from a point; 
the normal illumination at the point_is_~~-~~-~-~--~--

... 
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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 ______________________________________________________ ~ 

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

6. One square 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 lOO 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 

------~----------~ 

lO. A square foot surface (reflectance 20 per cent) receives 
100 1 umens ; i t has 1 uminané: e o f---------------------------'-------

Problems · 
TEST YOURSELF (~~SWERS) 

l. I = ~/w = 1/2 cd 
2. E = ~/A = 4/2 = 2 fe 

. J. E = l/D2 = 100/25 = 4 fe 
4.' E = ~/A = '20/5 = 4 fe 
5. F = I.w = (10)(4n) = 125.7 ~ 

6 .. E60 = Ú/A)(cos 60) = (2/1)(0.5) = 1 fe 
7. E = L/ p = 100/0.1 = 1000 fe . 
8. EH= (l/D2)(cose) = (100/100)(6/10) = 0.6 fe 
9. 100 cd (candlepower'does mt change W:ith distance.) 

10. L =pE= (~)($/A) = (0.20)(100/1) = 20 fL 

REFERENCES 
lES 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 · illumination on .every point on 
either flat .plane varíes; hence, the illumination is said to be 
average illumination. Eavg= +/A. E'avg= +/A'= ( +/A) (cos e). 
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PRINCIPLES OF LIGHT CONTROL 3 
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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 
"firs t-surface reflection," and that from the back, "second- . 
surface reflection." Refraction; diffusion,. and absorption by . 
supporting meaia are avoided in first surface reflectors. 

l. Specular Reflection. If ~ surface is polished, it reflects 
specularly; that is, the angle between the reflected ray and 
the normal to the surface will equal the angle between the 
incident ray and the normal as shown in Fj,g. 3-1. If two or 
more rays are reflected, these máy forma virtual, erect, or 
inverted image of the source. A laterál reversal of the image 
occurs when an bbject is reflected in an odd number of plane 
mirrors. 

2. Specular Reflectors. Examples of Specular reflectors are: · 

a, ·Polished and electroplated metals, such as gold 6r copper, 
and firit-surface siivered glass or plas~ic 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 refletted 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 firs~ 
surface unless it strikes the surface at wide angles from 
the normal. The sh~en of silk and the shine from smooth·or 
coated paper are images of light sources reflected in . 
the first surface. · 

. 
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Rear-Surface Mirrors. Sorne light, the quantity depending 
on the inciderit angle, is reflected by the first surface. 
The rest goes through to the silvered backing·and is 
reflected back through the glass, as shown in Fig. 3-2c, 
parallel to the ray reflected by the first surface. 

Re ular Curved Surfaces. Fig. 3-4 shows 
ect~on o eam o ig t y 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 pciint. The focal 
length is "f" (FA). 

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

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

f. 

g. 

Corrtigated, brushed, dimpled, etched, or pebbled surfaces 
consist of small specular sur faces in irregul.ar planes~ 
Brushing the surfa.ce spreads the image at right angles to 
the brushing. Pebbled, lightly hammer:ed, 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 Reflectiori, If a ~aterial 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 diff~rent planes, 
they reflect the light at many angles, as shown in 
Fig. 3-Sc. . . 

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

Diffuse-Specular Reflectors. Porcelain enamel, glossy 
synthetic finishes, and other surfaces with a shiny 
transparent finish over a matte base exhibit no direc
tional control except for the specularly reflected ray 
that is shown in Fig. 3-Ba which usually amounts to 
from 5 to 15 percent of the incident light. 

Circular Contour--Cylindrical and Stherical. These 
reflectors assume a focal point orine 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. 

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. 

Other· Reflectors--Combiriations. When the coritour of the 
reflecting surface follows the path o~ an ellipse of a 
hyperbolic reflector, respectively, both of these 

. réflectors will produce a diverging beamof greater or 
lesser width, depending on position of the light source 
along _the reflector axis. 

· Combinations of. thé abov!'! 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 con tour, not easily 
calculated, can be determined by graphically working 
backwards. from an app'roximate required candlepower 
distribution curve. 

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

m. Total Reflection. Total reflection of a light ray at a 
surface of a transmitting medium (see Fig. 3-9) occurs 
when the angle of incidence (i) exceeds. a certain · value 
such that its sine equals or exceeds nz/n1 . If the index 
of refraction of the first medium (nh) is greater than 
that of the second medium (n2), sin r" will become unity 
when sin "i" is eq1,1al to n 2/n1 . At angles of incidence 
greater than this cri ti cal angle (le). the incident rays 
are reflected totally, as in Fig. 3-9. In glass, total 
reflection occurs whenever sin "i" is greater ·than O. 66-.- · 
.that is •. for all angles of incidence greater than 41.8 
deg·rees (glass to air). Both edge lighting and efficient 
light transmission through rods and tubes are examples of 
total reflection. 

n. 

When light, passing through air, strikes a "piece · of ordi
nary glass (nz/nl =l. 5) normal to its surface, about 4 
percent .is reflected from the upper surface and about '3 
or 4 percent from thé lower surface. Approximately 85 to 
90 percent of the light is transmitted and .. 2 to 8 percent 
absorbed. The propor.tion of reflected light increases as 
the angle of incidence is iricreased. See Fig. 3-3. 

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

This is P.articularly important in roadway lighting 
applications where there is a relatively high.specular 
component of pavement surfaces (this can be trüe with 

. either asphalt or concrete pavement¡¡). When observed 
at the low grazing angles of·the motorist's positión on 
the roadway, a high pavement brightness condition is 

.observed when illuíninated by high emissionangle 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 relatirig tli.e reflection factor to the angle of 
emission ar¡d observation rather than by a single factor. 

1 
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Every surface absorbs som~ of the light flUx it receives. 
The overall peri:ent reflected or coefficient of reflection 
varies greatly with different materials. The total 
reflectances or reflection coefficients of some.couunon 
materials are shown in Table 3-1. 

3. Refraction. When a ·11ght 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-lOa . 

• 

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

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

where 

n1 = the index of refraction of the first medium 

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

n2 = the index of. refraction of the second medium 

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

If the first medium is air (usually the case with ·lighting 
equipment) ,. the index of refraction is assumed to be l. O. 
(Actually; this is the index of a vacuum with trie index for 
air being in the neighb·orhood of l. 000293, depending on wave 
length of the light ray.) The formula then is: 

· sin i = n2 sin r 

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

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

Water 

Crown glass 

Flint glass 

Critical angle = 48.6 degrees (n = 1.33) 

Critical ahgle = 42.1 degrees (n = 1.51) 

Crltical 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 

·interna! reflection. In each case the incic:lent ray within 
the glass right-angle prism strikes' the inner surface at an 
angle of 45 degrees, and hence results in reflection. There · 
are mariy practica! applications of reflecti~g prisms in 
common use, in prism binoculars, for example, and in 
reflecting roadway marking signals, as well as in prismatic 
glassware for .the control of roadway lighting. 

4. Lenses. A ~ype of refraction, known as lens action, uses 
. curved sur faces to produce gradua·l bending of rays of light. 
Lenses as s'uch 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. J-14. 
A plano-convex lens is sho'im 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 
destgn except on .. curved sections and in comblnation with other 
prismatic configurations, are used extensively for lighting 
equipment. 

) 
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Another type of prismatic action using curved surface prisms 
is the diffusing Blondel prism of flute. The action of 
.spreading incident light intó very wide angles is shown in 
Fig. 3-17. . 

Control by Transmission 

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

A transparent material, oñe which transmits light without 
scattering, can be either clear or color.ed·. 

a. A clear traflsparent 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.e~tensively used in precise optical instruments.) 

b. A colored transpareht material, while.having no scatter 
effect, does reduce transmission selectively in the 
spectrum, absorbing sorne 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 ~ilter and the 
spectr:al characteristic of the illuminant providing 
the light flux. · ' · · 

. . . 
An enclosing niedium of more or less transparency is sorne
times used in an .outdoor lighting. fixture. as a protection . 
from the weatherand from insects or dirt infiltration . 

. No optical control oflight is intended when the enclosure 
is transpareht and colorless. Transparent and colorless 
material does exhibit control characteristics when one or 
both surfaces are roughened or configurated, as in the 
form ·of prisms or other contours .which redirect and/or 
diffuse the light into desirable patterns .. Wide use of 
refracting·glassware and plastics in street lighting 
warrants special emphasis, as will be found elsewhere 
in this chapte·r· under "Control by Refraction." 

c .. A translucent material is cine that transmits light so . 
thatit 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 
mediuni or by treating the sur:face of the medium in sorne. 
manner. · 
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Translucent materials generally are considered to be those· 
that contain a colored or white scattering and/or 
absorbing pigment or substance as part of the material . 
Depending on the nature of the mixture, more or less light 
is transmitted and a large portien of that not transmitted 
is reflected back from the material. The more diffusing 
the material, the·more hiding power it has, but also the 
more light it will absorb or reflect. Different compositions 
of translucent materials will produce varying degrees of 
spread or diffuse transmission and/or reflection. · · 

d. Surface-treated materials can be in the form of frosted, 
etched, sarid-blas ted, configura ted, or prJsmatic types·. 

e, 

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 tr~nsmitted 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 Iriedium 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 direetion 

·upon emergency, provided both surfaces of the medium.ai-e 
parallel. In regular transmission, as in regular 
reflection, emerging rays retain their relative _pos·ition, 
making it possible to "see through" the material. See 
Fig. 3-18, "Regular transmission." . . . 

f. ·Diffuse transmission occurs in trahslucent 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 representatiqn 
of Lambe:tt 's Law. ·· · 

g. ·stread transmission occurs·when the translucent medium·is 
o a relatively light density white or opal glass, for · 

. example.. The resul t is re'tention of sorne directivi ty· of 
t!:te.it1cident !:ay, but with a spreading out of the pattern, 
themaXimum.candlepower of .which is parallel to the incident 
ray.· .Frosted or acid-etched glass if suffieiently heavy, 
may produce.spread transmission. See Fig. 3-20. 
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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. 

i 
Transmission Factors - Transmittance. A transmission factor is · ¡ · 
the ratio of transmitted light flux to the .incident light flux. 

2. 

This generally is assumed to be total transmittance ,. although 
diffuse, regular, and spectral components can be measured. 
Sorne typical transmission factors are lis.ted 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 deperids 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 ofitas a tool for "control".of light except in 
certain limited applications .. For example, selective abs'orption 
of light finds practica! application when it is desired to change 
the color of light from a particular source. Collllllon 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 liglit. 

Practica! Applications of Light Control in Roadway Lighting 
Ec¡uipment 

l. Luminaire Optical Designs 

a. Coritrol by Reflector Only: Luminaires having control of 
light by ref'lector only, have been built both without any 
closure, and also with a transparent flat or conto'ured 
enclosúre. · · 

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 ~n 
Figure 3-24 to obtaii1 satisfactory short and. medium 
distributioris. 
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As can also be seen frorn Figure 3-24, lateral control of 
light frorn a reflector-only optical systern depends upon 
its lateral contour, specular or diffuse reflecting 
surface, and upon the lateral positioning of the light 
source within the reflector. In order to concentrate 
as rnuch 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 practica! rnatter they are. 
generally joined each end with sorne sort of curved sections. 
Offsecting the light source effects sorne control of the 
lateral emission angle as shown in 3-24. The rnain 
advantage of a reflector only and reflector with a flat 
lens or flat p~ate optical system is to permit very sharp 
cut-off above the rnain beam with very little light ernitted 
above the beam and complete cut-off at horizontal. 

b. Diffusers. Luminaires consisting oí' diffusers along have 
lirnited application in roadway lighting except for 
special areas where architectural style trends have been 
the dominant factor in ruling out conventional roadway 
luminaire designs. TI).e function of the. diffuser, from an 

. engineering viewpoint·, is to reduce the brightness or 
glare from today's light source. Its effectiveness is a 
function of optical density; or obscuring power, and of~ts 
physical size. A larger globe, for a given size of lamp, 
resul ts in lower brightness per square inch of surface. · 
With high quality diffusers; this can be accornplished with' 
efficiencies as high.as 80 percent. ~y their.very nature, 
however, diffusers milita te against concentration of light 
in asymmetric patterns; hence, they are in!'!ffective in 
controlling vertical or lateral light distribution in the 
usual sense. . 

c. Refractors. Unlike the reflector-type.lurninaire, the 
refractor can be designed to entirely surrourid the larnps, 
thus ·making it possible to' control a relatively high 
percentage of the· available larnp lumens. ·Practica! 
refractors, in glass or in plastic, rely upon refracting and 
reflecting prisms in the surface to collect a rnaj or portion 
of the light flux and redirect i t vertical! y arid laterally. 
as required to meet a preconceived distribution pattern. 

·As in the ·case of reflector$·, the refractor is iüso sensii:ive 
to larnp ty¡:ie anc;l size as well as tó the. posit.ion of the 
light source within the refractor. Phosphor-coated · 
rnercury l¡¡rnps will produce a broad distribútion as compared 
to a clear rnercury larnp, and the maximum cqndlepower rnay 
be markedly reduced. Likewise, a shift in larnp position 
vertically will raise or lower the angle of ernission; a 
shift laterally will cause a shift. in the' lateral angle of 
emission. These effec.ts are utilized in practice to rneet 
varying needs with arninirnum of equiprnent types. 
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Figure 3-23 illustrates the· effect of lamp position on 
vertical emission from a refracting globe. The use of 
refractórs 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 ateas as a replacement for the 
obsolete radial-wave reflector. Figur~ 3-25 shows a 
sectión of such a refractor. Vertical control prisms 
are formed in the exterior as shown in the elevation. 
The plan view shows lateral control prisms on the interiOr 
surface, producing an asymmetric, ANSI Type I distribution. 

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

e. 

.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 
p~ecise optical control attainable depends on the physical 
dimensions of the source, and the limiting dimensions.of 
practical,reflector-refractor combinations. Allpractical 

·light sources have finite dimensions; they are not "point 
source¡;," which f6rm the basis for many optical sys tem · . 
designs. The effect of such practical sources is to broaden 

·the distribution pattern as compared to that attainable 
with ~ poirit 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 
1 

. 

phosphor-coated lamps, aggravates .the ·control problem, and :; 
complica tes the desigri of luminaires. By making the !j 
reflectdrs and refr·actors 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 up6n its position in the 
optical system .. 
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Questions: 

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

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

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

4. 

Answers: 

Name one. 

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

l. The most common luminaires of '.'ovates" employ a "reflector" 
.above the lamp to: a) redirect the light to a generally 
downward direction, and b) to form a "beam" or conceni:ration 
of parallel light to provide the •:punch" to light. remo te 
areas on the street. · 

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

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

3. ·. There is really no such thing as a "true point source" for. 
street and highway lighting. (Short-Arc Xenon lam¡:is come 
closest such ai those used in theatre projection and Solar 
simulators, but they are completely impractical for street
lighting.) The term usual! y means a short line source such 
as clear mercury or metal halide, · or high pressure sodium. 
where the are streamis perhaps 1/8" to 1/4" in diameter 
and fromsay 1 1/2" to several inches long. 

4. The iimitation 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 practica! matter light can be bent by straight refraction 
about 45° maxilpum. ··By manipulating the prisma tic. 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. i 

1 
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FIGURES l 
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Fig. 3-1. The law Fig. 3-2. Reflections from (a) clear 
plate glass and (b) .from front and (e) 
rear silvered mirrors. 

of reflection states 
that the angle of 
'incidence i = angle of 
reflection r. 
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Fig. 3-4. Focal point and 
·focal length of curved surfaces. 
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b ROUGH SURFACE 

SPREAD 
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Fig. 3-5. The type 
of reflection varíes 
with different· sur
faces: (a) polished 
surface (specular); 
(b) rough surface 
(spread); ·(e) matte 
surface (diffuse). 
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ANGlE OF INCIDENCE, 6, IN DEGRHS . 

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

n = 1.523. 
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CYLINDRICAL OR 
SPHERICAL 
~EFLECTOR 

. SOURCE ¿___---
• 

PARAllEL 
RAYS 

Fig. 3-6. 
spherical 

Cylindrical or 
reflector. Fig. 3-7 . Parabolic reflector~ 

a DIFFUSE ANO SPECUlAR b DlfFUSE ANO SPREAD 

.. : ·.,.: ...... ~:::::J 

.,., Fig. 3-8. Examples 
of cbmpound reflec
tion: (a) diffuse 
and specular; (b) .• 
diffuse and spread; 
(e) specular and 

, : ~ SPECULAR AN.D.-~.:READJ Spread' 

..... -.-
. -· ... -.: 

-' ...: 
~ 
o z 

AIR 

Fig. 3-10. (a and b) - Principles 
of refraction. 

SO URCE 

EMERGING RAYS 

'"INCIDENT AT 
CR/TI(Al ANGlE 

Fig. 3-9. Total reflection occurs 
when sin r = l. The critical angle 
varies with the media. 

AIR 

-._ .. 

AIR 

Fig. 3-11. Regular refraction 
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Fig. 3-12. (a, b, and e) - Refraction 
by prisms. · 
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Fig. 3-13 (a and b) ~ Total 
reflection by prisms. 

PlANO CONI/EX 
lfNS 

Fig. 3-15. Plane cOn:vex lens. 

Fig. j-17. Blondel 
diffusing prisms. 

Fig: 3-14.- Converging and 
di verging ·lens control.· 
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Fig, 3-16. Fresnel lens devel6pment 
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Fi~. 3-18 (a and b) - Regular 
transmission. 
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Fig. 3-19. Diffuse 
transmission. 
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Fig. 3-20. Spread 
transmission. · 

• 

Fig. 3-21. Mixed 
t:ransmission. 

Fig. 3-24. Offset l~ght 
center vs. lateral 
einission angle. 
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i ' 

Fig. 3-22. Refl~ctor 
light center vs. 
vertical emission angle. 

ELEVATIOH 

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

)ig.· 3-26. Light control 
by modern relfector- · 
refractor combination, 
vertical lamp 
position. 

PLAN 

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

. / 

Fig. 3-27. Optical system for 
horizontal lamp position of 
gaseous discharge sources. · 
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Tables 

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

Material 

Highly polished silver 
Glass lined miri"ors 
White blotting paper 
Emerald green paper 
Black paper 
Oark blue Suit 
Dark blue overcoat 
light grey suit 
Grey suit 
Caucasian (male) face, front 
Negroi~ (mafe) face, front 
Roadway (total of specular and diffuse) 

Macadam 
Concrete 
Oírt and grave! 

Black velvet 

Reflectance. 

0.92 
0.70to0.85 
0.82 
0-18 
0.05 
0.03 
0.02 
0.11 
0.07 
0.30 to 0.50 
0.10 to 0.30 

0.06 to O.ll 
0.08 to 0.15 
0.03 to 0.07 
0.004 

Table 3-2-Total Transmission Factors of 
Light-Transmitting Material . (" .. 

Material 

Glass 
CJear transparent and prisma tic 
Configurated, etched, .frosted 

and sandblasted 
oParescent and ·alabaster 
Flashed (casEid}. o.pal 
Solid opa l. · 

Plastics 
Dependjng on type_ 

Transmittanc:e 

0.90-0.95 

0.7D-C.85 
0.5~.80 

O.lll-C.65 
0.1~.40 

D-C.95 

i 

\ 

1 
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PHOTOMETRY. 4 •••• •••• ' . 

OBJECTIVE 

Photometry is the science of measuring.light,· Photometric 
data is the information needed to provide the erigineer with the 
quality and· quantityof 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 óf reporting data that will promete the 
uniform evaluation of the optical performance of roadway 
luminaires. · _, 

EQUIPMENT 

l. Luminaires. Lumú1aires selected for test should be represen
ta ti ve of the manufacturer's typical product. 

2.· Lamps. Test lamps should be selectéd for close coñformance 
to the manufacturer's désign 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 plud 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 correét 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 accuracf in light measurements 
the test distance should be at least five times the largest 
dimension of the light emitting section of the luminaire. 

l 
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5. Electrical Requirernents 

,.. 

6. 

a. Regulation of supply. Where lurninaires are intended for 
rnultiple supply, supply voltage should not vary more than 
plus or rninus one half of one percent during the test. 
For series supply, the current should be held within the 
sarne lirnits. 

b. Wave forrn of supply. The ac power should be 
harmonic cornponent does 
fundamental. 

such that the 
not exceed 

c. 

RMS surnrnation of the 
three percent of the 

Instrurnents. · Instrurnents should have .reproducibility of 
indication and large scale deflection for conditions under 
which they are used. Larnp current and wattage, · depending 
upon type of light source, should be checked with a 
calibrated instrurnent w:lth reproducibility'of plus or 
rninus one quarter of one percent. Instruments also should 
be-free frorn frictional and/or heating errors. (See Section 
6,1.1 of the "IES General Guide to Photornetry.") 

Ternperature. A ternperature of 25 °C 
in the laboratory during all tests. 
the tes.t luminaire should be free of 

+ 1 °C should be rnaintained 
The air in the vicinity of 
drafts. 

.( .. 
TEST PROCEDURE 

l. Photornetric Calibration. Calibration relates the light output. 
of test larnps· to an assigned lurnen value. 

2. Relative Method. Frorn a practical standpoint the relative 
rnethod is desirable because a calibrated photornetric reference 
is notnecessary. Final candlepower values are as if the 
test la~p is delivering designed lurnens. 

3. Direct Method. 

a. In the direct rnethod both the test larnp and photometer 
should be calibrated against photornetric stándards. Lurnen 
and candlepower s tandards are light sources which ha ve 
been calibrated by a recognized standardizing laboratory. 
Lurnen output or candlepower in a given direction is · 
es tablished. 

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

e .. The photorneter, ·photoelectric or visual type, should be 
calibrated against candlepower standard. 

d. The lurninaire candlepower distribution should be read with 
a calibrated test larnp and·a caligrated photometer. /[ 
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4. 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 calibration. The report should include 
.J 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. 

' ....i 

·-. 

5. 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 luminaüe should 
be mounted on the goniometer so that the light center of the 
lamp is at the goniometer center: If the lamp light center 
is above the reflector opening, the luminaire should be 
positioned so that the,center of the reflector opening 
coincides with the goniometer center. It is also desired 
to keep the luminaire in a constant position during the 
test. 

6. Light Source Positioning. If the. lamp is not rotated inside. 
the luminaire, the filament (orare tube if mercury or 
sodium lamps) should be aligned and the position recorded 
iri the test·report. It is·extremely important that are dis
charge lamps b'e 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-

. me trie data. 

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

8. Measurements. Sufficient candlepower values must be táke!l in 
each vertical plane or lateral plane to adequately describe 

· the performance of a particular type of luminaire distribution. 
Many laboratories háve incorporated the use of automatic 
récording equipment and data processing equipment to help 
speed up the preparation of photometric data. 

LUMINAIRE CHARACTERISTICS 

l. Luminous intensity_ distributions are taken along various 
surfaces. For the luninaire.as an entity, an isocandela 
diagram is p.lotted and three. methods of isocándela diagrams 

,, 
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are shown in figures 4-2a, 4-2b., and 4-2c. From this, all 
necessary information about a luminaire can be either read or 
calculated. · The lines on the isocandela diagram are "curves 
traced on an imaginary sphere with the source at its center 
and joining all the points corressonding to those directions 
in which the luminous intensity is the same." 

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

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

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

4. Isolux curve is Óbtained by calculating the horizontal foo.t
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. 

5. Luminous flux. Luminous flux measurements give a breakdown 
of light in quadrants: upward, downward, for both streE!t and 
house sides of the luminaire, and the total. In.addition to 
giving these va:lues ·in lumens, they ar·e also given in percent 
of bare lamp lumens: This represerits the true efficienéy of 

li 

the. luminaire in percerit. ·(Figure 4-6) · 

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, thedesired spacing or any other unknoWI1 factor 
may readily·be determined if the other factors are given. 
Figure 4.c7 illustrates an example of a utilization curve of a 
typical luminaire. The utilization curve indicates how.much 
light falls on the. roadway in terms o·f "coefficient of 
utilization" reveals very·little of the way·in which the 
light i• distributed. 

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

Vertically -

Laterally -

O degrees·at nadir 
90 degrees at ho~izontal 
180 degrees at Zeni th · 

• 

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

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

side. · 
270 degrees parallel to.curb. 

i 
' 
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8. Mounting height correction factors (figure 4-16) 

ROADWAY LIGHTING DISTRIBUTION CLASSIFICATIONS 

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

a. Vertical light distributions. 

b. Lateral light distributions. 

c. Control of light distribution above the maximum candlepower. 

2. Vertical Light Distribution 

a. Short distribution (figure ·4-15) 

b. Medium distribution (figure 4-15) 

c. Long distribution (figure 4-15) 

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

a. Type I Distribution (figure 4-8) 

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

c. Type II distribution (figure 4-10) 

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

e. Type III distribution (figure 4-12) 

f. Type IV distribution (figure 4~13) 

g. Type V distribution (figure 4-14) 

4. Control of Light Distribution 

a. Cutoff distribution 

b. Semi~cutoff distribution 

c. No cutoff distribution 

) 

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

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

1 2. Luminaire Description 
..J 

. ,.J 

- . 

. . 

3. 

a. Manufacturer's name 

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

c. 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. Te•t distance. 

Lamp description. ANSI type service and desi~nation rating 
in watts, volts, or amos 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. Utiliza~ion efficiency (See Figure 4-6) 

c. 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. Optional information 

a. A complete isocandela diagram. 

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

FIELD·MEASUREMENTS 

l. General. Field measurements are extremely useful in 
demonstrating the effecdveness of a good lighting design. 
The measurements will clearly indicate what the footcandles 
are on the roadway and whether the maximum to mínimum light 
ratios have not been exceeded, etc. The field readings can be 
used for an effective before and after story or how dirt 
accumulation affeéts footcandle levels. The "lES Guide for 
Outdoor Illumination Tests"* should be followed for meaningful 
results. (Note: The observer should avoid wearing light 
colored clothin& 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 
descr:i,bed in terms of illtimination in footcandles from 
luminaires atspecified mounting heights and spacing arrange
mEmts. The illumination on a horizontal plane is always · 

- measured, and in sorne installations measurements on vertical 
planes may be needed in addition. 

S. Conditions of test 

a. The test stations should be located so that the test 
results represent thé 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 éurrent, voltage o~ wattage supplied to the individual 
lamps should be determined or estimated. Otherwise, the 
luminair.es should be cleaned, new lamps (preferably seasoned 
and rated) installed, and both lamps and luminaires 
properly adjusted. If improv'ement due to cleaning is to 
be determined, measurements should be made both before 
and after cleariing. 

c. Diséharge lamps should be operáted for at least a half-hour 
to reach normal operating temperature before measureménts 
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 extranéous light is at a 
minimum. Suggestions for making tests when these 
conditions can not be realized are contained in Appendix A. 

6. Test Equipment 

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

b. Use of Filters- If a visual photometer is used, any 
existing·color differencés should be minimized by filters, 

e 

d. 

. and -proper allowances inade for their absorptio~. 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~chahgirig fil ters in place. Wh.ere photoelectric 
photometers are used, correction m.s.y be made with color 
filters so that the spectral response of the system 

. follows the standard. (CIE) spectral. lumi.nous efficiency 
curve within practicable limits. The proper multiplying 
factors for use with uncorrected cells may be obtained 
from the photometer.mariufacturer 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 deflec.tions· 
for the .values that are to be read . 

Photoll)eters .., Visual photometers with a spl':i.t field are 
preferable to · those wi th a . concentric field. (Se e. 
Appendix A. ) 

7. Test Procedure- .Use a recently calibrated photometer and in· 
.the case of visual photometers check the comparison lamp current 
(or voltage) at each reading station throughout the test 
(see Appendix A). Several readings should be taken at each 
station and the average recorded. Repeat readings at the 
first tést station at the niiddle and end of the test. Photo
electric photometer readings should be reproducible within 
5 per cent; visual photómeter readings within 10 per cent. 
Keep the electrical operating conditi6ns of the lighting 
equipment as near to rated values. as possible throughout 
the test. 
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8. Test Report. The test report should present the significant 

data in a manner that will permit further derivation of useful 
information. It is recommended that the items listed below 
be included. 

a. Description of installation and conditions 

(1) 

(2) 

(3) 

(4) 
(S) 
(6) 
(7) 

(8) 

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 estímate of· the 
extent of such interference.) 
Diagram showing test'stations. 
Electrical operating conditions. 

• 

Condition of luminaires and other accessories. 
Describe environnient, 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 surromiding dirt. · The 
adjacent atmosphere is the .product of the effect of 
the contributions from the neighborhood, such as an 
asphalt plant, open dirt areas, heavy or light 
industry - in fact, any sources that can supply 
contamination to the air that will get to the luminaire. 
The second source of dirt is the surrounding atmosphere 
that cómes 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 importailt. Inert, adhesive, and attracted dirt 
generated by small to large moving objeets and other 
air movements can make it difficult to evaluate 
conditions urider which the lighting system will operate. 

b. Photometric Data 

(1) 
(2) 
(3) 

(4) 

(S) 

Tabulation of test data. 
Tabuladon of special· measurements .taken. 
For street lighting record the ratio of maximum and 
mínimum to average horizontal illumination. 
Horizontal or vertical illumination.· Record height 
of test plate above surface of stieet or field. For 
vertical illumination record orientation of test plate. 
Manufaéturer' s name and módel of visual or photo-, 
electric photometer used . 



- llJ -

J 
- /d -

·] LOCATION OF TEST STATIONS FOR STREET AND HIGHWAYS 
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l. General. 

a. Test stations should be systematically chosen in such 
manner as to represent correctly the illumination pattern. 
The test span should be divided into an even number of equal 
rectangular test areas, the luminaires being over the 
intersection of boundary'lines of such areas rather than 
over the centers of the areas. Footcandle readings are 
taken at centérs .of the. test are as. The mean for the en tire 
surfaée 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 typica1 survey charts .. Fig. 4-21 is a photograph 
with test station·s p1otted on the surface. · 

c. On1y the readings taken at the basic test stations shou1d 
be used in the ca1cu1ation of the average va1ues. However, 
other measurements may be taken at points of specia1 · 

. significance, such as a1ong t-he curb 1ine and center _1ine, 
ha1f-way between or immediate1y under 1uminaires, or at 
points where a maximum :or mínimum intensity is anticipated. 
Where i11umination on the sidewa1ks is important (as on 
resideritia1 streets) a row of test stations shou1d be 
located a1orig the sidewa1k. Readings taken opposite each 
luminaire aid in plotting.iso1ux curves and a1so give 
additiona1 data where the illuníination is changing 

.most rapid1y. 

2. Crosswise. . It is advisab1e to 1ocate the stations' in the 
centers of the traffic 1~nes. For this purpose, a traffic 
1ane is considered to be approximate1y 10 feet wide. · (For 
examp1e, a 36- foot roa.dway is considered as 4 1anes.) 

3. Lengthwise. Divide the distance between 1uminaires into an 
e~en number of divisions (a:pproxiinate1y ten-foot interva1s 

.are suggested); take a reading in the midd1e of each rectang1e 
thus formed. · · 

: 
i 
1 

1 
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Fig. 4-1, Three-meter-diameter 
spherical photomete~ in b~ck of 
engineér holding 8-foot 
fluoréscent· lamp. 
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Fig. 4-3. (Left and above) -Two methods 
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Fig, 4-2a, For symmetrical distributions-(1) left, sinusoidal 
equal-area web; '. (2) ·right, rectangular web o 
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Figo 4-2b o For asymmetrical distrib)ltion·s~sinusoidal 
equal-area webo 

1 : ! 1 1 

.... 

¡ ! ' 1 i 
·.~ i . 

Fig o 4-2c o For asymmetrical distributions-rectangular web.o 

Figo 4-21 Isocandela diagrarns and associated rnethods o~ p:r;esentationo 
Principal .reason for use of sinusoidal projection is the ease of using 
graphical analysis techniques while the rectangular forrnat is adapted to 
automated 'mechanical plotting techniques' o . . 
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Fig. 4-4(Left and above)-Two methods of 
presentation of candlepower distribution 
data in a.cone . 
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Fig, 4-9. Type ! 7 4-way. 

Fig. 4-14. Type V 

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

Fig. 4-12. 
Type III. 

Fig. 4-13. Type IV. 

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

HOUSf $lOE VUTICAl ST~EET 51Df 

Fig. 4-15. -Recommended vertical light distributior. 
boundaries on a rectangular coordinate grid 
(represeni:ation of a sphere). Dashed lines are 
isocandela tra~es. 
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C<''IVerslon Factors In Terms ol15, 20, 25, 30 and 35 Foot (4.6, 6.1, 7.6, 9.1and 10.7 Meter) Mounting Heights 

----:::--::---:-:--:-:-.---· - --·.. --··- ... -
Mountlng Height :i ··-- __ Converslon F'actors 

_.;..c.;=="'-'-r<-"'----~~ lSF•"'•t-.---=-zo=-r=-e~é.,.t --'=i¡=.:::z:::s,:::r:::e..:et=":.T¡ --'-:,=-o-=-re-.-~--.--=,s:-:r=-.-.t,--
Feet Meters , (4.6 Meters) (6.1 Meters) (7.6 Meters) (9.1 Meters) (10.7 Meters) 

-------,, 
1 u 2.25 1 3.1 li 1 

11 34 U6 

i 12 3.7 

11 

1.56 

1 

13 4.0 1.33 
1 H 4.3 1.15 ---- ·-

!S 1 (,6 

1! 

1.00 

1 

1.78 ' 
16 4.9 0.879 !.56 
17 5.2 :i 0.779 

1 

1.39 
18 5.5 ¡i 0.694 1.23 1.93 
19 5.8 ' 0.623 1 1.11 1.73 
2'l 1 6.1 

,, 
0.562 1.00 1.56 2.25 11 

21 1 6.4 ¡¡ 0.907 1.42 2.04 
22 1 6.7 11 0.826 1.29 1.86 
23 

1 

7.0 

11 

0.757 1.18 1.70 
24 7.3 

1 

0.694 1.09 1.56 
25 

1 
7.6 1¡ 0.640 1.00 U1 

1 

!.96 
26 7.9 11 0.925 1.33 VI 
27 8.2 

1 

0.857 1.24 . 1.68 
28 8.5 

1 

0.797 1.15 !.55 
'29 8.9 0.743 1.07 ·t.46 ---- l ___ ... 
3? 9.1 1 0.695 1.09 1.36 
~1 9.5 1 0.936 1.27 
3? 9.6 

1 

1 

0.878 1.20 
33 

. 
10.1 0.826 1.12 

34 
1 

10.4 1, 0.779 t.Oó 
-

35 10.7 ! 0.735 1.09 
3~ 11.0 1 0.945 
37 11.3 

1 

1 0.8\'5 
lS 11.6 

1 

0.81.9 
39 11.9 

1 

0.805 
.~,· 12.2 0.765 

Not.,: Conversion factors are the square Of the moui"lting height at ~.hich the isofootcaridle (ise:lux) diagfam is plotted 
divlded by the square of the mounting tieight _desired. 

Fig. 4-16. Mounting Height COnversion Factors. 

fe = LAMP LUMENS X CU X EQUIPMENT FACTOR 
AREA 

/ 

. ' 



' 1. L ... 1 l.. .. 1 L .. 1 L. .. 1 l.. 1 \._ J L.J L.J L-J 

PHOTOMETRIC DATA CUIIV! NO 

AV,{I!S TVP( 

WATT~ 

~C L(NC.TI1 IN 

MM WIOT~ '"~~ 

,·~·~·;""_"~'~~·=~="====~== .. -·~ .. ~~~==~~~~· ~~==~ 
;!i; :,;·:,;.';~:;;.; 
~.~· '" ~ .•. :..o ' 

' 

~· 
1 

D 

: ... 

1 

-
= 

1-

~-

1' 
1-

.. ue:e. .. 
.. ____ !_SEC fi0"8EL¡ 

!/.:' ""'· ... \ 
v ..l 

¿ 
/ 
-~ 
~ t·· ,.¡ '~i::<v-r-

A ~~' p 
1····1~< 1 1-- 1·--· 

f'l.\ -~ 

~ ~ 

1 

/ b.. V -··r 
V ) 

~., .. 1% 

~ ~ -' 1 :--
.::-.:. D. \ ~ t-

,\. ~ ~ ~ -\ -" •• 

!). . 
~ ~ ~ 

HSfNO 
I~SU€0 

lt(VISIONS 

'· fi_ l/ 11 
1'.. !L. b:, 1"' 

"'""'0 '""'"'" 
' 0 /U)C~/\.UNf IUMINAIR[ 

' QN ~QAO \U~IA(I IN HUN 

0~10\, ALl QltH~ LUMI 

!§~~ .. ~~~~~~~~~ll' 1•• ~;·::::~;:: 
0

""' 

! 
o' 

-~· 

1 .· 

1 

1 

MH 
7. 
2.5 

~o 
i 5 
L2~ 

1·-- •. 
¡---

1· 1 . -

1 

""" _¿ 

tz: V lL 
¡:>< ~ V 

V / 

M" .... ,..... 
1> 

,;.. 
~liS STR~ET ~lOE 

..... 

/;~ ~ .'.. ..;· 

~ MH 
¿-_ /.. f-':: ...-::: ~ ' .::::, C::, 2.75 

2.5 
/. rV"' l.!!!U X ' ·, 1' 

" :'-r::, 2.0 
1.75 

V.~ 1 ·~ '\~ -" --~ >< f>' 1.5 

1/ n ~ C:-, 1.25 
' .e, ¡¡~~' '~~~ ~~;"' 

1.0 .H O"MH O> M 

. ONIU:I~H 
V o ~• u" ~ 1.0 MH 

' ' !"· 
; 1~ 

t--~ . :::· 

uuo ~ .~~·ovo'" , ' '""' o o """"' :~ """"' 1~- :;-=: 1 .. ,::·-~ . :·:~-. li PHOTOMITIIC DATA 

"'"' NO. ~ 

. 

Fig. 17a. Fig, 17b, 
Fig. 17. Typical photometric data sheet on a street lighting luminaire,. without. 
essential descriptive information on lamp and luminaire tested. 
(Note 4-17a and 4-17b each to be blown up to fill an entire page.) 

~--~-----------·~·----~~~------~--~--------------

1 



- 17 -

4-18a. 
Low range portable illumination meter. 

Fig. 4-18b. 
Low range street lighting 
footc~ndle meter. 

.· 

Fig. 4-19 .. 
Pritchard Photoelectric 
Telephot:ometeí:. 

. ', 

' ! 



.., 
j 

· .. 

~oooooooodboooooooo~ 
e oqpiQIPo.Q9oo ooo oooog~o o~ 

t••.:.:• <:__.;·:,.· _:,O. Q o o_o o o o o o o o o o o o oC) o o 
A\ ~-, 1 

LIIN( A 

!':~'Ar,~,l~ cr .. tr ~ 
'-~PIICI~<C P,[Titl'l[N T($T ~TATIONS AP~fl0'( IOF((T 

1~ ..... 1'.11.1 .. \Tl!!~ 1•.\T.\ 

~w·ral!'l' oC rr:11iin¡: ~t.•ti~oh• 

)llnirunn• ~-:'llur 

J.':~ximn¡n \'o\IL.<> 

~,., .• ·: .~;., .. ;r¡,.,.,,,,r¡ 

T_l'l·•· .. r , ..... ,. •• .r . 
l:o•llt•t'l'ttl<"•' . 

l.•nn!nain· '·' 1'' 

1 .• :: 1.1 ... , ..... 

,.,,.;,,.,,.¡¡ 

R!'lti" l'lf minirno:rn !1"1 ~, .. ,.,, .... 

P.Jifill Ot tu;p;IUII)!;I 1•1 :l\<'1!1'<' IJ, ··' t'io':d 'ITI•I "l""r.o!iro..:: • ,..,,¡¡¡,.,11• · 

~,,,., "' i:l..:: ¡,..;..::111 

1: .. · ,,.,,.,ono·lll: 

T<'•t riAtr lo·vo·J,.,¡ :1~ ,,,, , .. ,,.,. ''""' to ¡,,.¡,.~ at,.,,,. tl 11• n•:~•l""·' ~·•rf:on·. 

'l't·~t l'ln:r '"'"''1'•'"""'~"·· r .... '''"l•n•lnr·· fro·m • .,,,,,. ''"'. 

LAN( A 

I..AN! 8 

LAJrriC C 

LANf. 0 

~ooooooooooooooooocscP 
-o o®'» o o o o o o o o o o o o o o o= 
00000000000000000000 

fmToooooo~Oí200ooo O/! o o_ 
\. WJ . 

!'-PACING CE,.,TER \... 
·5i'II;'INÜ BfTWf(Jrrl T!"ST 5TATinfl~ flprp,,, ¡(lrrrr· 

~f' TAI\f'F:~ 1 AN! 

'-lilli ... um ,.11lur• ... . 

).l"._;..,llln vnlur ............... · 

U:~tiu or 111ininoun• In a••·o·;o:.:•· 

nntio "' lllal.:mum ·'" :1' ··~:r::'" . 

1 \":-'T \1.1 \ 1 1 • '" '' \'f.\ 

T_q .... 1 ,,.,,,,,,,, 

•;.-:¡ ........... . 

¡,,,,.;,;¡,~·· '·' :··· .... 
1 . ; .: 1, 1 ~ '"' ' , .•• 

1 ¡ .. , 1• ; .. ,,¡ :on•l "1" t.•lo•·:· • '"''1•':'•"' 

... ,, .. ,,,;.,:: l~r·i:.:hl 

!-',,, .. ;,..: 

1 ....... ,,,.,, 

TC'•t 1'1111<' lo·v .. h••l lll ''"' 11"'r•· rlo:on ,; ¡.,, 1 .. • .,1 ... , .. 11··· ··.,·,.1,, ·'.' •:oorf.,, .. 
TC"1t J•lnlt• '""'"l"""";¡lr•; fn~ olo¡•:oot'"' f:ooroo • , .. "'' '•" 

A•·rt·n,:r .nf ~,..,,lin:: .tar:,.,~ ...................... . 

)linimurrr \·nt,,.. ........... . 

11.,1 iu of .,,¡"¡;,,,,. In n••·o·:o::•· . 

ffn(Í<'I nf 11111\ÍIIlll!U loo ;\\o'I':O':o• 

~1 o r·<·t • b~~jfi,·:o:i .. n 
Tq .. · .. r ,,,,,.",,.,,. 

];,.,,,.,.,,,,.1'''. 

'·" "''" ·' i ,.,. 1 ~ 1'" . 
l.o•:l•l .,,,,,,.,. 

¡:¡,.,,,.;,.;\¡ ""'' .• , ... ,,,¡;,,. ;,,,jj¡¡,, .. 

¡.: ................ , 

Trlt t•Mte ¡,.,.,.¡,.,( ,.¡ nul "'"'" '""" 11 , ... 1 .... ;ol~"'' IJ,.. r'"'''"·'~ ""''"' 
Tru ¡¡l.., In ,.,,.,.,.,~.,,,.,¡ f,., ,¡,.,,_,,,,,.,. ¡,,.,, · ,..,.,,. '·'". 

Fig, 4-22, Locations 
of test stations for 
illumination measure
ments on streets and 
highways: (a) lumi
naires located on one 
side of roadway; (b) 
luminaires located in 
staggered arrangement 
(on alternate sides of 
the roadway); (e) lumi
naires located in 
opposite arrangement 
(on both sides of road
way), Crosshatching 
indicates typical 
rectangular test area 
at the center of which 
illumination reading is 
taken. 
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Appendix A -Proeedurc for f.nmJmling 
hofootcamUe (J~olux) Cm,·r~ 

A 1 Thf! following is R sus_:!;r~tr.cl mPthorl whcn: rnan· 
uAI <lat~ tnkin¡; is used. 

(R) Calculate horizontal illumination •·nlues for 
vertical angles listcd in Tahle .'.1 fnr cado lateral 
angle through which a vcrtkal <'nndlepowrr olistri
Lution curve has been tnkcn. l'ori7.ontal illumirmtion 
values equal candlepower times thc cosine cuhr•l r¡f 
the vertical anglc divide<! hy thr. mounting hoight 
aquared. 

(h) Plot horizontal illuminatinn \'alue!5 vrr~11s the 
l;mrent of the vcrlir.al anr.le. Thi~ may h~ Oo'le on 
f't milor. pape~ or on rect:mr,nlar roorrlinatr. r~r~r if 
th~ ('lrcHnatr. (hnri:mntal illumination v:-tlurs) ~r:.le is 
clu1.n~rrl c;ch time thnt \'&lnr. gor.s h~lnw onc-tenlh 
fnll s~nle ,·aluc. 

(e) Thc isofootcandlr (isolux) din¡;rnm has as its 
sea len ratio of distance to mountinG hcight wl~ir:~ is 
thc li"ngent of the vrrticnl :m.glc·. I!añialline!' mí\)' he 
dra\':n on the chart represenling thr. intriseclion of 
lhe 'rrtical planes throuc-h whirh can~lt•pnwrr valnr!' 
wcrc record~d. Then from tl1c horizonlnl illttmina
lion values \'er~u~ langr.nl rurn~. desircfl h('ri7.1\lltn1 
valncs mny h'! scledcd, plotlctl ancl va1w.::5- f'f cqu:tl 
illnmination joincd by n :::=mnoth r11rvC lo form thc 

isofootcancllr. (h•olux) diagram. ~~~ refcrcnces 2, 
~ nn~ 13. 

A7. ~uggr.~lrotl m~thods l\'here autornatic recordins is 
usecl nrc: 

(n) Transparencies with lineo of equ>l illumina· 
tinn {isofootrandle {isoln,) lines) can h I"B~e by 
plotting cnQdlepower for an isofootr.mdle (isolux) 

linc versus the ~ertical angle. A trans~:trcncy is re· 
qnired for each mounting height nnd cach full sea!, 
r.anrllr.power value. The f"quation from ,.,hich l'alues 
nrr. r~lrulatP•l fOr plotting i~: Can'11ep'•'·:er cquals ' 
Hori1.nnta! fflotc:mdles (Lux) times Mour~ing Hcight 

Sqnarorl di•·irleol by the r.osin" r.uJ:.ed of tho Vertical 
An;:::le. 

(h) T~e photometer must be caHI •rated •o that 
full !"~al~ ñr.flcction of recorcler js tl.~ !C""'11~ é'S that nf 
one of the tr:m~parencies. 

(r:) As di~tribution curves are tRk~n 1~rorn the 
rerorrlf'r, the transparrncy overlay is~ 1'~':"~. rflints nf 
intcrs~dion )ocate the vertical P.ngl~ at which that 
hnriznnlal illumination valn-e shonl~ ~~~ p1ot•'!tf on the 
h:.ornolr;lnrlle (Jsolux) rlil'gTam. Jt. !s plntt-::•1 cm the 

linr: whir.h rr.prr.scnls the lateral and~ tl-.-r:-~11{:1¡ ,vhir;l-¡ 
lhr. \Trtical ,]j~trihution r.u'TC was t:-t;,., ata Clistan~'!! 
from the lnminaire lbcation num~rir:~ll? C!"!.ll;tl t'> the 

Tc~I~Appenrtix .·.• 

Constants for (Cosine Cuhe~ Vertical Anrle/Mounting l'eight 5qL•are<1) 
----·-- --·-· .. - ----· -· 

Vertical \ 15 ret'!! 

1 

10 rc-!:!t l!i Feet ~Fcet ~'i feet 
1.nn1e ! Tangent (U f.~oters) (f..l r.~::-!ers) (7.6 ll~ctcrs) (9.1 ~~~!crs) ¡ nn. 7 rlctors) 

------·-- ·---- ----- ----· . --·---· ----··-- 1 ' ----· 

1 1 
o 0.0 .IXM~<4 .{'lf'~~no .001600 .001111 .o~~~n63 

5 .087 .004?~1 .0'1?472 .001582 ,oo1o9s .CM?~PO 

10 .176 .00·1245 .00.~388 .001528 .001051 1 .m:;~' 

15 .268 ,(JIJ.1005 .00225] .001442 .001001 
1 

.()'''"!~257 1 
20 .361 .00358! .Of1.?11:'l1 ·.OOIJ2R .0009220 .(1~"~'1_'1774 

25 .465 .OOJJP1 ,11{1] PSI .001191 .000817? .0'19'177 
JO .577 .0028~7 .C0167.1\ .001039 .O!J'J7217 .fl'"~:S?IJ2 

35 .700 .002413 .001J7~ .0008791 .IJOOSI07 .C'""'~~-:7 

40 .839 .001~8 .001124 .0007192 .00049~5 .(Y.Y}?'i7') 

45 l.OO'l .('1)191 .00t18?3~ .0005557 ~0003??:_l -~'~:COS 

50 1.191 .OOlll"l .OO'l66~0 .000431S .0002~1 .r(Yl<l~l 

55 1.4.<8 .(J(J(1SJ87 .O'JOFJ7 .0003~19 .0002097 .0'1"1~.~~1) 

EO 1.732 .0005555 .0003i?~ .0002000 .00013?.1 .(})'11!'1~') 

ES 2.144 .O!J'JJJ17 .0001f47 .!1001208 .00008387 .~O~'>i6~ 

fil!·~ 2.414 .OIY.l?491 .O!)C'IJ_.~"ll .0000?957 ,(](](10S227 .C"~~'i15 

70 1 2.747 .oomm . ()fl') 1 O'Y.l . (10001'40 1 .000011'' .O~f'l'l?~~? 

72~~ 3.172 .0001203 .001 )tV, 793 ,(1(](](\.1)5~ ,()()()Q?'l?l .(1(1'111120 
75 3.732 .00007706 .00~~~3-1 .00001774 .00001~26 .00001~15 

77!·~ 4.511 .000Jt506 .QOr!<1~~3"i .00001622 . 000'11 127 .O':l~'J~~?77 . 

l"l 5.671 .00fYP3n ,(](](1o::oJ .000008378 .OOO'!OS81S .C'l":!)~.,?74 

n 6.3ll .00001701 .OOOIYISJ70 .000006125 .0000(1~251 .()')I).Y.?125 

82 7.115 .00001198 _()0{'101)1) 7~Q • [I(I(1'JQ4 JlJ .000'10?~ ,0(1(0'Vl2201 

PJ 8.144 .000008().14 .ooo:q1515 .0000028% .OOOMIOII .O'lf\'1'11678 
P.1 9.514 _()(I(Y.'l05n7 (j .on~02e~s . OOOO~IF~7 .000Mt269 . -~~3?3. 

f5 11.430 .OOOM294J .()('IOCI'11f5S . oooon 1 115 o .~n5s .~104 

85 14.300 • 00(1((1 J ~09 .OO!J'JOOB-185 ,(J(J(JO'J{J5 m .l)()w.)'J03 77 J .OXI1~?77l 
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TEST QUESTIONS 

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

2. Describe the directions ofbeams 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 

l. 25°C + 1°C 

2. The light.distribution beams are 180° apart. 

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

4. a. Vertical 1 igh t dis tribution 
b. Lateral light distribution 
c. Control of light distribution above the maximum 

candlepower. 

5. So that the photocell records the sarne amount of light 
that our eyes record. 
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L~paras de sodio baja presión·.- La l~para de sodio baja 

presión ha sido usada extensamente en Europa desde 1940. 

En los Estados Unidos se inició una gran campaña de publi 

cidad en 1972. La l~para de sodio baja presión tiene la

eficacia m~s alta de todas2s fuentes, pero tiene un es--

pectro monocrom~tico amarillo. 

Elemento productor de luz.- El elemento productor de luz

es un tubo de arco. El tubo de arco tiene forma de U y -~ 

esta construido de vidrio. El tubo tiene pequeñas burbu-

jas para mantener una distribución uniforme del sodio a -

través de él. El tubo de arco contiene una pequeña canti-

dad de argón y neón para ayudar al encendido de la lámpa

ra. La presión 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 comGn. Este sirve 

para mantener un ambiente constante para el tubo de arco. 

El espacio entre el bulbo y el tubo de arco esta bajo va--

c!o. El tubo de arco opera a una temperatura de 260°C 

<Soo•FJ. 

Hay cinco potencias de lámparas: 

POTENCIA 
NORMAL 
(WATTS) 

35 

55 

90 

135 

180 

LONGITUD 
MAXIMA 
(PULGADAS) 

12 3/16 

15 3/4 

20 3/4 

30'1/2 

44 1/8 

FORMA DEL 
BULBO 

T17 

Tl7 

T21 

T21 

T21 

POSICION DE 
OPERACION 

HOR/ARRIBA 

HOR/ARRIBA 

SOLO HORIZONTAL 

SOLO HORIZONTAL 

SOLO HORIZONTAL 

Conexi6n eléctrica.- La base es una base bayoneta (BAY-Bl) 

la cual mantiene la U del tubo de arco en una posici6n ---

horizontal. 

Caracter!sticas de color.- La luz producida por una l§.mpara 

de sodio baja presi6n es un amarillo monocrom§.tico (ver 

figura 3-33). La distribuci6n de potencia espectral consis-

te de dos l!neas a 589 nm (aproximadamente 95% de la sali--

da) . Debido a la característica del amarillo ¡¡onocrom§.tico, 

no existe rendimiento de color. Todos los colores aparecen 

como diferentes tonos de gris y café excepto los objetos --

amarillos. 

,, 
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3-33 Distribución de Potencia Espectral 
~ 

para una Lámpara de Sodio Baja Presión. 

. . 

Designación de la lámpara.- La designación de SOX se usa 

para indicar una lámpara de sodio de baja presión. La 

designación también incluye la potencia nominal de la 

lámpara, tal como SOX 180 (lBOW) • 

:i 



Caractor!sticas ele funcio; ,,,niento.- Depreciación del flujo 

luminoso. El flujo luminoso aume~ta ligeramente durante la 

vida de la lámpara. Se dice que el flujo luminoso es cons-
' \....:. 

tan te con un rango de temr <ct·atura de operación de - l0°C a 

+ 40°C, El efecto en el flujo luminoso cuando la lámpara -

Ee opera fuera de este rango de temperatura no ha sido pu-

blicado. 

Vida.- El tiempo de vida para todas las potencias es de--

lB,OOO horas, basadas en un ciclo de encendido de 5 horas. 

La posici6n de encendido de la lámpara es crftica para la-

vida de esta, ya que ésta falla debido a la migraci6n-de -

sodio hacia los electrodos. Esta migración causa un aumen-

to en los watts consumidos por la lámpara durante su vida, 

lo cual da como resultado que falle el electrodo. 

POTENCIA DE ENTRADA 
100lr. 

Pérdida Potencia en el orco r.nlos&; 
~~ 11.711 

Pérdidas no rodiocti.,.o s Ro diacio'n de lo descargo 

61.7% 
.0.0% 

Radiocion vJsibl 
Rfl,d1Cl-

Perdidas de potencio e n lftw 

80.0% :SS. S% tr:¡~gt• 

Figura 3-34 Distribución de Energía de una Lámpara de 
Sodio Baja Presión con 180 lm/watt y 35.5% de ra
diación Visibl-e. 

1 
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1 

wATTS WATTS DE EFICACIA WATTS DE EFICACIA 
,~Q¡4INALES LUMEN.t:;S LAMPARA LAMPARA LAMPARA LAMPARA 

(100 h) ( 100 h) (18000 h) ( 18000 h) 

35 4,640 36 129.2 44 105.7 

55 7,700 53 145.3 62 124.2 

:}0 12,500 90 l:.l8.9 122 102.5 

135 21,!:)00 130 165.4 178 120.8 

180 33,000 176 187.5 241 136.9 

J.3.2.2. FUENTES DE DESCARGA GASEOSA DE ALTA PRESION (FUENTES DE DES-,.. 
CARGA DE ALTA INTENSIDAD) • 

L~para de Vapor de Mercurio. 

Elemento productor de luz.- El elemento productor de luz --

es un tubo de arco. El tubo de arco es construido de cuarzo, 

el cual permite transmitir la radiaci6n ultravioleta 

fi~,·ora 3-35 ) • El tubo de arco contiene mercurio y\ una 

ver-

pequeña cantidad de arg6n, ne6n y krypt6n. Cuando la lámpa-

ra es energizada, se genera un arco entre el electrodo pri~ 

cipal y el de encendido, en cuanto se ioniza el mercurio,--

la resistencia dentro del tubo de arco disminuye. Cuando la 

resistencia interna del tubo de arco es menor que la resis-

tencia externa, el arco se establece entre los electrodos -

principales. El mercurio continua ionizandose, incrementan-

dose la emisi6n luminosa, la luz producida es t!pica de 

) 
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E lettrodo de arranque 

' 

Electrodos de o~ociÓft 
Col 

Electrodo d-~''--+-J,_, 11 orranqut 

Tubo do or=--¡r-~t-"1t-t-

Electrodo 

PelÍcula de 
fósforo 

Bulbo utoru· "----¡ 
..... ~=;?""'V 

Cbl 

3-35 Lámpara de Vapor de Mercurio y ·rubo de Arco. 
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las líneas de mercurio (404.7, 435.8, 546.1, 577.9), 

adem~s genera energ!a ultra violeta. 

' El tubo de arco es operado desde 1 a 10 atmósferas de --

presión. 

TIEMPO DE ARRANQUE= 5 min. (80%) 7-10 min. (100%) 

TIEMPO DE REENCENDIDO = 7 min. (80%) 

Bulbo exterior.- Las funciones principales del bulbo ex-

terior son tres: 

1.- El vidrio primario actua como un filtro de rayos ul-

travioleta, el cual previene contra quemaduras en la 

piel y ojos. 

2.- Proporciona también un ambiente constante para el--

tubo de arco. La presión del.tubo de arco es afecta-

da por el r~pido cambio de temperatura y el movimien 

to del aire. 

3.- Este proporciona una superficie para el recubrimien-

to de t6sforo, el cual es colocado en el interior --

ael bulbo exterior para corregir el rendimiento de -

color de la l~para de vapor de mercurio; Una l~pa-

ra con recubrimiento de fósforo requerirá de un lumi 

,¡ 

. ' 

1 
1 

1 
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nario muy grande para tener un buen control 6ptico ya que 

el bulbo exterior se convierte en el elemento productor -

de luz. 

Conexi6n el~ctrica.- Se utiliza una base tipo mogul para-

las l~mparas con potencias mayores de 100 watts; las l~m
~ 

paras de 40, 50, 75 yiDO watts se fabrican con bases me--

dianas. 

1 
Caracter.ísticas de color.- La l~para clara de vapor de -

mercurio tiene un color predominante azul-verde, caracte-

r.ístico de las l.íneas 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 f6sforo en la -

pared interna del bulbo exterior. Los colores primarios -

adicionados por el f6sforo son el rojo y naranja. Las - -

l~mparas de vapor de mercurio blancas o con recubrimiento 

de í6sforo se recomiendan para todas las aplicaciones - -

donde el color es importante. Existen comercialmente tres 

tipos de l~paras 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. 

' ' . 

Designación de las lámparas.- La designación para las - -

lámparas de vapor de mercurio es muy diferente a las lám-

paras incandescente.s y lámparas fluorescentes. Las unicas 

partes que tienen significado importante son la designa-

ción ii, la cual identifica la lámpara como de vapor de --

mercurio (Hg mercurio), y la potencia. Los nlimeros y le-~ 

tras marcados.son arbitrarios. 

H 33 GL - 400/DX 

ri - Indica que es una lámpara de vapor de mercurio. 

33 - i~timeros que se usan para los balastros· de 400 Watts. 

GL - Son dos letras convencionales que describen las carac 

terfsticas ffsicas de la lámpara, tales como: tamaño-

fornia, material y acabado. 

·400 - Indica la potencia ·nominal de la lámpara. 

·ox - Indica el color de las lámparas: en el ejemplo: 

"Blanco de Lujo" 

Ll bulbo. se design·a en términos de una letra y una combi

nación de nGmeros. La.letra o letras son utilizadas para-

designar la forma del bulbo (ver fig. 3-37) • 

. , 

'· 
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PAR: Parabolice 

PS: Forma de pera 

BT: Tubular abultado 

R: Reflector 

T: Tubular 'E: Eliptico 

B: Abultado A: Estandar 

Los nameros representan los di4metros m~imos de la 14mp!: 

ra en octavos de pulgadas. 

' A·23 8-17 8-21 IT·25 BT·:ZS BT·37 BH6 E·1B E·2S 

vv 
PAR·3B. R-40 T-10 

Figura 3-37 Designaci6n de las Formas d~ Bulbos para L4mparas 

ue Descarga de Alta. Intensidad. 

BT-37 

Diámetro· = 37" 

8 

5" 
= 4 8 

Forma.: tubular abultado 

---.-------

[. 
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La posición de ence>1dido es funcl.6n de la posici6n del -

electrodo de arranque. El electrodo de arranque debe es-

tar siempre colocado en la parté superior de la llmpara -

para evitar que el mercurio se deposite en el electrodo -

de arranque. 

Caracter1sticas de Funcionamiento .• -

DepreciaciOn lumínica. La gr!fica de depreciaci6n lum!ni

ca para una lámpara de vapor de mercurio es algo drastica 

y es funci6n del balastro y de la .potencia. (ver figura --

3-38). La.lo!impara de vapor de mercurio es la tmica lAmpara 

que se publica su vida nominal y ·su vida dtil. 

La emisi6n lumínica tambián es funci6n del sum~stro y re 

gulaciOn del voltaje a la lAmpara (ver fig. 3-39). · 

Vida.- La vida de la lampara de vapor de mercur 16 puede -. 

ser descrita en tárminos de su vida dtil o de su vida no-

minal,t!picamente, la vida nominal. de las lámparas se es

ta!:>lece en base al 50% de la curva, de mortandad. Debido-

. a su r!pida depreciaciOn de lumenes, la vida de la lAmpa

ra de vapor de me:rcurio se establece cuando ann hay m!s -

del 50% de lamparas encendidas, para mantener una salida

de lumenes in!s razonable (ver fig. 3-40) • 
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Distribuci6n de energía.- La distribuci6n de energía para 

las lAmparas 4e vapor mercurio se muestra en la fig. 3-41 

, 

Eficacia de las lAmparas.- La eficacia:de la l&mpara- -

varía con la potencia de esta. A mayor potencia de lAmpa-· 

ra, maJIOr efi'cacia. · 

40/50 W 25 a 30.Lm 1 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 

EFICACIA = 

H 33 GL - 400 / DX CON 22,500 Lm 

22,500 
400 "' 56.3 Lm 1 w 

Larrtparas de· vapor de mercurio autoba1astradas.- Las 1ámpa-. 

ras de vapor de mercurio autobalastradas contienen ya sea-' 

un compónente de estado s6lido para arranqué, o un fil~en 

to incandescente que actua como balastro. La 14mpara con -

componente de estado s6lido no debe utilizarse en un liiroi-

nario totalmente cerrado, debido al calor generado por este 

tipo de l4mpara. En general, la lámpara de vapor de mercu.,; 

. rio autoba·!astradas, són 50% menós eficaces en comparaci6n 

. con las 14mparas normales de mercurio, pero so% más efica

ces que las 14mparas incandescentes •. 

)'Í 
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Potencia de entrada , .. 
. 

~Írdi~OI 
dt eltC• Potencia al arco 

trod:~ I2.R 
1.5 

' 
~ . 

Ptrdldaa no rodloctl· 
. . 

R.adlaciOn .. dtacoroa 
VOl 

4UK 48.0% 

' Rodloctón 
1 ultravioleta 

tU!I 
-

' . .. ·. 

RadiaciÓn RoiiiOciÓII · Ptr,ldoa .di potencio 
vltlblt Infrarrojo · 

70.A 14.7'11 1LOK 

.. 
Figura 3-41 Distribuc16n de Energ!a para LAmpara de 

Vapor de Mercurio con 56.3 lm/watt ( 400 w). · 
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Estas 14mparas debén limitarse a sustituir lAmparas incan 

descentes, d6nde el cambio de lAmparas es dif!cil y el 

adicionar un :Oalastro es impr4ctico •. 
, 

Dispositivos ahorradores de energía.- Recientes desarro---· 
llos en los balastros electr6nieos-para lAmparas de vapor 

de mercurio permiten atenuarlas actualmente. Los balas--

tros electr6nicos han sido estudiados desde que apareci6-

la lámpara de vapor de mercurio. Existen todavía varios -

problemas, entre ellos el alto costo; pero se sabe que -

con un balastro electr6nico la eficacia de la l~mpara y -

la eficacia total del sistema aumentan considerablemente. 

Otras ventéjjas que se esperan del ·balastro electrónico --

son: el menor tamaño y peso, menor ruido, aumento de la -

,vida de la lámpara y mayor facilidad para atenuar· • 

. . 

Lámparas de Áó.itivos Metálicos • ..: 

Elerr:,:;to productor de luz.- El elemento productor de lÚz

·es un tubo de arco. El tubo de arco tiene los mismos pri!!_ 

cipios de operación y tipo de construcción del de la lám

para de vapor demercul:-io (ver fig. 3-42). El tubo de ar-

·co contiene además del mercurio, argón, neón y krypt6n;-

yoduros de metales. (Los aditivos primarios son el mercu

rio, sodio y escandio;.otros son el talio, indio y cesi()). 

Estos. aditivos pr<:;porcionan colores adicionaies a las 

líneas t1picas del mercurio, esto es, rojo, naranja y ama 

rillo. El c.olor de la lámpara de aditivos metálicos esta-

1 
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balanceado a trav•s del espectro. Debido a que la !Ampa

ra de aditivoa met&licoa mejora el color sin necesidad -

' de un recubrimiento de f6sforo, la lAmpara ae aproxima -

a una fuente puntual, lo cual da como resultado que se -

facilite su control 6pt1co. Para la posici6n horizontal.-

· da encendido, eJ. tubo de arco es curveado J.igeramente, -

para tener una temperatura mas uniforme dentro del tubo

de arco (ver fig. 3-42). 

Tiempo de encendido • 9 minutos (110%) 

Tiempo de reencendiao .. lO. a 15 minutos ( 80%) 

--~ 

Cubierta.- La 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) 

~o se necesita un recubrimiento ae fOsforo para eJ. buen 

rendimiento aa·color y_aaemas debe evitarse ya que afecta

en forma negativa el control 6ptico¡ esto es la 14mpara ya 

no se aproxima a una fuente puntuaJ.. 

1 
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Conexión eléctrica.- La lámpara de aditivos met.Uicos usa 

una base mogul para todas las potencias. Las lamparas pa

ra posición de operación horizontal que contienen el tubo 

de arco curvo (ver fig. J-4~), tienen·un pasador en la-

base para posicionarlas. Existe un portal!mpara especial-

que asegura el posicionamiento adecuado del tubo de.arco

cuando la lámpara· es ase.gurada en el porta lampara adecua

damente. El tubo.de arco curvo siempre de.oe ser colocado

con la curva hacia arriba en un plano vertical. 

,. 



Bul todo vidrio de borosfllcoto 
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caracter:!sticas del color.- La lAmpara de ~tales aditivos 

produce energla en todas !as longitudes de onda a través -
. . , 

del espectro visible. Esto es, su distribuci6n de energla-

espectral esta bien balanceada, lo que significa que la --

14mpara produce un buen rendimiento del color sin la nece

sidad de una pantalla de f6sforo (ver fig. 3-43). La apa-

riencia del color es una funci6n del control de calidad ~

de los aditivos dentro del tubo de arco. La consistencia -

del color de una 14mpara .a ·otra es funci6n. def balastro, 

del voltaje aplicado y edad de la lámpara. Donde es una 

·consideraci6n importante de diseño el tener igualdad de 

color entre· las lámparas, estas deben cambiarse en grupo,

debido al cambio de color.con el tiempo. 

" .,. 
-· e· 
• 
" -. 
"' " .. 
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' " " -" .. .. 
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g " • ·e- o 
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" o " "' o 'O N • E o :. .. > .. z ai: 

:100 350 . 400 450 IKXl 550 600 . eso 100 760 
LonQit.Ud de onda en nanómetro• 

F.igura 3-43 Distribuci6n de Potencia Espectral de 

. una Lámpara de Aditivos Metálicos. 
' .. 
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Designaci6n de la lámpara.- Las designaciones para lámpa

ras de m~tales aditivos no han sido ~ormalizadas. El ing~ 

niero debe tener cuidado al especificar las 14mparas con

designaciones no standar para evitar que algOn fabricante 

sea descartado. 

La designación de la letra M ó MH debe ser usada para - -

identificar una 14mpara de m~tales aditivos. 

. MH 
? 

400 / BU 
t ......... 

M~ tal aditivo Watts Posici6n de operación -
de la .14mpara · 

Las 14mparas de m~tales aditivos son especialmente sensi~ 

bles a la· posición de encendido. Los datos de los fabri-.,

cantes deb~n ser cons11l tados para conocer los requerimie!! 

tos de 1~ posición de encendido. 
.t 
·~ 

\ 
El bulbo es designado por una letra y una combinaciÓn de~ 

... 
'·. 

ndroeros. Las 14mparas de m~tales a di ti vos se fabric<ui con 

bulbos BT y E ·(ver fig. 3-37). El ntimero representa ·el -

di4metro exterior máximo del tubo, en octavos de pulgada.~; 

BT ~ 37 Diámetro 4 5/B" 

¡ 
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Características de operaci6n.-
, .• 

Depreciaci6n de lt1menes. La curva de depreciaci6n de ldme 

nes para una lámpara de m~tales aditivos es sustancialme~ 

te mejor que la curva para una lámpara de vapor de mercu

rio. La .salida de ldmenes .al final de la vida de una lám-

para de alta potencia es 75% (ver figura 3-44). 

~ • o 
·¡¡ 

:E 
.. tiO 
• e: tiO • E .a " ..J 30 

~ o ,20 

10 
o 
o 1 2 3 

nt ~nuo 
horas/arro~qU ----

4 li 1 ' 8 • 10 11 12 13 14 15 
HoraS de encendido (miies) 

Fi_gura 3-44 Depreciaci6n de Ldmenes en la Lámpara 

de· Aditivos Metálicos. 

Vida.- La vida varfa como una funci6ri de los watts de la 

' lámpara y el lapso del tiempo que la lámpara ha estado -

en el mercado. Por ejemplo, la lámpara MH. 175/Hor estaba 
. / 

comercialmente disponible en 1972. 

,, 
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La práctica normal en la industria .de las lAmparas es intr~ 

ducir todas las lAmparas nuevas al mercado con un promedio-

óe 7,500 hrs. Cuando los info~es sobre mortandad y vida -

sean desarrollados, lo cual requiere pruebas· a largo plazo,; 

la vióa de la lámpara se espera se incremente a un mínimo -

de"15,000 hrs. Los catálogos de lámparas usuales de todos

los fabricantes, deben ser consultados para obtener el pro-

medio de .vida de las lámparas. 

Distribuci6n de energía.- La distribuci6n de energía para -

una Unipara de aditivos metálicos se muestra en la figura -

3-45. 

Potencia dt entro do 
tOO!I 

~ . 

Plrdido 1 
Ene_rg(o para ~1 arco dal_ oloclrÓde 

~ .,"' 

Plrdidos Oeacaroa de radiación norodloctivoa 
38,&"' 

&2.6"' 

. 

~ 
RodiociOÍI 

ullrovloloto 
3."" ' 

. 

!'irdidos do onorgfo Radiación Radia"cio'n 
&l.a visible InfrarroJa. 

24.3ll 24.5"' 

Figura 3-45 Distribución de Energía en una Lámpara deAditivos 

" Metálicos con 100 lm/watt y 24.3% de Radiación Visible •. 
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Eficacia de las lámparas.- Las eficacias de las lAmparas 

varian con la posición de operación y los Watts de la --

14mpara; Mientras mayor es la potencia, mayor es la efi-
' 

cacia. 

175 w . 80 a 85.7 lln/W . 
250 w . 82 Lm/W . 
400 w 85 a. lOO Lm/W 

1000 w lOO a 115 Lm/W 

1500 w . 96·. 7 a 10.33 Lm/W . 

NOTA: Los rangos de valores son debido a variaciones .entre 

fabricantes. 

Dispositivos de ahorro de energ!a.-.El atenuado de llirnpa

ras'de métales aditivos es un desarrollo reciente. La lám 

para de.400 W puede ser atenuada (5 min.) en un 47% del

total de energ!a consumida, lo cual· resulta en un'22% de

reducci6n en lfunenes •. La lámpara de métales a di ti vos de - . 

1000 W puede s.er atenuada ( 15 min.) en uh 35% de su ener-

g!a total consumida, o 14.6 de su rendimiento de lfunenes. 

Cuando ocurra un desarrollo tecriol6gico adicional, el --

costo de atenuación deberá disminuir y el rango incremen

tarse. 

/. 
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Lámparas de Sodio Alta Presi6n. 

Elemento productor de luz.- El~lemento productor de luz 

es un tubo de arco. El tubo de arco es pequeño en diAme

tro para mantener una temperatura de operaci6n alta. De

bido a que el diAmetro ea pequeño, no hay electrodo de -

arranque dentro del tubo de arco. El sodio operando a -

una presi6n alta y a alta temperatura tiene un efecto --

corrosivo sobre el vidrio ordinario o cuarzo. Por eso, -

el tubo de arco estA hecho de cerámica de aluminio. El -

tubo de arc:O contiene Xen6n, una amalgama de mercurio, y 

. .-, s.odio operando a una presi6n de 200 mm., de mercurio. 

Tiempo de encendido = 3 min. (80%) · ... 

reencendido = 1 min. (80%) 

Envolvel)te (bulbo)·~ La envolvente ayuda. a mantener e.l ~

tubo de arco. dentro. de una temperatura ambiente constante 

y protege al t'ubo de arco de corrientes de aire. 

Cor.exi6n eléctrica.- La conexi6n eléctrica es una base mo 

gul. La lámpara requiere 'un. pulso .dE! energ!a de 2500 . a -,., 

5000 Vpara el encendido de la lámpara. Esto se realiza

por medio de un pequeño dispositivo de arranque electr6ni 

co, que suministra .el pulso .de alto voltaje para abatir -

la resistencia y encender la 1ámpar~. · 

' , ' 
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Caracter!sttcas de cclor.~ ia lámpara de sodio de alta -

presi6n produce energía en todas las. longitudes de onda -

(fig. 3-46). Sin embargo la may0r porci6n de energ!a estA 

concentrada en la parte amarillo-naranja del espectro. 

Las características de color de la lámpara cambian los 

objetos rojos a naranja y obscurece el color aparente de 

los objetos azul y verde, incrementando la presi6n en el 

tubo de areo parece mejorar la apariencia de color de --

. rojos, azules y verdes. La consistencia del color de una -

lámpara a otra es mejo.r que con las lámparas de métales -

aditivos. Sin.embargo, los cambios de color pueden ocu--

rrir debido a las variaciones de voltaje y diferencias ~

en balastros. 

' o ~ • .!! o 
o - ... ·¡¡ ¡¡ o • " 
= o o ~ ~ 

~ ·-> .. • E o o 
:;:¡ ·; E ~ > ~ z a: 

300 350 400 4!>0 r.oo ~!>() r.oo &!>O 700 750 

longitud de onda en naftÓmtirOt 

Figura· 3-46 Dist'ribuci6n de Potencia Espectral 
para una Lámpara de Vapor de Sod!o alta ~ 
Presi6n; · 
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Designaci6n de las lAmparas.- Las designaciones de las -

lAmparas de sodio de alta presi6n no han sido normaliza-~· ·,· 

das por la Industria de 14mparas. El ingeniero debe tener 

. precauci6n en no especificar o usar nombres comerciales -

que provoquen que lAmparas aceptables queden descartadas. 

Las lámparas de sodio de alta presi6n estan disponibles 

en bulbos, E, BT, y T (ver fig. 3-37) •. Se utiliza una-

combinaci6n de letras y ndmeros para designar la configu

raci6n del bulbo.· 

Características de operación.-

Depreciaci6n de lumenes.- La curva de depreciación de --

ldmenes de la lámpara de sodio alta presión es una·dé'las 

mejores de las lámparas del tipo de descarga de alta inte~ 

sidad. El rendimiento lumínico al final de la vida de la

mis~a, para altas potencias es 80% (ver fig. 3-47). 

.. • ;; 
-¡¡ 
! 
• • 
i 

•:o 
..J 

1110 1 • • • 1 

10 - .oow -
~ 210 -eo f- -

.., f- -
. -

o ...J. 1 _j 1 .J 1 J 1 1 

02 4. SIOI214tl1120 
Horas de operocta'n ltn mil e e 1 

Figura 3-47 Depreciación de Ldmenes en una _Lámpara 
de Sodio alta Presión. 
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Vida.- La vida var!a en funci6n de la potencia, el circui 

to del balastro y del fabricante. E~ rango ea desde - ---

15,000 a 24000 hra. para las lAmparas de alta potencia 

m&s comunes • 

Distribuci6n de energía;- La distribuci6n de energía para 

las lámparas de sodio alta presión es mostraaa en la fig. 

Eficacia de las lámparas.- La e~icacia de las lámparas -

de sodio alta presi6n var!a como funci6n de la posici6n -

de operaci6n y de la potencia Ge la misma. 

70 w • 77a 82.9 Lm¡w • 

100 w 88 a 95 Lm/W 

150 w . 100 a 106.7 Lm/W . 
250 w • 102 a 120 Lmi~ • 

400 w . 118 •. 8 a 125 Lm/W . 
1000 w 140 Lm/W 

Las lámparas de sodio alta presión tambi~n estan dispon~ 

bles en potencias que pueden ser operadas con balastros

de mercurio. Las potencias disponibles son 150, 215, 310 

y 360 W. Los informes de los fabricantes debén ser con-

sultados para una adecuada selecci6n del balastro para -

la lámpara. 

•. 
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DispositivOs de ahorro de energía.- Es posible atenuar -

algunas potencias de lAmparas de sodio alta presi6n. La -

llmpara de 1000 w puede ser redUcida en un 381 de su po-

tencia total en aproximadamente 15 min., con una reducci6n 

en la salida de luz en un 201 de los lQmenes nominales. 

En•••'· Utorllid;~otencla U entrada 

T T 
Plrdldoo 111 Potencio en el orco loo ellctrodo . 

IIG R 

' Ptrdldoo RadiaciÓn de la dloéarto 
rod~ivao .. 

-
Radlaclon 

ultravlole· 
CLR ta 

' . Pérdldao de en1<gla R a d 1cic iÓrl RadiaciÓn 

IO.ft violllle InfrarroJa 
a. a 211" 

Figura 3-4d Distribuci~n de Energ!a para la L~para de 
1 Sod.io Alta Pres:i,~n con 125 lm/watt y 29. Si de ra--

diaci~n Visible. 

l. 
1 



DIE INGIENBIEIFl:IA lJJ_N_A_M_ 

D!V6Sft01Nl !DIE IE.DUCAC:BON C:C>NTINUA 

C U R S O S ABIERTOS 

ILU/11811/MCION EXTERIOR: 

PRINCIPIOS, DISEÑO Y APLICACIONES 

30 DE MARZO AL 70 DE ABRIL DE 7992 

LUMINAR/OS PARA ALUMBRADO PUBLICO 

'· 

PALACIO DE MINER/A 

¡'¡~I.!Cil• •)l' ir1Pn;. ~d f:alli~ de Tat:uh;_¡ J Píi111ur piso Dcleu. Cuauhté:nor. OGOOU México, O.F. Tel.: ~21-A0-20 Apdo. Postal M-2285 



... 

• !• ------· ___¡ 

6 •••• LUMINAIRES FOR ROADWAY UGHTING •••• 

l. General Considerations 

. The Roadway Lighting Luminaire is a more specialized and 
sophisticated luminaire than most commercial luminaires. Its 
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 trimsparent cover or a light 
controlling refractor. In sorne completely enclosed optical 
assembly designs, the gaskets are made of spe·cial air fil
tering material and in others air breathing is directed 
through separate air filters: More recently, open ventilated 
designs were introduced for very high mounting heights which 
utilize a reflector and in sorne designs an. open bottom refrac
tor for additional light control. Dirt buildup on the optical 
surfaces is prevented by a chimney· ·effect of the heat from 
the lamp and wind currerits which produce a continuous upward 
air movement through the optical assembly. 

2. Light Distribution Requiremerits 
·.1. 

We learned in Chapter 3 on the Principles of iight Control 
that optical sys tems ·can be designed which will redirect the. 
light source towards a useful aiea, in the casé 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 fo~. 
Here we al so learned · that specific light distributions have 
been defined and classified by the lES - ANSI Standard 
Lighting Practice so that a luminaire purchased to meet a 
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given ANSI classification can be expected to satisfactorily 
light the roadway area covered by that classification. Thus, 
the beam elevation of maximum candlepower can be specified as 
Short, Medium, or Long. The roadway width or area covered is 
covered by the classifications Type I, II, III, IV, V, I 4 
way and II 4 way, etc. Last, a glare indication is represented 
by the classification of cutoff, semi-cutoff and non-cutoff. 

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

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

3. Luminaire Types and Component Parts 

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

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

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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b. Fluorescent: The fluorescent luminaire 

e 

generally consists of an aluminum hoUsing with an 
internal specular reflector and a clear plastic 
enclosing cover. The housing also contains the nece~
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 allow·s it to swing open for servicing and replace
ment of the lamps . 

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

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

High Intensity Discharge Lurninaires: The High Intensity 
Discharge Larnps. in many cases made it neces·sary 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 Ova te and square styling 
changes in the luminaires which has occurred since thé 
early sixties (Figure 6-11.) _·. · 

The conventional luminaire is supplied in three sizes: 
a small lurninaire whl.ch takes the 175-250 watt lamp, a 
médium· size which accepts the 4_00-watt lamp and a large 
luminai.re for the 700 and 1000-watt sizes. An adjustable . 
socket is used in many luminaires which enables its lighting 
optical distr.ibution 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 larnp is used, light control is decreased becausé 
of the enlargernent of the light source to the size of the 
bUlb envelop. This leads to wider bearri patterns and the 
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loss of light cutoff at higher angles. In general, the 
improved color quality is preferred by the public in 
business and residential areas and the lamp is used in 
these applications in spite of the diminished beam 
control .. On.open highways where quantity and glare 
control are of more importance the clear mercury is 
used. 

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

·excessive glare since the sources are·so much brighter. 
In general, lower beam angles and higher mounting 
heights should be employed. 

d. Decorative· Luminaires: In downtown, cornffiercial areas, 
boulevards, parks, campuses, and resideritial 
areas wher~ 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 ab1e to incor
porate the functiona1 optica1 system in a decorative 
housing. Thus, night time 1ighting 

· · · ·' ·.; ·· efficiencies have been preserved with an improved day 
time ap'pearance. In the newer residentia1 areas under
ground wiring is being used. . This made the 1ow mounted 
decorative post top 1uminaire practica1 (Fig. 6-14). 
In the 1ower wattage sizes and .with a good optica1 
design, brightness of these 1uminaires can be'kept within 
acceptab1e 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. 

e. Underpass Luminaires: Wall mounted 1uminaires (Fig. 6-16) 
are avai1ab1e both with and without ba11asts for use 
in 1ighting underpasses. These are usua11y supp1ied with 
the lower wattage 1amps which combined with a we11. · 
designed optical ~ystem will usually provide satisfactory 
distributions at fifteen foot mounting heights. 
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f. Luminaires for High Mounting Heights: A recent trend in 
large interchange lighting has been the use of high 
mounting height luminaire systems. Towers of 50, 100 

g. 

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. 

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 open.ings of the various size 
refractors hás been standardized to a point that refrac
tors of one manufacturer will fit in a luminaire of 
another nianufacturer. This is fine from a replace~ent 

·purchasing and inventory point of view~·however; 
. me.chanical interchangeabilities do ncit always imply 
optical interchangeability. Optical systems are not 
standardized, therefore one mamifacturer's refractor 
may not be compatible with another's optical system with. 
the resulting' effect of producirig a l~ght distribution 
pattern 'different than the original specification. If 
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 insta.nces 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 i:ompetitive rivalry among,manufacturers, 
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"' ·{;';;..": 

' ' 

~· , 



J 
J 
J 
l 
i 

~ 

-' 

~ 

! 
_¡ 

J 

J 

J 
' i 

' 

------. ·-·· 

Fig. 6-4. Sockets-fixed (left) and 
adjustable (above). 
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Fig. · 6-8. Fluorescent lumiriaire. 
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Fig. 6-10. Open bottomround luminaire. 
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Fig, 6-11. Streainlined oval luminaire. 
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Fig. 6-14. 
decora ti ve 
1uminaire. 

Low-wattage 
post-top 
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Fig. 6-16. Wa11-mounted 
lurriinaire for underpasses. 
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High~wattáge, htgh-mounted, area-lighting luminaires. 
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7 •••• ROADWAY UGHTING PRINCIPLES •••• 

Principies 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. 

l. Reguirements 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 sorne indication of its align
ment; but this should be reinforced py other means, for 
example, the pattern formed by the.luminaires as seen 

- by the driver, and by their color (the beacon ~ffect): 

c... Any object which is or which may be dangerous should be 
seen at a distance great enough to give the driver 
time to make--without danger to himself or others--
any maneuver which the presence of the obstacle may 
demand. This time must be sufficient for the percep
tion of the obstacle, its identification, the appraisal 
of its di~ection 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 arid the biaking 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 ciear. This condition involves affording to 
the driver visual corrifort, such tf)ar he is not subjected 
to nervous fatigue, wl:Íi·ch may be dangerous. 
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d. The lighting of the· street should appear continuous 
and uniform. · 

Special lighting, which does not alter the appearÉmce 
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, 
eros s ings ,· etc. 

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

2. Visual Field of the Driver 

3 ·. 

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

the roadway 
the surrounds to the roadway including signs 
and signals 

- the sky, including the bright luminaires 

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

b. The lumihance of the roadway results frorn the distribution 
of lurninous intensity of the luminaires, frorn the ' · 

.-. :g-eometry of the installation--that is to say. the. siting 
with respect to the plan of the roadway, ·and thé réflec~ 
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 rÓadway 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 (se e Fig. 7-1) . The head of the "T" is wider 
as the surface is more diffusing and as -the distribution 
of the luminaire is widei in the direction of the width 
of the road. · · 
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It is also 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. · 
The 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. 

c. The luminance of the surrounds to the road depends upon 
their nature and upon the distribution of luminous 
intensity of the luminaire. It is not usually calculated, 
but it enters into the evaluation of the degree of glare, 
and in the ~stimation 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 facul ti es of the eye, or 
gives rise to a sense of discomfort which, eventually, 
brings about fatigue. · 

3. Visibility 

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

a. between the roadway and a11 objects which indicate its 
boundaries; 

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

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

In the first place, the luminances of surfaces which forma 
background should.be sufficiently high and uniform. In 
open country, or if the surrounds are insufficiently bright, 
only the luminance of the roadway is involved; but in built-
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up areas, the lurninance of facades or of trees at the side 
of the road is also important. Secondly, discomfort due to 
glare should be reduced as far as possible within the limits 
of practical considerations. 

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

j Visibility Factors which Influence Seeing and ·Visibility 

.., 
i 
' 

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

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

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

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

d. The contrast between an object and its surroundings. 

e. The ratio of pavement lurninance (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 pavernent lurninance with good unifor
rnity and appropriate illumination of vertical sur'faces within 
adjacent area~. together with reasonable freedorn from glare: 

Visual tasks vary widely as to size, contrast, and.the time 
available for seeing. Lurninance, 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 
cónsequence. 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 irnportant factor in street lighting. 
An important objective in street lighting design is to create 
or. enhance the brightness contrast between an object (whether 
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it be_pedestrian, .vehicle, or some other 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 
illumination but of the reflectance of the object--an 
inherent 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. 

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

3. To sum up, it may be said that in the design of street 
light~ng one deals with objects or obstaCles whose size- is 
r.elatively large and with contrasts which are highly -
variable. Neith~r size nor contrast are controllable by 
the street lighting engineer. Luminance, however, is control
lable to a degr~e but as has been indicated, orie is forced 
by economic c;onsiderations to provide relatively low levels 
of illumination from widely spaced luminaires. The net result 
is a highly specialized design problem that cannot be 
approached except by careful manipulatiori of lamp size and 
luminaiie selection and arrangement. Instead, there is a 
limit to the degree in which the scientific principies in-
volved can be applied in order to provide effective and · 
comfortable lighting for streets and highways. 

Methods of Discernment 

The peculiar nature of the street lighting design problem 
has required a special technique based upon sci-called 
methods of discernment to ari extent not encountered in 
ordinary intérior lighÚng practice. Among the methods 
of disceriunerit. may be .. noted: 
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a. Seeing by surface detail. See Fig. 7-3. 
b. Seeing by silhouette. See Fig. 7-4. 
c. Seeing by glint of highlights. 
d. Seeing by.shadow. 

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

Pavement Luminance Requirements 

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

2 

.In designing for uniform pavement luminance, the engineer is 
confronted with the technical problem of providing proper 
di!ftribution of light flux on the pavement surface. ; Pave
ment luminance as such, ¡ . .fs measured in footlamberts, and 
results from light reflected from the pavement to the 
observer 1 s eye. Compliance with distribution prototypes 
in the ANSI Standard as to permissible variations in foot
candles will usually insure· reasonably uniform pavement 
luminance. · 

A more common pitfall in street lighting design is to confuse 
uniform illumination with uniform pavement luminance. Pave
merit luminance is produced by light reflected from the pave
ment to the observer 1 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 1 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 dowritown 
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streets 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 trie 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 practica!. 

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

. :. 

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

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

S. Luminaire manufacturers usually furnish data indic?ting 
·conditions of use--that is to say, spacing and mounting 
arrangements for streets of specified widths which will 
insure conformíty with the ANSI Standard of uniformity. In 
the absence of such data or where conditions areunusual, 
a plot of isolux curves may be made or, as indicated in the 
ANSI Stand!J.rd Practice, average and mínimum illumination 
levels can be ci!lculated from the manufacturer's isolux 
curves fo.r the particular luminilire · to be employed. 

Fac.tors Influéncing Pavement Luminance 

l. Pavement Reflectance 

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

*See Americ?n National Standard Practice for Roadway Lighting. 
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L = E.p ) 

Footlamberts = footcandles x reflectance 

b. Where the surface is specular, however, no such simple 
relationship exists except in the case of highly polished 
surfaces such as the common mirror in which the observer 
actually sees an image of the light source when viewed 
at sorne 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. 

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

d. The charts in Figs. 7-9 and 7-10 show direccional 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 direccional reflectance characteristics 

r 

of the pavement luminaires are most effective when located 
out over the ro~dway and at preferred locations with 
respect to intersections, curves, and other roadway ( 
configurations. 
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e. Prior to the 1963 Standard Practice for Roadwa 
it was proposed to 1ncrease t e recommen e mínimum 
footcandles by 50 percent for very dark (3 percent· 
reflectance) surfaces. Also, it was proposed that the 
stated mirtimurn 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 
practica! 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 lurninance to illurnination 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 ab_ove 
the design angle of maximum candlepower. Physical 
limitations· posing the necessity for placing lurninaires 
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 lurninance in 
the far lanes. 

b. It is- perhaps 'obvious that narrow distribution patterns 
such as lES Types 1 and II are theoretically capable of 
producing higher pavement lurninance by reason of the 
high candlepower emission which occurs at high or grazing 
angles. .The problem. of glare is aggrava ted, however, 
due to the high candlepower and the direction of the beam 
which may be close to the motorist's line of sight. Type 
III distribution fits most streets and highways and 
represents a desirable_compromise in providing maximum 
pavement lurninance 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 lurninance pattern, more 
pronounced as the roads increase in width. The driver in 
the near lane (on the pole side) will generally be favored 
and this is unavoidable. By proper design, however, the 

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

b. Sta ered or O osite Arran ement. Staggered or opposite 
arrangement w~ resu t ~n a um~nance pattern which 
appeats 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
tia! or very low traffic streets. See Fig. 7-15. 

Mounting Height Factor 

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

l. More effective light flux distribution coverage on wide roadways 
and interchange areas. 

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

3. Possible lower.costs. 

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

S. Less dirt accumulation from traffic. 

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

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

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

9. Less abrupt luminance changes on vertical surfaces. 

Overhang - Bracket Lengths 

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

*See Fig~ 7:..8. 

7-10 



J 
J 
J 
J 
l 
' ~ 

' J 

J 

J 
J 
l ·l 

~ 

l 
1 

.l 

l .. 
-, 

j 

• 

• 

Negative Factors 

l. Glare from Street Lighting. In street lighting, as with in
terior lighting, glare .is described, studied, and discussed 
under two headings--namely, disability glare and discomfort 
glare, Under either. description, g~are 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. 

b. 

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 
artd which can be eliminated or minimized by careful 
luminaire design and placement. 

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

·•· · 2. Practica! Control of Glare. 

a. "Control of glare in street lighting is much more dif
ficul t than with interior lighting. This is due to 
three factors; 1) It is generally necessary from an 
economic standpoint to place luminaires on rather lo11g 
spacings and to get uniformity of illumination or uni
formity .of luminan'ce - it is necessary to send quite a 
bit of light at rather high angles (beam direction.) · 
2) Sorne designe'rs feel that to achieve highest possible 
pavement luminance it is necessary to direct sorne 1ight 
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. I t has further 
been shown that the effect of disability glare varíes 
inversely as the angular displacement of the luminaire 
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from the normal line of sight. The precise mathematical 
relationship depends upon the square of the angle of ~, 
deviation which immediately suggests to the· designer 
the advantage of higher mounting heights, side-of-road 
or off-the-road mounting or any other measure which will 
tend to rernove the glare source from the direct line of 
sight." 

b. Skillful design of luminaires to m~m.m~ze 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. 

b. 

It is quite obvious that it is beyond the province of the 
street lightihg designer to exercise control of glare 
which may originate from other than street l~ghting 
sour.ces. 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 
mi~imized or entirely eliminated. Furthermore, it ntay be. 
pointed out that adequate and proper street lighting 
maKes it ehtirely possible to drive safely with parking 
lights alone. · 

. .. 
Recent tests demonstrated that two footcandles of fixéd 
lignting in. combination with vehicle parking lights 
provided thé bes t visibili ty conditions with greates t 
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. · · 

e. Thus, when streets are well lighted, the attention of 
the driver is more readily directed to the road ahead, 

.. 
' . i 

1 
' ! .. 

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 streetlighting, permits the driver .to sean a 
wider field of view, muchas 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 itmnediately 
ahead. · 
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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 
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 . 

b. 

r 

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). Alsó as previously noted, luminaires of 
larger dimensions especially normal tó 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 sólution has been found 
for the night fog Rroblem 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 souíce, 
and therefore toward __ ~Q~ driver himself. The higher the 
beam candlepower, the ·:more light is directed back to the 
driver, producing a luminous fog screen which greatly 
impairs vis~bility. 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 ~ormal line of sight. 

This idea has been used by experimenters to show that 
visibili ty of roadways under fog conditions can· be im
proved frorn 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 conventiorial street luminaires. It is conceivable, 
however, that for extreme conditions in limited areas t:his 

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

In the past, fog lights employing amber lenses placed to ¡• 
the right of the driver's line of sight and close to the 
ground were used. This was advocated as a means of im- 1 
proving driver visibility under fog conditions. Lighting 
specialists génerally agreéd with the idea of locating 

c. 

such lights as far from the driver's line of sight as 
possible, but denied any special virtue from the use of 
the colored lens. Colored light is generally obtainable 
only with the use of a filter which passes the color 
desired and excludes the rest of the light. Thus color 
can only be obtained at the expense of beam candlepower 
and the loss offsets any questionable advantage to be 
gained by virtue of .color alone . 

Anóther possible approach to better seeing in fog 
conditions is the use of high-mourited luminaires. Re
search on this is not yet conclusive but there is sorne 
evidence to indicate that the directional feature of 
high-mounted lighting is beneficial in fog conditions 
(see LD & A April 19~2) and many who have observed inter
changes listed with high-mounted equipment agree that 
seeing coi1ditions in fog definitely are itñproved. 

Physical Factors 

1 .. ,: _,_-In s treet lighting design, the primary concerri Lis.-wi th 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 comparéd to thosé encountered in typical interior 
lighting des_ign. .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-lané expressways. 

The mirnber of effective lumens required to illuminate a . 
street s~rface to a specified footcandle level depends upon 
the area of the street surface. For a roadway of indefinite 

.length, the ci:itical 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 b.e illUII)inated per luminaire is the product of 
the street width and the luminaire spacing. 

'-
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Commercially available luminaires for street lighting are 
designed to distribute maximum illumination from curb to 
curb in a generally asymmetric pattern in order to fit a 
long rectangÚlar a~ea represented by the roadway itself. 
Sharp cutoff of light at the curbline is neither practica! 
nor desirable, sinte the spill light beyond the curb provides 
a most useful and often essential 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 accur3te 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. 

Business and Congested Streets 

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

a. Street widths, particularly in downtown city are as, 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. Adjac~nt building fa~ades 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 j aywalking adul ts and children stepping out from · 
behind parked cars. 

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

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

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

c. Building 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 driyeways. 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 cháracteristics 
as the following (see Fig. 7-19c): ... ·· 

a. Very wide pavements 

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

e. Break-.down lanes resul ting in un usual setbacks, or 
grade intersections on high-s'peed traffic streets,, · 
requiring special attention to approach lighting 
from all directions. 

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

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

uniform luminance? 
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2. We have, for years, specified highway lighting jobs in terms 
of horizontal footcandles but lately there has been discussion 
of vertical footcandles, why? 

3. What are the major factors affecting visibility? 

4. There are two types of "glare". Name them and discuss each . 

ANSWERS: 

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

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

,., 

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

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

\ ~Semi-cutoff luminaire, surface mat and dry. 

Semi-cutoff luminaire, surface smooth and dry. 

Semi-cutoff luminaire, surface smooth and wet. 

Fig. 7-1. Forms of the bright patch shown in contours 
of equal luminance formed on the roadway by .a single 
luminaire according to the type of its light distribution 
curve and the nature of the road surface. 

DISTA~U t!.tOUit!.tO WQ STOPPING 
Wl1~ GOOD ettAKt:l 00 Dt!.Y PAVtM~UT . 

.,.o~ ... o~ 
Hro~~'lt au,, 

ff)$;:;~:Xt#J+·*4 
l&e,f-Hl 

Fig. 7-2. Speed vs. stopping distance. 
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Fig. 7-3. Seeing by 
surface detail: (above) 
blocks; (right) typical 
street.-

Fig. 7-4. Seeing by 
silhouette: (above) 
blocks; (right) tyoical 
street. 
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OBSTACLE DISCERNMENT BY SILHOUETTE 
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Fig. 7-5. 

Di~ccrnment of a 1-fool obstacle at 200 teet for various 
~ontra~ts ol o~stacle and pavement. wit~ no "glare source" 
m th~ f•eld ol v1ew. _ ~he val u es ol relative visibility are average 
r~adtngs on lhe luck•esh-Moss Visibility Meter by 25 obscrvers 
w•th so-called normal eyesight. The visibility s.cale is carried 
t~ 1 rather tha~ ~o zero, beca use a visibilily of 1 may be con
Sidered the mmrmum degree of seeing having any direct 
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STREET SURFACE 

HIGH 
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Fig. 7-6. 
emission. 

Pavement luminance viewed by driver vs. high-angle 
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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. 

Pavement Luminance to Motorist Non-Uniform
Horizontal Illumination - Ratio 1~ to 1 

Ratio 8 to 1 
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Fig. 7-9. Directional Reflectance Factors for 1 00' Viewing Distance. 
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Fig. 7-12. Luminance 
pattern - one-side 
arrangement. 
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Fig. 7-11. Pavement 
1uminan~e vs. surface 
ref1ectance. 

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

EHECT OF GLARE ON OISCERNMENT 

¿ V 

-----
¡..-' 

L.----

• 0D2 . ., 0.1 0.2 

Veiling Luminance-Footlamberts 

Effect of glare on discernrnent. 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. 

L/6HTIIY6 0/?Y P11VEMEIYT 

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

When pavement is dry and diffuse, headlight beams striking the 
road surface are diffused in all directions producing surface 

• luminance on the road surface when viewed from any or all 
directions. 

L/tiHT/Nti WET P11VEMEIYT 

IC7--L _ J I I -:J 
When pavement is wet the "surface luminance" is produced 
by the street lamp located 1000 feet or more in front 
of car. 

When pavement is wet the headlight beams are reflected 
in a direction away from the driver and produce no "surface 

~ luminance. 
Fig. 7-17. Pavement luminance vs. weather, and street lighting vs. C): 
headlighting: above, dry pavement; below, wet pavement. 
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Fig. 7-18b. Visual 
cornparison of dry vs. 
wet pavernent - wet 
conditions. 
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Fig. 7-18a. Visual cornparison 
of dry vs. wet pavernent-
dry conditions. 
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Fig. 7-19a. Typical street lighting installation - business 
street (day and night). 

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

Fig. 7-19c. Typical street lighting installation - highway 
(day and night). 

7-28 

1 

f 
o~ 



' 

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. 



Fig. 7-20. Modern post-top installation - residential. 
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l. INTRODUCTION. The information in previous chapters has 
detailed the general information required for a general 
working knowledge of what can !;>e applied to Roadways, Walk
ways and Bikeways. The basic examples and computations that 
follow apply to Roadways. It is obvious, however that the 
data and techniques can be applied to adjacent walkways, 
median strips and sorne other areas . 

For special computations rel?ting to Area Lighting and High 
Mast Lighting refer to Append'ices C & D of the 1977 American 
National Standard Practice for Roadway Lighting. 

In the Standard Piactice definite facts are set up to outline 
what must be done to ¡irovide an installation of luminaires 
which will produce acceptable results. Therefore in the 
design of an installation all the factors, in the Standard 
Prac.tice which apply· to an installation must be studied 
carefully. ' · . - . 

:· ~:~ To apply these factors we must have all the phy,sical data 
whj.ch will have to be considered in making the installation. 
A scale layout of the area which shows all the oertinent 
.data is essential. Other infoi.-mation in regard- to the 
general area, location, traffic density, local and national 
jurisdictio~. and many other factois must be obtained for 
Gse as the project is developed. 

> .• ' 

2 

' ., 

In this Fund<¡mentals Course there may be.variables which will i 
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 
procedure is to determine through calculations from Photo
metric Data which Lamo and Lur.iinaire combinatioil are r·e-
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 _ · - · · · 
1 

1 

1 

' 
1, 

-1·. 
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a. Problem. To start we have a roadway we wish to illuminate 
so 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. If this were 
a city street the pole might be only 2' from the curb 
or if it were a country road it might be 12' from the edge 
of the road. In our problem we will assume that the 30' 
pole is installed 3' from the edge of the road and that a 
mast arm will project the luminaire S' over the roadway 
(OH). See Fig. 8-1. 

3. STANDARD DATA FORM. The lES Testing Procedure Coiillllittee has A· 
recoiillllended a standard form for reporting photometric data. 
See Fig. 4-17, p. 4-1<;, and Fig. 8-2, p. 4. The data on Fig. 
8-2, p. 8-4 will be used in the next series of ccimputátions. 
(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 

e: be noted iiillllediately is that. the test was made for a lamp 
rated at 20,500 lumens. Referring to page 5- we find that 
the H33-lcd lamp is now the H33CD-400 lamp which has a rating 
of 19,667 lumens .in a horizontal burning position. In as much 
as the lamp in the fixture illustrated is iri a horizontal 
position we have to use this value. We therefore have to 
multiply all lumen,·;c'andlepower and footcandle values by a 
correction factor of .96 (19,667/20,500 = .9594). . 

4. CALCULATIONS. · Roadway illum:i.nation calcuiations fall into 
· three general types of calculations: 

a. Determination of·the average illuinination on the roadway 
pave'ment or spacing that will produce a giveri footcaridle 
average illumination. · · · 

b: Determination of the illllinination at a spec:ific point op 
the · roadway. · 

c. Dete:tminatiori of uniformity of illumination. 

*Footncite - Co=ittee ·on Testing Procedures of the !ES:· "lES 
Approved Method of Photometric Testing of Roadway Lumiria'ires· 
Using Incandescent Filament or Mercury or Sodium Electric . 
Discharge Lamps," Illuminating Engineeririg, 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 done in severa! 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), oí 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 method 
is extremely laborious and since the utilization curve is 
a part of the data presented as ·a result of following the 
lES Approved Method for Photometric Testing of Roadway 
Luminaires (*See footnote in. paragraph 8.2.a) this method 
will be discussed. · 

b .. Utilization Curves. 

(1) Utilization curves, available for various types of 
luminaires, afford a practica! method for the deter-
mination of illumination over the roadway surface where 
lamp size, mounting height, width of paved area and 
spacing between luminaiíes 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 conjunctionwith 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 c6efficÍent of utilization is the percentage of 
the rated lamp'lumens which fall into a strip-liké 
are a of infini te 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 rein~?mber 
is that if the · lumin'aire center. is back of the edge 
of the roadway the utilizat'ion frÓm the refé'rence 
line to the edge o'f the roadway has to be subtracted 
from the'"stieet side" value. 
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Fig. 8-3. Enlarged utilization curves from Fig. 8-2. 
Example of coef.ficient óf utilization curves for a 
luminaire providing type II medium semi-cutoff 
distribution . 
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(4) To obtain the 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 
mountirig height to roadway width. 

c. Formulas for Computation 

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

Spacing = 
Lumens x Coefficient of Utilization 

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

Spacing = 

Lamp 
Lurnens x 
Width of 

Coef. of Lurninaire Dirt 
X Utilization Depreciation 

Pavernent x Average Maintained 

Larnp Lumen 
x Deoreciation 
Illurnination 

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

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

Definition 
Average rnaintained illurnination 
Ambient temperature 
Ballast factor 
Burn out 
Compdnent depreciation 
Changes in depreciation 
Co-efficient of Utilizatioh 
Illumination · · 
Footcandles maintained 
Lamp Lumens 
Luminaire Dirt Depreciation 
Light loss factor 
Lamp lumen depreciation 
Mounting height 
Overhang 

· Spacing 
Voliage factor 
Width of Pavement 

Basic formula with syrnbols for the determination of 
Spacing is: 

S = LL x CU 
W x AME 

8-7 
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d. Typical Computations. 

(1) To illustrate the use of a Utilization curve the 
following simple example is provided. 

Fixed data: 
Roadway - see Fig. 8-4 
Roadway width (W) 45' 
Luminaire Mounting Height (MH) 30' 
Luminaire mounted directly over curb (OH) Overhang =O' 
Lamp Lumens (Horizontal) 19,667 
Roadway classification - intermediate collector 

requiring . 9 fe* 

Calculation: 

(a) Determine coefficient of utilization. This figure will 
be for the "street side" only as the luminaire is 
directly over the curb. 

(b) 

Ratio value = Width (W) = 
MH 

45 
30= 1.5 

Refer to Fig. 8-3, draw vertical line on chart starting 
at 1.5 to the intersection of the "Street Side" 
utilization curve. At this point the coefficient of 
utilization is approximately .. 485 

Substituting in the formula for spacing, assuming LDD = 
1 and LLD = 1, we ha ve -

19667 X .485 Spacing = 45 x _9 
= 9538 = 235.5' 4iJ:) 

To make us·e of this forinula in a different sitúation 
the . following figures were used. 

Fixed data: 

Roadway ás indicated in Fig. 8-1 
Roadway width (W), curb to curb 
Luminaire mciunting height 

· Luminaire overhang (OH) 

50 ft. 
. 30 ft. 

5 ft:. 

Lamp, 400 watt mercury clear, rated 19,667 lumens 
horizontally . 
Roadway classification, intermediate collector ... 9 fe mtd. 

*Taken from Table No. 1 of the American National Standard 
Practice for Roadway Lightirig .. 
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l. Calculations 182 
Coefficient of·Utilization "Street Side" 

Coef. f U '1 W-OH 50, - S, 45' = 
o t~ . "' --¡;n:¡ = 30' = w 1.50 

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

Coefficient of Utilization "House Side" 

Coef. of Util. = OH 
MH 

= 
S' 

= .16 
30'. 

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

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

Sp~c.ing _ 19,667 x .53_ 10,423 _ 231 6 - SO X .9 - 45 - . 

To make this information more meaningful we must insert 
realistic light loss factors, so that we can get accurate 
main.tained values. To get the spacing for a series of 
fixtures mounted as noted above in an area where condi
tions are aver¡¡g~ and a cleaning cycle of six months will 
be maintained we find after consulting Chart Fig. 8-5 
(Fig. B~~· page 25 of the American Nacional 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 
mul tiple of the cleaning cycles. In our example, the 
cleaning.cytle is six uionths. Therefore the point on the 
lamp lurrien 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 niultiple of a six months cleahing 
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 Tempera tu re, · 10. a, Vol tage, 10. b, Ballas t 
factor,· lO.c, Component Depreciation, lO.d, Possible 
Changes of Physical Surrounds, lO.e, Burn-·outs, lO.f, 
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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 fórmula 5. e (1). · 

Spac.ing (S)= 19,667 X .53 X .. 95 ~ .76 = 7526 = 167 2 ,(166) 
SO X • g ---z¡-) . 

6. DETERMlNATlON OF lLLUMlNATlON ATA SPEClFlC POlNT 

a. General. The determination of the horizontal illumination 
in approximate footcandles at a specific point may be 
deterrnined from an "isofootcandle" curve Fig. 8-6 or by 
means of the inverse-square method of calculation of 
illumination (see lES Lighting Handbook, current edition). 

b. 

·In the later method, the candlepower of the luminaire 
at the particular angle ipvolved is normally.obtained from 
an isocandle curve, an example of which is shown in Fig. 
8-2(b). Since the isofootcandle curve is a part of the 
data presented as a result of following the lES Approv:ed 
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 lumina~re. ~ 

(2) An isofootcandle diagram is a graphical representation 
of points of equal illurnination connected by a contin
uous line. These lines· may "show footcandle values on 
a horizonütl plane from a single unit having a definite 

· mbunting height, or they may show a cómposite picture 
of-the illumination frorn a number.of sources arranged 
in any manner or at any mounting héight. ·. They are 

. useful in the study of uniformity of th·e illumination 
and in the determination of the level of illumination 
a t 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 h.eights are usually given in the tabulation 
along side the isofootcandle curves. 

c. · Typical Computación. To illustrate the use of the isofoot
candle diagram, atypical calculaticin is as follows: 
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Given: Roadway with layout as in fig. 8-1. 

Staggered Luminaire spacing (S) (se e. 8. S. d (1)) 
Roadway Width (W) curb to curb 
Luminaire Mounting Height 
Luminaire OverHang(OH) 
Luminaire Dirt Depreciation (LDD) 
Lamp Lumen Depreciation (LLD) 
Lamp - 400 watt clear mercury rated at 

Required to determine: 

166' 
SO' 
30' 
S' 

.95 

.76 
19,667 lumens 

Initial and maintained fe at points "A", "B" and "C" Fig. 8-1 
To determine the fe level 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" 
OH S' 
MH = W = 0.16 

-Longitudinal distanee along pavement 
S 166' 
MH = 30' = 5.533 

,· 

Point "A" for these luminaires on char't Fig. 8~6 is .16 toward 
the House side, behind the unit and .533 longitudinally. This 
point will. be found lying about midway between isofooteandle 

·lines of Fig. 8~6 ,01 and .016 for a va1ue of cOf3 fe. There
fore the two 1uminaires will deliver 2 x .013 or .026 fe. total. 

(b) Luminaire No. 2 
Loeate Poin.t "A".- Trans:._,erse distanee to "Stréet Side" 
W-OH SO' - S' . 45' . 
~ = 30' = jQT = 1.5 

Longitudinal distance a1ong pavement is O' as the point 
·is direet1y opposire the_1uminaire 

Point 'W'. for this luminaire on char.t Fig. · 8-6 is l. S direet1v 
· ir¡ front of 0° or zero niounting height. · This point wi11 be ' 

found between isofootcandle lines .63 and o4. It is e~timated 
tha~ thé value is .55. . 
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(e) Luminaire No. 4 

(d) 

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

W-HO 50' - 5' 45' = l.S 
~ = 30' = 10' 

distance Longitudinal 

332' (2 x S) = 332' 
-"31)"' 

along pavernent is . 

11.06 

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

Total footcandle values frorn all lurninaires at Point "A" 
is lurninaire No. 1 . 013 

luminaire No. 2 .55 
luminaire No. 3 .013 
lurninaire No. 4 .O 
Total fe at "A" 3/b 

This value is based on a clean lurninaire with a lamp 
producing 20,500 lurnens. As it is desired to express the 
footcandles in terms of fe. when the lurninaire is at the 
end. •of the 6 month cleaning schedule and the lamp has aged 
to 90% of life and the correct larnp lumen factor is used so 

·that the lowest value,wi11 be obtained we will apply the 
factors which will •·.produce the desired maintained footcandle 
value. The correct lámp lurnens are 19,667 which produces 
a facúíi- of 19;667/20,500 = .96, LDD factor .95 and LL.Dx¡. 
factor .76. Total fe. at point A is fe at "A" x LL x LDD 
x LLD = FCM or .576 x .96 x .95 x .76 ~ 399 FCM . 

. (3) To determine thé contribution of each lurninaire to point 
"B". 

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

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

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

~ 
Longitudinal along ioad 83'/30' = 2.766 

= 45 
jQ = 1.5 

Point "B" for No. 2 .is l. 5 across the street si de and 
2, 766 longitudinally and will be found berween .lO and 
.16 which we will estímate as :15 fe. 
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(e) Luminaire No. 3 18G 
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 i's found on the . 4 fe line. 

(d) Luminaire No. 4 

Locate Point "B" Transverse to H.S. 50-5 = 45 
----w 'JO= 1.5 

Longitudinal along road 240/30 = 8.3 
Point "B" from these figures for No. 4 is off of the chart. 

(e) Total footcandle values for all luminaires at point 
"B" is · 

Luminaire No. 1 o 
Luminaire No. 2 .. 15 fe 
Luminaire No. 3 .40 fe 
Luminaire No. 4 o 
Total fe. at "B" -:-35 

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

Using the 
.95 for LDD 

X . 95 X • 76 = 

v~ (4) In a like manner the fe 
"C" 

values are determined for-:point 

. ' ~-.(a) Luminaires Nos. 1 and 4. 
under paragraph 3a arid 3d 
tudinal distance produced 

From previous 
we found that 
a point off 

calculations 
the longi

the chart. 

(b) Luminaires No. 2 and 3. 
Locate point ".C" - Transverse to HS 
W/~ - OH _ 50/2 ~ 5 _ 20 _ 667 . 

MH - 30 - '30 - · 

Longitudinal along road = 83/30 = 2.766 

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

(e) The maintained .value .is obtained by using the factors 
of . 96 for the variation" in lamp lumen output. . 95 for 
LDD, .76 for LLD. '1.12 fe x .96 x .96 x .76 = ·.78 fe 
maintained .. 
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7. UNIFORMITY RATIOS 187 
a. 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: 

Mínimum Horizontal Footcandles 
Average Horizontal Footcandles 

It can also be expressed as the ratio: 

Average Horizontal Footcandles 
Minimum Horizontal Footcandles 

b. 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 
mínimum point. If the values at points "A", "B" AND "C",_ 
as showm-·.in Fig. 8-1, are first determined,_ the approximate 
location of the mínimum 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 mínimum illumination value. 

Sorne manufacturers are now supplying curves of the type 
shown in Fig. 8-7a and 8;;,2b, which indica te the average 
to mínimum maintained foótcandle ratio for a particular 
ar:i:angement of luminaires_as roadway width and spacing 
are varied. (These are computed for the lowest value _ 
on the roadway are a, riot neéessarily for points "A", "B"_ 
and "C".) Such curves are a convenient aid to determine 
the average.to mínimum illumination ratios for a given 
spacing and roadway width, or to determine the possible 
spacing.for a required unifoimity ratio. They also can be 
used to determine- the relationshipbetween 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 
characterisiic curves. 

e. In the calculations the maintained footcandles at point "A" 
is . 399 ( 6. e (2) ·:-(d); at point "B"- the value is . 38 
( 6.c (3e) and at pbint "C" the value is .78 ( 6.c 
(4 ppg. e). From these data we can assUme that .38 at 
point "B" will be the mínimum, other points between "A" and 
"B" could be checked if necessary. Using the value of .38 
fe we ~ave a ratio of .9 fe average maintained to ,_38 fé 
mínimum maintained or a ratio of 2. 37 to l. 
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188 
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 diagrarn 
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 · utiliza"tion and point locations are on a percentage 
ratio. Footcandles have to be changed in relationship to 
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 rnounting height. This point will 
ha ve be en loca ted in regard to the new mounting height. · 
The coefficient of utilization factors are located as well 
in regard to the new mounting height. 

c .. 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) 
Mounting Height (MH) 
Over Hang (OH)" · 
Rated Lamp Lumens (RLL) 
Test Lamp Lumens (TLL) 
Lamp'Lurnen Correction factor (LLC) 

19,667/20,500 

50' 
.·25 • 

5' 
19,667 
20,500 

Luminaire Dirt Depréciation · (LDD) 
Required Average Footcandles Maintained 

.96 
.. 95 
.9 

To find coefficient of utilization 
50' - 5' 45 Street side = 25 , = B = 1.8 ratio .509C/U Fig. 8-3 

.House side =-~-= .2 ratio= .058 C/U Fig. 8-3 

Coefficient of utilization = .509 + .058 = 0.567 

To find 
. Spacing 

Spacing (S) 
= 19,667 X .95 X .76 X .567 = 8g_ p = Í 78 _9 ,_ (l 78 ) 

SQ X .9 

·In the problem where.a 30' mounting.height was used the 
· spaéing was 167.2'. In our.calculations we used 166' as 
· it was the next lower even riumber. In the following 
problem we will use 178'. 
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The footcand1e va1ues at points "A", "B" and "C" are deter
mined in a similar manner, in this prob1em, taking into 
consideration the new mounting height of 25' . 

Point "A" Luminaires Nos. 1 & 3 
Transvers~ to H.S. 5/25 = .2 

Long. along road i78'/25' = 7.12 
This point is off the chart and has no value 

Luminaire no. 2 
Transverse S.S. 45/25 = 1.8 

Long. a1ong road O 
This point is between .25 and .4 estimated at .30 fe. 

Luminaire No. 4 
Transverse S.S. 45/25 = 1.8 

Long. along road = 356/25 = 14.25 which is off the 
chart. 

The total fe produced at point·"A" is .30 from 1uminaire 
No .. 2. These of course are inifial. 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 l. 44 which is the mounting height correction factor 
found in the table Fig. 8-2. So we have .30 x .95 x .76 
x .96 x 1.44 = .299 fe maintained. 

The footcandles at Point "B" are as follows, Luminaire 
no. l having a lorigitudinal 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 .14, Point 
"B" for luminaire no. 4 is off the chart for no value. ·. 
The total then for point "B" is . 075 + .14 total.ing . 215 

·fe. 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. 267/2S = 
10.68 off chart. Luminaire no. 2 & 3 Trans. = .8, Long.= 
3.S6 = .2S x 2 = .S fe. The total 6f .S fe times the 
various factors produces a .499 fe mtd. . · 

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

· from previous problerris). 
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190 
Coefficient of utilization ''Street si de" ratio.-~ - ~ e 1. 286 

Coefficient of Uti1. house ~ide = 5/35 = .1429, c.u. is .042 

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

Substituting in Spacing formula: 

Spacing (S). = 19,667 X .499 X .95 X .76 
SO X .9 

7085. 
= --z;-s-' = 157.5' (158) 

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

'Long. = 158/35 =·4.51 
At this_ point each luminaire proquces . 032 fe. totaling . 064 

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

.. T:his luminaire produces . 75 fe at point "A" i: 
.Luminaire. No,. 4 ,Trans. 45' s.s. 45/35 = l. 286 

Long., 316/36 = 9. 03 (no value) 

The tot'al at point "A" is .032frornno. 1,.+ .75 from no. 2 + 
.032 from .no.- 3 and .O frorn no. ~4 for .a total of .814. To 
get the. maintained fe _- 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 fe maintained. 

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

No .. 2 .25 
No, 3 · .58 
No. 4 .012 
Total -:-B42 . 

. 842 X ·.74 X :95 X .76 X .96 ~ .432 fe futd. 

The four lumimhres projeet. the' following values ti:J point "C" 
Luminaire No .. 1 & 4 No value (less . than . 01 fe ) . -
Luminaire No. 2 & 3 .72 fe eaeh or 1.44 fe for both units 

1.44 fe x .74 x .95 x .76 x .96 = .739 fe mainta·ined.-

The three sets of data on the same fixture under the same 
conditions exeept mounting height provide information whieh· 

-can be compared. This. eomparison will then.b':'ing in various 
factors _whieh should be ci:Jnsidered, sueh as eeonomies, 
quality, glare and other faetors. 

) 

The following gives the aecumulated data. 
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192 
sphere). The right hand portien of Fig. 8-5 shows five 
groups of typical area atmospheres. 

e. Area Description- A complete description is required for 
each area to be lighted. This should include: the 
physical characteristics such as roadway 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 
roadwa,y depends upon the requirements and conditioris 
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; luminair.e dirt depreciation; lamp choice; 
maintenance consideratio.ris, inéluding cleaning and lamp 
replacement; luminaire and ins tallation appearance; color 
of light; lighting and relighting· time; cost of equip
ment; etc. All factors should be examined in detall first, 
then reviewed so that the proper weight will be given 
to everything that might effect the luminaire selection. 

LIGHT LOSSES - NOT RECOVERABLE 

Once the facts in 9 have been appraised and the luminaire 
is chosen, the faciors that cause loss of li~ht should be 
studied and evaluated. The factors immediately following 
are difficult to appraisé and are usually of littl.e signifi
éance. However, if it is known that á peculiar· condition 
does exist that can be evaluated it should be included in 
the calculations of the maintained footcandle leve l. ·In any 
case, the designer should be cognizant of all the fact:ors · that 
can diminish the planned output of the lighting system, and 
evaluate .where necessary and practical. 

a. Luminaire Ambient Temperature - The effect of ambient 
temperature on the output of sorne fluorescent lu!ninaires 
lnáy be considerable .. To apply a factor for light loss 
due to ambient temperaturé, the designer needs to know 
the highest and lowest temperature expected and to have 
data showing if there are variations in the light output 
with changes in ambient temperature for the specified 
luminaire to be used. 

b. Vol tage to Luminaire - In- service voltage is difficul t to 
predict, but high or low volta~e at the luminaire. will 
áffect the óutput of most luminaires. 
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c. Ballast Performance - If the ballast used in the luminaire 
· does not provide rated watts to the larnp, the light output 
will differ proportionately, anda ballast factor should 
be applied.. The rnanufacturer should be consulted for neces
sary _factors. 

d. Lurninaire Component Depreciation - Depreciation of the 
light controlling elernents of a luminaire, resulting frorn 
deterioration of metal, glass, plastic, paint and other 
reflector finishes, will result in reduced light output. 
However, because of the cornplex relationship between light 
controlling elernents of different rnaterials it is difficult 
to evaluate losses due to deterioration. Even lurninaires 
with a single light controlling element of one type of 
material wíll show losses due to the type of atmosphere 
in the area. No standard factors have yet been developed 
to cover depreciation of cornponents. (Se e Fig. 11-2) 

e. 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 coristruction or demolishing, or any
thing that would change the_ nature of the road'. 

f. Burn-Outs - Unreplaced burned-out lamps will affect the 
quality of the lighting syste~. It would be ironical to 
i~corporate a factor in:i.ne 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 necessáry, should be 
adopted. The desígner should make his client aware of the 
necessity for a good maintenance program. 

11. LIGHT LOSSES - RECOVERABLE 

a. Lamp Lumen Depreciation Info.rmation about lamp lurnim. 
depreciation is available from manufacturers' tables and 
graphs for lumen depreciatíon and mortality of the chosen 
lamp. Rated average life should be determíned for the 
specific hours per start; ít should be known when burn
outs will begin in the lamp life cycleo From these facts, 
a practica! group relamping cycle will be established and 
then, based on the hours elapsed to lamp removal, the 
specific Lamp Lumen Deprec.iation (LLD) factor can be 
determinedo Consult manufacturers data oí the lES 
Lighting Handbook, 5th Edition for LLD factorso 

This factor has already been used in the problems and 
solutions presented o The tables for the. various lamp 
types are found on page 5-11., oFig. 5-5 for incandescent 
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lamps; page 5-31 , Fig. 5-24 for mercury lamps; page 5- 3l 
Fig. 5-28, for metal halide lamps. The loss for sodium 
is reported to run from 5 to 10% at end of lamp life 
according to the latest 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 luminaire dirt depreciation (LDD) factor and 
is determined as follows: 

(1) Determine the dirt category (very clean, clean, 
average, dirty or very dirty) from lO.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 
fro~ section lO.f and ll.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 omi tted. 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 t:hat .th.e, 
cornputations will become quite familiar. For that reascin 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 mínimum illurnination of any 
point on the roadway is less .. than 1/3 the average illurnination 

. it is _possible that, 

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

might be used to advantage. 
3. A di'fferent overhang might be used .. 
4. Spacing is too great. · 
5. The. lamp-luminaire combination has too great a li.unen 

output for the average illurnination level desired. 
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PROBLEMS. 

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

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

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

44' 
30' 
4' 

Commercial lamp rated 19,667 lumens(horizontal) 
Required maintained footcandles 2.0 
Atmosphere - surrounds CLEAN 
Cleaning schedule - months 6 
Lamp replacement 83% life 20,000 hours 

a. Determine luminaire dirt depreciation (LDD) 
b. Determine lamp lumen depreciation (LLD) 
c. Determine commercial lamp lumen/test lamp 

lumen factor 
d. Determine Coefficient of Utilization (CU) 
e. Determine staggered spacing for 2 fe avg. mtd 
f .. Determine maintained fe to mínimum fe ratio ~--~--

Solution No. 1 

a. Refer.tó1Fig. 8.5 for a 6 months line draw a line L'" 

vertically half-way between the O and 1 year line. Where 
... _,this line intersects the clean line is just about ·.97%. 

b. 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%. 

c. 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 lúmens 
gives us (19,667/20,500) a 96% factor. 

d. To determine the CU factor refer to Fig. 8-8. 
. . . W-OH 44' ~ 4' 40 

CU- Street S~de (S.S.)~= · JO' =JO= 1.333 

Draw line from- l. 333 Street Si de' to intersect S. S: curve at . 453 

OH 4' CU- HÓuse Side (H.S.) MH = ~ = .1333 ratio 
Draw line from .1333 to intersection of H. S. curve at .. 057 
Total CU for H.S. and S.S. is .057 + ;453 = .51 
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SI:LÉCT APPROPRIATE DIR'T CIJIM: fiiiJM KIND OF OONDI· 
TIONS DESCRIBED BELOW FDR TYPE IDIIINAIRE TO BE USlD 

Aren-Cieen-P•vement---{;rus. lb open loase rround. 
Slow tr1ffic. Uttle or no edhesie qualities In 1tmos- . 
phere. Most rural lfeas, rnidentia'l roadways, slow tflf· 
fic, no trucks. 

Areas--As above ncepf avent¡e tlr at truck tr1ffic. Down
town open ereas. lntermediate and trllways In open areas . 

Areas-As above but sli¡htly more uposure. Residential, 
lntermediate, local minor roads. -Few truclu. 

i\rea~nfined. Greater than average. Cars and trucks ex
pressway, freeways. Downtown, major; Mhsive dirt . 

lnd./Comm. Areas. Trucks, buses, dtesive dirt,''confined 
areas, heavy tratfic. ~ 

Fíg. 8-5. Thís chart ís useful for estírnatíng 
roadway lurnínaíre dírt deprecíatíon factors 
(LDD) 

Fig 8-lb "1 1 1 .. -~-1 1> 

Example of chart showing uniformi!y ratio vs. 
Luminaire spacing for. staggered arrangement. 
Luminaire classification 11 Medium Semi-cutoff Type 11 Distribution . • 

·!--- • 

v30' width ¡....._ 

~ 40' width t-... ¡...... ,r-.. 

"" ---... ~ 50' width 

"'- ' ............-.: ~ ~ 

[\ 
...... - \ ~ ~ 60' width 
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· ·· MOlJtvdNG ..__ -' 
HEIGHT 

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

F~v .'OR' 

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

Fig 8-6 Enlarged section of 
Fig. 8-2 for isofootcandle 
curves only. (For 
easier computations). 

00 

' N 
p. 

1-'-
I 
S2 
w 
I 
(!) 
z 
¡::: 
z 
::J 
o 
~ 

o 
1-'-
w 
ü z 
~ 
1-'-en 
o 
w en 
a: 
w 
> en z 
~ 
1-'-
u. o 
o ¡::: 
~ 
a: 

w 
o 
en 
w 
en 
::J 
o 
I 

w 

º en 
1-'-w 
w 
a: 
1-'-en 

t-- - - ..• -·- --- -·- -- - ---+-+-+-t--t-71VH-PI:-+--Y""/+-+--:J.o'"'+--h-4v-+.,+V-+~"q_-t-.:.·1~6~L--q¡:::::---J 
_ _

1
_ __ __ __ __ V 1 \V l/ / f v L---r' 

1--- . - ···· .... _ ..... -t-+-b-'-~ ' V V V V )-/ v .25 ¡....-
/ / lx"' vv !7 ~ 1-~-H-l-··- --+--+--t-+-t--lr+-1-1-Y'-H-:>Ic..t-J.4-t.4-+-~+---h4-+-~I--J~---4-l 

1 / / V ,.;V l/ ..,Y V / .4 

1-

RATIO OF LONGITUDINAL I;IISTANCE TO MOUNTING HEIGHT 
Footcandle data is based on a·luminaire mounting height of 30'. For 
other mounting heigt)fs multiply the values of footcandles shown by the 
factors in the table. · t. 

~--~------~.~ ... ~ ...... ~-~.------------~-~~---------------~-------------~~~ 



<.') 
(.' ...... ,, 
e 
C'l 
u .._, 
o 

" ..... ::> 
e 

U ·.-< 
LJ <O 
<'J..> 
<.. e 
(.1 -~ 

> <'l 
·:: ~ 

. i 1 ¡ 1 j l . i. .. i i. . ¡ \. ; ' j 

(Fig. R-2) Maintained footcandle tes are calculated for a 
larnp with a lurnen output of 19,66i ,horizontal), a lurninaire 
(L.D.D.) .of 95% and larnp lurnen depreciation '(L.L.D.) of 76%. 
Overhang (OH) 5', Roaclway width varies "W". 

1-- .:; -; 
'' '11 ,, 
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30' .. r·oo·:·::,:¡,;· ·:: L; 't:1 

-. 
1¡0.' re: <~·!ct;.: ·:.~:!._¡:".-: 

' 1 ___ .. '· ' 

400-watt clear ~rcury 
dirt depreciation 
Mounting height 30' 

L_-----4-------+----~~------~------+-------+-------r-----~-------+-------' 
1¡0 1 ' 60' so• 1oo• 12.0 1 C..2G' 1 co 1 . 2J)' 120' 

Spacing between lurninaires in··feet (staggered) Fig. 8-7a. 
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PHOTOMETRIC DATA 

Hltl 
1-111"''"' ... ~· TB T No [3~9..ZBO 

- Su•t•uou [359-2::!~ la\ 
20~ •. 

Rtr~CTOII C&T. No. LOJJOll 
Sotut Snt , .. 4C . 

J..o\mp KlJ.tciJ/(, 400 'tiAYTI, 20, ~ lvMtld 
(-37, C4U.II 

:~'\:'1 lE:- TYI'• 111, MtDtVM, Cut··O, 

. -· ... -- ~ _., .,f : # 

n, ... No.,,,..,. 21. t972 

--~8=·===~~ 1 

L 
1 

ISOCANDUA OIAGilAM 
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1 

-¡---¡---¡-------r-7@~~~ 
.a 1, --r-;--:--r-:-z~:::=;:~~~~=z= 

~ .. 
u 
;: 
~ 40 

f-
' 

> ~ 
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•2 200 
6,100 
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RATIO Of LONGITUDINAL DISTANCE TO MOUNTING HEIGHT 

Fig. 8.-8. 
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Fig 8-9 Layout of Luminaires 
and roadway assumed for 
typical computation. 
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Staggered spacing using formula Se page 8-7 

Staggered spac· 19,667 x .51 x .97 x 
~ng =. . · 44 x 2 · 70 = 

68§~ = 77.39' (76') 

f. To determine average fe. to mínimum fe ·ratio 
Determine fe at point "A" luminaires no. 1 & 3 
Transverse H.S. 4/30 = .1333) _ 
Long. along R. 76/30 = 2.533) - .21 x 2 = .42 fe 

Luminaire no. 2 
Transverse S.S. 40/30 = 1.333)_ l.lO fe 
Long along R. = O -

Luminaire No. 4 
Transverse S.S. 40/30 = 
Long. along R. 152/30 = 
Total for .No. 1, No. 2, 

1.333) 
5.0666) 
No. 3 

= .015 

1.535 & No. 4 
Maintained FC = 1.535 X .97 X .70 X .96 = 1.0 fe maintained 

Determine fe. at point "B" Luminaire No. 1 
Trans~ H.S. 4/30 = .1333. Long. 114/30 = 3.8 
No. 2. Trans. S.S. 40/30 = 1.35, Long. 38/30 = 
No. 3, Trans. H.S. 4/30 = .135. Long. 38/30 = 
No. 4, Trans. s.s. 40/30 = 1.53, Long.l14/30 = 
Total footcandles at point 
Determine fe. at Point "C" Luminaire 1 and 4 
Tr"ims. 's.s. 20/30 = .667, Long. 114/30 = 3.8 = 
No. 2 & 3 Trans. S.S. 20/30 = .667 Long. 38/30 

.04 fe 
1.266 .48 fe 
1.266 l. 00 fe 
3.8 .085 fe 

1.605 fe 
.".J::é( 

.11 ·fe x 2 = .22fc 
= l. 266 

Total footacndles at point "C" 
= 1.15 fe x 2 = 2.30 

T.52" :Éc 

Maintained fe at point "B" ·= l. 605 x . 97 x . 70 .x ·. 96 = 1.05 
Maintained fe at point "C" = 2.52 x .97 x .70 x .96 = 1.64 fe 
Point "A" is "low and produces· a ratio of 2 avg. to 1 or a 

2 to 1 ratio. 

n nn 
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Problem No. 2 

Using the same parameters as for problem 
locations to opposite spacing for a 2 fe 
Fig. 8-9. 

np. 1 change the pole 
avg. maintained. See 

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

b. Determine maintained.fc for points "A" 
and "C" 

"B" 

c. Determine ratio for average maintained to minimum 
maintained 

Prpblem No. 3 

Determine. data for the following situation: 

Roadway Width (W) · 
Mounting Height (MH) 
OVerhang (OH) 
Luminaire~See Fig. 8-8 (Opposite spacing) 
LDD 
LLD 
ITL 
Average maintained footcaridles to be 

provided 

a. Determine Coefficient of Utilization (CU) 
b. Determine opposite spacing 
e. Determine maintained fe. at points "A", 

11 B11 and "C 11 

d. Determine average to minimum ratio. 

· Problem No. 4 

Photometric Data - see Fig. 8-2, 8-3 and 8-6. 
Luminaire, Medium, Seini-cutoff type II 

··. 

60' 
30' 
4' 

97% 
70% 
96'7, 

2fc 

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 fe 2 .. 

. Luminaire Dirt Depreciation (LDD) 97% 
Mounting Height 34' 
Mounting Height factor.(see table on data sheet) 78% 
Installed - Test Lamp factor (ITL) 96% 
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a. Determine Uti1ization factor (CU) 
b. Determine staggered po1e spacing 
c. Determine footcand1e va1ues maintained at Points "A", "B" 

and "C". 
d. Determine average to mínimum ratio . 

Prob1em No. S 

The previous prob1em was on a c1ear mercury 1amp, this one wi11 be 
on a phosphor coated 1amp of the same wattage, and wi11 produce a 
different type of distribution. 

Photometric Data - see Fig. 8-10 
Luminaire, lES Type 111 Short, Cutoff (1972) 
Lamp; 400 watt Phosphor coated H33GL-400/DX 
Test Lamp Lumens 22,000 
lnsta11ed Lamp Lumens, initia1 21,780 
In:stalled - Test 1amp factor 
LLD 
Roadway width (W) 
Overhang (0) · 
Mounting Height 
Mounting Height Factor 
LDD . 
Footcand1es maintained 

Determine Coefficient of Uti1ization (CU) 
Determine staggered po1e spacing · 

.99 
7.8% 
42' 
6' 

34' 
74% 
97% 

2 

a. 
b .. 
e.· 
d. 

Determine footcarid1es maintained at.points "A'-',-· "B" and "C". 
Determine average to mínimum ratio 

Prob1em No. · 6 

This.prob1em has the same physica1 perameters as the two previous 
prob1erns .. The change is substituting a 400 watt sodium 1amp 
fixture. 

Photometric Data -·see Fig: 8-11 
Lurninaire- lES type.lV, medium, semi-cutoff 
Lamp: LU-400 E-18 
Test Lamp Lumens 
Ra ted Lamp Lumens . 
Insta11ed - test 1arnp 1umen factor 
LLD 
Roadway Width (W) 
Overhang ·(O) 
·Mounting Height 
Mounting height factor 
LDD . 
Footcand1es maintained 

8-30 

42,000 
50,000 

1.19 
. 90'7. 
42' 
6' 

34' 
78% 

.97% 
2 
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PHOTOMETRIC REPORT 
·-, 

_.......,_..'-"""'--"CA.-------WA TT S-"41.'>0~0,_ ___ _ 
LUMJNAIRE: HORIZONTAL 

· LCl-L ___ ~-------VOLTS _________ _ SERIES: 25 000 
WATIAGE: 400 • • ~·-- 20<1 t-.· '~ENS.~~WL~------------------- .--~, ...... ------~~~ 

~f _¡TEST NO.~¡¡_::_..,_ ____________ DATE 11- 16· 72 

8 Y 7:" :¡;S. A E VIS 10N_O"-l.OL---

APPROVEDBY_,j2~~~~~----------------------

SOCKET POS. 
DWN. & FWD. 

l 

-
1 

_.1 

J 
., 
_¡ 

J 
-1 
~ 

-

-

111 SHORT 
lES rrrr::: 111 s:-;c::n 

CUTOFF (1972) 
SEMI CUTOFF (1963) 

HOuSf S!DE UTILIZATION ( Dashed Line~) ST~EET S lOE 
~~~~,-~r--~~--~+-------r~~~~r1~~~;,o•. 

1-+·+-t-H-+-+-.lf--'·--+--------1---c''-t-+~+++-t-cH-+-i-++1.· i i 1 ' 1 

j j_ 

' 1 :/ '¡... 1 1 i 1-+_.__i-+-H"=' ___ .., .. _ -
:.r ~- - +-:-' '-"· >i·~+-l-++H+H-H1 

1-'-t-++'PO~S'-.i..! -;-...,...+-----'~-+-+' _,'-""""-'-++-+-l----++~60~o 
,/ 1 i ' ' 1 

1 1 i ' 
1 ! 

1 ' ¡ 1 1 

' ! ! 1 1 J. 1 
1 V ' :'\. ' ' ., 

.... 
:r 

" " ' ' 
. \"'' i 

V ¡ ! : 
/ ! ' .01-· 

¡¡; ' : './ ' " ' :r 

" z 
¡:: 
z 
::> 
o 
:E 
::!': 
.... 
"' "' a: .... ., 
" z 
o 
..J 

"' "' U' 
'.z 

"' .... ., 
i5 

., 1 :'\. 

J 1 f•) _¡_1-:- -+---!H-1--..,....¡----+·-~i Hr--..,_'·->'1'--c--i' 
1 ' . llll. . ' : 1 

·~~L-L-~.~-L-L-~,...,...~-~~,~~~~~,--..C...-L..C...+,..c...~L-~. 

DISTANCE ACROSS STREET IN MOUNTING HEIGHTS 

ISOFOOTCANDLE ANO UTILIZATION CURVES 
TEST DISTA1.JCE_3Q_FT_ 

Footcandle dala is based on a !um,nalre rlloun!tr.g ."ot=-!Q.~1 o!~leel For Clhet mount_tng heights .. mul!lply !he valu(!s of _foot· 
candles shown b> tne fol!owtng rable .. The ul•Hza:ID'• C:.Jr~o e •. aashe-:j ¡ tS corrfc:. for alt moun!tng h~tghts_ a_nd does not reQutr_e 
corree! ton ·. 

Mounting Ht.-Ft. \ 10 1 12 " 1 1G i 'E 20 1 25 1 3D 1 35 1 40 1 45 50 1 6~ 

FACTOR_!_ . 1 1 i 2251144\ 1 1 74 1 56 1 .4 4 36 1 
. 

LIGHT FLUX VALUES 2 2.Q Q Q Va tu<.> S of tsocar,ueta. t;..;m_ens. ar,d loo\Ca.>dies are based upon a"támp operated at 
¡T~s: Dos:a.,ce S!!-;,-..,r A:;~:-.~·-

7D 

Pe,ce:--.: o' ~a~: lÚ'nE_:"!S. Jf the- da:¡ ·,s oe~~~~a lor a dtll~ren: tt.>rne'"l ri:l:-,ng. mutitoty al! isect~:ndela. lumen. a:-~ O 
tume!ls - IO:;Jl_cac··:::li~ •atl:e_s o,- ~r.e d;~·~ren_: tam_p 'ul71en ta:,ng a,_·.-tde~ by 2 2.0 O O ·ow...:o .. ARLl 9 8 4 o 4 3 1 "TREE~ SJDE 

~P ... At=l:'l 
STRf ' -oo; 

5200 2:36 ~.o· ... 
¡~"··-
OUSE StDE 

Total 1 .:s 8 o 61i 7 'o Fig. 8-10. 
' 
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ISOCANDllA DIAGRAMS 
- . 1 1 . .A'-t-t~· 
----¡---·-

"" 

100'- 17(1' 16(1' 15(1' 1<1(1' .IJO" 1)(1' 

HALr M"-X C P 
MAX ( P 
NADIR ( P 

110R7 

]1•11'• 
J JIH,_ 

.JF[___ 121r_ __1 ¡cr ~oo: 
~~ (10n:-:;r;-·p-

looL---:~':c1~,'~[:~; !.::!(:: 

1 OOo.IH O ""Hl Rt 

VALUFS O~ lliOéANf:JtlA: LUMrNS, AND rOO'fCANOL!S AS.E RASEO 
UPON A LAMP OPERATED AT . lt2.000 ____ UJMENS 1~ THE DATA 

!S OESIRF.O FOR A DIFHRENT LAMP l.UMEN RATING. MUL TIPLY All 

ISOCANDflA .. LUMEN.-AND FOOTCANDLE VALUES RY THE RATIO 

DIFFERENT LAMP LUMfN RATING OIVInf() RV 1,],001"1. 

'··· _j 
. __ ¡ 

'- __ j 

Fig. 8.-ll 

)(1' l(f' 

}fl" 

1·7 ~17'1' . .-.,"' 

--~~ 115l~l 
1 ~IRt ¡1001" 

"- ----
1 I'I()AAH 1 RL 

~:~~;~t-~&~O~_c¿c~ 
"""' ···c'"+-~'~'~'+-~'~·'Lj 

6 S 4 3 21 O 
RATIO OF LONGITUDINAL OISTANCE _TO MOUNTINC HEIGHT 

ISOFOOTCANDLE &- UTILIZATION CURVES 
fOQTCJo.NOlt O,O,TA. 1~ fiASEDON A LUMINAIIIE MOUNTII>IG HEIGH'T ()11' JO ~([T ~CIA. Oll-lfR AAQU"'Yt..-G lolfl~ MUl n..._v 
THE YALUES Of fOOTCANOlH S'"IOWN 8Y THE r.-.CTORS IN Ylolf FOLLO'WI"'(i TA!IU TH( UYtlll"'liQN CU~vt tOASI"II'OI t\ 
COII~(CT f()R All MOUNTI"'(i ~[IGHl\ ANO D')(S 'V()T ~[QUI~f (()Q~((ltON 

MOUNTING 
HEIGHT. FT. 

r-ACTOR 

22 23 24 25 26 27 28 29 30 31 32 33 H 35 

1.86 1.70 156 1.44 1.33 1.24 1 15 1.07 094 088 083 01~ 014 

\:_UMINAIA[ DES(RIPT!ON __ , ________ _ 

R.,fl.,ctor J~·IJ0001-IJ 
~"fr;o~tor •510 
<.OC. PtJS. •t ~UR/1 

LAMP- 400 WATT 
ASA No 

l\:1 
o 
c .. :~ 

LUAOO Not•• t.,..9 •'e ~" 
;¡:y;¡m ~r·-· · ·· · ·- ··-·-·--· · · -- · --

e 1 (: IIO'YT .\l''ltC.Utl 

• 
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a. Determine Coefficient of Utilization (CU) 
b. Determine Staggered pole spacing 
e. Determine footcandles maintained at poinfs "A", "B" and "C" 
d. Determine average to mínimum ratio. 

Problem No. 7 

This problem is for a greater mounting height and a wider 
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 94.74% 
Roadway width (W) (Fig. 8-1) · 72' 
Overhang (OH) 5' 
Mounting Height (MH) 50' 
Footcandles maintained 2 

roadway. 

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

b. Determine luminaire dirt depreciation factor for a system of 
cleaning every 6 months in an avg. area. 

c. Determine Coefficient of Utilization (CU) 
d. Determine staggered spacing 
e. Determine footcandles maintained at points "A", B" and "C" 
f. Determiné average to miniinum ratio 

Problem.No. 8 

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 De luxe 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 (O) 5' 
Mounting Height (MH) 50' 
Footcandles maintained 2 
MounÜng height factor 49/', 

a. Determine Coefficietit of Utilization 
b. Determine staggered pole spacing 
e. Determine maintained footcandles at points "A",· "B" and "C" 
d. Determine. average .to mínimum ratio 

8-33 
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PHOTOMETRIC REPORT 207 
_;LAMP H36 -15GV 

.... , 9 38 
WATTS 1000 

VOLTS~=---------

LUMINAIRE: 
SERIES: 227 
WATIAGE: 1000 

"1000" 

ENS 57000 

TEST NO. 227-8 DATE 7-24-73 

J BY J S 8 '1' REVISION_.-!0"-----

. APPROVEDBY~~~~~;t~----------------------
lES TYPE: 

-

., 
~ 

" ¡¡; 

"' " z 
~ 
:::> 
o 
:E 
~ 
:;; 
w 
a: 
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" z 
o 
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1-'' ' i : l ' 1 1 1' ' 1 ' ' 
: ¡ 1 1 

1 ' 1 1 1 ' ~ 

~~ ...,JJ11"'. 1 : 1 j i ! '" 1 _¡ ! 1 

.g;§'~. 1~~~Y~
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J'1:~.~· EE· 3:~.~~r~~~~:~~L''~..-~~§:~:s~t~R~E~l~r·t·~s~:1 º~'~:E-1so% 
L L ~ _l 1 i ' ' : "X ! : _! 1 ! \: 1 i z 

'l..' ¡lj / -~ i 'i!l '1 o 
Y, 1 ¡,, , 1 • i !n' ' ~ 

·~~~·~L~~~t-~' ~~~~~-~~~~~~~~_,:~:4-+'·-~~~~~~~•o% ~ 
1 ,. 1 : i _!____. ' 1 1 1 i_~ ~ 

1' i 1 i 1 ¡ 11 1 : ; 1' 1 ¡ ~ 1 1 1 1~ ;:, 
_11_ 1 1 ' l 1 1 \ o\: ,., ' :!; 

1--J''-''--+~'"--H--+-' :1 ......_, , ; • : : ' 1 1\..' ... z ; '1' 1 J 1 1\: : •2 1 ,, 1 1 i 1'11. 1 
3~~~~--+-+-+-+~~~~~~+-~-~~~--+-+~~-+-+-+~430~ ~ 

1 1 ' 1 11· 1 ' ' : 1 ,, 1 1 1 1 1 ! ü 
: 111 ' 1 \: \ : 11, 1 1 ..... i it 
: ! 1 i ~ t l ; ~· : ~. 1 \.. i i 1 ¡ '1 LLI 

H-#--j'lf-+-' +-.~K,~.'-+'1 -1"+--r-. .. · '"'"',...,-=~¡:.;: ~ '\'.--' -.rl-H~':::-E S 1 DE J'll i- 8 
2 i ~-:. : '- t ,,vu~ ' .. L 20% 

,, ' 1 1 1 ' ;\. ' : 1,. 1 ! 1 """ ¡ 1 1 
1 

' 1 ~- ' ' ! ' ! 1 !""'~ ' 1 1 1 . i 1 
11 · 1 1 ,. A , 1'- ; ; 1 1 , 

,, ., ; '1 : 2 ' .• 1.... " ' 

; ,, \ , ; : 
1 i 1 • 

'Y ! :\ 1 : ! .. ' i 
11 1•1 i ., ; ,,, 1 1 1• 

o,f---~~~.L-~--~~,~~--~~,L-~~~~,~--~~~.~~~~~ •. 
DISTANCE ACROSS STREET IN MOUNTING HEIGHTS 

ISOFOOTCANDLE ANO UTILIZATION CURVES 
. TEST OISTANCE_2.5_FT. 

Footcandle data tS based on a luminaire mounting heig!l:.ot...J.Q ... .Jeet. For other moun!ing heights. multiply the values ol foot
candleS shown by !he following table. T.ne utiliz8t10n cürve ( dasned) is corree! for all n;ountmg he1ghts and does not require 
.correction. 

Mounting Ht.-Ft. 

FACTOR 

70 

Thts repon IS based on test me\hoós m accordance ""1trliES G:.;oaes. en Tes:.ng Procea;.;res S•gn•'•ca:-ice tS ltmoleé 10 tr~e aeg•ee :hat the testeó sample tS repre· 
senta:lVe and that test cond•!tOns arf- dupl•éateé. Vottage ar'lé charac:teflSI•¿S ol tari'l;:os a.,d ba!iasts se·•ous:)· a•:ec:t !•etc pertormance . 

. LIGHT FLUX VALUES V_a!ues of.isocandeta. tumens. and footcandles are _baseC u pon a lamp operated al 57000 
(T('!il O,staroce Sl'le>..,n AOJVel 

lumer.s Percero! el La m: lumens. 11 lhe data is des1red for a ddferenUumen ratmg. multipty al! isocandela. turnen. and 

OOW"JW.t.RD lootcandle vatues by the different lamp fumen tall_ng d_lvided by 57000 

~;,;Wi;J;~~0SIDE 
31230 54-8 
--- ----tf;,Y;~,.~' StDE 

~ifiVARO 13897 24.4 USE StDE Fig. 8-12. UPW.t.RO 
HOUSE StOE --- ---

Total 45127 7 9.2 °10 
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Prob1em No. 9 

To compare different 1amps we wi11 take the same criteria as in 
prob1ems no. 7 and 8 and now use a metal ha1ide lamp. 
Photometric data Fig. 8-14 (Curve No. 630405). 

Luminaire - lES type III, medium cutoff, 
Lamp: MH-1000 1000 watts Bt-46. 

distribution 

Test Lamp Lumens 
Rated Lamp Lumens (Horizontal - initia1) 
Insta11ed - Test 1amp 1umen factor 
LLD 7000 hours, 70% life 
LDD 
Roadway width (W) 
Overhang (O) 
Mounting Height (MH) 
Footcand1e maintained 
Mounting height factor 

a. Determine Coefficient of Uti1ization (CU) 
b. ·Determine staggered po1e spacing 

90,000 
95,000 
1.0555 

74"/o 
95"/o 
72' 

S ' 
50' 

2 
o 

e. Determine maintained footcand1es at points "A", "B" and "C" 
d. Determine average to minimum ratio. 

Prob1em No. 10 

Many roadways are two separate roadways with a median between which CL 
may be from.2' to more than 20'. In this case we.are using a 10' 
median and the luminaire is mounted over the edge of the roadway 
see Fig. 8-15. The 1umens falling on the median. will not be · 
inc1uded in our calcu1ations for CU. or footcandles. 
Photometric úata Fig. 8-16 . . · 
Luminaire Ansi/lES type III medium, cutoff. 
Lamp; 1000 watts, M-1000/BD Bt•56 clear. 
Test Lamp Lumens 90,000 90,000· 
Rated Lamp Lumens Horizontal initia1 95,000 
Instal1ed - Test Lamp 1umen factor 1.0555 
LLD (70% life - 7000 hours) 74"/, 
LDD . 95% 
Roadway width Fig. 8-17 (2 strips 36' wide with 
10' separation). 

Mounting Height (MH) SO' 
Mounting height factor .49% 
Mas t arms S ' · (Approx. ) 
.Overhang ·(O) (center of fixture over curb) O' 
2 1uminaires per pole. 
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. PHUIUMtiHIC UAIA 

RHIILTS ARE TVPICAL !JNLY tnjfN ALL HST f:ONDlTIONS, 
SUCH AS l.C. POSIHON, LUIUNS, [IC. ARE A[PROOUC[O. 

,. ... 
1-

( CURV( .NO .!.l'J<U~ 
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J 
J 
J 

a. 
b. 
c. 

Determine 
Determine 
Determine 
and "D". 

Coefficient of Utilization 
Spacing for double mounting 
maintained footcandles for points 

Determine average to mínimum ratio. 
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- APPENDIX A 
(' 

Answ.ers to Prob1ems 2 through 10 
~ 

i Prob1em 2. 
J a. Opposite spacing 154.8'' 

b. Maintained footcand1es at 
~ Point A 2.57 

Point B .71 
Point e 1.43 . 1 - c. Ratio average to minimum 2.8 to 1 

Prob1em 3 . 
a. eoefficient of Utilization .57 
b. Opposite spacing 126.9' 

_j c. Maintained footcand1es at 
Point A 2.08 - Point B .58 

i 
-' Point e 1.84 

c. Ratio average to minimum 3.52 to 1 
~ 

1 Prob1em 4. 
~ 

a. eoefficient of Utilization .47 

- b. Staggered spacing 83.6' 

j c. ~illintained footcand1es at 
Point A 1.15 • Point B 1.17 ..., Point e 2.51 

1 
_) d. Ratio 1.72 to 1 

-Prob1em ·5 : 
. . . - . 

1 
a. eoefficient of Utilization .351 
b. Staggered spacing 68.8 
e .. Maintained footcand1es at 

¡ . Point A 1.3 
--' . Point B l. 56 

Point e l. 98 
d. Ratio l. 54 to 1 

Prob1em 6. 
a. eoeffici~nt of Utilization .. 391 
b. Staggered spacing 203.2' 
c. Maintained footcand1es at 

Point A 3.48 
Point B .561 
Point e .567 

d. Ratio 3.57 to 1 

1 

•• 1 
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Problem 7. 

a. Determine lamp lumens depreciation .665 
(LLD) 

b. Determine luminaire dirt .955 
depreci.ation (LDD) 

c. eoefficient of Utilization .415 
d. Staggered spacing 98.8' 
e. Maintained footcandles at 

Point A l. 21 
Point B 1.7 
Point·e 2.35 

d. Ratio l. 65 to 1 

Problem 8. 
a. eoefficient of Utilization .27 
b. Staggered spacing. 70' 
c. Maintained footcandles at 

Point A l. 33 
Point B l. 72 
Point e 2.08 

d. Ratio 1.5 to 1 

Prob1em 9. 
a. eoefficient of Utilization .47 
b. Staggered spacing 218' 
c. Maintained footcand1es at 

Point A 1.02 
Point B ~84 
Point e 1.14 

d. Ratio 2.27 to 1 

Prob1em 10. 
a. eoefficient of Utilization .335 
b. Spacing 310' 
c . Maintained footcandles at 

Point A 3.46 
Point B .447 
Point e . 524 
Point D .567 

d. Ratio 4.47 to 1 

Note:. Where photometric data is difficul t to interpret ~ answers 
within 5% of those given may be considered correct. 
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NO~A 1 Da e. 

FECHA. __________ __ 

1.- DATOS 

1.1 LOCALIZACION. 

Coll•------~----------------------~----~----~---

Entr•-----------------------------------------------
Colonla ______________________________ ~-------------

. . . 1 

Dolegoclo•----~--------------------~---------------

1.2 DA10S FISICOS. 

ARcha da la colla 

·(AA) _Ancha del arrOJO 

(Al) Ancha banquetas 

(DIP) Distancia lnterpaatal 

(AM) Altura de -taja: 

(TAl Tipo de alllllle11ta (Muy IIPAplo, lhaplo, moderaciD, iucla,""-. · 
IIÍIIJ auc 1 a l 

(TL) TlaJIIIIO de limpieza 

Uill) Niul de IluminaciÓn 

1.3 DATOS lE LA LUMINARIA. 

Marca 

. Tipa de luminaria JIÓ grclflca 

GrÓ,fica fotom.trlca número 

TIpo de rafia e to r 

Caracterfsilcaa dt luminaria 

.• Ldm.,arci (lipa 1 potencíal 

( L 1 ) Lumtntt lnlclalu dt la IÓmpcira 

V 1 da dt la lampara (horas l 

---------·· -·. ... . . . .. . . ...... 



CIA. DE LUZ Y FUERZA DEL CENTRO S. A. 
GERENCIA DE CONSTRUCQON . 

t-----..::C~AL;:,;;CUL;:;;,:;O;...:;D,;,.I VI DI IWIIIINAC:IOtl 

• 

1. 4 Doto e Complemeatarlot 
· ILII• , 

! ...h 
(AA) 

~ ~ 
·-

(AM) ~ 

~ (LH) ~ 
·{LS) 

~ 

·~ (AMI• 
(AB) 

~ (LB) ~ 

(DPB) ~ 

2 .- CALcy..o Dll. IMEL pptMjDIO, 

( ...rta da da lumell ) 

'A .. 

. 2.1 
1 . ' , . 

Calculo del factor de perdidas totales do luz . 
(FPTL) 

(FD) Depreciacic* lumfnica de la lampara al 50% de su vida 
.; (ver curva• de.l fabricante dé IÓII!paraa) 

(FM) Martandad de lómparae al 50% do su vida (ver cunaa dof 
febrl e ante di lcÍIIIparae ) 

(CS) Coeficiente do depreciaciÓn (10 nocultan loa datoa de 
ttpo di ~toatl (TA ) J tiempo u. limpieza (TL) paro 
entrar a lo cuna. ver inciso 1. 2 

:!:z 
"' 01: o o ,_ > 

~<S 
&Lil. 

TtEIIpO DE LIMPIE_ZA EN AÑOS 



,, .• 

NOol& 1 Da e 

(FNR) FACTORES NO RICUPIRABLES DI PI:RDIDAS DI LUZ. ___ _ 

ca) Tempercatura ca•l••te de lu111ltlcario. 

11) Voltaje de 1faea. 

e) Fcactor di ltllutro. 

d) OepreclociÓa. de la superficie del reflectcar. 

(FPTL) FACTOII DI ,,., PIRDtDAI TOTALES OS LUZ. 

,,., e CIJ e, ... , • 

Z.Z CALCULO DEL COIFICIEIITa DI UTt1.1lACIOM. 

(So calcula coa lo reloci4a de 10 dtetaacla del eje 

1 . 

de lo luminaria a lat llanquetas J · la altura de mon

' taje ( AM), ' las curYCII de coeflcloate di utlllzacloa 

de la lumlaarlo). 

(A M) A 1 tu ro de montaje de la luiDIIerlo. 

RAS • Relaclc{a de la dlttaiiCio 

ltoaqueta opueeta /altura 

del eje de la 1-laoria ca la 

·RAH • 

RBS " 

de IBOIItaje. ·,. :-. 

,. ( LS) • 
( All) 

Relaclo'n 

banqueta 
(LH) 

"' • 
(AM) 

1 
Reloclon 

_...;...~--· 

de la dlttaaclo del 

OdJaCtnte/ olturo 

• 

de ICI dlttOIICll del 

eje de la lu111inorlo 

de montaje. 

eje ele la luminaria 

fin de. la banqueta 
(LS) + (AB) 

(AM) 

opuuto 1 altura de moatoje. 

• • 

o la 

ol 

RBH = Relocio'n · ilt lo distancia dtl tjt de lo luminaria o 1 

fin di la banqueta odyacenlt/ altura dt montaje. 

(LH) + (AB) 
= " ----------------- " ( AM) 



2.3 

CIA. DE LUZ Y FUERZA DEL CENTRO S. A. 
GERENCIA DE CONSTRUCCION 

CALCULO DE NIVEL DE ILUMINACION 

HOJA 4 de 8 

Para obtener el coeficiente de utlllzacl4a M entra ea la curva 
rupectlva i:oa el valor de lae relacloan anterlor11. 

R A S Curva < e u s ) "'~----------
R AH Cuna ( e u H) .. ---~-------
R 8 8 -Cana 
R 8 H -Cuna 

< e u 1 s ) = -----------
( CUIH) =---------~----------

2.2. t Coe flolente de utilización del arroJO. 
( CUA) • ( CUI) + ( CUM) ., 

2.2.2 Coefl..._ • lltiUzaollla di lt-aaa,.. 

(CUI) • (CUI8) ·(CUS) + (CUBN)-(CUH) "---------

2.3.t Nivel * 11-ia-* del arroJO 

(NIA):o (LI)I(f'PTL)a(CUA) • -----
(AA) a(DIP) 

2.3.2 Nivel de Iluminación de baqueta 

(LI)a(f'PTL)a(CUI) 
(NI8) a . . • -~--'------

(Al) 1 (DIP} 

2.3.3 Nivel di IIU.Í11olú prot~~~dlo 

= -------

= ---'-----

- (:..:.N_I A....:):..:.+.:.,-:..( N:..:..l....:l..:....) --(NIP) = ·-----"'"--,-•-----------. z 

· 3.- CALCULO DE NIYEL PROMEDIO 

(Meto do par puatoa ) 

3.1 Cálculo del nlvll promedio por medio di la ecuación 

. (EPP)EPP•V4(E15}+1/8(E4+E8+E8)+ II18(Et+ E3+E7+E9) 

.3 .1.1 Puntoa utilizado a en la ecuaciÓn· 

T 1 1 1 .1 1 1 1 r 1 

t--

t--

-



1 

P, P, PI 

p. Pa .p. 

P, PI P¡ 

-r~~·\ .. ~"":,~ 

PERP"IL 

3. 2 cálculo de rtlacionta. 

CONSTRUCCJON 
DI IUIMUIACIOII 

( I)IP ) 

. (DIP)/4 
//. 

h 
~-

I"P. .... lpl 7 

PLAIITA 

DE 8 

~·~ 

3. 2. 2 Rtlaciontl tranaversol11 para loe luminarias .. A.. '1 .. 8 .. 

(RTP 147) AB • O 

(RTP 258) Al • (AA)/ 2 - (LH) • ----
(AM) 

(U) - (LM) 
(RTP 369} A8 •---~--

(Ail) 

3. 2. 3 RtlaciOMI lallfltvdlllaltl para lo luallllario .. A .. 

(RLP 123) A • O 

(~LP 458) A • (OIP}/4(AM) • 

(RLP 789) AB • (OIP)/ 2(AM) • 

3. 2.4 Rtlaclonts lat1gltudl11aln para la luminaria - 8 -

(RLP 123) 8 
(DI P) 

• 
( AM) 

,. 3 ( DIP) 

4 ( AM) 
(RLP 4156) . 8 

1 

. . '1·. 



3.3 Cal~o dll foctor de correcci.oa de la graflca. 
(FC) 

(F L) Footcandel a luaee •10.71 

(RAM) Altura de AIOIIto}e de llnrflcaa a 
altura de AIOittaje de o GRillO 

. . 1 

HOJA 6 de 1 

(RAM}- a (AII pofica) 
----------- 11- ------. (AII)I 

( LL) Factor de «~rrecciOit de luAienee de la trafica 
( 1000) e ._ .... d.e lo lo111poro utilizado 

__ ? (1000 , ________ _ 

(FPTL) (Ver IDckao 2.1) •---------

(FC) = (Flh(RAM)II(LL)x(FPTL)=·---.----- =-~----

3.4 Nivel delluminaciOit de IDa puntos lo 9 obtenidas de la Qraftca 
. . - . " " 

3.4.1 Nivel de llumlnaclon de loa puntos 1 a 9 debidos a la luminaria A 

(E) · = .Footcandele a ( F C) 

. Lectura gráfica Factor • cor,_lde 

( E tA) •·-------
( E lA) •·-.....--~---
( E 3A ) "'--,.---""---~ 
( E 4A) "·--------

. ( E ~A) •·-----,.....-.,....---
( E 6A) .•·--------,-"
( E 7 A) ••----.,----
( E 8A) =•------'-,...-'----'-~ 
( E 9 A) •·-~--'--'------'-

··---.,..--
~-----------,.•------.,.---'--
----------~--- ··------~ 

---------------·--'------
··-----'----
·----~-'---'--
=------

-------,---'----·--~---
··------



. CIA. DE LUZ Y.FUERZA DEL CENTRO S. A. 
GERENCIA DE CONSTRUCCO. 

CALCULO DE NIVEL DIE ILUIII NAC ION 

' Nivel de llumlnacloil de loa puatoa "ii' 7 DI! 8 3.4.2 t a 9 debldol a la lum lnarla 
( E ) .. .FootOGidela • < 'e l -
(E lB) -
(ElB) 
(EH) r-
(148) 

. (158) 1--

(E6B) 
r-

3.4.3 Cálculo niv_el 
. 

del promedio de loa puntoa conaideradoa 1--

&: t • .(ItA) + 2(118) ll 1/16 = 1--

U • (UA) + 2(118) ll 1/8 = r-
EJ • (E3A) + 2(UB) ll 1/16 = 
E4 :o (E4A) + (E48) ll 1/8 " ' 
E!S = (E5A) +. (E5B) ll 1/4 = 
E6 = (16A) .+ (E6B)' • 1/8 = 

E7 = 2(17A) ll 1/16 :0 

E& • a_!PAl ll 1/8 • 
19 a 2(!9A) ll 1/16 

(NIPP) N iv~l de i luminacióa pro-
medio pOr pu iltae. (Suma) " - Lux 

1 . 1 1 1 1 1 1 1 1 1 1 
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CIA. DE LUZ Y FUERZA DEL CENTRO S. A. 
GERENCIA DE CONSTRUCCION 

. CALCULO DE NIV[L DE ILUMINACION 

' 4.- RESULTADOS Y CONCLUSIONES 

NIPP " Nivel de iluminación promedio 
(Método de puntoe) (inciso 3.4.3) 

NIP = Nivel de iluminoción promedio 
(Método de lúmen) (inciso 2.3.3) 

NIPPI " Nivel de iluminación inicio 1 

NIPP 
=(FPTL) (ver. inciso 2.1) 

Emín = Nivel de i luminoción dol punto de menor 
intensidad (ver inciso 3. 4. 3) 

Emóx = Nivel de i luminoción del punto de moyor 
intensidad (ver inciso 3.4.3) 

Relación d.e uniformidad de NIPP 
..,...-ro: 

promedio a mÍnimo Em1n · 

Relación de uniformidad de NI~P,. 

promedio o máximo . E-x 

Relación de uniformidad de Emáx 
· máximo o mínimo . Emín = 

Anexol 

Gráfica fotométrico de lo luminaria . . 

HOJA 8 DI 8 

= 

=-----

=-----

~-

= 

= ----'-

= 

Fecha ------~--,,..---

. 1 ' 1 

. 

CALCUlÓ ------=---
Nombre 1 Firmo 

-
-

-

.. 
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ALUMBRADO DE AREAS 

Designacion de .los proyectores. 

Los proyectores son designados por su tipo y potencia de_ 

lámpara uti 1 izada asf como por su distribuci6n de luz y apertura del 

haz. La apertura del. haz.puede darse en grados 6 por. el tipo NEMA, 
' (ver tabla 1). La abertura del haz se basa en el ángulo a cualquier 

lado del eje del punto de enfoque donde las candelas tienen un valor 

del 10% de su máximo valor. El tipo NEMA solo debe usarse como una 

referencia. Este no describe la forma y patr6n de luz que produce 

un proyector n1 tampoco proporcio~a el nivel de i luminancia (lux). 

los ,proyectores si~étricos tienen la misma abertura del haz tanto 

horizontal como vertical y son clasificados con un n6mero NEMA. Las 

aberturas de haz asimé~ricas tienen una desig~aci6ri horizontal y 

una vertical. El valor horizontal siempre se da primero. 

DESiGNACION DE LUMINARIOS TIPO PROYECTOR PA 
RA EXTERIORES -. 

ABERTURA DEL HAZ EN GRADOS TIPO 
. NEMA 

10 a 18 1 

18 a 29 2 

29 a 46 3 

46 a 70 4 
. 

. 
~ 

70 a 100 5 

i09 a 130 6 
. 

" 

· .. 130 6 mas 
. 

7 

\ 
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DIAGRAMA ISOLUX; 

Las dimensiones para los diagr.amas isolux están basadas en 

la altura de montaje de los luminarias. La forma de los diagramas 

isolux no cambia .con las diferentes alturas de montaje por lo que __ 

solo se requiere un diagrama por cada punto de enfoque. El punto 

de enfoque (.&)también está basado en la altura de montaje. 

2 o 2 

PUNTO DE ·ENFOQUE AMx2 

En este ejemp 1 o (punto de. enfoque = · 2 x AM) e 1 proyector 

está enfocado a una distan~ia de 2 veces la altura de montaj~ desde 

un ~~hto en el piso dire~tamente abajo del pro~ector: Est~ distan-

cia podrfa ser.de 24 metros para una altura de montaje de 12 metros. 

Cada lfnea isolux muestra los lugares donde el nivel· de i luminaci6n 

es el mismo. Cuando el punto del cual se desea·conócer. sú ilumina,..

ci6n qUeda entre dos lfneas isolux, se puede interpolar. para.obtener 

su valor. La retfcula tambien está basada en la altura de montaje. 
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Los valores de las lfneas de la retfcula a la izquierda y 

a la derecha dan la distancia a cada lado del proyector. 

Los valores hacia arriba de cada uno de los lados tambien 

muestran la distancia en la direcci6n del enfoque del proyector. 

El ndmero 5, por ejemplo, representa 5 x 12 6 60 metros para ~na 

altura de montaje de 12 metros. Para instalaciones complejas los 

diagramas isolux puedan redibujarse a la misma escala de los dibu-~ 

jos de trabajo. 

ILUMINACION VERTICAL. 

El dise"o con ~i~gramas isolux también puede usarse para· 

determinar el nivel de i luminaci6n vertical. La relaci6n entre lds 

/~lores de i luminaci6~ vértical y horizontal es la misma rela¿i6n 

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 mo~taje, el ni~el de i luminaci6n vertical es dos veces mayor que 

e 1 ,hor i zont a·l • 

T 
AM EN EL PUNTO A 

LUX ( VERT) = LUX (HOR) (~) 

_A 

p 
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Esto es 6til para áreas muy grandes que requieren distan 

cias de proyecciónde 4 ó 5 veces la altura de montaje. En estas 

aplicaciones los Lux horizontales serán muy bajos al final del 

área pero la iluminación vertical será 4 ó 5 veces mayor.-

VALORES ISOLUX. 

Par~ convertir los valores isolux a otras alturas de 

montaje (AM) se uti 1 iza la siguiente fórmula: 

(LX) = (LX) 

VALORES DEL D·IAG. NUEVOS VALORES 

Por ejemplo, para un_nivel de 50 Luxa· 15 metros, se 

tendrfa u~ valor de 28 lux a 20 metros. 
'1 

LX =c(50) (225/400) = 28 

MAXIMO VALOR ISOLUX. 

Las lfneas isolux del céntro de la gráfica dan el v~lor 

máximo de iluminación que proporciona e_l proyector a un punto de 

enfoque particular y una altura de montaje. Para obtener buena 

un·iformidad este•valor no debe ser mayor a tres veces el n'ivel 

·inicial promedio de iluminación; Se pueden obten~r ~~~~res mayo--

res, per~ darfa como rés~ltado puntos calientes cerca de lo~ pro-

ectores y menores niveles de luz alrededor. 
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AM 
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Las curvas en la gráfica anterior proporcionan. el porcen

taje de los 16menes iniciales de la lámpara que alcanzan un área 

Jde 1 ante de 1 a ba.se de 1 a 1 oca 1 i zac· i ón de 1 proyector. 

El n6mero al lado de cada curya identifica e'l puntode 

enfoque por lo que la curva de uti 1 ización puede ser identificada 

con el diagrama isolux asociado. En las cürvas mo~tradas anterior-

mente, por ejemplo, el proyector enfocado é 2 ve~es la altu~é de 

moritaje desde el poste, tendrá un~ uti 1 iza~ión de 35% si este estu-

viera ~lumbrando un área de 3 alturas de mon{aje de anriho .. El mis:. 

mo proyector enfocado a una vez la altr~a de montaje desde el poste 

tendrfa una utilizaciónde 45% para la misma área. 

La selección del punt~ de enfo~ue a~rqpiado se basa tanto 

en la ~ni~~rmidad como en la uti 1 iz~ción •. L~ mejor uniformidad se 

obtiene cuando la luz es .igualmente distribuida en toda el área. 

na curva de utilización que d.iera este efecto serfa una lfnea rec

ta, como las indicadas en ··la figuracon lfnea punteada. ·En este 
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ejemplo, la curva para el punto de enfoque a dos veces la altura 

de montaje proporciona un 10% de los ldmenes en la zona de O a 1 

vez la altura de montaje, un 20% adici~nal 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 proporcoona 30% en la zona O a 1 veces AM, 15% para la 2 _ 

AM y 2 a 3% para 2 a 3 AM. El enfoque a 2 veces MI proporcionará 

mejor uniformidad. 

El seleccionar el enfoque adecuado ·req~iere algo de cono 

cimiento de l~s necesidades de la apl icaci6n par{icular. 

Como una regla lo~ proyectores se enfocan a 2/3 o 3/4 de 

distancia tra~sversal del área iluminada. También se requiere 

1ace~ alguhos ajustes en el campo para producir los mejores resul

tados. 

.Local izaci6n de p~oyectores y alturas de montaje, 

4 • AM 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 x AM 4 X AM 1 2 x A M L 2 X AM 2KAM 

:E 
<l 

M 

N 
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Un proyector puede iluminar adecuadamente un área de 

hasta 2 veces su altura de montaje por lado. Para separar más 

1 os postes se requ i·ere aumentar e 1 ángu 1 o de enfoque, dando como 

resultado una menor utilización y un aumento de deslumbramiento 

debido al equipo. Con las separaciones mostradas en la figura 

anterior, habrá suficiente traslape entre los proyectores adyace~ 

tes lo cual asegura una iluminación uniforme y sombras reducidas 

FACTOR DE PERO IDA DE LUZ PARA PROYECTORES DE ALUMBRADO EXTERIOR 

En el diseño de una instalación de alumbrado calculada 

para proporcionar valores especfficos de i luminación1uti 1 izando_ 

una cantidad dada.de luminarios, es necesario suponer ( asumir ) 

factores especfficos de pérdida de luz asf como eficiencias mfni

las. Para los cálculos del diseño de iluminación se recomienda 

uti 1 izar luminarios 'que· cumplan con las norm·as NEMA, lo cual per

mite util,izar~ los factores de pérdida de luz normalizados dec<'l5% 

del valor inicial para luminarios cerrados y del 65~ para lumina

rias abiertos. 

CALCULOS DE ILUMINACION EXTERIOR 

·Introducción (a) El método de cálcular el nivel de lux 

que se pueden esperar de cua 1 qu i er arreglo y número de proyecto-

res requeridos para producir un nivel dado, es más complicado que 

el cálculo de iluminación interior. Esto es debido a que hay mu-

chos factores variablei, tales como la distancia del área de jue

go a lo~ luminarioi, la altura de montaje y el enfoque de los lu

·inarios. 

,. 

í 
1 

1 

1· 

,¡ 
i 
i 
1 • 



FIGURA C-1 CAMPO DE FOOT BALL ILUMINADO EN FORMA TIPICA, UTILIZADO PARA EL 

EJEMPLO DE CALCULO DE LUX PROMEDIO HORIZONTALES. 

1 
; 
,. 
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. 
Algunos métodos aproximados de cálculo han sido desarro-

1 lados y estan a disponibi 1 idad con los fabricantes de equipo de 

iluminación, 

El· método más exacto de calcular el nivel en lux prod~ 

cido por una instalación de alumbrado se reproduce en la ~igura 

C-1. Este método involucra el uso de curvas de distribución de 
Q: 

luz del tipo isocandela en las cuales el área es dibujada 

alrededor del eje del haz. 

Para prop6sitos de cálculo, dependiendo de la exacti-

tud requerida, deben seleccionarse uno ó más patrones representa 

tivos de haces de luz para cada uno de los postes donde puedan_ 

variar las utilizaciones. 

El método de cálculo consiste en di,buja~ el área a ser 

iluminada.en la curva fotométrica para luego sumar los lumenes 

contenidos dentro del área, El n6mero de 16menes dividido por 

el área en metros cuadrados da como resultado la ifumiriaci6n pr2 

medio proporcionada por la unidad en lux. 

Ejemplo de cálculo, Un ejemplo de un área tfpica a 

ser iluminada se da en la figura C-1. El problema es obtener el 

perfmetro del área en términos de los grados laterales y verfic2_ 

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

Para simplificar el problema, el eJe vertical del haz 

del proyector se considera perpendicular a los lados del área, _ 

. decir, un plano vertical a través del eje del proyector es 

-----¡-. 
i 

,. 
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perpendicular a la lfnea KLM de la figura C-1. Los dos lados del 

área, KM y RT, aparecerán en 1 a curva i so cande 1 a como 1 fneas rec

tas paralelas al eje horizontal del haz. Por lo que solo es nece 

sario calcular los angulas verticales A y N que se forman entre 

el poste y los lados del áreá a iluminar y relacionarlos con el_ 

~ngulo de enfoque ~, el cual es el punto de cero-cero. grados en 

la curva isocandela, con objeto de dibujar los lados en la curva. 

Las extremidades de estas lfneas, puntos K,M,R y T, deben encon-

trarse obteniendo el ~ngulo lateral B en el plano que pasa a tra

v~s del proyector y el lado del campo en el cual se local iza el 

punto. El contorno de los 1 ados KR o MT se encuentra asumiendo 

un n6mero de puntos en la 1 fnea y encontrando sus correspondien-

tes ~ngulos lateral y vertical. Los 6ngulos verticales A, ~ y 

~ se obtienen del nomograma mostrado en la figura C-3. Los áng~ 

los laterales B se encuentran en la figura C-4. El procedimiento 

exacto e• el siguiente: 

1).- Refiriendonds a la figura C-3. Se coloca una regla con un 

extremo en la distan~ia X (30 pies 6 9.1 metros) y otro 

extremo cdhcidiendo con la altura de montaje H (50 pies 6 

15.2 metros). En el centro de la figura se lee el ángulo 

vertical A entre el poste y el rayo de luz que incide en el 

lado cercano del campo de juego (31°). De la misma manera, 

usando H=15.2 metros (50 pies) y X
1
= 57.9 metros (190 pies), 

se encuentra el ~ngulo vertical ~ correspondiente al lado 

mas alejado del campo (75.2°). El ángulo P' es 61° (H•15.2 

metros, X=27.4 metros). 

,. 
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2.- Refiriendonos a la figura C-2. La localizaci6n de área en la 

curva isocandela depende del ángulo el cual esta-enfocado el 

proyector, es_ decir e 1 ángu 1 o de enfoque P' • Debido a que e 1 

punt~ de enfoque es el punto de cero-cero grados de la gráfi

ca, el lado más cercano del campo será dibujado en- la gráfica 

a 61°- 31° = 30° abajo.de la lfnea horizontal de cero grados 

y el lado lejano a 75.2°- 61° = 14.2° arriba de la 1 fnea hori 

zonta 1 de cero grados. Las 1 fneas hor i zonta 1 es que represen

tan los lados cercano y lejano pueden dibujarse en la gráfica 

(fig. C-2).con los anteriores ángulos verticales. 

3.- Para determinar el punto R nos referimos a la figura C-4. Co 

locamos una regla con un extremo en la altura de montaje 

H= 15.2 metro~ (50 pies) y el otro en el ángulo ve~tical 

~ = 75.2° y leemos en la columna Y=59.7 metros (196 pies). 

Ahora unimos el punto Y=59.7 metros con la distancia lateral 

D=77.7 metros ( 255 pies) y leemos el ángulo lateral 8=52.5°. 

Dibujamos este punto en la lfnea horizontal superior. De la 

misma forma, encontr~mos el punto K uti 1 izando A=31° y D=77.7 

metros (255 pies). Los puntos M y T se encuentran usando los 

mismos iínguJ os vert i ca 1 es con que se encontr6 K y R respect i

vamente, y ~ = 32 metros (105 pies). 

4.- Ahora ya tenemos localizadas las cuatro esquinas del área, __ 

pero dos de los lados no aparecen como 1 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°. El ángulo vertical para 

usarse en 1 a figura C-4 es 61°. Con este ángu 1 o y 1 a di stari

cia D=77.7 metros al punto del lado izquierdo se obtiene un 

ángu 1 o 1 atera 1 de 68 °, para e 1 punto de 1 1 ado derecho se ti e

ne una distanciad·_ 
32 

t (105 pies) y se obtiene un ___ 
- me ros 

,. 
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ángulo de 45.5°. Se deben determinar al menos otros dos pun

tos para cada. 1 ado una arriba y uno abajo de r eje de cero gr~ 

dos. Estos puntos pueden encontrarse considerando ángulos 

verticales de +7° y -7° arriba y abajo del eje. Con estos 

puntos dibujados en el ~iagrama, ya se puede dibujar el con-

torno del campo. 

e).- Con el campo dibujado en la gráfica, se suman los lume

nes que quedan dentro del campo, estimando la propor--

ci6n de 16menes que quedan de las zonas no incluidos 

totalmente. En la tabla C-1 se muestran tabulados es-

tos valores. 

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

cálculos se hicieron para el poste No. 4 los mismos re

sultados se pueden uti 1 izar para los postes 2,9 y 7 • 

. , Por 1 o que so 1 o es necesario hacer dos cá 1 cu 1 os más 

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

e).- Puede.suceder que se logre obtener un mejor factor de 

util izaci6n enfocando el proyector a un ángulo diferen

te. Esto puede determinarse rápidamente estudiando la 

suma de 16menes en las zonas laterales, dados a un lado 

de la gráfica isocandela. Se puede corregir el ángulo 

de enfoque subiendo o bajando el área entera en la grá

fica. 

,. 
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CURVAS ISOCANDELA PROMEDIO DE LOS LUMENES PROMEDIO CE LOS lADOS 
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NOTA: 1 IIETRO =3.2808 PIES 

FIGURA C-3 NOMOGRMIA PARA DETERMINAR EL ANGULO VERTICAL (ANGULO A DE LA FIG. C-1) EN 

TERMINO$ DE LA IXSTANCIA LONGITUDINAL "x" Y LA ALTURA DE MONTAJE H. 
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Talo le 82. r-lable lor standard surlace R2." t 
-

6 
tan o 2 5 10 15 20 25 30 35 
y 

o 390 390 390 390 390 390 390 39:1 390 
0.25 411 411 411 411 411 411 411 411 411 
0.5 411 411 411 411 403 403 384 379 370 

0.75 379 379 379 368 357 346 325 303 281 
1 335 335 335 325 292 291 260 238 216 

1.25 303 303 292 271 238 206 184 152 130 
1.5 271 271 260 227 179 152 141 119 108 

1.75 249 238 227 195 152 124 106 91 78 
2. 227 216 195 152 117 95 80 67 61 

2.5 195 190 146 110 74 58 48 40 35 
3 160 155 115 67 43 33 26 21 ;s 

3.5 146 131 87 41 25 18 15 13 12 
4 132 113 67 27 15 12 10 9.4 e.1 

4.5 118 95 50 20 12 8.9 7.4 6.6 6.3 
5 106 81 38 14 8.2 6.3 5.4 5.0 4.8 

5.5 96 69 29 11 6.3 5.1 4.4 4.1 3.9 
6 87 58 22 8.0 5:0 3.9 3.5 3.4 3.2 

6.5 76 50 17 6.1 3.8 3.1 2.8 2.7 
7 71 43 14 4.9 3.1 2.5 2.3 2.2 

7.5 67 38 12 4.1 2.6 2.1 1.9 
8 63 33 10 3.4 2.2 1.8 1.7 

8.5 58 28 8.7 2.9 1.9 1.6 1.5 
9 55 25 7.4 2.5 1.7 1.4 

9.5 52 23 6.5 2.2 1.5 1.3 
10 49 21 5.€ L9 1.4 1.2 

10.5 47 18 5.0 1.7 1.3 1.2 
11 44 16 4.4 1.6 1.2 1.1 

11.5 42 14 4.0 1.5 1.1 
12 41 13 3.6 1.4 1.1 

•Al! v~:ur.s heve been mu!~;plied by 10.000. For ang!es, see Fig. 
fAdap:ed from reference 37. 

T;,b:~ 3. Rcc_orr.mr.nded maiotain~d illuminance dcsign 
lev~b for hrgh mosl li¡;hti~g.' t 

---:--:-;:-:---,,----.,.,--,-
Hcri!C!!1Ial ll!ur.lin3nce (E •• ,) in Lt•>: 

Conrmnr- lnlcr- RP.~i-
c!al m~dia!e d~:1~:a! 

Area Area Aréa 
Roa:! 

C!3ssi!ication 

Fre:eways 6 6 6 

Expressways 10 8 6 

Malor 12 9 € 

Coltoc:or 8 6 6 

.. 8cc:.)¡ n:ne!1ded uni~¡_~rm::y of iilum~31;vn i;; ;J tv 1 or ~~:ter· 
ave;n~e-~o-m:;::mLJITl fc:r al! ~~~<>O c..lassifica¡io'ls G.t the ilhm1i"lanc¿ 
te,.r:!s rc:wmmf:!1dc.-d abcv~. 

tTr~ese écsign va:ues q;:;r•y O'lly to th~ travciiE:C:: oort:c"!!; -;f t!le 
ro<ijw¿:·,·. ln!erch~n9o:: roi\1\';.'~~s :¡re tr.-.a:ed inGry·i,juall¡ br ~ur· 
p.:.scs of llnilorf'll:ty ar.d i~lumman~~ level 2::-!<:lys•s. 

ES. C~lculation erocedure for :.iyh m;;st 
1nwr change l¡ghtmg · · · · . 

85.1 lntroduction. Thc cumputal.ic•n uf roudwav 
lun,in~ncc '" prcviuusly descrihed in thi> Appendi~ 

215 

40 

390 
411 
346 
260 
195 
119 
93 
67 
52 
30 
17 
11 

8.2 
6.1 
4.7 
3.8 

61. 

·------
45 60 75 90 105 120 135 150 165 100 

38:1 390 390 390 390 390 390 3SO 390 390 
378 3Sd 357 357, 346 346 346 ::>35 335 335 
3?" -" 303 281 2?.1 271 271 271 2EO 260 260 
238 216 206 205 206 206 20:3 20G 20G 2oc 
173 152 152 152 152 152 141 141 141 141 
108 100 103 106 108 108 1í4 114 119 119 
80 76 76 80 04 87 89 91 93 95 
61 52 54 58 63 67 69 71 73 74 
45 40 41 45 49 52 54 S6 57 58 
27 24 26 28 30 33 35 38 40 41 
16 16 17 17 18 21 22 ~. 

"" 26 27 
11 11 11 11 12 14 . 15 17 18 21 

l.9 7.6 7.9 8.7 9.6 11 12 13 15 17 
5.7 5.6 5.8 6.3 7.1 8.4 10 12 13 14 
4.5 4.4 4.8 5.2 6.2 7.4 8.5 9.5 10 11 

QO = 0.07; S1 = 0.58; S2 = 1.80 

is not applicable for acealiglrt:n~ \\ ith high mn>t 
cquiprrH·llt. The n·ascm ior this is }[1;6: "f <'~pp1ic3.b1e 
experience cither in t bis counuy or O\'l!r~cns in th<; 
de:-..ien of such ligi1tir,g un a lumina:1rt ba:;is or in 
·considf!ration of p~.veml'nt ret1cci.3l•te Y~lues. Past 
exprrienr.e has indic;:Iter! thot a sy:H·cn d~si~ned to 
an iliuniinanc;e crite:ria meeting t!1e ,-a,!ue:s ¡i1 Tablc 
3 of this Sta!1dard Prsrtice will gi-.•e 'otisl'actory re
sults. 

Hi~h mast interchange l:ghtinl{ i~ dr!incd AS the 
li~"htin•r of a iargr art-& hy mcans uf<:.. p.roup uf lumi· 
n~ires lhat are dPsi~i1ed to br m(•ur.ted in a fix.t:d 
orienwtion (u,u~lly kwiJ at the top of a high mnst 
(grnrra:ly 20 mrter~ or hif:ht:-). Th{~ an::a will nur
mally cr,ntain a g1uup (¡fru3.Jwa~!:i.S'Jt:it.:\S r~n intt::l'
c1.:ljt6t' 01 pat king lots. (This proc':':lun· is not ap
plicah)¡, for lu:nin•ir.s with both vcn:•:ol oud hori
zontal adjüsl.ments to be made on si~e. '>':hioh is 
trrmtd ll0od light ing.) 

Thc high masl romputation procedure will indi
ca te an z.pproximaic rnanber of l'Jmint=::ires prr polc 
and po!t~ s~Gcing_to Jlid\'idc the intcnUcd nvc:r::-ge i!
luminance aniluit~fonr.ity o·.-er th(; Jrta i1: qut :ainr~. 
Speófíc lo<·ations fer Lhe.poies are th·:·n Gt-l(·rminrd 
to in sur(' 1 ha1. 3) lldté!l io:~.~ <'11 the indi-.·idüf\1 rn:Hiwuys 
wit!Jilt thc area rcú·Ívc i1lumir.an'-·r·J .. ,\-l:if. at k::.st :ts 
high as thC:- minimura value rcquiiL·d to mcc-t t he
uniforlnily crit.l·ria Tht!rt nre flll\Unbcr r,f JnC'lhod:: 
f,r CUI~puting hi~h mast intcrchun~e !i~htin¡: S)'S· 
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Tab!e B3. r-Tat>le lor stand: .. -! surfaco R3."t 

6 
tan o 2 5 10 15 20 25 30 35 
y 

o 29~ 294 294 29·1 294 294 294 294 294 
0.25 326 326 321 321 317 312 308 308 303 
0.5 344 344 339 33~ 326 317 3()8 298 289 

0.75 357 353 353 339 321 303 285 267 244 
1 362 362 352 326 276 249 226 204 181 

1.25 357 357 348 298 244 208 176 154 136 
1.5 353 348 326 2E7 217 176 145 117 100 

1.75 339 335 303 2~1 172 127 104 89 79 
2 326 321 280 190 136 100 82 71 62 

2.5 289 280 222 127 86 65 54 44 38 
3 253 235 163 85 53 38 31 25 23 

3.5 217 194 122 60 35 25 22 19 16 
4 190 163 go· 43 26 20 16 14 12 

4.5 163 136 73 .31 20 15 12 9.9 9.0 
5 145 109 60 24 16 12 9.0 8.2 7.7 

5.5 127 94 47 1B 14 9.9 7.7 6.9 6.1 
6 113 77 36 15 11 9.0 B.O 6.5 5.1 

6.5 104 6B 30 11 B.3 6.4 5.1 4.3 
7 . 95 60 24 B.5 6.4 5.1 4.3 3.4 

7.5 . 87 53 21 7.1 5.3 4.4 3.6 
8 ·03 47 17 6.1 4.4 3.6 3.1 

8.5 7B 42 15 5.2 3.7 3.1 2.6 
9 73 3B 12 4.3 3.2 2.4 

9.5 69 34 9.9 3.B 3.5 2.2 
10 65 32 9.0 3.3 2.4 2.0 

10.5 62 29 B.O 3.0 2.1 1.9 
11 59 26 7.1 2.6 1.9 1.B 

11.5 56 24 6.3 2.4 1.8 
12 53 22 5.6 2.1 1.8 ------

.. A:! v?tue!- have been l'lluhirlled by 10,000. For angles. see Fig. 
1Adapted lrom referencc 37. 

temr .. Two basic procedures are d~~cribed as fo1· 
lows: 

(1) 11/clhod A utilizes curves similar to those il
lustrated in Figures BS and B8 as aids !n cakulating 
initial tria! ,·aluE's of luminBire quantities and pole 
spacing. Thesr cUr\'es may Le cumput~d by 1 he lu
minaire m:1nu fact urcr. 

(2) Mcthuc! R dues not requiro the aYaile.bility of 
these curve~ but ut ilize~ an assumed spacing ratio as 
a starting puint for detennining· the· initial trial 
values. 

Aft<·r the tria] va!ues have been determined by 
eit.her method, thc e·xact placcmPntoi poies and lu· 
minairc~ are determined. 

Thr genEral procedur~ for dctennining m2in1ajned 
illuminance includes the ~teps dcsc:ribed in S!:ct.ion 
B3. It is inqJOrtant thct these be fo]lt,wed and the 
various factors determi:,ed before proceé'ding with 
thc spccial cumputations. 

B5.2 Initial consideralions. DctRrmine th~ outline 
of thc ar<·a lo be light<·d and selecta !entat.iYe pole 
hcight. This h~ight r.1ay he limited by ~uil co;,ditions, 
maint(·Jl3ncc concerns, grade differcnce5, ur other 
spccial fac.tors. Selecl a tcnt.ative lu111inaire and lamp 
type. 

B5.2.1 Mcthod A. 
(1) Calculatc thc arca ratio (AR) by tLe for-

40 45 60 75 90 105 120 135 150 1G5 1UO 

294 294 294 294 294 294 294 294 294 294 29·1 
298 294 280 271 e62 2sa 253 249 244 240 2~0 
276 262 235 217 204 199 199 199 199 194 1S~. 

222 204 176 158 149 149 149 145 136 135 140 
158 140 118 104 100 100 100 100 100 100 100 
118 104 83 73 70 71 74 77 77 77 7n 
86 78 72 60 57 58 60 60 60 61 62 
70 62 51 45 44 45 46 45 45 4E n 
54 48 39 34 34 34 35 36 36 37 36 
34 25 23 22 23 24 24 24 24 24 25 
20 18 15 15 14 15 15 16 16 17 17 
15 13 9.9 9.0 9.0 9.9 11 11 12 1;¿ 13 

9.9 9.0 7.4 7.0 7.1 7.5 8.3 8.7 !?.0 9.0 9.S 
8.3 7.7 5.4 4.8 4.9 5.4 6.í 7.0 7.7 8.3 0.5 
6.8 6.1 4.3 3.2 3.3 3.7 4.3 5.2 6.5 6.9 .,_, 
5.7 

00 ~ 0.07; S1 ~ 1.11; S2 ~ 2.3B 

81. 

Figure 88. Examp!e of CU (Coeft:cient of UUiiz;:~ti<Jn) 
versus AR (t.rea Ratio) curve. 
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Tablc 84. r-Tnble lor standar~ suñace R4."t 217 
6 

tan o 2 5 10 15 20 25 30 35 40 45 EO 75 90 105 12() 135 150 165 1SO 
y 

o 264 '264 264 264 264 2G4 264 264 264 ?64 2&: 2G4 264 264 264 264 254 264 264 264 
0.25 297 317 317 317 317 310 30d 290 284 277 271 244 231 224 224" 218 218 211 211 211 
0.5 330 343 343 343 330 :l10 297 26~ 277 264 251 218 198 185 178 172 172 165 16:, 1 E5 

0.75 376 383 370 350 330 304 277 251 231 211 198 165 139 132 132 125 125 12:. 119 119 
1 396 396 395 :l30 290 251 218 198 185 165 145 112 86 86 86 86 86 87 6"1 87 

1.25 403 409 370 310 251 211 178 152 132 115 103 77 66 65 65 63 65 66 67 68 
1.5 409 396 356 2il4 218 172 139 115 100 88 79 5.1 50 50 50. 50 52 55 55 55 

1.75 409 396 343 2S1 178 139 108 88 75 66 59 44 37 37 37 38 40 41 42 45 
2 409 383 317 224 145 106 86 71 59 53 45 33 29 29 29 30 32 33 34 37 

2.5 396 356 264 152 100 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 

3.5 343 271 165 63 40 26 19 15 13 12 11 9.il 9.1 8.8 8.8 9.4 . 11 . 12 13 15 
4 317 238 132 45 24 16 13 11 9.6 9.0 8.4 7.5 7.4 7.4 7.5 7.9 8.6 9.4 11 12 

4.5 297 211 106 33 17 11 9.2 7.9 7.3 6.6 6.3 6.1 6.1 6.2 6.5 6.7 7.1 7.7 8.7 9.6. 
5 277 185 79 24 13 8.3 7.0 6.3 5.7 5.1 5.0 5.0 5.1 5.4 5.5 5.8 6.1 6.3 6.9 7.7 

5.5 257 161 59 19 9.9 7.1 5.7 5.0 4.6 4.2 
6 244 140 -16 13 7.7 5.7 4.8 4.1 3.8 

6.5 231 122 37 11 5.9 4.6 3.7 3.2 
7 218 106 32 9.0 5.0 3.8 3.2 2.6 

7.5 205 94 26 7.5 4.4 3.3 2.8 
8 19:3 82 22 6.3 3.7 2.9 2.4 00 = 0.08; 81 = 1.55; 82 = 3.03 

8.5 184 74 19 5.3 3.2 2.5 2.1 
9 174 66 16 4.6 2.6 2.1 

9.5 169 59 13 4.1 2.5 2.0 
10 164 53 12 3.7 2.2 1.7 

10.5 159 49 11 3.3 2.1 1.7 
11 153 45 9.5 3.0 2.0 1.7 

11.5 149 41 8.4 26 1.7 
12 145 37 7.7 2.5 1.7 

'"Ail Véllue~ bóvf> been mttl¡1~lie:d by 10,000. for angles. see Fig. 81. 
t Adapted frum re-fcrence 37. 

mula: 

AR = 2.5 X Poi e Hcirht X Perimeter nf Area 
Arca 

(2) Obtc.in the cocfficient of utili7"1tion (CU) val u e 
from the CU versus AR curve for the lumin&;re in
voh·pd (for t.ypical cur·:e. see Fig. Bt>l. 

Thc value for ;-\LP >hould be rounded off t.o a 
whole nun;ber. 

B5.2.2 Mcthod B 
(J) As:.ume a spacing.to-:nou!1i.ing height ratio 

typical for lhe type ot lu¡.y,inaire invoh·od. A value uf 
5 is commun. · 
B5.3 1'\un.ber ofPolc>. The numbeJ" ofpole; (NP) 
is depenUC'nt on the arca and spacing ratio anU can 
be det~rmined by lhe formu]a: 

NP ~ Arca 
(H X SR) 

(3) Determine the spacing-lo-mounling-heighl 
ratio (SR) as a func~i<m of tht unif'ormíty ratio (UH) 
dcsircd by use of thc SR vcrws UR curve f<!r the lu
rr.inairr in\·olvcd (f(JJ;; typicfll cun·c, St~e Fig. R9 and 
Section B5.7). 

(4) Calculatr the number of luminaircs per pole 
(NLP) u>ing t he formula: 

1"\LP = (r\Mil X (l\lH X SR)~ 
(LL/L) ~: (Cl:) X (LLFl 

Nate: MH ~ mountir.g heighl; LL/L = Lamp Lu
mens per Luminaire; and LLF = Light Lo.,, 
Fact0r. 

(2) Asst1me a value of average distanre (pole to' 
out.er edgr of Jighted art:a) to rnounling height ratio .. 
Use this to oLtain a coefficient of utili7.ation valur:
from utilizRt.ion cun·e for the luminairc involved. 
(For typical cun·e see Fi~. BIO.) 

(3) Calculat.e the total nurnher of luminair<" re-. 
quired (NL) using lhe formul2: 

N L = (A M 1) X-'(_A-':c) c-:-:::-
(LL/L) X (CU¡ X (LLFJ 

A= Aren 

R5.4 Polc locations. From an i~ulu': char!- of the 
typé shown in Fig. HIO. c!etermi:1e two l:wundari':'S 
(usually ~·irclcs); one for 1he mi:limur:i iniiial i!lu.: 
min"nce a;1d the ochN for onr-half thc minimu'"' 
!nitial il!umina_nce \'alut ns fullo·.\·s: 

(1) Minimlim initi•l illuminnnce is average 
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mounting hri;:hL r:lt¡o;:, to ri -lop n curvr such n~ 
thrt~- shown in Fi~~- Bq. This i~ pl'imaril_y appli('nl,J<: 1 o 
sytnnwtric lumin:-:.i1rs but can lw u~ed with :\sym
metril· luminair<·s with littlr lo~~ iu nccurnry. 

66. Com¡julalion ol walkway and bil<eway 
llluminance 

RG.l lntroduction. The procedurc to determine the 
burizunt.al ilhuninanc:e \'aluc·s on pede:.trian way!-' for 
safe and comfortnLle use is similar to that. followed 
for roadwn~·s as cxpi:1inrd in the various steps under 
Sect.ion B3. ln t.hf' <"US(' cf isolatcd pl·dcstrian \\'3Yf-, 
su eh as pnrk wulh:a>"' and Type B bikeways where 
the light.ing provich·cl is exclusiwly for the walkwny 
and is arrangcd on <"ither one or both sides of the 
pavcd Drra, t.hr proct:dure is idcnt ical t.o ccmput ing 
ro3dWé!Y illuminance values, e\·rn to the point of 
using strret si de data from various luminairc curvPs. 
In thc case of side,,·alks (adj~tc-ent lo wadwa,·s) and 
Typc A bikcways, t.hr procedure is very nearly the 
san1e af\ for roadwa~· computation except that the 
house side cun·e dnt<• is often used. Beca use t.he are a 
to be li¡:hted for a Type A bikeway (n>adsidel is vir· 
tually" identical to a sidewalk arra, thc sidewalk 
Computation procechne suggested herein can be as
sumrd t.o apply also for Typc A bikeways (without 
furt her ment ion htlow tn bikeway.s). 

Becrlll~P the d~sign of f(Jéldwny ligbting pinces 
great~r emphasis on <'!chicving propn illuminanre on 
the ronciway, it is ctl'::tumary that the lighting sy~tf·n, 
be in it j¡¡ lJy selectt·d 1 e, su i t t he n~?.eds of t he ro<1d wny. 
Then. the :<ystrm is checked to detnmine if thc 
sickwalk ilhHnin:m~·~·lP\'cls and uniformit:-· arr adc
qu¡¡t.:o. Jf dP~ired ~i1: ·:ill; requirerr.cnts are lacking, 
th~ d(·:;;igner may J:. ¡'·; the Juminair~ typr and/or 
spacin:-:: ur mny pr( ~llpplrmPntallighting pri-
marily fur the: sid._ arca. or may implenwnt a 
cc.mbination of bu'· · ~·hniqurs tu achir,·e pru¡wr 
illumir.Hnce on b11, · rlladway and ~idewrdk. Thi:-. 
procec.lure is somt"tir.,t-s rC'\'f•fS<:d \':hen grcatcr em
phHsi~ is placed <,n the neE-d for Fldequatc· sidc·walk 
light.i;1g. in whirh re:.;.,{· Typr J or li luminaires or pr1Sl 

top luminaires are initially rhosen ¡.¡rimarily for 
sicJe,\·alk clistrib\.lti~tn 3JH.1, when found satisfactor~·~ 
are IR1 (·r ched:c·d for adequacy of roadway illumi· 
nancP len~) and uríifurmity. 

ln snm(• arcas whPre personal security is a probll'rn 
2.nd idcntifir-atitm uf another pl·dcs~.rian ata distance 
is irr.portnnt., thc recommcndrtl levels on the right
hand ;;icle ofTable 4 in th(• Standard Pmctice appl)·. 
Thf'sc rerornmendi-lticns ar.<: stated in terms of th~ 
a\·eragr \'t'rtical iliumin;mcc reaching a planp surfac€:' 
1.8 metere. abow the wolkway and pcrpendicul2r lo 
t.he ccn1 c--rlinc of th~ ,,.?H:way. Thc calculation pro~ 
ccdure for vertical illuminancc is discussed in para~ 
graph 13G.3. 

BG.2 Dctcrrr.inin¡:; horizontal illuminancc. To 
c:llculate the n\·era:;e h•vcl of illumin.Jnce on thP rn~ 
tire s!dev.:alk with luminaires in tlwir maintaiued 
condition, procePd as follows: 

( 1) Determine thc ct>l!fficient of utiliza! inn (CUI 
for the sidcwalk arc3 only, as in paragr3ph J-\a.5.2.~ 
bcing :-;u reto suLtrnt:l from t hcse calculations that 
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port ion oft h<" CU thot · •latcd t.o flux fHiling on the 
stH:l·t itsclf tlue lo thc Lransvcrse location ofthr.lu· 
nunmTL·. 

(2) Cakulute t.he overage maintained illumincnct 
level on tlw sidewalk clue solely lo lhe im;•1edd<·ly 
adjaccnt lurninaires, u_sing t.he formula give:1 in 
paro¡;rnph !3.1.5.3. ' 

(3) For the same oid~walk arca. determine lhs CU 
for the str~ct side of the .Iuminairrs etr.:ross tbc 
slreet. 

(4) Calculate t. he avcmgc maintained illuminance 
leve] on ll1e sidewalk due solelv to the lumit:aires 
across the ~treet, and add lo that the illnminance 
coming from the luminaires on thc samP !'id e of thc 
street. 

(5) }:-laving calculated t.he average illuminance; 
leve] across t. he rntire sidcwalk, it is now nece..c;sary 
to calculatc the minimum leve! of iliuminanéel as 
describ2d in paragrr.ph I33.G in order to compute the 
uniformity ratio. 

BG.3 Detcrminin¡: vertical illuminancc for se
curity arcas. The venial illumiJ:"HlnCP- at. a specific 
point can be calculated by t he in\·erse·squart' rP..eth(ld 
of calculatin~ illuminanc~ tSee the curren!. erlition 
of the 1 ES l.igh ti nr; H and l>ooh, Re[ eren ce Vol u me). 1 

In this method, the c-.andlepower ofthe luJ:-tina;rc at 
the péH1 ic-ular an~lr in\·olvrci is normali~· nbtained 
from a luminous inltn:-.i!y ::h:ut, as shown in Tahle 
BfJ. Tht· releYant ~eomrt r~· is shown in Fig. Bl J. The 
general form of thc relation::;hip is gin·n by: 

E ~ !(,;.¡·)X sin¡ X sin<!> X LLF 
,, D2 

If it is assumed that the typicalperlestrinn facial 
arca is approximately 1.8 meters abo,·e tl:~.~ ::-;idewall:. 

Figure [311. Geometric relationship for d.: .. termining 
vertical illuminance on the facc ola pedestrian. 

---
1 

---7--- 'r·"· 



FACULTAD DE INGENIEAIA U.N.A.M. 
DIVISIC>N DE EDUCACIC>N CONTINUA 

CURSOS ABIERTOS 

ILU/JIINACION EXTERIOR: . 

PRINCIPIOS, DISENO Y APLICACIONES 

30 DE MARZO AL 70 DE ABRIL DE 7992 

COSTOS EN SISTEMAS DE ALUMBRADO PUBLICO 

PALACIO DE MINERIA 

P;;dacio de Mis•~ría Calie de Tilcuba S Primer piso Oeleg. Cunuhtémoc 0600~ México, q.F. Tel.: 521-40-20 Apdo. Postal M-2285 



.. 

COMA.- ''A 

e o N e E p T o 

1~ INYEiiiiON INICIAL EN EQUIPO 

,,. c ......... ... IM,.jaoriao 
Doto 

z.- c .... de co41a IM•Iurio 
Doto 

Ir Coeto total. ... lt~tMIRorioa 
1 1 2 

""Co•tldod ... ,ootu 
Doto 

S.- Altura ... •••taJo 
Doto 

•• Costo de post o , brazo 
Doto 

7.- Costo total ... poatos 
4 1 1 

a.- Costo •• bou poro pOIIOI 
Doto 

~Costo totol ... poatoa y boa•• 
4 1 (lt8) 

10• Cutidad ... lo•poraa por lulllinario 
Doto 

11~ Cootldatl ... lo•poraa 
1 • 10 

12~ Cooto ... cada hhllpora 
Da lo . . 

1:S• Costo total ... ld•paru 
11 k 12 

14r Costo do cobio , equipo ... protouloa 
Doto 

t5• Total ....... .,. loiclol •••o• lá.,., •• 
:S t t t 14 

MI' Totol ......... ••••••• • •• 1 •• , .... 
tS + 1ll 

17r laworaléa l•lclol ralotlwo •• ·····z 
11 ,..... ••• slato•• •• hla 

. 

DE ~UZ • ... ~'&S~' DEL CENTRO 
• RIENCIA DI CONITRUCCION 

SUPUifTDIIOICiA Tlr UQD ADIIHISTRATM 
'IULIIfl IICCl'MCIIII DI IILTIIINATI\M 

N P \al PUl' 'M 

• 1 • T 1 11 A 

. 

. 

S.A . 

1 DE 4. 

S 

1 

¡ 
1 

1 
1, 

1 

1 



4 DI 4 

e J N e E p T o • 1 '-· T E M A S -. 
:K. c ..... 111 opereal~• enual por L•• ela ••••lile. 

,., cntn fiJn 51 /11 

VI• COITOI "Jo 1 ANUALII 

55. c .. , .. ~IJ% .... , ~.·;~·:~·,·· 
H~ c •• ,. 111 ., ..... 1,. • •••1 te tel. 

55 + 55 
57. c •• ,, ~~·¡lz:" L u a. 

¡vu,. COITOI IIELATIVOI DE LUZ 

51. la w •" ltl~. 1 a 1 e 1 a 1 t o t • 1 ral • ",]:. per Lua 
. /uete ele •••• ... ll• '· 

51. c •• ,. ••••1 f~llatlwo por Lua laoll'o.•ll.• 
01et01 ¡u. 57 /ooeta elet••• ••• ll•J• 

so. Coe te •• u 11 _•_•j~tlvo por Lua ela 1~1...,., -•• 
flloe· 54/coeto elote•• - ·ll•J•-. 

* '••••la paoa " ol ·•• -. .... 
. •• ·-·1110 ' 1 11 oollea lo · 

•· ·c.au••t~ .... ''"s';_,_~Íaa •••••l•••t~•• 11 -a A . 
45~ "•••PillO ••••• ,. por a 11 , pe r lu • 1 • • r le 

o ·. 
4l1Arllll.pll&l_ l_a_G~W!dull por ale,per l1.111r11 

52/lll A · 
44. ·e,-,, o 111 lollor de reemplaza 

1 1 41 1 42 A 1 45 A 

. 

. 



e E S 1 ' T E .. A S e N p T o ' 
. 

Slr c •••• .. ual •• IIWH 
S! 1 :S4 

:Sir P•la411o 01 ro• •• erupo 
Do lo 

HA. Vl411o • 1"· 
Do ,;r 1 para ro o •P lu o , .. , ........ 1 ... """* • ó~'t; . ,._ptuo illcllv14IIMI 

~u. C .. ll411o411 de 1 ,-:;¡-l f'a':l}o::d,OI · II+(IÍ. a • 
40. cuto •• 14•P • ree•plezetl•• 

.S 11 L.tl 
.. 

v. MANTt:IIIMit:NTO ANUAL LABOR Y MATIRI ALt:l. 

41 • Coet• 411
0 

labor por "o ro "'"'"" 1 o 1 o 
41. Tlo•po 4111 reo•plozo lA trMpO por ....... ,. 

Do 1 o. · 

41A. Tlo•po 411o reo•plozo ... lvl411oul , .. l••laaf'IO 
Doto 

" 411. ••••PIOlO •• grupo per oie, ''' l•••••rle 
32 • 38 • 

4.SA • R 1 o • p lo 1 o 1 o 4111w 1 411 M 1 1 p o r 1 ¡¡ o 11 1 r 1 M • 1 a o r 1 1 
38 1 1 43 

~ 44. Coeto 41111 ~~:~'a142 ~·::·:~~A a <U A 1 o 

45. Tlo•po 411o ll•plezo por IM•Ioorlo 
n.o .. 

41r Ll•ptozoe por olf o por IMDiaorlo 
Doto 

47, Coo lo •• loltor •• IIMPIIIO 
1 • 41 1 45 • 46 

••• T 1 o • po _u p 1 a 1 • r o po.r ..... 
· Do 1 o 

41. Plalo411o o•o ,., , .... 
o .lO 

so. Coelo •• lalt p ptat., • 
41 41 1 41 1 41 

51. Porteo 4111 rlpMIIIO , ...... , ...... 
1% • 15 

s1. c •••• '!!·~ ~~ :o,"o'O.ftls~····· OIMOI 

55. Ceola •• oroctóa MOl ~·· •_!1•1411aror ...... 
r u'oe .s& + 57 + 40 + 11 . 

. , ~ , 



2 0€ 4 

e N e E p T o S 1 S T E .. A S 
-

11,. COITOS EITIMAOOI POR LABOR INICIAL 

,.,. MHI-,je. de peete J piolado 
O e te 

, ......... ¡e de 
o ••• 

1 ........ 

10• ...... ¡e de pool e J lumlnarle 
, •• , •• + 111111 

21 .. Me•t•l• do eqolpo de proteccióo J .. ~ ..... Do lo · 

:u,. Tot•l de labor 
ZO.+ 21. 

~Total de" laveraiÑ lolcl•l 
, •. t 22 ............ lolclol relollw• • · Z:S /walor dol ale tema ..... ~.¡e 

lllr CALCULDS DE ILUMINACION 

lllr lopeolo•l•oto o óru 
Dato 

z,a,. Factor do otiliucida 
Dato 

27.- Facter "" .MG.fiAilllliMtO 

o ato 
211.- Pra•edia di ilyainaciÓA .. ••• Dato ·. 

;a~, loro rolda iaicial ,o, In 
Z:S/28 . 

rv .. COSTOS ANUAL U 

liOriiW por ......... ( laclur 1 perdid .. 1 
. - Da la 

:SI:- IIW totolu del aiat••• 
1 • :so 

:sa .. ...... do 
. . 

QAUOI OpiFGCIOft 

Da-to 
:s:s .. IIWH totelea por a lo 

_51 • 52 

54r C:.:.e_to de la ••••••• ,., IIWH 
Dato 

15r C••l• por IIW / ••• dllllaRdOdl 
Deto 

,.,. c •••• ,., d••••do . ..... 
:SI a :S!I 1 (12 ....... 

-



FACULTAD DE INGENIERIA U.N.A.M. 
DIVISION DE EDUCACION CONTINUA 

CURSOS ABIERTOS 

ILU/111/NACIO/N EXTERIOR: 
·~ 

PRINCIPIOS, DISERO Y APLICACIONES 

30 DE MARZO AL 10 DE ABRIL DE 1992 

ILUMINACION DE PASOS VEHICULARES A DESNIVEL 

PALACIO DE MINERIA 

Palacio de Minerí.¡ Calle de Tílcuba 5 Primer piso Oeleg. Cuauhtémoc 06000 México, D.F. Tel.: 52140-20 Apdo. Postal M-2285 



.-'. ··'·. ,.,., .. 
. . . 200 :••···········!·~~~······~~·~·····~~~·~·~~···· 

ANSI/lES RP-22-1987 

American National Standard Practice 
forTunnel Lighting · 

Approved AugusÍ 17, 1986 
lESNA Board of Directors as a Transactlon of lhe Jllumlnating 
Englneering Soclety of North Amerlca. · 

Approved December 15, 1987 
American Natlonal Standards lnstltule, lnc. 

Abstrae! 
This standard reflects the state of the art in tunnellighling arid presents recommendations aimed at 
aiding the motorist in traveling safely through a tunnel. 1t provides information that will assist in 
determining lighting needs; provides solutions, and evaluates resulting visibility within vehicular 
roadway tunnels. 

Winler 1990 JOURNAL of the llluminating Engineerin"g Society 

,. 



-' 

. ~ 

1 

1 

~ .. , 

.••.•••.•.............•.•.....•..•...••......• 

• 

American Natlonal Standard 
Approval of an American National Standard requires 
verification by ASNI that the requirements for due 
process; consensus, and other criteria for approval 

· have been met by the standards developer. -

Consensus is established when, in the judgment óf 
the ANSI Board of Standards Review, substantial 
agreement has been reached by directly and ma
terially aftected interests. Substantial agreement 
means much more than a simple majority, but not 
necessarily unanimity. Consensus requires that all 
views and objections be considerad, and that a 
concertad eftort be made toward their resolution. 
The American National Standards lnstitute does not 
develóp standards and will in no circumstances 
give án interpretation to any American Nationai 
Standard. Moreover, no j:Jerson shall have the right 
or auihority to issue an interpretation of an Amer
ican National Standard in the name of the American 
National Standards lnstitute. Requests for interpre
tations should be addressed to the secretaria! or 
sponsor whose name appears on the tille page of 
this standard. 
CAUTION NOTICE: This American National Stan
dard may be revised at any time. The procedures of 
the American National Standards lnstitute require 

.,. · that action be taken to reaffirm, revise, or withdraw 
.. ,¡,, this standard no later than five years from the date 

of approvai. Purchasers of American National Stan
dardsmay receive current lnformation on all stan
dards by calling or writing the American National 
Standards lnstitute. 

Sponsor and Publisher 
llluminating Engineering Society of North America 
345 East 47th Street 
New York, NY 10017 · 

Copyright ~ 1987 by the 
llluminating Engineering Society of North America. 
All rights reserved. 

ANSI/lES RP-22-1987 
ISBN 0-87995-026-9 

No part of this publication may be reproduced ih 
any form, in' an electronic retrieval system or other
wise; without the prior written permission of the 
publisher. 

Published in the United States oi America. · 

201 

ANSI/lE$ RP-22·1817 

. ;-, 

JOURNAL or lh~ llluminating Engineeriui: SocictJ Winter 1990 

·' 

'! 



202 ............................................. 

Contents 

Foreworú 

l. lntroduction 

2. Physical Characteristics of a Thnnel 
2.1 Delinition of a Tunnel 
2.2 Classilication 

2.2.1. Short tunnel 
2.2.2. Long tunnel 

2.3 Visibility Optimization ofTunnellnteriors and 
lts Approach Features 

2.3.1. Reducrion of Ambienl Daytime Luminances 
2.3.2. Approach and Portal Design Factors · 
2.3.3. Visibility Optimization ofTunnel Interiors 

· 2.3.4. Types of Pavement Surfaces 

3. Lighting Design Considerations 
3. 1 General 
3.2 Volume and Speed of Traffic 
3.3 Externa! Luminance 
3.4 Tunncl Classilication 
3.5 Tunnel Luminances 

3.5.1. Threshold Zone 
3.~.2. Interior Zone 
3.5.3. Transition Zone 
3.5.4. Nighttimo 
3.5.5. UnifomJity Ratios 
3.5.6. Maintenance Considerations 

3.6 Lighting and Electrical Equipment 
3.6.1. Light Sources 
3.6.2. Luminaires 
3.6.3. Electric Powcr Control and Switching 

3.7 Aicker Effect 

Appendix A - Computational Methods 

Appendix B - Recommended Uniformity Ratios and 
Veiling Luminance Ratios for Tunnels 

Appendix C - Bibliography 

Wintcr 1990 JOVRNAL or the llluminating Engineering Society 

f 
t 

! 
; 
' 
' 



............................................. 

l 

SubcommiHee on Tunnels and Underpasses 
V .R. Bishop, Chairman 

W. Adrian 
J.C. Blair 
P.O. Contos 
C.W. Craig 
J.E. Degnan 
V.P. Gallagher 
A. Ketvirtis 
l. Kopec 

V.A. McCullough 
S. W. McKnight 
C.A. Oerkvits 
R.E. Sallerfield 
J.E. Tewart 
C.L. Thomas 
S.C. Varnum 
Y.H. Waighl 

lES Roadway Llghtlng CommiHee 
B.L. Shelby, Clzainnan 

K. E. Faimanks, Chairman (1984-1986) 

W. Adrian 
R. L. Allen• 
B. Anathanru:ayanan• 
J.B. Arens* 
J .D. Annstrong• 
J.C. Bair 
V. R. Bishop 
P.C. Bo,;* 
J.R. Brass• 
J.f\. 1Buck• 
J.C Busser 
E. Cacique 
M.G. Canavail 
G.E. Chamberlain 
T.J. Chapman 
J. L. Clapper 
R.D. Clear 
P.G. Cantos 
J.T. Cottingham 
E.S. Cowell* 
C. W. Craig 
D.L. Crnwford 
C. L. Crouch 
W.F. Daiber 
J.E. Dcgnan•. 

·IV. H. Edmant 
G.A. Eslinger 
R. IV. Godemannt 
W.C. Gungle 
R. C. Gupta• 
J.A. Havard 
E. O. Heinlein 
D.A. lliatt 
D.E. Hu.sby• 
M.S. Janoff 

J.E. Jewell 
M. E. Keck 
A. Ketvirtis 
l. Kopec 
R.C. LeVere• 
l. Lewin 
C. H. Loch 
D.P. Loyd 
A. Lurkis• 
J.R. McConnick 
V.A. McCu\lough 
S. IV. McKnight 
J. F. Meyers • 
H. D. Mosleyt 
H.A. Odie 
C.A. Oerkvitz 
A.S. Rose• 

· E. C. Rowsell 
K. B. Sales 
R .E. Satterfield* 
R.N. Schwab 
R. L. Sitzema 
G.E. Smal\wood 
G.M. Smilh 
R.E. Stark 
A.E. Tanner 
J.E. Tewart 
C.L. Thomas 
C.A. Thompson• 
M.C. Unglert 
II.A. VanDusen 
S.C. Valnum 
R.L. Vinccnt 
V.H. Waight 
G.WWeist• 

R.R. Wylie 

*Advisor}' 
tllonorary 

203 

ANSI/lES RP-22-1981 

JOURNAL of lht" lllumin:ning F.np;inet>ring St·~i~IY Win1er 1990 

-~-----------~-'--------·--·-""'""'" 



204 

Foreword 
This foreword .is not part al American Na liana/ Stan
_dard ANSI/lES RP-22-1987.) 

In Septeinber, 1970, the 111uminating Engineering Soci
ety published the report "Lighting of Thnnels." Since 
that time much experience has been gained as ·many tun
nels have been lighted or relighted throughout the world. 
In addition, research has been conducted with regard to 
objects of focus, fie1d of view and the eye adaptation 
process as a motorist approaches the entrnnce to a tun
nel. The speed at which the eye adapts to rapid changes 
in Jáminance has also beeri inVestigated. 

This Standard reflects the state-ofthe-art in tunnel 
lighting and presents reCommendations aimed at aiding 
the motorist in traveling safely through a tunnel. Sugges
tions for improvement of this standard will be welcome. 
They should be sent lo the Technical Director, llluminat
ing Engineering Society of North America, 345 East 
47th Street, New York, NY 10017. 

The Subcommillee on Thnnels and Underpasses of the 
lES Roadway Lighting Commillee, which has been 
primarily responsible for thisrevision, acknowledges the 
inaterial colitributions of the technical committees of the 
llluminating Engineering Society in providing suggested 
information pertinent to theif special_ized activities. The 
members of the Subcommittee and Committee are listed 
on the preceeding page. 

1. lntroduction 

This Standar~ Practice has the goal of providiilg infor-
. matíon that will assist in determining lighting needs, ·pro

vide solutions, and evaluare resulting visibility within 
vchicular roadway tunnels. Pedestrian .and other non
vehicular tunnels are ñot addressed. 'Iñis Practic:e is in
tended for use by engineers. consultants, technicians, 
and administrators charged with the responsibility of pro
viding a safe erlvironment withiñ a tunnel - day and night. 

ll is nót possible to provide one set of specific recom
rnendations because of th~ variety of tunnels. Severa! 
methods used th~oughout the world in recent years have 
been madc known to planners in North America, reSult
ing in marked changes in the aj,plication of tunnel light
ing. No longer is one system considered the best and 
only solution to the lighting of the many different types 
of tunnels. 

Good visibility is th~ goal. The de5ign mu~a consider 
. the lunnel and adjacent areas as well. fvtany factors coil
tribute to, or detract from, visibility; therefore, it is im
pónant that al! these factors be identified .and their spe
cific importance detennined for each tunnel. These fac-
lors include: · 

l. Charac_teristics of the roadway approaches. 
2. Characteristics of the tunnel roadway, walls, and 

ceiling. · 
3. Char3.cteristics of the area surrounding die tunnel 

portal. 
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4. Atmospheric and environmental conditions. 
5. Characteristics of vehicular traffic operations. 
6. Orientation 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, electri
cal systems, lighting equipment, maintenan~e. and adja
cent roadway lighting approach systems. 

2. Physlcal Characteristlcs 

2.1 Definitlon of a Tunnel. A tunnel may be defined as· 
any enclosure over a roadway that restricts the normal il
lumination of the roadway by daylight, 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 matcrials - such as earth and rock - or by con
struCtion with materials such as stecl and concrete. 

For clarity, the terms shown ,under Fig. 1 will be used 
in this discussion. 

.2:2 Classificatlon. A tunnel may be classified into two 
categories as either a short tunnel ora long.tunnel, de· 
pending upon length. 
·' 2.2:1 Short Tunnel. A tnnncl having an overall 
length from portal lo portal along the centerline which is 
equal lo, or less ·lhan, the Safe StoppingSight Distance 
(SSSD) appropriate to the speed of traffic entering the 
tunnel (seeTable 1). 

2.2.2 Long Tunnel. A tunnel with anovenill length 
greater than the SSSD. 

2.3 Vlslblllty Optirnlzatlon of the Tunnel and lts 
Approach Features. The critica! task facing the driver 
approaching the tunnel entrance portal during the day
time is to overcome the black lw/e effect created by the 
high ratio of extemal to internalluminance. In addition 
to the design of a lighting system lo incri:ase luminance 
inside the tunnel, it is importan! thatthe physical design 
of the tunnel approach structure and íts environs give 
due consideration to design features that will assist the 
lighting system in reducing the high extemalluminance 
ratio. Often these physical features, favorable to lighting 
neC:ds, add little or nothing to tunnel structure costs, and 
can be incorporated into-new or existing turinels .. · 

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. 

2.3.1 Reductlon of Amblen! Daytlme Lurnl
nances. Thnnel portals, adjacent walls, approach pave
ment, and other extemal features in the motorists' field 
of view, should be darkened to an extent that will reduce 
the high ratio of extemal to intemal luminance. The use 
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APPROACH THRESHOLD ZONE TAANSITION ZONE INTERIOR ZONE 
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Figure 1. Descriptiva terma assocleted wlth tunnelllghtlng. 
Approach: the externa! roadway ares leadlng to the tunnel. 
Portal: the plana of entrance lnto the tunnel. · 
Threshold zona: the ares whera a transltlon ls medo from the hlgh llghtlng level 

lo the threshold of the lower llghtlng level of the Interior. 
Inferior Zona: the lnnermost part of the tunnel where the lowest level of llghtlng 

ls provlded. 
(Nolo: Lengths of zonas wlll very wlth the deslgn parameters.) 

of surface treatments, admixtures, overla}'s, vegetation, 
or other methods that result in low reflectance, 
nonspecular surfaces are recommended. 

The darkening of these externa! surfaces reduces the 
luminance leve! to which tlte eye is adapted prior to en
tering the tunnel, thus shortening the time to adapt to the 
lower luminances withín the tunneL 

,>~·:' · Thnnels having a predominant sky background im-
mediatcly 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 
arnount and extent of daylight penetration into 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 generally dictated by criteria 
other than illumination cOnsiderations, the tunnel light
ing systems must be able to.accommodate the entrance 
orientation ConditionS. 

The use of increased tunnd entrance height and up
sweep ceilings in the portal entrance areas may result in 

Table 1-Sale Stopplng Slght Dlstance• 

Mínimum Sale Stopping 
Trallic S~ed Sighl OiSlance (SSSO)t 

K1lometers per Hour M1las ~~ Hour Meters Feet 

48 30 60 200 
64 40 90 300 
80 50 140 450 
88 55 165 540 
96 60 200 650 

104 65 220 720 

• Basod on American AssoCiation ·al State Highway and Transpor
tatio.l Officials (AASHTO) recornmendalions. See A PoiJCy on Geometric 
DesiQn of HiQhways and Streets. 198_4. AASHTO, 444 N. Capitel Streel 
N.W./Cepilol Str&el., Suite 225, Washington. OC 20001. · 
t Assumes average ·prevailing spoocts in a straight and 1eve1 tunnel approach 
roadWay are at, or near, tho pos1ed speedlimit of the facihty. For other 
geOmetr:M: cooditions. refer to !he AASHTO standard aS relerenc~. 

increasing tlie 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 louvers placcd over tun-
.1, nd entrance roadways at, and in advance of, the entr

ance portal have been used to progressively reduce am
bient brightness to lower levels cominensurate wilh tun
nel en trance portal conditions .. 

Although this technique can reduce the required leve! 
. of lighting· in the tunnel, thus saving electrical energy. 

sun screens now in use have be;en difficult to maintain 
due to dirt accumulation~ pennanent depreciation of re
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 their extensive applicatioft in 
North America. . . 

2.3.3 Vislblllty Optlmlzation of Tunnel lnterlors. 
To cffectively use daylight and supplemental electric 
lighting, it is reco~mended th.at wall surfaces be of an 
easity maintained, highly reflective, rionSpecular finish 
having a rCflectance _of at least 50 percent initially. 

In tunnels where ceiling surface reflectance will con
tribute to the utilization of the lighting system, such as 
those with curved (barrel) ceilings, tltese surfaces should 
receive similar treatment. Interior walls having vertical 
surface relief, to reduce traffic nOise, will result in 
higher walllurninanCe. 

In tunnels having curved rÓadways or tunnels having 
cm-ved approach roadways. dé:velopment of high wall 
luminance is of great value in meeting visibility needs. 
Relatlvely narrow tunnets where the width-to·-height 

. rátios are approximately three or less will normally de
velop good tunnel visibility as a result of reflected light 
from highly reflective walls. T\Jnnels having g~t:ater 

width-to-height ratios will normally require supplemen
. tallighting of the roadway surface·c 

In entrance portal areas, sunlight penetration .can be 
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improved by use of wall, ceiling, and roadway surface 
texture control. Thc use of vertical wall corrugations, 
coarse finished pavementS. or other treatments that pro
duce surface relief will íncreaSe 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 
tunncl portal. and light finish material on the· mad sur· 
face inside the portal, for a distance at least equal to the 
safe stopping distance, will reduce the externa! to inter
nal luminance difference. However, the designer must 
recognize the probability of fUiure resurfacing with other 
than light finish m.aterial. 

3. Lighting Design Considerations 

3.1 General. Thnnellighling design considerations con· 
sist of the following: 

l. Volume of speed of traffic. 
2. Extemalluminance. 
3. Tunnel classification. · 
4. Thnnel luminances during both daytime and nighl· 

· time conditions. 
5. Lighting and eleclrical equipmenl. 
6. Flicker effecl. 
Refer lo Appendix A for design computational methods. 

... 
3.2 Vol u me and Speed of Traffic. ·nuii1els with high 
tr_affic vol u me and tunnels with high specd ~raffic require 
higher luminance levels than ti.Jnnels with ,lower vol u me 
and slower traffic .. High luminance ' tevels aid the 
motorist in .perfonning the moré diffkult driving tasks. 
High vol u me lraffic increases the probability of having 
to stop quickly or take evasive action. Higher speeds re· 
duc.e the limC available for eye adaptation and reaction to 
driving difficuhies. 

3.3 Externa! Lumlnance. Externalluminance must be 
considered because one's eyes are adapted to the exterior 
brightness leve! prior to entering the tunnél. Since an ap· 
proaching motorist will be looking at the tunnel entr· 
ance. the !u mi nance characteristics of the portal arca and 
the suirounding visual scene must be considered. Figure 
2 Íists the various factors lhat will produce !he highest 
to the lowest tunnel extemal luminance. 

3.4 Tunnel Classlflcatlon. Short tunnels, with a 
length of less !han the SSSD having straight, relatively 
leve! approach alignment and a· straight and leveltunnel 
roadway may have· 3dequate visibilily without supple- · 
mental daytime líghting. In these cases, visibility is pro
Vided by negaiive contras! silhouette, with high lumi
nance values provided by the c;{it portal. 

In tunnels with curved ~oadways. where the exit portal 
is not visible, supplemental lighting may be re_quired .. 
These short tunnels should have ·a single lighting zone 
c~ual to the threshold zone lurnin:mce taken from Table 
_2. Long tunnels reqUire severa! zones of Úghting.· 
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3.51\mnel Lumlnances 
3.5.1 Threshold Zone. Daytime tunnel luminance 

in the threshold zone mus! 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 imlicatcd, th.e rcquired luminance is de
pendan! upon both the characteristics of the lunnel. and 
the traffic speed and vol u me in the lunnel. Length of the 
threshold zone lighling should be 15 meters less than 
SSSD (SSSD . 15 meters). Al approximately 15 melers 
before the portal, the tunnel dominates the visual scene. 
SSSD can be delermined from Table l. 

3.5.2 Interior Zone. Daytime lighling in the interior 
of a long tunnel can be reduced since the motorist's eyes 
will have adapted lo the lower luminance of the lhreshold 
zone. Luminance of the tunnel interior zone should be a 
mínimum of five candelas per square meter with a un
ifonnity not exceeding 3 to l. average to mínimum. 

3.5.3 Transltlon Zone. Daytime luminance in the 
lransition zone should taper from !he threshold zone 
luminance to the interior zone luminance over a length 
equal lo SSSD. Thlnsition zone lighling can be ac
complished in various ways: greater spacing between 
luminaires, fewer lamps per luminaire in· the case of 
fluorescent, lower wattage lamps, or cori1binations 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 firsl step should be greater !han or equalto one-quar
ter of !he threshold zone luminance. The las! step should 
be less than or equal to two times th_e interiqr zone lumi
nance. Immediate steps should be greater than or equal 
to One:-third of the preceding zone. Figure 3 shows an 
exainple of tunnel luminance levels irl the transition 
zone: 

3.5.4 Nlghttlme. During nighUime the motorisl"s 
eyes are adapted 10 !he low exterior luminance; there· 

HIGHEST EXTERNALLUM!NANCE 

lO 

• Ea:;f.wcst tunnel orienttition. Aising or set· 
ting sun hinders . detection ol tunnef · 
entrance. 

• No object above the horizon. such as may 
be encounlered ata river tunnel entrance. 
8right slo:y encompasses most of the visual 
lictd. 

• Very light color surroundings. Snow 
covered mountain slopes. SmaU and very 
light coiOfed buildings. 

• 8elow grade, depressed tunnel eotrdnees. 
• Northisouth tunilel orientation. . 
• Gradual slopes .. vegetation·covered ycar· 

round. 
• Many taO, dark colorcd buddrngs. Stcf!p, 

dark moUntainous slopes (never snow 
covcred). 

• A1\1hcial measwe taken !O 1educe ederior 
brightness such as sid_e ba11ks or sun· 
screens. 

LOWEST EXTERNALLUMINAHCE 

Figure 2: Factorá aHectlng tunnel externallumlnance. 

1 
1 
' l 
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Table 2-Recommended Malntalned Threshold Zone Average Pavement Lumlnance Values 
or Tunnel Roa.dways 

Tratlic Speed 
. <25,000 

Kilometers Miles 
Characteristics ol Tunnel per Hour per Hour 

Mountain tunnels, gradual stopes where ;>;81 . 50 210 
snow can accumulate or river tunnels 61-80 38-49 180 
with lew surrounding buildings. ,;60 37 140 
EasVwest tunnel orientalion. 

Mountain tunnels with steep, dark slopes ?; 81 50 145 
or climate conditions where snow can- 61-80 38-49 130 
not accumulaté. Portal surroundings ,;60 37 105 
have medium brightness year round. 

Concealed portats, dark surfaCes. or ;>;81 50 80 
buildings surrounding entrarice. Ar- 61-80 38-49 70 
tificial measures taken to reduce ex- ,;60 37 60 
terior biightnesses. Northlsouth · 
ori_entation. 

·Average Annuál Daily Traffic in both directions. 
tFor approximate v~ues in Candelas per square foot, multiply by 0.1. 

Figure 3. Exomple ol tunnel llghtlng: pol'
tal wllh very brlght aurroundlnga (hlgh ex· 
térnallumlnance); traille speed 99 kllom&
tera per hour; snd Average Annual Dally 
ltslllc (MDT) In both dlrectlona la greilter 
thsn 150,000. Requlred threahold zone 
lumlnsnce. lrom Thble 2 .la 330 csndel.sa 
per aqusre meter. Sale Stopplng Slght Dls.· 
lance (SSSD) lrom Thble 1 la 165 melera. 

THA~·SHOLO ZONE (330 CDO..tZ) 
330 

"' w 
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w 

" w 

"' ., 
" .a 

"' "' ·W 
a. 

"' 

16 5 

132 

99 

66 

:5 33 
w 29.7 
~ 26.4 
(j 23. 

~ 19.8 
w 

1 

~ 16.5 ., 
z 
~ 13.2 

" "' 9.9 

6.6 

3.3 

o 

1· 

. 

60 120 ISO 
SSSD -15M ·1· (I~OM) 

Traflic Volume A_ADl• 

25-89.999 90-150.000 >150.000 

Candelas per Square Metert 

250 290 330 
220 260 300 
185 230 270 

175 205 235 
160 190 220 
140 170 200 

100 115 130 
90 105 120 
80 95 110 

TRANSTON ZONÍ 

83 CDJ, (• l/4l THRESHOLD)-

2B ~0/Mi tl/3 ~· PRECEEDIN.G) 

10 ~O~Mz (s z'X INTERI OR) 

INTERIOR ZONE 
5 ·co/Mz 

240 300 360 

ssso ·1· OISTANCE VARIES 

US~M) WITH TUNNEL 
LENGTH 
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fore, a nighuime luminance of 2.5 candelas per square 
meter minimum is recomffiended for the entire length of 
the tunnel. 

.3.5.5 Unlformlty Rallos. Uniformity ratios within 
the tunnel zones ·should be the same as those used for 
general roadway lighting. See Appendix B. 

3.5.6 Malntenance Conslderatlons. The recom
mended luminance values in Table 2 represent the Íowest 
in-service values that should be allowed tluuughout the 
operating life of the system; thetefore, the initial lumi
nance figures in the tunnel, when tlu! lighting systern is 
initially tumed on, may have to be higher to compensate 
for Lamp Lumen Oepreciation (LLO), Luminaire Oirt 
Oepreciation (LOO), and tunnel surface reflectance 
depreciation. 

Lanip lumen depreciation will depend upon the lamp 
used, · and depreciation factors are available from lamp 
manufacturers. Luminaire dirt depreciation will depend 
upon the luminaire construct!on and the lumínaire clean
ing cycle. If the luminaires are Well sealed and the tenses 
are washed frequently, the light loss, dueto dirt accumu
lation, may be moderate. If maintenance and lamp re
placement aie replacement schedules are poor, the light 
loss will be severe. The refleciai1ce deterioration of the 
tunnel surfaces. will depend on the frequency and 
thoroughness of.the cleaning of these surfaces. 

When ihe three depreciation factors (LLO, LOO, and 
tun~el ~urface reflectance depreciation).are taken into ac
count, the reSultant light loss factor may be in ·the range 
of 0.25 to 0.60. Before the final lighting system is cho
sen, it is _goOd prattice to do a détailed coSt analysis 
comparing the estiffiated initial installatiOn costs, plus 
electrical energy costs using various schedules of routine 
n.taintenance (changing of lamps. cleaning of lumi_naires 
aild cleaning of ttinnel surfaces). A decision on the final 
system may then be made based on the lighting system 
design and maintenarlce schedule thal offers the greatest · 
economy. 

3.6 Lightlng and Electrlcal Equlpment 
3.6.1 Llght .Sources. Fluorescent, High. Intensily 

Oischarge (HID), and Low Pressure Sodium (LPS) are 
the light sonrces used almost exclusively for tunnellight
ing installations. Incandescent Iamps 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.tunnellighting: 

L Efficacy. 
2. Color renditi01i and its effect on signs and 

trafflc siinals. 
3. Wattages or turnen outputs available. 
4. Life. 
5. Lamp lumen depreciation. 
6. Ambient temperatures. 
7. Cost. r...: 
8. R~.strike time. 
9. Ability to control the light distribution. 

10. Oimming capability. 
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11. Physical size. 
12. Physical durability. 

Oifferent lighl sources have various advantages and dis
advantages. 

3.6.2 Lumlnalres. Thnnel Iighting luminaires must 
be ruggedly consiructed to withstand the harsh eiwiron
ment found in most tunnels. 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 sorne of 

· the conditions to which lurnináires are exposed. 
The following are faétors that must be evaluated in the 

design, selection •. installation, and testing of tunnellightp. 
ing equipment 

l. Prevention of vapor, dust and water jel spray from 
entering into the luminaires: · 

2. Ease of cleaning, relamping and replacement of parts. 
3. Resistance to corrosion. 
4. Physical strength sufficient to preven! warping, 

tWistlng, or defonning during installation, use arid 
servicing. 

5. Highest and lowest ambient operat.ing temperature 
within the tunnel. 

6. Exc~ssive glare from the lurninaire. 
3.6.3 Electrlc Power Control and Swilchlng. 

Power supply for lunnel Iighting must he reliable. Even 
a momentary loss of power cannot be tolernted, since it 
can lead to serious accidents as people are plunged i~to· 
complete· darkness. Safety can be greatly improved by 
providing powef from two separate sources to the entire 
tunn~l lighring system with transfer devices that aü
tomatically Switch from one poweÍ' source to the other in 
the event of a power failure. Consideration sho!Jld be · 
giVen to the installation of an emergency power supply 
to luininaires providing at leas! one·fifth of the design . 
nighttime lighting leve!. 

Thimel lighting requirements may vary during daily 
operation as a reSult of external luminances varying with 
weather or positio~ of the sun. Ins_tallations may be pro
vided with luminaires that can be switched and!or dim

. med automatically wilh changes in the outdoor h.imi· 
nance or with changes in the effective light output of the 
luminaires. 1\Jnnel systems may also have a tTianried coh· 
trol room with closed circi.J.it television surveillahce that 
allows monitoring of tunnel condltions and provides 
manual override of the automatic operatioos. 

3.7 Flicker Elfect. In the interior of a lighted tunnel 
where luminah-es or their reflected images are in full or 
partial view of the· vehicle occupant~. the stroboscopic 
effect of passirig closely spaced light sources may pro
duc·e undesirable ·behavioral sensations. The flicker ef
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 frequcncy 
or rnte at · which successive light sources appear to be 
moving. Figure 4 illustrates the range of luminaire cy
cles per second that are most likely to produce these un· 
desirable flicker effects. lbe designer _should avoid 
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Figure 4. Flicker effect. 22 

luminaire spacings within the annoyance range shown (5 
io 10 cycles per second). 

Appendlx A - Computational Methods 
(This Appelldix is not part of American National 
Standard ANSI/lES RP-22-1987.) 

A1 Deslgn Consideratlons 
-~ . t •-, , ... ~ ; . 

A1.1 General. The success in designing a well balanced 
lighting sysiem 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 
plánners, designers of the tunnel structure and portal, 
maintenance forces, and traffic system operators. 

A 1.2 Tunnel St.ruétural Features. Considerations of 
the structural features will assist the lighting designer in 
determining the luminaire location (wall or ceiling), 
iuminaire photometric characteristics and may innuence 
the light source selection. ll1e 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 imprir

. tant in calculating the luminance in the interior. 

A 1.3 Trafflc Lane Arrangement. Coordination be
tween the luminaire arrangement 3.nd the traffic lanes is 
an important factor. Where practica!, luminaire location 
shoUid pennit .continuation of traffic operation during 
lighti~g system maititenance work. In the case· of merg
ing or divefging traffic, suitable luminaire location may 
provide visual guidance· to the. motorist. 

A1.4 Physlcal Safety of Llghtlng Equlpment. In a 
case where luminaires are mounted on the surface of 
wallsor ceiling, particular attention should be given to 
vertical am .. IRteral- clearances to minimize damage by 
vehicles or loads permitted to pass through thé tunnel. 
Clearani:es should be based on the traffic standards es-

209 

ANSulÉs RP-22- f987 

tablished for lhe particular road system. In the caS. of · 
wall-mounted lurninaires, the presente of escape 
sidewalks or curbs are helpful lo protect the luminaires 
from damage. 

A2 Calcuhitlón Procedure 

A2.1 General. Befare the design calculations are 
started, the following should bedetermined: 

l. llluminances required in lhe. thresbold zone, trailsi
lion zone and the tunnel interior. See Table 2. 

2. Acceplable uniformity ratios. See paragraph 3.5.5. 
_3. Light sources and lamp sizeS to be used. See 

paragraph 3.6.1. 
4. Luminaire types and photometric characteristics . 

. Actual design calculations can be convenieildy executed 
with the aid of a coinputer. The following calculation 
dample is provided for those who do not have access to a 
suitable computer program. 

A2.2 Deslgn Dáta (Examph!) 
A2.2.1 Tunnel Characterlstlcs: 

ELngrh 1000 meters divided 
Tuhe Dimensions = 15 meters wide and 

5.5 mel!:rs high 
Pavement Portland cernen! ooncrete (Rl) 
Surface reflectances: 

céiling 50 púcent 
wall 50. percent _t.~'1l", 
pal'emeflt = 10 percenL ., · ··. 
A2.2.2 Lumlnance Levels: . -~- ... 

Threshold zone = 190. candelas pei"square meter 
(See lable 2, ~liddle category of tunnel characieris

tics, 80 km/h, and 90 lo 150,000 traffic volume.) 
Transilion zone secrions} 

No. 1: 1/4 X 190 equals approximately 50 candelas 
per square meter. 

No. 2: 1/2 X 50 = 25 candelas per square meter (see 
paragraph 3.5.3). 

No. 3: 2 X 6 = 12 candelas per square meter. 
Twznel interior = 6 candelas per square meter - daytime 

(see paragraph 3.5.2). 
Tunnel interior = 3 ca·ndelas per square meter - night-
. time (see paragraph 3.5.4). 

Unijom1ity rarios (see Appendix 8): E,.1 to E.,;. = 3 to 
1 (within same zone) . 

A2.2.3 Lamp Data: 
Threslwld zone = 400-watt high pressure 

Sodium- 50,000 lUmens. 
Transilion zone sections = 250-watt high pressure 

funnel inrerior 
sodium - 30;()({) lumens. 
= 100-watt lügh pressure 
sodiurn - 9500 lumens. · 

A.2.2.4 Lumlnalres. The luminaires sela:ted rue ceiling 
mounted type for use with high pressure sodium liunps. A 
coefficient of utilization chart is shown in Table Al. 

A2.3 lllumlnance Method of Calculallon. lables ia 
and 2b frum ANSUIES RP-8-1983 provide the conver
sion ratios between lurninance and illuniinance for road 
classificalions R 1, R2, R3, and R4. (lbese convérsion 
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Table A1-Coelliclents ol Utllization lor Typical High Pressure Sodium Luminalre 

Eflective Floor CaVJ\y Rc!lectance -. 1 O 

ce 80 70 §] 30 10 o 
Wan 70 50 30 10 70 50 30 10 §] 30 10 50 30 10 50 30 10 o 
RCR 

1 .72 .68 .65 .62 .69 .66 .63 .60 .61 .59 .56 .57 .55 .53 .53 .51 .50 .48 
[I]J .54 
2 .65 .59 .54 .50 .63 .57 .52 .48 .53 .49 .46 .49 .46 .43 .46 .43 .41 .39 
3 .59 .52 .46 .41 .57 .50 .44 .40 .46 .42 .38 .43 .39 .36 .40 .37 .34 .32 
4 .51 .46 .39 .34 .52 .44 .38 .34 .41 .36 .32 .38 .34 .31 .36 .32 .29 .27 
S .49 .40 .34 .29 .47 .39 .33 .28 .36 .31 .27 .34 .29 .26 .31 .28 .25 .23 
6 .45 .36 .29 .25 .43 .34 .28 .24 .32 .27 .23 .30 .26 .22 .28 .24 .21 .20 
7 .42 .32 .26 .21 .40 .31 .25 .21 .29 .24 .20 .27 .23 .19 .25 .21 .18 .17 
8 .38 .28 .22 .18 .37 .28 .22 .18 .26 .21 .17 .24 .20 .16 .23 .19 .16 .14 
9 .35 .26 .20 .16 .34 .25 .19 .15 .23 .18 .15 .22 .17 .14 .21 .17 .14 .12 
o .33 .23 .17 .14 .31 .23 .17 .13 .21 .16 .13 .20 .15 .12 .19 .15 .12 .11 

Note: Tl11s lable is for a tynothetical lumin;¡ire and should be used lor this example only. Consun manulacturer's published photometlic data on tho 
lurninaire (s) being considered when dcsigning an actual installation. 

ratios are approximations of what occurs in real situa
tions. Calculation proccdures that will provide greater 
accuracy when convcrting roadway illuminance to lurni
nance are currcntly bcing dcvelopcd). Sincc the pave
...,ent of this tunnel is that of cement concrete or Rl, the 

:> of candelas per square meter is 1 to 10 (as com
.ed lo 1 to 15 for an R3 pavement, for example). 

Thus, the luminancc levels outlincd in paragraph A2.2 
can be rcwritten in tenns of illuminance as follows: 
17Treshold zone: 

190 X 10 = 1900 lux 
. 1iwnitioll zone sections: 

No.l: 50 X 10 = 500 lux 
No.2: 25 X 10 = 250 h" 
No.3: 12 X 10 = 120 lux 

7imnel imerior = 60 lux (daytime) 
Tunnel illlerior = 30 lux (nighttimc) 

In the m<inual calculation procedures, thc runnel in
terior can be considcred as an infinitely long room. 

'll1e number of luminaircs for various zones can be 
calculated from the following equation: 

</> X CU X LLF 

where 
NL number of lurninaires 
E,. horizontal il\uminance (lux) 
A = arca of the zonc in squnre metcrs 
<P initial lamp lurnens per luminaire 
CU coefficient of utilization 
LLF light loss factor 
Bcfore thc actual numbcr of th~ luminaires can be de
-,lined, thc valucs of CU and MF must be dctemtincd. 

~~e CUcan be dctcrmined by calculating the cavity 
.• o and rcading thc CU valuc from thc infonnation pro

vided by thc specific luminaire manufacturer. 
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Cavity Ratio = 
2.5 X Cavity Height X Cavity Perimcter 

Arca of Cavity Base 

2.5 X 5.5 X (1000+ 15+ 1000+ 15) = l.
9 Cavity Ratio = 

(1000 X 15) . 

From Table A 1, using rcflcctanccs of 50 pcrcent ccil
ing, 50 pcrccnt wall and 10 pcrccnt floor (pavcment) and 
a cavity ratio of 1.9, thc CU, by interpolation, is 0.54. 

Thc rccommcndcd range for UF as discusscd in 
paragraph 3.5.6 is ILF = 0.25 to 0.60. For this exam
plc, the valuc of 0.5 has bccn sclcctcd . 

A2A Calculatlon ol Daytlme Lighling System lor 
Tunnellnterlor_ 

For Eh = 60 !rL"C, 

N L = --'60"-'X'-"( lc::OOO::.::_.:_Xc_:_:l5:.c.,l 900.000 
351 units 

9500 X 0.54 X 0.5 2565 

Arranging the luminaircs in two rows, the number of 
lurninaircs in cach row will be: 

lli = 176 units 
2 

Since the tunnel lcngth is 1000 meters, the spacing for 
the luminaires will be: 

1~ = 5.68 metcrs 

With a spacing of 5.68 mctcrs, thc spacing-to-mount-

ing-hcight rntio is (.2:2...) 
5.68 

approximalely 1.0. Such spacing-to-mounting height 
ratio, in most cases, will give an excellent uniformity. 
In fact, symmetrical distribution luminaires can be oflen 
spaced as far apart as 2.2 to 1, and obtain a uniformity 
ratio bettcr that 3 to 1 E:,..8 lo En.in· 

Whcn a spccific luminairc is sclcctcd for a givcn tun
ncl, uniformity ratios on thc pavemcnt can be chcckcd 

··-
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Unlformtty 

by using point calculation.methods (reading thc contribu
tion of illuminance value by each luminaire from isolux 
curves gives- a el ose approximation). 

The luminaire spacing should al so be checkcd to en
sure that no flicker ejfect problems might exist. See 
parngraph 3. 7. 

A2.5 Calculation of Nighttlme llghtlng System 
for the Tunnellnterior. The nighttime lighting system 
design should be closcly related to that of daytime since 
the nighttime lighting leve! is 30 lux (or one-half of that 
of the daytime system). Nighttime lighting levels can be 
crcated by switching off every second luminaire 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 Calculatlon of llghling System for the 
Threshold Zone: Since Traffic speed is 80 kilometers 
per hour, SSSD is 140 mctcrs; therefore, the threshold 
zone will be 140- 15 = 125 meters long. Jlluminance re
quired is 1900- 60 = 1840 lux. the 60 lux already hav
ing becn provided by the daytime interior system. 

N 
. .:._ 1840 X 15 X 125 3.450,000 
L-

50,000 X 0.54 X 0.5 12.500 

= 2561umínaires additional. 
lf the 256 luniinaires are mounted in tWo rows."then 

128 Iuininaires wouldbe rcquired in each row with spac
ing of .98 meter. These luminaires will·be mountéd in··' 
the same twO rows used for the daytime interior systém; 
therefore, the spacing may need to be adjusted slightly to 
eveilly intersperse them befween those luminaires. 
Adequate ~pace should be lcft betwe.en the luminaires tO 
facilitate cleaning and relamping. If adequate spaCe is 

· not available, thcn the l~minaires should be ai-ranged in 
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three (or more) rows. l_"hc final luminaire spacing also -. 
orten.ncccssitates adjustmcnt to accommodate the struc
ture expansion joint.s, Coordination with ventilation ducls 
and other equipment in thc tunnel interior. In all cases, 
the spacing should be checked for uniformity and fliCker 
effect al design speed. 

A2.7 Calculation of Llghling System for the 
Transitlon Zones. The calculation of illuminance in 
the transition zones can be canied out in a similar man
ner as for the threshold zone. 
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ILUMINACION CON POSTES ALTOS 

vision and the visual process. 
(3) The design of a roadway lighting system in

volves corisideration of visibility, economics, es 4 

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 
abutting land uses along the specific road section to 
be lighted (Fig. 1). lf the pavement. classification is 
unknuwn, use the R3 values of Table 2. 

(b) Selection of the leve! and uniformity of 
pavement luminance and assessment of the rela
tionship between the veiling luminance and the av
erage pavement luminance, as recommended in 
Table 2(a) for each different land use along the sec
tion, or 

(e) Determination of roadwaipavement clas
sification, desired average horizontal levels of illu
minance, and uniformity for designas recommended 
in Table 2(b). 

(d) Selection of severa! tentative luminaires and 
light sources. 

(e) Selection of one or more tentative lighting 
systeril geometric arrangements, including mounting 
heights and lateralluminaire positions, which may 
provide an acceptable design based on recommended 

·. leve!, uniformity, and/or veiling luminance con
trol. 

({) Calculation of poi e spaci ng for the various 
luminaire-lamp combinations under study (if for a 
new system) or of lamp output requirements (if ex-· 
isting poles are to be used), based on illuminance 
values. Variables of mounting height oi 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 
a specific system. lt m ay not b'e appropriate to specify 
only one light distributíon when it is ubvious that 
severa! luminaire light distributions will provide 
equivalent performance for a specific application. 

Table 3. Recommended malntained iiluminancedesign 
leveis for high masl lightlng. • t 

Road 
Classificatlon 

Freeways 

Expressways 

Major 

Horizontal llluminance (E.,J. ln Lux 
Commer- lnter- Hesl-

cial mediata dentlal 
Area Area Area· 

6 

10 

12 

8 

.6 

8 

9 

6 

6 

6 

6 

6 

unlforrnity of illumination is 3 to 1 or better; 
average-to-minlmum for all road classificalions at th& illuminanco 
levels recommended aboYe. 

tThese design values apply only to the travelted pOrtions of the 
roadway. lnterchange roa~ays arA !reatad lndlvldually for pur· 
poses of unifQrmity and illuminance level analysis. 

Table 4. Recommended average malnlalned llluml· 
nance levels for pedestrlan ways• in iux, 

Walkway 
and Blkeway 

Classlficationt 

Mlnlmum 
Average 

Horizontal 

Sidewalks (roadside) and 
Type A btkeways: 

Com·mercial areas 
lntermediate areas 
Residential areas 

Walkways distan! from 
roadways and Type B 
bikeways: 

Walkways, bikeways, 
and stairways 

Pedestrian tunnels 

Levels 
(E, •• ) 

10 
6 
2 

5 
43 

Average 
Vertical 

Levels For 
Speclal 

Pedestrlan 
Securlty 
(E.,.H 

22 
11 
5 

5 
54 

•crosswalks travers.fng roadwayS in the middle of long blocks and 
al street intersections should be provided with additionai Jlluml
nation. 

tSee Section 2.1. 

fFor pedestrian identificafion ata dlstance. Values are t .8 melers 
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 resulta in an acceptable esthetic ap
pearance, adherence to traffic safety practice, low 
initial construction cost, and mínima! operation and 
maintenanc·e expenses. 

(j) 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 develop 
optimal design are similar to those given above. 

(4) The formation of a tentative design concept 
involves many variables. The choice of líght source, 
the extent to which available electrical distribution 
facilities are used, and the types of poles, brackets 
and luminaires selected are sorne of the factors that 
will inlluerice the economics of lighting. Any con-· 

· sideration of appearance is ultimately resolved by 
professional judgment; however, elaborate or ornate 
designs, purely for the purpose of satisfying an es
thetic desire, cannot be justified unless the basic re
quirements of good visibility ha ve first been attsined. 
lt is important that roadway lighting is planned on 
the basis of traffic information, which includes the 
factors necessary tu provide for traffic safety and 
pedestrian security. Sorne of the factors applicable 
to the specific problems that should be considered 
are: 

(a) Type uf land use development ahutting the 
roadwny or walkway (see Section 2.2, "Ares Classi-
ficatiom~") . 

(b) Type of mute (see Section 2.1, "Roadway, 
Pedestrian Walkway, and Bikeway Classifications) 



· .. ~ 
Table 83. r-Table lor etandard aurlace·R3.'t ' f 

6 
•an O 2 5 10 15 20 25 30 35 40 45 60 75 90 105 120 135 150 165 180 
y 

o 294 294 294 294 294 294 294 294 294 294 294 294 294 294 294 294 294 294 294 294 
0.25 326 326 321 321 317 312 308 308 303 298 294 280 271 262 258 253 249 244 240 240 
0.5 344 344 339 339 326 317 308 298 289 276 262 235 217 204 199 199 199 199 194 194 

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 
1.5 353 348 326 267 217 176 145 117 100 86 78 72 60 57 58 60 60 60 61 62 

1.75 339 335 303 231 172 127 104 89 79 70 62 51 . 45 44 45 46 45 45 46 47 
2 326 321 280 190 136 100 82 71 62 54 48 39 34 34 34 35 36 36 37 38 

2.5 289 280 222 127 86 65 54 44 38 34 25 23 22 23 24 24 24 24 24 25 
3 253 235 163 85 53 38 31. 25 23 20 18 15 15 14 15 15 16 16 17 17 

3.5 217 194 122 60 35 25 22 19 16 15. 13 9.9 9.0 9.0 9.9 11 11 12 12 13 
4 190 163 90 43 26 20 16 14 . 12 9.9 9.0 7.4 7.0 7.1 7.5 8.3 B.7 9.0 9.0 9.9 

4.5 163 136 73 31 20 15 12 9.9 9.0 8.3 7.7 5.4 4.8 4.9 5.4 6.1 7.0 7.7 8.3 8.5 
5 145 109 60 24 16 12 9.0 B.2 7.7 6.8 6.1 4.3 3.2 3.3 3.7 4.3 5.2 6.5 6.9 7.1 

5.5 127 94 47 1B 14 9.9 7.7 6.9 6.1 5.7 
6 113 77 36 15 11 9.0 B.O 6.5 5.1 

6.5 104 68 30 11 B.3 6.4 5.1 4.3 
7 95 60 24 B.5 6.4 5.1 4.3 3.4 

7.5 B7 53 21 7.1 5.3 4.4 3.6 
B B3 47 11 s.1 4.4 3.6 3.1 ao = o.o7; s1 = 1.11; s2 = 2.3B 

B.5 7B 42 15 5.2 3.7 3.1 2.6 
9 73 38 12 4.3 3.2 2.4 

9.5 69 34 9.9 . 3.8 3.5 2.2 
1 o 65 32 9.0 3.3 2.4 2.0 

10.5 62 29 B.O 3.0 2.1 1.9 
11 59 26 7.1 2.6 1.9 1.B 

11.5 56 24 6.3 2.4 1.8 
12 53 22 5.6 2.1 1.8 

•An values have been muttiplied by 10,000. For aligles, see Fig. 61. 
tAdapted from reference 37. · 

teros. 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 tria! values of luminaire quantities and pole 
spacing. These curves may be computed by the lu
minaire manufacturer. 

(2) Method B does not require the availability-of 
these curves but utilizes an assumed spacing ratio as 
a starting point for determining the initial tria! 

· values. 
After the tria! values have been determined by 

. either method, the exact placement of poles and lu
minaires are determined. 

The general procedure for determining maintained 
illuininance in eludes the steps described in Section 
B3. lt is important"that these be followed and the 
various factors determined before proceeding with 
the special computations. 

Figure ea: Example ol CU (Coelllclent ol Utlllzatlon) 
versus AR (Ares Ratio) curve. 
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B5.2 lnitial considerations. Determine the outline 8 .1 

of the area· to be lighted and selecta tentative pole --¡·.q:~ .... ... • lA -. l\;.. ',, .... ... "' ¡-
height This height may be limited by soil conditions, -~ 
maintenance conCerns, grade differences, or other . .o1 
special factors. Selecta tentative luminaire and lamp .oo r-

~ type. 
H5.2.1 Method A. 

.05 .o 
(1) Cslc\llate thc area ratio (AH) hy the for· · 

. . 

2 3 

l"\, 

" 
4 5 6 7 8 9 10 

AREA RATIO (AA) 

•"t l'lti"-L or ... · · · · n,. -~ .. , 



Table 82. r· Tabla for standard surtace R2. • t 

8 
tan o 2 5 10 15 20. 25 30 35 40 45 60 75 90 105 120 135 150 165 180 
y 

o "390 390 390 390 390 390 390 390 390 390 390 390 390 390 390 390 390 390 390 390. 
0.25 411 411 411 411 411 411 411 411 411 411 379 368 357 357 346 346 346 335 335 335 
0.5 411 411 411 411 403 403 384 379 370 346 3::'5 303 281 281 271 271 271 260.260 260 

0.75 379 379 379 368 357 346 325 303 281 260 238 216 206 206 206 206 206 206 206 206 
1 335 335 335 325 292 291 260 238 216 195 173 152 152 152 152 152 141 141 141 141 

1.25 303 303 292 271 238 206 184 152 130 119 108 100 103 106 108 108 114 114 119 119 
1.5 271 271 260 227 179 152 141 119 108 93 80. 76 76 80 84 87 89 91 93 95 

1.'75 249 238 227 195 152 124 106 91 78 67. 61. 52 54 58 63 67 69 71 73 74 
2 227 216 195 152 117 95 80. 67 61 52 45 40 41 45 49. 52 54 56 57 58 

2.5 195 190 146 110 74 58 48 40. 35 30 27 24 26 28 30 33 35 38 40 41 
3 160 155 115 67 43 33 26 21 18 17 16 16 17 17 18 21 22 24 26 27 

3.5 146 131 87 41 25 18 15 13 12 11 11 11 11 11 12 14 15 17 18 21 
4 132 113 67 27 15 12 10 9.4 8.7 8.2 . 7.9 7.6 7.9 8.7 9.6 "11 12 13 . 15 17 

4.5 118 95 50 20 12 8.9 7.4 6.6 6.3 6.1 5.7. 5.6 5.8 6.3 7.1 8.4 10 12 13 14 
5 106 81 38 14 8.2 6.3 5.4 5.0 4.8 4.7 4.5 4.4 4.8 5.2 6.2 7.4 8.5 9.5 10 11 

5.5 96 69 29. 11 6.3 5.1 4.4 4.1 3.9 3.8 
6 87 58 22 8.0 5.0 3.9 3.5 3.4 3.2 

6.5 78 50 17 6.1 3.8 3.1 2.8 2.7 
7' 71 43 14 4.9 3.1 2.5 i3 2.2 

7.5 67 38 12 4.1 2.6 2.1 1.9 
8 63 33 10 3.4 2.2 1.8 1.7 ao = o.o7; 51 = o.58; 52 = 1.80 

8.5 58 28 8.7 2.9 1.9 1.6 1.5. 
9 55 25 7.4 2.5 1.7 1.4 . 

9.5 52 23 6.5 2.2 1.5 1.3 . 
10 49 21 5.6 1.9 1.4 1.2 

10.5 47 18 5.0 1.7 1.3 1.2 
11 44 16 4.4 1.6 1.2 1.1 

11.5 42 14 4.0 1.5 1.1 
12 41 13 3.6 1.4 1.1 

'AJI values have been multiplied by 10,000. For anglas, sea Fig. 91. 
tAdapted from reference 37. 

· Luminance (L): to be printed and/or recorded at 
the same points as horizontal illuminance values. 

Average luminance (Lavg): to be determined by 
averaging al! values of the evaluated roadway sec-
tion. · 

Longitudinal luminance uniformity: lane uni
formity (LLl 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.v8 ): to be de

termined by rating the average luminance (Lavg) to 
the mínimum found in any of the lines within the 
roadway. 

Maximum luminance unifurmity (Lmax ): to be 
determined by rating the maximum luminance found 
in anyofthe lines to the mínimum found in any ofthe 
lines within the roadway. 

Table B5 is an illustration of a luminaires's dis
tribution of luminous intensity. 

The lES proposes to develop a simplified method 
óf lumirl8nce calculations as a separate publication 
to supplement this Standard Practice. 

l;aiCullatlon procedure 
lmerchange llghllng 

85.1 lntroduction. The computation of roadway · 
luminance as previously described in this Appendix 

JÓ\.1\N..t.l OF -~ 1 APRIL 1983 

is nót applicable for area lighting with high mast 
equipmimt. The reason ·ror this is lack of applicable 
experience either in this country or overseas in the 
design of such lighting on a luminance basis or in 

. consideration of pavement reflectance values. Past 
experience has indicated that a system designed to 
an illuminance criteria meeting the values in Table 
3 of this Standard Practice will give satisfactory re-
sults. · · 

·• High mast interchange lighting is defined as the 
lighting of a large area by means of a group of lumi
naires that are designed to be mounted in a fixed 
orientation (usually leve!) at the top of a high mast 
(generally 20 meters or higher). The area will nor
mally contain a group of roadways such asan inter
change or parking lots. (This procedure is not ap
plicable for luminaires with both vertical and hori
zontal adjustments to be made on site, which is 
termed floodlighting.) 

The high mast computation procedure will indi
cate an approximate number of luminaires per pole 
and pele spacing lo provide the in tended average il
luminance and uniformity over the area in question. 
Specific locations for the poles are then determined 
to insure that alllocations on the individual roadways 
within the area receive illuminance levels at least as 
high as the mínimum ~rilue required to meet the 
uniformity criteria. Theie are a number of methods 
for computing high mast interchange lighting sys-

'171 



:1Table 84. r-Table for standa;d aurface R4. • t 
8 

tan O· 2 5 10 15 20 25 30 35 40 45 60 75 90 105 120 135 150 165 180 
y 

0~~~~2~~~~-~~~~2~~~~~~~2~ 
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 2~ 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 86 86 86 86 87 87 87 

1.25 403 409 370 310 251 211 178 152 132 115 103 77 66 65 65 63 65 66 67 68 
1..5 409 396 356 284 218 172 139 115 100 88 79 61 50 50 50 50 52 55 55 55 
1.75 409 396 343 251 178 139 108 88 75 66 59 44 37 . 37 37 38 40 41 . 42 45 

2 409 383 317 224 145 106 86 71 59 53 45 33 29 29 29 30 32 33. 34 37 
2.5 396 356 2~ 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 
3.5 343 271 165 63 40 26 19 15 13 12 11 9.8 9.1 8.8 8.8 9.4 . 11 12 13 15 

4 317 238 132 45 24 16 13 11 9.6 9.0 8.4 7.5 7.4 7.4 7.5 7.9 8.6 9.4 11 12 
4.5 297 211 106 33 17 11 9.2 7.9 7.3 6.6 6.3 6.1 6.1 6.2 6.5 6.7 7.1 7.7 8.7 9.6 

5 277 185 79 24 13 8.3 7.0 6.3 5.7 5.1 5.0 5.0 5.1 5.4 5.5 5.8 6.1 6.3 6.9 7.7 
5.5 257 161 59 19 9.9 7.1 5.7 5.0 4.6 4.2 
.6 244 140 46 13 7.7 5.7 4.8 4.1 3.8 

6.5 231 122 37 11 5.9 4.6 3.7 3.2 
7 218 106. 32 9.0 5.0 3.8 3.2 2.6 ·. 

7.5 205 94 26 7.5 4.4 3.3 2.8 
8. 193 82 22 6.3 3.7 2.9 2.4 QO ~ 0.08; 81 ~ 1.55; 82 ~ 3.03 

8.5 184 74 19 5.3 3.2 2.5 2.1 
9 174 66 16 4.6 2.8 2.1 

9.5 169 59 13 4.1 2.5 2.0 
10 164 53 12 3.7 2.2 1.7 

10.5 158 49 11 3.3 2.1 1.7 
11 153 45 9.5 3.0 2.0 1.7 

11.5 149 41 8.4 2.6 1.7 
12 145 37 7.7 2.5 1.7 

•Atl Values have been multiplied by 10,000. For angles, see Fig. 81. 
tAdapted from reference 37. · 

mula: 

AR ~ 2.5 X Pole l::leight X Perimeter of Area 
Area 

· (2) Oblain the coefficient ofutilizatioi:t (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. · 

-e-;:>"' 85.2.2 Method B 
(1) Assume a spacing-to-mounting height ratio 

typical for the type of luminaire involved. A value of 
5 is cominon. 
85.3 Number of Po les. The number of poles (NP) 
isdependent on the area and spacing ratio and can 
be determined by the formula: 

N _ Area :. 
p- (H xSRJ2-

(3) Determine the spacing-tu-rnounting-height 
ratio (SR) as a function of the uniforrnit.y ratio (UR) 

· desired by use of the SH versus URcurve for the lu· 
minaire in volved (for a typical curve, see Fig. B9 and 
Section B5.7), · 

..10\.RNAl Qt lES 1 APRil 1983 

(4) Calcula te the nuinber of luminaires per pole 
(NLP) using the formula: 

¡. .· 
(AMI) X (MH x SR)2 

NLP ~ (LL!LJ 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 coeffícient of utilization value 
from utilization curve for the luminaire involved. 
(For typical curve see Fig. BID.) 

(3) ·Calcula te the total number of luminaires re· 
quired (NL) using the formula: 

NL ~ (AMI) X (A) 
. (LL/L) X (CU) X (LLF) 

A~ Area 

85.4 Po le locntions. From an isolux chart of the 
· type shown in Fig. BIO, determine two boundaries 
(usually circles); one for the mínimum initial illu
minance and the other for one-half the mínimum 
initial illuminance value as follows: 

(1) Mínimum initial illurninance is average 

A,,¿"> ...... A.! ! 1 1 ~ 1 

:t',. 



Table BS- Example ol Lumlnalre Dlstrlbutlon ol Lumlnous lntenslty 

ACTUAL CANOl(POW[R VAL U[ S FOR 220(10. LUMNS. T [S t NC 10C.7l':'o 
DE V H o.~ 6o5 H.'J 2"t. 9 ·.3tt.e 44.8 !1'+.9 6 4. 9 l9o9 74 .9 79.9 tlo\o9 r.r ,._fdlo 4631. ,. t>Jl • H.5J • ltb3lo ,. 6 31. 4 b.31 • 46~1. o\631. 4 63 1 • .631. 4631. 

-.~ 45tW. "6'* e. ,. ~80. "tb .. 8 • 453'5· o\ 5 t'O • 4 551;1. 1Hd7. 45B O. H26. 469-\. "6~ 1. 
5.0 "694. 4 7 39. "tb'H. 1166 o. ,. 739. "~ ~ 5. 4 E 1" • 46!7 •. '+6llt. Hf'l. 469o\e 4660. 
7.5 "tb 2b. 11626. 4592. "16'H• '16 9'+. 45 35. "'637. o\637. 458 ¡). H7J. •s<•· o\6~4. 

1 {1. e 111626. 4 535. 46 71. 4637. 4bo;¡q. 4 535. 4 592. 4 61 ". 461 q. o\603. 4637. 4535. 
1 2. 5 4626. "'535. 461'1. lt6:H. 46'J". ~tseo. "58 o. '1614· 4b 71. 4637. '1671. 461"• 
1 5. ~ 57 J". "'6"8· -!.1567. ~03'1. ~bOl. "5 35. 4 716. '+694. 46 7 1. 4637. '+660. "6~J. 
1 1. S 5759. H:~lt e. 571\tl. 5555. 5669. Sldl. ~H9. "llb. ~'18 7. 5C6.D. HH. 455E. 
2 o. o 5 827. 5182. 6Jt45. 573 7. ~7 ij2. 57141. 57 82. ~14!b. 5f.57. 5113. 51ft 7. lf5SO?. 
22.5 5759. 5b69o 5 82 7. E.b32. b961. 5b 73. 6 201. 585 a.· 5 771. 5612. 51't·7. 461111. 
25.0 5782 •. 578 2. SA~S· 6825. 6916· 6 7 34. 622111· ~ 759. 6H5o 581jQ. 5714. 466 Q. 
21.5 ~821. 5669. S 748. 6825. 6916. 6916. 6372. 6201· 6258. 5114. 585 o. 4716. 3 (1. o • 5782. 57A2 • seos. 6802. 67."H. &916o 6!15. 62~f! •. 015. Sf!O!:. SE! 16 • 4& 71. 
32.~ 578;'. 5669. 5771. 6712. 57~2. 6~76. 6 3 9ct • 636C. 61 7 9. '5771 • seos. 51 1 ~. 
35.(1 5782. ~827. 571111. 6l>21. 5782· 5759. 63•Jf+. 6315. 5725. 5171. 5771. 509'). 
3 7.~. 5E.>46. ~669. 5691. 6247· 58 27. 5fl73. 6 236. 6734. 5125· 51;105· '579 3o o\660. 
4 o. o . 46'H. 5ctct2. 51181. 5b6 9. 5759. 5669. 5 771. 616 7. 577 1. 5827. 5669. 455f. 
lf2.5 4535. 111739. 41 (, 37. 5691· 548 7. 571'1. 5!:7~. 5748. 571118. 572~. 520'1. '161'1. 4il5.(1 4 422. l¡535. . 4 1 '+9 .. 461'+ • 3'+92. 46118. 4 535. 57 7} • !:748. 571". 5Jll7. 46t;lf. 
4 7. 5 3560. o\30~. 3t38. 3877. 356Q. 43 o e. 4 o\6 7. 5 7'+8. 5657. 5201fo 5034. lf58il. 
51Jo0 3447. 3 515. 2btc0. 2Hif • 226 7. 3~60· 4 388. 568 ~. 5!:90. 503111. 46~'1. 46-1'to 
52.~ 2267. 328(1. 2.347. 2211 1 2313. . HCT. 3 Sb O • 4b 11. '1&.3 7 • 46l'to 46111. 4524. 
5 s. o 2381. 2 267. 1157. 2 211 • 2.381. 2.313· 3 31 o • 45~~. 459 2. 4~3~. '4637. •ss2. 
57.5 1 3!A. 2 26 7. 1 72.3. 2256. 238 ¡. 22!7. .a a o 1 45('9. '159 2. H 14 • 5782. 46}llo 
6[o. e: 1134". 1 1 79. H3Eo,. 2324. 2'126. 2381. JS:JJ. 111637 .. ~ 714. s 7"1 e. 6~0'1. SBH:o 
62.5 1 ~24. 1 3.38. 1213. 233~. 235&. 2301. 3't47. 4671. 6791. 7313. f.582. 68'18. 
65.0 907 .• 1179. 1122. 172.3. 2199. 2 3 e 1 • 3 56 o. 6201. 620 1. 79P.l. 11383. 9093. 
67.5 ~:)7. 1247. 1 ta8. 1213. 122't. 2'1 72. 3 lH. :a7:!. :6 o 1 • q o 1:!. 13627. 12516. 
70.(. 'j ~7 • 1111. 1 Hf. • 117':1. 1134. 220. 2 Oct 1 • 34 s a. 5(15 6. '9f:f!2o 136 2 7. 15872. 
72.5 o. 159. 57. 703. 1 [16 6. 1 2 24. 1236. 2369. ~~~sa. 9217. 124 3 7. 15759. 
7~.u •s. o. 23. 15 9. 113. 1179. 1 077. 1723. 31?0 ¡¡. 86f·2· 803t:l. 1085C. 77.5 159. o. 1 02. 23. 113. 9l'7. 1!6. 16E1. ~.36 9. 4580. Jea~. 5147. a r. o q¡ • 113. 68. 136. JJl. o. 68. 6 12. 556. t 1 a o. 1213. 2 2 11 • 
82·5 •5. •5. "· Y¡. . 4 s. 159. 79. 1 02 • 12 5. 110 o. 136. 1088. 
a5.r • 5. l;5. ~ . •s. •s· 113· 136. 19. 23. 159. • 5. . 136. 
ft7o5 o. •s. '· •s. c. 40. 91 • 181 • 136. 181. 15 9. 23. 
<;I('.IJ o. o. 2 O't. o. ". •s. o. 91. '5. 136. 113. 1!1 2. 
92.5 2 O't. 204 .. 159. 181 •. 159. e. 1 02 • • •• .5. 13 6. 9 l. 1 1 .! • 
9:.r 159. 159. 159. 159. 159. 2 ~14. Hil. o. o. 4 5. • 5. 1 o 2. 
9 lo 5 1~9. 159. }59. 159. 159· 159· 159 • 1 (12. o. c. 23. 6A• 1 ('1 (. o 159. 159. . 1 ~9. 136. 11 ..3. 159. 136. 2ú4. 204. o. o. .s. 

102.5 159. 159. 113. 113. lll. 1 ~ 9. 113. 159. 159. 20111. 2 o 4. o. 
1('15oÜ ID. . 159. 113. 113. 113· 11!. 11.3. 159. 136. 18 1. 159. 1 02. 
107.5 113. 113. 113. 113. Jll. 113· 113. 136. 113. 18 1. 1Z9. 159. 
11 o. o 113. 113. 113. ID. 91. ':11 • 91 • 113. 113. 113. 113. 159. 
1 1 2. 5 113 • 113. 113. 91 • 9 1 • ~ 1 • 91. 113. 1 1.3. 113. 113. 1!6. 
11 ~. (1 ID. 11 3. 91 • 9 1 • •s. 4~. lt S • ~ 1 • 91 • 113. 113. '1;! l:. 
11 7. 5 91. 91. 'Ho 91 • 45. •s. 't5 1 9 1. 68. 91. 91 • 1 2 ~. 
1 2 ü. ') 91. 91. •s • 45. • 5. •s • •s. ·~· •s. •s. •s. 151. 
12 2. 5 '. o. o. o • o. ú. o. ú. o. o. o. o. 
1 B O. O o. o. o. e. e. ~. e • o. " . o. o. '· 
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SPACING-TO·MOUNTING RATIO (SR) 

Figure 89. Example ol spaclng-IO:.mounllng helghl 
rallo lo average-lo-mlnlmum unllormlly rallo curve. 

maintained illuminance divided by (Uniformity 
Ratio X Light Loss Factor). · 

(2) Either draw cirdes to scale or prepare tem
plates to scale and superimpose these on the layout 
making certain that all roadway are as are covered by 
the minimum illuminance boundaries or by the 
overlap of two one-half minimum illuminance leve! 
boundarles. 

(3) lf the luminaires on a pole are not symmetric 
and are at varied orientations, the isolux chart should 
be a composite representing the array on the pole. 
Otherwise use the chart for an individualluminaire 
and multiply the curve values by the number of lu-
minaires per pole. · 

B5.5 Recalculations. If suitable mounting localions 
can be found, determine by inspection if higher or 
lower pole heights inay be more suitable, or if one or 
more poles should be located differently. Repeat the 
calculalions above for a new tria! and conlinue lo 
rejieal until a satisfactory solution is reached. 

B5.6 Coefficienl of utilization vs. arca ratio 
curve. The curve showil in Fig. BS can be prepared 
by combining concepls from the zonal cavity method 
with elemenls fro-m the flux transfer theory. • Cal· 
culations are made in which: · 

(J) Area corresponds lo cavitv; . . 

~NAL Of! lES 1 AF'RtL 1983 

RATIO OF OISTANCE lO MOUNTING HEIGHT 

2 3 ~ 5 6 
•r---.-~~~--~~~---;-~ 

COEFFICIENT OF UTILIZATION (CU) 

Figure 810. Example ollsolux dlagram and ullllzatlon 
curves on pavemenl (mounllng heigh1; 30 meters) lor 
symmelrlc lumlnalre (110,000 lumen lamp). Dashed 
curve shows fumen uiUizallon (In percent). 

:. ' 

(2) Area Ratio corresponds to cavity ratio; 
(3) Area-plane corresponds lo work,plane. 
The fraction of luminaire flux reaching the area

plane (which represenls CU) is lhendetermined for 
an arbitrary series of area ralios. This is done on a 
computer by summing the downward flux in a nested 
series of conic solid angles, ranging from nadir to 
horizontal about the luminaire. The flux, adjusted 
by zonal multipliers, are added together and then 
multiplied by the total downward 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 lurninaire.) The overall 
results can then be displayed in a CU versus AR 
curve. Such a curve can be prepared for either a 
symmetric oran asymmetric luminaire: 

B5.7 Spacing ratio vs. uniformity ratio curve. 
This curve can be det.ermined by calculating the 
uniforrnity ratio within a square shaped area 
bounded by four of the luminaires in question. All the 
lurninaires are to face in the same direction. Each side 
of the square equals the spacing distance. This in
volves point calculations and can best be accom
plished by use of a computer. llniformitv is to be 
calculated for a sufficient immber of s¡;acing-to-

.. Material on the!>e two subjf'cLc: appears in the If:S Ligl1ting 
Handbook, 1981 Re{nence Volume, St.orting on page 9-6 under 
"Cavity Ratios" and on paJtt' 9-3i under "Cueffícient Tables. '' 
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mounting height ralios to develop a curve such as 
that shown in Fig. B9. This is primarily applicable lo 
'Ymmetric luminaires but can he used with asym· 
.1elric luminaires with little loss in accuracy. 

86. Compulallon ol walkwayand blkeway 
lllumlnance · 

86.1 lntroduction. The procedure to determine the 
horizontal illuminance val u es on pedestrian ways for 
safe and comfortable use is similar lo that followed 
· for roadways as explained in the various steps under 
Section B3. In the case of isolated pedeslrian ways, . 
such as par k 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 idenlical to computing 
roadway illuminance values, even lo the poinl of 
using slreet side data from various luminaire curves. 
In the case of sidewalks (adjacentto roadways) and 
Type A hikeways, the procedure is very nearly the 
same as for roadway compulation exceptthat' the 
house si de curve data is often used. Beca use the area 
lo be lighled for a Type A bikeway (roadside) is vir
lually identical lo a sidewalk area, the sidewalk 
compulalion procedure stiggested herein can be as
sumed to apply also for Type A hikeways (wilhoul 
fuilher mention below to hikeways). 

Be cause· the design of roadway lighting places 
greater emphasis on ach!eving proper illuminance on 
the roadway, il is customary thatthe lighling system 
be initially selected to suit the needs ofthe roadway. 
Then, the system is checked to determine if the 
sidewalk illuminance levels and uniformity are ade
quale. lf desired sidewalk requiremenls 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 implementa 
combination of both techniques to achieve proper 
illuminance on bolh roadway and sidewalk. This 
procedure is somelime~ reversed when grealer em
phasis is placed on lhe need for adequate sidewalk 
lighting, in which case Type 1 or 11 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 leve! and uniformity: 

In sorne areas where personal security is a problem 
and identification of another pedeslrian ala distance 
is importan\, lhe recommended levels on .the right
harid si de of Table 4 in the Standard Practice apply. 
These recommendations are stated in terms of the 
average vertical i!luminance reaching a plane surface 
1.8 melers a hove the walkway arid perpendicular lo 
the centerline of the walkway. The calculation pro
cedure for vertical illuminance is discussed in para-
graph B6.3: · · 

86.2 ·netcrmining horizontal illuminance. To 
calcula te the average leve! of illuminance on the en· 
tire sidewalk with luminaires in their maintained 
condition, proceed as follows: 

( 1) Determine the coefficient of utilization (CU) 
for lhe sidewalk aren only, as in paragraph B3.5.2., ·. 
hring sure tn ~11htrad frnm these CR1culations that 

portion of lhe CU thal is related lo flux falling on the 
streel itself duelo the lransverse location of the lu· 
min8ire. 

(2) Calcula te the average maintained illuminance 
leve! on the sidewalk due solely lo the immediately 
adjacenl luminaires, using the formula given in 
paragraph B3.5.3. 

(3) For lhe same sidewalk area, determine the CU 
for the street side of the luminaires across the 
streel. 

(4) Calcula te lhe average maintained illuminance 
leve! 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 
streel. · 

(5) Having calculated the average illuminance 
leve! across the en tire sidewalk, il is now necessary 
to calculate the mínimum leve! of illuminance, as 
described in paragraph B3.6 in order lo compute lhe 
uniformily ratio. 

B6.3 Determining vertical illuminance for se
curity areas. The vertía! illuminance ala specific 
poinl can be calculated by lhe inverse-square method 
of calculaling illuminance (See the curren\ edition 
of the /ES Lighting Handbook, Re{erence Volume ). 1 

In this melhod, lhe candlepower of the luminaire al 
lhe particular angle involved is normally oblained 
from aluminous intensily chart, as shown in Table 
B5. The relevant geomelry is shown in Fig. Bll. The 
general form of the relationship is given by: 

E ; l(q,, -y) X sin-y X sin<J¡ X LLF 
V D2 . 

. lf il is assumed that the typical pedeslrian facial 
area is approximately 1.8 meters abo ve the sidewalk, 

Figure 811. Geomelrlc relatlonshlp for determlnlng 
vertlcallllumlnance on the lace of a pedeslrlan. 
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Table 1-Current lllumlnatlon Recommendatlons• 
Oue to the wlde choice of both lamps and llghtlng units, lamp slzes and quantitles are not shown. The many factors governlng the Individual sltuatlon should be taken 
into conslderation in recommendlng lamp sizes and qUantities necessary to meet the desired classifications. 

La y-
out Footcandles~ Dekalux•·• 
on 
Pg. 

Classlflcation No. Sport 
' lndoor • Outdoor · lndoor Ouldoor ... , .. , ..;l.tt\t, ·•· c. .-a·····~ 

35 Arch8ry Target, Tournament 50• !O• 54• 11· 
Target, Recreational 30• 5; 32' 5.4" 
Shootlng Une, Tournament .20 10 22· 11 
Shooting Une, Recreational 10 5 11 5.4 

Audlence Seatlng See Seating 
26, B8:drrilnton Tournamenf 30 30 32 32 
35 Club 20 20 22 22 

Recreational 10 10 11 11 -- Baseball lnfield. Outfield lnfield Outfield 
35, Jr. League 1 (baselines 60~ or less) - 30 20 - 32 22 
36 crass 1' ; 

Jr. league 11 (baselines 60' & up to 75') . - 30 2!i - 32 22 
Class 11• -- Baseball 

1 
Outfield Outfield lnfield lnfield 

1 28, Regulation Majar league ISO· 100 !50 100 160 110 160 1!0 
~~ AAA·AA - 70 50 - 75 54 

A·B - 50 30 - 54 32 

1 
C-D - 30 20 - 32 22 
Semi· Pro & Municipal - 20 15 - 22 16 
Recreational - 15 10 - 16 11 
Combination with Football See Combination See Comblnation --

18, Basketball College & Professional 50 54 
36 College & lntramural & High School 30 - 32 -

Recreational - 10 - 11 
17 Ba_thing Beaches On land 1 1.1 

150' from Shore - 3• - 3.2 
Blcycle Track See Racing Se e Racing 
Bllliards Tournament 50 54 . 

Recreational 30 - 32 -
24 Bowflng Ap-

~ 
Ap· . . 

Proach- pi-oach· 
es Pins es lenes Plns 

Tournament 10 50• - 11 22 54• 
' 

Rccreatlonal 10 ID 30• - 11 11 32• -
(For visual Considerations) 
Tournament 70 100 zoo• 75 110 220• 
Recreatlon 50 70 !50• - 54 75 !60• -
(For publlc attractlon & increesed 

1 1 business conslderetions) 
1 -

···---······------ ~--_/-· _.L_ ___ _ 
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37 Bowllna on the Tournament - 10 - 11 
Green Recreatlon'al - 5 - 5.4 

23, Boxing or. Champlonshlp 500 540 
37 ~restling Professlonal 200 - 220 -

Ari1ateur 100 - 110 -
40 Ca~adian rootbaJI .. See Football See Football 

-- --.!'!~~y 
37, Casting: Pier Target Pier Target 
lB ~~~· dry or wet Recreallonal - 10 S•·b - 11 .54"·· -- -
38, Comblnation Outfleld & Outfield & 
39 lnfield Football lnfleld Foolball 

Basebaii/Football - . 20 15 - 22 16 
Industrial Softbafi/Football - 20 15 - 22 16 
_0~ustriai_Softball/6-man Football - 20 15 - 22 16 

39 Ci'oquet or Roque ToUrnament 10 11 
Recrealional - 5 - 5.4 -----· 

26 Curling Tees Rink 

1 1 

Tees Rlnk 
Tournamenl 50 30 - 54 32 -
Recreational 20 10 - 22 11 -

. 1 

Dragstrips See Racing See Racing 
40, football 
52 (Regulatlon; Class 1: over lOO' - 100 - 110 

Rugby or Soccer) Class 11: 50-100' - 50 - 54 
Classification lndex: Cl3ss 111: 30-50' - 30 - 32 

Distance frOm Class IV: under 30' - 20 - 22 
nearest sideline Class V: no fixed seatlng facilities - 10 - 11 
to farthest row of Combination with baseball See Combinatlon S~e Combinatlon 

-- ~~~.!_ators. 
41 football, Six-Man High School or College - 20 22 

Jr. High School or Recrealional - !O - 11 
29, Goil""---.--

Tee 5 5.4 
41, Falrwey - 1, 3• - 1.1, 3.2• 
42, Green - 5 - 5.4 
45 Driving nange - 10, 5G - 11, 5.4• 

Miniature - 10 - 11 
Practice Putting Green - 10 - 11 

18 Gyinnaslums Exhibilions, Matches 50 54 
General Exercising & Recreatlon 30 - 32 -
Assemblies 10 - 11 -
Dances 5 - 5.4 -
Locker & Shower Rooms 20 - 22 -· 
Audience Seating See Seating See Seatln¡ 

iz, H11ndball Tournan1ent 50 54 
42 -Four Wall or Club 30 - 32 -

~quash Recreatlonal 20 - 22 -
-Two-Court Club - 20 - 22 

Recrealional - 10 - 11 

-·--···· .... --- ... 

·- ·-···---·· .1 
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Table 1-Current lllumination Recommendations• 
.• 

Dueto 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 Jamp sizes and quantities necessary to meet the desired ctassifications. 

------------ -~---------------------~----~-----------

1 

Lay· 1 

out Footcandlesh Dekalu_x h.; 

on 
-~--- --------

Pg. 

1 

No. Sport Classification lndoor Outdoor lndoor Outdoor 
~· _... . , 

' 
.. ------ . ----- ------ ·----· -

25, Hockey 
43 Field (ISO' X 300') College or High Scliool - 20 - 22 

Hockey 
Ice (85' X 200') Professional or College !00 50 110 54 

Amateur 50 20 54 22 
Recreational 20 10 22 11 - ·---·----'--

43 Horse Shoe Courts Tournament - !O 11 
Rccreational - 5 - 5.4 - -----------

44 Horse Shows 20 - 22 --------- -----
26 Jai Alai Profes'$ional lOO 110 . 

Amateur 70 - 75 -
----~ 

44 Lacrosse College & High School 20 21 -- . . 
' Pin~ Pong See Table Tennis See Table Tennis -- . 

44 ~grounds - 5 5.4 ---
Putting Greens - - See Golf See Golf --

• 115 1 Quoits 5 5.4 ·- ····---·-· ... ~-··-·-·-·--

;;; 

1 

Radng Auto 20 22 
Bicycle Tournarnent - 30 - 32 . 

45, Competitive - 10 - 21 
46, Recreational - 10 - 11 
47, Dog - ' 30 

1 - 31 
as Dragstrip-Staging Area - !O - 11 

Acceleration 1,320' - 20 
1 

- 22 
Oeceleration, first 660' 

1 

- 15 - 16 

" second 660' - 10 - 11 
Shutdown, 820' -

1 

5 - 5.4 
Horse - 20 - 21 
Motor (midget or motorcycle) - 20 - 21 --

1 Fidng 1 1 Fidng-~ -~ -Rifle (50 Yards) -
Poi~~ Range ~gets Points Rang~ ~~g.:.!!_ 

- !O 5 50• - 11 5.4 54 
~-·· 

, __ 
~;. ,-:.::~ & Pi!>tol 

Fidng 1 1 1 Firing 1 1 4S ' Points Ran~!_ Targets Points Ran~ Targets 

10 10 1~. - 22 11 110. - ------ -

1 

Pens & Pens ~ 48 Rodeo 
Arena Chutes Arena Chutes 

Professional - 50 5 - 54 
--5-.4-~---

Amateur - 30 

1 

5 - 32 5.4 
Recreational - 10 5 - 11 5.4 

-

o ~ ' ·: ..... : 
~ o 

------------ -~---- ... -- .. ---~~---------~·-------·------~---



i ____ j 

) 
--------------- -

':'.~~ue ________ ~~-
Seatlng Befare 

1 

- , -----~-ee Cr~uet - See Cro_quet . - ----
& After Event ' 5 5 5.4 5.4 
Event 2 2 2.2 2.2 

49 
·,;:;---:;;-;----
ShufflebOard 

·º-~~~g----·------- ·-----------· 
Tournam e ni 
Recreat 
Roller f 
Ice 

ional 

~in k 
-------------------

~-----30 _____ 
¡1 10 . 32 11 

___ .. ___ 2_o ___ ' 5-
1 

22 5.4 -¡ --------- . ------~---·-
1 10 - 11 -
1 

10 
1 

5 11 5.4 
- -

50 Skatlng 

~~g~~n , Pond or Flooded Area 1 Ll - .......... ·--- -----' ------------- .. 
29, Skeet 
50 

51 Skeet & Trap 

51 
52 
39, 
52, 
53 

- ----------'-
Ski ~~~pe _____ _ 

Soccer 
Softball 

-- ··-- ---------------

Combin 

Recre al 
ation 

ional 

ional & Championship Profess 
Semi-Pr 
lndustr 
Recrea! 
Slow Pit 
Slow Pi 
Cornbin 

ofessional 
ialleague 
ional (6-pole) 
eh, Tournament 

!eh, Recreational (6-pole) 
ation with football 
. -· - ----

' 

-- ------------

-----
-
-
-
-
-
-
-

--
Firing 1 Fidng 

1· Poi~~ Targets 
1 Points 

1 

Targets 
30• - 5.2 32 ----

. Firing 1 Firing 1 
_Poi':!_~~~~~ Points 

1 

Targets 
5 . 30·1- .. 5.4 32<1·• 

1 L1 
See Football - See Football 

lnfield Outfield 1 lnfield OUtfield 
·---50 - ------- --54-30 - 32 

30 20 - 32 22 
20 15 - 22 16 
10 7 - 11 7.5 
20 15 - 22 

1 

16 
10 7 - 11 7.5 

- See Combination ----------·---
~~~~~-~------

Exhibiti 
F~ecreat 

·--- .. ·-
See Handbali ___ 

..... -----1· ----
50 

See Combination 1 

See Handball ----- iz-----20 1 54 27, 
53 

Swimming ons 
ion al 30 32 11 10 ! 

lOO~ 00~ 11 b:J• 
--=;;5""o ----l----'-'----

1
1---~s~ --- ---

Underwater -----·----·-·-----
T(lUrflament 

GS,• __ _c 
- '1:.:) '"21"'1 Tennis, Table 

25, Tennis, Lawn 
30, 

Club 
Hecreational 
-----~---
Tournament 
Club 
Recreational 

--- ~~ ---1-----=---11 ~~ 
50 30 1' 54 
30. 20 1-1 J2 

32 
22 
11 54 

:~~-----~----· 
w ·o ~ ' ' 

1 ji ! Firing Firing ; 

1 
Points ~~~.!'~¡1 Points 1 Targcts · 

5 30' -5:4-- ---j¡--· 

54 Trap 

co-~o--- ---------------
33, Volley Ball Tournament - 20 - 22 

- 10 - 11 55 Recreationa .. l _________ _ ·--------' -------- ------- -
Wrestling Se e Boxing 

------------ -----·-----· ------------
• Telecast.ing or other special considerations may require higher levels of illumi

nation. See Section 2.2. 
• lamp lumens per square foot of water surface. 
•· footcandles (dekatux), vertical, at 80 feet (24.4 met~rs) for Bait Casting; 50 feet 

(15.2 meters) for wet or dry-fly casting. 
"5 footcandles (5.4 dekalux). vertical, at 200 yards (183 meters) and 10 footcandles 

~-• '11 dek;:.lux), horizontcd, over tee area. 
• d JO toot~andles (32 dekalux), vertical, on 1rap target at lOO feet (30.5 meters). 

See Boxing 

• 30 footcandles (32 dekalux), vertical, en skeet target at 60 feet (18.3 meters) · 
'Class 1 Jr. league Baseball includes Uttle leaguc, Uttle Boys League, Khoury 

League, etc. 
• Ctass 11 Jr. League Baseball includes Pony league, Blgger league, etc. 
b all values represent mínimum maintained illumination in a horizontal plan~ 

unless otherwise indicated. 
· 1 one dekalux equals ten lux, the &1 unit for illumination. 

• illumination on a vertical planc. 

·-------'----------------------



l. lntroduetion 

1.1 General.' (a) We have witnOS!ed an unparal· 
leled growth. in aporta and. recreational ligbting. 
Baseball, with its variow leagues, h85 probably led 
the way to public 

1
acceptance for the lighting of prac· 

tically every outdoor sport. This is evidenced by 
more and more lighted football fields, softhall dia. 
monds, golf driving ranges, and a host of sport and 
recreational play areas for player and spectator night 
participation. 

(b) The lighting oí areas Úsed for variow aporto 
activities, especially those }ocated outdoors, involves 
problems not encountered in other fields of lighting. 
Some of these problems, including, for example, the 
selection of proper fioodlight locations~ aiming tech
niques, and provisions for multiple uses of an area 
and its lighting facilities havo not previously been 
covered by othér I!luminating Engineering Society 
recomnlended practices. 

1.2 Purpose, The purposes of this report are to aid 
in the design of new lighting systems and in the 
eva)uation of existing installatiOns. 

1.3 Con ten t. The text of the report consisto of four 
basic parts: (l) recommended footcandle (lux) 
levels satisfactory to both players and spectators, 
(2) qua!ity requirements prerequisite lo good visi· 
bility, (3) recommendations of floodlight types, 
mounting heights, and mounting locations for specific 
sports, and ( 4) layouts of typical and existing illus. 
trath·e sports lighting instalbt.ions which conform to 
current good piactice. 

lA Scope. This recommended practico covers all 
forros of sports from the so·callcd m3jor professional 
sports, such as baseball and football, to the recrea· 
tional and playground sports, such as horseshoe 
pitching and croquet. It also includcs recommenda· 
tions for the lighting of gymnasiums and other in· 
teriOr arcas specifically designed íor sports activities, 
such as squash, handhall, and bowling. 

2. Factors of Good lllumination 
2.1 I!lumination Levels. (a) It is importan! that 
Jcveh of illumination he sufficient for comfortable 
and accurate seeing and to enable (1) tbe players lo 
perform tbeir visual task and (2) the spectators to 
follow the course of the play. 

10 

(b) In those sports where Jarge numbers of'spec: 
tators are expected, as in large football and bascbaU 
atadiuma, the illumination leve! is determined by <he 

· arnount required for the spectators, in the row of 
seats farthest removed from the playing aren. t:, for 
low ihe course of play. This condition may r "uirc 
severa! times the amount of light found sati · ·!ory 

8 

for the playera. The illumination levela ouggested by 
Table 1 are those which are currently considered 
minimum values of good practico, taking into con·. 
sideration both playera and spectators. • In commer· 
cial éstablishments; much higher level.. may he a . 
profitable investment in increasing pa!Íonage and 
sales. lt should also be borne in mind that nearly aD 
eports evolved under daytime level.. and that they 
can usually Do played best and enjoyed most under 
these level... 

(e) lt is importan: to nok that 1M illumination 
values in Table Í are, in most ca..ses, stated aJ Ja.o,.¿. 
zontal Jootcandles (lux/ maintained in service. 1t ia 
recognized that the vertical componen! of tbe illu· 
mination on the p1aying ares is important in most · 
sports. Particularly in the "aerial" games; botb play· 
ers and spectators rely, to a considerable degree, on 
the vertical illumination on or near the playing area 
and, in sorne cases; well above the playing are8.. The 
same is true oí movies and television, for the normal 
viewing position. In fu11 recognition of the impar· 
tance oí vertical i11umination, 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 lo compute and 
measure in the field, and (2) the vertical components 
of illumination have been found adcquate when the 
horizontal illumination meets the values in Table 1, 
and whcn lighting equipment of the proper type (••• 
Table 11) is positioned at mounting heights and loca· 
tions conforming to accepted good practico. Unless 
otherwi~e noted, the recom.mended \·alues in this 
tableare horizontal footcandles (lux) on the playing 
surface, or for "aerial" sports, horizontal foOtcandles 
(lux) on aplane 36 inches (91 centimeters) above 
the ground or floor. 

2.2 1\lovie and Television Lighting Reqnire-' · 
mcnts. (a) When expanding the audience of atb· 
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 !ay· 
outs that provide a high photographic quality of light 
are necessarv. Definite consideration should be given 
t~ the type ¿f sport and playing conditions in design· 
in2 this Jiohting. Events requiring great depth of field 
wÚ! obvio~sly require higher lighting levels. 

•It wlll be found that In Table I. •everal sports are ahown 
wlth two or more recommended IIJumlnatlon lf'\'els tor what 
appear to be ldentlcal visual t.asks, auch as tndoor and out
door lavm tennls. or golf drlvlnsr rana:C!s and a:olt coursea. 
Actually the visual tasks are not ldentlt-al. ln the case ot 
lawn terlnll, tho contraat bctwer.n the ball and the back· 
r¡:round wall lndoor& ls more oflen len thzm the eontrast 
reallzed outdoors at niRht: therefore. hl¡:her levels are re
qulred lnrloors. Golf drlvlna: rana:es rcquire hla:her levela 
than regular courses beca use onc ot the drlvtns rana:e taska 
lnvolves ldl"ntlt.rlna one ¡otf baiJ trom a back¡round ot 
many-a m:.;e dtmcul~ sltuntlon than that usually tound In 
a &Olf course. 
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T•ble 11--Qutdoor Floodlight Lumlnalrc De,lnna\ions' 

- -

Mlnimur.-~ Efficionr.ir.:.:o 
• -

1 

lncandescent Lamps 
1 

M o• 
Fluorescent 

Lamps 

! -- ~-·-· ------------ '----
· Effectivo Reflector Are a in Square: n:,he.~ (Square Centi.,~ctcrs) 

--
NEMA Under 227 Over 227 Under n~ 

Beam Spread Degree-s Type (1460) (1460) (146U) 
------· 

10 up to 18 1 34 35 -
18 up to 29 2 36' 36 22 

----~----- ' 
ll Over 2V 1 · 

(1460} ¡------------ _____ 2_0_ 

30 25 

Any 

29 up to 46 3 39 45 24 34 35 
46 up to 70 4 42 50 35 38 42 
70 up to lOO 5 46 50 38 42 50 
lOO up to 130 6 - - 42 46 55 
130 and up 7 - - 46 50 55 

'1 

• Taken from National Electrical Manufacturers' Association, 155 East 44th Street. NP ... , Yc•rk, New Yorl< lú017, Publicaticn 
IFL1-1964. 

•• lndicative of what can be expected from typical equipment. 

----------------·--···-------
(b) The actual footcandle (lux) leve! require· 

n::i.ent will vary depending upon the lens opening, thc 
type of pick-up tube or film, color or black and white, 
and other circums.tances peculiar to the athletic event. 
Care should he taken to insure proper contrasl be
tween equipment used in thc sporting event such as 
balls, bats, uniforms, etc. and the background. Nor· 
mal luminance ratios for television pickup should he 
on· the order of 20: l. If the luminance ratio is ex
ceeded, there will he accompanying loss of detail in 
highlights and shadows. When the luminance ratio is 
less than 20: l. contrast and resultant difierentiation 
between obj ects is lessened. Placement of lighting 
equipment to provide üght from at least two dircc· 
tions is suggested to model participants. This model
ing light can easily Prodde the brightness difference 
to separate objects from their hackg!ound. 

2.3 Quality of Illumination 

2.3.1 General. The quality ·of lighting, whether da y· 
light or electric light, is highly important in provid
ing good seeing conditions. Glare Control, unijormity, 
and direclion are' t.he most significant factor! in de. 
termining the quality oj illumiriation. 

2.3.2 GU.re Control. A floodlight is inherently a 
glare source; therefore, one of the primary tasks of 

' the illumination d~igner should he to reduce the 
objectionahle effects of glare to a minimum. The 

basic factors with y:hid1 thc dcsigr;~r may accom· 
plish this lask are: propef beam ~pre.ad, adcquate 
mounting hcights, prüpcr luminaire Jocations, and 
proper floodlight airr:iJI_";. 

· 2.3.2.1 Bcam Spreccl. As the distance from the flood: 
light to tJ,e area to Lt~ li¡;hted inr.rca::es, the beam 
spread of t11e flooclli;:.ht used should be decreased 
(see Fig. 1). The use of a floodlic;ht with too great 
a vertical bcam sprcad fOr a particular application 
can result in gbrc and indJcctive utiliz:ilion of avail· 
able light (Fig. 2). 

2.3.2.2 Mounting.llei[;l:t. Recommended rwmmum 

mounting heights are shown on Lhe rcconunended 
layouts. "Where, for physical or cconomic reasons, 
it is considered nece~::::try to utilize lowcr mounting 
heights, the possibility of ohjectionablc glnre should 
be considered, (see Fig. 3). For floodlighting appli· 
cations, the followíng ba&is may be uscd to determine 
mounting heights which are minimum from the st.and
point of giare: (1) The angle betwcen the horizontal 
playing mrjace and a line _drawn through the lo~e.sl 
mounted floodlight and a poinl 1/3 thc distance 
ocross the playing field 'hould not be less than 30 
degreeJ, and (2) in addirion to meeting the require
ments above, the mintmum mounting hcight ~hould 
not be k>.< thon 20 fecl (6.1 meter>) for ground 
'ports and 30 feet (9.1 meter>) for auial 'ports. 
See Fig. 4. 
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lYP($ , .. 
TYPE 4 ••• 

40FT 

VERTICAL BEAM SPREAO TOO GREAT, RESUL.TING IN-

WASTtD 
LIGHT 

12 

75FT 

TYP!! , .. 

Figure 2. Floodlights rc:ith toO great a t•utical beam spread 
Jmst'! light and cause g/ are. 

160FT 

1 

1 'T' u 
TTPE Z ••• 

Fisure l. To maintain same beam 
pallern with t:aryins clütances 
jrom area to be lighted. beam 
spread must be reduced. ( Mount· 
ing height is as recommended in 
mounting height chart, page 55.) 

Xote: 15 ft = 4.6 m; 40ft ;:::. U.! 
m: 75ft = :2.~ m: 140ft = 41.7 
m: 160ft = foS.S m. 

BEA"" FROM rGLARE RESUL.TS FI\CM LOII' POI..[ WOUIIITING. 
LOW MOUNTfO TllTit.G OOV.o,¡ M LOW WOUNT[O 
FLOODL.IGHT -, ífLOOOLIGHTS 10 .I.VOID GLAJI[ 

1 CAL'SE!. HIG"' 811-LLS TODISAI>P(AJI: 
o;c:===,-;1 l rFIO'.! Vl[ll, OU[ TO lO'W C[ll..lttG 

)-,__,- ;.,.~ .. '""=~--:.: F- "'~* ~~-;::~.::.1'~·;---= -:~-=;;,~~;..;'1'!1.T!,7~>A. ~ 
-::·.~-~-"'-.'-~~:-:~: ~ .:.-;; -"":':J ;;-~.~ -~·~' .... ~.'.'· :-:-:.:-~::.--:'--~-=-:~+~:;:;;:-, 

,,t1~~~1~, 
Figure 3. Sports floodlights mounted on poles that are 
too low either cause glare in the spectators' eyes or d_o 
not illuminare high-flying balls. 

HMIN GROUNO SPORTS 20FT /6.1 M) r
~~~ H•{D•5W)ÍTAN30") 

AfRIAL SPORTS 30fT (9.1M) 
· Figure 4. For adeqUate mounting 

r heights, a line drawn Jrom a point 
one-third the distance acrou the 

H, . 
playing field to the lowest mount· 

H ·~-e ed floodlight should Jorm an angle 

1
1 

u·ith the horizontal of nol leu 
than 30 degrees. In addilion, 

30" 
!. __ ---~- _ -----------'--;-__ ...::,.,______________ minimum height jo; groundsporu 

L ~o,--~LjwJOTH-J.-----~wmtH---·--j should not be leu than 20 feet 
¡· ¡ (6.1 meters); for aerial sporu, '------===--"-' ___________ w_'"-'_"_0_'_'_'_•'-'_N_G_•_'_"-------' not less than 30 feet (9.1 meten). 

2.3.2.3 Luminaire Location. (n) Thc efiects of glare 
are diminished as th~ luminaires are removed fNm 
the normal lines Of sight of p1aycr5 and spectators. 
The angle betwee~ thc luminaire aud the normal line 
of aig:ht depcnds u pon both thc distance of the lumi
naire írom Lh~? ohser\'er and the luminaire's mounting 
hcight. 

(h) The luminance of fioodlights, particularly 
narrow beam typcs, is lowei as thC'y are vicwcd at 

10 

increa5ing angles to the axis of the beam. F or this 
reason, particular emphasis should be placed on 
Jocation and aiming so that, within praclical limil.s, 
fiooJlights are not directed along normal lines of 
sighl of •pectators or playero (see Fig. 5). 

(e) The reco;,cnded layouts show luminaire 
locations which reflcct balanced j udgment with rt· 
gard to providing light from the proper direction, 
nm1 at the same time locating the iuminaires out of 

o 
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) 

the normal lines of sif:ht. Where phr:ical obstruc· 
tions/rcquire changes fr,•nl these typical locations, al! 
lines of sight of both 1J• yers and spr..ctators should 

...,. be carcfully evaluated i·. determining the new loca· 
tions of the luminaires. 

(d) With indoor applications, whcre fixed equip· 
ment is mounted on or ncar the ceiling, two angular 
regiens are in volved: (1) the angle bclween a hori
zontal line through the light center nnd d1e line of 
sight at which the barc source first Lecomes visible 
(called. the shielded zone) and (2) thc angle within 
which the lamps are visible (called the unshieldcd 
zone). 

(e) Excessive Jurninance within the shielded z.one 
rnay cause glare, particularly in large spaces. Lumi
nance in the unshielded zone may cause direct glarc 
or glare by reflection from the specular surfaces of 
ho,ding lanes, the surfacc of thc water in swimming 
pools; or fror:n polished fioors and walh: ln addition, 
the luminance of the luminaire in the unshieldcd 
zone may caUse discomrort or e\'cn disability glarc 
as players or spectators look upward. This possibility 
is minimized by so locating the luminaires that they 
. are mo.vcd 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. (n) In thc 
many sports where light must conie inlo the playing 
arca from many different locations, it is not always 
possible to rcmo\·e all of tl1e luminaires from thc 
normal lines of sight of bolh pb~·ers and spectators. 
\Vhere this ~iluation cxisl~. thc m.e of glare shield5 
or sorne form of loU\·ering ( see Fig. 6) should he 
con5idered to reduce the'high luminancc of excessive 
spilllight which might cause di~comfort to spectators, 
or even to inhabitants of thc surrounding arca. The 
annoyance of light spilling into ihe region surround
ing the playing area is often overlooked in the desigrl 
o! 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 neC~ssary 
that such .a device block aH of thé: spill light or ex
cessi,·ely reduce the light output of the luminairc. 
Howe\·er, tl1e amount of light reduction will depend 
upon the particular lou\·er design employed. For any 
specific louver-floodlight combination. sorne reduction 
in the published lumen output of !he floodlight alone 
may ha ve to be a11owed for in the installation design., 
lt is recommended that a qualified engineer be con· 

· su1ted h~fore atiemp_ting a specific louver design. 

· 2.3.2.5 Surround Luminancc. Increasing the lumi· 
nance of the surround reduces the lurninance differ· 
ence hetween lurninaire and surround and improves 
visihility. Thi5 can be done very efJcctively for 

e, 

r-·------~c, 
i 1 y 

~· ¡ //·\e, 
'.,¡ 1 / 

i 1 1 / 
S'f i, ~;·!: 

:r 1' ¡ 1-.~-.1--
! '¡ , ' ' ! 

1 ·; /~-.---"--:: --~----.l 

l ~-------·-~- 8
' q 5PECTATGRS 

~ Lf 0- PLAYfRS 
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from tt'tl.' r•:cc.mmcndr.:ú' Jt,'!'r ¡,,cations, an analysis should . 
be mad~ t•.Í po5siLlc [il¡¡.s uf ~i¡:ht of both pla)·c.rs and 
specta.'1.;r.• f.cfore nc11: J•G5.iíio.'l.~ are selcctcd. Po/es 
shoultl ,,~!¡;._-r [;e loc(llt.-.' dir~·ctfy in line n·ith critica[ 
l'ictr!'n~ diu:·::i(IIIS. 

\· .• 
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Figure 6. Propcrly dcsigned ciare shields (top) or 
fOU!ICfS (Ócfou;j CaiJ. ~Jjcctire/y tfitninate, Ol CCrtain 
angles, ihe Mgh luminaire /uminance that might cau.se 
annoyancc eilhcr insidc or outside the playing area. 
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iudoor aporta by linishing the walls and ceilíngs ·of 
the rooms in líght colon. Control of the surround 
luminance is much more diflicult in outdoor loca· 
~ions; however, a great deal can be done in this 
re~ard. Adequate líght in the stand. and líght colored 
fences, 'together with provisions for providing some 
illuinination on the ground immediately around the 
playing lield, aids considerahly in improving the 
surround conditions. 

2.3.3 Uniformity. Reasonable uniformity of illumi· 
nation over a playing area, and throughout the entire 
spare ahove the playing area, is required for satis.· 
factory seeing by players and spectators. Sharp 
changes in the illurnination le,·el in the space above 
the playing area through which the hall may travel 
will result in making a fast moving hall 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· 
ers judgment of hall trajectory. Expressed in terms 
of horizontal illumination, acceptable unijormity 
D('C'UT5 u·hen lhe ratio oj maximum to mínimum ülu. 
mination does not exceed · three to one u·ithin a 
specified area for those sports in which play is skill
ful, the visual task is severe, or there are líkely to 
be spectators. 

2.3.4 Direction of Light. (a) The luminance differ· 
· ence between an object and its surround, as well as 

lhe luminance difJerence between the various sur
faces of an object, provide the contrast. requirecl for 
the eye lo 5ee. Since the Yisual tasks of the spectators 
and players im·olve seeing vertical surfaces as weU 
as horizontal surfaces~ it is eSsential to provide ade
quate illumination on both .the horizontal sur(~ces 
and the vertical surfaces of a sOlid object. However, 
as the objecls of view in sports are not flat-faced 
solicls~ it is not essential to pro\'ide unilorm illumina· 
tion on all surfaces; in fact, semidirectional illumii]a· 
tion provides shading and modeling which aids see· 
ing .. To eJiminate harsh shadows, however, and to 
permit good vi,ihility al any Jocation in the playing 
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area for both playero and opectators, it io generally 
necessary to provide líght from severa! different 
directions at each point throughout the area. Good 
directional quality of the líghting in a sports installa
tion is not characterized by the ahsence of ohadowa 
(since the very nature of floodlíghting tends to pro
duce shadows) hut rather by the number of obadowo 
produced (Fig. "7). 

(b) ,F or unidirectional sports, sucb as bowlíng, 
drivinggolf balls, racing, handhall, archery, etc., it io 
permissible and desirable to provide mucb higher 
footcandles (lux) from one direction. This makes it 
po55ible to Jocate the Juminaires so that they are 
almos! completely removed or shielded from the 
normal lield of view. , 

(e) The aiming of the floodlíghts, eveD with the 
correct lurninaire localions and mounting heights, 
determines to a large extent whether the uniforinity, 
direction and candlepower toward the eye are saw
factory. For information concerning !he GOrree! 
fundamentals of aiming floodlights, see Appendix A, 
Fig. A-1.• 

2.4 1\laintenance. See Appendix B. • • 

3. Classification of Play 

3.1 Player Requirements. Player requiremenls 
vary · with the class of play. The tournamenl classifi· 
cation applies lo the caliher of play as found in 
tournaments and exhibitions; the club classification 
applies to good, fasl play; the 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, distancc from and orientation to the playing 
lield. A stadium where the last row of spectators is 
severa] hundred feet away from the playing area 

\\ 

•See Iu.uMINATINO EsotNI:E!liNO, Vol. 56, February 1961, p. 76. 
••rn reprlnt onlY . 
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Figure 7. Shadows ocaur on flood· 
lighted fields but their effecl ü 
minimized by proper aiming o/ 
lighls. Note how an increase in 
the number oflight sources (from 
A 10, E) reduces the effecu o/ 
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mttst be lighted lo 'a ¡;;eh le< el of i!l"mination if the . 
more remole spectnlc•~• are lo follow the piar. li the 
•oeclator Section i~ limited to sraall bleachcrs along 

aides of the field, the ili"tni~alion levrl whic.h 
.i provide good playing con,lilií•m will aJcquately 

aerve the spectnlors. 

3.3 Commercial Ucquin·H·r.~~~=-. lt is J"ccc•:;nizcd 
that many sporls· are playt:t.l or \1'aiched in cCllnmer
cial establishment!'.\\here lev~~J~· of illuminativn must 
be based on additioual factor.!= 1/ 'atrnospherC, atlruc· 
tion value, and bt:Ucr than Rdl·t¡'I:Jte seeing. Thi~ hD.s 
been true in major league b?-~ :~:tll for sorne ti;ne, 
but applies also, Ior examplt·, 10 racing, büwHng, 
archery, and all spurls in U•TJ~:!•t:rcial arena::-. Sincc 
recommended le\·els hased N• c•Jtrl!nercial cc.nsi(!,:rn
tions depend on ma11y factors y.~·~l\'h rcquir~ further 
study, such consideration~ ~,r..;; T•Vl necessr.rily in
cluded in the vahn~s in TalJ~,. 1 ('Xcept wherc shv·.~·n 
as in the case of bol\·ling. 

4. Equipmeut C:_¡o;ification 

4.1 General. (a) The optjc:;~ dorm.tcleristics of tll-C 
]uminaire afiect, to a largc cxl·~nt, such imporlant 
factors as direct and reflC'ctt-d p;:nre, shadow~, di5-
tdbution and difiusion. Bec.1u::~ !hae are wide varia
tions in these opticíll char:tl:(.-~ri~tics, the selcction of 
the correct luminaire for r1 p<.t ticular app1icntion 
deserves careful consjder'ation. 

(b) Luminairt"s should },~ de;:;ignated so as to de
scribe the manncr in whích thc li¿:ht from the 1amp 
is controlled by the 1ightiu~ md t, the degree of con
centration of zonal lumen:i ( coucentration of light), 
and mechanical details. Sin':·e in sports and recrea
tional area lighting there are L:.th outdoor and indoor 
lighting problems, the lighling equipment should 
necessarilr be sclecte:d to qualify for the sen•icc 
designated. There are, therefore, separate dcsigna
tions and classifications pcrtai!üng to outdoor and 
iadoor lighting equipment. 

4.2 Outdoor Floodligl•l I ... tnninnire Designations 

4.2.1 Floodlight Classes. (a) l:nclosed Heavy-Duty 
(HD). This das. is wealhcrproof, ha,·ing a sub;lan· 
tially conslructed housing into which is pbced a 
separate and removable reflector. The assembly is 
enclosed by a weatherproof hinged door wilh cover 
glass, whíeh provides an unob>lrucled light openin~ 
atleast equal to the effective diamcter of.the reficct'or. 

(b) Enclosed Gro•nd-Aren and General Purpose 
(GP). This class ís weatherproof and so construcle~ 
lhat the housing forms the refltcling surface. The 
assemhly is enclosed by a co\·er glnss. 

. _, 

. ··-. 
(e) Ground-Area (•pen (0); This clasa providea 

a weatherproof enclosure for the lamp ooclc.et and 
housing. No cover glass is required. 

(d) Ground-Area Open wilh Rcf/ector lnserl 
(01). Thís class ís weatherproof and so constructed 
that the housing forms only a part of the reflecling 
surface. An auxíüary reflector ía use.! t.> modífy the 
distribulion of light. No cover glaas i;. icquired. 

4.2.2 Beam Data. (a) The choice of the lighl dis· 
tríbution of a luminairermay be selected and desíg· 
naled Ly type as shown in Table 11. Beam spread u 
the average of the horizontal and vertical sprcads, 
and for the purpose of classifying floodlights, the 
method of determining and recording the beam 
spread should be in accordance with the adopted 

.. ~" t 
report of the lES Committee on Testing Procedures 
for IlluminatiOn Characteristics. • -

(b) Asymmetrical beam lloodlighls 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 wilh a horizontal beam 
spread of 75 degrees (Type 5) and a Yertical beam 
of 35 degrees (Type 3) would be designaled as a 
Type 5 X 3 floodlight. 

; ¡. 4.2.3 M ethod of Designation. Floodlights covered 
:·by the above may be designated as Heavy Duty, 
· Typc 1, 2, 3, etc., General Purpose, Type l, 2, 3, etc., 
.and Open Type 4, 5, 6, etc. 

4.2.4 Performance Characterutü:s. In addilion to 
beam lypes and floodlight class characteristics. the 
National Electrical 1\-Ianufacturers Association's 
"Standards Publication for Floodlights" specifies the 
mínimum beam elliciency that each class and type of 
floodlight should provide. The summary of pholo· 
metric dala in Table JI is indicative of what can be 
expecled from typical equipment. 

4.3 Reflectorized Lamps. Lamps having integral 
reflcctors are applied particularly lo the minor sports. 
Outdoor types wíth heat resistan! glass bulbs may be 
considered as physically corresponding to the general 
purposc calegory. SubstituÍian of rellectorized lamps 
for floodüghting luminaires should be on the basis of 
equallumens delivered in service. See manufacturers' 
pub\ications for photomelric data and applicalion. 

4.4 Interior Lightíng Luminaire Desi~Pt• (a) 
Interior lighting luminaires may be classed into fh·e 
di!Terent types, based on the manner in which light 
is distributed from the luminaire. These classifica· 

•"IES Cuide for the Photomf'trle Test1n11: of Floodlil¡;hts of 
10 to 160 Df~rces Total Bf.am Spread," !LLUMJNAnsc E!'I'Cl· 

· :NEDUr;r,i. Vol. 46. March 1951, p. 163. 
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tion!5 apply to all interior lurninaires regardless of 16 
the · type' ,of source the lurninaire employs. The type 
designatiom• do nol in themsel\'e~ imply quality of 
Jighting or luminaire efficiency. The figures given in 
Table. 111 indic-ate the percentage of the total lumi· 
naire li:;ht output emitted upward and downward." 

(h) Direct luminaire~ may be furthcr classified 
so as to denote concenlration of zonal lumens (con
centration of Jight), !luch as concentrating, medium 
spread and wide spread. 

4.5 Photomctric Data. The rncthod of dctermining 
and recording photometric data 5hould be in accord
ance with thc adopted report of the lES Committee 
on Testing Procedures for lllumination Character
istics.• · 

"· Lighting Systcnts 

5.1 General. F or sporls lighting: applications, there 
are three ba::-ic types of light sources in use toda y: 
incande::-cent. fluorescent, and high intensity dis
charp.e. Each type has cert.:dn adYantages and dis
<Hh·anta~es and the propcr sclcction, from among 
thcse source.~. will depcnd upon the parti~ular re
quirements of the installation bcing considered, the 
cconomics ( see Appendix F~ ~- for a suggcstcd for
mal of an cconomic analy~is), and perhap5 sorne 
pcr~onai prefcr~nce of the sr~tcm designcr or owncr. 

5.2 lncmulc:-!-ct•nt Filamcnt Lightin;;. (a) The 
chief ach·antagcs of incande:::cent lif;hling are its Iow 
initinl cost, good color renJering propcrtics, and 
cood optical control capnbiliti6: Disad\'antages ~re 
shortef l::tmp life and lower lamp efficacy (lumcns
pcr-walt 1 as comparcd lo the other light sources. 
lnC'luded in thc family of incanclcscent are the tung
stcn-halogen lamps, having a much betler light output 
mainlenance characteristic and longer lamp 1ifc than 
standard incandcsccnt lamps. In addition, the· tung· 
sten-halogcn lamp can be compact in physical size 
anJ of a shape that results in snmll luminaires. 

(h) Ü\'er\'oltage operation of incandescent lamps, 
including tungslen-halogen lamp~, can oftcn be used 
lo cconomir. ad,·antage in sports lighting. TI1is is 
·e~pf'ciall~· irnportant if a lighting systcm is used for 
únly a few hundrcd hours or less each year. In 
g•·neral. opcr~tion at 10 per ccnt abo\'e rated voltage 
~·, f':"ulting in an approximatc 35 per cent increase in 
li.~ht output, 15 pcr cent increase in Jamp wattnge, 
·, ·ul a reduction in Jamp average life to 30 per cCnt) 

recommended if the lighting system is in use for 
l.-·~:< than 200 hours. Operation at 5 per cent above 

• "'l J.:~ Gulde for Rt>portlng Gf!neral Llghtlng EQulpm<.'nt En· 
!!in,·••:;;.,• Data," lLLt:MISATI!I>O EscrNU:RJXC, Vol. 54. August 
~~¡:,~•. D. ~ 
••Jn rq·.-·:;~ only, 
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TABLE 111 
Interior Luminaire Designations 

TYPE 
{Ci E CLASSIFICATION) 

DIRECT 

SEMI-DIRECT 

GENERAL DIFFUSE 

SEMI-INDIRECT 

INDIRECT 

APPROXIMATE 
DISTRIBUTION 

OF LIGHT EMITTED 
BY LUMINAIRE -

UPWARD 
PER CENT 

0-10 

DOWNWARD. 
PER CEN1 . 

100_-99. 

_90-60. 

cp 
90-100 10-0 

ratcd voltage (rcsulting in an approximate 17 per 
. cent incrcase in light output, 7 per cent increase in 
lamp watlage, and a reduclion in lamp a\'erage li~e 
to SO per cent) is rccommendcd if thc lighting system 
is used from 200 to 500 hours per year. 1f annu.il 
use exceeds 500 hours, lamp operation at rated 
voltagc is recommended. 

5.3 l,.luorcsccnt Lighting. A fluorescent lighling 
system provides high lumens per watt, long lamp life, 
low brightness, and good color rendition, but i.s 

. ;.:cncrally higher in initial cost than ils incandescent 
fdament counterpart. For indoor app1ications, lou· 
n~s nre desimblc Íor use with fluorescent lurninaires 
to provide Jamp protection as well as maximum 
shielding. The semi-direct type luminaire is recom· 
·mendcJ for use whcre the Juminaire is · mounted in 
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reasonably clo.se proximily lo .lhe ceiling lo redui:e 
luminance difiérences and lo provide adequate dif
fusion over the area. Fluorescent luminaires &re 
•pplicable for certain outdoor sporls and recreation,al 

eas where mounting heights are relatively low and 
"quired projection dislances are shorl. Typical ap· 

plications "'·ould include howling, curling, tennis and 
similar eports. . 

5.4 High lntensity Discharge Lighting. The 
family of high intemity_ discharge-lamps include lhe 
mercury lamps, the metal halide lainps, and lhe high 
pressure sodium lamps. Although each of lhese lamp 
l)'pes has its 0\'l:n specific characteristics, lhey have 
the f ollowing characteristics in _,common: long lamp 
life and high luminous efficacy when compared lo 
incandescenl lamps, a lime délay and slow build up 
of light output when the lighting system is first ener· 
gized or when there -is a power intcrruption. Because 
of lhis time delay characteristic, it may be desirable 
to include an i.ncaudescent lighting system lo provide 
emergency stand-by illuminalion, parlicularly over 
spectalor areas. Properly designedl a high. intensity 
discharge lighting system may require fewer lumi

. naires for a given lighting requiremcnt, but these 
lulninaires are usually higher in initial co5t than in
candescent luminaires. See Appendix f.• 

5.4.l.MercuryLighting. In those sports where color 
rendition is of sorne importance, improved-co_)~r 

Fi&ure 8. Comparatlr.:e character· 
.ütic.s o/ light sources /or general 
lighting purposes. There are four 
ratings for each characterüric
}U¡:h, ¡:ood, fair and low. 

·' 

INCANOESCENT 

TUNCSTEN HALOGEN 

MERCURY 

PHOSPHOR MERCURY 

METAL HALIOE 

HIGH-PRESSURE SOOIUM 

40·WAn FLUORESCENT 

HIGH·OUTPUT. 
FLUORESCENT 

1500·MA FLUORESCENT 

phosphor-coaled mercury lamps are usually recom
mended ralher lhan clear mercury lamps. lt should 
be noted, however, lhat phosphor~coated lamps pro
vide inherently wide beam spreads. Over-wattage 
operation of mercury lamps is feasible, wilhin limits, 
resulting in an increase in light output proportional 
to the increase in lamp wattage with a major reduc· 
tion in mercury lamp life. 

5.4.2 Metal Halide Lighiing. The metal halide lam¡> 
is basically a mercury lamp lo which has been added 
metal halides. In comparison lo mercury lamps, lhe 
metal halide lamp provides higher luminous eflicacy 
and good color rendition coupled wilh good optical 
control characteristics; however, the metal halide 
lamp has a shorter life. 

5.4.3 High-PreSJure Sodium Lighling." The high 
pressure sodium lamp has a higher luminous eflicacy 
lhan lhe metal halide lamps, coupled with good op· 
tical control characteristics, and.a light output main
tenance characteristic siiniiar to the mercury lamp. 
The life of this lamp is approximately equal lo lhat 
of lhe metal halide lamp. 

5.5 Light Source Summary, A comparison of lhe · 
major characteristics of the various light sources 
provides a guidance for choosing the Jight source 
for a particular applicalion. The chart shown in 
Fig. 8 has been prepared by the Light Sources Com· 

MAINTE· 
LUMEN U fE COLOR OEGREE NANCE OF 
OUTPUT EFFICACY EXPEC· ACCEPT· OF LIGHT LUMEN 

PEA LAMP TANCY ABILITY CONTROL OUTPUT 

FAIR LOW LOW HIGH HIGH coco 

FAIR LOW LOW HIGH HIGH HIGH 

coco FA IR HIGH LOW coco GOOD 

fAIR 
GODO FA IR HIGH ro FAIR fAIR 

coco 
coco 

HIGH coco FAIR ro GOOD FAIR 
HIGH 

HIGH HIGH FAIR FA IR GODO coco 

LO 'N coco coco 
coco 

~ro LOW \iOOD 
HIGH 

\coco 
FA IR GOOD ~ GOOD ro LOW coco 

HIGH 
1 coco 

1 

GOOD GOOD FA IR ro LOW FA IR 
HIGH 

; .) 



miltee of the llluminating Enginecring Society.• 18 
F urther informalion on the characlt-ri.!ltic.!l o! ligbt 
sources can he found in Lhe lat~t edition of the J.E.S. 
Lighling Handbook. This chart must be tempered by 
the actual application íor Lhe light source "·hich 
might aher the rating ~hown. For example, in the 
ca~e of a low ceiling interior lighting installntion, 
the "low" rating f!ÍVen in the lurnen output pcr lamp, 
and the degree oí light control ratings for the 40-watt 
Huorescent source, might be comidere'd rnost ad
,·antageous to obtain a Jow-1;ource brightness and a 
wide beam spread. 

5.6 Specinl Design Considerations. In selecting 
eithcr a mercury, metal halide. high-prcssure sodium, 
or a Huorescent Jighting system for u:;e in a spor~ 
or multipurpose area, sorne imporlant factors should 
be gin:n special consideration: (l) These light 
sourccs, when opcrated singly on alternating current 
circuit5! prOduce a noticeable flicker on rapidly 
mo\"ing objects. This condition, stroboscopic effect, 
may be minimized by connecÚng lamps or lurninaires 
on alterna te phases of a three-phase supply, or by em
plo~·ing two-lamp ]cad-lag or series sequence. start 
b.:dbsts where a\·ailable. (2) In multipurpose arcas, 
if a quiet surround is an import.:mt factor, the pos· 

· sihle ohjcctionable disturbance rcsuhing !ro m ballast 
"hum" should be considered. Remole mounting of 
thc balbsting cquipmcnt may be dcsirable. (3) Whcn 
fluorc~ccnt lamps are med outdoors, they should be 
profectcd frorn the wind in order to maintain rnaxi
mum li;;ht output. 

6. Dcsign Factors 

6.1 GeneraL (a) The correct choice among the 
variou~ design factors of luminaire typc, lamp typc, 
lamp \·ohage, wiring method, etc., dcpcnds upon a 
balanCín;; of economic co~ts against such factors as 
appearancc, relative safcty, and reliability. 

(h) The 0\·erall cost for Jighting should include: 
(1) an :unortizatioR of the first cost, (2) thc cost of 
electrical energy consurned, (3) cost of larnp re place· 
menL.;, and (4) an estímate for rnaintenance expense 
exclusive of larnp replaccrnent. 

(e) Comparison of lighting systcms on this basis, 
perhaps \\·ith different luminaires, or diffcrent wiring 
methods, may be made by means of a cost analysis. 
A truc cornparison ~houM involve systcms providing 
comparable quality and quantity of illumínation. A 
suggcsted { ormat for an cconomic analysis is shown 
in Appcndix F.•• 

•tu.u?.ttNATI:<:c F.NGINI:EIUNO. May 1007. P. 319 • 
.. In reprlnt only. 
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6.2 Choice of Equipmcnt. (a) Floodlighu, due 
to their Jarger ~ize, more t"laborate mounting require· 
ment.s. and in sorne cases cover glasses, are more 
expensive than normal indoor type luminaires. The 
use of floodlight.s is econornically justified on any 
outdoor aren where the light must be projected a 
considerable disLJ.nce. The comparison can be readily 
calcu}aled by met)lods outlined in Appcndix C. • 

(h) Floodlights are available with beam spread. 
of vnriou~ degrecs, and cari be used economically to 
concenlrate light on and near the playing arca, even 
when they must be rnounted severa} hundred feet 
from the playing nrea. On the other hand, sorne of 
the playground sports such as horseshoe pitching, 
shuffieboard, etc., may in sorne cases be lighted by 
indoor type units suitably adapted to outdoor ~se. 

6.3 Choice of Deam Sprcad8. Most open flood
lights pro\·ide inherently wide beam spreads. En
clos('d floodlights are a\·ailable in a range of ·beam 
sprcads from wide lo narrow. The choice o/ beam 
sprcad depends largely on lhc di.stance Jrom the 
floodlights lo 1he area lo be ligh'led: 1he grealer the 

, di.stance, the narrowcr thc beam spread jor hig~ 
utilization, efficiency and restriction o/ glare. See 
Fig. 9. Con\'erscly, whcn floodlights are. located 
rclatinly close to the playing arca, wide bcam 
sprcads cD-n be userl with good cconomy. 

6.1- Opcn aJHI Enclosccl Floodlights.. 1l1e choice 
between opcn and cnclo!'cd floodlights depends 
chicfly on diflcrcnccs in cosl nnd in rate of depre
ciation. Üprn floodlight~ cost lcss, but depreciate 
more rapidly due to collcction of dirt, soot, etc., on 
rcflccting surfaces and light sources. lt i.s generally 
acccptcd practice to allow a' light loss factor of 75 
pcr cent for cnclnscd floodlights, and 65 per cent jor 
opcn f/oodlights whcn calculating the ·maintained 
jootcandle (lux) let,d. Although these factors are 

... cmpirical, thcy are bnscd on considerable experience. 
1l1c clcanlincss of the surroundings, the !requency 
of clcnning of thc units and replacemcnt oí lamps 
wi]J affect thc light loss factors to a considerable 
ex ten t. 

6.5 Wirinf!. (<t) Outdoor floodlig:hting in!<lallations 
can be rnade with eithcr o\·crhead or undcrground 
distribution. From the standpoint of appearance and 
rninimum interfcrcncc, the undcrground system is 
more dc!<irahlc where lart:c playing arcas are in· 
\'O!\"ed. The underground system may be made using 
either direct huri:tl conduclNs or wire in conduit. 
While overhend distribution may 1:" less expcnsive 
with regard lo c:onductors, conJui1. nnd instDIIation 
costs, additional iterns may be required. For example, 

•rn reprlnt only. 
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Figure 9. Selecting proper beam 
1pread for lptci/ic applictUiotu 
resultl ÍA betler utilization a1Ul 
lou..·er over-all cosu. On tht J()l). 
by 100-foo: (31Ú meter) ,arta 
1hown, ei&h: Type 4 /loodli&hll 
are required lo produce aboul the 
•ame footcandle level obtained 
with •ix Type 3 floodliskt• of :he 
ltzmt wattase. Mountin& heirht 
is 60 feet ( 18,3 m<len) in both 
cases. 

Ut.t(ORM ILLUMII'IATION R[QUIREC 0~ wORIIIo,¡(; PL AP..E UNifOR,Iol ll.LUMINAT!ON ON flOOR 15 NOT THE REOUIREMENT 

Fisure 10. For many interior spurts li~/,h"n& installations uni/orm il~umination on the /loor is ·n.ot the requirement. 
ifdequate vertical Jisuibution is required to the. ma:rimum height the object might travel during normal play. 

" 
extrapoles lo keep wires away from the playing orea, 
and guys on j>oles where there is a change in direc
tion of feeders, or where the feeders dead-end, The 
choice of installation lo use will depcnd on local 
practice, and should include a conSideration of the 
economicS and other factors, such as appearance,. 
safety and reliability, 

(b) Sorne installations may justify a separaie 
transformer on each pole or tower with primary 
wiring to each location. In smaller installations, it 
may be more económica! lo reduce the numher of 
transformers by sen•ing severa! 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, he consuhcd 
as lo the type of sen-ice available, whetl~er primary 
or eecondary, single-phase or three-phase, wye. or 
delta, The rates for the various services should also 
be considered before a· decision is made as to· !he 
preferred install~iion, '\'í'hether lo wire · one or more 
Jighting unils on each circuit is determined by local 
practice and economic considerations as limited by-
local and national code rules, . 

7, Lighting For lndoor Sports 

:.1 General. (a) The walls andceilingsofintériors 
· lJ~ed for sports provide a means for controlling.back· 
ground luminances, assist in diffusing the available 
light, and make possihle a váriety of convenienl 

'1",¡ 

lighting equipment arrangements. The design ano 
ealculation procedures for interior sporls lighting 
are similar lo !hose followed in design of any interior 
lighting syslem, (See Appendix D), • However, in 
addition lo luminaire · mounting height, spacing, 
lumen output, a~d iÜumination. uniformity on -a 
horizontal rdereóce plan"e, which are impórtaot fac
.tors in all installation plans, it is necessary in de· 
signing sports lighting lo consider the following 

. faC\Ors! ' . 
/ (1) Observers have no fixed visual axis. or field of 

view. During the course of the game, the ceiling and 
luminaires may frequently be included in !he visual 

·field. 
(2) The ohjecl of regard will have no fixed loca

tion, and may be viewed at Aoor level, near the 
ceiling, or at any level in between. See Fig. 10. 

(3) lt is particularly importan! for observe ro lo 
he ahle lo estimate accurately object velocity and 
trajectory, 

. (b) The location of sport play can· be divided 
into general are3s used for more than one sport and 
areas .Iesigned for a particular •port. The lighting 
system must meet the varied or particular require· 
ments for the •por!, or sports, played in the given 
area. 

(e) The sports, themselves, may he generally 
divided into two 'classes: sporls which are aerial in 
part or ,,·hole, and sportS which are at or elose to 
fioor levet 

•In reprlnt only. 
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Figur~ 12. Caution 3hou/d be exerciscd in posruomng 
luminaius· .. rclative to. critica! sur faces such aJ glass · 
baJkdball backboards (above}, ro avoid blinding, rc
flected glare. Windou:.s behind glass backboard.s in 
nmnasium (above right) can produce dircct glare, and 
un.shidded u:indows (right) are a potential .source of 
both direct and reflected glare. Note how rcflcctions on 
the floor t'cil the floor markings. 

lighting le\·els may be dcsirable because of thc wide 
divergence in secing tasks that can be encountered. 
Such variations in the general illumination are most 
often achieved through thc incorporation of dim· 
ming, split·switching, or other means of lig:hting level 
control into the o\'erall schemc of design. For spl!cial 
actiYities, such as dances, where the creation of mood 
or atmosphere is the primary lighting objectin, quite 
lo~· illunúnation values are desircd. The most satis· 
factor~· resulrs can oÍlen be achicvcd through the use 
of portable or tcmporarr auxiliary lighting equip· 
ment, such as floodlights of rcflectorized lamps, and 
colored filters. To prevent brcakage. it may be neces· 
sary to cover luminaires with a protectivc cover or 
wire grid. This will reduce their efficiency and 
should be compen.sated for in the initial system 
design by rnultiplying the luminaire's efficiency by 
the a\·erage tran.smiltance of the covcr or grid. 

(e) The position of Iurninaires and windows in a 
grmnasium can pre5ent serious problemS. Fig. 12 
demonstrates the hazards of improperly located 
luminaires and unshie1ded fenestration. The recom· 

. mended lighting .]ay out for the gymnasium is shown 

in Figs. 13 and 14. 

7.2.1.1./nterior Finishcs. (a) Light finished ceil
ings, walls and floors not only enhance the appear· 
ance of a gymnasium. hut increase the utilization of 
light and improYe vi5ibilitr. Ceiling reflertances of 
80 to 85 per cent are attainahle on smooth surfaces 

1 
1 L __ _ 
1 
1 

;. 
L..... 

'''"':;."7"-.-

. :·.-~ ,. 
i 

______ ,..:...~............:.-·-. :<!~::.:."'-a?t,:(" ..... __j 

with good gra"dcs of white non-glossy paint: The 
same paints on acoustical mittcrials have somewhat 
lower rcncctances hecause of the porous nature of 
Lhese surfacc:;. 

(h) \'i/alls of matte-glazcd tilc or other non· 
abrasive material are widcly med in modcrn gyru· 
nasíums up to hcights of approximately seven íeet. 
Ahove this arca, light-colorcd ci11dcr blocks, brick. 
or wood pancling provide a wall reflectance in the 
desirablc rangc of 50 to 60 per cent. 

(e) Natural hardwood floors, sealed with a non
glossy finish, have rcflectances of 15 to 30 per cent. 

7.2.2 Fidd l/ouses. The field house and the gym
nasium closcly rescmble each other as far as sports 
acti\'Íties are concerned. The field housc may, how· 
ever, be 1arger in dimension and serve a somewhat 
widcr rangc of sports. Amon.; these are. indoor track 
and .field cnnts, skating. and such outdoor sports as 
may he drinn indoors by inclement weather. Port· 
able floors and scating facilities are in comrnon use .. 
General lighting levels. and methods dictated by par.· 
ticular sports will mcctthe needs for the participanB, 
but may rcquire comiderable increases to meet the 
needs of the spcctators. The re.sultant lightíng system 
design should th~rdore mect the requiremento; for 
the anticipated acthities in the field house as well as 
prodde for the spectators. This could include con· 
sideration for acrial and low level sports. \'ersatile 
control or individual sy.stem5 for the various ~ports, 
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Figure 13. Lighting layout for an indoor ba.skelball 
court. A distance of 10 /eet (3.0 meters) between court 
boundary and wall i.s recommended. Minimum luminaire 
mounÚng height should be 22 feet (6.í meters). . 

Note: 10 ft = 3.1 m; J21h ft = 3.8 m; H ft = 4.3 m: 
16'..¡ ft = 6.0 m; 17ft = 5.2 m; 50ft = 15.2 m; 70ft= 
21.3 J!l: 84ft= 25.6.m; 104ft= 31.7 m. 

Current 
Recommended 

Practice- Minlmum 
footcaOdles Recommended 
(Dckalux) Mounting 
Maintained Height in Feet 

Class ol Play in Service (Mcters) 

College.and 

1 
professional 50 (54) 

22(6.7) 
College intramural 

1 

and h igh school 3l (32) 

and increascd illumination .levels and be ::1m 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 lhe gymnasium can be utilized for such 
areas; however, general illumination systeros ~ormal 
to multi-purpose halls will m~et the requireml!ii.ts fa~ 
table tennis, fencing, and shuilleboard with littlC'need 
for special consideration. Fig. 15 provides a rccom· 
mended practice for table tennis lo mecl lhe par~ 
ticular needs of this aerial spoit. 

7.3 Specializcd Areas. Lighting layouts which 
illustrate the adaption of the previously stated prin· 
ciples lo certa~n specialized inJoor sports nreas are 
shown in Figs. 16 lhrough 22. lt is important lo 

recognize thnt these layouts are not the only accepl· 
able method which can be uscr] fnr lighting a par

·ticular sports aren. Other typc.~ · .. í luminaires, light 
sources and, in sorne instanc . • .ulinaire locations, 
may be used satisfactorily. ·r:.· · ... Jayouts merely 

20 
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Fisure 14a. A gymna.sium illuminaled to 100 joOt
cand/., (/JO d<kalux) by th< use of 1500 mA fluor<JC<nl 
lamp5 in suspended semi-direct, porcelain enamel re· 
fleclor unit.~ ráth prismatic plastic shielding. 
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Figure 140. A g~-mnasium illuminated 
f(llt'S oj loun:!t'd fiuorescent units. 
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Figure 14c. A gymnasium illuminated by individual 
direct luminaires in layout as shou:n in Fig. 12. 

show one or more ways in which the lighting objec· 
tive has been accomplished. 

7 .3.1 Badminton.' Dadminton is an aerial sport, and 
requires ceiling heights of 25 fcet (7.6 melers) 
nununum and upwards to 40 feel (12.2 meters) 
desirable. A brown or green color is recommended 
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TOURt.;AMENT 

9. CLUB 
IFLUOFtESC(NT) 

Class 

TCURNAMENT 

&CLUB 
(lt~.CANDESCENTI 

f lES Current 

1 Flecommenric_t! 
! Practice-

Footcandlcs 
\ (Dekalux) 

R!::CREATIONAL 

ffLUORESCENTI 

! Maintaincd 
. j. in Service 1 Luminaires --'------ , ____________ , _____ _ 

1 1 
Tournament 1 50 (54) 1 

--·- Oirect 
Club -------,-----;(¡2} 1 (Spread 

---------- --
20 

(
22

) il Distribution) 
Recreational 

' 

Mounting: Ceiling helght approximately 12 feet (3.7 
meters). 

for the walls and Ceiling to providc good contrast for 
· the white •huttle. A dork finish is also recommended 
for the Aoor. To minirnize glare, a well controlle.d 
lightinf;. system JHflnnled along the sidcline, or an 
i"odirect syst~m, is rcconunended. Sec Fig. 23. 

7.3.2 Billiards. The li~hting of bil!iard tobles can be 
executcd in many ways. lt would be preferable lo 

ba,·e a layout of t.ht loc.1.tion of the table.s them~eiYes 
before establi~hing tllf·~ IOcation of the lights: so ·that 
the light.; can be placed O\'er the tableo. thereby 
pro\·iding the he:;t Jighting possible and creating the 
fewest number of ~h::J.d•)ws. Luminous ceilings or 
other general lightin~ systems could also be utilized. 
Billiard table• are approximately 5 by 9 feet (1.5 
by 2.7 meters) in ~ize and are usu.1lly located so 
that they are ¡¡, .• feet (1.5 meters) apart, side bv 
side and at least six feet (1.8 meters) from ·the ad
joinin¡¡ wall .. Thc nunirnum recomincnded rnounting 
height of the ceiling and light source is seven and 
one-holf feet (2.3 meters). The preferred height is 
·ten to tweh-e feet ( 3.1 to 3. 7 rnelers L The ceiling 
should be a light rolor with a reflectancc of 75 to 85 

251"T . 

RECREATIONAL 

liNCAtmESCENTJ 

\ ·.~ 

.. 

· i'lgúro 15. Recommended lighring 
láyoul1 for_ table termü. Úlmp 1i:e 
ahd lumlnaire quantities fo; · :ach _, 

· clan o/ ploy are dependent up-·-·. t!.e 
specific rvom chartJClerüticJ and 
luminaircJ :.:sed. 

Note: 41.~ :t = l.f m; 6ft = 1.5 m; 
6ft = 1.~ m; 7ft = J.l m; 9 ft = 
2.7 m; U ft = 7.6 m; 81 ft = 9.5 m. 

per cent. Thc recommen~ed illumination levels rnight 
be substantially increased for public attraction or 

. business considerations. 

7 .3.3 Bou-ling. Lighting for bowling i• often gov· 
erned more by public attraction and increased busi· 
ness considcrations than any· other factor. Bowling 
is considerod a low-le••el sport which is divided into 
three areas~the approaches, the· lane.s, and the pins. 
General illumination methods are utilized in the ap· 
proach arca. This are3. often includes seating for
spcctators as well as participants with lighting uti
lizcd to create a pleasant atmosphere. The lighting 
of the lanes should be well shielded for the bowler 
and the shielding is often an architectural element 
of the structurc. This ceiling area should be finished 
with a high reAectance, non-gloss~ light paint which 
maintains a 70 to 85 per cent refleci.ance. The illu· 
mination of the pins is so directed as to provide high · 
vertical footcandle (lux) levels as seen by the bowler. 
The recommended layoút ,¡s shown in Fig. 19. 

7.3.4 Boxing and Wrestling. These sports are con· 
sidered low-level sports. The recommendations for 
iltumination are governed by the requirements of the 
spectators "'·hich completely outweigh the require
ments of the participants. A recommended layout 
is shown in Fig."l8 .. 

7 .3.5 Curling. The indoor curling rink is classified 
as a low-level installation system. Direct or semi
direct luminaires, with wide spread distribution. 
mounted between rinks provide the best rnethod o! 
illumiation. The mínimum mounting height of the 
luminaires is twelve feet. and the ceiling and wall 
finishes should ha ve a reflectance of over 60 per cent 
to provide good lqminance ratios. Fig. 24 shows a 
recommended layout for curling. 

7.3.6 Handballand Squash. The handhall and squash 
court with its white walls and ceiling presents defi. 
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Fi~ure 16. Recommended li¡;laing layouts for squash 
and four-trall handball. Lamp si.:e and luminaire quan
tities for each class o/ play are dependent upon the 

. specific room characteristics and luminaircs cmployed. 

·nite luminaire beam control problems for this aerial 
sport. The wall and cciling finish should be a while, 
non-s-lo.::.::y paint with a reflcct:mce of í5 to 85 per 
cent. 1l1c luminaire.s· .should be reCess-mountcd in 
the ceilinc with a carefullr shicldcd spread di.stribu
tion. In thcse areas, adequatc protection of thé lurni· 
naire:: from possible breakage throug:h the me of 
guards or .impact-resistanl co\·crs is Yitally important. 
Scc Fig. 16. 

· 7.3.7 llocke_r. Lighting for indoor hockey rinks rc
quires extreme care in selcction and location of lumi· 
naires. Not only .should direct glare from the lumi· 
naires Le con::idered, but the possible loss of visibility 
duc to rcnectcd glare from the ice is of cqual irn
portancc. Carc sl~ould be exercised so that no shadows 
from thc boards and nets cause difliculty in following 
the course of play. All !u mi naires should be mounted 
abovc thc line of sight of the spcctator in the müsl 
ele\'atcd scat ni the grealcsl dist:mce from the playing 
are:J.. This pro\'ides an unintcrrupted view of the 
playing arca. minimizeS possible direcl gla.re to the 
spcct;:¡tors, and improves appearance. See Fig. 21. 

7.3.8 }ui Alai. Dueto thc extreme speed of tl1e hall 
in play (over 150 miles (2'10 kilometers) per hour), 
careful consideration must be given to level of illu-
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INCANDESCENT OR MERCURY FLUORESCENT 

Note: 20ft= 6.1 m: 40ft= 12.2 m. 

Current 
i Recommended 

¡· Practice-

' 
Footcandles 

. -' (Dekalux) 

1 
Maintained Type of 

Class ot Play 
1 

in Service Luminaires 

Tournament• 
1 

50 (54) Direct recessed, 

1 

spread dis· 
Club 30 (32) tribution, 

1 

carefully 
RecreatiOnal 20 (22) shielded. 

• 11/ustrated above. 

mination~ shiclding of luminaires! and surface texture. 
of paint on the court walls and !loor. Ciare is t~ be 
m·oidcd at all co,:;ts. Play is fast and scrious acci· 
dcnts'· are not uncommon. Colors recomrnended are: 
grnss green for thc frontis, lateral, and rebote; off· 
white for the Jloor; 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, ag:tiu through a protective 
scrcen. lt is good practice 'r. . ·rm·ide for dimming 
in thc audience arca al the ::,o.1.. of play. See Fig. 22. 

7.3.9 Shooting !Archery, Piste./ and Rifle Ranges}. 
lndoor archcry, pistol and rifle r~u1ges present similar 
illumination problems for these low-levei· c1assifica
tion sports. Major emphasis is placed upon the 
illumination at thc target and the distance from the 
firing line lo thc t;~rget. In the case of the indoor . 
pisto} and rifle range, which has a 50 foot ( 15.2 
meter) distance, the recommcndcd vertical illumina· 
tion on the t:J.rg:et meets the requirements for the 
distance from the firing Jine to tl1e targets and thc 
sizc .of the targcts. In the case of archery, distnnces 
of 60 lo ·150 fcct (13.3 lo 45.7 mctcrs) are norm•l 
bctween the firing line nnd targct. Th!! recommended 
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lZ ft =· 3.0 m; 13 ft G i:. == 4.1 m; 15 ft = 4.6 ·m: 50 ft = Ui.2 m; 
co ft = U.3 m. 

Figure 17. Recommended layout /or an in· 
door rifle and pisto/ ril~ge. Note: lamp 5i:e 
and luminaire quanlities Jor each class of . · 
play are dependent on lhe &pecific room 
characterútic.s and luminaireJ ~mployed. 

vertical footcandle (lux) ln·el on thc larget again 
considers the distancc and the size of the target.. The 
typical layout for sho(ltin; ranges is shown by the 
example in· Fig. 17 ,iohidt iilustrale$ the standard 
pistol and rifle rangt•. 

.7.3.10 Su•imming. (a) The lighting o! swimming 
·, is multi-lold. lt is lo: (1) light the water sur-

(2) the lloor o! thc pool; and (3) the deck 
&Jea aronnd the pool adequately, and for lhe safety 
of the pC'r::ons using the pool. Underwater luminaires 
should be s.:o ]ocated lo gh·e complete i1Iumination to 
all underwater areas. Rder to National Elrclric Code 
and applioablc local codes for specific pbcement o! 
luminaircs. 

(b) For underwater li~hting, luminaires should 
be. propcrly located in thc pool walls lo provide 
adequatc illumination throughoul the pool, but should 
not be placcd in line \\·jth a s\dmming lane where 
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., Fisure 18. Recommended layout! for 1ndoor bo:nns or 

wresllins rings. 

Locatlon 

firing point 

Range 

Target (vertical) 

Current Recommended Practice
Footcandles (Dekalux) 
Malntalned In Servlce 

20 (22) 

10 (11) 

100 (110) 

competitive swimmers wo.uld make a turn and pOs
sibly kick the light during the turn. It is therefore 
quite important that the luminaires should be located 
between the lanes so that il would not in any way 
interfere with competitive swimming. ) 

(e) The overhead lighting o! the indoor pools 
can be executed in a way similar to lighting any 
indoor space with proper spacing and location 

Currenl 
Recommended 

Practice-7 
Footcandles 
(Dekalux) 

Maintained Type of 
Class ~~Play In Service Luminaires 

Championship 1 500 (540) Direct with con· 
centrating dis· 

Professional 200 (220) tribution from 
20-foot (6.1 

Amateur 100 (110) meters) mount· 
lng height . 

Noto,: Z6 tt = 7.t m: J7 ft = 1.! m; 10 ft = 9.1 m. 
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. throughout thc ceiling. Iu 1l1c C\'Cnt thcre is crawl 
~p¡-¡ce abo,·e the ceiling: it i;; Je::-irahlc to sclect lumi
naires tli:1t could be reiamped from ahove. In tht: 
en~nt thc !umintlires mml J1t: relumped from below, 
it ·,\·ould ~ecm·dt.::Siruble tO luc:llc t)¡cm ovcr thc deck 
rather tha~ O\'cr thc ,,·~ter ar:d nir~1 ~ollle. uf tl;em 
.tO\\·arJ the walr·r. TI!i~ \>ill tliminate the neecl for 
~er;idng the o,·erhe~d lum~nJ.irc~ from n. pool loca· 
tÍ{Jil, Fig. 25 i.llu.str;;tes th-:.· n~commenJccl practice 

· for swimming pools. 

7.3.ll ·Tcnnis. Tlu~ ar~a umler cot•"'iderntion {or 
indoc.r play !:houltl appr0ximate that recomri:lcucled 
for Óutcloor, i.e.; 120 feet (3(,.6 mclus) by t1R fect 

-
.A . J J:l.6 meters.). Su.;gc::;ted i11:cri.or iinishcs ·ore: ceil

~ ing and· uppcr walls~ light non·glos~y, 80 to 85 p::-r 
:C'CIIl 'rf::il~clnllCt'.i fl_oor_s, ll:lillral hnrdwoo~, c}ny. tlf 

. <'onnr,te, n(Jn.¡¡loss.¡· ~ !_~ lo." 30 pgr 9>1!1, r~fi~Nen(:~ ¡ 

200 (220)" 
150 (160)" 

---~--~-~----~ 

00 1 o o o o q 
1 Q ~ o n 

~ 1 

i 

o C!- o r o o 
! G D o o 

J>i.AN Vlb't 
¡._. 

-·'--~.:("':,· _:·,~·---"-,.___:·_:¡'¡::·--~-. --"'--":::1:"'2~:· ~·"'~'¡":-::::::),' r 
"-l:' J~ -·1:/ fT----:~ FT_.:__ 17 FT-~1~ H J 

• l.. 1' 
Li;_~ ,.,.--FOU! UNt 1-'EAOJ>IN- _t 

ElfVATION 

1'ó Dll!f(T HUOU!o([,..;t lilTEO n· TO 0(1' fROM tiO~IZONT.olt ANO COr!CfA.LEO 

o OlHCJ HUOU:;CtNl OR EOliiVALENT INCANOfSCENT 

:s'ote: 12 !t :::: 3.7 m. 

Fi¡;me 19. '!)-picol.lightinf!, an¡m,t;ements for Lou.:ling. 
The ceiling luminaires should be cor;¡plete!y .sJddded 
j1um the 1.:ie1c o) the bozder. To 01-vid se:JcrP. luminanu 
t!iffcr•:nce.~ and to make maximwn use nf reflect~:d Ught, 
tht· ceiling slwuld &e main1ui11Cd al a re/lecled light, al 
.a rc¡lt:ctancc oj ';0 vr bct:er. 

walls, lower 8 fect (2.4 meters), gray, uon.glos.sy, 
with' a max!mu~ reOc·dance of GO pcr cent. The 
1umin:~ire ~houlJ he providcJ wilh vertical bafilcs, 
lúnYers: or other shielJing technif}Ucs to reduce :he 
po3sibilily of gl:ue. distracting: th·'! players. The~e 
shieiJing t-!ements :=:húuld pto\'ide cut.off at 45 de
gn~e5 in the din:ctÍilrt of p1ay. This shieldíng design 
~hould l1c such as to aliow adcqlwte illumination to 
rt·<::dl high ba!l~. Thc !utllinaires should he mounted 
to\\'¿¡r,J the sidc of lhe. <;<?,urts or betwce¡¡ courls ü~ 
shtMn in the recommended layout in Fig. 20. 

7;·~ TtH1irecl Lighting. (a) Many ncrial sporls re
Quire thc upper walls ar1d ceiling to he finishCd wiw.l¡ 
n high rcflectancc scm: · ,loss whik pnint. This area is 
il!uminatell Ly the uph·a~d cr;:.r.pr,nent of L~e semi· 
~lir1::'l I)'P" lumin:1irr" and ln:ruiliiJ~ An ntldf:)r1 far,tor 

in 1!1<; CJvmll ~~••!itr 9! i!!uminBti~n. On~ mr,thod 

' ' ¡ 

1' '. 
1 

,· 
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i_s_u_•_l _c_o_n_s_id_•_•_•,..tl_o_n_s ---'--' Business Cons iderations 

Class of Play __ l Approaches Lanes Pins Approaches Lanes Pins 

Tournament 1
.------------

10 (11) 20 (21) 50 (54)' 70 (75) 
50 (54) 

lOO (110) 
70 (75) 

200 (120)' 
150 (160)' Recreational ., 10 (11) 10 (22) 50 (54)' 

• Verticartootcandles (dekalux). 

...,_:-· -------

~-· .. ~-···' --·. -
... ·-~ ,-l~:: .-··~ ·-,_ ....... ,.·.·:...-.;·-~--~ ¡., __ ,._::;.· _ _.... 
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. ---- --·- :-'"9 
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throughoul !he cCiling. In lhc e\·cnt thcre is crawl 
!:Jl<ICC abo,·c thc'c("iling, it is dcsirablc to Sclcct Iumi
nJires tlwt could be rciampcd fro111 abo\·c. In the 

eH'Ill thc luminaircs must he relampcd from beloh·, 
it \\"(Ju!d ~ccm dc:3irable to localc tltcm ovcr thc deck 
r.tther than OYcr thc water and nim ~omc of tl;cm 

to\1 nrd tht> wat,.r. This hill elimina te the need for 

~('niein~ thc oHrhc~d luminairc:: from a pool ]oca· 

ti<•n. Fig. 25 illustrates thc rccommenJ.cd practice 
for swimming pool.s. 

7.3.11 Tcnnis. Thr arr.a undcr COI~";dcration for 

indc·ür play shouhl apprCiximatc that recommcnded 
for outdoor, i.e., 120 feet (3G.6 mclcrs l by 48 fect 
¡" 1-J.(; meter~). Su~gc.!>ted interiCir finishes are: ceil· 

ing and upper wall~r light non-glo~sy, 80 lo 85 pr.r 
cenl rdlectancc; lloors, natural hnrdwood, day or 
COI!CI'~::~. non·glos~)', 15 to· 30 per cent rcflcctance; 

. 

o DI o o o o o 
' D o u o o 

o O!- D r o o o 
! r o u u o 

I'.AN VI[W 

·«" _.,. -"' '!"~ ¡, í 1 
---~~~----lt n---;1 n---un--12 n~ llH 

-- _.-f()U~ lJt-;! 1-'fA,OPIN-.:..¡ J 
f~fVATIOS 

"ti DIRfCT HUO~fí.C("'T TilTED 15' lO 60' FROM HORIZONTAL AN~ CONCEAlEO 

o OIRfCT FtUOHSCfNl OR EOUJ\'AUNT INCANOESCENT 

::\'ote: ·12 fl = 3.7 m. 

Figure J~i. Ty,.ka! lighting arrangemcnts for bowling. 
The cei!ing fmninaires should be complete/y shir.ldcd 
/rom the L"Íe1c o/ thc boulcr. To or9id severe luminan.ce 
difjcrcnces and to rnakc maximum use o/ reflectcd light, 
thc cciling should be mainraincd at a rcflcctcd lig/,t, al 

a rc/lectrmcc oj ":0 or bcucr. 

walls, lower g fcct (2.4 meter.:;), gray, non-glo~.:,y, 

with a max!mum reflcctance of. GO pcr ccnt. The 
lumin<tire should be proddeJ wirh \'crlical bafilcs, 
lou\"CrS: or other shielding tcchni!]ues _to reduce thc 
po.s~ihilitr of glnre distractinc th~ players. These 

shicldinfr elernents should proYidc cut·ofi at 45 dC
grcc~ in the dircction of play. This shiclding design 

should be such as to allow adcqt•ate illumination to 
reach high Lalls. Thc luminaircs should be mountcd 
toward thc sidc of the courts or bet\,·een courts a~ 

shown in the recommcndcd layout in Fig. 20. 

7.4 lllf1ircct Li¡;hting:. (a) !\lany acrial sports re· 
quirc thc upper walls and ceilinp:- lo be finished with 
n high rcflcctancc sem: · .Joss wi,jt,: paint. This area is 
illuminated by the upward cr::.1·:1onent of the semi

dircet lYP" lumin:Lir<'s and b<.:n1·.~·.c!' an added factor 
in the overall quality of illuminalion. One ·mcthod 
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Figure 20. Lighting layout .¡or indoor tennis court. 

of increasing the quality of illumination is to utilize 
a totally indirect lighting system. Such systems are 
less eflicient than a semi-direct system, hut often pro· 
vide other henefits and at times present the only 
adequa_te method of obtaining satisfactory results. 

(b) Jnflatahie structures are finding a wide usage 
in the sports field. This is especially true for skating 
rinks, s.wimming pools and tennis courts. These in· 
flatablc structures normally mount on a fouudalion 
that l'aries hetween ground lc\·el and a wall of up 
to 8·foot (2.4·meter) height. The structures cannot 
support Overhead items such as luminaires and~ 

therefore, indirect lighting answers the lighting need. 
The design of such structures normally ernploys the 
use of materials which provide a high reflectance 
matte surface. lt is very important that such material 

28 Current 
Recommende-d 

Practlce-
Footcandles 
(Dekalux) 
Malntalned 

Class of Play In Servlce 

Professional . . ·50 (54) 

Club 30 (32) 

Recreational 20 (22) 

~ 
-- 110 f1 

' 
O 

1 

O 

rr .. 

~" 

Mlnlmum 
Mountlng 

Helght in Feet 
(Meters) 

22 (6.7) 

o-

: 1 
1 
1 

' 
1 

' i ; ' o-
' 

' ' 

!_1 
lOf 

r; '· 

f_.i 
"' T 

N. " 
k-17fT-; 9fT cr 

Note: 6 rt = 1.8 m: 9ft= 2.7 m; lOI,i tt = 3.~ m: l'i tt = 5.2 m; !i jt 6 4 m; 36 ft = 11.0 m; 48 ft = H.ti m; 
7S ft ::= 23? 1, 126ft 3G.G m. 

is utilized lo eliminate glare caused by spec"lar re· 
flections and to prevent increasing the lighting load 
as the surface reAectance decreases. 

(e) A major consideration in the design o! an 
indirect lighting system is the uniformity of illurui· 
nation over the entire surface. Hot spots around th:: 
luminaire's location can be as distracting as a direct 
view of the luminaire or Hght source by the p:trtici· 
pant. The number of luminaire locations need only 
be governed by the uniformity which can he achieveá· 
and architectural or surface elements which cou:d 
crea te deep shadows on ··the surface being illumi· 
nated. These could he as distracting as a hlack clood 
might be in an othendse clear b1ue sky .. An exarnple 
of the result.s obtained in an indirect lighting system 
utilized in an inflatable structure is shown in Fig. ~G. 
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Figu,. 21. Typicallighting layout of semi-di,.ct jluoru· 
ctmt luminaires on an indoor hockey arena. 

No t.~: 10 ft = 1.1 m; SS ft = %5.9 m; 200 ft = 61.0 m. 
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Figure 22. TJpical Iighring layout /or jai-alai court 
u·ith basic dimensions oj 176 X 4-1 X ,55 feet (53.6 X 
13.4 X 16.8 metcrs). 

Not~: H tt ;:: 13.f m; SS tt :::= 16.S m: 17G ft = U.G m. 

,Ciass of Play 

Current 
Reeommcndcd 

Pré!cticc
Footcanc!lcs 
(Oekall•x) 
M~int~inr.d 

in Se.rvice 
luminaire 
Mounting 

Professional 100 (110) · Mount above 

-A-m-.-
1
-
0

-u-r ------~-~;;··--·1 top screen. 

t--------138 FT ---------1 
4 ~T.:¡ 33FT •+----7V r ,. - f~::¡ rr-t~~ f-4 FT 

z 

--;,~~ ~-

!fu')) 
-

T ---.. r *~ 
-4---""l:-~ 

l (@ 
-..-:-· 

<:8 FT61N. 

.1_ . -. ! 7FT6 1 15F, SPLI..I.Ié; ¡ 
r. ~ I_N . .-'...._~Pt.CI~C NOT TC f'>:::f.:':'J·.., 

.:>-ACIMi 1 L~TIIo'ESMOUN11'-;!;,<:::<.""!I 1 

.TIIS-IIOG IINI TO H..o.c• I}NI •••::.-o-lfC>'; \l,_f lO HOC liHI 

Figure 24. Rccommcnded l(:_·.';r:.-:,:: :,,yvut jor curling. 
Lamp si;;e ant! [;aninaire qt:.t;:.:.::i;·.~ fvr cach class of 
play are dcpcndcnt upon th•: !Jf"''·',.lic room characteris
tics and luminahcs used. 

~l·tt': 6 In = 1::;.2 cm; 1 fl =: l: :•.: ';" ft ti In = 2.3 m; 
l~ ft ;::: 3.7 m; 14ft ;:;; 4..3 r:1: E 7; :.:..: I.G m; 21 (t;::: 6.4 
m; .25 ft :::: !:Ui m; 33 n :::: 10.1 :n. 

Class 

I~S Current 
Rccommended 

Practicc
F"ootcantllt-::; 
(Dekalux) 

Maintaincd 
1~ Service 

1 

Te es Rink 1 
1 --------¡ 

Mini
mum 

Mount-
ing 

Hcight 
L¡:;,,:r:,,ires in Fcet 
~·;~yircd (Meters) 

Oire:..:t or 12 (J.7r Tournament 20 (2?.) 10 (11) ! 
(Double ::=:el••i-O!rect 
Sheet) : \'/id~ Spreod 

--------'------'----'-¡ _ ~i:;:ributio!2_:l ___ _ 
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(13.4 ~~1 
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(le.~Ml 
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" -1 

J 
(6.1 M) 

30FT 

~r 
Figure 23. Recommcnded lighting layout/or badminton. 
Lamp si;e and Juminaire quantities for each cl~u of 
play are dependrnt u pon the specific room ~haracleri.JticJ 
and luminaircs used. 

~ote: 20 ft = 6.1 m: 30 ft = 9.1 m; H !t ;;;;: 13.4 m; 
60 ft :::: 15.l m. 

Class 

Tournament 

Club 

Recreational 

1 
1 

lES Current 
Recommended 

Practice-
footcandles 
(Dekalux) 

Maintained 

¡ __ in Service 

1 30 (32) 
1 

1 20 (22) 
1 

1 

10 (11) 

Luminaires 

Semi-direct 
carefully 
shielded. 

• May use any lamps incJuding fluorescent. 

8. Lightiug for Outdoor Sports 

8.1 Rcprescntativc La:yout,s. lllumination levels 
obtained with the illu.strath·e layouts preserited in this 
report equal or surpass the currcnt footcandle (lux) 
values recommcnded for the class of play under con· 
sideration. The recommended yaJues are intended to 
be mínimum vnlues. In any installation, the illumi
nation obtained is subject to unpredictable v<~.riations 
in installation, aiming, luminaircs, ·lamps, ·voltage at 
the lamps, · and atmospheric transmission. Sorne 
typical instalhltions for se,·eral outdoor sports arcas 
are .shown in Figs. 27-33. 

8.2 Recommcndcd Ln~·outs for Outdoor Sports. 
(a) In thc following discussiOn, where varlous 
"cl::tsscs" ~f sports are indicáted, the classifications 
fullow leaguc ratings whcre they exist. ln general, 
these ratings arc'inJicative of the skill and spced of 
play to be expected, and corrclate closely with thc 
rclati\'e, numbcr of spcctators regularly accommo· · 
dJlcd. Thi:~ )alter factor determines the maximum 
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WET NICHE MOUNTING DRY NICHi MOUNTING 

I.Dcatlon ol 
Pool 

Outdoors 

lndoors 

np Lumens 

3750 to 8000 
9900 to 33,000 

UNDERWATER* 

Lamp Lumens Per Square Foot 
(Square Meter) ol Pool Suñace 

(wldth X tongth) 

60 (650) 

100 (llOO) 

Dimensions 

A Maxl- B Maxi .. l 
mum mum ! 

In Feet In reet 1 E In lnches 1 

(Meters) (Meters) :(centimeters) below 
where D where D 1 water line 
ls ove·r ls under / 
Sleet Sleet 1 
(1.5 . (1.5 Mini· Maxi-

meters) meters) mum mum 
1 

8 (2.4) 10 (3.1) 1 12 (31) 15 (38) 
12 (3.7) ¡ 15 (4.6) 1 18 (46) 24 (61) 

• e dimension is equal to the swimming lane width to 
minimize glare and accidental damage. 

Above lighting uses especially designed floodlights 
not cave red by lES Classification or Type. Two. systems 
are used-wet niche and dry niche. The former uses 
submerslble units, while in the latter the casings or 
niche_linings are cast in the pool walls with the floÓd
lights behind them. Use minimum number of floodlights 
that will satisfy distribution and lumens per square .foot 
(square·meter). At the ends of the pool, the C dimension 
can be doubled or units eliminated especially at the shal· 
l_ow end or for-narrow pools. 

Cluo o! Piar 

1lblt1on 

-Recreetlonal. 

OVERHEAD' 

Curient 
Recommended 

Practice
Footcandles 

(Dekalux) 
Malntalned 
In Sarvice 

50 (54) 

30 (32) 

Minimum 
Luminaire 
Mounting 

Height In Feet 
(Motera) 

20(6.1) 

• A method should be provided for easy maintenance 
of lights especially over pool. 
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Figure :?S. Lighting recommenda:ion.s for su·imming 
pools. Locate lighting equipment or lije guardi posi· 
tions so as to minimi:e 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 iayouts considered to be good practice. There 
follows conunents pértinent to a few of the more 
popular sports .. 

8.2.1 Baseball. (a) Baseball presents a severe, 
though Itot prolonged, seeing task. The hall is small. 
~oves rapidly, and is viewed at varying distances 

,against variable background brightneS'. The neces· 
:aity for c:oncentration is intermittent. The large 
;number of po.,ibie• observer loeation• and the move· 
·ment of the players also introduce difliculties, See 
layout shown on page 36. 

(b) In providing adequate and uniform illumina
tion for bo;eball, it is standard practico lo consider 
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Figr..ae 26. lndirect lighring in an infiatable .structure. 

the infield ·as includi.ng a 30-loot (9.lcmeter) strip· 
outside all haselines and lo consider the outfield as 
induding a 30-loot strip outside each loul line. 

(e) The floodlights shouid he aimed so that the 
heam overlaj> will proYidc lighting from t":o d.ireC

. . tions at almost every outfield point and from four 
· diredions over most ol the infield. 

8.2.2 Junior League Ba.iéba/1. This cla.,ihcaiJon o! 
haseball includes •uch leagues as Pony, Colt, Khoury, 
Littlc, Teen-Age, etc. In general, the standard has ... 
hall principies apply here also. However, an auxiliary 
strip outside the baselines and foul lines ·equa] to 
one-third the length ol the baseline is recommended 
in each instance lo be Íighted lo the same leve) of 
illumination as the adjacent_-playing area. See layouta 
on pages 35, 36. 

8.2.3 Combination SporiJ Field. (a) The combina· 
tion Jayout is never as satisfactory as two individua! 
·Jighting syStems. Nevertheless, athletic fields are laid 
out for daytime season_able playing of se\·eral sports, 
usuallr for a two or ~ree game combination of 
basehall, solthall, and lootball. Lighting such a 
comhination field for night play requires special 
attention, since the _lighting requirements Íór each 
indi.-idual sport must be considered in d~,·eloping 
the finallighting .plan. The final design ":ill be lar ge
l y affected by the relati\'e location ol the severa) 
fields~ and the limiting restrictions which each spe· 
cific arrangement may imp.2:e. 

1 
Floodlights '-------,--_¡ 

Mounting No. Per Pole 1 

1 

Effl· 
1 

Heighl _ 1 Beam clency Total 
! In Feet Total 1 1 1 ! (De- (Per Load 

· No. ofPoles 1 (Meters) No. A B C Type ! Class ; grees) ~ Cent) , (KW) 
_________________ ¡_ __ --------------·---~---

10 1 
1· . 95 (29) 

12 

i2 
240 

5 8 10 

40 3 14. 

·lamps: 1500-watt PS;52 clear, general serv.ice, operated at_lO per cent over rated.voltage_. 

J 1 
1 
1 

" 1 

.1 
: .. 1 

1 
~-
1 

1 
"''--! / 

1 , . .y· 
1 1 

-!~--~~. ""' 
. . ' 

' 1 
1 
1' 
1 

•• 

•;. 

. 

GP 

1 

' 1 

i 
1· 

76 

32 

.58 
418 

49 

·: ~ 

~ .... r 

~ ........ '- ··--"·-'-··---~-------....... .....___.._. 
·Fisuré 27. r,·pical 845eball/nslallation....:.ctas$ C. Footcondi« ¡lu:x) Mairotained in Serdce-lnfield, 44 (47.3 
dekalux); Outfteld, 23 (24.7 dekalu.x). 
Nole:. 30 fl ::::: 9.1 ni: '15 ft = 22:9 m: 80 ft = 24.4 ·m: 180 ft ::;;: 54.9 m; 340ft= 103.6 m: t_OO fl = 121.9 m. 
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Al MEO AT 600FT. 

z y 
AIMEO AT ~00 FT. 

Fi&ure 28. rypical Golf Driring Range. Footcandles (lux) Maintained in 
yards 5 Yertical (53.8/Úx). 

Sen:ice-T tel, 10 (10.8 dekalux); at 200. 

Note: n ft = 7.6 m: 30 ft = 9.1 m: 50ft = lS.::! m; 60 tt = 18.3 m; 100 yds = 11.• m. 

Floodlights 

. Mounting i 
Helghl ' Beam 
In Feet ! Total No. Per Spread Efficiency 

1 

' No. ol Poles (Meters) 
1 

No. Po le Type Class (Degrees) (Per Cenl) 
-------------

1 
X·2 1 5 GP 78 58 

2 .. 30 (9.1) Y-4 2 3 GP 34 49 
----

Z-6 3 1 GP 11 30 

·· . .; LampS: X and Y-1500-watt, PS-52, clear, general service; ?-1000-watt G-40 clear floodlight service lamp. Operated at rated 
voltage. 

No. of 
Poles· 

floodlights 

Mount· ¡ 1 
lng Bum 1 Effi-

Helght . No. Spre•d clency 
ln.feet Total Per 1 1 (De- 1 (Per 

(Meters) No. Pole Type ! Clus : greu)"j Cent) 

--,-l-,-,-(6-.1-) ¡-· -8 -¡--. -¡--, -¡-;;;-¡-,-. -~-.-5-
7 

oo-
LOW 

'TRAP 

Lamps: 1500-watt, PS-52, clear, general service, operated at rated 
voltage. 

Fisur~ 29; Typical Skeet lnstallation. Footcandlts (lux) 
A-laintained in Sert"ice-Target (vertical !urjace at 60 
/ett or 18.3 meterJ), 30 ( 32.3 deka/ux); Firin& Point, 
JO ( 10.8 dekalux) • . 

t:ote: 10 tt = 1.1 m: 100-ft= 10.& a. 

-! 
J/ ---- :-~···-·-··--~···-

29 

.. 

1 

l 
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L 
Floodlights 

Mount- 1 1 1 
ing 1 1 Effi-

Height 1 No. perl j . 1 ciency 
No. of . in Feet ¡ Total ) Mes- ¡ Distri-¡1 (Per 
Poles ¡(Meter.;)~ No. • senger Type lbution. Cent) 

_:.:_1::_1:.:__130 (9.1) ~-3-6 -~·--6-¡ industrial Wide -78-
High Bay 

o 3~ FOOT POLE. 
• LUMINAIRE 

--- Xote: 10 ft = 3.1 m: ~O rt = 
lamps: 1500-watt. PS-52, clear general service operated at rated 78 ft ~ 23 ·8 m; 122 !t = 3i.2 m. 
voltag·e. 

6.1 m; 36 ft = 11.0 m; 

----~--..----,--.....,.._._ ... ~. __,.,.,...,.. .. .,.,.,._, .....,........,_, ~l. r-~- ------·-.~-..,.--. . --~~,.~~--~-¡ .. -. --:. . . -

1 • 
' : . 1 ¡ ' -. ,. ' 

Figure 31. /_1¡Jica/ Tcnnis lnstallation-Pole Mountcd Flood· 
ligh~s. Fol>tCilndles (/ux) Maintained in Service-10 (10.8 
dckalux). 

Floodlis¡hts 

M~:gnt- 1 1 Bearn 1 Effl· 
He1ght No. Spread c1oncy 

No. of in Feet 1 Total 1 Per 1 (De- (Per 
PaJes (Melt!rs): No. 1 Pole Type Clan , grees) Cen1) --11- ~~~-,-,- ~,--,-,c;-¡--78- -,-,-

f
•, ,• 
---' -
·~ 

:--.... ' '-. . .. :·,..•..J 
.. ";. ;':':'.\~: .. ···-···~·~.-:7~--~--~:~. ~" ~ ·' l 

.. . .. : 
........ _ ·--. . -.. 1 

i 
J 

_ _,..:..--~~.:...--.-.:~.·:--~~-·_j 

r -~ !,__~ ~~ 
1 

~~ '1 ~r-
120fT 60FT 

[,___'--'---""--' J 
1-'- f-'-

" 
1-'- ¡'l f-'--

Lamps: 1500-watt, PS-52 clear, -general service, operated at rated Note: 36 ft = ll.O m; 60ft = 18.3-m; 78 rt = 23.8 m; 
voltage 120 !t = 36.6 m. 
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k 1 __ Pi . f..P4 1 *G 1. 1 L J ?'- ) 

1 
1 

- --....---·-·-------,- ·-··. 

-.:. .... 

Tz.FT e· 
¡--------¡--toJo n 

:"'r:>te; 5 ft = 1.5 m; 25 ft = i.fi m; 7Z (t ;:::; 
!la ft ;:: 2a.~1 m: 110 rt = 33.5 m: HO rt 
lfl(l ft = 4S.S m: li'O ft = 51.8 m; 190 !t = 
-110ft= 125.0 m; 1070 ft = 326.S m. 

22.0 m; 
42.7 m: 
57.9 m; 

1 Mount-
Be a m Effi· ing 

Floods Sprcad cien e)' Height 
Po le Per (De- (Per in Feet 
No. Po/e Class Type grces) Cent) (Mctcrs) 
---------------· 
l. 5 16 GP 3 32 49 80 (24.4) 

8 GP 5 76 58 
--------
2.4 24 GP 2 26 44 80 (24.4) 
-------

3 32 GP 2 26 44 80 (24.4) 
----¡------

:_-nt_2_ o 6 136 72 20 (24.4) 

To~~! j 272 Total load 473-KW 

' --
. NO'f ES: (1) 1111 lamps are 1500-watt PS-52, clear, general 
scrvi~e la m¡.._ operated at 10 per cent over rated voJtage. 
(2) Calcufated average illumination leve/, footcandles 
(dekalu~) maintained in service-20 (22). 
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(b) The tec should he lighted so that neither a 
right- nor left-hand player shadO\\; his hall.. High 
\'ertical values of illumination down thC fairway 
s.hould be provided to permit the player to follow 
thc small sphere for the fulllength of that area while 
it is tra\'eling at a specd oí lOO miles (160 kilo
mcters) per hour or more and to locate it after it 
has come to rest. 

(e) Ea eh green should be lighted from at least 
two dircctions to minimizc· harsh shadows. Care 
should be taken in the selection and aiming of the 
floodljghts so that glare from the W1its does not 
h::mdicap either the player or those on adjacent fair
ways. 

(d) See pages 29, 41-2, 45 for recomrnended 
lighting layouts for Ices, fairway, greens, driving 
r01nges: practice putting grecns, and minature golf. 

(e) Spccial consideration must be given areas· 
not co\'crcd by the general lighting systern. Sorne 
will present physical hazards or require special ac
cent. Examplcs: sand traps, water hazards, bridges, 
stcep, grades, roughs, arcas ndjaccnt to greens, path
ways, etc. 

8.2.6 So/tba/1. Li¡;hting for softhall follows the same 
general principies as for bascball. Fields may vary 
in outf1eld distance from 160 (48.9 meters) to 280 
fcet (85.3 mcters). Dimensions for _slow-pitch soft· 
hall are essentially the sarne as standard softball. See 
layout and footnotes relative to slow-pitch softball 
on pnges 52, 53. . 

8.2.7 Tennis: Tennis is a fast, aerial sport, confined 
to a smaller arca than are baseball, foothall, and 
suftball. Consequcntly, less equipmCnt is required to 
provide the rccornrncnded illumination. In order to 
maintain the recommended quality, however, particu- · 
lar care should be employed in designing for play 
Lchind the b. 'Selines. See 1ayouts on pages 25, 30, 
5<!. 
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·Figure 34. Typical Volleyball Insta/la-· 
tion. Footcandles (lu:c) Maintained in 
Sen·ice-10 (10.8 dekalux). · 
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Floodlighls 

:_· 
Mounting Beam [ffi· 

Heighl No. Spread cien e y 
No. ol In Feet Total. Per (De· (Per 
Po les (Melers) No •. Po le Type Class grees) Cenl) 

2. 30 (9.1) 4 
1 

2 
1 

5 GP 78 58 

Note: ·.co ft = 12.2 m;_ 5 ft = 1.5 m: 
so ft = U.f m. lamps: 1500-watt, PS-52, clear, general.service, operated at rated voltage. 
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l. lES Lighting [l.~t.'l. Sheet (21-~·1>. "Lightina: a Trampollne 
Court." Vol. 57, J:>n1:,\ry 1962,' p. 28. 

T. Traek and Fi.--1·1 
l. lES Llghtln:.: ;·.,,;n Sheet (20-23), "Lishtlna-. for Track.'' 
Vol. 56, Septemt-. :t161, p, 536. 

U. Related 
l. Commlttee e•:-: ·.· • .'tlng Procedurcs, ''lES Gulde 1or Photo
mctrlc Measurc·n-ol ~ of Mercury Lnmps," VoL 54, Aurust 
1959, p, ~5. 
2. Hcrric-k. P. R. _:·r.d Wenner, R. E .. ''Measurlng- F-Lamp 
Charnctcrlstlcs !..:-.r ti.e Outdoor Em·lronment.'' VoL 54, No
\'ember 1959, P. &!l. 
3. K€'Ck, M. E., "E'Nilnntlon or Methods 1or Loca.llzed Cool· 
lng ot F1uoresccnt Lnn:ps In Outdoor Lumlnaires." Vol 55, 
Fcbruary 1960, p, lO'J. . 
4. Husby; D. E. and Al'lde-r~on. M. R., "Li¡ht Transmittlns 
Plastlc EnclosurC tor Outdoor Lla:htlng,'' Vol 56, Aprll 
1961, p, 273. ~ 
S. Commlttee on Testlnl" Proce-dures, "lES Cuide for Photo-
metric, Measurcmcnts ot ReOcctor-'J'YPC Lamps,'" Vol. 57, 

_ Octnbcr 1962. p. 6SS. 
6. ]llcMlllan, W, R., "Fioodll¡htlnR CalculaUon-A DU!erent 
Approach.'' Vol. 60, Dcc:C'mber I960, p, 691. 
7. Husby D. E., "Contt·mporary Plastlcs In Outdoor Lla:ht-
ln¡:," Vol. 62. February 1967, p, 111. · 
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· .. Outdoor Sports:-Recommended Layouts 3 8 

l. Archery-Outdoor Rahge 

lES Curren! 
Recommended 

z y Practice- Floodllghts 

GOYOS 

X 

• 
. B ....___TARGETS 30FT 

i\ ~ SHOOTING 

1- _ , POSITION 
25Ft-O! 

y 0 ,A. z>8' 
z ~o~·--------~_J·~--~·~·Eo~· . X . Y A 

Note: 6 tt = 1.6 m: u fl !.' .: .; m: ·ts' ft = t.6 m; 25 tt = 7.6.m; 10ft= 9.1 m; GO y,·~.= 54.9 m. 

2. Badminton-Outdoor Courts 

ClasS 

20FT Tournament 

1 

1 

~-----"~~ 
Club 

Recreational 

footcandles 
(Dekalux) 

Malntalned Almlng 
Class ln.Servlce Point 

X 
Tournament 10 (11) 

y 
. . 

Recreational 5 (5.C) z 
locate_pole B to one.side ot single target 

lES Current Recom· 

1 

Floodlights 
mended Practice-

-F'ootcandles (Dekalux) 

1 1 
Maintained in Service Type Class 

5 GP 
30 (32) 

6 o 

5 GP 
20 (22) 

6 o 

1 
5 GP 

10 (11) 
1 6 o 

Note: 10 1t :: 1.1. m;. 15 ft = 4.6 m; 20 _ft = _6.1 m; H ft = lS.ol m. 

Type Class 

1 GP 

5 GP 

5 GP 

Mounting 
Height 
In Feet 

(Meters) 

. 20-2 
(6.1-7.56) 

3: Baseball-Ciass 1 Junior League (Baselines 60 feet (18.3.meters) or less) 

1 

1 1 
1 1 
1 1 
1 1 

w 1 1 
. 1 1 
~:v~ 

' vJ.-
\ .. , 

1 
1 

1 
1 

1 
1 

C2 
1 

/ 185FT 

zo· · ---\ __ _ 
... 

180FT 

. i" 
.z ------1 

,. 

This layout ls 'bued on the ·followin&: tot.l playin¡ uea lncludinc 1 strip 20 fed wide 16.1 
meter¡) ouhide each foul line. lnfield area--10.000 square feet 1929 squue mctersl. Out• 
field Area--24,700 squue fut 12295 squ:are merers) lapproximately). Dimension1: W = lO 
feet to 30 feet !6.1 meten to 9.1 metersl; X = 30 fret toSO teet t9.1 ll'letel'l to 15.2 
meten); y·= 5 feet to 15 fect n.s meten to 4.6 mettrsl; Z = 90 f«t to 110 ftet 

· 127.4 meten to 33.5 meten). 

1 
Mínimum 

lES Current . Mounting 
Recommended Height to 

Practice- Bottom 
Footcandles F'loodlight 

(Dekalux) Crossarm 
Maintalned in Feet 
lri'Serv.ice Floodlighls (Meters) 

lnfield loutfleld' 

. 

! e Polos 

. 
Class of A&B 
Baseball Type Class Potes 

·ctaSS 1 30 20 3, 4 or 5 ~ 40 50 
(32) (22) (12.2) (15.2) 

4, 5 or 6 O o 

Note: 20 tt :::: 6.1 m:.GO tt = 18.3 m: 185ft= 56.4. m. 
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4. Baseball-Class 11 Junior League 3!) 
(Base.lines Jonger than 60 ft. (18.3 m.) and up to 75ft. (22.9 m.) 

Thh layout it bucd on the followin1 tolll playinJ '"' includin¡ • 1trip U tttt widt 17., 
mtttnl ov-tsidr uch foul fine: lnfidd .Aru-15,625 squut fui 11450 lCIUUt meten). 0111• 
fitld Are.-.46.600 squue fui 14330 IQIIIrt mrltrsl. Dimtnsions: W = 25 fttt to 4S fHt (_· ·_: 
f7.6 mttcrs ro 13.7 mttttst; X = 35 fnt to 65 fttt (10.7 meten lo 19.1 metrnl; Y= 
10 fui to 25 fttt 13.1 lo 7.6 mrteul; Z = 110 fetl lo HS fnt ll3.5 mtttn to 44.Z 
mrtual. 

1 

1 

Mlnlmum 
lES Current Mounting 

Recommended Hel¡ht to 
Practice- Bottom 

Footcandles Floodlight 
(Dekalux) Crossarm 

Maintalned In feet 
in Service Floodl!ghts (Meters) 

Class of A&B 
Baseball lnfield Outficld Type Class Po les C Peles 

~·· Class 11 
1 

30 
1 

20 13,4or5 GP 50 60 

1 

(32) 
1 

(22) 
4, 5 or 6 Í 

(15.2) (18.3) 
01 

:\ote: lE rt 8 ln = 5.7 m; so rt 7 In = 1s:, ni: ;s rt = Z:.9 m; 125 tt = 38.1 m. 

5. Basebaii-Regulation 

1 lES Currenl Rccom-

! mended Practice-
Foolcandles 
(Oeka!u)() 
Maintained 
in Servlce 

Class oi.Bascball 
1 (Regulation) lnfield 
1 

Oulfield 

Majar Leaeue 150 100 
(160) (110) 

-------
AAA or AA 70 50 

1 

(75) (!i~) 

A and B 50 JO 
(54) (32) 

e and D 

1 

30 20 
(32) (Zl) 

Scmi.Prolessional 20 15 
and Municipal (Z2) . (16) 

¡--15 lO 
f?(:crcational (16) (11) 

1 

Floodlights 

Type 
1 

Class 

3, 4 or 5 

1 

GP 

1 3,4or5 

1 

GP 
1 

1 

3, 4 or 5 1 GP 

1 

3,4or5 GP 

1 

1 
3, 4 or 5 1 GP 

' 4, 5 or 6 01 
----

3,4or5 GP 

4, 5 or 6 01 

Minimum 
Mounting 
Hclght to 
Bollo m 

Crossarm 
In Feet 

(Meters)l 

120 
(36.6) 

llO 
(33.5) 

90 
(27 .4) 

70 
(Zl.J) 

70 
(21.3) 

70 
(21.3) 

e, 
r--~~~----~c, 

2~z~ 

i 35" 1 ,. 
1 

Tohue l~youts are b.Hl'd on the followin11 tof¡l pJ¡ylnJ 
arr.1 including a strip 30 leet wldt 19.1 metersl out· 
side uch foul line-132.500 squre fcet ()2,320 
squJrc meter1l. lnfield ArN hhadcdl-22,500 squrt 
fel'l 12090 sQuare meters), Oullitld Are~-110,000 
squMe f~tel 110,2.30 squ.:~re m~tll!rsl. Dimensions: W = 
30 feet lo 60 fcet 19.1 metcrs lo 18.3 IMtenl; X = 
40 feet to 80 lee! 112.2 rneten lo 24.4 metersl; 
Z = 130 feet lo 180. fc111 139.6 metus to 54.9 
m11tersl. 

Xote: :!O ft = 6.1 m; 30 !t = !1.1 m; 6S rt = 19.2 m; 90 rt = 27., m; 150 rt = 45.7 m. 

6. Basketbaii-Outdoor Courts 

Class 

1 

lES Current Rccommendcd 1 

e- oo can es 

1 

Practic F t di 1 

(Dek~lu 

in 
x} Maintained 
Scrvice 

Floodlights 

1 

Type 
1 

Class 

Minimum 
Mounting 

H . ht eog 
in reet 

(Meters) 

l*-t--t~*1 . 
- ~-A~· 1 

Q 42·50F: 

. •. 

---1--·--
5 or GP 

Recreational 10 (11) 
6 o 

1 

30(9.1) 

\-~'.--t l 
·j_V. _· L "J.~~-rr_l ~ ~ @' 

74 ·94FT · 
Note: 1{l ;o = 3.1 m; 42-60 tt =12.8-~· •. J 
m; H H 2~.6 m; U tt = 28.7 m. 
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-. 
-:\7~ Bathing Beach': :; 40 

lES Current Rccommended 
Floodllghts 

Practice-Footcandles 
(Dek'atux) Maintalned Almlng 

In Service Polnt Type Class 

3 (3.2) (vertical) in surf atl50 
feet (45.7) X 3 GP 

1 (1.1) on beach y 5 GP 

Note: 100ft== 80.6 m: 150 tt = U.T m; :500ft ::::::_91.4 m. Mounting Height: 60 teet (18.3 meters) above beach. 

8 .. Bowling Greehs 

lES Current 
Recommended 
Practic~ Minimum 

Footcandles Floodlights · Mounting 
(Oekalux) Heighl 

Malntained In Feet 
Class in Service 

·. 
Type Class (Meters) 

-.5 GP 
Tournament 10 (11) 

6 o 
25 (7 .6) 

5 GP '· 
Recreational 5 (5.4) 

6 o 
Note: 15· _ft =· 4.6 m;· 126 ft = 38.4 ·m. 

,j 9. Boxing-Outdocir Rings • • 

e 
-~ 
.... 

·lES Current Recom· 
1 

Floodlights 

1 
Mounting 

mended ·Practic~ · ·Heighl 
Footcandh~S (Dekalúx) · 

C~a;~ 1 

in Feet 
Cláss Maintaincd. in-Service Type (Mclers) 

Championship 500 3 or 
(540) 4 o 

Professional 200 

1 

4 or GP 
(220) 4 o 

Amateur lOO 

1 

4 or GP 
(llO) 4 o 

10. Casting-Bait 
Jo-20FT lOOFT 

A 

T y 

80FT-· ----4 60FT 
o. 

1 40FT.......¡ 0 :-y 

A. 
PIER OR APPROXIMATE ARE.l, ·.: .! AR OF 

OOCK OBSTRUCTIONS,WH::4'"t :::; 70 BE 
LIGHTEO 

·Note: %0 ft = G.l m; 40 ft = ::·:.m: 60 ft = 18.8 m: 
lO ft = 24.4 m; lOO fl = 30.5 m. 

15-20 
(4.&-ó.l) 

iES Curre11t 
Recommended 

Practice-
Footcandles 

(Oekolux) 
Malntained 
lh Service 

General on pier or 
dock-lO (11) 

On vertical surface 
alBO feet (24.4 
meters}-5 (5.4) 

20fT 

t-t-~+- 26 FT ----l--i 

.A A 
·Note: ZO ft = 6.1 m: U tt = 1.t m. 

Floodlights 

Mounting 
Letter Height" 
Desig- In Feet 
nation Type Class (Mete,..) 

GP 
X 5 or 6 o 25 (7 .6) 

y 3 GP 25 (7 .6) 

1 
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·11. Casting-Wet Fly 
f- 20>1_¡.. ____ UFT 

PIE A OA APPROXIMATE AAEA,CLEAROF' 
DOCk OSSTRUCTIONS,WHICH IS TOBE 

LIGHTED 

41 

· ~o FT 

Note: 20 tt = S.l m: 60 tt = U.2 m; 65 ft = 
19.1 m. 

12. Casting-Dry Fly 

PJE.ROR 
COCK 

o 

y 

APPROXIMATE AREA,CLEAR OF 
OBSTRUCTIONS, WHICH IS TOBE 
LIGHTEO 

50FT 

l 
::"t'te: 20 ft ::: 6~1 m: 50 ft = 15.2 m; 60 ft = 
18.3 m. 

' lES .Current Recom-. 
mended Practlce-

Footcandles (Dekalux) 
. Maintained in SerYice 

General on pier or 
dóck-10 (11) 

On vertical surface at 
50 feet (15.2 meters)-
5 (5.4) 

lES Current Recom· 
mended Practlce-

Footcandles (Dekalux) 
Maintained in Service 

General.on pier or 
dock-lO (11) 

On vertical surface at 
50 feet (15.2 meters)-
5 (5.4) 

13. Combination Baseball and Football 

lES Current 
o 1 Minimum 

Recommended Mounting 
Practice-. Height to 

"· Footcandles 8ottom 
(Dekalux) r'loodlighl 

Maintained Crossarm 
Sport (Ciass) in Service Floodlights in. Feet (Mcters) 

Po les 
Al, A2, Po les 

lnfield Outfi"eid Type Class 81, 82, cz &' 
C! & Cl 

C4 

Baseball (Semi-Pro· 20 15. 3, 4 or 5 GP 70 90 
fessional and (22) (16) (21.3) (27 .4) 

·.Municipal) 

Football 15 (16) 4, 5 or 6 01 
1 1 ·-· 

·¡ 

1 
1 

1 

' 

Floodlights 

Mountlng 
Letter Helght 
Deslg· In Feet 
nation Type Class (Metors) 

1 

GP 
X 5or6 o 25 (7.6) 

y 3 GP 25(7.6) 

Floodllghts 

' Mounting 
Letter Height 
Deslg· lnFeot 
nation Type Class (Meters) 

GP 
·X 5 or 6 o 25 (7.6) 

y 3 GP 25 (7.6) 

Note: 5 ft == 1.52 m; tO ft == U.Z m: 
90ft == 27.t.m; 100ft = 30.5 m; U5 ft = 41.1 m; 150 ft = 45.7 m; 160 ft = 
f8.8 m; 180ft= 54.9 m; aso ft =.106.1 
m; 360 ft = 109.7 m; tOO ft = 121.9 m. 

Thi1 combin1tion layout ls not 11 wthbc:tory. for elthet sport as indi~id'J • '·~cuh. Re~aimin1 .fot ea eh 'POrt wi/1 lncteue the effecti'lflltn. The l•rout' .,. 
bucd Ón lhe following:·Tot.ll pl¡yinl iru,·lncluding .a strip 30 fe-et 1?.1 ;·IJI o:.~hide e.ach foulline-132,500 squ.are fHt 02,300 ~quar• IMttrsl. Infiel.: 
Atu tb.as.cballl-22.500 ·squ.are fect 12,090 squ,Ht meten l. Outfield An. . ;~ .. 000 squue feet 00,200 squ.are meten t. Oimensions: X= 40 ftd to 10 fett 
02.2 mctetS to 24.4 métersl¡ Y ;::; 20 feel to 30 fed t6.1 meftll to ~-; •urte,.l 
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\ 14. Combination Football and Softball 

lES Current 
Recommended 

Prr~ctice-

F'ootcandles 
(Oekalux) 

Malntained 
In Service floodlights 

Sport (Ciass) lnfield Outfield Type Class 

.~· "ltball (1 ndustrial) 20 (22) 15 (16) 3,4or5 GP ---
f ootball 15 (16) 4, Sor 6 01 

42 

Mlnlmum 
Mounting 
Helght to 
Bottom 

Floodlight 
Crossarm 

In Feet 
(Meters) 

50 (15.2) 
Note: 5 tt = 1.52' m: 30 tt = 9.1 m; 60 ft = 
18.2' m: 90 ft ::::: 27.4 m: 100 ft = 30.5 m; 160 
tt :::: 48.8 m; 31i0 !t ::: 109.7 m. 

The combination ltyout is not n 5.1tishctory for -'ther aport as individual layouh. Rt-.1iminr for tJth sport will lncruse thr tffectinaen. 
Use all tl~dli¡¡:hh on all poles tKctpt poles C5 nd C6 1« &c~ftb111 1nd floodliJhls on B 111d C only for footb.1U. 
Tht layout is bnrd on lht followin¡: Tohl pl.ayi11¡ aru for softb.1ll lnd11din¡ 1 strip 20 feet 16.1 metersl ovhide t.lch foul line--15,700 aqu.ue fut (7,970 
1q11att m~ttnl. lnfítld Atta lsottba/11-10,000 sq.,,,. ft~t t9l0 sq111r~ meten!. 011tfitld Art--75,700 sq111rt fut 17,040 sqvart mttenl. Dlm111dn1: 
X ;::;; 25 ftrt lo SO fMI 17.6 mtltn to IS.2 fDtttnl Y ::;: 5 fttt to 15 fttt (1.5 mettrs to 4.6 mtttrsl. 

15. Combination 6-Man Football and Softball 

lES Current 
Recommended 

Practice-
Footcandles 

(Dekalux) 
Maintained 
In Service 

1 

Floodlights 

Sport 1 l 
:o--::-:--'-(C=:I::•::•::•,_) __ l_tnfield !Outfi~.~¡ Class 

Softball 20 15 5 GP 

1 Poles 

I M~unt~ ong 
Height 
in Fect 

Loca~ (Me

tions ! No. , ters) 

lA. e & e¡ 10 1 50 

cz. c3. C4. cs.l 
t--100 FT-f--100 FT _,......100FT -I~OFT 

(lndust,ial) (22) (16) 4 

Football (6-Man) 15 5 -G"-P=-Ie & e --8- --5-0 -
01 1 1 (15.2) 

Xotc; 5 rt ::;: l.Sl! m; 15ft ::;: Vl m; :!0 rt = 
6.1 m: :!5 rt ::;: 7.6 m; 30 ft ::;: 9.1 m: 60 tt 
::;: 18.3 m: 70 rt ::;: 21.3 m; 90 rt ::;: 27.~ m: 
100 !t ::;: 30.5 m; 240 !t ::;: 73.2 m; 300 rt = 
91.4 m. (16) 4 01 1 o (15.2) 

NOTE: "A" poles used only for softball. 

Tht comblnation layo11t is not u satisfactor1 for eithtr sport n individual layouts. Rt-aiminc for uch spcirt will incrtast lht dftclivtntu. 

16. Croquet or Roque Courts 

pe~~ 
' 

., 
' o o .. 1' 

'"' o o o o oj . DO O DO 

1 
o 

-·o o o o 
J01"- ··" • '1 ·' "'~ <>n 

STA'IOAIIO C"'OUET COVRf WOOER<I CAOOUET COORT 

Note: ao In = a.2 cm: 35 f't = 10.1 m: 65 ft = 19.8 m: 
70ft = 11.3 m: SS ft = 25.~ tn. 

lES Current i 

Recommended i 
Practice- ' 

1 
Footcandles 

1 Floodlights 1 
(Oekalu-x) 

1 1 
Maintained 

1 i Class in Service Type 
1 Class 

5 1 GP 
Tournament 10 (ll) ., 

1 6 o 
' ' 5 

1 

GP 
Recrea ti anal 5 (5.4) ., 

6 o 

Mounting 
Height 
In Feet 

(Meters) 

2D-25 
(6.1-7.6) 

39 
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;¡ 
•' o' 
;! 

;¡ 
" d 
•1 :o ,, 
¡¡ 
\0 

: 
¡ 
¡ 
1 

1 

1 
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17. Fí·')tball- Regulation 

. : 1~ l: ~/~· /Y :¡ :1 :l 
1 

1 7'sn •~
1

rT tton 

'"" ¡· :j ·j "'" 
'"1' .. ' j: "í:~~·.:,·., . . tO~rT l• trOFT e 

j A THT 1 ,'n /10 1 

''GH ¡• ¡: •¡' •j 
1 

tOOrl e IIOrT 

j "jn ~~qi!OH j 
jA A A 1 l i i i 0 -·-~;- :J : : 

l \ ~t"·~·.~ 'iL r .j -l30·f!>r lo-f!>nL 

7~HT 0111 Ovtlll U rt 011 OVtll 

Any of tht Jbo...e shl polt ptans or 1nr lnter• 
mcdiHt longitudiul sp1cings .~re considtn~d rood 
pr1ctice with local field conditions diclllinl euct 
pole locations. 

Note: Jr, ft ::-:: 4.G m: 30 tt· = D.t. m; 
75ft = 2~.9 m; S5 rt = 25.9 m; 120 ít :::; 
J6.G m; J;.o ft = 45.1 m; 180ft = 54.9 m. 

4 3 CLASSIFICATJON 
• lt ls generally conceded thal distante between the spectetors end the ptey ls the first con-

sideretion in determinin¡;: the ctess end li¡;;htin¡; reQuirements. However, the potentiel 
selltin¡: ceoecity of the st.!!nds should etso be considered . 

Cleu 

j Dlstanc~-Nearest S\dellnel 
1 to Farthest Row of 
1 Spectators in feet (Meten) Spect~tor Seatlng C•paclly 

1 over 100 (30.5) 1 Ovcr 30,000 spectators 
11 50-100 (15.2-30.5) 

1 

H\000-30,000 

•· 111 30-50 (9.1-15.2) 5,000-10,000 
IV Under 3o (9.1) 5,000 
V No fixed seating facilities ' 

' 
1 

1 

lES Curren! 
Recommended 

Practice-
Footcandles Dlsta nce-Nearest floodlights 

1 (Dekalux) ' Sidellne to 

1 

Maint11ined ' Floodtight Potes. No. of 1 
Clas.s in Servlce 1 In feet (Meten) Po les Type Clus 

1 ----
1 lOO (110) 

1 

Over 140 (42.7) 6 1 or 2 GP 
}00-140 (30.5·42.7) 6 2 or 3 GP 

----
11 so (54) 75-100 (l2.9-30.5} 

.1 

6 3 GP 
50-75 (15.2-22.9) 8 3 •• GP 

----
111 30 (32) 30-50 (9.1-15.2) 8 

1 • GP 

1 

----
15-30 (4.6-9.1) JO 5 GP 

IV 20 (22) 15-30 ('.6-9.1} JO 6 .01 
15-30 (4.6-9.1) JO ' o 

IT ----
l'i-30 (-Ui-9.1) JO GP 

V 10 {11) ' 1~·30 (4.6·9.1) 10 01 
I!i-30 (4.6-9.1) JO o 

For minimum mounting heiRht see chart, page 55. 

18. Canadian Footbali-Rugby 

I-195FT--1 
.,----

A .•¡ 
A •l-

A A A e 1 
l •• 

145FT 

1 A! ! :-¡1"40FT 

330FT• 1 
1 A A A I~SF 

.;!JOFTL! :-1-·<t--- ~r~--~-
I65F,T- •r 
IIIOF"T A•J- 240F'T 

_u ¡s2F1-~1N. 95Fj j 

J-A~AJAI A 145FT 
1--d--!:::----::l . .E [I;:..L 
3Q-75~·30FT 15-~0-75 F .. t . 

• 1 1 ~ 
7!)FTOROVER 75FTOROYER 
¡..--..j. ~ 

Any of tht ¡hove six pote pl•ns or .wny inter• 
mcdi~tc lon;:itudinal spadng'i are considcrcd good 
prJclit.e with loc•l ficld conditions dict•ting cuct 
poTe lot•ti[lns. 

CLASSiriCATION 

1t is p,cncrally conceded that dislance between the soectators and the play is the first 
considcration in determining the class anU tip.hting requiremcnts. However, lllC potentir.l 
seating capacity of the stands should also be considered. 

DiS.tance-Nearest Sidellne 
to farthest Row of 

Ciass Spectators in fcct (Meters) Spectator Seatlng Capaclty 

1 . over 100 (30.5) 

1 

Over 30,000 spectators 
11 50-100 (15.2-30.5) 10,000-30,000 

111 30-50 (9.1-15.2) 5,000-10,000 
IV Undcr 30 (9.1) 5,000 
V No fixcd sea !in& fllciiities 

lES Curren! .. 
Recommended 

Practlce-
F:ootcandles Dista nce-Nearest floodlights. 

(Dckalux) Sideline to 
Maintained floodlight Poles No. of 

Class In Service in Feet (Meters) Poles Type Cl<~n 

--------
1 100 (110) ovcr 140 (42.7) 6 1 or 2 GP 

]00-140 (30.5-42.7) 6 2 or 3· GP 
---- ----

11 50 (54) 75-100 (22.9-3D.5) 6 3 GP 
50·75 (15.2-22.9) 8 3, • GP 

,--------
111 30 (32) 30-50 (9.1-15.2) 8 3, 4, 5 GP 

]5-30 (4.6-9.1) 10 5 GP 
IV 20 (22) 15-30 (4.6-9.1) 10 5 or 6 01 

15·30 ,4.6-9,1) 10 6 o 
--------

15-30 (4.6-9.1) JO 5 GP 
V 10 (ll) 15-30 (4.6-9.1) JO 5 or 6 O! 

15-JO (4.6-9,1) 10 6 o . 

Note; 1: rt :::::: 4."6 m; 30 tt =: 9,1 m: 
75 ft _ :2.9 m: 82 !t Ei Jn = 25.1 m: 
95 tt :::::: :!9.0 m: 110 tt = 33.5 m; H5 tt 
= H.~ m: 165 !t = 60.3 m; 1!15 ft = 
r.o9.4 m; 21.0 tt = 73.2 m; no ft :::::: ~oo.6 
m; ·UO ft = 14G.t m. · . For mínimum mountin;; twight, see chart po~~ge 55. 
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·'· . -\. 19. Footbaii-6-Man 4.4 A 

7 

..,. 

• .· 

lES Curtent . . 

' ' Recommended Distan ce 
Practlce- Nearest 

Footcandles Sideline .to Floodlights 
(Dekalux) Floodlíght 

A~ ~T 
T 100FT 
80FT 

~A+ +A~ 
Maintained Poles In Fcet No. ol 80FT lOOFT 

Class In Service (Metcrs) Po les Type Class 

15-30 8 5 or 6 GP or 01 
Hlgh School or College 20 (4.6-9.1) 

(22)· 3(}-50 8 5 GP 
(9.1-15.2) 

t~ ~f 80FT 

j_A~ lOOFT 

~A_l 
15-30 8 5 or 6 GP or 01 

Jr. High Scho'ol lO (4.6-9.1) 
or Recr eation (JI) 30-50 8 5 GP 

1,5.-rl 
TO 

50FT 
(9.1-15.2) 

1 

.Either of the poi e plans at right or bny .intermediate longitudinal spacings are 
·Considered good practice with local field conditions dictating exact pole locations. :· .. 

Note: 15 ft = -4.6 m; 60 ft = 15.% m; 
80 ft = 24.4: m; 100 tt = !0.5 m: 120 
ft = 36.6 m. 

20-A. Golf-Driving Range 

_L 
r7 X 25FT y 

T y z 
50FT X y LAYOUT MAY ElE U$(0. + z 

y . WITH THE HES IN A 
50.FT X y STRAIGHT UNE OR 

-t z AN ARC. 
50FT 

y 
X 

...L. 
y 

z 
2HT..r ~l.\ 

y 

_2_. _s_F.._T_. __ :::X.:.A:;I::Mo:E!:O_:A:;T __ -_,:_A::'.::M:tE;,O_:Ae_T_¿Z AIMEDAT 

20-25 YOS. 100 '1'05. 200 YDS. 

20-B. Golf Course Greens 

OIRECTION 
OF PLAY 

. 

Floodlights · 
lES Currcnt Recommended 

Practicé-Footcandles 
~(Oekalux) Maintained Aimlng 

In Seryice Polnt Type Class 

· 10 (ll)-general on lees X 5 GP 

y 3 GP 
5 (5.4)-on vertical surface at ' 200 yards (ISO meters) z 1 GP 

Minimum mounting height: 25 feet (7.6 meters) abave tees. 

l. E.lch rrun sh•ll be li&hted from •t leut two 
directions to minimiu harsh sh.adows. 

l.. The 1ver•se m•inhined horiz~nt.1l ilh.tmiution 
ovtr the rree11 •ru slt•ll bl 5 footcuc!les 15,4 
dehh••l. 

J. Pole loc•tions should ·be confined to the <W"' 
crou-hatched :zone indic.ated in fro11t of tM 
pen .. 

4. Pole sp1cin¡ should be equ1l to or len th.a" 3 
times mo~:ntin¡ heis:ht. 

S. The muimum horizont.al illumin.ation mu;ured 
at any pl•ce on the CfHn aru sh•ll not be 
puter th•n 3 timu the minimum illumir..ation 
•usured at any other pl.l.ce on the c~een 1rea. 

6. ~,. should be t.aken in pl.1cement ot lumino~i,. 
~ poles around areen "' .,_, to neither obsrNc:t 

the .approJchinl drive nor cre.ate objection•ole 
&!are In the eyu of the .1pproo~chin1 ¡¡:olfer, , 

7. Soeci1l considet.ltion must be sinn uns aot 
co'rered by the aeneul li&htinll: systern. Some 
will present physiul hnlfd1 or .req~o~i11 s~till 
accer:t. (umplu: un~ tro~ps, w•ter huuds. 
brid¡c1, steep &r.ldts, rou¡hs, .arus .ldi.acenr to 
peens, P•lhwlyl, etc. 
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. 20-C. Golf Course Tees 
JJ r· 
'i .1 

l. Use ene pole located a minimum ot 5 ltE"t (1.52 meters) behind 
back edge of tee. Extreme/y wide tees may require more than e~: 

·ene floodlight location. ..., 

TEE 
POLE · ~ 

--0-·+=·=+--~-. _j ·¡._ · DIRECTION 
~FT MlN.. ·. Of·PLAY 
-(1.~2M} · 

20-D. Golf Course Fairways 

2. Floodlight mounting height above tee should be equal to or 
greater than one half the Width of the tree but in no caseless 
than 30 feet (9.1 meters) Good practice indica tes higher mount· 

· · ing heigh s for deep tees. · 
3, The average maintained horizontal ill~mination over the tee 

area. should be 5 footcandles (5.4 dekalu:N), 

lES Current Recommended Practice
Footcandfes (Dekalux) Maintalned 

In Service 

Plan e 
1 

Average Minimum 

Horizontal 1.0 (Ll) 0.2 (.22) 
Vertical 3.0 (3.2) l. o (1.1) 

M ax mum 
Uniformity 

Ratio 

7:1 
7:1 

. ·: Uniformity Ratio is defined as the ratio of average to minimum i/lumination at_ any point in the plane under consid_eration. 

- Speclal Notes-
l. Vertic-al plan·e·s sho~ld be considered to: . 

(a) b.tend the'fu/1 width of the fairwaY at thc point in question, 
{t•) 6.z. perpendicular to·the centerline .of the·fairway, 
(e) Extend from fairway·centerline elevation toa point 50 feet (15.2 meters) above the fai~way centerline. 

2. Vert1cal planes should be considered to be at points midway between fairway peles. .., 
3. The fir_st 'l:ertical plane should be cOnsidercd to be no less than 100 feet (30.5 meters) from the tee pele. 
4. Minimum mounting height should be 35 feet (10.7 meters) above the pele base; however, it may be necessary to adjust this 

if ,unu!>ual terrain features exist. . . 
5. ·Spacing between potes ffiust be coordinated wtih photometric characteristics of floodlight employed, terrain existing at site 

·and other lighting design criteria. 

21. Handbaii-Outdoor Courts 

t-->on- GIT f--

\L, .. ~ 
J /1.,. \ 

• • • • 
. · CLUB U.VCÚT ·. AE:CRU.TION I.A'Y'OUT 

Note:· 6 f't ::::: 1.83 m: 15 tt ::::: 4.6 m; 16 ft = 4.9 m; 
20· ft = 6.1 m; 26 ft ::::: 7.9 .m; .3~4 ft = 10.4 m. 

42 

lES Current Recom· Floodlights 
mended Practice-

Footcandlcs (Dekalux) 
1 Class Maintained in Service ·rype Class 

Club 20 (22) 5 or 6 GP 
o 

. 
Recreational 10 (11) 5 or 6 GP 

o 

Minimum mounting height: 25 feet (7.6 meters). 

. ;. 
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;:2. Hockey:-Field 
CLASSIFICATION 

• A A ~ IE'Of'; ---ooi . . r1·, ,_ ;. 

, 1' 
lt ls cenore.lly conceded th.!l ~•·e dlstt~nce between the spectators and the play ls the lirst 

lo. consldcration In dctcrmininr: ~-_,, CI!!SS end lighting requirements .. However, the potential 
~ s~atin~ capecity ol the stanCI~ ·.··,luid nlso be considerad. t OOOFT' 

'j~ < T .. 
· 150rT ¡ 1, <1 , 1' ', 

• • 7':-f: .. 
:~'f,l 

lES Current 

1 1 Recommcndcd Distance 
Practice- Nearest 

Footcandles Sideline to Floodlights 
(Dekalux) Floodllght 

t ... . ··F: 
"' 150FT .,¡ >l Malntained Pole In Feet No. of 1 lOOFT 75fT 

A j_11 A ••• .¡ .¡.; 

Class In Service (Meters) Po! es Type Class 

75-100 6 3 GP , lp 

~ 
..! ~20T030FT t 

f-' 
(22.9-30.5) 

~OT075 rr--...., 
~75 TO 10(; Fl 

.Any of lht G pole pi~M or :tn~ in~u,...:dialt lon¡;i
htdlnal IPJCi'l¡<l •rt' consider('-! ¡;.:~d ruttict wilh 
loCJI til~ld tonditions dicUiin¡ !ht uut loutiou. 

Note: 20 rt :::; 6.1 m: 30 f~ ;:; 9.1 m: 75 
ft ::= 22.!1 J11: 100 !t ;:; 3tU: m; HiO ft :=: 

High Scho"o1 or 
Co!leg:e 

20 30-75 
(11) (9.1-12.9) 

20-30 
(6.1-9.1) 

4~.7 m; lEb rt == S4.9 m. ror minimum mounting height sec ch11rt, p11ge 55. 

23. Hockey-Ou~dóor Ice Rinf¡s 

• • • • • ' • • 

Note: 20 !t = 6.1 m: :!5 rt = 1.6 m; 
60 ft = 1!..2 m: SS ft ; ::;,.!1 m; 200 tt 
= 61.0 m. 

24. Horseshoe Courts 

r-------------------, 
1 1 

.LD,EJDJ~. 
40FT 1 

1 

•nf•FTl¡ 
··-o 1' 11~· l • 1 

1 • 1 i 
1 -----j6F"T-· 
L-------------~--J 

Professional 

Amateur 

Recreational 

Peles: 8 

Class 

Tournament 

Recreational 

lES Current 
Recommended 

Practice-
Footcandlcs 

(Ockalux) 

' Maintained 
Class in Service 

Outd0or lndoor 

50 100 
(54) (110) 

20 50 
(12) (54) 

1 

JO 20 
(11) (22) 

1 
lES Current Recom· 
mended Practice- 1 

Footcandles (Oekalux) 
1 

No. of 
Maintaincd in Service Courts 

4-6 

JO (11) 
1-3 

4-6 

' ' 1 5(S.4) 

1 1-3 

Note: l ft = .91 m: 6 rt = 1.83 m: 9 n For 1-3 courts no "8" potes are required. 
= 2.74 m: 40 ft = 1::.:: m.. Potes: 4 for 4-{i court layout, 2 for 1-3 court layout. 

8 4 GP 

10 4, 5 or 6 GP or 01 

Mounting 
Floodlights Hcight 

In Fcet 
Type Class (Meters) 

5 GP 

6 j 01 

5 1 GP 

1 

40(11.2) 
6 01 

5 GP 

6 1 01 

Minimum 
Floodlights Mounting 

Height 

1 

in Feet 
Type ClasS (Meters) 

; 
5 or GP 20 (6.1) 
6 o 

5 or GP 20 (6.1) 
6 o 

5 or GP 20 (6.J) 
6 o 

5 or GP 20 (6.1) 
6 o 

43 
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•. 25.Horse Show Ring .· 

) 
lES Current 

Recommended 
PraCtico-

footcandles Floodlighls 
(Dekalur) 

· .Maintalned 

--. 

'Mii11mum 
Mounting 
. Height 
In Foet 

+ 
1+----100 FT __ __,.¡ 

(30.~M) 

in Servlce .: 
1 

Typ·e 
1 

Class · (Metors). 

JO (11) 
1 

3, 4, 5 or 6 
1 

· GP. 

· 26. Lacrosse · 

':'ro ~ 1 O 1 @ 

J .· l•L:-"'-. -C.
0

_,.A-' .• -.~~ •• -. -.-.• -.-.-~· ·_,~· 
l0-7!>f:_llo~·FT +~-~-~·f; -+-II~FT -+! 

FT ~ · ~ ~ 
' 330FT 

Any of fht 6 pole, plilns or any.intermtdiltt }ongi-. 
· hldin•l-so3cin's are c:onsidcred good praetic:e wirh 
·loul fidd coi'ldition·s. dictatin¡ the euct ·Jocations. 

No!e: 20. tt · = 6.1 m: SO 'rt' =· 9;t m: 
'15 tt =-'22.9 m;·82 rt·_-6·-lri-_ ::= 25.Z _m: 
100 ft = 30.6 m;- 110 ft = !3.5 m; 165-
ft = 5o.s: m: 200 tt = Gt:o m: 330 tt = 

30 (9.J) .L= 80FT .'-"'-+l-.--80FT =-_j 
C24.4M) (24.4M) 

CLASSIFICATION 

- rt is Sener~ny ~oncedeci that the ctistance between the sPectators and the play is the . 
firSt C_onsideration in determining the class and lighting r_equirements. However, . 
the Potential seati-ng capacity of the stands should al so be considered. 

¡ • 
IES·Current 

1 Rec:omm_ended Distánce- : 
: Practice- Nearest . 

Footcandles · Sldeline to Floodlighls 

. (Dekalux) · Floodlight 
ivlaintained POI e in- Feet No. of .. Class .. in Service (Meters) Po les Type Class 

75-JOO 6 3 GP 
(22.!)-30.5) 

.. 
Hlgh SChool-or 20 (22) 3()-)5 8 4 GP 

College (9.J-22.9) 

2()-30 JO 4, 5 or 6 GP or 01 
(6.J-9.J) 

' 
_100.6 m. For minim_um mounting height see chart, page 55. 

·. 27. Playgrounds 

Pele spacing -not to exceed 4 tiines mounting height. 
. 

A A 

'· 
Minimum 

lES Current ReCOminended Floodlighls Mounting 
Practice-:-Footcandles Height 

' (Dekalux) Malntained In Feet 
,.\' In Service Typo· Class (Meters) 

5 GP 

/ " -----'-----
5 (5.4) 20(6.J) 

6 o . 

A • . 

·H. 

------

' .. _ ¡, 

{; 

Q) ' ' 



-1 

' 1 
1 

' 

1 ' r 

: 1 

' 1 

' 
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. . .; , . ' 

~ . . 

1 

'' 
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34. A 250 Meter Bicycle Track 
50 

lES Current 
Recommended 

Practlce- Mlnlmum 
Footcandles Floodlights Mo.untlng 
(Dekalux) Height 

Malntained In Feet 
Class In Service Type Class (Meters) 

Recreational 10 (11) 6 X 4 GP 40(12.2) 
or 

Tournament 30 (32) 4, 5 or 6 GP 40(12.2) 

35. Drag Strip 

SHUT OOWN OECELERATION ACCELERATION STAGING 
-.ezon 13ZOFT 13ZOFT~ 

IZ5.0M) ~660FT.....,...6€0FT·1 (40Z.4M) 

(ZOI.ZMl 1 IZ01.ZM) 

oo{' ® ' 0 fi~I~H 1 

' START 
1 

~e 
1 

1 PITS 
RETURN 

1 

The spacing utio h 2 times the mounting height. 5pecial condder~tlon mus! 
be ¡iven to .rreu _not covend by the main tr~ck lighting system. Polu 
should be loc~hd outside of d•nru zone of strip and may be tilher on ont 

MAXIMUM BANK 
ON TURNS 

Are a 

Staging 

Acceleration 

Deceleration 

Shut Down 

o 

o 0-. o 

~BOFT--J L•FT (!>2M} MIN 
I24.4M) J • • 

190FT 
1~7.9M} 

J 

lES Current Recommended 
Prac:ticc-Footcandlcs (Dekalux) 

Maintained in Servic:c 

10 (11) 

20 (22) 

A 15 (16) 

8 10 (11) ·' 

5 (5.4) 

or both sidu. · For mini m u m moUnting height see the Chart (page 55). 

36. Racing-One Mile (1609 Meter) Horse Track (High Mounting) · 

,. r 

"'" .,. 

10n ., 
~OfT 

• e •: 
-.:lOO<:;.._ 

' .. :. ~- . 

!O ~T .,.,,. 

,..AXI"'Uo,i SPA(\N(; ~OR'c"f>Od:S S"':.Ut.O 
NOT (.o;( [E O lOV n 01': TMF~~ ;, ... ~S T'<( 

1!1,)\,JJI,TI~G ,..(;GojT 

' •¡--~;;-- !Al:..-.¡--"'-; 
1 __.; 2jo<rL 1 
1 ' 1111. '1:. ' 

NAXII.I.JM SPA(IN(; fCI'! ".1" Ao,;O oq "a" ~C~ES SHCUUl o,;QT ()(C~EO 
200~ T (61 OMJ 011 T~Rt( TI M(~ Tr'E MCUt.Tt~·~ rH:•Gri7 

Variation1 in qu¡ntity and type of floodli~hts u wrll u mounting hdghts 
mar be required undtr conditions diffl'rt~t hom those shown in the ~bcve 
layout. 5pecial consideralion shou!d be given to !he Ji~hting of finish line. 
Floodlights mJy be mounled on ¡randsl•nd roof il desi~ed. "Type" specifica
ticn and mounting hdght depcnd upon lloodlight loc.lion sclbJck "D". 

Note: 30 tt = 9.1 m; 50 ft = 15.: m: 70 t't = :1.3 m; 
200 tt = 61.0 m: 425 tt = 130.0 m; 1300 ft = 39C.J m. 

lES Current 
Rec:ommended 

Practice-
FoOtcandles Floodlights 
(Dekalux) 

Maintained 
in Service Type Class 

. 2,3or5 GP 

20 (22) 2,3or5 GP 

3 or 5 
1 

GP 

Minimum 
Mounting 

1 

Posi· 
Height tion 
In Feet Desiq· 

(Meters) 

1 

nation 

1 

See Chart A 
page 55 

1 

1 
60 (18.3) 8 

' 

1 

60 (18.3) e 

47 
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37, Racing-One Mile (1609 Meter) Horse Track (Low Mounting) 

cccccccclcccccccc 

'" M.l.lOioluY S.PACIJrt::. F"Oot•c"POl.[S. 
$"0UL0 JIOT hCEtD H fT 

+ 
f.-----'- 1300 'T ____ ., 

M~JUM'JM SPACIN.:O FC''t .. ,~ At.lO 011 "8 .. PO:..ES St10Ul0 NOT EK::EEO 
200FT _16L0M) OR Tt11'1!( y,yf.S T_HE ~0-J~llt.l~ I"I(IGI"i! 

Note: 5 ft = 1.52 ril;.·JO.ft =· 9.1 m.; a5 Ít = ·.10.7 m: 00 ft = 
·21.3 m: 120ft= 33.5 m: uo:rt = t5."l.m:. 42S tt = uo.o m:· 
1300 :!t = .396.1-m. 

lES Current ) 
Recommended 

Practice- Mlnimum 
Footcandles Posi· Floodllghts Mountlng 
(Dekalux). tlon Height 

Maintained Deslg. In FO.t 
In Service nation Type Class (Melers) 

A 2,3or5 ~-'""' page 55 
20 (22) B. 2, 3 or 5 p 

e 4,5or6 1 30 (9.1) 

Variations may be required in the type of floodlight at the 
"A" and "8" locations. as.well as the mounting height under 
con.ditions différent from those·shown in the layout..Speclpl 
consideration should be given to the lighting of the finlsh llne. 
Floodlights may be moUnted on graridstand roOt if .deslred •. 
"TYpe" specification and mounting height depend upon 
floodlight locatioh setback "O.·· 

38. Rifle and Pistol-50~yard (46.7 Meter) Outdoor Range 

I/2WIOTH 

1 
-t-' 

50 vos.-~--~-.l. 
l.___ 2~YOS . 

• o 

IF" CA"'oPY IS USEC. P~Q\oiDE LOCAl. Ll(i!"tTING 
FOR 10 F"OOTCo\NOL[S \11 OEI<ALUX) 

AAROWS I~OICATE. 8(.UI OIRECTION 

Note: 12 ft = J."l m: 25 ft = 7.6 •m: 100 ft 
25 yds = 22.9 m; 50.rds =·t5.7 m. 

lES Current Floodlighls 
Recommended 

Practice-

1 
Footcandles Posl· 

(Dekalux) tion 
Maintained Desig· 1Avera'ge 
in Service nation J Type · Class 

10 (11) at firing 
point A 5 GP 

5 (5.4) on range B 5 GP 

= 10.5 m; 

Mounting 
Height 
In Feet 

(Meters) 

25 (7 .6) 

25 (7 .6) J' STUL 
BAF"fL( 

• C 1 TARGET 

·='w . 50 (54) on target 
1 

e 
1 

4 GP on ground · 

39. Rodeo Arena 

160F"f 
148 81111. 

;;...---..-C.-----:3"0 Fr--._.; 
(IOUiM) 

~· 1 FT1 

lES Currenf 
Recommended 

Practice- Mínimum. 
_ Footcandles 

1 

Floodllght . · Mounting 

1 
(Dekalux) Height 

1 
Maintained in feet 

Class in Service Type Class · (Meters) 

Professional 50 (54) 

Amateur 30 (32) 3, 4, 5 or 6 GP 30 (9.1) 
. 

Récreational 10 (11) 

To mlnlmize glare for calf roping, a relatively clase polo spacing is recom· 
·mended. 



·, ,._· 

40~A. Shuffleboard-Outdoor Courts Using Floodlight/ · 52 

~~ n!G rrl .¡_3FT 
. 1 .1 1 . 

-~ote:. 3ft ==· .9-1 m: 6 .ft = l~s3 m; n· !t.= !:J'& 'm; 
JO tt = !1.1 m; li!_ft = 15.9 m. 

lES Cunenl 
Rec:ommended 
Practi~ 

footcandles Floodlighls 
(DekaluxJ 
Malntalned No. ol 

Class In Service Courls · Type Clan 

5 GP 
H or 

-6 o 
Tourriament - · ·10 (11) 

5 GP 
1-3 or 

6 o 

5 GP 
H or 

6 o 
Recreation81 5 (5.4·) 

5 GP 
. - 1-3 or 

1 6 o 

NOTE: For 1-3 courts no "8" poles are required 
Moúnting heiEiht: At least 20 feet (6.1 meteis) above courts 
Poles·: Four for 4~ court layout two for 1-3 court layout 

40-B~ Shuffleboard-Outdoor Courts Using indoorType Lighting Units 

1-:t)t~: a ft e= .91 m;.Ei .ft _:::: 1.83 m; 11 ft = l.3S in: 
u· tt .;-.: 1.7 m;· u tt =:. 4.6 m. 

-Ciass 

(Adapted for Outdoor Use) 

·¡ lES Current 1 

Recommehded 

1 
Practice

Footcandles / 
(Dekalux) 

Maintained 1 
In Service · Luminaire Designation . · 

----;-----~--------
1 Oirect (spread distribution) Tournament 10 (11) 

Recreational --5~(5-.4-)--~ Oirect (spread distrib~ti_on) 

Mounting Height: As shown. 

,· 
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41. Skating-Outdoor Rink an dP d on 
1 lES Current 

53 

• • • 
1"-- l / 

• RINK 

v l " • • • 

1 Recommonded F'loodlighiS 

1 

Practico-
footcandles 

1 

(Oekalux) 
Maintalned 
In Servlce Type Class ---

5 GP 
Rinks 5 (5.4) 

6 o 
5 GP 

Ponds 1 (1.1) 
6 o 

Polr Spacin1: Not to tJL:cttd 4 timn mountinc htl¡ht. for 
minimum mountin¡ hei¡:ht '" chut, pa¡1 55. 

42. Skeet Shooting 

so 

1 ~:~------ IOOFT--,-----_,:oil 
a~------~--,¡~·----~fl' Note: 10 rt = J.l m: 15 tt = 4.6 m: 18 tt = 5.& m: 86 ·ft = 

20.1 m: so ft = :t.t m; 100 !t = ao.& m; no n = U.l m; 
132 !t = 40.Z m. 

Mínimum 
lES Current Recommended F'loodlights Mounting 

Pra cticc-Footcandles Height 
(Dekalux) Maintaine.d In Feet 

7. 
in Service Type ~lass (Meters) 

~-- +:7"'--
1 

LOW 
TRAP 

rarget (vertical) at 60 feet 
(18.3 meters}-30 (32)' 

1 

2 GP 20 (6.1) 
Firing Point-5 (5.4) 

Poles: 2. 
• Normal to al/ shooting positions from trap to boundary post. 

o.___ ..---o 
.___ ..-- TARGET .___o .....__ · · ~-;:::-o__.- 0\STANCE 

--....: ~Gfr TARGET ~ f\..~ SKOOTING MARKER 
---f:i~ CROSSING ~c,y . .BOUNOARY 

--._ PO\NT __.- MARKER 

---~ :::::::t . 
__.- __.- 18 FT-- ---.._ 

-- i ---- . G:J:3>..C.::.______________ ------ _-.:::;.~·@ 

HIGK 
HOUSE 

LOW 
HOUSE 

HOUSE 66FT 80FT 100FT 120FT 132FT 

SKEET 
TRAJECTOR\ES OF TARGET<:; 

(APPROXIMATE) 

'
,-.. .. 
./ 

() 
\-.-
'· 
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44. Skiing-Practice Slopes 

lES Curfent Re~ommended Practica 

'. 
·Footcandles (Oekalux) maintained in service-1.0 (1.1) · 

· Floodlights 
OESCRIPTION: .Fioodlights marked "X"-Type 3, 4 or 

·s, class ·GP. Floodlights marked. "Y"-Type 3, 4 or 5, 
class GP. ..... · 

NUM BER: Provide Single· tio~dlight~ or· banks of 
floodlights.acCording·to area _to be lighted, based on 

54 
---- --

lES Cu,.ent 
Rccommended 

Practice- Mlnlmum 
footcandles Floodlights./ Mounting 

(Dekalux) --- Helght 
Maintalned In Feet 

Target In Service .Type Clau (Melero) 

TRAP: (Vertical 
at lOO IL (30.5 m.) 30 (32) 2· GP 20(6.1) 
fro_m tr~p house) 

. 

·---
SKEET.: (Vertical, 
at 60 tt. (18.3 m.) 

1. 

30 (32) 2 GP 2l!<6.!) 
from shooting 
position) 

! -----

Note: 150 ft = tS.7 m; 300 fl = 
tOO tt = 121.9 m. 

9l.t m; 

10 lamp lumcns per square foot (square meter) of a~ea .. 
DISTRIBUTION: Distribute floodlights lo project 
approximately 2 IJJmens in the direction of travel 
("X" arrows) and one lume.n opposing direction of 
travel ("Y'' arrows).· 

Mounting Height 

Not less than 7ío dimension "'0". 
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45. Soccer 

r-- -
L •3:50F 

h ------ ·t -i:f-1 
o .., r-- -.. 

--,f,----~----» ... 
Note: 15 !t = t.G m: 3(1 tt = 9.1 m: 75ft = 
22.~ m; 8Z.5 ft = 25.1 m; 110 !t = 33.5 m; 
16;:. tt = 50.3 m; 195 ft = S9.fi m: 330 ft = 
100.6 m. 

1 

1[5 Current 
Rec.ommended 

Practice-
footcenlfl•s 

1 (Oek~olu.) 

Maintained 
Ctau in $enlice 

Professionat 30 (32) 
and ~ollege 

High School 20 (ZZ) 

Recreational 10 (11) 

1 
Dls.tanc..-

Nearest 

1 Sldellno to tloodll;hts 
Floodllll!ht 

POiet. In Feet No. of 
(h,.ter~o) Po les Type Clas.s 

l over 140 • 1 or 2 GP 
(42.7) 

100-140 • 2 ór 3 GP 
(30.5-42.7) 

75-100 • 3 GP 
(Z2.9-30.5} 

50-75 8 3 GP 
(15.2-22.9) 

30-50 8 • GP 
(9.1-15.2) 

15-30 10 5 GP 
(4.6-9.1) 

15-30 10 5 or 6 01 
(4.6-9.1) 

15-30 10 • o 
(4.6-9.1) 

15-30 10 ' 
1 

S GP 
(4.6-9.1) 

15-30 10 
(4.6-9,1) 

5 _or 6 01 

15-30 
1 

10 • o 
(4.6-9.1) 

For m1n1mum mountmg t1e1t;ht se e chart. page 55. 

46. Softball 

•e• 

14·~. e:AC2 
/~ zo• . y· ZBOFT 

~•or~ o<• 

200( "\. "\ 

200FT 

20" 

i 
C4 

·• • • 

, .. 
, .. . .. 

___j 
& POLE LAYOUT 

8 POlE LAYOUT 

(~· 

N•.>te: 1& ft = -4.5 m; 28 tt 
280 tt = 85.3 tn. 

= 8.5 m; Hl tt = 12.2 m: 60 !t :::::: 18.3 m: 100 !t = 30.5 m; !00 !t = 61.0 m: UO ft = '13.! m{"_,·~. ' 

~~ 
The~ lnouls ,.,, b.ned on lhe followinr tot~l ~!ni"¡; nu lnduding 01 Jtrip 20 fe~t wide out•:-1e u'h foul liot: l11field Aru-10.000 squne het; 011tfield 
Aru 1200 tr:etl-29,815 lQu.ln: h:et;·Outtie!d Aru IZiO ftrll--'!5,2'10 squue lee!; Oulfirld Ar .. ~ IZSO feetJ-!.70,330 squau fut. Dimen~ions: W = ZO fut 
to 30 feet; X = 25 fetl lo SO feet; Y = 5 ftol lo 15 fect; Z = 90 fttt to 110 feet. \- . ,-

_...·· 
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r. f'ole layout 56 
These layouts. are.based on··the fol!owing tota:·pl.1\·ir.;:: ;,::·,l includinG a strip 20 feet wide (6.1 meters) outslde each foullir·1.:. 
lnHeld Area~lo.ooo square.leet (9:0 c~uare me:<, •): ·>·•'·,irl Area 200 tect (61.0 meters)-29,815 sc.:are teet (2,770 square mete• >); 
Outfield Area 240 feet (73.2 meters)--63,200 squa, t' : c·l't (J,S77 squ.:ue mctcrs); Outfi.efd.Area 280 feet (85.3 meters}--70,330 square 

. ·reet (6~540 squar_c ÍTiet.ers). Dimen:.i(Jns.: W.= 20 f1:~1 ro ~O feet (6.1 mcters to 9~1 meters); X .. 25 feet to 50 feet (7.6 meters to 15.2 
... ~eters)¡_Y-= 5 feetfor 15 feet (l.~ mP.ters to t..(.. n.':!trrs):.Z-= 90 fee:t to·llO feet (27.4 meters to 33.5 meters). 

Class 

Outfield 
In re:Ct. 

(Mctcrs) 

JI:. S Current Recom
n.:-~•f.::d Practit.e-. 

Fo:.d. ;~ndles (Dckalux) 
ft.:,•:llé.tined,fn Service 

Outfield 

-'---"------------ ·- ---- ------'----
S· Polo Layout 

-~~---~---;-~---- ----- --
1 

1 
Professional" and 

Championship 

Semi·Professional 

lndustriai -Leagu"·e · 

280 (f5.3) 
z•o p_z¡ 

280 (S5.3) 
240 (73. 2) 
200 (t! .0) 

-'-"----'-'------~-------------

30. 

1 
(3?) 

1 
- '--------~-

1 _20 
(22) . _______ , 
15 

(16) 

FloodlightS 

Type - 1 Class 

3,4or5 GP 

3, 4 or 5 GP 
4, 5 or 6 01 

3. 4 or 5 GP 
4,5or6 01 

6 o 

Minlmum Mounting 
Height to Bottom 

Floodlight Cross.arm 
In Foet (Meters) 

A & B Polos 1 C & D Polos 

' . -
50 (15.2) 60 (18.3) 

40 (12.2) 55 (16.8) 
40 (12.2) 50 (15.2) 

35 (10.7) . 50 (15.2) 
. 35 (10.7) 45 (13.7) 
35 (10. 7) 40(12.2) 

6-Pole layout 
-~~~~---.---.----

Recreational 200 (6l. O) 

.)Jies:.6 for recreational; 8 fo"r otlt':.': ciasses 

lD 
(ll) 

7 
(7 .5) 

5 
4, 5 or 6 

6 

GP 
01 
o 

35 (10. 7) 40 (12.2) 

-NOTE: Supplementary cerner poi·::, may be inst;.,~i_o;;(J to carry overhe¡:,d wire around beundary rather than across playins area 
Slow·pitch ·softball, Tournamcnt CI;J~S to be same as lndu:::trial Lengue·abovc 
Slow·pitch softball récre:ational Clos~ to be.sam'.: :;sHí.!creationaJ abov~ 

47. Swirriming-Outdoor Pools Overhead Lighting 

A 

y 

A 

., 
1 

~· 

POOL 

. 

• 
l ' X 

1 

y 
¡A 

DIMENSIONS. 

X~ 20FT (6.1M) OR MORE 
. Y~NOT TOEXCEED 4 TIMES 

MOUNTING HEIGHT 

(For Underwater Lighting See Fig. 25 in Text) 

lES Current 
1 Recommended 

Practice- Minimum 
footcandies Floodlights Mounting 

(Dokalux) Hoight 
Maintained In Feet 
in Service Type Class (Motors) _ 

10 (11) 
1 

5,6 GP 
1 

20 (6.1) 

The pele locations outline· the area te be lighted. PaJe 
spacing not to exceed 4 times mounting heigryt. 
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48. Tennis 

riZF'T*~ 
t-"IZFT* 

-- 1-;-

-'-- 1-'--

1T 
1 120FT 

ri2F'T*....¡ 
1 

¡--tzn* 

~ t:======~IO~B~F~T~-~~~~~~jl ~~--~-----,-0-B_F_T-.-__ -.-.. ---~~I 
RECREATIONAL CLUB OR TOURNAMENT 

TENNIS- TWO COURTS 
PO LES 

57 
--¡ 

1 
74FT 

1 
_1 

~ote: 12 ft = 3.7 m: 60 fl = 18.3 m; H !t :::: %2.6 m; lOS tt = 32.9 m; 
120 rt ;:::; 36.6 m. 

lES Current Recommended 
Practice-Footcandles Uniformity Ratio 
(Oekalux) Maintained Maximum & 

Class in SerY.ice Minimum 

Tournament 31 (32) 2:1 

Club 2) (22) 2:1 

Recreational 10 (11) 3:1 

Minimum Mounting Height in Feet (Meters) = 30 (9.1) 
Al! floodlights to be lES Types 5 or 6 
e...!....Recommended polc locations 
• These clearances are to be considered minimum; greater distances are 
desirable when space permits 

49. Trap Shooting 

1 

lES Currcnt Rccommcndcd Floodlights 1 Mountin9 
Pr actice-F ootcand les Height 
(Dckalux) Maintaincd in Fcct 

in Servicc Type Class (Mctcrs) 

Target (vertical at 100 feet 
(30.5m) from trap}-30 (32) 

2 GP 20 (6.1) 

12FT* IZfT* 

l -- l 
-'--- }'•zorr 1-- J' 
~' ~~-, ' 
r--60FT_..., --60FT-... 

RECREATIONAL CLUB OR TOURNAMENT 

TENNIS- ONE COURT 
).... POU.S 

12FT *• ¡- ~ !-12FT* 1 

-. 
-

-
' 
' r- • L 

·~ "" • 
1 · (FLOOD 1 H "-

X 

l G TS PO LES 

TENNIS -ONE OR MORE COURTS #.1\· 
MESSENGEA CABLE MOUNTING . 'fl,}·· 

Flood!ight~ su~pentled on m~senger uble u indiuted 
hete may u~e any lamp~ including fluorucent. 

o 

1 ·r 
400'1'05 
0ANGER 

ZONE 

¡·. 
'r 

Firing point-5 (5.4) 
1 

LCt.C CO'.'EA~G( 0F UNlTS 
LOCt.TEO Al A E 

Poles: 2. 

Note: 21,6 tt = .76 m; 9ft = 2.H m: 20 tt-= 6.1 m; 30 tt = 
9.1 m; 40 ft = 1:l.2 m; 60 tt = 18.3 m; SO ft = .4 m; 
91 ft = %7.7 m: 100 tt = 30.5 m: 120 tt = 36.6 m; 150 tt 
= .f,5,7 m; 11 yds = 14.6 m; Z7 Yds = 24.7 m; 50 yds = 46.7 
m; :Jnu ~·oh;= 274m; 366 yd1 =334m, 
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TRAP 
TRAjECTORY OF TARGET 

(APPROli!MAT[l 

A, 
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50. Volleybaii-Outdoor Courts 
·:"_, r· 

L----'-----~5 FT~~ 10FT 

·.A~. 
N1,te: ti rt :. l.ti2 m; 10 fl = 3.1 m; 40-t"t = 
1:~.::! n•; 8(1 !t · = 24:.C· m. 

58. 

ciáss 

TOur nament 

· Recr eational 

Poi es: 4. 

. . .,: •\ .. 

' 
IES·Curror.! · 

Recommended 
Practicc-

Footcandles 
(Dekalux) 

Malntalned 

1 
in Servlce · 

20 (22) 
: . ' 

1 

10 (11) 
' 

.. 

MOUNTING HEIGHT CHART 

MOUNTING HEIGHT 

... 
w 
w 
~ 

z 
< w ... 
.< 
~ 

o 
w 

" o 
w 
:¡; 
o 
" ~ 
w· 
u z 
~ 
V) 

y /¡ y y 
o 

1 ' 
1 

1 

Type 

5 or 6 

¡sor 6 

I/ V ' / :Y 20
.
0o 40 80 120 160 200 240 280 320 360 400 440 480 

TOTAL WIDTH OF AREA IN FEET 

NOTE' 1 METER= 3.2808 FEET . . ~ ' :-

- !---.- ----. 
•. 

Mounting 
Holght 
In Feet 

Class" (Meters) 

GP 30(9.1) 
o 

GP'- 30 (9.1) 
·o 
. 

•20 FEET MINIMUM FOR GROUND AREA SPORTS •. 30 FEf:T MINIMUM FOR AERIAL SPORTS 

Mountir'lg height chart for all -sports ·areas...:_minimum height' to bottom floodlight ·erossafm. Read mounting height along 
dia¡onal atlntersectiorÍ o(appropriaie horizontal and verticallines. For example, where Area Width m 160 feet (48.8 meters) 
and Poi_ e Setback = 50 teet (15.2 meters), minimum height of ·160 feet (48.8 meters) is indicated by di.agonal at intersection of 
50 feet (15.Z.meters)· and 160 feet (48.8 meters). 
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CI'IIGINAL (OtODlTION 

Ct,.[ANEC' 

N('llll FL.OODLIGHT 

CL[ANED 

P[R C[ ... l OF llfiTIAL 

lb{ Alrllll LUME PI! S 61 

Figure 8-1: Nei:essity for adequate cleaning and re
la,ping program is v;vidly illustrated by these test 
results ot two tloodlights. removed from a majar 
le ague baseball stadium ,after two seasons of opera
tions: 

B-3 l~ig:ht Loss Factors ·.fol· lndoor. D(·Si(!ll Cul
,.u lat iun.s. _ F or interior li.:;hling c;.dcula tions the. li¿!hl 
lü~~ factor usrd ,~·ill tlepend u pon· the dt·sig.n_ Óf the 
5'pt>cif•c luminaire ch'os-t:"n. For ~u¡:!ge,;tcd light _loss 
factor:; fur ty,~Jical luminaires refer lo :\ppendix D. 

il--l FreftUCIH"~· of Clt'aniia;,::. '(a) Since anumu. 
latión uf foreir.n matlt;r upon a luminain~ dep~~nds 

Up(Jn the local atmOsphcric t·ondiiion::.. it fnll<i\\·_~ that 
the freqücney of ·clc;inin~ thc equipméut niust ·he 

Jt'Lennincd on the ba:-i:- o( the existin,:.: almu!-Jiheric 
conditions nnd the iyi>e of lighting sy~h'm _c-mplo~·cd. 
lt is. rccommended lhat floodligltl lumin:tircs or. in
du5trial type lmTiin;ircs -u~cd out.of-duor~- he thor· · 
oughly elcancd as follows: 

. t_l-"1 :\.1 the heginning of each_season. 
(:2_1 _\Vl!eneYer a Iañ1p is replaced. 
t31 In extremely smoky ilreas at lenst once and 

preferably h\'O lo thrcc tinw~ during the scason. 

(h) For interior lightin~ systems a suitahlc elean· 

ing sdtc'dulc should be _t:5labli5hed b~· a perimlic 
check of thc illuniination with a lirht meter. \Vhen 

.the illuminalion has decrc:l!'-ed lo 75 per cenl of its 
initial ,·alue, the equipment slwuld be wag..Ju:d. A 
thorough washing of interior lightin~ equipmcnt al 
lcasl twice a year is justiftcd in mosl locations. In 
clirti~r nTCas,· ihree_ or four cle:mings pcr y~:tr are 
n~etled · to achic\'e 'the lowcst cMt operatiou in terms 
uf fúotcandle-hours (lux-hoursJ per dollar. 

(c.) The frcqucncy of dt!aning: the surr~~unrls such 

as w_all~ az_1d ccilings is detcr_mii1cd lo a largc cxtent 

58 

by th~ amount and character of dirl contained in the 

atmosphere. Rr::rular ins.pection and adtquate -clean
ing: art recommended to maintain the relath·e effi
cie-ncy and hrightness ratios between luminaires and. 
surrounds. 

B-5 Lamp RPJ>Iart•ment. (a) Replacement ol 
lump; "hirh are Ladly Lla"kened or .considerably de
preciated in lurñen -out pul is importanl in m&intain· 
ing the illunlination le\·el for which an ínstallation is 
designed. 

(h) To rninimize lamp Jabor replacemenl cost.s 
and outa~es. duri.ng the playing season~ a group re
placeinent plan· is · recommended. Group replacenlent 

of all lamps in an installation can be combined- ef
fecth·ely _with annualluriJinaire inspection a-~d clean
in~. _llc:cau!'e t?ach of the_ thret": lit:.ht source:;, · incarÍ
descent, fluon~srent nfld rnerrury~ has· a different rate 
of failure orer its respecti,·e life,' the time for group 
replarement ·may be diff.erent in each case. 

( r) The. lamp; remo,·ed ;hould be \"f;ually in
spected and the hetter ones saved for replacement at 
burnoul:' prior_ lo th~ nrxt group replacement. There 
are, of cours·e: many variables, clepending on the type 
of in~tallation in ·group replacemenl, aild any partic
ulnr in~tallrition sh_ould he gone m·er thoroughly "~ith 
lightin;;: cngineers to ·determine the replacement sys
tem that \\ ill Lest suit the needs of that installalion 
from b_ó~h a 1ic;ht and economic standpoinl; 

B-6 Clcanin~ Agents. 1'\eulral soap or neutral de
ter.:;ent.5 completdy dis.soh-ed in water. or mild clean

inr af!ents- will f!Cilerall~ clean lighting cquipment 
.5nli~factorily. Spcr:ial deaners are a\·ailah!c for c.x

trernely dirty CfJUipment. 

H-7 Phy:"oil"al lnspedion. En·ry time a luminaire 
is deant·d or relamped, it should also be inspectcd , 
for mechanical defects. Prompt correction of any de
ft'cls will sene to vrolong thí' life of the equipmenl 
¡uid minimize frequency of cleaning. Service men 
shoulcl he instrut·~ecl lo exercise reasonahle care in 

. handling lir;htini eqllipmenl. e~pecially in not .forc
in2- the coYer-glass doors or glubCs shut when incor-

rt!ctly alignell. 

Appetulix e-· Out<lonr Hlumination 
Calculations 

C-1 lntro<lnction. (a) Thc method óf calculating 
the lo~tcandle (lux) )e,·el which can he expected 
from any gin~n uumher anil arraugement_ o{ floocl
lights, or of- cakulatiug lhe number of Ooodlights re

quired lo pfoduct>. a given lcveL is more compliculf:! 

than lhe ir · .:-riCJr li~hling calculation. This is lrll': 

) 

( 



~ 
1 

' 1 

llt·caw~:e there are many vnriahle factors such os the 6 2 
distam_.e from the playing aren to the floodlights, llu• 
mouuting height, and the aiming of the floodlights. 

(h) Sorne approximale methods of calculation 
hnYe Leen denloped and are a\·ailable from the man
u!acturers of lighting equipmenl. The most accurale 

method of calculating the foolcandles (Iux) pro
duced by a floodlight installation is reproduced in 
Fi;;. C-1. This method involves the use of light di~, 
lributiún c:un·es of the isocandda type on which the 
arca tu he lightcd is plotted around the beam axis. 

(e) For calculation purposes, clepending upon the 
accuracy rc4uired, one or more rcpresentative flood
ligl•t Lcam patlcrns should Le <":hosen for each pole 

locaticJn where varying util~zations may result. 

((1) The mcthod of computalion consists of plot

tin::; th_e arca lo he lighted on the photometric curve 
nnd then adding up the numher of lumens containrd 

insidc the arca. Thc number of lumens dividcd b\· 
the art'a in squnre feet (square meters) gives th.t" 

m·erage illumiuation from thc unit in footcandlc:. 
(lux}. 

C-2 Samplc Cnmputalion. (n) An example of a 
typical area lo he lit;.hted is gin:n in Fig. C- i .· The 
pr•1hlem is lo ohtain the outline uf the area :;, tcrms 
of lateral ami \·ertical degrees and transkr it t(l thc 
isot"amlela t;urn.• in Fig. C-2. 

(h) Tu J:implify thf' proLlem, the vertic-al axis of 
the floodli~ht heam .is assumed tu be nornwl to the 
sities of tht' arca, i.e .. a nrtical piune throtq:;h thc 
noodlif!ht·~ a~is is perpendicular lo the line 1\L \1 in 
Fig. C-1. The 1\1 o sides of the arca. ¡..·_l/ and RT. 
will app<:ar on the isocandda curve as strai....-ht line:' 

p;;lrallel lo tht: horizontal beam ~·xis. It ís. thereforc. 
uel"'essary lo cakulate only thc \"ertical an.~ll's A and 
A' from the pole lo the near and far side~ of the area 
~nd relate them lo the aimin;; angle P'. which is the 

zcro-zero degree poi ni on the i~ocandela curn•. in or
cler to draw the sides on the curn. The e.\lremities' 
of these lines. points /\ . .l/. R ancl 7', mu~t be found 
by· ol.ttaining the true lateral angle B in the plane 
passing through the noodli¡.dlt and the side of tht• 
field in whir:h tl1e point is locatcd. The coni•Jur of 

lhe side 1\R or .liT is fountl Ly a~~umin~ a numlwr 
of poin~s üll tlu: line and finding tb:: ('Orre~porulin;:! 

bteral and Yertical·ang.lt's. The vertical an~il's A. A' 
and P' are f(•lwtl fi-om the ntlnw;;ram in Fi2'. C-:1: 
The lateral an¡..:les 13 are found from fig. ( .. 1_ The 
exact procedure is as follo\\s: 

111 Refer to Fi;;. C-3. Lay a straig.htedf!"e across 
the chnrt .\' t.·ouncctin:; the lli:-tance .r i:~O r~,.¡ or 9.1 

meter::.) with the nluuntin;: height 11 150 fect or 1.:;.2 
meters). O u the centerline A. read the vntical :m de 
A from lhc pole lo the ray of lic;ht reachi11g the n;·ar 

Figure C-1. Typical floodlighted football field used in 
sample calculation of average horizontal footcan
dles (lux). 

Note: 30 (l =:: 9.1 m: 50ft = 15.:! m; GO !t = 18.3 m: 90 
ft = %7.4 m: 10~ fl = 3:!.0 m: lGO !t = 4.5.5 m; 1~0 !t 
;;7.!1 m;%:!:. fl = Gti.G m: 3GO ít = 109.7 m. 

•••T1 ''Q; ,,._._.,,, ~- ..... •n cn~•1•o•u u,., 
-o\. TI-'-''-- ,._. ,.¡.c;,y .!.l.!~ tu• '-V"( U "1 O•• 

...._. ''"'' •oo.•.•·o• .. ....!l.!'.:!lll. tt••v••c•t•c• t•• 
Ul( OOO~~l IC 0f• L_l... U.J>~G -tiA" .. OUD to• 
tchiCI U~!... vUt.U&•I•OIAO lO' 
~-T CIUI~ liUTM t'ft ,. U no ..... C,.__I..Oe-t• •o.ODD 

Figure C·Z. Fioodlight distrib"tion data sheet. 

side of thc f1cld \31"'1. In the sume way, u~in¡::- H.= 
50 fect (15.2 rñeter~l antl .\1 = 190 Ít.>el (5/.<YI lll<'· 

ter~ 1. the vertical angle A' to the far ·si de of liH' 

ficlt! is found to be 75.~~- Angle P' (.\";¡ = 00 feet 
or 2/A mders) i~ úl ~. 

í2) ·Refer to Fig. C-:2. Thc local ion of the area 

on thc i~ocandela curve depends on thc angle at 
which the noodli~ht is tilted. (e .. the aiming an3"lc P'. 
Since 1hc aiminq: point is the zero-zero d~gree point 
on the curve. the ne.:tr sídc of thc fielcl would he 
plotted úl d~3rees - .11 dcgrees = 30 deg~t·e~ bc
low thc zero dep:ree Hrtical line. and lhe br .~iJt> · 
75.2 de~rees - 61 degrees = 1-l-.2 dep:rees abon the 
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ze.ro ·de~ree_ \'ertical.lin.e. Horizorit~l lines· represent· 
ing the near and lar sides of the field can be plottcJ 6 
on the,cun'e (Fi~, Ci2) through these,vertical an¡zles. 

(3) To determine poinl R refer,lo Fig, C·4. Lay,a 
. "&ifaightedge ·a eros~·· the chtirt from. the mounting .. 
hei~hl H = 50 feet (15.2 meters) 'lo lhe \'ertical 
angle A' = 75,2 degrees and read on line Y ( 196 , 
feet or 59.7 rueters). Now connect 196 feet oii line, 
1' with D _.:. 255 Jeet (77.7 melers) on line D, and, 
read on line B the lateral angle (52.5 degrees). Plot 
this point · on the tOp horizontal linr. In the same 
••ay, find poi ni K by using A = 31 de~rees and D = 
!!55 f~et ,(77.7 melers). Points M and T are found 
usirig. the same. vertica} angle~' as for K and R~ re-. 

, speclively, and D' = 105 feel (32.0 meter.). 
t. 4.1 The four cornen; of the are8. are now located, 

hut the ends of the area · will not appear as straight 
·Jincs. so _Ü iS .necessary Lo. plot sidficient points to 
determine _the cun·ature. The. fi"rst points to ·be de- . 
termiued .a.re those on ·the ·O degree center axis. The 
vertical angle lo use OD Fi~. C-4-.is 61 degrees. From 
thi!~ and D = 255 ·feet (77.7 melers) at the point at 
,the lelt, is found lo be. 68 degrees, and from D' =: 
105 feot (32.0 melero) the poinl al the .righl is 455 
degrees. At least one-adciitional point ·above the ·axis 

. arid one helow ,hould be determine.d. These may he 
found by. assuining vertical angle_s su_ch as seven Je
gree~ .aLo\·e the axis, or A = (61 + 7) == 68 de

. gree"s. \'\:ilh ·lhe!<e points plotted a·n· th'e isocantlela 
r.un·e~··the·ends "of the fh•ld c:in be drawn. 

(e). \\'ith thc field plotied ou lhe curve, the,Ju,· · 
rilt'fl~. \dtich fa JI on field are added up. lri the ·zones 
eut by ~the si des of Lhe field, Cs.timate the proportion 
of Lhe Jumens included within thc boundary. A t.JLu· 
lation .of thés~ values iS gh·.en "in Tablc C-1. 

,(d) .Referring lo Fig. C.2,'il will be note,] thal 
whilt> _tht> cakulations·. han· Leen made .for a unit .un 
pole 4 the same result _upplit•s- to similar units on 
poles. 2 .. 9 .lnd 7. lt iS then nece::>sary"to make a simi-
lar ca'lculation for the remaining poles. . . 

(e) lt may happen that a beller .utilizalion factor 
aúd increascd. lumcns can bé oLtained by tilting the 
floodlight _al ·a. diff~reht ,-crtical angle. This can 
r~adil~· he detcrrniiled by st~dying the summation of
lumens in the lateral zones, gh·en at· the side of the 
is.oc_ande)a cun·e. Tilting the be a m up Or· dü\\'ll mere-· 
ly involves shihing the. entire diagram of the fielc.l up · 
or down . the rcquired number of degrees on the 
curve. 

C~3 Iri-egular Areas. In the case of irregular. are·as, 
lhe sides of the licld, suchns KR and li!T, may nol 
be. straight lines "or ru:ly nol be p3rallel. In that case 
it will be nece5sar)' lo determine·hoth the n·rtica) and 
Jateral-angles .for se\'ei-al points on ea.ch line. 

C•l Speciul Ca•""· .(a) In compuling •·:.:ues for. 'o· 
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Figure C·3. Nomogram for determining vertical an
gle üngle A in Fig. C·l) in terms of longitudinal 
distance X and mounting height H • 

clost'd. projector inst:dlation v.·here the projectors can 
Le so located.th31 all of the benms will fall on the 
area íiwoh-ed. the average initial leve) can he com
puted by di,·iding the sum of bearñ lumens of all of 
the floodlights by total area. In ca~cs ,.,·here tlte en· 
tire hraru· vtill not fa)} on the areas involved, the 

·rnt"llwd of computation described in Section C·2. 
shou],J be used. 

(L) For :l bnsehall field inslnllation where the 
average Je,·el for thc infi"eJJ is given, the- computa· 
ti<ms should be made by·the method gi\·en in Section 
·c2 or by tire poinl,by·point method, selecling a suf. 
ficient nurnber of stations within the area to · giVe a 
true 3\'erage .. II values ·are required at specified 
pojnts, Lhe point·hy-point method of computation 
should be used. 
C.5 llluminatíon Lc,,d al Various Poinls. Ir fur. 
tht:r dCtails on. illumination ievel at \'arious points 
afe rlesired, it is recommended that the so-called 
point-b):;point method be u~ed in computing values. 
In view of the lengthy process and its well-known 
principie, it is not included in thi_s di~cussion. 

Ap¡rendix D-Interior Illnmination 
Calculations 

Recommended le\·els of'illumination are the mini
mum values requirCd on the tasks found in varlous 
types "of interiors; however~ it is usuully more practi
ca} to design 'ighting syslem!- to pro\·ide an average 
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From 
To 

10-20 

Vertical Zones 

0-10 Above 
0-10 Below 

10-20 
20-30 
Total 

10-20 
0-10 Above 
0-10 Below 

10-20 
20-30 
Total 

Grand Total 
CBU- 12,927 + 18,014- 71.7% 

Table C-l. Summation Of ~umens On Field 
Laterai·Zoncs 

o 
lO 

207 
1,159 
l. 149 

506 
201 

3,222 

207 
1.159 
1,149 

506 
201 

3,222 

10 
20 

141 
575 
580 
314 
162 

1, 772 

141 
575 
580 
314 
162 

1, 772 

20 30 
30 40 

field To Right Of Unit 

77 10 
' 232 109 

229 121 
171 107 
120 85 
829 • 432 

Field To Left O(Unit 

80 53 
232 124 
229 121 
171 107, 
120 85 
832 490 

40 
50 

14 
60 
45 
3 

122 

27 
83 
76 
45 
3 

234 

6;377 

6,550 

12.927 
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illu~iñation lf"\·rl _ with a rea!>ónahiC' deire-e- _· of u ni· 
furmit~ throup.hout _the orea . .Surh ralculations ·may 

he made hy Tlic Lumen Mctl10d. " ·.c. 
The lumen methorl fof calcula! in~ the illumination 

that reprc!'ent_s. the.a\·era~e. of all points on the play
inf! area in an interior is ba!'ed 011 thr definition of 

a footcandle as one lumen pei ~uare foot (a luxas 
one lumen per s.quare meter), or: 

Lum·ens 
F oolcandles = 

·_Are a in ~qua re feet 

Lumt'ns 
· Lux-

Area in squáre meters 
. \ot all the )amp _lum.ens wlll r~ac.h _the playing · 

art>a ht>l'ause of losses in lhe luminaire. and at ·the 
rooni suríaces. To ·take this into account. lamp lu
mt-m·:·are multiplierl_ b~· a .. codlicient of uti_lization'· 

\\ hkh repre:o.enl~ the portion of th~ lurnens that artu
nll) r<aehe; lhe work plane. Thus: 

• 
·Lamj> Lumens X 

Coefficient of l'tilization 
luilial Foolcandles (Lux) 

Area in sq. ft. (melers) 

Sinre the dcsi~n objectin· is usually the mínimum 
maintained illumination, fac:Ú1rs mus.t he applied lo 
account r or the ._rs-timated depn:('iation in lamp ]u. 

men~ and the estimated losses from dirt collection on 
the luminaire ~urfaces (including lamps-1. Thus, thc 

formula becomes: 
Lamp L~m~ns X 

CL' X 1./.D X LDD 
\laiHtained_Foolf:andle~ (Lux) = ------

where: 

Area in square 
fcet tmt•krf·¡. 

Cl: ·= the ·Coefficient of l"tilization 
1 .' 

Lt/J thc Lamp Lumen D~·prt't:iation Faetor 'se· 
lecled from Table n.¡ 

L.DD the Luminaire Dirt Depreciation F.-idor 
~elcctcrl from Fig. D-I 

The lamp lumens in the formula are. most con· 

n·niently taken as the total rated lumcns in thc lu
. mi naire. and the a7ea then beeonws the area Per 
luminaire. Thus: 

~laintaine1l 
Foolcaudlcs · ( Lux) 

or, if tlu.· Oesired 

Lamp Luml'll5 pl."'r Luminairc >:~ 
CUX UD X LDn 

;An~a per Luminuirc in square 
fcet (nlcters) 

fookoültlles tlux l :ue known, the 
·arca pcr luminair~ (and hence -the'spadnc hctl\~en 

· luminaires_l lo produce this illurnin¡11ion can be ob

lainell by:. 

Are~· p.er Lumi
nain~ in square ·· 

fc1•t .1 mcters) 

:\ lit!llt.".Jg system c-an 

G2 

Lnmp Lumcn::.¡ii.'i· Luminuii-c X 
CUX HDX LDD 

?\laintaint'd Funtcándles (Lux) 

be rlesignecl with spacing5 Le-

Table. D-1. Lamp .Lumen Depreciation (LLD) 
(Per cent of initial lumens produced al 

70 per cent of lile') 

Larrp Description ! LLD, factor 

lncandescent 

General service 

Silver-bowl 
Reflector 

PrOject_o"r 

Mercury 

H39·22 KB 
H39-22 KC/C 
HJ9-22 KC/W 
H37-5 KB 
H37·5 KC/C 
H37·5 KC/W 
H33·1 CD 
H3H GL/C 
HJH GL/W 
H35·15 GV 
H3S·I5 GW/C 
H36·15 GW/W 

Fluorescent 

Instan! start 425 ma 
Standard colors•• 
lmproved-color types••• 

Rapid start 430 ma 
Standard colors•• 
lmproved-color types• .. 

Rapid start 800 ma 
Standard colors•• 

Rapid start 1500 ma 
Tubular•• 
Others•• 

lo ISO W ! 
250 lo 500 W 

750 lo 1500W 
200 to 500 W 

R40 
R52 and R57 
PAR 38 lo 64 

175W 
175 w 
175 w 
250 w 
250 w 
250 w 
400 w 
400W 
400 w 

1000 w 
1000 w 
DOOW 

91 
90 
8ó 
75 
85 
81 
84 

85 
83 
75 
85 
83 
73 
8ó 
83 
74 
77 
72 
61 

Hours per 
Starl 

·-----
6 12 18 

88 87 85 
82 80 78 

.87 86 85 
81 80 79 

81 79 77 

76 74 72 
70 68 64 

• factors shown are averages for groups of lamps at 
design conditions and should be compensated to reflect 
opCrations.in the fietd. lmprovements in lamp design a·re. 
beir.g made so rapidly that-it is important. for accuracy, to 
consult the manufacturer's up-to·d_ate statistics for the 
particular lamp considered. 

•• Cool white, warm white, white, daylight. 
••• De luxe cool while and deluxe warm white. 

tween units to approximate this arca, but if the total 
number of ·luminain~s is al so clesired, then: 

Tola) Room Area 
Tot~ll ?\umber .ol Lumimlires =· ------:-~

Area Pcr Luminaire 

. For utltlitior:.:! jj¡formí.ltion on illumination calcu-. 
lations, see lJ,.. Í.1tcst cdition of the /ES Lighting 
Hanrlbook. · 
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Appendix E-Power Supply aiHI 
Distrilmtion for Floodlightin_:.:" 

Installátiou s 

The eleCtric utility sÚYing the sports lighting proj
ect should be consulte-d as tO the type 'and. rates for 
sen·ice available, as well as -rules for u5e of ihis. 
seM.·ice hefore plans ~re deYeloped _fur the wiring. 

· In many contmuni_ties .the installati~n of wir.ing i! 
go\·erned by local Ordinances bJsed on the ~ational 

Electric Code. In. other commumties pronsaons of 
the Code might well be fo1l01,·ed because the merils of 
the Code ar'e indicated by its widespread acceptanc~. 

\\'iring plans will normally be prepared by· the 
electrical engineer, after consultation with · the e lec· 
trie utility, gidn¡ due consideration to the various 
factors invoh'ed such as sen·ice \·oltage. line Yo1t:1ge 
'drop and Yohage ratings o( the lamps. These facrors 

•hould be gi\'en con<ideralion in arder lo secure the 
mo:-t effecth·e use of the complete installation. 
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A ppendix F 
Su¡tgestec] Fonn for Economk Analyses of Different 

~ 

Sports. Lighting Systems. 

ITEM No. CALCULATION 

l. lllumination Calculations 
· l. Photometric Data Utilized 

2 .. Spacing of Peles or Area Bl!ing lllumiñ'ated Feet or Square Feet 
3. Utilization Factor -~ Decimal · 
4. light·loss Factor Decimal 
5. Average Maintained lllumination· Footcandles 

~~~~~~~~==~~------, 
11. lnitial Equipinent lnvestmenl 

6. Luminaire·cat. No. 
7. Quantity ofluminaires· 

· 8.- Net Cost, luminaire; Each 
9. Ne!Cost. Luminaires. Total (7)X(8) 

10 .. Ballast Ca t.· No. (if needed and not included in 6 
·above) . 

11. QuaOtity Baliasts 
· 12. Net Cost, Ballast, Each . 

13. Net.Cost, Ballasts, Total , . (ll)X(12) 
14. Pole Cat. No. 
15; Quantity o1 Poles-arid Mounting Height 
16. Net Cost', Pole, Each, includin€; bracketS & mounting 

áccessories · . 
17. Net Cost, Peles, Total 
18. Net:Cosl, Pele Foundation, Each 
19. Net Cost, Poles & Foundatioil, Total 
20. Lamp Ca t. No. · 
-21. Quantity, lamps per Luminaire 
22 Quantity, lamps . · 
23. Net Cost, lamp,-Each· 

·24. Net Cost, Lamps, Total 
25. Transformcrs, Wire, Photocells, Sw_itc_hing, MisCel· 

laneouS Control, etc.·. 

(15)X (16) 

(17)+(15)+(18) 

(7)X(21) 

(22)X(23) 

26. Total lnitial Equipment, Less Lamps (9)+(13)+(19)+(25) 
27. Total lniÜ4ll Equipment, lncluding lamps (24)+(26) 

29. Totallnitial Equipment~nvestment . ·. (27)+(28). 
28. Stores ChargeS (initial warehousing, etc.) 1 

30. Relative lnitial_Equipment l'nv_eSt~~n_t_· ----~-·. · (29) + (lowest sys.tem value) 

111. lnitiai.Labor, Estimates 
· Óni:ludes Miscellaneous Hardw8re) 

31. Pole Erection and Pairlting, Each 
32. Luminaire (including its lamps), Each 
33.-__ Ballast, Each 
_ 34. Net L.abor. Poles, luminaires & Ballasts 

L 

(15)X (31)+ (7)X (32)+(1l)X (33) 

. 

Syatem 

1 11 111 --
1 

XYZ-4 

1 

600 sq. ft. · 
0.75 ; 

1 i 0.60 
9 ·--

XYZ 
20 
$100 

1 

$2,000 
1 QRS 
1 

10 (A); 
$40 
$400 
LMN 

1 
1 

2-50ft. 

1 
$500 

$1,000 
$250 
$1,500 
PQR 
1 
20 
$20. 
$400 
$180 (B) 

$4,080 -
$4,480 

' $672 (C) 
$5,152 

1 1.0 l ___ _ 
1 ( 

$100 
$10 
$10 
$500 

·i 

1 

o 
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Aerial Sports ·-------~-----------·-···-····-···-··-- 18 
Aiming of Floodlights ···-··-·----·':_ .................. 12, 56-57 

· Archery ········-·····-----~------· -··-········· 4, 18, 22-23, 35 
Badminton ·········-:··-·······--···-···-··-.. 4, 18, 20, 26, 35 
Baseball ··-············-··-·-··· 4, 8. 11, 13. 27-28, 35-36, 38 
Ba>ketball ···--·--····-···-··-···-·-··-······ 4, 18, 19, 20, 36. 
Bathing Beaches ----------············-······· 4, .37 
Bt-am Lumens ---'······--------------------------- 58 
·aeam.Spread _________ : __________ : .. _ .. 9, 10, 13, 16, 17 

Billiards --·-·-······------·-----········-····· 4, 18, 21 
Bleachers ······'·············---------···-····-···-·······-···· 18 
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Clal"~ification 

. Equipment ····-···-··:_:_··-·····:_"·-······················· J3o!4 
Play ~---·-············-------~---······-··························· .12:13 
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.Field Hockey -·-·······'··-··--·········-·····--···············--· .. 6, 43 · 
Field Houses ---·····-····--·-··········-·············-------····-········· 19 
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The following represents a complete rev1s10n of 
paragraphs 7.3.11 and 8.2.7 and their associated 
tables and layouts on indoor and outdoor lighting 
of tennis courts as previously published in the lES 
Sports ·Lighting Practice.* lt is assumed that the 

• Committee on Sports and Recreational Areas of the lES, 
"Current recommended practice for sports and recreational 
ares lighting," ILLUMINATI!\G EN'GJNEERING, Vol. 64, No. i, 
July 1969, p. 457 lalso available as a separate publication under 
the lES designation RP-6). 

Printed in the U.S.A. 

user of this revision is also familiar with the previ
ous publication which contains specific recommen
dations associated with good lighting practice. 

lndoor tennis courts• 

The area under consideration for indoor play 
approximates 50 by 120 feet (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 aie: ceilings and upper walls
light, non-glossy 80 to 90 per cent retlectance; 
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 retlectance, typically 25 per cent. 

The luminaires for direct lighting should pro
vide a mínimum of 20 per cent up-light. The direct. 
light from the luminaires should be coritrolled 
with baftles, louvers or other shielding techniques 
to reduce the possibility of glare that would dis· 
tract the players. The baftles 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 be a m overlap, producing "even" illUmina
tion on the ceiling (retlecting surface). Although 20 

Approved by the Board of Directors of the Illuminatin~ Engi
neering Society, January 1975, as a Transaction of ü.e lES. 

• Replaces Paragraph 7.3:11 of the rES "Current recommended 
practice for sp0rts and recreational area lighting." . 
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footcandles (220 lux) for indoor lighting ls' the 7 2 fined to a smaller area than sports like baseball 
mínimum requirement for normal play, .100 foot- and football. In arder to produce the best quality, 
candles (1100 h.ix) or more may be necessary when luminaire beam control and luminaire location 
lighting for public attractions, ccimpetitive busi- must be considered. Typical ligh • •g systems for 
ness or exhibitions. various classes of play are illuatrated in Fig. 2.• 

Figure 1• shows a typical layout for an indoor S id e lighting of the courts, end-to-end, produces 
ligbting system with these special considerations: the. most acceptsble results. Luminaires located at 

(1) The choice of lamps and luminaires is criti-. the back couri lines should provide beam· control 
cal and careful consideration should be given to that will cut off objectionable ·glare in the opposite 
their selection (direct or indirect luminaires may court. This can be done by directional aiming and 
uae any lamp, including fluorescent lamps). shielding of the light source. The mounting height 

(2) Luminaires in the back court may be tilted of uncontrolled luminairés should be considerably 
. slightly toward tlie back of thé enclosure so that greater than those providing beam control and 
the light source or its reflected image cannot be light source shielding . 
. seen from the opposite court. The mínimum mounting height for continuous 

(3) The number of squares in Fig. 1 do not nec- · rows of luminaires along the sideline, provided by 
essarily indica te quantities. cable mounting, is 25 feet (7.6 meters). See Layout 

(4) Where courts are more than 18 feet (5.5 me- 1 for Messenger Cable Mounting in Fig. 2. For lu-
ters) apart, two rows. of luminaires are necessary. minaires mounted on messenger cable, the direct 

· (5) If guards on indirect luminaires are visible, light should be controlled with baffles, louvers or 
they may be finished flat black to reduce reflected other shielding techniques to reduce the possibili-
glare. · ty of glare that would distract the players. The 

·. Outdoor lennls co~rts t 
Being a fast.aerial sport, outdoor tennis is con-

• Replaces · Fig. 20 of the "Current recommended practice for 
. sports and recreational area lighting." · 

t Replaces Paragraph 8.2.7 of the "Curreni recommended prac
tice for aports· and recreational area lighting." 

Figure 1. Recommended ISyout fór lndoor tennls court only. 
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INOOOR TENNIS COURT ONLY 

Class of play 

lndoor 

Recreational 
Clubd 
Professional 
Exhibitions 

lES current recommended 
practice--footcandles {luX) 

maintained in servicea 

20 (220) 
30 (320) 
50 (540) 

lOO (1100). 

baffles should provide cutoff at 45 degrees io 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 
recommEmded minimum mounting heights are 
considered. 

In the layouts of Fig. 2, the following should be 
observed: 

(1) Floodlights on comer poles should have lou
vers or shields that will provide shielding of the 
ligh( source in the opposite courts. Proper 
shielding and glare control is not only necessary 

• Replaces Figs. 30 and 31 and Recommended Layout No. 48 of 
the lES "Current recommended practice for &porta an'd recrea
tional area lighting." 

Minimum mounting height from floor 

Oirect 

See noteb 

23 ft 
(7 m) 

·'Tildirectc 

Between base lines 
and outside lines 

16ft 
(4.9 m) 

Behind 
base lines 

13ft 
(4 m) 

• Uniformity ratio of 2.0-to 1.0. . . 
. bSpacing (spacing-to-mounting height)_:2.0 to 1.0-between rows. 
cspacing (spacing-tO-distance from ceiling)-2.0 to 1.0 between luminaires in a row. 
d May be increased for commercial considerations . 
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for the players, but also to confine the !ight lo the 
playing area when the courts art in fl r(:sidenlial~ 

3 location. In nny case, the floodlights .should hnve l 
adequate shielding. 

(2) Net or interior poies should have. 2(' foot 
(6.l·meter) crossarms to provide a minimum spac
ing o( 16 feet (4.9 meters) between floodlights di-
rected to the same court. · 

1/ 

-f-> 
' T 
• 

+ • J._ , 
T 

Figure 2. Recommended layouts for outdoor ten.nls courts. 

Class 

Tournament 
Club 
Recreational 
Recreational only 

r fo 
~12fT (3.7 Ml , 

r 36FT 
(11M) 

r 
6FT u.e MI 

r 
r oro 

tES current 
recommended prac.tic:e

footcandtes (lux) 
maintained in service 

12FT {3.7 M) 

6FT 
u.e MI 

30 {320) 
. 20 {220) 

10{110) 
10{110) 

f 
r-

r-
( 

-

. 'r 

120FT 
\36.6M) 

r-NOT MORE THAN 10FT (3M) 

. LAYOUT 1-RECREATIONAL, CLUB OR 
TOURNAMENT PLAY 

(MESSENGER CABLE MOUNTING0) 

tE-- 60FT _,j 
(lB 3M) • 

~l~·fT IU MI r- 12 'T (),1MI 

rr-· 
l-' 
_i. 

Tal!.. ..•. f ~ 
.t_ -,- • r-1 ,,, " i1.l!l 

j_I 
ll 'T (].HI) 

ONE COURT 
SEE NOTES o,t,d,e 

r-

r- .. 
()6, 

L..j 

1 j 

Uniformity 
ratio , 

maximum· 
to-minimum 

2.0 to 1.0 
2.0 to 1.0 
2.0 to 1.0 
3.1 lo 1.0 

Special Notes 

Minimuin mounting height in 
· feet (meters) ' 

Corn'er lntermediate 

35 {10.7) 35 {10.7) 
35 {10.7) 35 {10.7) 
35 {10.7) 35 {10.7) 
40 {12.2) {See note'.) 

Al\ noorllights should be lES Type 5 or 6, Class GP. 
Fluodlight symbol (v) does not indica te quantity of floodlights. 
·e Rccommendcd polc locations. 
O Altcroate pole locations used only on outside courts. 
• These clearances are lo be considered minimum, greater dis
lllnces are desirable whcre space permits. 
A Can be used for coin meter operation. 
1• Polcs should be 30 feet (9.1 meters) or more high. 
e It is advisable tó providc pads around poles that are not locat
cd al the netline or corners . 
d Where courts are less thnn 24 feet (7 .3 meters) apart, the 
polcs should be located at the corners and net lines if center 
po\es are used. 
~ Polcs located on the back court lines may ha ve a davit arm to 
place the floodlights on the si de of thé courts. 
r Where only four poles are inslalled (corners), they should be 
40 fcet (12.2 meters) or more high. 

TWO COURTS 
SEE NOTES c,d,, 

•• 

LAYOUT 2-TOURNAMENT PLAY 
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LAYOUT 3-RECREATIONAL, CLUB OR TOURNAMENT PLAY 
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1 " ... ~ .. , CuUeqe&H<qn - . 20 

.. 

-k.~,;,g':·-·-···------1-, ~-.u c,·u-.• 
Bt<:~<.l" luuon,¡ment 

Cu'"~et•t•~• 
Ht!~tlldiiOrlOII 

[)uq 

(tt.i<.J~lotp • St.¡gmgAra<l. 
A~cctero~tion 1,320' 
Deceler •tion, first 660' 
Dcceleroi!IOn, ~Ond 660' 
Suutdown, 820' 

'""' 

S.. Tob>• Tonn;, ·.'· . 
' ·. - ·,: 5 

-_ :··. . .s .. Golt 

. .-:.. ·: 5 

;. 

Tonol•, uw• · ,.,-,· 

.. ;_ 

-
" 

i 5•• H"'""'" 
. ,-

l ;. 

T"• ·: ',: ' ' ' . 
' '' ,': .. 

'. "''"' ·.poJnt; T'"'" 

Volloy BoU '-: .~ :: ' ~f 
>, ,' 

-:"'.:. S . ;·, 

· -~~rfti~mb¡-nS:8g~ Ptayer ·an.d,~t.ltor visi~ttitYA ÍÍ.I~·siiog 01 other spet1<tt c<m~•der<~l•onsmay require higher levels · • ~:,. ~~ 
•tamptumenspersquaref~tofwo~~tersurfa~.::;•-,. '- · · . <; 
bfooh:o~~ndlesvertltal, at 80 feotfor BaH Castlng; 50 fnt tor wet or dry-fly ca~tlrHJ. ·, 
.;5 footco~~ndles \141rtlc_&l, at 200 yuds and 10 footcandla horizontal, ower teu .~r~: ... 
.:130 foolto~ndles vVIIC<II, on trap targelolt lOO fMt .. 
•Jo footcandles verlltat, on skeet target at 60 fnl ·. 
1Ctas~ 1 Jr. Lu;ut BnebaH lnctudes L.ittle Lea¡ue, Llttlt BO)II L.ugue, K11uu• y t • .., .. guv, ett, . 
~Ciui ll Jr. Luout Bneblll tnchJdll Ponyl..t~t~o~e, Olg;er Luguo. etc. 

o~tl va!uesropruent mtmrnum mlinto~tnod Ulumln•tlon In a hOHzontat pt .. ne ""h:m vtner•,•Helnditated. 
v,uum•n•Uon on 1114irt•c:et plana • 

- :~ :;_ ! •• 

• S 

-------· 
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1 -: 
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• 

. 1 J;m,,,\;1~11~ 
w- J{J'-·t.:o' 

-'O·.IlO' 
:'O'· JO'. 

t'- lJO-JdO' 

u .. ,¡,lui.:~ i;I9Q') 

l. t.\noUII•"" 1""'!''' lo'"'' ¡.>l<~ying field lo bottonÍ floodlight Cf05s.lrm. 
•. '··"''''' '" ¡,,. ••ll'""k<l .JI 10'11. o~er ralod voltage, 

1 .,,,.¡¡,,,\o·U ''" J./.J¡(W per hxture . 
.¡_ r '"''' ... ,<JI~ h'•<'<\, '"'''''rn lo lES recommeod.:~tion!o.. 

-----"-·-·---~---....,.... ........ --....... -
Base: Baseball 

lncandescent Systems Metalarc Systems 

NOTES:. l. Mlnim1.1m helght_lrom playi~ flald to bottom lloodiU)ht ''"'•'"''ll. 
2, Ballash shown 11re 120 volt. For 208, 240, 277 or 480 voltJ,.,II~'>I· • "''"' ro ll<~\Je :;¡~. 
J. Lamps oper<Jted at normal watt.oe . 
4. Load bas.ed on 1.085 KW per 1000 Watt fi~ture and 1.63 KW '"'' J ~()u Watll<~ture. 
5. _Footctndle lavols conform tolES r-.::ommendal<om. 
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----- -------

---·······---·-···-- ------------- + -~-"- -----·-·---------------...:.~'-"'~---------·-----·--··-~----c..-~--------···---- ----
Basebaii/Class 11 - Junior Leaguro lSeball 1 Class 1 - Junior League 

lncandescent & Metalarc Systems lncandescent & Metalarc Systems 

u~~:· ·i ~~'.'.'':. 
¡ •il-ll rl [,·;:;,;;,!,;;-;_-;;;;;~~;_;;:;;;;-;;~~;;-;;~~;'~-;;:;.ili~t;t;;;~~~;-~~~~ 

1 
1 

' 1 ,. 
" 

1 

1 ' ... " ·, 

u~·-·~

'' " 
lool.¡l 

Qut;.-

t.1i1 
Mtlt9-

J! ?:: -1-'-"'"'i'-'--+-...:.:::.:.: 
'>0' 

-!,{)' 
e, o· 

Mínimum height lrorn ptayi.n9 fi8td to botÍom lloodlighl,, ,¡""'"'· 
B<~lt.uts sho~n are 120 vot_t._Fo~ 208,.240, 277 o~nd 480 vulllJ<~II<~~I~ oeter to P<lg& 35. 
Load ba~d on 1.085 KW per. fb:turw. · · . 
Footc.,ndle levets .ue b.ased an-tES recOmmend<~lions.. ·· · 

. '·'-' . 

Out• 
Fitld 

,o>,•.~ ••• •·~~·r•-
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1 
1 :o,.o'l '•ollot-1<1 
¡._,,.,;,.· 

"'"'''"' ·"'' ._,,.p,., 

1 

' 

'·. 

~-IJ' 
!JO' 

Softbc. 

lncandescent Systems 

J. ' 
1 i; ,,, ·, 

•·"'~t ~~~~:::bit:~~ 
:¡.,.,-.. ,,.,,., '""o¡Ll '~"'" pl~y<nq field lo bottom cross.:~rm. 

¡ ',,;,,,,,'":.e.,,,..,,,¡,.,¡ .11 IU'Yo_ovor r<1\ad voll<~ge. 
.l.: ... :¡,_,,...,¡"" 1.1-1 Y.W llll' lixture. 

-~. • .,,.¡, J!l<ioo: ¡..,,.,,., n~.o!U on tES retommendations. 
*Aiso for slow pitch recruationat play 

••Atro !m -.Jow pitch tourn<~mlln\ play 
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" 

1 " 
1 

.J.o. .;,. ..... 

• 1 l•<uUI~ lii~G 11k'..IGHT 
' , 1 1 1 SI::LECTOR CHART 

·¡-¡·¡·¡-· (h,ul ~lli...w1"'j minnl•UIIl 
l ·! i -¡-, mHwll<WJ l•eu¡l•t 110111 

.[ ! ! .LJ loe Id tu L<JltUfll 
1\<IU>JioiJIIl COll>'>•Hill. 

• .. ------ -----
::; • ]io(J' 

!."', .. ! ..•. 
ll¡\1'·1·1•!' 

.. !; .... 
" 

HlF 1000·101-12_1 

HIF 1000.101·121 

Football/ Standard Layo, 

lncandescent-& Metalarc Systems 

112 .. 112 
22 2?. 

Il!t ..... ~.,~ ·- 22 llli 
48 " 48 

288 3iiill 288 

"54.25 

8.68 
69.44 

15.19 

. 121.52 
:!3.87 

143.~ 

52.08 
312.48 

FootCindle55 
Mainhined 

20 

30 

50 

bO 

100 

· ... ,u, '·''''"·•''"''.1111 :,,·¡,.,¡,,e¡,,.¡ 
,.,,,t¡·.· t. ,,,,,.,u,,.,, t<<:-..¡ht '"'"'IJl<~Ying lield to bOttom lloodllo;¡ht c:•O~~dtfll. 2. Balla~b shown o~~re 120 volt, For 208, 

.•.;"· : 11 ''"" ·k•• ... u 11.oll~>l refer to D<IO• 3~. 3. L<Jrnp~ oper,l\.:<1 ,,¡ no1ffi.1l wattage. 4. LQ;J.d ba~d on 1.085 KW 
,,,., t, ''"'"· ~ .. 1 '"'h ,,,.~,., leve!~ ba~d on iES recommendation>. 

e ·a 

.-ootball 
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Cohlbination Municipal Baseball and Footba~. ~vmbination Football and Softball 

. "'; ._, ... 

i 
1 

' ! 
¡ 

r ~!..J1f.!~OO FT. 
1 Cl '·'C2 
1 ,.. ' 

~~16:0 FT. 100FT. C'IJ 

lJ¡t,1t./'óll'•l·l<:> .~ 360FT. 100FT. 

~ -~ 4ti' ;jil' 8!! S FT MI N. ~ 
y .. :'o'.J,i' ~- ~-,400FT. IC4 

1 
• ,\. 

90 r::r~ Jso FT 1 

A'"fu11SO FT ¡'\, ILLUM1NATION5 
lt...:"--'(l.._'-"' 40 FT.r7"' 20 f=oot....uH.llc> maintained bJ!>ebilll inlield 

1 IA2X-- -.a.:aii2------' 15 Fooh:~ndles mamtained b<1seball outfield 
' . . ¡..!:!so fT.~ 1~ routcandle~ maintained football f1old 

1 Ú"JCt.NllESCENT SYSTEM- 1500 WATT (Rated Lamp lite- 300 Ho~rs) 
¡-·-----~~:~~ ~ J lo~~;;oodhght' per Pole- Bneb;~ll Toh~~c;;:~ories .. 

i "' •; ,,,,, 1 ~ji r "'c''"O '"' GPF>500·>02 Tohl :~~t\~;: L~~~' ·~:.~U T::~.~~~~:~:l> ~~::t'~ ~ 
! ,, ·Í, -~. 11 ~~t- - ~~ ~~ ~~ ~~ =~;~:::t=J:~;~::g:q===,;,;:::~=~·=,;,;,;.;,~ 
! 1 ··:i"-:· --¡u--;-----¡_-~= -i) 7 16 16 IG 27.84 16 27.84 

··-····!" .i .: ~-:~·=-.--::e tiO 94 160 .160 160 278.40 128 222.72 

1 '·" · 2., ·so·· ....... . 

'.:~ 1 i ·, 1. t.l""m"'" ru~•r¡l11 lr,u¡, pldy<ng lilld lo bottom flooatlght crossarm . 
... r .. ,n¡h to tJe up~•Jt~,¡ JI 10% over ratcid voltage . 
. l. 1 ''"1 h,J>.,rl•lll l,/.1 ;~w \>e• li><ture, 
~. r ,,,,¡,-:,,,,¡¡., lc~"i:,'i,JI~d un lES retommendations. ----------------------

1 r.H: r/ü.AH.C SYSTEM- 1000 WATT (Aated Lamp Life- 10,000 Hours) 

13.02 ' 
6.5\ 

52.08 

' 
¡ 

·1 

B óO' _, , ~ 2_ _2_ -~ 

l. 1-=c~cf--"+=-so·-t-,----:::'=-----t----;-;;-'----¡--,'-c;-t-- e-"'-- _ . -'-
I'~T~''"'~I~OL-_J ___ ,~, __ -L __ ~IB~--~-~''L--':c··• '" 

,¡ 

~ 

·"" 

24.36 

'·"" 
1 ".230 

· .. 
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i iJ-1-1~1 ! 
111111.1. 
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' "' 1 
' 1 " ¡ 
' ! ,. 
' 1 
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.. ·····-·--·~---~- --· 
MOUNTING HEIGHT 
SELECTOR CHART 
Ctr~l 1 ,tl<oWIIO>jllllllll\lollll 

lllU<Hl\Ht'.JI•.;•\1111_1<-ulll 
lo,; Id lu IJ<.Hlutol 
rr, • .,,rrrc¡lol ,_,,,., .• ~,m . 

Soccer 1 Standard Laye,_ ,occer 

KW' 
Lood 

. . . 
~:~~.~~~,;~;- 1:!'a~a:~~ ~~t~0a1~· ~o~~o:,; ~~r, '::,:, ·.~.~ 
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1 

··-···"---·~----.----------------~----"'""-';...-~--.-..·· :.;....., ... ~----------------"' 
Tennis Outdor -~nnis - Outdoor 

Tournament Club 

·. 

··.;_,· 

-:-

¡ ........ ,,.,.,,¡ 
: ( ,,_,,, 

,·,, .. ·-~''"'"' 
• ,,.,,¡ 

~-:- ~;;;:~~"¡'~' ¡,'~"~~·~~\'~'~11~e~r~~~~~ ~~~t;i. r~eld to bo.ttom cro~5-.rm. 
j_ Lu.u..ll>.lw<l un 1.5 KW por flxture. • 
:. FuOk..!<ttlh: 1.:••-''' ll.ned on lES tecommend.,tion'>. 

M( r AI.AHC- 1000 

Lampsl 

KW' 

'"·'''··'"~"! 
:' .,,,,¡ 

¡ """''""~"! . i\ 
_.,_, .. ,,, ({ 

'· . ¡:;-¡:,,. __ ,,,~ ,, .. 
, , 1 · '• '·'''''""·"' "'"""'"·~! ''•"<.Jilllrom pl.1ymglield tu tmttom etU•~·'""· 

1 .... ,,,-.¡-, ,,,.., .. ,., ·""'"' ... 1! 12011011. For 208, 240,277 Mltl litiO "'"lll><illol~b-- ref•n to page 35. 
l.· 1.-olloP> 0,¡;,.;1.>\col .o! '""11•.11 w.stl.sqe. 
l. Lu.HI ¡,,,._, . .! ·•" I.Un~· KW per lll<lure. 
•,, 1·""'' ~'' 11., ko1·1• 1~"~'1 on lES '"~omnumdal1on~. 

. .. •· 

.... 

Footeandle$ 
Maintalned4 

FootcandtuS 

Lamps 

M400/BOl 
KW 

Load4 

Footcandles4 
Mainbined 

Footcandl•ss 
'Malnbined 

20 



·' 

Tennis- Outdoor Tennis "- Outdoor 
Club or Tournament 

.,_ 
•• 

' ¡ 
j 

1 
! i ¡ 

1 Cl4\l 

! ¡,.¡; 

¡ 
,, ..... , 
' h•ll 

~ J 

,, ( ~· 

( ·~>· 
¡' ..... ( 

•¡ <Jd•i 

¡' ; .... t 

''"'<l.;olw<;( 

_., ..... , 

Ult '• bottom croswrm. '· · ,:.· ·,· 35 
Co' .. C: •• ,0 _. 208, 240, 277 '"d 481) ~ult billuts -:--,'•;·.'' 0 p,¡¡ge : .' 

-:.: -~~-~ ·. 
·i. 

~·· 
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Tenriis lndoc-
. . 

lndirectSystem 

o ~~~Orr~01o+~ 
o \~. o 
o o 
o 
o 

o +1--+-++o++-t-++ 
o 
o 
o 
o 

"/• 

o 
o 

00 

·. ---~-...:.......__......._. ________ .~ ... ------···--··--·- ····--·-··-··-'···--·· 

enn1s lndoor 
' 

lndirect System 

NOTES: l. Lamp¡ operated at nOfmal watt.age 2. Load bJ!oed on 1.011:0 I'.W p.,, JOOO wJII•od .4:..:.. KW per 400 
watt tamp (mclulles b<ltla~t IOSi),\3, l'ootc.aodle htveh ba!oed un lf.~ •c<"uollll<tOd~tloM. 4. Bau~sh ~howo 
are 120 wolt. for 208, 240, 271 or 480 volt batt•sh -·releo tu l'·"J~ .J:,, . • 
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G O. 

!.iNGLl: COURT LAYOUT. 

o o 
p 
p ( 

D ( 
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o o 

--'----'--- ---- -----·--- ------

Tennis 

9' 

•.. 
' 

o o 
1 ( ( 

( 

1 ( ( 

1 ( ( 

o o •• 
THREE COURT LAYOUT 

· ... 

lndoor 

l 
.¡ 

¡ 
.i 

~ 
" i; 
J 
1 
l 
) 

¡ 

l ¡ 
-1 

~·mis - lndoor 

Direct System 
,. ., 

~·'·''"' ·'··' __ .• ,...¡,,~,:- ;:-.; :•-'fZ. •;,, ,"(; ;:!' ,-,_,,,, ; .,. ; '· ~~ \,',1 -· " . ·;·.-n·?': í 

~"~"l"f-"I·;:T""i"i"-t"1 . 

7)~, 1 
oooooooom 

í .k-'r ¡.,....., 1. " 

! 
~-

1 

~ 
METALARC 

' SYSTEMS 1'--'- 1'--LJ 
400 and 1000 Watt 1-(Rated Lamp Life-

15,000 an~ 10,000 Houn) ' 1 o o o o o o o o . 
SINGLE coURT FOUR COURT LAYOUT 

; 
' Lampil 

(M eh lar<;) 

Mouoting Fi•ttne with MIOOO/ M400/ KW' FootandLuJ 
Clan Hei~ht Qnty. Integral Balla~t 4 BU-HOR BU-HOR Load Mainhined --

Exhibition 20'-30' 14 V~·21-W·.l-IOOO-l :•u-1. 14 1 ~>.190 100 

' Tourn¡ment · .. 20'-30' 14 v5-2t-W-2-400-t<io-c 28 12.740 60 

• Club and Rocroational 20'-)0' 14 VS-21-W-i-400-120-C 14 6.370 30 

TWINCOURTS - ----.-
LampJI 

(Malalarc¡ 

Mountln¡ Fl•lu•e wittl MI 000/ M-400/ KW' Footundlesl 
Clau Heio¡M Qnty. tntag1al l»tta~t~ BU·HOR BU·HOR Load Maintained 

Exhibilion 20'-30' 28 115-21-W-1-IOOO·l :'O_:-:_ 28 30.380 100 

' Tournamont 20'-::10' 28 v:.-2t-W·2-400·l~O L 56 25.480 60 
---

Club and Recreational 20'-30' 28 V5·21·W-J-400·120.C 28 12.740 30 

THREE COURTS 

Lamp,;l 
(Metalarc) 

J 
Mountin!il Fi.ture with MIOOO/ M400/ KW' FootcandtnJ 

Clan Hei!ilht Qnty. lntl!il<&l 81II1U~ I:IU·HOR BU-HOR Lofod M•intained 

E~híbition 20'-30' " V:,·21-W·l·J000·1~'1J·L ·12 4:..~ 70 !00 

l " 
-----

Toumo~ment 20'-::10' V!>-21-W-2-400-1"2(¡ (. 84 31i.220 60 

,! Club and Relreahonal 20'-30' " V!>-21-W-1-400-1:'0 C " 19.110 30 
-

FOUR COURTS 
-

Lamp1l 
(Meta tare) 

Mounting FiMture with MIOOO/ M400/ KW' Footcandlltl 
Clan • Heiqht Qnty. tntagral BaLlnt~ BU-HOR BU-HOR Load Marnhined 

¡, Exhibrhon 20'-30' " V!>-2\-W-\-1000-120-C " 60.760 IUO 

Tourndrlli!OI 20'-::10' 56 V!>-21-W·2·400-12o-C 112 50.960 60 ¡ Ctuband Recreahotlal 20'-JO' " V5-21-W·I-400-l:'U-C 56 2!>.460 30 l 
!: 

NOTES: 1. Larnp~ ope1aled at normal wallage. 
2. Lo•d bllsed on 1.08:. KW per 1000 w•ll tamp ~nd .4~!> KW t->c• •lOO "'~11 tanrp (includes bdll&st tOlos). ' 
3. Footcandto lovols tro~~ou on lES recommendation~. · i 
A, Billuts $llown ••• 120 volt. For 208,240,277 or 48Q volt u~tl~,t~-- refoo lO i;la¡¡e 35. -' 
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Basketball Outdoor Courts wctSketbaJI - lndoor 

i 
¡ 
1 

1 

1 

1 

1 

¡ 
' 
1 

j ' '~·· 

1 ' ' '''"_'·_'' _ _,_ --"""-L.----1-~"'-----'_,-=.-l...~~~ 
1 
¡ 

·¡ ME.TAtAA<:_cr-::-~l!l~~~=~~~p~~~~~~~~j,;~~~~~tT-H 
1 
1 

t ·,,.,\ ":1;~~~~~~;~~~~~~!~~i~~~~~~t~~i~il~i~~~~~~~ 1 1"' ''''" .. L.:.::::C .• l-~~~ 
... • i r • 

¡ . :>; 

lntramural 
1md Hlgh School 

.¡, 

NOTES: 1, Lamp' operated at norm<~l wattage. 

¡-----, 
1 o ' o 1 
1 ';.· 1 

1 
1 
1 

1 1 
o·l .1 
··,~ 

t=1. 
o 1 1 

1 1 

.O 

o ,:o 

: 1 
1 
1 
1 
1 

1 
1 1 LQ. ___ Q._l 

2. Load basad on 1,085.KW per 1000 watt lamp and .455 KW ptH ·lOo wJlll~mp (111cludas b.tll~~tlo~~¡. 
3. Footcandll levels bd~d on 1 ES recommendatioM. 
4, Sapillrate cirtuH !Or higl11ig1Hmg ba~ket area al main court dw"''~ <JJil• .. ~ • 
5. Ballasts 120 vol t. For. 208, 240, 277 or 480 volt b .. U .. :-1·. · r~l~r lo p.11ge 35. 
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~-·tt~----~----~~~--~~ 
Hockey lndoor Fiockey - Outdóor Ice Rinks 

o 

o o 

r.u: ll\LAHÍ:: - 1000 W_ATT (Rated lamp· Life - 10,000 Hours) 

···---~~~~~;.;.:~_ "~~B~~~~~g;a~~~3 •• ' ' ' ,, 10 ~ " ,-

t'•-1<:.11"'""1 ·--------
r ,. , 1-r·,. 1 JO•'il' ""~'·':,.,¡ "' .<l<Hrnal w;~ttage. · · 

1 ;1,111 ¡, .. -,,.d •ll• 1.08~ KW per 1000 watt lamp and .455 KW-per 400 watt lamp (lnclude~ ba~la~t !?~}· 
t uoh ""'JI"),,,,,., tJ.~>ed on LES recommendations. . :.•,. 

,li.,u .. ~:·. ,1 1.,.,..., ·"" 120 ~ult. For 208,240, 2"17 or 460 1 b.lllasts- reter to page 35. • 

... 
Íi 

B~~L~~!------------~ 
20FT. -· • • • 
T "¡.oo .¡. •o +so.¡ zs >--. 

- FT. FT. FT._ FT. FT .. , 
: 2.00FT.- :; 

FooK.IndlesS 
Melntlined 

lO 

20 

50 

;;;;-,:-74';{,;; ;;,;·(úiF'05c>O '""'"" .4~!l KW pm 1111 -<utJ r .. ruo11 and 1.085 KW pll' Hlf 1000 fixture. 
lES recommend,¡tiOn~. · 

1 . For 208, 240, 211 or 480 voll UJII .. ·.t". · rt:ter to 35 . 

. ...... ................... _,.,..-'. 
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SKEET , 
·. TRAJECTORIESOF TARGETS 

(APPROXIMATE) . .-.; ;¡.-

; • 1 tUS S 1 N G P:O:I~N~T~·f-~"'j=:;::¡;;.· ;;:;;¡;;;;:=·;-,;: ": ~~·::::,.;.. • .(:: · ' . . 

:·:=-~:~ ·+ 1 :···\ '§)t±::~s--::: 
66t'T. 80FT. lOOFT. 120fT. 13ZFT- . 

t.~,¡, •,_ 1. t.tnwu,,.; '""'•111 hum play1ng lielcl to bottom lloodlight .:<o'>\olllll, 

:> t .,, 1,¡o·. "''"'~'"ú .. t 10'1\. o"er rated voltage. 
j_ t (}.>d ;.,, ..• "1 '"' l.'I.J KW per fixture . 
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AI00-222 
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¡¡~ 1 1 ,t, ,,,.,,.,, ~'" l.!t1 vol\ For 208,240,277 or 480 volt t.diiJ~U- raler to pago 3!5, 
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VOL TAGE OPT!ONS 
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C<otalo'}NO. 
Voltage 
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HIFI!:IOO- 121 120 
123 206 
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12< 2'17 
12> 480 
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lY 
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reler to Bulletin #103-34 
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Ca~:~~~~~O- "s~':,~~~ Voltlal 
HDf IOUO· 121 120 

123 206 
122 240 
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ROADWAY LIGHTING DESIGN AND COMPUTATIONS 
•••• - """' •• o •.. 

1. INTRODUCTION. The information in previous chapters has 
det~iled thc.Reneral information tequired for a general 

·. working knowle.dge of what can be applied to Roadways; Walk
ways artd 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 arid ~bme other areas.· 

For spccial computations n~l:ttlng to Arc;t Lighting andlli;¡:l' 
Mast Lighting refer to Appendiccs C & D of the 1977 American 
National. Standard Practice for Roadway Lighting. 

. . . . .. . 

in the Standard Practic~ defi~ite fac~s are ~~t up to'outline 
. 1.;hat must 'be done to provide an installation of •luminaires 
which will produce acceptable .resultS. Therefore in the 

.. design of an installation all the ·raci:ors, in the Standard 
Pri1cticc -¡,.;hich npply to aÍ1 installation mubt~bc studi'ed 
car~fully: · 

To apply these factors we must have all the physical 'data 
which will have to be ~onsidered in making ·the installatiori. 
A scale layout. o f .. the area. •1hi.cli shows all the pertineút 

·.data is essential. Other information in iegird to the. 
generi:ll atea, location, traffic d(msúy, local and 11a'tional 
.juri.scliction, and rríany other factoú_must: 'be obtáiried · for. · 

· use as the projcct is develop6d. · · 

· In this Funda.r.wntals Course tÍ1ere r.ú:í'y be variable,s lvhÍ.ch will 
influence the final selection of a particular system; arid. 
each variable will have to be wotked out as it arises. 

2. .CALCULATION PRfJCE:DURE·. The general proccdure for calculatinL 
.inaintained Roadway Illuminati<>n consists of a series of ste¡.¡s. 
· Th6y are divided into • two majur groups; Objectives _imd . 
Spccificátirms (6); ·Light Loss Faé::tors Not to be Recovcrcrl 
(6); anil Li.ght Lus~; Factor!.> t<:O Le Recovcrcd (2). Thc nain 
¡'(rocedure i s to ·determine through calcula t Lüris from Photo-
metric Data which Lamp and Li..Jmimiire combination are re.~ 
qui.red to provide a giveri incensity on a roadway of stated 

·.dimensi.ons · when ·the· lurn·i.nnire ·is mounted at locations :which 
v:ill produce a gooJ quali ty of ill umirÍílt ión. . 
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a. Problem. To start we havri a roadwny we wish to illuminate 
so that it can be travcrsed safely by cars and pede~trians. 
This area will naturally ha ve dimensiona, width (W) and 
length (Y), Next we ~ssume that the need~d intensity on 
the r6adway is for a road which requir~s .9 footcandles 
average maintained horizontal illumination. * To illuminat:c 
this· roadway we need a lamp - lmninaire combination mounrl'd 
on a polc, which will project the light onto the readway. · 
The pele ef course must be set back·frem the edge of the. 
road so thjt it deei riot present a hazard. If this wcrc 
a city street the pele might be only 2' from the curb . 
or i f i t were a country rond i. t migh t: be 12' from" the cd¡•,t· 
o f the rond, In eur prób le m \~e wi 11 . as sume tha t thc 30' 
polc is ins.talled 3' from the edge óf the road and that il 

mast arm will preject the luminaire 5' over the readway 
(OH). ·See Fig .. 8-l. 

3. · STANDARD DATA FORM. The IES Tes ting Procedure Connni ttec ha:; 
reconunended a·stándard ferm for reperting phetometric data. 
See Fig. 4-17, p. 4;-IG arid Fig. 8-2_, p. 4. The data en Fig: 
8-2, p. · 8-4 wi 11 be u sed in the néxt scri~s of computa tions. 
(see following page 8-J) lt is well te study the data en such 
reports to seé if thére are any figures th~t m~y have"to be 
changed to gi ve the preper informa tion. One tl1ing tha t wi ll 
be noted immediately is· that the. test was tiiáde for a lamp 
:r:ated:at 20,500 lumens. Réferring to page 5- · we firid that 
the Hl3-lcd lamp ~s new thé H3JCD~400 la~p which has a ratitlS 
of 19,667_lumens in a horizólit<ll burniúg position. In as much 

·-as the lamp in the fixture ill~~trated is iri a horizóntal 
,position wé have to use this .value. We. therefore have to 
multiply all .lumen, caiO.dlepower ·and footcándle values by a 
corréci:ionfactor óf .96 (19,667/20,500 = .. 9594) .. •. 

. . ' . . . 

4. CALCULATIONS. : Roadway· illuminatien' calculations fall into 
three gerieral types of calctJlations: · · :· ' 
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.1. Dctcrmination·,or thc uvcr¡¡ge illumin;•t:i.on .on thc .roadway ' 
pavément 01' spaeirir, tbn.t wi.ll producé a_given footcandle 
average_ illumination. · · .· · · · · 

b. De~erminat{6n of the illtamination at a·specific point on 
the 're'adway. 

e. Determination of un{formity of illumination. 

"~Footnote - _Committee on Testi.n¡; I'rocedures of .·the lES: "rE!> 
. Approved Mcthod of Photc-met:dc Te;t Lng of RoadHay Luminairco. 

.. Using Incand~.scent Filamcrit _o·r Ncrcury or Sodium Electri.c_ 
Discharg~ Lamps," tllumin.atin¡; Engineering, V()l, 63, October 
1968, p. 541. •• . . 
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Fi~. 8-1. Layout of 
lurilinaires · and roadway 

· . assumed for. typical 
.computatlol}. · · · 
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5. DETERMINATION OF SPACING 
1 . 

a. Determination of the spacing between peles for an average 
of .9 footcandles can be done in several ways. The 
average illumination over a·large pavement area may be 
calculated by means of a "Utilization Curve" of the type 
shown in Fig. 8-2 and 8-3, (which is an enlargeinent of 
Fig. 8~2a), or by means of computing the illumination at 
a large number of points (se e· paragraph 8. 6, a) and 
averaging the values calculated. Since this latter method 
is extremely .laborious and since the utilization curve is 
a part of the data presented as a result of following the 
lES Approved Method for Photometric ·Testing of Roadway· 
Luminaires (*See footnote in paragraph 8.2.a) this rnethod 
will be discussed. 

b. Utilization Curves. 

(1) Utilizátion 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 kno-wn or · assumed . 

. Convetsely, the desired spacing or any other unknol.m 
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 á pércentage 
of inicial lamp lumens but réveals little of the way 

··in uhich _ the light is distributed. · Therefore, it should 
be used in conjunction with the spécific calculation 
in order to evalúate correctly the true performance 
of thc luminaire'. espccially concerning uniformity or 

_ compliance with the recommended ratio of miniiliu:n 
illumination value to the avera¡:;e value' 

(3) · The coeffic_ient of ~tilization is th~ perce~t<¡ge of 
the rated lamp lumens which fall into a strip~like 
area of infinite length. . In making up the éhar_t so 
that 'it -would be the most useful a reference line has 
been set up so that thci pércent of.lumens projected 
forward.is known as the "street side".utilízation . 
In a like marin~r the percentage projected in the 
opposite dir~¿tion from the refer~nce line is cal·led 
the "house side" utilization. One tbing to _ rem¡;omber 
is that if the luminaire center is back of the edge 
of the roadway the-utilization frorn che reference _ 
line .to the edge of the roadway has to be subtractec.l 
from the "stieet _side" value. / 
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Fig. 8-3. Enlarge¿ utilizatio~ curves from Fig. 8-2. 
Example of coefficient of utilization curves for a 
lumina'ire provicling ty1'e li meclium semi-cutoff 
distribution. 
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(4) To obtain the same r~sults the luminaires when thcv 
, .are inst~lled will have to be lev~led and oriented. 

over the roadway in a manne~ equivalent to that in 
which th"c unit was testeo. Note that roadway width 
.is expressed in terms of a ratio of luminaire"' 
mounting height to,roacjway width. 

e. Formulas for Computation 

(1) Thc basic formulas for d<!termination of spacing 
·. follows: 

·Lamo Lumens x Coefficient · of Utilization · 
Spacing = Width of Pavement x Average lnitial Illumination 

(2) 

Spacing 

(3) 

The above formulas can be expanded to take care of 
maintained illumination by adding the neeessary 
factors. (See 8:10) 

Lamp Coef. of Luminaire Dirt Larhp Lumen · 
X X X D · · = Lumens · · Utilization · J?~reciati5m·_:_~~ 'eorec1ilt1on 

Width on'avement X Average Naintained lllumiriaCú)r¡ ___ _ 

Defin:i tions· of symbols used in above and other 
follm-1in¡"; formulas: 

Symbol 
ANE 
AT 
BF 
Fio 
CD 
CPS 
cu 
E 
FCN 
LL 
LDD 
LLF 
LLD 

. HH 
OH. 
S 
VF 
\J 

Definitioh 
Average mai.ntained illuír.inati.on 
Arhbient terriperature 
Ballast factor 
Burn out 
Component depreciation 
Change~ in dcpreciation 
Co-efficient of Utilization 
Illurhination . 
Footcandles maintained 
Lamp Lumens ... 
Luminaire Dirt Depteciation 
Light loss factor · . 
Larrip lumen depreciation 
Mounting height · 
Overhang 
Spacing 
Voltage factor 
Width cif Paverncnt 

Basic ·formula wit.h ;:ymbol s i'or thc det,•rminatiori of 
Spncing is: 

S '" !:{j-~c-~fl~: 

.8-7 
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l. Calculations 

Coefficient of Utilization "Street Side" 

· W-OH 50' - 5' 
Coef. of Util. = 'MH = - 3D • 45' 

= w- l. 50 

Refer to chart Fig. 8-3 for a ratio of L 50 the coef. 
of util. is .485 

Coefficient of Utilization. "House Side" 

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

In a like manner a vertical line is draHn on Fig. 8-3 up 
until it intersects the Hou~e Side utiliza~ion curve. .At 
this poirit the utilization i~ .045. The total fbr both 
house side and street side is .485 + ,045 = .53. 

Spacing is now .determined by substituting in·the formula 
8.5.3a assull!ing LDD = 1 and LLD = 1 we have 

S . · = 19,667 x .53 = 10,4,U = 23 .1 .6 .pacmg 50 x .9 · 4::, · 

To make this information more meaningfÚ1 we rnust insert 
rea1istic light 1os·s factors, so that we can get accurate 
~aintained values .. To get the spacing for a series pf 
fixtures mounted as noted above in an area whe1·e condi-. '· 

· tions are average and. a cleaning cycle of six .nionths will 
be maintained He· find· ~fter consulting Chart Fig. 8-5 

· (Fig. B-1, page 25 of the ·American Nationa1 . Standard. 
.·Practice for Roadway Lighting that the factor is . 957;). 
·In .choosing the poi.nt on the la!Jlp lumen depreciation 
·curve, to ensure the required maintained illumination, 

.··. one · should choose the point which coincides with a. · 
multiple of the eleaning cycles. In o.ur example; the 
cleaning cyl::1e is six months. Therefore· the poirit on t:-te 
1amp 1umen depreciation curve shou1d·. be a multiple -of six 
montl1s. · Assuming 4,000 hburs operaÚon time per yeai:. · we 
would s.ee that. 16,000 hours represents a four year -life. 
Four yeai:s .if of course_a multip1e.of a six months Cleaning 
.cycle. Therefore the 16,000 hour.point ha~ been chos~n 
'from the lamp lumen depreci~tion curve> .·In looking at 
the curve and taking the avera~e of the span at the 
16,000 hour point, we have'a lamp 1umen depreciation 
factor of 67%. · 

Besides 
. . Ambient 

·:·factor, 
·changes 

these two factors others such as Allowanc~ fot 
TémperaturC, · lO.a, Voltage, lO·.b, llaliast .. 

lO.c, Component :oepieciation, 10.~. Possible 
of I'hysi.ca1 Surr·ounds, lO.e. Burn~outs, -lO. f. 



etc. could be entered at this point if they will 
influence th~ final calculations: 

With the two factors of LLD and LDD we can· nmv use the 
second. formula S. e (1). 

Spacing (S) = 19,667 X .53 X .~5 X .76 ~ 7Si6 = 167.2'(166) 
50 X . . -z¡-s- . . · 

6. DETERMINATION OF ILLUMINATION AT A SPECIFIC POINT 

Li. General. The determination of the horizontal illumination 
in appro~imate footcandl~s at a specific point m~y be 
det~rmined from an "isoí'ootc:J.ndle" curve Fig.· ·8-6 or. by 
~eans of the inverse-square method of cálculation of 
illumination (see lES Lighting Handbook, current editiori). 
In the la ter method, the candlepower of the luminaire 

. at th~ particular an'gle involved is normally obtiüned from 
an isocandle curve, an example of which is shown in Fig. 
8~2(b). Since the.iéofootcandle curve.is ~~art of the 
data preserited as a .result .of following the. lES Approved 
Method for Photometric Testing of Roadwáy LUI!Jinaires .• 
the isofootcaridle method will be discussed. · · 

. . . 
b. Isofootcandle "(isolux) Diagram. f. 

(l) The illumination on a i:oadw.:ty ·surface produced by· 
the light. distri.bution from one · or more luminai.res . 
may be sho\vn bv isOfootcandle · diagrams. · Fig. 8-6 aml 
Fig. 8-2a, ~· 8- ~how an e~am~le of ari isofoot~andlc 
diagram for a typical luminairc. 

(2) An isofootcandlc diagi:am is. a. gr~phical n!p1·esenta t i.on · 
of points of equal illumin<itioil connec.ted by a contin-. 
uous .line. · Thes~ lines may show footcaridle values on . 
a horizontal plarie from a single unit havirig ·a definite 
mo.u:1ting height, or they may show a composite picture 
>Jf the illuininaticin from a number of sources arran¡;ed 
in anymanner or at~ny mounting height.. · They are 
useful in thestudyof uniformity of the illumination 

.and in the · determination of the level .of illumination 
at any specific point. In oi"der to make thesé éurves 
applicable to all conditions, they are computed for a 
given mounting height \:out horizontal distances are 

. expressed in .ratios of the actual distance to the 
mounting he,ight. Corree tiori fac tO~s for cit:her . · 
mounting heights aré usually given in the tabulation 
a long si de the isofoctcandle curves. . . · · · . . - . . - . - - . - . 

. c .. T)ndcal Comput.atipn. To illustrat.e thc use .. of.the isofoor-· 
candle dia¡_;i"am, a typical calculat:iori is as follows: 
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Giveh: Roadway with layout as in fig. 8~1. 

Staggered Luminaire spacing (S) (see 8.5.d(l)) 
Roadway ·width (W) curb to curb 
Luminaire Mounting Hcight 

· Luminaí.re _üvcr·H,,ng(Oll) 
Luminair.c Dht Depreciatioi1 (LDD) 
LampLumen Deprecia tion. (LLD) · 

166' 
50' 
JO, 

' . . ) 

.95 

. 76 

'. 
' 

Lrimp - 400 watt cle~r mercury rated at 19,667 lumens 

Required td determine: 

Inicial and maintained fe at points "A", "B" and "C" Fig. 8-1 
To determine thefc level at point "A" the values will havc 
to be determihed 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 rilultiples of the mounting 
height .. The .luminaire produces isofootcandle lines (hori-

. zontal footcaridles) as shown in Fig. 8-6 Point "A" is then 
16cated on.the isofootcandle' rliagram for it~ position with 
respcct to.ciach lumi.riairc. · 

. (2) To determine the con tribution of ca eh lumina ir e to poin t 
·'·'A". (a) Lumt'naircs No. 1 and No. 3 

-Locate po'int ~'A" 

OH 5' 
··~m = jlf'~ ~ o. 16 

S ~ ,'1~~ ,;, S. 533 }ITi Jt, 

- · Transverse dis tanec to "House Si de" 

-Longitudinal distance alon~ pavemcnt 

Poit1.t "N' fot' the:;e luminairós on·chart Fig. B-6 is··,16 towani 
the Housé side, behind the unit .and . 533 lorigitu'dinally. Tnis 
point will be ÍOUf1d lying about mid'-lilY bet'.veen isÓfootcahdle 
linf)s of Fig. 8-6 .01 and .016 for a valueóf'.Ol3 fe. Therc:-
fore the two.luminai.res will deliver 2 x .013 o'r .026 fe. tNal. 

(b) Lunli.n;r ir e· No.' '2 
.Lcicate Point' "A" - Trans.vcrse dis tánce to "Str'e~t Sid·e·" 

W-OH _ 50' - 5' 
= MH - 30' 

45' 
3QT = l_ 5 

•. Longitudin~l ~istanc~ ilong pavemcnt is O' as the point 
is ~irecrly opposite tl16 luminoir~ 

· Point ''A" for this luminaire 'on chart Fi¡'. 8-6 is 1.5 dircc:.lv 
in frorit of 0°or zcro .mourii:.ing· he'ight. 'niis poirit will be 
found betwecn isofootcandle lines .63 and.~4. It is estim:;ccd 
that the valuc is .55. . 
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(e) Luminair~ No. 4 

·Locate point "A"- Transverse disi:ance.to "Street Side" 

W-HO 50' - 5' 45' 
-MH = . 30' = 3QT = l. 5 

Longitudinal distance along 

332' . 11.06 332' (2 X S) = 
j()• = 

pavemcilt is 

Point "11." for this lurninaire is 1.5 directly in fróni: of · 
· the luminaire. and 11.06 left lvhich of éourse is off the 
chart Fig. 8-6 and therefore. can be ignored .. 

(d) Total footcnndle values from nll 1 uminaires at Point "11."(. 
1s luminaire .No. 1 . 013 

luminaire No. 1 .55 · 
luminaire No. 3 .013 
luminaiie No. 4 .O 
Total fe at "A"· .'-:516 

This value i.s bascd on a e lean luininaire 1átb a larnp 
producing 20,500 lumcns. ll.s i t is desircd to ex¡n·ess the 
fciotca.ndles in terms of fe. 1.;hen the luminairc is at the 

· . end of the 6 month cleaning schedule and thc lamp has aged 
·.·to 70/, of .life and the· corieé•:. lnmp lumeh factor is used so 

··.••· ' .. . · tha t the lowes t val ue •;,ill be obtained 1-JÉ~ .1vi 11. apply the . 
:W factors which wiil produce the desired maintained ,footcandle 

.. value. ..The · .correct lamp lumens are 19, 66 7 which produces' 
1 a factor of 19,667/20,500 = .96, LDD factor .95 and LLD 

:factor .76. Total fe. at point A is fe at "A" x LL x LDD 
~ LtD = FCM or .576 x .96 x .95 x .. 76 = 399 FCM. 
. . ' 

(3) To determine the contribution of each .luminair~ to po:i.11t · 
IIBI"t. "; _:-_ 

(a) Lurninaire No. 1 
Loca te point· "B" - Trimsverse to "House Si de" 5' /30' ;= O .16 
. . ·.·.· . ·.· · . . . Longi tuc\in;;l a long 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 = 45 = 

~ .30 
LongituJinal along road '83'/30' ~ .2.766 

L5 

·- Poi,tal· ,';B.'' -~o'r N.o. 2: i.G· .i.:··j :u.:rnf;S ~l1e ·:;:t:r·E~et si.c:J~~ atúl 
). . 766 l.ongüudinally a11d wi.lL be foúnd. betw<.>ell .'JO :tnd 
.16 which we will .estimaté a~ .15 fe. 

. ' 
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(4) 

·(e) Lumínaire No. 3 · 

Loeafe Paint'."B"- Transverse H.S. = 5/30 = .16 
Longitudinally along ~oad = 83/30 = 2.766 

Point "B" for No. 3 is .16.behind uriit and left 2.766 
whieh is found on the .4 fe line. 

Loeate Poínt - Transverse to-H .. S. 50-5 = 
-30 

45 
30 = l. 5 

8.3 Longitudinal along road 240/36 .. = 
Point "!.\" fró1ri these fieu1:es for No. 4 is off of the charL. 

(e) Total footeandlevalues for all luminaires at point 
''·B" is 

Luminaire No. 
Luminaire No. 
Luminaire No. 
Luminaire No. 
Total fe. at 

1 
2 
3 
4 

"B" 

o 
.15 
.40 

o 
. -:-35 

fe 
fe· 

·UsÍ.ng i:he 
.95 for'LDD 

This 'value is of course·an initial value. 
faetors of .96 for the lamp lumen factor, 
and . 76 for LLD we come up 'vi th . 55 x . 96 X .. 95 X . 76 ;-
.. 33 fe maint~ined. · 

Iri a like manner the fe values.are determined for point 
'.'(''-

(a) Lur:tinaircs Nos. 1 aná L,. · Fr.om previous calcuú'tions 
the longi:,_ 

the ehar.t .. · 

(b) 

· under par~.graph 3a and Já we fourid tha t 
tudinal diétanc~ produced a point off · 

Lumiriai res No. 2 and 3. 
Loea-~e point ''C" - Transveise t:o HS 

· W/~ - OH ~ 50/2 - 5 ~ 20 = _-6.· 6-7 HH - 30- - 30 . · · 

Loni~itudi.nal al()ng road."' 8J/30 _:,., 2. 766 · 

. i 

Point "C" for units 2 and 3 .aré ,667 aeross street 
and 2.766 to the left. This point wili be found . 
between isofootcandlc lines ·.4 and . 63 whieh is .about 
. 56 fe ·The. total then for this point · ''C" is 2 x . 56 
for 1.12 fe as lumLnal.res No. 1 nnd 4 do riot project 
an~ .val~es to t~is_ point: . 

. (e)· The n:ai~tained value is obtained by using · the factors 

. / 

1 

1 

·of .. 96 for the variatiOJ1.in-lamp lumcn·output, ·.95 f~r. ·1 
LDD,-.76 for: LLD. 1.12 ~e x .96.x .96 x .76 = .78 e 
maintained-. 1 
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7. · UNIFORMITY RATIO S 

·.~ 

3. 

. . . . 

Thc · uniformity of illumination requi;cmcnts of para
graph 3.5, pages 14 and 15 rif the American Staridard 
PraCtice should be determined by computing the ratio: 

Hinirrium Horizontal Footcandlés 
Average Horizontal Footcandlcs 

.It can also be expressed as thé,ratio:~ · 

Average· Horizontal. Footcandles. 
l1inimum Horizontal Footcandles 

b. Sufficient ·riumber of specific points over the roadway 
should be checked, as outlined in par~graph 8.6, to · 
ascertain éccuratéli the locaiion and value of the · 
rnininiurn point. lf the values at points "A"~ "B1' AND ;'C", 
as shown in Fig. 8-1, are first determined, the approximate 
location of the niinirnum point may be located or its 
location will becorne more apparent .· . 
. . . 

e. The average illuminal:ion ~n the roadHa:1 pavement should 
be computed as in p~ragraph · 5. a· t'aking ca:re to use the 
same· lamp output ánd othér éonditions as used in deter~ · 
inining the mínimum ill)lmination value. · 

d ~ •sorne. manufacturers aré nc·~l supplying curves of .the type 
. sho\m in Fig. 8-7a anJ 8-7b, whí.ch ínt.!icate. thé average 
to mínimum niaintained footcandle ratio for a particular 
arrangement of luminaires as· roadway wi.dth and sp'acing , . 
are ~iried. (These ar~ cornputed for th~ low~st value · 
on the roadway área, not necessarily for points '.'A", '.:B" 
and "C".) Such curves are a convenient aid to determine 
the average to,minirnurn· iliumina'tión ratios for·a given 

· spacing and roadway width, or to determine the póssible 
. _spacing for a r.equired' üni fotm. ty ratio. They also can be 

used to determine thé relnd.c-nship between. average ~lluini- · 
natibn. for spacing and roadvnly width .. Eachdifferent 
cOJnbination of luniinaires, lamp type aÍlJ arrangement of 
lurnin;1ires will .produc:e _A different set ()f tf¡ese .· 
.characteristic curves: 

e. In the calculations the inaintáit1ed foo.tcandles at point. "A" 
is .399 ( 6.c (2) (d); .. ai: point:"B" the valuc: ú .38. 
( ·. 6. e (3e) and at point "C" othe value is ja ( · 6. e· 

·(4 PPG: e). Fr.om thr.sc data wc can assüme that . 38 at 
poiüt "B" will be. the minimun;, · other póints between_ "A" 2nd 
"B'' could be checked if nece~sart. Using the.value of ~38 

.'·fe ,we have a r;¡tio óf .9_fc, averagcniaíntained to .JS.fc 
· rninimúm m:Jintnined ora rati;.o óf 2.37 to'l. 

., . 
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. 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 ~or~ect new locaticin on the diagram 
as well as apply a correction factor to the ·footcandle 
values ·a.r the new location. · · 

b. The following items will change, Coefficient of Utilization, 
footcandle values and point locations. The coefficient 
of utilization arid point loéations are on a percentagc 
ratio. Footcandles ha\•e to be. changed in re la tionship to 
the mo1,1nting height. A table adjacent to the diagram will 
give a factor for changing the footcandle value~ in relation 
to the given mounting height (30') .. In other words the · . 
footcandle valúes at a certain point will be multiplied by 
the factor_ for the_new mounting height. This poi:1t will 
have been located in regard to the new mounting height. · 
The coefficient of ·utilization factors are located as ,;ell 
in. regard to th.e nev: mountingheight . 

c. To iÚustra~e the problem fo:r a lower mottnting height, >le 
will use the ·data .used previously except the mounci.ng 
height will be 25': · · · 

Roadv1ay width (\.J) 
No un ting Heigh t (MH) 
Over Hang (OH) 
Rat·ed Lamp Lumens (~Ll.) 
Test Larnp Lumens (TLL) 

. . L1mp Lumen Correcticin factor (l.LC) 

50' 
25' 
5' 

19,667. 
20,500 . 

. . 19,667/20,500 . ' 
· Lliminaire Düt Depreciation (LDD) 

Rec¡uired Average Footcandles:'!aintained_ 

.96 

.95 

.9 

Jo find éoefficient of utÍlization 

. . 50' - 5' 
·street sid~ = 25 , 1+5 = T5 =.1.8 ratici .. 509 C/U Fig. 8-3 

House side = ~~- .:::.r'ltio- .058C/U I;ig. 8-3 

Coefficient of utilization = .509 + .058 = 0.567 

To find. Spacing (S~ . 
Spacing = 19,667 x .95 x 

50x 
.76 X .567 
.9 

8051 . 
= ·--zo- = 178.9' (178) 

In thc problem where ~ 30' mo~n(ing height was used the 
•._spacint 'vé!S 167.2'. ln.our calculati.O!lS_We USCd ]66' :1>: 

i. t 1vas the next lower e ven nurnber. In the following 
· probleni vJe will use 178'. 
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d. The footcandle values at points "A", "B" and "C." are deter
mined in a similar manner, in this problem,. taking into 

.eonsideration the new mounting.height of 25'. 

Point "A" Luminaires Nos. l & 3 
Transverse to H:s. 5/25 = .2 

Long. along road 178'/25' = 7.12 
This point is off the ehari and l1as no va1ue 

Luminaire no. 2 
Transverse S.S. 45/25 = 1.8 

Long. along road O 
This pbint is between :25 and .4 estimated at .30 re. 

Luminaire No.· 4 , 
Transverse S.S. 45/25 = 1.8 

Long. along road = 356/25 = 14.25 w~ieh.is off the 
.ehart. 

The total fe .produeed at point ,;A" is . 30 from luminaire 
No. 2. These o f. eourse are ini tia l. To obtain the main
tained value for a 25' mounting the· following faetors are 
applied. LDD .95, LLD .76 · Lumen eorrection factor (LCF) 
. 96 and l. 44 which. is · the mountl.ng height eorrection factor 
found in the tible Fig. 8-2. So we have .30 x .95 x .76 
x .96 x 1.44 = .299 fe maintained. 

\ 

The footcandles at Point '!B" are as follo·ws, Luminaire 
no. 1.\laving·a longitudinal distance alcing the road of 
.267'/25' ~ 10.68 is off the chart for no value, Lumi
naireno. 2 wii:h factors of45/25 = 1.·8 .~r.d 89/25 = 3.56 
produces a value · of . 07 5, LÚriiinaire no. 3 · with ra ti os o f 
5/25 =,2 and 89/25 = 3.56 produces avalue of .14, Point 
"B" for luininaire no. 4 -~s of.f the chart for no~value. · 
The total then forpoint "B" is .075+ .14 totali.ng .215 
fe. ·Applying the faetors to get the final maint'ained valye 

.we use thc same faetors a~ in the above pa~agraph or .21~. · 
X .95 X .76 X .96 X 1.44 = :215. . . 

The footeandles at ·Point "C": 
. -· . 

Lumiriái.reNos.l &4 Tral'ls. = 20/25 = .8, Long. 267/25=. 
10. 68 óff ehait. Luminaire no. 2 & . 3 Tranf: .. ,. . 8, Long> 
-3.56 ;, :25 x 2 ~· .5 fe. The total of .5 fe times the 
various factors produeesa . 499 fe mtd. 

e. TÍ1e problefl1 of solv~ng for a greater mounting height is . 
sol ved in a similar manner. For a ·35' mounting height. we 

. would h2ve trie following data: . (Only M1~ ha~ be en chan¡,;ed 
.. · from previous problems) . 

• j· - '" . 
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Ccefficient cf t:tilization "Street side" rátio 

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

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

Substituting in Spacing formula: 

Spacing (S)= 19,667 x .499 x .95 x .. 76 = 7.?8
5

5 = 1_57 _5 , (i 58 ) 
SQ X • 9 ~ . 

Footcand1es at Point "A" 
Luminaire No. 1 & 3 Trans. 5' MS; = 5/35 = · .1429 

Long. = 158/35 = 4.51 

1.2% 

At this point ea eh luminaire produces :032 fe.· totaling . 064 

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

This luminaire produces .75·fc at point "A" 
Luminaire No. 4 Trans. 45' s.s. 45135 = l. 286 

·Long. 316/36 =. 9. 03 (no val11e) 

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

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

Mounting hei~ht .74, L!)D .95, LLD . 76, and LCF .96 
.814 x . 74 x .95 x . 76 x .96 = ·.417 fe maintained. 

The four 1uminaires project the 
Luminaire No. 1 No va1tie 

~ No. 2 .25 
.. No .. · 3 .58 

No. 4 ~012 
· Total ·· -:842" 

.842 X .74 X .95 ~ ,76 X .96.~ 

following values 'to Point 

.432 fe mtd . 

,,·s·· _. 

. The four luminaires project thé folJowing Values to point "C" 
Luminair.e No .. 1 & ·4 .No value (less thán :01 fe ) 
Lutninaire No. z'& 3 .72 fe: ea eh orl. 44 fe for ):>oth. UJ1i t:: 

1.44 fe x ;74 x .95.~ ,76 x :96.='.739 fe maintained. ·, . 

. The · three sets. of data on the same f'ixture undér" the same 
coriditions except mounÜng height. provide infórmation ;,.;hi;::h · 
can be compared. · This comparison wpl then b:o:-ing in various 
factors which should be considered, ·such ás economic:s, 
quality, glare and other· factors. · 

.The foliowing gives th~accumulated.datn. 
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sphere). The right hand portian e f Fig :' 8-5 shows fi ve 
gro~ps of typical ~rea atmospheres. 

e. · Area Description 11· complete description is requircd for 
ea eh are a to be ligh ted. This should include: the 
physical characi:eristics such as roadway.'width, curva
tures, grade, obstruc:tions, (trces) and border arcas. 

f.. Selection of Luminaire - Selecting the specific l).uninairc 
requires the alrriost simultaneous conside'ration 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 (whoje relative 
importance will vary from project to projectJ as:. 
mounting height; lumínaire · dirt dE·preciation; lamp choice; 
maintenance considerations,. including cl:eaning and lamp 
replaccment; luminaire and installation _appearance; color 
uf light; lighting and ·rclighting time;_: éost c.f er¡uip" 

· mcnt:; etc. All factors shoúld be exainined in detail first, 
then reviewed so. tha t. the pro.per weigh ti. will be given 
to everythi.ng that might effect the luminaire seleetinn .. 

.. 10. .LIGHT LOS SES - NOT RECOVERABLE 

Once· the facts in· ·9 have .oercm. apprai.sed :md the lurr.inairc 
. is chosen, th<c factors tl:a~ cnuse lo:>o; of light ¡:hould be 

· .. · studied and evaluated. The fat;tors immediatelv · follo<vimo. 
are difficult to app'r'ai.se an'l are usually oLÜttle signÚi
cance; Howe:ver, Lf it is known that a peculiar cundí tion 

· does éxist that can be evált;ati>d it stwuld be included in 
the ·calculations of the ni<iin::ained footcandle lével. In anv 

-case, the designer. should be cc;grüzánt of all the factors. that 
. can diminish the plannéd O•.ltput of the lightin)3 sy,;tcnl, <lnd 
· cvaluate where necessary ancl practical.·_ · 

a.. Lun,f.na L re Ambicn·t Tc:m¡:o:,,·:.ttun~ - · Thc effcct of .1mbicnt 
temperatm·_e on the output of sn~;e fluoresccnt lumin.Tcr•·'" 
may be considerable: To apply a f;:¡ctor for light los" 

b. 

· c!ue to ambient temperatuc_c, che ·dc:_sigmir-needs :.:·o _knot_-1 
_the highest and loweit temperaturc expected ánd to have 
data showing if there are v~riatin~s in the li~ht cutput: 
\-lith changes in ambicnt temperature Iur the spGcified. 
luminaire to be used. 

Voltage to Lumimiire 
prédict' but higli or 
~ffect the output of 

1.n-!;ervice vol tage is tlifficul t to 
lo;~ voltage'at the luminaire will 
most: -luminai.r:~". 

( 
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c. Ballast Performance -.If the ballast used in the luminaice 
docs not provide rated· watts to the lam!J, the· light output 
will differ !Jroportionatoly, and a ballast fatt6r should 
be :~pp 1 ied. The manufac turer should be consulted for rie:ces ·· 
sary factors. 

el. Luminaire Component Depreciation - De!Jreciation of the 
light c6ntrolling elements of a luminaire' resulting. from 
deterioration of metal, glass, plastic, pai:~t· · and other 
reflector finishes, will result in reduced light output. 
Ho>vever, because of ·the complex relationship between light 
controlling elements of different materials~i~ is difficult 
to ev.aluate losses due· to deterioration. Everi luminaires 
v7ith a single light controUing element of ene type of 
material will show losses due to the type of ~tmosphere 
in the area. No standard factors have vet been d,:veloped 
to cover depreciation of components. (;e e Fig. 11-2) . 

. e. · Changes. in Phys ical Surround - The designer s'ho,,id be 
aware of planned changes in the roadw<iy c.orióitions that 
may alter the effectiveness of the lighting·system; such 
thing·s as road widening, curbing, resurfacing,. treo 
planting, building coristruction or demolishihg, or any-. 
thing that would change the nature of the road. 

- ' . 

f. Burn~Outs - Unreplacéd bUt:ned~out lamps 'witl affect. tbe 
quility of tlle. lighting system. ~t ~ould be ironical to 
incorporate a factor in the design to take care of burn~ 
outs .. Instead, a good maintenarice program, including· 
group replacemént cif la;n¡.;~,, based or. lam? mórtality statis
~ics, and spot réplacement wheri n~cessary~ should be 
adopted. ·. The designer should make 'his client mvare of the 
necessit:· for a good maintenance. progran. · · 

LIGHT LOSSES - RECOVERABLE 

·a. Larr.p Luner, Deprec:iati.on ·- Information about· laffip lumen 
.deoreciation is available·from manufa~tuiers' tables and 
graphs for lumen depreciatiori and mor-tnlity of the chosen 
lamp. Rated average life ·should be detn:ntined foi the 

. specific hours per starc·; it shoÚld be lcno,;m when bu•n
outs will b8gin in the lamp life cycle. From these f.'!cts. 
a practical group relamping cycle will be established and 
then, based on the hours elaps.:>o·to lamp cemoval. the 
specific Lamp Lu:nen Dep::'<ociation (LLD) factor can· be 
determined. Corisult manufacttirers data oi the ~ES 
Lighti:og Handbook. 5th EJitii>n for U.D factors. 

. 1 

'fhis ··factor. has alree.dy . heen · used in the ·.r·roblenis ·and: 
solutions presenred: The ti!bles for the· v3.rious lamp . 
types are fu~nd on page S-.1 1 , Fig. 5-S f(lr incande(cer.t 

( 

.. ~ . ') f) 
.._¡- ::- ·-



lamps; page 5-31 , Fig. 5-24 for mercury lamps; page 5-31. 
Fig. 5-28, for metal haliéle lamps. The loss for sodium 
is reporteé t:o run frorn 5 to 10% at end of lamp life • 
according to ::he late·.·:· information and depending on 
the manufácturer contacted. 

b. Lurn.i.naire Dirt Depreciat:ion - The nccumulaticn of dirt 
on luminaires results in a loss in light output, and 
therefore a loss on the road,vay. This loss is known 
as the luminai=~ .iirt depreciatio~· (LDD) factor.and 
is determined is fo1lows: 

(1) 

(2) 

' Deteimine the dirt category (very c1ean, c1ean, 
average, dirty or very dirty) from lO.d and 
Fig. 8-5 and Fig. 11-2. 

From the appropriate.dirt condition curve in Fig. 
8-4 and the proper e1apsed time in years of the· 
planried cleaning cycle, the LDD f~ctor is fcund. 
The prop·er elapsed tiinc for clc<mil•g is determined 
from section lO.f and ll.a. 

12. TOTAL LIGHT LOSS FACTOR - The total Light. Loss factor is 
simply the product of multirlying all contributing factorc
described above. Where factors are not known, or applicablc, 
they may be ornit tcd. · At this point, if it is. found that th<: 
total light loss f~ctor is cxccssivc it may be deslrdble · 
to rcsclc~t tl1c lu1ninairc. 

. . . 

In ger.e1·al it is good practice. to _sol ve a greát many p.coblem" 
using as man)' different possibilities as possible so that the 

.. corr.putati()ns will become quite .familiar. For that reasor• the 
f<;>llo,~ing problems have been ár.tacJ:¡cd. 

Appendix "A" of ,,;,erican National Standard Practice for. 
R()ad\vay Lighting .siiould be givén very Cüéc'fttl Stl.)dy fqr r.ta:1y 
special c~úsiderations .in reg3.rd to roadway complexities .. 

General inform~ tion: · If i.:he minimum illumina Úon of anv 
point on the r·oadv;ay is less than l/3 the 2veráge illuml.nation 
it i~ possible that; 

l.. 
2. 

3. 
4. 
5. 

. . ' . 

The rnounting height is too low. 
Another light disÚibution pattern (if available) 
rnight be uséd t0 advantage. 

A diffcren't ovcrhang might be used. 
Spacing is too great. _ 
The larnp-luminaire cornbinaÜon h;is. toe gt·éat a lum,cr, 
output for the average illurninatio~ level desired . 

-· 
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PROBLEHS 

No. 1 App1y the new design paramctcrs to Fig. 8-1 

Roadwav width (W) 
MountiÍ1g lleight (MH) 
Overhang. (OH) · · 
Luminaire Fig. 8-8 (McG-_Ed. No. E359-280) 

ANSl/IES Type:_ III, Hedium, Cut-off 
Lamp H33-1CD/E (Now H33Cd-l;OO, bulb E-37) 
Test L:lmp rated lumens 20,500 

4 ' '. ., 
30' 
4' 

Commercial lamp rated 19,667 lumens(horizontal) 
Required maintairi~d foótcandles 2:0 

· Atmosphere - surrounds CLEAN 
Cleaning schedule - months 
Lamp r~placement 83% lif~ 

ú 
20,000 hours 

a. Determine luminaire dirt depreciation. (LDD) 
b. Determine lamp lumen depreciation (LLD) 
e. Deterniine commercia 1 lamp 1 urnen/ test lamp 

lumen factor · · 
·.d. Determine Coefficient of Utilization (CU) 

e. Determine sta¡;gered spacin¡; for 2 fe av(,. · rntd·~--.-----= 
f. ·Determine _·maintained fe t:o mínimum fe ratio 

Solutiori No. ·1 

. a .. · 
:-\. 

b. 

c. 

d. 

Refer to Fig. 8. S for a 6 rnonths line Jraw ¡1 line 
vertical1y half-way ~etween the n and l year lil~e .. Wher•· 
this line intersects the clc:m line is just about 97"/o. 

To detúrn,h1e LLD .refcr to F~¿:. 5-24, ¡i<Í(',<! 5·· . ür:n,• <i 

line fcom míd point of "H33" _lo lQO'!a, ,.;here thi:> _líne 
. eros ses vertical line .for 2Ó. 000 notirs i ~ appeap that 
the lumen value is about 70''/.. · · 

According ta· the tables pa[',~· 5-33 a 400 loJattH33CD-L;OO 
lamp produces approx. 19; 6G 7 lumens in a horizon taJ 
positiori .. This valuediviJed by the test Lwtp h~•1•ns 
p,ives us (19,(•67/20,500) :1 96?:. fnct<lr. 

To detel:m1.ne the CU factor: re· fcr to Fíg. 8-8. 

'cu S . -·d (S ·s ) W-OH _ - treet ;:,~ e . . . ~:H --
44' - 4 ' 40 - .·. \ . 3o, = m - -l._J.\3 

Dra1v line from l. 333 Stre_ct ·side to íntersect :, . S. curve .oc . 1,53 

;. OH 4 ' . 
cu~ HoÚse Side (ILS.) MH =.J\i'-- .1333 r<ltío 

flt::1v1 .i.l~:;, from ·.1333 to iitl:·c,i:,_;cc:Li.on c•T H. S. ;;;,¡':''" :tt. . ()'>'i 
T··,i::il Cll ror H.S. nnd ::.:;_ i,i .O.')l + .t.5~1 ., .. ~.:.¡ 
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SU fCT APPAOPRIATC DIAl CUAVI fHilM KIND Ol co•DI 
TIONS DlSCRIBlO BELOW fOA TYPE lUMINAII<f. Tú Bl USlD_· 

Aleas--Ciea.)-Pavement-Grus. No open I.XI~e ¡round. 
S!ow traffic Uttle or no adhesivr qu&1i\;e~ in atmo~

phere. Most rurál areas, residentia! ruad"~)'>, ~low Ira!~ 
fic." no-trucks. 

Aren-As abon e1cept 1vet1¡e car and tn:c:k tr;~t!rc Oown
town open a_reas. lnteim_ediale and lreew.ly'> m op~n Srtas. 

Arcas--As above but slightly more e1posure. Re'>identia1 . 
lntermediate. local mlnor roads. Few truc~s. 

Areas-confined. Greater than average. C3rs aÍld trucks ex
pres.Sway, freeways. Downiown, majoi', Adhesive dirt. 

lnd.;Comm. Arns. ·Trucks, buseS, adhesive dirt. confined 
areas, heavy traffic . 

Fig. 8-5. This chart is useful for estimating 
rrijdway luminairé dirt deprbciation factoii 
(LDD) . 

]- .• r----,--.:_,-F~ig--"8--7,.-b--_-. ..--_ -_.----1-_ ~T J 1 · · -1 · 1 - =r-~--~ 
. . . 1:1 Example of chiut showing unifo•mity ratio vs. •·1¡ : !l ¡--+ 
.. 1

:. Luminaire spacing for staggered arrangement. 1 
Luminaire classification 11 Medium Semi-cutoH Type 11 Distribution _j · / 

'[~ ~ . .• 1 ·¡.- .. ·. ·.1 
1.5 1 . -g iii- --+--'---.--+----+-----l-----+---4---4----if--'--+----

i 1 ~ ~ . . . ~~ --:30' width J .·_ · _1 --t--~ 
2 1 ~ ~ ~-1----· ~-e.--. -- e---¡.;_~ . - ~.;!' so-~;,¡¡;- j -1-·-- -~- . j 

·1--0l·¡:-1----!--. """. ~ ; . 
~ E . " 1 " __, -, . ~~. . i . . f--

3.1 , ~; ·1--- [\ 't, /. \p ·~ 60' width j +. _._ 
rg~ . . \- -. r-. ---·· 0~ ¡ -·-- 1 

,, ~il..~~ - r~ ---- ·-·-~-· ]:E' f-.-~-- ,.i~e----¡ ___ t=¡ 
. ' 5 1 -_.· ---+--.-·· •. · ---- -~ ---±··. --'- - --f--- --. -- . ···.·• ----- ~- --j~-~=~-.t~~j 

_ _e_ L._~-· . . . - ·-.. _=e= -·. ~---·-··-· ·----·-
60 ·80 100 120. HO . 160 160 200 220 

1 
"1 

''.J· 

S-LJ 



.·-....·· ... --:; ···~ ~ 

· r~ou:., ING 
HEiGHT 
FEET 

20 
21 

. 22. 
. 23 

24 .· 
25 .. 
26 
27" 
28" 
29 
30 
31 

. 32 .. 
33 
34 .. 

. 35 

:F,..,; ,•QR 

2.25··· 
.2.04 
. 1.86 
1.70 
1.56 
1..44·.: 

. 1:33 
1:24. 
1.15 

·.1.07 
·1.0. 
0.94 
0.88 
0:83: 

. 0.78 . 
.0.74 

Rg .8-6 Eniarged sectiori of 
F.g. 8-2. for isct.x:tcandle 
cur-Ves only: 1 For 

· e·asler COinp:.:tat•cr~s). 

e:: 
' N . 

. ,. 

RATiO OF LONGITUDINAL OISTANCE TO MOUNTING HEIGhT 
Foolc'lnd!e data is based on a luminaire mounting height of 30'. For 
o•her :nountir;g he:grots muitiply the values of footcandles shown by the 

· factors in the tab!e. . 1 
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CF'ig. ll-2) HaintaineJ footcandle values are ·calculated for a 
la~p with a lumen .output of 19,667· (horizontal), a luminaire 
(L.D.D.) of 95/o and Lar:m.lumen Jenreciation (L.L.D.).of 76\. 

. Overhang (OH) 5 '.,. Ro2.d•.ray width varies "H''. . 
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-~--~·· .. . . · ... 
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'· 1 / 
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1 
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·1 . 
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1 
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1 ~-J. , .• o• 
. . ~ ' . f Sbj_cing. !)t?tviet::n lumi nai.res u1 -eet 

~ .· 

1 : .. o 1 

('st,.ggered). 

__ , .___.! 

-. ----., 
400-watt clear mercury 
dirt depreciation 
~ounting height 30' 

' 

! =; 
• ~ 1 

Fig. 8-7a . 
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'RttiU.CTO• C.u. No. LOJ:le:CI 

Soc•t' S''''"o 4C 
:~''"f' HJ.J-1(0/(, 400 'r/ATTI, 20,~ l\l .. (toS 

(·37, c,u• 

:,,,, .. ,,,,.,¡ H· 
~ •• '. '7 --~ ·. :' 

f\q, NoHooiH• 21._ 1972 

1oo ·¡M) . :.¡o 
HORIZONTAl ANGLES __ ___,_, __ _ 

TEST No _[3~9-2~;; 
- Sú,(IIS(\lU (}S:1 -~::!~ 
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----~ -: . i --- --; I LOO l~l 
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' . ' •. _, ,. ll --'---
..: .. ,. 1 . 

____ j ____ __o. _ .. _i __ ___ i __ _j _____ L_:__, •', ,;,¡ 

e r 
100 so ;o 

Ulllll4TION (IN ~~) 

,-----·-·-·--·--, ·2,.....,-,--,,-r,,-,,.,.-'r.,~r.-...,.,:on,.<-.-,-.ir 
60 70 . ilü 

~r;-rrrrT,--·.:-r··~ 

L .. -- J.·c... __ ·~~~:iL.J 

2~ ,. 
" " 29 

; 
_-_)() ! 

•.-· -<:'" 25 ··•·· 
T·_--:,,· "' 

. :_r~.' ·-~-' 

''· 

. ·' ·....: . ,, ' ,._, •. ,,.,_,, . oc 

.• --:: ·.a;•:: .:tr•:.····: .•:.· 

Fig. S-8. 
8-26 

1 1 _, 
' ·. 1 . • •• 

1 _, 

1 

i . .. ~ 

.CX.'2. 

_J 

. i 
--, _, 

' __ , 

' ¡ 
1 



... 

l 

l 
¡ 

¡ 

., 
¡ 
j 

1 
¡ 

:"r 
¡ .. 

. ·iJ 

'1 

---·---.. ···-·-

No. 1 No. 1A 

No. 2A No. 2 

. Fig 8-9 Layout of Lum inaires 
· and roadway assunied for 
typical cximputa!icn. 

. 8-27 

S - . 
(Spacing) 

:, ·. 

!A---Street side .· 
(W-0) · 

JIW,__ Hou5e side 
· (Overtíang) (OH) 

w 
(Width) .· 

.·.·· 
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e. Staggered spacing using formula 5 e page 8-7 

Staggerc '' pa · _.19,667 X .51 X .97 X 
. u s nng -:- . 44 x-y- .70 = 

ó810 
= ----a-8' 77.39' (7ú') 

f. Tn. determine 3·verage fe. to miniP.Jum fe ratio 
Determine fe at point "A" luminaires no. l. & 3 
Trari~verse H.S .. 4/30 = .1333) _ 21 x 2 = .42 fe 
Long. along R. 76/30 = 2. 533) - · 

Luminaire no. 2 
Transverse S.S. 
Long along R. 

40/~0: ~.333)= l.lO fe 

Luminaire No. L, 
Ttansverse S.S. 40/30 = 1.333) 
Long. along R. 152/30 = 5.0666) 
Total for No. i, No. 2, No. 3 

= .015 

1.535 & No. 4 
Maintained FC - 1.535 X .97 X .70 X .96 = 1.0 ~e maintained 

.. Determine fe. at point ''B" Luminaire. No.' 1 
Trans. H.S. 4/30 = .1333, Lon¿. 114/30 = 3.8 

No. 2, Trans. S.S. 40/30 ~ 1.35, tong. 38/30 
No. 3, Trans. H.S. 4/30 .135, Lortg. 38/30 
No. L,, Trans. S.S .. 40/30 ~ l.'J3, Long.lll,/30 
Total footcand1es at point . . . ' . . 

= 
= 
= 

. Ol¡ fe 
l. 266 . 48 
1.266 1.00 
3.8 . 085 

1.605 

Determine fe. at.Point "C" Luminaire l and 4 . 

fe 
fe 
fe 
fe 

Trans. S.S. 20/30 = ,667, Long. 114/30 = 3.8 ~ :11 fe x 2 = .22fc 
No. 2 & 3 Trans. S.S. 20/30 = .. 667 Long. 38/30 = 1.266 

= .1.15 ·fe x 2 = 2.30 
·.Total footaentlle<; at point "C" 

Haintainecl fe at point "H" " l. 605 x . 97 x ·. 70 x . 96 =l. 05 
Háint<d.ned fe • at point "C" = 2. 52 x . 97 x ·. 70 x . 96 .; l. 64 · L 
Point "/\" is low arid prod•Jces a ratici of 2 avg. tO i o'i: a 

· 2 to 1 ratio. · 

,· 

8-28 
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Problem No. 2 

Using the 
loeations 
Fig. 8-9. 

same parameters as for problem 
to opposite spacing for a 2 fe 

no. 1 ehange the pole 
avg. rna in tained. · Se e 

a. Determine spacing 
The values for eoefficient of utilization, LDD, LLD, ITL, 
will rema in the same: · 

b. Determine maintained fe 
and "C" 

-for points "A"_--- ''B." . ---

c. Determine ratio for average maintaíned to mínimum 
maintained 

Problem No. 3 

Determine data for the following si tua tion: 

·a. 
b. 
c. 

d . 

Roadway íVidth (W) 
Mounting Height (MH) 
Overhang (OH) 
Lumiriaire-See Fig. 8-S (Opposite s¡Jaeing) 
LDD 
LLD 
ITL 
Average maintained footcandle;J to be 

· provided 

Determine Coeffieient of Utilízation (CU) 
D~teimine opposite s~a¿ing . . . . • 
Determine ináintained fe .. at points "A", 
11 B" and "C" 
Determine average to minimum radn. · 

. Prob le m No. 4 

Photometrie Data- see.Fig. 8-2, 8~3 ánd 8-6~ 

60' 
.. 30. 

4' 

97% 
70!: 
96~1~ 

2 fe 

- -'· ----.----

Luminaire, Medium, Semi-cutoff type Il . .. . · . 
·Lamp; 400 wattclear rnereury- H33-i.CD (Ansi No. JJ)3CD-400) 
Test Lamp Lumens 20, 500; Ins talled la1:rp lumens 19, 66 7 - horizontal 
Lamp LUinen Depreeiation (LLD) · · 78.'% · 
Roadway Width (W) 42 '· 
Overhang (OH) 6' 
Required máintained fe . . . . .2 

· Luminaire Dirt Deprceiation ·(LDD) 97"1 • 
. Nounting llc?igltt . . . .. 31•' 
Móunting lleight ·.rnctor (soc 1:ablc on d.-1tn sh<~(;t) · 18"1.. 
lnstalled - Te,;t Lamp L.Jctór (ITI.) 96/: 

·. . ' .. 

8-29 
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a. Determine Utilization fac~or (CU) 
b. Determine ~taggered pole spacing 
c. Determine footcandle va1ues maintained at Points "A", "B" 

and "C". 
d. Determine average to mínimum ratio. 

Prob1em No. 5 

The previous prob1em was on a clear mercury lamp, ·this one will be 
on a phosphor coated 1amp of the same wattage, and will produce a 
different type of distribution_. 

Photometric Data ~ see Fig. 8~10 · 
Luminaire, lES Type III ShOrt, Cutoff (1972) 
Lamp; 400 watt Phosphor coated H33GL-40.0/DX 

· Test Lamp Lumens 22,000 
Installed Lamp Lumens, initia1 21,780 · 
lnsta1led - Test lamp factor 
LLD . 
Roadway width (W) 
Overhang (O) · 
Mounting Height 
Mo.unting Height Factqr 
LDD . . 
Footcand1es m~intained 

a. Determine Coefficient of.Uti1ization (CU) 

.99 
78"/o 
42' 

6' 
)l¡' 

. 74% 
97"/o 

2 

b. Determine stagger~d po1e ipacing . 
· e. Determine footcand1es maintained at points "A",· "B". and "C" 
· d. · Determine average to: minimurri ratio 

Prob1~m Nó .. 6 . 

. 'This'problem ha~ the sanie physical.perameters as the two previous 
· prob1ems. The change is stibstituting a 400 watt sodiuui lamp 

fixttire. · · 
. . . . - . 

. Phot:ómetrÍc Data.- See Fig. 8-ll 
· . Luminaire ·- lES type IV, medium, semi-cutoff. 

Lamp: LU-400 E-18 
· Test Lamp L11mens 

Rated Lamp Lumens 
. Installed - test 1amp 1umen factor 
LLD . . 
Roadway Width (\-1) 
overháúi.; co) · 

· .Mountirig Height · 
· Mounting hcight factór 
· · LDD . 

Footcandles maintained 

42,000 
. 50,000 

1.19 
.. 907o 

42 .. 
'6. 

34' 
787o 
97"/., 
'2 

'"· . 

¡< ·. 

•.. ¡ 

'1 
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PHOTOMETRIC REPORT 

t.,;,_.,~ _JU J _ JGL c_DL. _. ______ -___ . -~'·" TS3.0.lL-----~-- LUMINhlflE HORIZONTAL 
SERIES: 25 000 
WATTAGE: 400 

L r.l _l ________ ;...._~_c _________ vr;¡ 1 :¡ ______ _ 
) . ..... 

•.uM¡r,s_z_m ____ _ 

. TE::>T r.;o _<;'--:_lL_-,-_______ QI\ TE 11- 16 · 72 

B., I :r: .S. A EV 1 SI o N _jO.L.J<Q,__ __ _ 

"APPAOVEO BY--i9~~0"~!!:,._ ___________ _ 

SOCKET POS . 
OWN. & FWO_ 

111 SHORT 
lES TYPI:: 111 s:oc:n 

------------~-----------------L--~ 

• 
11) 
1-
X 

" ¡¡; 
X 

" z 
~ 
z 
::> 
o 
::; 

~ ,_ 
w 
w 
a: 
1-
11) 
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·--' 

"' w 
u 
z 
"' 1-
11) 

·O 

/' 

z 
o 
~ 
o( 
N 
::¡ 
~ 
:::> .. 
o 
1-z 

Hf--'-c-;--JJoo. w 
-----;~--J.- ü 

. :s(i:1tLL --·-·---

3 4 

IN MOUNTING HEIGHTS 

¡¡: .. 
w 
o 
IJ 

' . . - : . . . ~ . . . 

ISOFOOTCANDLE AND UTILIZATION CURVES 
F_ootcandle :data is bas~d on á ~uminaire n:ovr>t1:•g !l~:gt"1t oi~_Q.J·.'e!. F<i; ~~!tler mot;n:,;nq ~~cights·." ·~liJUlply t~e ~ah.;qs· c•f lm,!
candles shc·Nn bv lh·~ follow,ng tabte. The utilrl~l;;on cune' dii~I1Cdi ~~ t::)Pf'CI !cr a;t r::.;c:~:.,,q !;f21<¡1"1ts :vid Cocs "O: ~f'~~..:·r~' 
correction. · · · · · ·· · · · · · _ __:___.:_:___:.:::. 

i"ho~ lt•porl os bil!.<n1on lt·~i ,.,,.u;~,d:: ,, ,,,;,·,;,,·,:,, 1 , .• ~;1!1 !f ~. ~.,, .t•""· :-•· J.·· .·.,,,_. '', :.o,;• .· .·.,. 

. a ~··n1.tt•,f' ,l,:l(l lto,tl. \Csl crirt\lo\<~111~, .Ht' _,c,,,,,..;;,!,•1J •,n!!.l::•· ,, ,,: ; ~~''·"t.:,· ... , .. • · · ·. ·'"'' : ... .1 .• : •·." -,,;. 
;1 :.• \!:•'. !!••¡:••!•· \l>,o\ !tlo• tc•:,h:\1 ···"'"•••" 

,o''t•o 1 ¡,,.;.¡ óh'!l<ol!l!,,.ILt" 

. LIGHTFLUX,VALUES 
,"r,.;,i Oo::1.11Ú ;. :.•,.,,.,.¡, 11¡, • .,.\ .. ·· 

-==--===~D;~;~~::-·- =E·~~;~-:-~·::2 

ri~r:~~f~~~ º- -~ J~· ~ ': _--
~~:~;;¡\\~~,~ ¡ 5 ? o() . ! 2 3 ~ 
------- ----·-1- --·--·-·--, 

-- -~~;~:.: }~-~~-~-~~: ~- ~ ___ _¡ ___ .:_ _ _;__~_ j 
:Total ¡14.680 .. )6_.i7<.· . .. ' . ' . 

. . . .. . ' . . . . 

V,tltw:~ d t;.:•~: .. wn;·!ii. ·ltt!ll> ·n:~ · .• ::_d /f.·.ot;,,~ndl··,<. ,, ,. 1 •.bcd UDr,;J ,,· lamp o~·er;lt,..d at ,.2.2..0._(1 __ Q. 
lt:rnt.··n~. 1} 11•" t!:t:;. ··· C·: :r.•l: 1,•1 ;, ,!,!lt!r0:rt <¡;:;,, .• , r¡~!l'lÜ fllodlq.•lf <.td :s•c,.nd~l;., h;r:"l(·<l ;¡ .. ,: 

tno:clm:!!·.' \;:1,:•.::: :·,). ·::,.· ;:-:·~··~·:: 1 ; ::n•;• 'tlflh'n .;,;:r:q :,:,·.Jodt:d t,.,·_;.·~~-' 

Fi;?,. 8-10. 
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a. 
b .. 
c. 
d. 

Determine Coefficient of Utilization (CU) 
Determine Staggered pole spacing 

f d "A" "B" d "C" Determine oot~andles maintaine at points , an 
Determine average to minim~m ratio. 

Problem No. 7 

This problem is for a greater mounting height and a wider roadway. 
Photometric Data Fig. B-12 .. 
Luminaire lES 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 94.74% 
Roadway width (\~) (Fig. 8-1) 72' 
Overhang (OH) 5' 
Mountin!j Height · (MH) 50' 
Footcandles muintained 2 

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

b. Determine luminaire dirt depreciation factor for a systern of 
cleaning every 6 rnonths in 1m avg. are a. 

e. D.etermine Coefficient of Utilization (CU) 
d. De termine s taggered s pacing . · 
e. Determine footcandles maintained at points "A", B" and "C" 
f. Determine average to·inininum ratio 

Problem No. 8 

To get a comparison of.a clear and phosphor coated mercury lemp 
the same pei:arrieters will be used on this problem· as in probler.: 
no. 7. , except that ·a 1000 watt ·De luxe white lamp >vill be used . 

. Photometric data - Fig. 8-13 · 

. Luminaire Ansi/lES Type IV, . short, cut~ off. 
Lamp: 1000 watts H36-15G\.J/DX · (Ansi -H36GW-1000/DX) 
Test Lamp Lumens · . . · · . 6 3, 000 
Rated Lamp Lumehs initial horizontal 60,.000 

· Installed - Test lamp lumen factor .. 9524 
LLD . . . 67% 
LDD . 95% 

:. Roadway width (W) . 72' 
Overhang (O) 5' 
Motinting Height (HH) 50' 

· . Footcandles maintained · 2 
Mounting heigh t factor /¡9"/o 

;1, L'ctPnninP CoefficiC\\t: ur 'u::i.li.::n!'i'on 
h. !1cf:t•nnin<! staggered tWlt• :qi::clng 
c. Determine maintai.ncd footcalldlcs at polnts "A", "B" .arid "C" 
d.. D~termine average ib mínimum ratio. 
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Problem No. 9" 

To compare different lamps we will take the same criteria as ~n 
problems no. 7 and 8 and now use a_metal halide lamp. 
Photometric data Fig. 8-14 (Cu~ve No. 630405). 

Luminaire.- lES type III, medium cutoff, 
Lamp: MH-1000 1000 watts Bt-46. 

distribution 

Test Lamp Lumens 
Rated Lanip Lumens (Horizontal - initial) 
Instal1ed - Test lamp lumen factor 
LLD 7000 hours, 70% life " 
LDD 
Roadway width (W) 
Overhang (O) 
}lounting Height (MH) 
Footcand1e maintained 
Mounting height factor 

90,000 
95,000 
l. 0555 

74/. 
95/. 
72' 

5' 
50. " 

2 
o 

a. Determiné Coefficient of Utilization" (CU) 
b, · Determine stagge~ed po1e spacing 
c. Dete"rminc mai.ntainéd footc:mdles at points "/>.",. ''B" "and "C" 
d. Determine average to mínimum ratio. 

Prob le m No. lO 

Many roafdway~, are t\vO separa?t
0
c, roadways. with a median be~ween w1h0 ~ch f 

may be· rom l. to rr:ore than _ . In this case we are us~ng a " 
median and the luminaire" i.s mou;1tcd over the edge cf the roadway 
see Fig. 8"-lS. The lumens falli.ng on the median will not·be· 
included in our "calculations for CU. or footca"ndles. 
"Photometric Data Fi~. 8-16 
Luminaire Ansi/lES type III medium, cutoff. 
Lamp; 1000 \vatts, H-1000/BD Bt-Sb clear. 
Test Lamp Lumens 90,000" "" • 90,000 
Rated Lamp Lumens Horizontal ini.ti.a1 ·95 ,000" 
Installc'd- Test Lamo lumcn factor 1.0555 "" 
LLD (7Ó% 1ife- 7ÓOÓ.hours) 74% 
LDD ·95/," 
Roadway width Fig. 8-17 (2 strips 36' ,wide ''ith 
lO' separation) . 

Hounti.ng Height (i1H) 50'· 
··. Mounti.ng hei.ght factor 49~~ 

Mast arrns 5' (Approx.) 
Overhang (O) (center of fixture over curb) O' 
2 1umina:i.n!,; per pole. 
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a. 
b. 
c. 

d. 

Determine Coefficient of Utilization 
Determine Spacing for double mounting 
Determine maintained footcandles for points 
an·d · "D" .. 
Determine average to mínimum ratio. 

., 
11 o • 
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APPENDIX A 

Answers to Prob1ems 2 through 10 

Prob1em 2. 
a. Opposite spacing 
b. Maintained footcand1es at 

Point A 
Point B 
Point C 

c. Ratio average to minimum 

Prob1em 3. 
a. eoefficient of Uti1ization 
b. Opposite spacing 
c. Maintained footcand1es ·at 

Point A 
.Point B 
Point e 

c. Ratio average to rriinimum 

Problem 4. 
a. eoefficient of Uti1ization 
b. Staggered spacing 

. e. Haintained footcand1es. at 
Point A 
Point B 

. Point e 
. d .. · Rátio 

Prob1em 5. 
a. Coefiicient of Uti1ization 

·b. Staggered spacing 
c. Maintained footcand1es at 

· · ·. Í'oint A. 
Point B 
Point C 

d. ·Ratio 

.. Prob1em 6. 
a. eoeffi~ient nf ~tiiizatio~ 
b. Staggered spa¿ing 
e. · Maint:üned footcand1es at 

Poi.nt A 
Point ·B 
Point C 

d. -R.'Itio · 

8--I¡Q 

154.8' 

2. 57. 
.71 

1.43 
2.8 to 1 

. S 7 
126.9' 

2.08 
.58 

1.84 
.3. 52 to l 

.47 
83.6' 

1.15 l!'l·· 
.1.17 . ., 
2.51 
1.72 to 1 

.351 
68.8 

1.3 
1.56 
l. 98 
1.54 to 1 

.391 
203.2' 

3.48 
.. 561 
. 56 7 

3.57 to 1 

·1 

·1 
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·rroblem 7. 
a. Determine lamp lumens depreciation 

(LLD) 
b. Determine luminaire dirt 

depreéiation (LDD) 
c. Coefficient of Utilization 
d. Staggered spacing 
e. Maintained footcandles at 

Point A 
Point B 
Point C 

d. Ratio 

Problem 8. 
a. eoefficient of Utilization 
b. Staggered spacing 
c. Maintained footcandles at 

Point A 
Point B 
Point e 

d. Ratio 

Problern 9 ... 
a. Coefficient of Utiliiation 
b. Staggered spacing 
c. Maintained footcandles at 

· Point A 
Poirit B 
Po in t C 

d. Ratio 

Problem 10. 
a. Coefficient of Utilization 
b. .Spacing 
e. Maintained footcandfes a: 

Point A 
Point B 
Point e 
Point D 

d. Ratio 

.665 

.955 

.415 
98.8' 

1..21 
1.7 
2.35 
1.65 

.27 
70' 

l. 33 
l. 72. 
2.08 
1.5 

.47 
218' 

l. 02 
. 84. 

1.14 
? ?~ -.-1 

.335 
310 '. 

to 

to 

to 

3.46 
.447 
.524 
o 56 7 

1 

1 

1 

4.47 to .1 

Note: ·\fuere pho.tometric data is difficult to int:crpr~t; ans"v:ers 
within 5% of those given rn~y be considered correct. 
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STRUCTURAL SUPPORT METHODS 9 •••• ea e 
we e 

•• o. 

Luminaire Supporting Structures 

l. Purpose 

To position the luminaire for optimum utilization, effective~ 
· ness and comfort of the illumination system. The supports 
usually consist of a pole·with its associated appurtenances, 
but in sorne cases·. may consis t only. of a mast arm or bracket 
mounted on a structure such as a wall or bridge member. 

-2. Classification 

a. By location of electrical supply circuits 

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

• b. By composition 

(l) Hood · 
(2) Steel 
r 3) A' . , .cum1.num 
(4) Coricre te 

e, By functional requirements for ·lumil;¡.aires 

(l) Mase arm (bracket) typ~ 
(2) Davit or inclined shafc type 
(3) Post top type . 
'(4). . Special types for high ¡;¡ast lighting 

d. By type of póle müuntine: 

· (1) For bolt-clown attac_hment to foundation 
(2) For imbedding in earth or concrete 

.'!voes of .Electrical Suoply CircUit 

Almost al1 of thc conventional luminaire niotinti.úg;i may be 
utilized for either overheád or under¡;rouncl li.¡;hting eircuits. 
Wood poles lend themselves pár~icularly w~ll to overhead sup~ly 
lines, while riletal arid concrete poles are more· ft·equ!mtly used. 

'1-l 
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OBJETI UO: \ 

ALUMBRADO PUBLICO 
DISENO Y CALCULO 

.EL OBJETIUO DEL ALUMBRADO PUBLICO ES EL ... 

DE PROPORCIONAR L~ ILUMINACION ADECUADA 

EN· CANTIDAD Y CAL1DAD,PARA UNA UISION 

L~NFORTABLE A LOS CONDUCTORES DE -

UEHICULOS Y ~EATONES QUE LES . 

PROPORCIONE SEGUR1tiAD Y PROTECCION, ·' - . - . . . . . . - . . ' . 

' ' . 

. ADEMA§ DE AYUDAR A EUITA~ ACCIDENTES, 
' , , ~ _,_. ..,....__ r '} i - . . . . . . . . . . 

., 

.REDUCIR EL UANDALISMO Y ESTIMULAR-EL 
/ . .· . 

COMERCIO ·._····. . ' - ' - . . 
'• .. 

1 

1 

1 
¡ 
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METODO DE CALCULO 

EL METODe ES APLICABLE PARA CALCULOS DE 

ILUMINANCIA EN CARRETERAS,CALLES, · 

AUENIDAS,ANDADORES V CICLOPISTAS. 

LA ILUMINACION POR MEDIO DE POSTES ALTOS .. 

SE TRATA FUERA DE ESTE CAPITULO. 

ES ESENCIAL EL DISPONER DE UN DIBUJO A 

ESCALA QUE MUESTRE TODOS LOS DATOS 

PERTIN~NTE~,ADEMAS DE DEFINÍR SU 
. . . . 

LOCALIZACION DE L~ UIALIDAD,DENSIDAD DE 

. TRAF l C·O, JURI SDlCCI ON, LOCAL, ESTATAL, 
' . ' . . 

. . 

NACIONAL ~ CUALQUI~R OTRO FACTOR . 

UJ. IL .. 
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_ PROCEDI M \~NTO D6 CAl.C \J L.C) 

E 1 proced' fiW •e~t& p Yl wc 1 pA 1 es pct ~~ 
deferiMUIICll"' por Vl'Je~1o d t c:.&.lcv los 
Y d~fos ~o~~méh•<os, qve co~1~m" 
CIOlll de letWJ par'l- (VIMH7Ct l'lO S e 
ref'H!I'e petr" p rovfer v m a. tlvw1 .. 
\llQ CfOlll · dc..dC4 Cl U WA VtQ.../1 J,,~ J¿ 

· ·· ·p rntck do.s pe r es priJ-Icrpet 1 «- t?.. •• . 

: . :, 

. BJFACTOR TOTAl Oc PERDIDAS DE"LU~ 

. .. .· 

.. , . 

. .. 
. . : . . . ' . ·. 

. . .· : 
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J OBJETIUOS Y ESPECIFICACIONES 

. , 

1>UN COMPLETO CONOCIMIENTO Y ENTENDI
MIENTO DE-LA LOCALIZACION Y TIPO DE 

· UIALIDAD PARA DEFiNIR SU CLASIFICACION 

2>CALIDAD DE ILUMINACION . 
CRITERIOS DE BRILLANTEZ Y·DESLUMBRA-
MI ENTO . 

. 11CANTID~_D. DE ILUMI NAC ION ~tQUERl~.~: 
RECOMENDACIONES DE LA I.E.S. C.I.E. 

·4>ATMOSFERA DEL .AREA. 
ANALI S IS ·DEL ME:DI O. AMB 1 ENTE EN DONDE . 

·. UA .A OPERAR EL SISTEMA DE ILUMiNA~ION. 

· · POLUO . EN LA ATMÓSFERA PARA DEFINIR QUE 
~ . . . 

GRUPO TIPICO DE AREA ATMOSFERICA . 

.5 )DE SCR IPC 1 ON .· DEL 'ARE A. 
4E. REQUIERE UNA COMPLETA DESCRIPCION 
.DEL AREA A ·ILUMINAR QUE 
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... ....,.1. E.Xample o1 roadway and ania clasalllcation. 

~ with other lranspoitnÜ~n mod~ . 
· · (l) Type A~De.signaúid bicycle lane. A por

tian or roodway or shoulder which has been desig-. 
nated ror use' b.Y. bicyclisls. 1t is disiinguished from 
·the pi>rtion of lhe roadway for mot.or velúcle traffic 
by R p!Únl stripe, curb, or olber similar devices. 

(2) Type B~Bicycle t rail. A separa te trail or 
patb from·which.motor vehicle5 are prcihibited and · 

· whicb is for the rxcltL•ive use of bicyclisls. or the 
. ahared use of bicyclists árid pedestrianS.. Where su eh 
a b-ail or patb fo~ a part of a highway, it is Sepa-

A 1 • .J_t:J_w.: e pi;( k~ '> 
· ~- -:ru.sv~~j¡'l,~· 

.,. c • .+!. r ~ JV 
/l. r: !" o f. lA ll 

. Pttr~ttn-,~r-4o 

e 4L,Lt;S..;. P nJ.NJ.e..11 uc:s 
r"' 

.. -. 

LE GENO 

ROAOWAY CLASSIFICATION 
/>rYf:l/tP!;J PKINCIPt.

ii N M.AJOI IOUlf . 

1111 mil Bl ¡. COlllCJOI C.}\.J..kG'~ 
. p¡-;JJVIcJ)l.l 

1 o~.'\l oJ:¡.(r.r5 ~u-e 

LANDUSE d5o '\)fl_ .SU!it0 
CAREA CLASSIFICAñoN> 

. ~ COMMliCIAl 

. tmr~ IHTEUilDIATl 

1 ··¡ ÚSIDf N ti AL 

rated ír~m the r;,.dways for mot.or :Vchicle traffic by 
'a.n oPen sPace Ór barrier.. ' 

. 2.2 Aicn cln..'si!ications (abutting lanc\uses). 
·.. .( !) ComrncrciaL ~of a municipnlity 
whenrordlnarily-the~ano·~~during 
oighl;hours. Tbis defmition applics t.o deiÚ•cly dc
veloped business are;.. ouiside. as well ns within. the 
central pnrl of a' munici¡Wity. The arca rontains land . 
u5e whicb nttrácts a relatinly henvy YOium~f 

, rüghttime-<9ebicular ~or-pedestrian,traific on a 

... 



.. , :Table 2 eont'd 
(•) Malntalned lumlnaneo~ values 

Road and Area 
· Cláaslflcation 

Freeway Class A 
_ Freeway Class B · 

. :&pressway 

.. """ ,, . 
·-.b:all 

Commercial 
Intermedia te 
Residential 

Commercial 
lntennediate 
Residential 

Commen:ial 
lntermediáte 
Residential 

Commercial 
lntermediate 
Residential 

~ t..... 
(cd/m>) 

0.6 
0.4 ' 

. 1.0 
0.6 
0.6 

1.2 
0.9' 
0.6 

0.8 
0.6 
0.4 

0.6 
0.5 
0.3 

.. - ... •. 

Lumlnance 
Unlformity 

L. •• lo L.,,. L..,.. lo L.,,. .. -
3.5 lo 1 6to1 
3.5 to 1 -· 6101 

3101 5101 
3101 5101 

3.5 to 1 6to1 
. · .. ·-

3to1 5to1 
3 to 1 5 10.1 

3.5 to 1 6101 

3 to 1 5 k; 1 
3.5 to 1 610 1 

4101 6to1 

6 to 1 10 10 1 
6 to 1 -10to1. 
6 to.1 10 to 1 

Maxlmum Ratio 

l., lo L... 

0.3101 
0.310 1 

.0.3to1 

'0.3 10 1 

0.4 to 1 

0.4101. 

··-

', ,~--~----------------~--------------------~----------~----~~--~----------~ 
< 1-~-~· •·--va-• malntalned lllumlnaneo~ valun (E...) In lux· 

. Road and Area 
Classilicaticin 

f"ta& aa1 ctas's A, Au{-o·p~r~~ 5 -r. a¡ Class B.,.. .:> -

· · · · __ ·. Pai(1q.y 1.co Commercial 
'·E¡ asway A . 11 · _· lntermed•ate 

· . ¿'l.,:t~j Residential 

A 1 · · Commercial 
'4illljar· 1/('WI!lC.C > .. lntermediate 

f¡l)l.itrp~lios Residential 

caJr4!.s _ 
·· ln·r.tf.mri'> 

ec.lf ~~ 
Sto¿ lflifl<. ti iJJ -L. --.g· klmnance 

· Commercial 
lntermediale · 
Residentiál . 

· Commercial· 
lntermediale 
Residential 

... 

.. 

·- ' . 

Pavement ClasslllcatiOR 
Rl R2 and R3 R4 

6 9 6. 
4 6 5 

10 14 13. 
6 12 10 
6 9 8 

12 . 17 .15 • 
9 13 11 
6 .9 . ·a 

8 12 10 . ' 
6 9 6 
6 6 5 

,. 

6 9 .. 8~ -- 5 7 . 6 ... 

3 4 4 

· . . .: ..... .. 
,;__ . .: . 

lllumlnance 
Uniformlty Ratio 

(E...; to E..,,,J 

3101 

3101 

4101 

6 t_o 1 

. --. , . 

.....ds ofnight traffic (veh;c•·lar and pedestrian) and. veiling luminancc (L,.). . . . . 
•-·be-«"l>ressed in ten-_.,. cieaily underst.andnble by -TI>e visual needs alurlJ: the roadwav mav also be 

_____ -'--c •• _-. ti¡~:. ':!,ti~¡-~---=·. _~rafli~ engin~ers,~ "'_._'¿ ___ m_ -~_h __ w_a_y __ . salisfied by thc u.s<i'or illu:ninance c,';wri..._ 'fa blc Z(b) 
~ ..-. - ·. ·provides thc rccOmffimdcd illllminanCe dcsign re· 

'1"-_.. vO-;u41 environmental needs along tbe :ond.,.,.,y · quirements, com:iderinJ: the cliffcrcnc~s in roadway 
. -a..cribed in tbis.StouiJilid Prnctice in· "m.' of renectance characteristics. The designersbould riot 

.. · peoaaeat Juminance, Juminance unifortr :y and. Clpect tbnt Jiglning sy<Zelll5 designed under eithcr 
• · dbcbtlity véiling gláfe produced by lhe sys! n ligbt criteria will correlnte perfecth with each other . 
.,._ Table 2{a) Ipro\;des the recommr :Jed lu· - (2) Appendix O includcs informatinn r,;;,a.o;sÁsing 

, __ , •. · · . _design requiremenL•. uniformity and the the •·isibility conditio"" •·hich also take "tnto con-
__ ; dM>iopdup betweeri a;-erage,luminance f_L'"-1 ) and · sidc"ration the P,ychnpbysiol<,.;ical a.•¡>ects of hum no 

... 

.; 
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DEBERA INCLUIR LAS CARACTERISTICAS 
FISICAS DIMENSIONALES,COMO ANCHO DEL 
ARRO~O,BANQUETA,CURUATURA,OBSTRUC

CIONES <ARBOLES,POSTES DE OTROS · 
SERUICIOS,CANALIZACIONES,ETC.l,AREAS 
AD~ACENTES. 

6)SELECCION DEL LUMINARIO 
. . 

·LA SELECCION DEL LUMINARiú ESPECIFICO 
REQUIERE CONSIDERAR SIMULTAN~AMENTE . .- . . . . 

UARIOS FACTORES ENTRE ELLOS: 

. ThiMENSIONES ~ TIPO DE UIALIDAD 
LOCALIZACION EN QUE TIPO DE-ZONA 

' -

CONDICI.ONES ATMOSFERICAS 
ALTURA DE MONTAJE 
DEPRECIACION POR POLUO . 

. FUENTE LUMINOSA 
CONSIDERACIONES DE MANTENIMIENTO 
APARIENCIA 

. 
- FACILIDAD DE MONTAJE 

1-
. ' 

· · UA NDAL I SMO ; 1 



¿ 

• 
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'B) FACTOR TOTAL DE PERDIDA DE LUZ 
-NO RECUPERABLES 
!>TEMPERATURA AMBIENTAL 
2>UOLTAJE DE LINEA 

ES DIFICIL PREDECIR EL VOLTAJE DE LA 
LINEA EN SERVICIO,PERO ALTOS O BAJOS· 
VOLTAJES AFECTARAN LA EFECIENCIA . . - ~ 

LUMINICA DE LA MAYOR PARTE DE LOS 
LUMINARIOS. 

3>FACTOR DE BALASTRO 
SI EL BALASTRO USADO 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)DEPR~CIACION DE LOS COMPONENTES. 
LA DEPRECIACION DE LA SALIDA DE LUZ DE 
UN LUMINARIO ES DEB.IDO AL RESULTADO 
DEL DETERIORO DEL METAL,VIDRIO, 
PLASTICO,PINTURA Y ACABADOS 

. . . 

DEL REFLECTOR,QUE CAUSARAN UNA 
DISMINUCIO~ DE LA SALIDA DE-LUZ 
NO EXISTE FACTOR FIJO PARA ESTE PUNTO 



; r · .. 

> 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 VIALIDAD, 
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. 

'· .. 
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.• ECUPERABLES. 

1)DEPRECIACION LUMINICA DE LA LAMPARA 

Z>DEPRECIACION POR POLUO EN EL LUMIN9RIO 
LA ACUMULACION POR POLUO EN LA 
SUPERFICIE DEL LUMINARIO CAUSA UNA 
PERDIDA EN LA EFICIENCIA LUMINICA Y EN 
CONSECUENCIA MENOS LUZ SOBRE EL 
PAUIMENTO. 

' 

·EL~~ TOTAL DE LOS· FACTORES. DE. PERDIDA$ DE·: 

·LUZ CFPTL> ES SIMPLEMENTE EL PRODUCTO 

. DE MULTIPLICAR LOS FACTORES bESCRITOS 

· FPTL..:.. F. B x DSR x FD x FM x es 
. . . : . . 

CUANDO>-Los .. FACTORES· NO SON CON OC IDOS O 
' . . 

APLICABLES SE PUEDEN OMITIR LOS NO 
. . 

··IMPORTANTES.·· 
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. . 

F.B ~ FACTOR DE BALASTRO- BF. 

DSR ~ DEPRECIACION DE LA SUPERFICIE 
DEL REFLECTOR - RD 

FD - DEPRECIACION DE LUNENES DE LA 
LAMPARA - LLD 

FN - FACTOR DE MORTANDAD~ BlF .. ' 

CS - DEPRECIACION POR POLUO EN EL 
LUNINARIO - LDD .. 



POTENCIA TIPC? 

55 W_ LPS 

135 w LPS 

70 w HPS 

150 .w HPS 

250 w HPS 

,-

EMISION LUMINICA REAL DE 

LAMPARAS DE VAPOR DE SODIO 

ALTA Y BAJA PRESION 

FABRICANTE EMISION EMISION 

NOMINAL REAL 

LUMENS LUMENS 

PHILIPS 8,000 7,888 

PHILIPS 22,500 20,654 

G.E. 6,300 6,016 

G.E. 16,000 15,600 

PHILIPS 27,500 26,317 

DISMINUCION 

%, 

1.4 % 

8.5 % 

4.5 % 

2.5 % 

4.3 % 



TIPO DE DISPOSICION 

l
~-DIIP--1 

---'--.-· -X-

- DIP-

X 

X 

UNJ:LATEFIAL TFIES BOLILLO 

•IP >IP 

. 

Y. X Y. 
•. 

Y, 

X X 

OPUESTO X . )<' 

AL CENTFIO .. ' 

FORMULAS PARA EL CALCULO 

E--0..,. LUMENES DE· LAM.P x CU x FTPL 
A ANCHO CALLE x D 1ST. I NTER POSTAL .. . . . . - . . . ' . 

DIP_ LUMENES DE LAMP x CU x FTPL -
ANCHO CALLE x NIUEL DE ILÜMINACION 



AA:ANCHO DE ARROYO 

AB:ANCHO DE BANQUETAS 

DI p:: D I STA N C I A I NT ERP O STAL 

. AM:ALTURA DE MONTAJ~ 

LH:LADO CASA 

LS:LADO CALLE 
-

DPB:DISTANCÍA ·CENTRO POSTE FIN B~NQUETA 

NI:NIUEL DE ILUM1NANCIA MANiENIDd 

. -CU: C·OEFJ C I ENTE DE UTILIZACION ·· 
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(RECOMENDACIONES GENERALES 
' ' . 

LONGITUD DEL BRAZO NO MAYOR 2.5 X DE LA 
ALTURA DE MONTAJE. 
CUANDO EL RESULTADO DEL CALCULO NO 
CUMPLA CON LA. RELACION DE UNIFORMI-DAD!--
ES POSIBLE QUE: , 

1.-ALTURA DE MONTAJE BAJA 
2.-CURUA DE DISTRIBUCION INADECUADA 

·. 3.-MODIFICAR LONGITUD LADO CASA 
4.-ESPACIAMIENTO EXCESIUO ., 

. 5.--EXCESIUA POTENCIA LUMINICA · •.. "' --· .. .. ,. . 

~~1 SELECCION DE TIPO DE D1S~OSÍCION .. 
..:. e 

. 

TIPO DE :RELACIÓN 
ALTU:RA..:.MONTAJE 

ANCHO. CALLE • 
DI S POS ICION 

.·.· UALO:R . UALOR 
. .. MINIMO :REC.OMEND.A BLE 

UNILATE:RA.L Q..;B5 ' ) ' ~ i. 

T:REBOLILLO 1<1-51<1 1<1-6 

OPUESTAS 1<1-33 .Q _5 
. 



' 
' 

' 

ALTURAS RECOMENDADAS EN FUNCION DE LA 

POTENCIA LUMINOSA INSTALADA 

POTENCIA ALTU:RA DE 
LUMINOSA 

INSTALADA 
MONTAJE 

j <LM:) <M>\ 

·a ca1;ua A 91alala 6-5 A 7-5 

91alala A ~91alala 7-5 A 9-lala 

· .. > ~91alala >= 9 

. 

EJEMPLOS DE CALCULOS PARA CALLES · 

1 . 

~ -. --- :r ~· ., . ' 

DATOS: 
.. 

. ANCHO DE CALLE-___,.,..---~-"'""· 10. 5 M 

.ANCHO DE BANQUETA 3.'0 M 
f .• 

DISTANCIA DEL POSTE AL 
BORDE DE LA. BANQUETA----'--,~-. . 1 . . 

CALLE PRINCIPAL EN ZONA 
COMERCIAL <NIZA) 

0. 6 M 



/ 

... 

DETERMINAR: 

A.-NIUEL DE ILUMINANCIA REQUERIDA 
B.-ALTURA DE MONTAJE 't LONGITUD DEL 

BRAZO . 

C.-TIPO D~ DISPOSICION 
D.-DISTANCIA INTERPOSTAL 
E .-_;,NI UEL DE ILUMI NANC I A EN BANQUETAS 
' 

F.-INDICE DE UNIFORMIDAD ·.! 

AM 
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SOLUC ION:. 
A.- NIUEL DE ILUMINANCIA 

. DE LA TABLA 2 <b> DEL AMERICAN 
NATIONAL STANDARD PRACTICE FOR 
ROADWAY LIGHTING, CONSIDERANDO UNA 

· CLASIFICACION DE PAUIMENTO R2~R3, 
ESPECIFICA PA~A ESTE TIPO DE UIALIDAD 
12 LUX.· 

B.- A&tURA DE MONTAJE · .. ·:··.: ...... : 
~ -· .· 

~ 1 . .;.. DE LA. TABLÁ 2 RECOMENDACIONES . 
GENERALES TENEMOS QUE SUPONE~ QUE 
FUENTE LUMINOSA Y . POTENC'I A .· 
UTILIZAREMOS. ENESTE CASO SUPONEMOS· 
INICIALMENTE: LAMPARA DE UAPORriE 
SODIO EN ALTA PRESION D~ 150 WATTS. 

. . 

CON UN FLUJO LUMINOSO DE 16,000 LUMENS 
y DE ACURDO A LA TABLA SE REQU]ERE UNA 
ALTURA D~ MONTAJE DE 9 METROS. 

" 
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LUCALOX 
LU150 

-----..., 

LSB #220-6187R 
4/21/78 

LAMP TYPE: High Pressure Sodium 150-WATT LUCALOX® 

ORDERING CODE: for operation in any position: LU150/D LUlSO 

DlFFUSE 

CLEAR 

Note: 
All perfor:nance data 
shown are approximate 
values based on normal 
operating conditions 
with anxiliary equip
ment that meets 
curr~~t )~b1ished · 
•pecifications. 
·uata subject to cliange 
withoút ·n·otice. 

; 

\ 
! 
' 

PERFOR.'IANCE DATA : 
• Initia1 lumens (Avg.): Horiz. 15,000 

Vert. 15,000 
16,000 
16,000 

• Rated Averaqe Lii'e at 10 hrs/start 
Percent mean lumens at 10 hrs/start 
Apparent color temperature 

24,000 
90% est. 

.2100K 
wa.:m~up dme 3-4 minutes 
Restart time 
C.I.E. chromaticity 

· 1 minute 
x~.522 y=.423 

Pl!YSICAL DESCRIPTION: 
·Base designation 
Bu lb designation 

Mogul 
E-23-1/2 

Bu lb material Lead borosilicate glass 

Bu lb finish Diffusé Clear 

Bu lb dl.ámeter 
Maximum overall length 
Light cénter length 
Are .léngth 
Bulb temp. limitation (max.) 
Base ténip. limitation (max.) 
Eccentricity: 
·. base to .bulb 

·are tu be t·o lamp axis 

ELECTRICAL Cl!ARACTERISTICS:. 

2-5/16" 
7-J/4" 
S" 
1. 6" . 
400°C 
210'C 

Nominal lainp Watts · 15Q 
Nominal lamp volts ·55 
Nominal lamp current 3.3 amps 
Max. current crest factor 1.8. 
Max. ~tarting current 5.0 amps 
Ballast design open-circuit volts (min) 110*"'. 
Starting pulse requirements: 

pulse ·peak ~oltage (minf 
pulse peak voltag~ (inax) 

2500 
. 4000 

. pulse width 1 micro~sec •. (mln.) ·a:t 
puls~ repetition so· per sec. (min.) 
pulSe peak curretlt . 2 amp. (min.) 

2250 v. 

. .' **Appilcabl!l for ballasts ' o¡ierate lamps at rated performance. Lamps wHl operate 
at lower ,than the miniml . ballast des lgn ocv but perform.1nce. valu'es wlll' change .. 

* Lu.mArls tit"' ratéd W;~ttS. .Actua.'t l~rnp watts. may Vary depénding on ·the ballaS:t 
ch~~ac~~ris~ic.cu~~0-

l 



2.- PODEMOS SUPONER COMO ALTERNATIUA 
INICIAL UN LUMINARIO " CROMALITE ,. CON 
LAMPARA DE 150 ~ATTS· U.S.A.P. Y CURUA 
FOTOMETRICA 
·oBTENEMOS EL 

No.35-1?5631 DE DONDE 
UALOR MAXIMO DE LA 

POTENCIA EN CANDELAS. 
582 x 16 = 9312 :: 10,000 

CON.ESTE UALOR SE ENTRA A· LA GRAFICA 
DE LA FIGURA 3 DEL AMERICAN NATIONAL 
STANDARD PRACTICE FOR ROAD~A~ LIGHTING . . ~. . 

Y- APROXIMADAMENTE NOS DA U~A ALtURA DE 
MONTAJE PE 8 METROS, VERIFICANDO E~. 

CATALOGO l)EL FABRICANTE, ESA DIMENSION 
ES COMERCIAL. 
EL LARGO DEL BRAZO NO SERA MAYOR A UN 

- . . .. • • 1 -

.. 2. 5 X DE. LA ·.ALTURA. DE MONTAJE, DE DONDE . 
SE SELECCIONA DE 1.8 METROS. 

J 

C.- TIPO DE DISPOSICION 

DE LA- TABLA 1 DE . RECOMENDACIONES 
GENERALES SE. tNTRA CON LA RELACION:. 

' .. 



Luminario Cromalite*250 

Los luminarias CROMALITE• 250 ofrecen la más elevada tecnología y la máxima eficiencia para la ilu· 
minación de calles y avenidas. El conjunto bptico hermético y filtrado (opcional) disminuye los costos de·· 
mantenimiento y dá como resultado mayor cantidad de luz mantenida con mínimo costo toral de operación. 

El luminaria CROMALITE• 250 
puede utilizarse con' lámparas de 
vapor de mercurio .o aditivos me
t6licos de- 250 watts v con lám
paras de· 70, 100, 150 y 250 watts 
de vapor de sodio de alta presión. 

1.· FACIL ACCESO . A TODAS 
LAS COMPONÚHES ELEC· 
lAICAS PRINCIPALES : Él 
MODULO exclusivo 'del lumiOa
rio· CAOMALI_TE• ·250 que 
Contieiie al balastro, faCilita· la 
instalación, reposición y mante· 
nimiento. 

2.· FACIL REPOSICION DE LAMPARAS Y SERVICIO AL SISTE·· 
MA OPTICO : La operación dE?· un picaporte abre la pUerta porta
retrac;:tor V permite el acceso al refractor, al reflector "y·l.i lámpara. 

J .. MINIMA PERDIDA DE LUZ DEBIDO A LA CONT AMINACION: 
El filtro de carbón Sctiv2do y el em.p.,que de etileno' proPileno 
termopolímero. did conjun'to· óptiCo. (modelos CMJ, reducen 
enormemente las pérdidas que resultan de la cónurñinación por 
mat~riales gaseosos y partículas, eliminándosé Virtualmente la 
necesidad de limpieza· del luminaria entre' períodos de. cámbio 
de l;impara. · 

4.· ENSAMBLE SIMPLIF.ICADO EN LA TIERRA o EN El AIRE: 
·Un adaptador deSiiziJble con ·dos to-rnillos,·per,:,ite 'a l~s ins\a.tado- · 
i-es colocar e1 brazo al lurriinario en la tierra o .monta¡ elluminariO 
al brazo ya colocado en el ~ste, cori ·un m.fniry10 de esfuerzo 'y 
tiempo. 

~.-.AMPLIA GAMA DE OISTRIBUCION : El porta-lámpara de 12 
poslc_iones en el caso de· los modelos CM, se ajusta por medio ·de 
2 toini!IO~ para é:umplir su~ requerimientos.· · · 

6.· OPER<\CION AUTOMATICA DE ENCENDIDO y APAGADO : 
El fotocontrol- integr~o al luminaria (opciorlál para mOdelos CM 
Y Clf permite la operac~_n auto"máticcl de encen~ido ~ aPa9~o. 

7.- ELEVADÁ REFLE,CTANCIA DE LÁ LUZ : El .reflector ·de.· 
aluminio recubieno con Vitref/e)(• lv-idri~ fleXible ·tr~rlsPO:reniel 
mantiene por l~rgo tiempo sus características de reflect8ilcia. 

'MARCAS REGISTÁAOAS 

Fabricado Bajo licencia de : 
GENERAL ELECTRIC COMPANY. U. S.A. 

--

GUIA PARA ESPECIFICAR: 

·El luminaria deberá sei- modelo _CROMA LIT€• 250 y debe conSistir. 
de un cuerpo de aluminio fund.ido a presión, ~inarco porta-~eflector, 
un ~ódulo de" po\encia y un cO_rltrol fotoeléctrica automático !Opci'a
nall. el adaptador d~slizable- deberá tener d0S-Uunillo5." que podrán 
apretarse -interna·y ,e)(terriamente y deberá -Se¡. capaz de adaptan.e a 
un brazo tubUlar de 38 a 50 mm. (1 .1/2 a 2"1 li:n req'u"erir el reajuste 
de las parte~ de mOntaje. . ' . 

El conjunto ÓpÚéo ~O~sist irá· de u~ re~lecto; "de- a~uminio, recubierio 
·con Vitreflex• __ lv.idrio flexible transparente), un porta-lcimpa'ra lajus
·tabte. a 12 po'sicio~es pa·ra los ,;,odelos CM}, -Cobcado en un reCipiente 
.fundido a prli5ión, un filtrO de Carbón activado lopcional), pira filtrar 
tanto Partlculas como gases, un empi:IQÚe que-· servirá como sello eritre 
el reflectOr y el refractor, y un refractor de vidrk,.ac"rílico o Policarbo· · 
nato (especificar). La distribución luminosa deberá ser lES (especifi
car), el MODULO de potencia deberá oo.ótl~'Mr un balastro marca 

. LLiMICÜN· .integrado V debe_rá se'r fácil de" remover y reemplazar, 
mediéinte el Uso de clavijas de desconexión rápXb. El balastro deberá 
estar ¡}re-alambrado al pona-lcimpara requirie'i-iito solamente ·que Se 
con'ecten los cabh!s de alimen-tación. · 

El balastro deberá operar uria IÍ.mpara de .,.(especificar.) watts_ dt 
.níe;cu~io, aditi:...Os metálicos o ·vapor de sodk, cit "alte presi6n, desdf! 
una·red.de alimentacióri nOminal de 127, 220,154,211.6440 volts, 
(especifiCad 60 Hz., y ser Capaz de erlcench!·r y operar la lámpa ·a 
dentr~ de los limites especificados par sus fabrlc.rtes~ · 

·r. ,, 
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. , RÁTIO OF TRANSVERSE OISrANCE 

•· · T O MOUNTING HEIGHT 

4 

GENERAL @ELECTRIC 

PHOTOMETRJC DATA 
A"ROV(D ay~~~n ~i 11 
LIGHT!NG SYSTEMS BUSINESS OEPARTMlNT 
HENOERSONVILLE. N. C. V.S A., 2813'1 

LUMU-lAIRE DESCRIPTION 

C1"1'Ml tt.iCTliC ocJS04 la'IIMIII 
JHIL~ 111-lllliU·OI 
ltfiAt"rnll ,_,11 
SOCUT rMUIOII ' 

...,, 
10, lOO, •t BO •TT IIICR •mnU SOIHU. 
c.t. *'· t.uroJm, waoa1n, ., wnono (l«At.Olt 
.,.sz, IHo (UilOO) ot "' (tJfUO) 

ANSI/lES T'YPf ICf_!)flJIHCVTm'riTTPt t1 
"mti.I'M/IDII·C'IIltlfPfTTPt ti 

GENERALINFORMATION 

TEST NUMBER 
TESfDISTANCE 
TEST LUMENS 

. 

IF THE RATING OF THE LAMP USEO OIHERS 
f ROM THE TEST RA TING Of tooo llJ. 
MENS. MUL TIPL Y All LUM[N. CANOELA IIF 
SHOWNI ANO FOOTCANOLE VAL VES BY THIS 
RATIO: 

~ATIO .. ~CT~1hL~~&fM~ENS 
,..,,, .. ti"' U"G.I,......t . w,. ........ ...,.. e""" . 
... VOM\IW ..., ......... , ,__ . H.~~/111 ,. ... .,-c .. ._,~. u..- . " ............ (.#<fti"'C"w'w• '" .... . "' '"'~>"~ "Xl"c ... r.ln - .lliOO 
'""1'00 c.o>onr••own . '" PHOTOMETRIC TEH IN ACCORDANCE 

WITH !ES CUIDE 

ILLUMINATION DATA 

PESEII:V{D FOR 
l~lTOCV.V.TION Qtt 

SYMA-10RK:Al. UNI.TS 

...... '1.0(.11< 

"~ 
~~o .. " ~'N" 
-~· 1 ~~_,, ... ... 

"'=""' ......... ... " (l."'f \!'.>1 

' 
-u• (l."'t \1011 " 1 

ti ""~ "' " 
·CQtNERSIÜN rAcroqs 

2.0 

1.5 

l;;w 
05 wa 

"'-·-~ ~ 

1.0 

1.5 

2.0 

2.5 

3.0 

3.5 

7.0 
RATIO OF LONGITUDINAL DISTANCE r6 MÓUNTI~C HE!Oá 
+ 6.o + 5.o · + <.o + l.o + 2.0 + · 1.0 

.ooou. • 0'1011 

.01>011 .0001) 

. ooou ...... 
.OOOtO .'D041 

.00011 .CC.lU 

.t'GOI.I . ')Q_~:~ 

·'"'·' • !lOO U .OOOH . ,I)GOU 

/ 1.. 1 roorCANOLE • 10 1'5 LUX 

·_ _ ___ '_'_OO_T_·_._O_JO< __ g_Mc_E_T_E-RS ... 

: . . . 1 "' . . . . . ' ' '1 ' . .• ' ' 
lllt/Mio,ri\TIÓN 0Afl4. !l •-\lrO e»i 14. lU"'INAotfT ... ()t)OrTI"''; .. ft~f 1;" Jt) lfr." iait On~" ~NG ""'110-n\ MUlfll'l't 
n•r lfA.li,J(J f)f IUUI,OttMrl{'l:'.f ~p..¡ IY T..-f llo("lo-1 1"'1 fl.-1 JOltO'A<!""' fAt(.J .. = n ,. 21 n r; r; 11 u u ,. n M ,, ·,, ,. '<' •• 11 ., u ., u ., •• •• ta 

r~an. .... ,. , 2 • """' ~ ..... l ,. , ...... u ,. ,. ,.. ,. •• .. .&C u u ). ,. ,. 
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-. 
this !135 been duelo eslhelic consideration•. An ex
ample is the use of pole-top-mounted hrminaires in
residentialareas, des pite their reduced eodticienl of 
utilimtion tCUl as related to conventior1<1lluminaires 

· thnl o--.rhang the roadwa,·s. 
(J) When designing a ~yst~rn. mounting height 

must be conSidered in coniunction with ~pacing and 
lateral positioning of lhe ·luminaires. as well "' the 
lltrninillre 'type and distribution. Uniformily and 

'leve!& of luminance'or illuminance must be main
tained P.S recornmended, regardless of lhe mounting 
height selected. . . 

{4) lncreased mou.nting heigbt will usually (but · 
not nccessarily) reduce discorirfort glare and dis
·abling veiling luminance. lt increases the angle be
lween the !uminaires and the line of sight lo the 
roadway; however. luminaire ligbt distributio_n and. 
candJepower also are significan! faclors. Glare is 
dependent on lhe nu.x reaching lhe observer"s eyes 
from aU luminaires in the 'isual scene. 

·-~~~~--~~~~--~--=-~~~ 15 20 . 25 JO JS ¿o .es so 55 
MA.XIMUM CANOLEPOWEA IN Ct.NOELAS X 1000 

Agure 3. Minlmum luminaire moL'nting heights based 
on curren! practlee and DVS (Disability Veillng Bright
ness) calculations •. 

(5) Multi-level interchanges or highway scclions · _ (/)' Trees 
with three or four separale roadways'may be ad- (g)_ Locations of poles at intersections lo allow 
vantageously lighted "'ith high mast-type unitS where 
higb intensity sources are suspended in clusters at joilit use for traffic signala 
hcights of over 20 mcters. Su eh a desipi impro,·es 3.6 Luminaire selection. (1) Luminnire light dis-
troffic safety by reducing tbe number of poles. High tribution clnssificatiórc• wiU lrelp-to determine the 
mn9t tmits also offer grealer fle:ribility in pole loca' - optical and economical suitabi!ity of a lwninaire for _ 
tion. (Soo Section 3.i4.) · · __ - .' lighling a particular roadwAy from the proposed 

Wi!Jr the present state-of-tbe-art, t he calculation . ·. mounting height and mounting IOCJ>tion, A w_ide se-
method of !uminance for high mástlighting is ques-. lection of light distribution systems are available (see 
tioru:blc. High mast lighting dcsign should be based A¡:Ípendix E). · 
on illtW!Í1Jance. Thc metbod of calcnbtion and high · (2) Because aluminaire is assigncd a particular 
rr~1St s;>tem layout principies are oútlined in Ap- · - classification is no assurance tlrat it ..-ill produce the 
[X>ndix B, Section B5. recommended qwmtity and quality of lighting for all 

roadway contigurations and mountin¡rs shov.n in Fig. 
3..5 Luminaire spacing. The spacing of luminaires 2. Thc relativc amount and control of ligbt in are M 

Í3 oftcn innuenccd by the location of ulility poles, othcr than the cone. of marimurn candlepov.-er are 
bloc.~ lengths, property lines, and roadway géometry. equally irnportant in producing good visibility in the 
It is generally more economical to use lamps v.-itb fmal systcm, but are not eonsidered in the cla.•sifi-
lúgh luruen output al more reasonable spaci11gs and · cation system .. 
mounting heights than W use lamps :.Vith lower lumen 
output at_ more ·rrequent inlervals with _·lower 3.7 Ligbting system depreciation. (1) The rec-
mounting heights. Higher mounting is usually in the ommended ,-alues ofTables 2. 3, and 4 represent the 

. iÚtereols of g<Kx:J Jigbting, pr<n-ided the <pacing-IÓ-· Jowest in-service Juminance Or ilJ~minanl"C vaJues for 
mounting heighl ratio is within the r,.;,ge of lighting. !he type of maintei11wce tO br. gi,·en .to the s_\·;tem. 
d'stribti<m for which the lumimire is des:Ened. The Prior lo be¡;innin¡; the de5ignof a lighting system 

-de:>iml ratio uf lowest luminancc al any rdínt on the it is neccssary lo dctenniné tire upected light 
pn\o·ement to thc average luminance valuc should be losscs... · 
maint~iued. Disregarding luminaire light distribu- · Since thé.ligbting valueo mny dcprcciate by 115 

tiou cha[acteristics aPd E"."':~;€t·din~ maiimum spac. much a.c; 50 percent or more b!!tw<'·en relamping nnrl 
in~.r:.,.:·w·oun~ in& ~.e;ght ratios cafl cause 1055 of visi~. IUminaire cleáning cyclcs. it is impcrntive tOuse laznp 
biiity of objects betwcen luminaires. Tenninology htmen- dqireciation (LLD) and ll<minnire dirt de-
with rcspect to luminaire arringement and spacing preciation (LOO) fact.orswlúch nrc l•;¡sc-d on reruistic 
is sh!lwn in Fig. 2. · · judgment. · , · ~ 
. O¡d.,J;lUUl luminaire locntion iq hest dc~err~~ned Pavement lumiuanCe va]ucs nlso in P.. y bechanJ::,ed 

:~::· 1'.-f~:rerlt.:e to t he phot.ometri.r dntJt ~bO\\;ng lir;bting by wear ~n the ro.,d surf;1r:e." r~·~ulting in niO!llfica-
·.!i:>tri!mtion ni1d uti1iz.ation. Other iactors tlut must tions of the re.flect.ánce coeflicirnt. Ft:r e:r:lmple, ns-
!;e C'<.•nsidcred nie: .. . phaJt 'tcnds lO Jj¡;Jrten duo lo Cipo<Ure o[ aggregnte, 

(;J) Acccss lo luminaircs for sel\icing · and Portland ccmeril drukens duelo carbon nnd oil 
(11) Velúcle-¡iole collision probabilitics de¡>OSits. " 

.. (e) Systcm gl:ire aspects · ~- (Z) Thcre are eight general ca•~ ()f lwnin.:úre 
,(d} \'isihility (both day and "ni;;bt) or traffic li¡;ht la.s (st'C Appendix B. Scclion 133:2): 

oigns· and signalB · · · · · (a} Larnp lunien dcpreciation ( LLDJ 
. (t} Esthetic appearance . . (b¡" Luruinaire dirt dcjmciation (LOO) 
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TU~@ Y P@STfS.S.ft. 
t-lAUHA.No. 7. ISOUÚi'A CON CAlZADA SAN lOIINZO 

COL SAN NICOlAS TOliNIINO IZIMALAPA A. P. , .. U 
e . r . o 91 so M l"x 1 e o, D. f. 
TlllfONQS, 616-ll-66 616-)6·10 

POSTE CI!URUBUSCO COtl BRAZO SENCILLO • .( PAGINA 9). 

No. CATALOGO 

PCII- S. 00/CBS 
PCH- 6.00/CBS 
PCH- 6.50/CBS 
PCH- 7 .ÜO/CBS 
PCII- 7. SO/CBS 
PCH- 8.00/CBS 
PCII- 8. 50/CBS 

•
. --) PCH- 9. 00/CBS 
~ PCII- 9. SO/CBS 

PCH-10. 00/CBS 
PCH-10.50/CBS 
PCH-11. 00/CBS 
PCII-11. SO/CBS 
PCH-12.00/CBS 

ES PEC 1 FI CAC ION ES r.ENERALES.- FABRICAD() CON LA~Il NA CAL l RRE 11 , LI.E
. VANDO UN ACOPLAMIENTO PARA EL BRAZO DE TUBO RECTO EN SU EXTREMO SU 
PERIOR Y UN REGISTRO DE Mh~O A 60 CM DEL EXTREMO INFERIOR. 

ALTURA ALTURA 
DE DE 

CAf:IA MONTAJE 

(H) (H) 

s.oo 6.00 
6.00 7.00 
6.SO 7.50 
7 .o o. 8.00 
7.SO 8.SO 
8.00 9.00 
s.so ' 9. 50 

: 9. 00 10.00 
9.50 IO.SO 

10.00 11.00 
10.50. !!.SO 
11.00 12.00 
11. so . 12. so 
12.00 13.00 

DETAUE 
PERCHA 
O ACOPLAMIENTO 

9/16" 

e z" 

DIAMETRO DIAMETRO 
· DE LA 'DE LA 

BASE CORONA 

(CM) (CM) 

14. o 7.S 
16.0 7.S 
18.0 7.5 
18.0 7.S 
18.0 7.S 
18.0 7.S 
18.0 7.S 
18. o. 7.S 
18.0 7.S 
!B.o' . 7. S 
18.0 7.S 
18.0 7.S 
18.0 7.S 
18.0 7.S 

acoten Ct 

DTMENSION ESPESOR DISTANCIA 
DE PLACA- DE LA- ENTRE CEN 
DE .BASE PLACA DE TROS AGU:-
(CUADRADA) BASE •. JERO BASE •. 

(CM) (01) (CM) 

28 X 28 1.27 19.0 
28 X 28 l. 27 19.0 
28 X 28 l. 27 19.0 
28 X 28 l. 27 '19. o 
28. X 28 l. 27 19.0 
28 X 28 1.27 19.0 
28 X 28 l. 27 19.0 
28 X 28 1.27 . 19. o 
28 X 28 1. 27 19.0 
28 X 28 l. 2 7 '¡9 .o 
28 X 28 l. 27 19.0 
28 X 28 1.27 19.0 
28 X 28 1.27 19.0 
28 X 28 1.27 19.0 

DETALLE REGISTRO DE 
MANO 

b~ 

o. ·F ' 
19 

60 · vista "o-o" 
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F--.~{~1 Lumisistemas INFORMACION FOTOMETRICA 
1 

Numero de Curva 
----------

_]:~~~~---._,.,;,,,;. r-~¡;¡¡;~-, ·····-·---··-··-·---- ... ·----- --:;;;; 
e¡¡ -Q_~I 

Probado poi _fi_&1_t':( __ . lecho 7 "/.· 

Aprobado por------- fecha ---

~ 
Su (1 o I ,.v TE .AZ-1 o r-¿ .J Núrnero de Catálogo __ C ~.li.~~---. __ 

;. 
EX~~ IUrJii-

Oe!ocripción.: .C.t!í1"'"'l' rE yo O 
\ 

~-
Reflector _Q?-. 

! 
Refractor CIZ 

Posición del Port~l.ámpara .J 
Tipo de Lámpara ¿v 

-~ Ansi No. S.:)// c./ 
-~ 

. ·11 TIPO ANSI/lES ,t,'ifPtA sc-,.,, ~.,r()t"r LE 
·CURVA DE UTILIZACION 

1 ~-----L•doulle Lado acera TIPO CIE }.ja co ~A=..: 

o Información ,C•neral E .. 60_ Prueba No . 

" 
·¡; Olstanci• Cle Prueba ¡metros) 1 O 
~ 

1 
8. Lu_mens de Prueba 1000 · 
e: SI el nUmero eJe Lumem aue pr-OPorciona l.a lámpara .. •o ., Cllferentie_de JOOO Lume_ns. mulllpllaue todos los 

o Lumens, Candelas y Luxes por el siguiente Factor :-
Luri-uens ré11es de LimPUil 

'i Factor -L.umens Oe Prueb• 

~ 
-~ CindeJu mbtmu -1&0 - 20 Cono m.b.Jmo -1Z 
" Pl.1no vert1c11 m;l:.:Jmo -1'1 
~ 

~ 
e: mm Cln-def•s m.btmu-• 90 -3¡. .. CllrÍdelas M~ximn 11. 80 e-l l.'( E W'! 
" o Lu)(es en el N.1dlr -·~t ..J 1 2 C1ndei11S en ei.Nidlr - '{ 

RIIIICI6n de Dht•ntll Tr.1mverul Prueb.l Fotometrlca MjUn procedimiento• 
e'ntre Altura de Mon~•Je de 11 1~5 

' 
CURVAS ISOLUX u o· 

\ 
Relación de Distancia Longitu~~VAitura de Montaje 

e 
1.0 6.0 .s.o 4.o . _2.0: .1_.o. · ~.o 

.;. ;....,;;"'' IL'M~n lr?tl/10 ; .. , .. ~n ~~! :u~ 2.0 -
1.> luo.3o '""""{) lA AA_.,·' ~.1160 i.f.03iO !nnf. ;t, M~ -

t.vt'Hf&t41 ~ ¡,. ¡..,,a;~ -
r11111 n w 

'""" Cll 
l •. _·. -~ itJd..2S'O 'A/://Io 'b:;o o . . 

"' u '1.0 
.; - e 

~¡¡ 
~ 

~%0 
_,,, o ' ~tfd )11 ~17 -~· (}tJ ! '_.:..., .t:"::¡f.(l 

. ··-'tJ 0.5 e ~(/ ¡:; -...J , .;L;. ~lÍO i,·n?n ~ 
gg•" o 0.0 i .... :.r . ·~--- t'K'LR?J 

01,~1Hty6' 
-_,270-

/ ""110 An'1uA -- t'JI.'iSD ¡, ·<-7cn 1 
.~ . l.x"~ 

. CJM 7J% 
.!! 0.5 

~ ;;; 
-~~ ./-.. rSdo :L u . 1.0 ;oJLl:n. 

.g Of/5'/() 
e 

tJtJJqO 11fl ?dÓ ~J !1m o/600 laJ!hO u.....Zn h <A ...J 1.5 ,, '/V -
. 2.0 .•. ,~ .111! 

)_, .. 
'300. 1o!JYO O/.f30 : • ..-<ñ t72.J:,"V .. --.,-

"f~ el).~ " ~- .:: .... ~ .oL 
_' ALOOU H 1 lll"' L UOI 10&0 ro!:i~ 2.5 o 

t;;C:c: 
ÁA ..... ~ ·- 11.1 o •A<•o/'o ~A-?oA -~ •.sY"o ;..,·, ,,.,, , ... .r .... 

~ 
o-:;; 3.0 ~·v. -I._ 1 ~ " :ll . . " -e - .. ~· 'ti ~ .. 

•":?RO NJ~C1) 'Jdlh. rl9í) .. .., 
"1 , ' ~ e:¡¡;,. 3.5 -

5 ;.. :2 e:; w~ .. -~ /1/'l?rn A'17<:n AII"J./0 ·'V) .e· 
~~!:! ••• loo o o .....,. 

•·'1 •, a; t-e( ..... 232 1. 
a: ' 

1 • t: 1 . ' 1 ' . 1 ' 1 1 1 ·• 
~actore1 de Cannrslón Lcil -datOs~ ef.tlln biiUdOI en un 1 _ ·a dlez

1 
r;:::: 

1
óe IIIUII, 

,. pan otra• .~~~~:~f~~~ móntaJe multiplique tos nloru"d;'l.uxes por el _ de_corr_ec· 

1 '-U)( 9.093 Footcar1dles 
clón d.ldo tabla: · . · . · .¡ ·· - · 

1 Metro ._.1.21 Plet C'••t) lo.J,u;a ~ moinalo fmÍ 7.6 8.0 8.6 9.0 9.6 ID 1 1 ' 12 13 14 16 

Factor dt! toáecclón 
L.:..:.., ·.· 

1.78 1.66 1.38 1.23 1.11 1.00 0.83 0.69 0.69 0.61 0.44 

·1 NOma<o 

ti¡¡ -OOJ r·'· 1 R"l•l6n 

. 
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PARA LA BANQUETA D~L LADO DEL LUMINARIO 
DISTANCIA LADO CASA 

1 ALTURA DE MONTAJE 

i 
' : 

OD = 1. 2+3= 4. 7 = 0. 525 PARA UN CU=0. 09 
AM 8 8 

OC=1.2=0.15 PARA UN CU=0.03 
AM 8 

CU NETO EN BANQUETA=0.09-0.03=0.06 
POR.LO TANTO EL NIUEL DE ILUMINACION EN 

' 

.BANQUETAS SERA: 
) 

. NIB=16000x0. 06x0. 62=595. 2= 6 LUX .. 
33x3 · 99 

F.- INDICE DE UNIFORMIDAD 

\ . 

14---'--:----~·, & • 5----,-:------'--
.. 

1 1 B.·Z5 1 . 14-..... ---'----"- , __ __ 

n·.: · .. : .... :· 
rul L ~---------- "-- _,(4 __ ---------" ~---- _-- _7,( _t.1.Z8 
~ • ) 1 . ,. ' 

. 1 . 1 . . . 1 4 85 . 
H1.5 "-x-Z- -- _____ ---- ___ c,(5 _," _ --- ~--- ------ ____ B,(_l_: __ ! . ¡. . . .· ... ¡· . . ..... · .. ·.. . ·. ¡ -l~:~~-~-----"-~- ~!1.28 .. 
""'"'---~. x..3 x& · · · · x t . · . · 

: : 4 • 75 1 . . . 1& • 5 . 1 -,- . . 

1

+-----::----'------ 33.8 ------~ 
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CIA. DE. LUZ Y FUERZA DEL CENTRO S. A. 
GERENCIA DE CONSTRUCCION . 

CALCULO DE NIVEL DE IWMINACION 

f. 4 Da toa ColllpltmentariDI 
HO~A 2 DE 1 

. (AII)•2.0 

2.-

2.1 

ILIII• O. 10 

(AA)= 8.00 
(AM) = 7.50 
(LH) = 0.30 
·(LS) =7.70 
(AB) =2.00 
(LII) =0.10 

. (DPB)= 0.10 

. 

~ 
~ : 
~ • 

....+-. 
~- 1 

1 

1 
1 

'! i ¡[;;..¡¡;~¡(: (LH)•O 30 

CALCULO DEL tii'ÍEL PRCiitEDIO. 

( Método M lumon ) 

·-.-

(AIII)• 7.50 .· 

· (LS)• 7. 70 
(AA)• 8.00 

, , . 

Colculo •1 factor lle perdldoa totol11 • luz. 
(FPTL) 

~ 
~ 
~ 
~ 
~ 
~ 

~ 

': ~-::!'· •• ·:1:': ..... ::: 

(FD) Otpre~acl~. lumfnica tlt la lámpara al :60% CS. .eu wltla 
. 0.9 · ( ,.¡. curvos del fabricante lit lámparaa) 

(FM) Mortandad ele lámparaa al !0% dt eu Yldo (ver curii'OD lltl 

· fab_rlcani• • lámparca) 

(CS) Coeficiente de depreciaciÓn (111 fiiCtaitan loa llato'a de 
tipo 41. ambiente . (TA ) y tiempo de limpieza (TL) pcira 

0.9 

entrar -a lo curva. ver Incito 1. 2 O· 92 

MUY L11!1PIO 
11.11 -0:., 

f~ 
UIIPIO 

·cr 
~¡ 
~~ -! §j 0.1 

~z .... 0.1 
. 11: 

~~ Ud : ... 0.4 

. .. 
o 1 1 •• .4 • • • 

1 

Tllolii"O Dt: LIIIIPIUA IN -AÑOS 
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PARA LA BANQUETA DEL LADO DEL LUMINARIO 

DISTANCIA LADO CASA 
ALTURA DE MONTAJE 

' (;. 

OD = 1. 2+3= 4.? . 0. 525 PARA UN CU=0. 09 
AM 8 8 

OC=1.2=0~"15 PARA UN CU=0.03. 
AM 8 

CU NETO EN nANQUETA=0.09-0.03=0.06 

•. POR LO TANTO. EL NIUEL DE
1 

ILUMINACION EN 

BANQUETAS SERA: ' - · ·. . · 

NIB=16000x0. a6x0. 62=595. 2= 6 LUX · 
33x3 99 

F.- INDitEJDE UNIFORMIDAD 

~----i&.5---'--~----,--~ . 
1 
1 . 
1 

1' 
1-4 
1 

8.25 ___ : 
1 . F$ 1__- ---~- ----- ---f4--- --~"- ------------ _7f-}41.2885 .· .· 

18 5 
1 . . . 1 . . ' 8 1 1 • . 

. --x-2------~-~--~----x5--------------C-----" x-~----
. 1 : · . .. . : . · . : +5.25 . . rulo · 
~ : . . . . : . : -~------ --- - ~---- ~ •t. 28 

-'-----cx...3 · · x& · · · · x t · . 1 

: : 
1 1&.5 1 -r-

1 1 4.75 ~===~==::: 
1

,._-~-,----,:-~·'--. 33.8 --------
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eilETERMI NAC ION DEL CU 
.. EL COEFICIENTE DE UTILIZACION ES LA 

RELACION ENTRE LOS LUMENES UTILIZADOS· 
EN EL ARRO~O DE LA CALLE ~ LOS LUMENES 

(.' , TOTALES PRODUCIDOS POR LA LAMPARA. 
EL FABRICANTE DE LUMINARIOS 
PROPORCIONA LA CURUA DE UTILIZACION. 
PARA QUE LA I NFORMAC ION SEA. USADA SE 
UTILIZA PARA ENTRAR A LA CURUA, LA 

• RELAC ION DE DISTANCIA LATERAL O 
. TRASUERSAL A LA ALTURA DE MONTAJE. 

RELACION LADO CALLE 

·. LS=DI STANCI A TRASliERSAL . 
ALTURA DE MONTAJE 

= 10.5-12 =- 9. 3 = 1.033 
9 . 9 

LH-D I STANC I A TRASVERSAL 
- · ALTURA DE MONTAJE 

J 

r 

·1.2 
9 -·0.133 

. CON ~;STOS. DATOS ENTRAMOS.· A LAr CÜRUA .. 



- 1 

• 

' RELACION 1.033 LADO CALLE CORRESPONDE UN 
. cu = 0. 40 
RELACION 0.133 LADO CASA CORRESPONDE UN 
cu = 0. 03 
POR LO TANTO EL CU TOTAL ES ucu- 0.43, 

ESPACIAMIENTO REQUERIDO 

i..OIP= .16000 X 0. 43 X 0. 62 - 42656 = 33. 85 
._.- 10. 5 X 12 126 

CONSIDEREMOS 33 METROS 
LA DISTANCIA INTERPOSTAL 
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UTILIZACION EN LAS BANQUETAS 
' 

A. 

CON POSTE EN LA BANQUETA,PARA LA 
BANQUETA DE ENFRENTE 

DISTANCIA LADO CALLE - ALTURA DE MONTEJE 

OB _ 9 . 3 + 3- = 12 . :3 = 1 . 53 7 
AM 8 · 8 . 

CORRESPONDE UN CU = 0.48 

' ' 

OA _ 9 • 3 ..... 1. 162 CORRESPONDE· UN CU =0. 42 
AM 8 . 

~CU NETO EN BANQUETA 0. 48...;..0. 42=0. 06 1 
1 

1 

1 
1 



NIUEL DE ILUMINACIONrDEBIDO A 
LUMINA:RIO "'"'A"'"' 

PUHTOifb~b ~A~~~~DIST.LOHGIDIST.TRAH 'LECTURA 1 FACTOR 1 NIVEL DE 
· AH AH GRAFICA CORRIENTE ILUHIHACIOH 

1 1 8 8 1 8 1 8 1 .132 1 139.4 1 18.4 

2 1 8 14.85 1 8 1 8.5 1 .148 1 1 28.(,3 

3 1 8 1 9. 3 1 8 1 . 1.1(, 1 .8(,544 1 1 9.12 

4 18.25 1 8 1 1.83 1 8 1 .8(,718 1 1 9.35 

5 18.25 14.85 1 1.83 1 8.5 1 .1888 1 1 15.85 

(, 18.25 1 9.3 1 1.83 1 1.16 1 .85274 1 1 7.35 

7 116.5 .1 8 1 2.8(, 1 8 . 1· .82328 1 1 3.23 

8 I1L.5 14.65 1 2.86 1 8.5 1 .84188 1 1 5.83 

9 I1L.5 1 9.3 1 2.86 1 1.16 1 .8272b 1 1 3.88 

.ALCULO DEL FACTOR DE CORRECCION : FC 
CFL>FOOTCANDEL A LUX = 10.76 

CRAM>ALTURA DE MONTAJE DE GRAFICA A 
ALTURA DE MONTAJE EN CAMPO 

RAM =<AM GRAFICA) 2 

CAM) 2 
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CLL) FACTOR DE CORRECCION DE LUMENES DE : 
l 

' LA GRAFICA C1000) A LUMENES DE LA 
LAMPARA UTILIZADA 

16000 / 1000 = 16 

'FPTL)EN ESTE CASO FUE DE 0.62 
• fC=FLxRAMxLLxFPTL. 
Fe= 10 . '7 6 X 1 • 3 0 6 X 16 X0 . 6 2 

n FC .::; 139.4 n· 

. . . 

. ¡ . 
1 

1 
¡ .. 



NXUEL DE XLUMXNACION DEBXDO A 
1. LUMXNA.RXO ••s .. 

~! @) 

¡ . 
1 

'' . 

PUHTOI~¿~~ ~1ST .,J)JST .LOHG,J)JST. TRAH RAHS . . 
Atl Atl 

1 1 33 8.18 1 4.1 1 1.81 

2 1 33 j4.85 j 4.1 1 8.58& 

3 1 33 1 1.2 1 4.1 1 . 8.15 

4 124.751 8.1 1 3.89 1 1.81 

5 l24.75j4.85 1 3.89 1 8.58& 

(, IZ4.75I 1.2 1 3.89 1 8.15 

7 j1&.5 18.18 1 2.86. 1 1.81 

O 116.5 14.85 1 2.86 1 . 8.586 

9 j1&.s· 1 1.2 1. 2.8& 1 8.15 

LECTURA 1 N¿~EL 1 
GRAFICA ILUMJHACI . 

.88375 1 8.522 rl 

.882&4 1 8.368 1 
.881234 1 8.172 1 
.. 81&38 1 2.27 - 1 
.81&78 1 2.32 1 
.88561. 1 ·8. 70 1 

.83148 1 4.377 1 

.84188 1 5.82& 1 

.81945. 1 2.71. 1 

TOTAL 

18.92 

. 21.88 

9.29 

11.62 

17.37 

0.23 

-- 7 .&1 

11.&5 

&.51 

. CON UN FACTOR DE CORRECCION DE 139~4 

. q'/Q)UMA TOTAL = 112. 1· 

\

1 . . 

1 . . . 112 ·. 1 =· 12 Íl 45 
9. 

¡ NIUEL DE ILUMINACION POR PUNtO 
u 12 1 4 5 LU X '' 

N I.UEL DE ILUMI NAC ION I NI CI AL. ·1 Z ~ 45 -0162-
u 20 LUX u 

NIUEL DE ILUMINACION DEL PUNTO MENOR 
' 

! ,, 6 1 51 · L U X u 

.0-. . 
NIUEL DE ILUMINACIO~ DEL PUNTO MAYOR 

'~ 21. 0~) LUX u 
i 

\ ' 
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llUMINACION ORNAMENTAl 

INTRODUCCION: 

los efectos visuales de la luz solar en edificios, facha 

das y monumentos, han sido de considerable importancia en el desa-

rrol lo de un proyecto arquitect6nico. las relaciones entre volume 

nes, planos y detalles arquitect6nicos son estudiadas por los ar--

quitectos e~ re}aci6n a la luz cambiante del dfa, la luz so,lar 

varfa tanto en direcci6n como en calidad, dependiendo de la hora 

de 1 d r a, temporada y cond i e i cines e 1 i mato l6g i e as. 

',, 

Durante la noche los efectos dinámicos de la luz del dfa ·' 

no existen, resultando que la identidad de una obra se pierde a 

menudo, o esta resulta un conjunto de' ventanas iluminadas. A 

veces otros elementos luminosos, tales como anuncios, alumbrado 

público, luz de otros edificios se reflejan 'en elementos n·o i lueli

nados de una construcci6n. 

Con técnicas modernas de i luminaci6n, asr como con equi-

pos adecuados, la situaci'6n anterior no debe suceder. De hecho 

con i luminaci6n que pueda ser controlada en direcci6n, intensidad 

y color, una estructura puede ser ornamentada con luz para desta--

car sus caracterfsticas arquitect6nicas. Sus elementos pueden ser 

resaltados o disminuidos, sus detalles pueden ser enfatizados para 

crear diseños y texturas que normalmente no son vistas durante el 

~fa o que son dependie~tes de la posici6n del sol. 
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Con el énfasis actual en actividades nocturnas, recreacio ,. 

nales, comerciales o turfsticas, la iluminación ornamental ofrece 

una oportunidad para crear impresiones agradables, 

la i lum'inació-n ornamental se aplica tambien en los alrede

dore~ de los edificios o un grupo de ellos y más importante adn, a 

áreas completas de una ciudad (Centro Histórico de la Ciudad de 

México, por ejemplo). Se deberán establecer puntos focales por me--

dio de las edificaciones más importantes y las edificaciones secund~ 

rias servirán de gufas a estos puntos. También se pueden_ acusar pa~ 

trones de circulación y unifi~ar toda un área a traves de su alumbra 

do público y ornamental. Una iluminación bien planeada puede ser 

una contribución muy importante al éxito de un proyecto urbano. 

los exteriores de un edificio y sus alrededores se iluminan 

por dos aspectos, el utilitario y el decorativo. Esta sección se de 

dica dnicamente al aspecto ornamental de edificios, funetes exhibi-

ciones, jardines o cualquier aspecto que decore a un edificio. 

FACTORES ECONOIIICOS. 

Con el alto costo de la eriergfa eléctrica y la tendenci-a a 

optimizar su uso, la iluminación ornamental no debe descuidar los 

factores que pueden afectar su dise"o, tales como el" uso de fuentes 

lumino•as y luminarias que sirvan a este prop6sito de la manera más 

eficiente y econ6mica. ·se debe -considerar tambien los c6digos eléc

tricos existentes y· de una forma muy especial la selección de los 

equipos adecuados ya que la iluminaci6n ornamental o decorativa re-

quiere la iluminaci~n en dos planos, el vertical en edificios y el 
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horizontal en sus alrededores, s1n descuidar el confort visual 

y la bri 1 lantez que producen los equipos sleccionados, ya que 

una mala selección,· puede arruinar el efecto deseado. 

/ 

la iluminación ornamental es escencialmente un arte, 

más que una ciencia y l.os cálculos de luminancia o i luminancia 

son necesarios, pero el éxito depende primordialmente de la 

'habi 1 idad del diseñador para manipular relaciones de bri 1 lantez, 

textura,.volumen y colores, de tal suerte que la iluminación or

namental ayude a crear el efecto deseado • 

.. 

RECOM ENDAC 1 ON ES PARA EL D 1 SENO 

Para desarrol l·ar un proyecto de iluminación ornam~ntal 

es necesario contar con los siguientes elementos: 

1.- Plano de la zona a iluminar, asf como de sus alrededores. 

2.- Si es posible, tarjetas postales, fotos diapositivas, pers

pectjvas tomadas a diierentes ángulos. 

3.- ilturas de los diferent~s elementos (monumentos, edificios, 

árboles, caidas de agua etc.) 

4.- Tipo color de los árboles, flores, piedras, estructura, re

lieve del terreno. 

5.- Sentido de 'circulación (peatonal, vehicular) 

i 
1 
1 

1 

1 
1 

1 
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6.- Posibilidades para la instalación de los equipos de ilumina 

ci6n sobre los edificios vecinos, en el piso o sobre postes. 

7.- Tensión de uti 1 ización y potencia eléctrica disponible. 

8.- Nivel de iluminancia de las zonas circunvecinas. 

la.iluminación ornalmental es un espectáculo que el 

observador puede ver de cerca, o de lejos, o desplazándose. 

Entonces es conveniente estudiar cada caso, según principios di-

.ferentes, asr mismo hacer en ciertos proyectos importantes una 

sfntesis de todos estos elementos, teniendo en cuenta el conjun

to de puntos de observación. 
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TA 8 LA 1 

ILUMINANCIA PARA ORNAMENTO (NIVELES RECOMENDADOS) 

MATERIALES DEL EDIFICIO 

MARMOL CLARO, YESO BLANCO, ZARPEO 

BLANCO O CREMA, MORTERO O PASTA-

CLARA 

CONCRETO O CEMENTO NATURAL, YESO PIN· 

TADO, SILLAR OE AGUA, TEPETATE O LA· 

ORILLO CLARO VITRIFICADO. 

ACABADOS DE CEMENTO GRIS, AGREGADOS 

DE ARENA OBSCURA, BLOCK DE CONCRETO 

GRIS . 

LADRILLO ROJO COMUN, PIEDRA CAFE O-

GRIS OBSCURO, MADERA ENTINTADA, BLOCK 

DE CONCRETO GRIS OBSCURO O LADRIL.l..O 

DE COLOR OBSCURO. 

REFLECTANCIA .~.LREDEDORES 
DEL MATERIAL ILUMINAD?;J OBSCUROS 

O BRILLAN 
EN •to LUX 

70 - 85 

45 -70 

25-45 

.. 
10-20 

1_ 5o 

200 

300 

500 

. 

50 

1 00 

150 

200 

*EN EDIFICIOS O AREAS CON REFLECTANCIAS DE MENOS DE 20%, GENERALMENTE NO 

PUEDEN SER ILUMINADOS DE UNA FORMA ECO NO MICA, A MENOS DE QUE TENGAN UN ALTO 

CONTENIDO DE AGREGADOS ALTAMENTE REFLEJANTES. 

EN LUGARES DE ALTA .LUMINANCIA AMBIENTAL, DOBLAR LO.S VALORES DE ESTA TABLA. 
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TABLA 6 

LUMINANCIAS RECOMENDADAS PARA LOS ANUNCIOS LUMINOSOS 

RANGO DE LUM 1 NANC 1 A '· ' 
DEL ANUNCIO ---

Candelas/ Foot 1 am- ARE AS 
-

POTENCIALES DE APLICACION 
metro duadrado berts 

70 a 350 20 a 10'0 ,:;'¡ fachadas y anuncios iluminados. 

250 a 500 75 a 150 Anuncios brillantez iluminados -
como en los centros comerciales. 

450 a 700 125 a 200 Are as de baja brillantez, donde -
anunc1os son relativamente aisla-

( dos,, o tienen alrededores obscu--
ros~~ 

--
700 a 1000 200 a 300 Anunc íos comerciales normales, -1 tales como los de identificaci6n 

' de estaciones de gasól i na. 

1000 a 1400 300 a 400 Alto rango de anuncios y anunctos 

en areas de gran competencia. 

1400 a 1700 400 a 500 Para control de tráfico de emer-
gene 1 a, donde la comunicaci6n es 
crftica 
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FRENTES O FACHADAS DE EDIFICIOS LUMINOSOS 

El mismo principio básico para el diseño de elementos lumino

sos se aplican en general para iluminar porciones frontales de edl 

ficios. Sin embargo 1 as i 1 u mi nanc i as necesarias no deben d.i señar-

se mayores a 350 candelas por metro cuadrado (100 footlambert) de 

luminancia superficial. 

En un área de bajo nivel de ilumina~i6n ambiental, 85 ¿andelas 

por metro cuadrado (25 footlambert) de luminancia superficia¡ será 

··9decuada. 

' 1 
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THE FLOODLIGHTING 
OF BUILDINGS 

lntroduction 
There is no doubt that floodlightlng a building is one of the 
most spectacular achlevements In lightlng enginee(ing. A 
floodlit building is a focal point In a·town. when •1 is dork 
nnd.coloura· ero blurred. 
Formerly it Wll!l mostly bu1ldings of historie lnterest that 
wcre.floodllt. · 
Floodlighting of these old buildings, which often boas! rich, 
ornato fa¡;:ades and beautiful architecture, is sti11 very 
efFectivo. Such wonderful results can be achieved that ohen 
thcse buildings are reinvested in this·way with sorne of their 
former glory. 

In ildditioñ to being used for aasthetic purposes, flood· · 
lighting nowridays can be simply functional. 
Thifi is espccially true of industrial and commerclal buildings 
whcre. floodlightlng ls used for advertising and security 
ree!lons. In generill, floodlighting cif industnal and commerclal 
buildmgs Can be said lo have e thraefold purpose: 

• As a· relatlvely lneapenslve meana of edverllalng 
· A buildmg which at mght would otherw1S8 be completely 

invisible" or inconspicuous, will immediately. attract 
flttention 'when it is floodlit. 
lf the namc of.the firm or the trede mark is floodlit on 
the lao:;ade. advertising is possibly madc even more 
effective. 

• .Preatige. 
In meny cases thc reason for wanting a build"mg to be 
as spectacular as pOssible 15 that it is of local or mitional 
importancc·or has particular arch1tectural qualities. · 
After sunset. l!oodlighting is consequently an elfective 
means of impresslng vis1tors." 

• lncreaaed tecurlty around bulldlngt. 
Nowadays lt is unlortunately necessery to take etaborale 
precautlons In ardor to preven\ illeg81 entry, theft or 
wilful destruction of factory end other industrial buildings. 
Floodllghting ln.the areas around buildings enables night 
watchmon and pollee to have e ct.ear view of the scena·. 

The different uses to whlch floodlight is put, whether !hoy 
are primarily aesthetic or purely funclional to achlevo 
commercial onds. does not alter the fact that the quality ol 

'thc end product _ahould be as high 8S poss1ble. Even e 
, modern oflice block with a bare frontage can be made 

nttractivo by means ol artificio! lighting. However, 11 must be 
sald that, whatever the reason. it .is better to abandon the 
idea of a floodlight onstallation than to be satisfied with a 
mP.dlocre result. 

Fo¡¡ 1 i.AI"Y cotl~o 0"'0 -mu-<~ ol '~'" oho•3rl~""''' opo•ooo"<• In "•· ' o' 
""<"0001>0 IO\IO•o ~~ Oll-'.~ buddo~QO, b0Dr0o of 11•1•. ''"'"'" "'' ••• on C"" 

''"'"""" "' 1"••• ~udrl•~CI '"" l•o "'"'"'"''"rl ''""~Q •"~ hu .. o'" """''"•·•• '•• .• 
woii·PioMed lloodloo~••~Q '""''"•''"" 
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Note 

The diffcirence in the eflects which can be obtained with 
d<Jylight ;;md with mtificial light are demonstr<Jtc-d 'tn thi~ 

brochurc with il building of' simple form. Thc front and side 
views tire given in Fi!J. 8. Throughout the brochum this 
building is mainly used <IS nn c~amp!e in c:~ch of the figures. 

DAYLIGHT 

The eomposition of daylight 

Daylight can be reg¡¡rded <Js compristng both dircct sunlight 
:md thc diffuse light of the slly (Fig. 9). Lookcd al from this 
point of vicw the sun 1s 3 point light source of small 
drmensions (Jnd great bnghtness. The sky •. on the other 
hand. behaves like a very l11rge diffuser of much lowcr 
bnghtness. 

Oaylight effects 

Assuming thot there 19 a cloudless sky and bright sunshine; 
two natural sources of light can lhus be soid to be present 
<1t one ond·the same time. 
As O· result.hard shadows f<1lling under projections on the 
far;ade and _ caused by direct ¡:¡un!ight are soltened by the 
diffused light from the sky (FiQ. 10), Fundamentslly, illumi-. 
Mtion by sunlight iS the ideal lorm of floodlighting. Sunlight 
stre(Jming down on () building causes shadows to form 
under far;ade projections on the side f¡¡clng the viewer 
(Fig. 11). The result is .1 never ending interplay of 'ltght 
and dorkness on the far;ade. emphasiling the architectural 
featurcs. For the ever available direct sun!ight, the bas 
relief of the ancient Grcek temples was already sufficient 
to create an interestm9 pattcrn of light and shadow on that 
typc of sculpture. In Wcst<;rn EUrope. howevcr. w1th its.ohen 
dull weather and cloudy diffuse sky, more relief was necded 
in the far;ades of. the gothic cathedrals found there, in arder 
to croata the ssme intnrplily of light and shodow. Thlt 
phanomenon reveals ono 01 the first prmciples of flood
lighting, which is that the direction of the llght and the 
d.!rection of view should be ot an angla lo one or other, 
preferably between 45" and 135°. 
In one of the followlng · sections this aspect will be looked . 
al more ctosely. 

o 

The eontrast between the hu¡:ade and the background 

Thc contras! between the fao;:ade and its background changas 
continuously with changes in weathcr conditions. When, for 
e~amplc. thc roys of the sun foil directly on the far;ode and 
there rs a cloudless sky. the far;ade will be brighter than the 
background because of tbc greater reflection. Sunlight falling 
directfy on the building causes hard shadows {Fig. 13). 
When the sky is cloudtess but the far;ade receives no direct 
rays from the sun (a sltuatlon which may be found if the 
foo;:ade is facing north or if there is e skyscraper clase to 
the building, shuttlng out the direct sun11ght) the sky ls 
brlghter than thc fao;:ade. The sky radiates 11ght in oll 
directions, wbile the far;ade merely reflects the light. Since 
tho ltght is d¡ffuse only soft shadows appeer (Fig. 14). lf the 

"sky is clouded ovar, diffuse light falls on the building. 
In such light a fao;:ade is less brtght than the background. in 
thal the light comes from the sky: moreover practlcally no 
shadows are seen. The fao;:ade therefore looks flat and 
unlnteresting (Fig. 15). 
In practice. of course, ell kinds of combinations of thc cases. 
wh!ch have been considerad above, are possible. 
lt is not only thc changing weather conditions and thc vnrying 
contrasts between the fa·cadc and its backgrouñd that are 
importan! in "dilylight studies", but nlso the changing 
aspects of tho building over a"'glven period of time. For 
c~amplo. during the course of the day. thc sh¡¡dows movc 
from one part of the far;ade to another owing to the contin
uously changlng posttlon of the sun. Generatly n building 
is at its best in the early hours of the morning ond jusi 
befare sunset. 
This is because the sun is !ow in the sky at these times and 
wo sec the contras\ in colour between the sunlight, whrch 
contains much red light, and the dlffused light from the sky, 
whlch contains o great deal of blue. 
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Méntal image 

lt ls possible to imagine, thnt. in studying ~ buildong. the 
lighting expert may be attracted at a given mamen! by a 
cerlain striking cffect and thnt this mentDI image sticks in 
his mind as the effect he would hke to retain. 
This ··mental tmage··. i.e. the lighting expert's conception of 
the building when floodh!, is in many cases the mitial point 
of departure for a floodlighting design. Proceeding from thls 
mental tmage he must translate the natural lighting cffect, 
which he has seen. into an artificial.lighting effect. One ol 
the First things to be noted is that al night the posttion of. 
the light sources is completely different from the daytime 
sttuation. Where~s the natur¿¡l tight sources illuminate the 
building from above. artificial light sources are generally 
placcd low down near the building or a little higher on an 
adjacent building 
A comparison of Fig_ 11 and fig_ 16 will make this abundantly 
clear. Thus a clear idea of how the installation tS \O be 
carried out may be gained by methodically collecting all 
details relevant to the possible positions of light sources. 
!he appropriate f•ttings nnd lamps, the reflecting properties r'\ 
of the surface material of the fac;ade. the various points · ,./ 
from whtch the building can be observed, etc. 
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--..... CARRYING OUT A FLOODLIGHTING PROJECT 

The following points should be considerad when p!Dnning 
a floodloght installation 

Oirection of view 

Decide on the main direc:ion from which thc building i¡¡; 
viewcd. Generally there.will be severa!, but often one can 
be decided upon as the main direclion of view. 

Dist3nce 

Decide on the nonnal distance between the vicwer and thc 
butld•ng. based on, the ma•n direction of vi~w. Whether one 
can see all or none of the architectural details on the facade 
will depend on the distOnce chosen. 

""""' Surroundings and background 

Obtain a clear idea of the background against which the 
buildmg wtll be seen. tf "the surroundings and background 
are dark a retatively small amount of hght is needed to niake 
the building 1ighter than the background (fig_ 18). 
lf there ere other buildings in the clase viclnity In which 
interior lighting is leh on al night, the lighted windows will 
give an even greater impression of brightness and therefore 
more hght will be needed for floodlightrng the building if it ls 
lo have an impact (Fig. 19). The same is lrue if. m addition. 
the background is bright. In such cases a maximum amount 
of light rs needed to achieve the_contrast between the build
ing and its background (fig. 20). The actual values of the 
lighting intensities to be used will be dealt with in the follow· 
ing chaptcrs. Anothcr solution for the two last-mentioned 
cases can be lound in the creation of a colour contras! 
instead of a brightness contras!. The colours of thc light 
already present In the background ol tl>e butlding. even 
street lighting. must then be taken into consideration. 
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Obstacles 

Trees and fences around the bui!ding can forma decorative 
part of an _insta!lation. An attractive way of dealing with 
these is lo place the sources of light behind them. 
Two advantages are gained: firstly the light sources are not 
seen by the viewer. and secondly the trees and fences are 
silhouetted against the light background of the facade. The 
impression of dcpth Í5 th<>refore heightened (Fig. 21) 
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Water 

The design can olso take advantage of any e•pnnse ol wat_er 
in_the vicin1ty. such as a pond or canal. The hghted buolding 
wil! be reflected in the water: whicli serves as o ""black 
mirrÓr"' (Fig. 23). Thc lollowing po'onts should however be 
borne In mind when sett1ng ~;!P the light sources in such 
a case: 

• thc roys of light must not strike thc surface of the water; 
this mus! be left totally dark · 

• it is advisable to place the light sourccs as !ow down as 
possible:' the ray~ are thén eiiher ho'rilont<rl or slnntong 
upwards 

• the water mus! be clean; slime or weeds floating on the 
surf a ce of the water woll weaken aod distort the reflectioo 
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Setting up the light sources 
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One of the most importan! poirus in designmg a floodlight 
installation is to •nvestigate all the possible ways of S<:!tting 
up !he light sources. There nre many alternatives for mount
ing. for example: 

• O'l street lamps or otr:er posts speci~lly erected for the 
purposc 

• on a penthouse roof 

e on brackets on !he house f101"1\ 

• O'l the ground be~rnd flower·beds. bushes or copses etc. 

lf the building is located a long a m¡¡;, road it mus: be borne 
in mind that lile lighting must '10\ hinder the traffoc. Fi:tmgs 
should be well screened from the drivers of oncomioo 
vehicles (Fig. 25). In orde' to set u o the light sources in the 
most advaotageous posrtron it may be necessary. in cert~in 
c¡¡ses. to call in the hei:J of the town Council or the ow.,.-;r 
of the adjacent or opposote property where. for instance. 
loc¡¡l conditions may preven! the light sources from being 
set up on the actual srte. 
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The form of the building 

Onc<:! the maon drr<:!Ctoon of view has b"~" ches<'". the 
choic';! of don•ct•on of ¡¡,e lit:;ht d';!oends 0" th·~ shiltJ';! of a 
building or r;~thN t¡.,•! form ol 1ts o•ov'>d plil'' or !.,o,~ontal 
sec:•on. 
The posit1on of thc light sources which ¡ue to cover tj,e 
b111lding may then be more or less faed 
In theory it •s poss•bl~ to reduce sil ground pl~ns ol budr!in'!~ 
to sirr>ple geometrical frgures: squar';!, rectang¡rl;:~r or round 
In the case of comple< st,.Jctures. tne" gro1md plan can be 
thought of as a group of such figures. For budd1ngs w•th a 
sauarc. r<:!ctangulilr or circular ground plan il bas•c lay-out 
exists which. in vir:uillly Dll c<Jses. le~ds to .:;ood resul:s. lt 
has been found that the best ilgl)t.source. li!y-out for a 
souare building is thal shown in F1g. 2g. 
The main directron of view is irdicated by line A-A. the 
pos•tron of the t.ght sources by the pc.nts B-B. lf thc lrght 
sources are placed to one s•de of the dragona!. p•¡rpendrcular 
to A-A. the effect achieved is a good contras! in brightness 
be\ween the two adjacent sides of the buildi~g. result1ng in 
good persoective. The slantmg beams betw'!e" th<o> flood· 
hght also mal<.e the most of the lex:u•e o1 the suri<Jce 
matena!. Th'2' arrangement descflbed for a sovare building 
is also applicabl';! toa bulld•ng w1th a" oblong or rectangular 
ground plan (Frg. 30). 
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The e)(tlmples described here stress _the principie alreody 
stated. namely that the direction of the hght and !he direc110n 
of view mus! be ata certain angle to each other. so that the 
illuminated front of the build•ng looks as attracrtve as 
POSsible. . .~ 
The characteristics of the fa~ade Snow to best advantage 
when the incident light.~s_at an angle_sm"aller !han 90". No 
definite angle can be.'Qiven; on the horizontal and vertical 
planes the angle may vary between o• and 90". calculating 
from the vertical to the fa~ade. For a deep profile the angle 

· should be between ¡_D".- and 60", for a flat profile between 
eQ• and·65". :ln:orctú':to show the structural details of the 
f<i~ade to ad.,.áritage scattered light should be used.'incident 
at an angle of 80" to 85" to the vertical.· ., 
The s•tuation is somewhat dtfferent in the case of round 
buildings. such as reund towers or chimneys; here,tt is nol 
so much a matter of accentuating the tedure or the profile 
of the fa~ade but more of emphasizing its rounded form. This 
effect can be achieved by means of narrow-beam or medium
beam flood!ights set up at two or three points around thc 
tower, the beams directed upwards ,:::; high <:~S possible. lt 
may then be assumed that the narrow beams of light reach 
the tower as more or less parallel r<:~y;:;. forming a strip of 
light over lts entire height. 
Because of the roundness of the tower. the angle of incidence 
varias between o• and 90~, calculated from the middle out
wards to the edges. Consequently the direction of the 
reflection and also the brightness of the tower. wal1 are • 
both affected. Thus a varlation in brightness is effected,: 
oround the clrcumference of the tower · waH and !hiS" 
impression of depth emphosizes the roundness. Fig. 32 
illustretes the posl!loning of two batteries of floodlights. 8; 
the d'lrectlons of view. Al ond A2. can either be taken 
parallel or pefliendiculor lo the direction of the light. 
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The instsllatlon set uf) for three batteries of floodlights. 8, is 
given in Fi!J. 33. Here two main directlons of view. Al ond A2, 
are possible: one parallel lo the direction of light of one of 
!he bolteries of floodlights and one from a point between the 
two bntterles. lf thc positionmg of tke lloodligkt bntteries 
princlpally dcpends upon !he sh~pe of thc ground plan of a 
building, the type of fitting to be uscd. in particular the width 
of thc beem is mainly determinad by the height. Wode-bearrí 
floodlights are thc most appropriote light sources lor low 
buildings with one or two storeys (F'og.'36). •.' ·, ":, ---:;;~-.'- . 
In tho case of high buildings, with 6 t_o ~~~o,r eVen m'ore 
storeys. the bes! results ore obtained ·with •a·number of 
narrow-b<:!om and med1um-bcam floodlights (F'og. 37) 
Uniform brrghtness is ochieved by coreful distribution of the 
beoms ovcr thc focade nnd proper adrustment of the flood
lights. 
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SURFACE MATERIAL OF THE FA<;:ADE 

In determining the illumioalion level needed for a fa¡;:ade. m 
arder to obtain the required brightness, the reflection factor 
and the way the building surface matenal reflects the light 
are importan! factors to be borne In mind. The table below 
indicates the_.reflect10n factors~of 'a nUmber of d•fferent 
materiiíls. dJ.' ~~-f'S~~· 

-· ~- .. -· 
Mate'riaí · S tate Reflection factor 

·--~- ......... ~ 

White marble fairly c!ean 0.60: 0.65 
Gramte fa1rly clean :-.0.10-0.15 
light concrete or stone fairly c!ean o:4o- o.so 
Dark concrete fairly clean 0.25 

or stone very dirty 0.05-0.10 
lmitation concrete paint clean 0.50 
White brlck clean 0.80 
Yellow brick oow 0.35 
Red bricl< dirty 0.05 

The totel reflection from a fa¡;:ade depends on the following 
points: 

• the material of the facade 

• the inciden! angle of the light 

• the position of the observer In reletion to the reflecting 
material (specular rel!ections). 

The colour of !he material is also an importan! factor. 
The colour of the surlace material is accentualed il light of 
the s11me colour is used. · 

A distinction can be made between diffuse reflection and 
specular reflection and of variat1ons between the extremes. 
These dlfferent types of reflection are due to tlie particular 
surface texturas of the difieren! meterials. Four dasses ol 
surfece may be distinguished (see page 22). 
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~:__ SELECTION OF THE LEVEL OF I:LUMINATION 

-~ 

The lighting level needed on a fa~ade to· effect a certain 
brightness contras! depends upon such factors as the 
reflect,on factor of the surface buildmg materoal. the loc.:~tion 
of the building In relation to 1ts surroundings, the general 
brightness of these surroundings and the dimen~ions of the 
building. The table below presents !lOme recommendcd 
illumination levels for various surf¡¡ce build1ng m:Jterials 
used on buildings in either poorly lit, well lit or brightly lit 
surround1ngs. 

T ype of surface State 

White marble falrly clean 
L1ght concrete fairly clean 
lmitation 
concrete paint fairly clean 
White brlck fairly clean 
Yellow brick fairly clean 
White gramte fair!y clean 
Concrete or 
dark stone fairly clean 
Red brick fairly clean 
Concrete very dirtyl 
Red brick dirty 1 

Methods of calculation 

lllumination in lu~ 

poorly lit well lot 
surroun- surroun-
dings d1ngs 

25 50 
50 TOO 

TOO 250 
20 40 
50 TOO 

T50 lOO 

75 T50 
75 T50 

' 

brightly l<t 
surroun
dings 

TOO 
200 

400 
80 

200 
600 

300 
300 

requires <1! leas! ISO- 300 

Ther¡¡ ore two possiblc ways of calculatir.g !he types ond 
numbers of floodlights needed to achieve thc desimd illumin
atton; the fumen method and the luminous intensity method. 
For a large facade the lumen method should be used. Th1s 
is based upon a certain average luminou_s .. e!!'ci,~~.c~. Fo~ 
high and sma!l ob¡ects. church.steeoles, ch1mneys.',iltc .. the 
luminous intensity method shoU~d ~e us~d. ~~~'!!:,!: ~-ed~ 
the lum1nous intens•ty rad1at1on m a certain d•rect1on. 

Lumen method _. , .:· .¿1 ¿,;n '(1 
As the nt~mC suggests. th's method consists in calcul-.ting 
the number of lumcns to be directetl on toa focade in order 
to obtoin o certain itlumination level. 
The number of lumens can be colculoted by menns of !he 
formul¡¡: 

<1>, = F x E 
'T 

where •/•1 is the total number of l¡¡mp-lumens. i e. the total 
luminous flux produced by all lamps, 

F ls the surlace of the fa<;ade to be illuminated in 
m1. 

Q 

o 

E ls the desired illullWI<Ihon 1n lu>~ on that f,1cade. 
ood 

T] ls a factor which ta5r:es into aceount the elf1Cil!ncv 

el the filting and the light tosscs (lummouS 
efflciency). 

The presence of o utllization factor in this formula indicat~s 
that not all the lamp lumens contribute to thc illumination 
level on the facade. The lumens produced by thc lamps 11re 
concentrotod by reflectors. in .tlieh process sorne ln:;s is In
volved. lf the inilial output is 100% lamp lumens, 60 lo 75% 
are projected through the lighting equipment and 40 to 25% 
are lost in the fitting 1tself :brough intenef!ection in :he 
reflector and absorption by olber parts of the f1tting. 
Aher the floodllght has been in operatior> for sorne time. 
a further percentage of the actual nt1mber of lamo lumeM 
is lost because of the decrease in luminous flux du~ to th'! 
ageing of the lamp and dirt which collects on lhe lamp 
and fitting. 
Finally a percentage of the losses is accounted for by 
wasted lighl. that is light not irci<lent lo the bUIId•~"!J f<~cnde. 
In praclice an overage utdiuticln f¡¡ctor v<lr¡ing belwcen 
0.25 and O 35 may be reckOI!Ied with. Uslr>g thiS f1gure in 
the forrf.ula glven above. the total luminous flu~ needed. 
'''t. can be calculated. Once :be total number of lumens •s 
known. the number of fittings (N] needed can be cnlcu\¡~:~0 
by dividing this amount by the number of lumcns installed 
per fitting: 

N =,¡,total 

•!• f1ttmg 

Note: lf fittings are equipped ••th two lamps. •/• f•tt•ng •s 
twice •(• lamp. . · . 

A more accurate determination of the required luminous flu~ 
ca lis for more extensiva and ccr:tplica:ed ca!culnt10n<;. These 
are carried out by comouter w:tt the a•d cf·nhotOM'!IIIC dntn 
on the f1ttings used. ' 

Luminous intensity methoCI 

In this method the starting ~ is the lu~ir.ous iNen~o:y. 
in c;~ndola. radiatod by a light 'SCII:lrce in a particul<'lr c!iroc:;o,,. 
This luminous intens•ty may ~ dorived from tho lur-~inous 
intensity d1agram or from a :r..t:Je. This data can us•Ji!'ly b"' 
found in the approonate c;:¡:ato;ue <1nd brochu•es. 
The calculation •.s made with ~ formula (Figs. 64 and 65) 

1 • h 
E= 111 ·Sinlo¡•COS•randtg•= 

0 

where E is the vert1cal illumini:Oon on the fac<~de. 
1 is lhe luminous intef\SI.ty al lhc ang'o " 

f•Q. 6S 

h is thc hc1ght ol the ~~ above the tevol on w"1c" 
tho fitl1ngs are a~ed. ¡¡nd 

q ls tho ang\e•at whic:'!: the liqht beilm :;tnlof's ~~~ 
normal on the PI~ to be Jl!um<"'<lt~d 

o --------;-1 
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APENDICE 2 

NORMAS DEL D.D.F. 

• Normas para levantamientos topográficos y localización de postes y arbo· 
tantes para alumbrado público/Dirección General de Servicios Urbanos/Sec· 
ción de Normas y Especificaciones/Octubre de 1973. 

• Normas de Obra Civil/Dirección General de Servicios Urbanos/Sección de 
Normas y Especificaciones/Octubre de 1963-Noviembre de 1974. 

------- . --------

• NORMAS PARA LEVANTAMIENTO TOPOGRAFICO Y LOCALIZA· 
CION DE POSTES Y ARBOTANTES PARA ALUMBRADO PUBLICO. 

l. LEVANTAMIENTO PARA POSTES DE ALUMBRADO PUBLICO 

1. GENERALIDADES 

1.1 Información preliminar 

Al topógrafo designad~ para el levantamientO topográfico de una Red de Alumbrado 

PUblico, se le deberá proporcionar la información completa, acerca de la localización 
genei-al de los puntos iniciales y terminales de la.Re~ de Alumbrado Público, del tipo de 
postes, levantcimiento de primera o de segund_a importancia, según párrafos 2.1 y 2.2, 
datos que serán comunicados por la Ofna. de Alumhrado Públic'o. 

1.2 Reconociniiento de terreno 

El topógrafo procedé"rá junto Con un representante de la Ofn~. de Alumbrado Público un 
reconocimiento dÉ!I posible trazo, teniendo en cuenta los siguien.tes pUntos: 

1.2.1 Tipo de levancamiento por efectuar. 

1.2.2 Fijación de puntos obi1!Údos. 

1.2.3 Evitar en lo posible accidentes topOgráficos. 

1.2.4 Considerar la localización que parezcan convenientes pof razones técniCas o por 

facilidades de paso. 
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1.2.5 Indicar las alternativas que parezcan conveniente,s po~ razones técnicas o por faci· 

/idades de paso. 

1.3 Trazo preliminar 

Realizado el reconocimiento general del terreno, se efectuará un trazo Preliminar sin de· 
talles, que permitan a 1a Oficina de Alumbrado Público formarse una idea aproximada, de 
la localizaFión, dirección y longitud de la futura red de Alumbrado Público. 

El trazo se indicará ~n un croquis que contenga además: 

1.3.1 Los terrenos atravesados y dificultades en.contradas. 

1.3.2 Las calles que toca el trazo y la cercan la a otras. 

1.3.3 Lineas eléctricas, de telecomunicación, cruzadas o paralelas al trazo a una distan
. cia menor de 100 mts. a cada lado de la md de alumbrado público. 

1.3.4 Obstáculos que condicione el trazo (casas, canteras propierjades cerradas. etc.}. 

El croquis ·s.e. elaborará a una escala de 1 : ___ • para redes de alumbrado públic-o de 
___ Km. de longitcd y 1: -~-para mayores. 

1.4 Recome-ndaciones para el trazo. 

Durante el reConoCimiento y el estudio para el trazo, el topógrafo deberá tener presente 

las recomendacioneS siguientes: 

1.4.1 Realizar alineamientos lo más largo posible v evitar ángulos grandes. 

1.4.2 Al localizar los vértices, es importante tener presente el tipo de poste con obje
.to de dejar el espacio necesario para las bases, y evitar interferenCias con cer

cás líneas, de fuerza, caminos, etc. 

. . 

1.4.3 Todos los Cruzamientos de la red de alumbrado con las l(neas de ;;omunicadón 
de potencia, FF.CC .• carreteras _y caminos se deben efectuar en ángulo recto o tan 
cerca del ángulo recto como sea posible y evitar hacerlo a menos de 4SO. 

1.4.4 No implantar postes en cruzamientos con las v/as férreas, caminos y calles a una 
distanc(a inferior a "ia altura de poste qÚe se estime instalar. . 

1.4.5 Se deberá evitar en lo posible localizar el trazo en laderas que pueda desliz"arse O 
en terrenos de relleno o blando. En caso contrario deberá anotar en los planos res-· 
pectivos. 

• En todos_ los casos en que figure Escala 1:, ésta-es a ':1peci ficar. 
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2. LEVANTAMIENTO DEFINITIVO 
•• 1.. :·.:. 

2.1 Levantamientos de primera importancia. 

·Se ejecutará el levantamiento con tránsito y cinta por lo que respecta a planimetría y con 

nivel fijo o el tránsito uiilizándolo como nivel, por lo que respecta a altimetría. 

2.2 lev-antamiento de segunda importancia 

Se usará el método estadimétrico, comprobando las lecturas hacia atrás y hacia adelante, 
para cerciorarse de que las· distancias no se exceden de las tolerancias marcadas por el 

mismo método y las permitidas por la aproximación del aparato usado. 

2.3 El método de caminamiento será: 

2.3.1 Azimutes astronómicos directos, referidos a un meridiano fijo que pasa por el 
punto de partida. 

2.3.2 Caminamientos por didlexiones. 
·. ,·· 

·De es~os dos métodos se recomienda el primero, por ser más sencillo y tener menos proba· 
bilidades de su error. 

2.4 Trazo definitivo. 

'-a disposición del trazo se hará .con ayuda· de estacas de .estación numerada y centradas en 
cantidad de cinco por cada 200 metros. cuando menos. ~La cabeza de la estaca se pintará 
de amarillo para su fácil ident)ficación. En caso de que el terreno sea de pavimento se eje· 
cutará una marca en el mismo color rojo, marcando el c~ntro del mismo. 

·2.4.1 La red de alumbrado deberá pasar por los puntos del trazo preliminar, excepto 
con las modificaciones que en su caso indique la Ofna. de Alumbrado ·Público. 

2.5 Linderos de propiedades. 

Los lind~ros de las propiedades se deben de localizar en el punto del cruce, debiendo de 
registrar la siguiente información: 

2.5.1 Distancia de/lindero a la estaCión más cercana del trazo. 

2.5.2 Rumbo de/lindero. 

2.5.3 Nombre y dirección del propietariO. 

2.6 Edificio y obstrucciones. 
·····! 

Se deben desc"ribir completamente y. ligar topográficamente todos los edificios árboles de 
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altura considerable y obstrucciones similares •. que estén dentro de 5 metros de la red de 
alumbrado público. 

., ·. :·¡ ·, '. 
2.7 Vértices y deflexiones. 

·La línea del levantamiento en el plano, se debe mostrar interrumpida en los vértices y se· 
Halar con una flecha apuntando a dereCha o izquierda, se~ún el giro del ~ngulo. 

En todos los vértices en el plano se debe indicar la estación número que le corresponda, 
as( como la ma"gnitud del ángulo en grados y minutos y el kilometraje correspondiente. 

Se deberá determinar el rumbo de las redes. 

2.8 Datos adicionales en el perfil. 

A lo la~go del caminamiento, se tomarán puntos intermedios entre las estaciones conse.cu
tivas, de pre~erencia en Jos lugares en que cambil] la pendiente del terreno, y con menor 
detalle en los puntos prominentes, así como en las hondanadas. 

Estas obserJaciones, se harán con detalles ~e Cúnsideración en calles, carreter_as, vías fe· 
rreas, líneas de energ~a eléctrica telefónica, o tel~gráficas, etc. 

2.9 Cruzamientos 

2.9.1 Ferrocárri/es. 

a)· Nombre del ferrocarril y su sentido. 

b) Estación y kilometraje en el eje de las vías .. 

e) Angula de intersección. 

d) Elevación de los rieles. 
. ¡·· .. 

e) Kitometraje de la vía férrea en el punto cruzado. 

f} Altura" de los co_nductores telegráficos cruzados superior e inferior. 

g) Distancia a la estructura de telégraf_os en cada lado de la intersección. 

h) Cuando la red sigue par.alela al ferrocarril, se debe dar la distancia desde el eje del 
levantamiento, hasta los linderos de los-derechos de vía. En troncal o espuela, se 
deberá indicar el kilometraje de la vía principal en el entronque y la longitud del 
entronque o espuela al cruce con el trazo. 

2.9.2 Calles y carreteras. 

Se deben localizar tOdos los cruzamientos cOn ~alles y carrete~as, registrando la siguiente 

información: 
.· .. 

·a) Nombre de la carretera. 

b) Estación en el eje de la calle. , .. 
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e) Angula de intersección. 

d) Ancho del derecho de vía. 

e) Tipo de la superficie de rodamiento (asfalto, terracería, tierra, etc.). 

f) Ancho entre los acotamientos.· 

g) Elevación tanto del centro-como de los acotamientos. 

h) Se debe indicar si la carretera es primaria, secundaria o camino ve~inal. 

i) Cuando el trazo vaya paralelo a la calle o carretera, se debe dar la distancia del 
' eje del levantamientO a las cercas de los derechos de Vra. 

2.9.3 Llneas de energía y comunicación. 

En los planos generales de localización del trazo, se deben niostrar todas las líneas de 
energía, de teléfono, de telégrafo y de señales, incluyendo las líneas de comunicación de 
los ferrocarriles, que queden dentro de 5 metros a los lados de la red de alumbrado. 

Se deben localizar todos los cruzamientos de las líneas de energía y de comunicación re· 
gistrándose la siguiente info~mación: 

a) Nombre de la Linea.· 

b} Estación en la intersección del eje. 

e} Angula de intersección. 

d) Distancia del eje de la red en cada lado de la intersección. 

e) Número de alambreS que se cruzan. 

f) Voltaje, tipo de servicio (teléfono, energía. telégrafo, etc.). 

2.9.4 Canales. 

Se deben locali~ar todos los canales, y drenes, registrándose la siguiente información: 

a) Estación a la altura de la superficie del canal. 

b) Estación en las orillas del canal. 

2.10 Levantamiento de alternativas o modificaciones 

Cuando se tengan que elaborar levantamientos para modificaciones o alternativas, se de· 
berá registrar la siguiente información: 

a) Estación del trazo definitivo con el kilometraje exacto en el punto de pa~tida y 
llegada de la modificación. . 

b) Angulo y dirección de la deflexión de los puntos de partida y llegada. 

e) Eleva~ió¡, de las estaciones de los. puntos de Partida y llegada. 

La diferencia de cotas entre el levantamiento original y la modificación deberán ser las 
mismas. 
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5. SE EVITARA INSTALAR POSTES EN LOS SIGUIENTES PUNTOS: 

· al Dentro de los derechos de vía de los FF.CC .• carreteras y calles. 

bl En lugares de acceso dificil. 

6, ANTES DE EFECTUAR LA LOCALIZACION DE POSTES SE VERIFICARA 
QUE El PERFIL DEL TERRENO COINCIDA EN TODOS SUS DETALLES CON 
LO INDICADO EN LOS PLANOS. 

DE ENCONTRARSE CUALQUIER DISCREPANCIA SE REPORTARA AL SU
PERVISOR DE LA OFICINA DE ALUMBRADO PUBLICO, QUIEN DECID IRA 
LO PROCEDENTE. ·.• 

NOTA IMPORTANTE 

Por ningún motivo se acepta_rán trabajos topográficos que no hayan Sido ejecut~dos de 
Conformidad con lo anterior, no planos que no contengan la información indicada en és
tas normas y sus anexos. 

. :.··. .. . ·. !r ::"t . 

.· 

.. ' •• ,. • • J •• ·-.r. ·. ·;·,. 

·.! 
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TABLA 

SIMBOLOS CONVENCIONALES 

SIGNO N o M • • • SIGNO N o M • • E 

1--{) ARBOTANTE ESFERICO ....... POSTE SEMI ORNAMENTAL 

>-<} ARBOTANTE COLONIAL ® POSTE TIPO JARO! N 

-- CABLES <> POSTE TIPO COLONIAL 

ó COMBINACION CENTRO DE CARGA CONTROL @ POSTE TIPO CUADRADO 

---- OUCTO DE CONCRETO EN BANQUETA o POSTE HEXAGONAL zoco o 

IIDD 2 DUCTOS DE CONCRETO EN AIIROYO e POSTE TIPO VISTA m 

= f' LUCRE SCENTES 40 1 60 ( Woth) o-{) POSTE ORNAMENT~L DOBLE MENSULA 

EE3 fi.UORESCENTES 00 ( Wottt) V RULECTOR DE CUARZO 

a=J FLUORESCENTES 110/120 ( Woth) Q REFLECTOR TIPO CAÑON - F'LUORESCEHTES lOO ( Wott1) T REFLECTOR DE MERCURIO 

390 

1>() INCANDESCENTE 10 ( Wott1) 3 REFLECTOR DE SODIO 
¡ 

1>() INCANDESCENTE .. 1 W0t11) o REGISTRO DE CAMBIO DE OlRECCION 

<O INCANDESCENTE ' 40 ( W0t11) ~ REGISTRO PARA CRUCE EN ARROYO 

<O INCANDESCENTE 60 ( Wothl ~ SODIO BAJA PRESION ... (Woth) 

t() INCANDESCENTE 10 ( Wotta) $ SODIO BAJA PRESION 200 { Wot11) 

10 INCANDESCENTE 100 (WOIII) ~ SODIO ALTA PRESION IODO ( Wot11 ) 

tO INCANDESCENTE lOO C Wott•) ~ V.t.POR DE MERCURIO 170 ( Wott&) 

0-' INCANDESCENTE 200 (Woth) r:::::::J VAPOR DE MERCURIO 200 ( Wot11) 

rO> INCANDESCENTE 300 (Woth) es;;:¡ VAPOR DE MERCURIO 400 ( wott1) 

:a INCANOESCENT E 000 (Woltl 1 ~ VAPOR DE MERCURIO 700 ( Wottl) 

(¡) INCANDESCENTE 1000 ( WOIII ) I2SJ VAPOR DE MERCURIO 1000 ( Wofl•) 

(!Y INCANDESCENTE zooo (W~UI) 

V LA .. PARA PAR 

--. IIIUFA DE CIA. DE LUZ y FUERZA 

X/Y NUMERO DEL CIRCUITO/ NUIIIE:RO DE 
LA N PARAS 

C) 

• POSTE ORNAMENTAL SENCILLO 

(CONTINUA) 
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TABLA 1 

SIGNO 

----<>-·-o---o-.-

~ 

o 

o 

p 

-~ 

---

ALUMBRADO 

SIGNO 

AEREO SUBTERRANEO 

~ 
-.~ @.-----0 

AL:JMBRADO 

SIGNO 

A E REO SUBTERRANEO 

__._ _ ___.__ --~~-

• • ~ 
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NOMBRE 

LINEAS BAJA TENSION 3 HILOS 

LINEAS BAJA TEN S ION 4 HILOS 

POSTE DE CONCRETO DE 30' .O MENOS 

POSTE DE CONCRETO DE 35' O MAS 

POSTE DE MADERA DE 35' O MAS 

TRANSFORMADOR EN POSTE DE ACERO 

. 

FUSIBLE 

FUSIBLE DESCON ECTADOR 

391 
TRANSFORMADOR e 20/6 

PUBLICO MULTIPLE 

NOMBRE 

2 HILOS ALI MENTACION 

3 HILOS 
2 ALIMENTACIONES 1 CONTROL 

PUBLICO SERIE 

NOMBRE 

. 

1 HILO 6.6 AMP 

2HILOS 6.6 AMP 

• 
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o NORMAS DE OBRA CIVIL.. 

l. DUCTOS (Figura 1) . '. 

1. INSTALACION 

1.1 En banqueta 

Se instalará con el eje una distancia entre ejes de 930 mm (36-5/8") con respecto al paño 
eXterior de la guarnición cuando se instalen arbotantes tipo ornamental, látigo o jardín y. 
760mm (14-31/32") con relación a la corona de la guarnición. 

1.2 En arroyo 

Se instalarán dos vías en un solo lecho con el eje a una profundidad de 1040 mm (40-61/ 
64"') con respecto a la corona de la guarnición y con una separación en planta entre ejes 
de 240 mm (9·29/64 "). 

1.3 Especial 

la especificada en el inciso 1.1 Con la siguiente variante: . 
Este tipo de dueto irá instalado en l~s Jugares donde haya entradas para· véh ículc;, 

2. CEPA PARA INSTALACION 

2.1 En banqueta 

2.1.1 · Tipo 

Sección rectangular, con un trazo recto en la P.lanta 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 Caracterlsticas de construcción 

En caso de que la banqueta estuviera recubierta con losa de concreto. se hará un corte con 
sierra previo a la ruptura de la misma. El corte tendrá una profundidad mínima de 2/3 
del espesor de la losa. Una vez hecha la cepa se procederá a apisoriar y nivelar el fondo 
en toda su longitud. 

' ~ '· .. ' 
2.2 En arroyo 

. ' ' 
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2.2.1 Tipo 

Secci6n rectangular, con un trazo en planta y con una.pendlente igual a la existente entr~ 
las guarniciones de las banquetas por donde pasará el dueto, en corte longitudinal. 

2.2.2 Dimensiones 

600 mm (19·11/16") de ancho por 1160 mm (45·43/64") de profundidad. 

2.2.3 Caracterfsticas de construcción 

Una vez hecha la cepa se procederá a nivelar el piso y a colocar una cama de 50 mm 
(1·31/32") de espesor con concreto de f'c = 150 Kg/cm2 a los 28 días con agregado 
máximo de 20 mm (25/32"). 

2.3 Especial 

2.3.1 Tipo 

El especificado en el inciso 2.1.1. 

2.3.2 Dimensiones 

300 mm (11-13/16") de ancho por 550 mm (21·?1132") de profundidad. 

2.3.3 Características de construcción 

En caso de que la banqueta estuviera con losa de concreto, se hará un corte con sierra 
previo a la ruptura de la misma. El corte tendrá una profundidad mínima de 2/3 del espe· 
s.or de la losa. Una vez hecha la cepa se procederá S nivelar el piso y a colocar una cama de 
50 mm (1·31/32") de espesor con concreto de· f'c = 150 Kg/cm' a los 28 días con agre· 
gado máximo de 20 mm (25/32"). 

15 05 80 

3 DUCTO 

3.1 En banqueta 

3.1.1 Tipo 

De sección circular 

3.1.2 Dimensiones y caracterfsticas 

102 mm (4") de diámetro interior por 133mm (5-15/64") de diámetro exterior y 200 mm 
(7-7/8") de diámetro en la ca,Y,pana. Deb~rá ser de concreto; con un recubrimiento Inte

rior asfáltico de 3 mm (1/8") de espesor. 
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3.1.3 Instalación 

La instalación del dueto en la cepa deberá efectuarse de forma tal que siempre quede para· 
lelo a la guarnición de la banqueta y perfectamente nivelado. La alineación de los duetos 
será verificada con un cordel como referencia. 

3. 1.4 Jun teado 

El dueto Irá. junteado, con mortero de cemento prOporción 1:3, debiendo ser colocada 
una cama de dicho mortero de 25 mm (1") de espesor en la campana del dueto al proce· 
der a su colocación. Previamente se humedecerá la zona de junteado. 

3.2 En arroyo : ~ ~··n . 

3.2.1 Tipo 

De sección circular 

3#2.2 Dimensiones y caracteristicas 

Las especificadas en el inciso 3.1.2. 

3.2.3 Instalación 

La instalación d_e ductos·en las cepas.deberá efectuarse de forma tal que siempre queden 
perfectamente nivelados y alineados. La alineación de los duetos será verificada con un 
cordel· como referencia. 

3.2.4 Revestimiento ·, -· 

Previamente al colado, los duetos deben ser humedecidos. El revestimiento de los duetos 
: se hará con concreto de fé: = _150 kg/cml a los 28 dlas con agregado máximo de 20 mm 

·. (25/32"). con una cama sobre lecho de 150 mm (5-29/32") .. 

3.3 Especial 

• · 3.3.1 Tipo e· ".'. . -· . ~·. . . . 
De sección circular. 

3.3.2 Dimensiones y caracterlsticas 

Las especificadas en el inciso 3.1.2. 

3.3.3 Instalación 

Igual a la especificada en el inciso 3.1.3. ~ .. -
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3.3.4 Revestimiento 

Igual al del Inciso 3.2.4 con la diferencia de que la cama •obre lecho será de 120 mm 
(4-3/4"). 

4. RELLENO 

4.1 En banqueta 

El relleno se hará. con una capa del material producto de la excavación de 320 mm . 
(12-19/32") de espesor debidamente compactada. No deberá dejarse abierta la cepa de 
un día para otro y del mismo modo el retiro de.escombro tendrá que hacerse en el mismo 
turno de trabajo en que se haya excavado la cepa. 

4.2 En arroyo 

El relleno se _hará, con material de subbase, que se compactará con agua" y pisón en capas 
de 200 mm (7-7/8"") hasta una altura de 400 mm (15-3/4"") abajo del nivel del piso. La 
altura restante se construirá con material de base compactado con agua y pisón en capas. 
de 100 mm (3-15/16") de espesor. 
No deberá dejarse· abierta la cepa de un d(a para otro así como el escombro deberá ser re
tirado en el mismo turno de trabajo en que se haya excavado la cepa. 

5. REPAR¡>.CION 
. - ... 1 • • : 

5.1 En banqueta 

Cuando se_ proceda a la reparación de la banqueta se colocará una capa de relleno debida-· 
mente apisonado de 100 mm (3-15/16"') 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, 
será de f(: = 150 kg/cm' a los 28 días con· agregado máximo de 20 mm (25/32'") y dando 
un acabado semejante e integral 0.1 existente en to.da la banqueta afectada. 

5.2 En arroyo 
, 

Se reconstruirá el pavimento del corte con una capa de conCretO asfáltico compactado de 
75 mm (2-61/64") de espesor. 

5.3 Especial 

Igual al inciso 5.1 cqn la advertencia de que no deberá dejarse abierta la cepa de un dla pa· 
ra otro y del mismo modo el retiro del escombro tendrá que hacerse en el mismo turno de 
trabajo en que se haya excavado la cepa. 

11. REGISTROS 

15 05 80 
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1. INSTALACION 

1.1 Dellexi6n .F.'. :· .i . .- ·: .: ~- • 

Se instalará al pie del poste de la Cla: suministradora donde se instale el equipo de control 
de los circuitos, también donde el dueto en banqueta cambie de dirección y en aquellos lu
gares donde por necesidades debe existir registro de candelabro al pie del poste. 

1.2 Paso 

Como su nombre lo indica, este registro se instalará en los lugares donde haya necesidad 
de pasar arroyos. 

1.3 Especial 

Cuando se vaya· a colocar en banqueta, una de sus caras debe estar paralela a la guarnición 
y a un mínimo de 200 mm (7-7/8") de su paño interior. Cuando vaya a ser colocado en 
zona jatdinada su instalación será en el lugar donde se juzgue conveniente. 

2. CEPA PARA INSTAI.ACION 

2.1 Deflexión 

2.1.1 Tipo 

···t .· ..... 

Sección rectangular 

2.1.2 Dimensiones 

Lado menor 700 mm ·(27-9/16"). lado mayor 850 mm (33-15/32") y con una profun· 
didad de 638 mm (25-1/8"). 

2.2 Paso 

2.2.1 Tipo 

Sección rectangular 

2.2.2 Dimensiones 

.. Lado menor 800 mm (31:..1/2").1ado mayor 1000 min (39-3/8") y con una profundi· 
dad de 1238 mm (48...:3/4"). 

2.3 Especial de 1250 mm (49-7/32"") por lado. 
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2.3.1 Tipo· .-

Rectangular de sección cuadrada. 

2.3.2 Dimensiones 

1730 mm (68-7/64") por lado y 1870 mm (73-5/8") de profundidad. 

2.4 Especial de 1500 mm (59-3/64") por lado. 

2.4.1 Tipo ,·, 

Rectangular de sección cuadrada. 

2.4.2 Dimensiones 

2260 mm (88-31/32") por lado y 2170 mm (85~7/16") de profundidad. 

3. CARACTERISTJCAS DE CONSTRUCCION DE LA CEPA 

3.1 Deflex ión 

En caso de que la banqueta, estuviera recubierta con losa de con~reto, se hará un corte 
con sierra prt!vio a la ruptura de la misma, debiendo quedar el lado mayor paralelo a la 
guarnición. El corte tendrá una profundidad mínima de 2/3 del espesor de la losa. 
Al efectuar la excavación se tomarán las precauciones necesarias para e'vitar que al encon· 
trarse con tuberías o duetos de otros servicios públicos, estos resulten dañados. 

3.2 Paso. 

· Las espe~ificadaS en el inciso 3.1 de registros. 

15 05 80 

3.3 EspeCial 

Las especificadas en el inciso 3.1 de registros. 
El escombro que resulte de la excavación para la cepa será retirado en el mismo t.urno de 
trabajo de su excavación. 

4. REGISTROS COMO TALES 

4.1 Deflexión (Figura 2) 

4.1.1 Tipo ' . 

Sección rectangular ··'. 

o 
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4. 1.2 Dimensiones 

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 ángulo de 368 mm (25-1/8''). 

4.1.3 Caracterlsticas de construcción 

El registro deberá ser precolado y las paredes tendrán 50 mm (1-31/32") de espesor y se· 
rán de concreto f(; = 150 kg/cm' a los 28 d(as con agregado máximo de 20 mm (25/32") 
y reforzados con una malla de alambrón de 6.3 mm (1/4") de diámetro con la distribu· 
ción que se señala en la figura 2. El marco será de fierro ángulo de 38.1 x 38.1 x 4.8 mm 
( 1-1/2") x ( 1-1/2'') x (3/16'') el cual quedará integralmente empotrado al registro inme· 
diatamente después de vaciado el concreto y antes de que se inicie el fraguado inicial del 
mismo, mediantP seis anclas de varilla No. 3. La cimbra interior deberá ser metálica y la 
exterior similar o de madera a criterio del contratista. La varilla irá soldada al fierro án
gulo con doble cordón . 

. 4. 1.4 Instalación 

Al ser instaladO el registro cuyas caras interiores deben estar al plomo, escuadras y bien pu
lidas, el lado mayor quedará paralelo a la guarnición, se le dará la pendiente de la banque
ta y en ningún caso deberá quedar arriba o abajo del nivel de la rr:isma. El dueto será en
troncado y emboquillado debidamente con las paredes del registro. 

4.2. Paso (Figura 3) 

4.2 . .1 Tipo 

Sección rectangular 

4.2.2 Dimensiones 

Lado menor 600 mm (23-5/8"), lado mayor de 800 mm (31-1/2") y una profundidad 
que incluye el marco de fierro ángulo de 1238 mm (48-3/4"). 

4.2.3 Caracterlsticas de construcción 

Las especificadas en el inciso 4.1.3 de registros a diferencia de que el número de anclas de 

varilla No. 3 es de ocho. 

4.2.4 Instalación 

La especificada en el inciso 4.1.4 de registros. 

4.3 Especial de 1250 mm (49-7/32") por lado. 
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4.3.1 Tipo 

Rectangular de sección cuadrada. 

4. 3.2 Dimensiones 

1,250 mm (49·7/32") por lado en la 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 planti· 
lla especificada en el inciso 5.3. 

4.3.3 Características de construcción 

Los muros serán de tabique recosido de 140 mm (5-33/64") de espesor con aplanado in
terior de mortero de cemento de proporción 1 ;3 con impermeabilizante integral. 

4.4 Especial de 1,500 mm (59-3/64") por lado 

4.4.1 Tipo 

Rectangular de sección cuadrada. 

4.4.2 Dimensiones 

1,500 mm (59-3/64") por lado en la parte interior y 1,800 mm (70-7/8") de profundidad . 
~ntre lecho bajo de la losa especificada en el inciso 7.2 y lecho superior de la plantilla es
pecificada en el inciso 5.4. 

4.4.3 Caracterlsticas de construcción 

Los muros serán de tabique recocido de 280 mm (11-1/32") de espesor con aplanado in
terior de-mortero de Cemento d_e proporción r.3 con impermeabilizante integral. 

5. PLANTILLA 

15 05 80 

5.1 Deflexión 

Una vez instalado el registro se procederá a colar una plantilla de 50 mm (1-31/32") de 
espesor de mortero de cemento proporción 1:3 con un dren central de140 mm (5-2/2") 
de diámetro y una profundidad de 200 mm (7-7/8'') . 

. . 
5.2 Paso 

Igual al inciso anterior. 

5.3 Especial de 1,250 mm (49-7/32") por lado. 

o 
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5.3. 7 Tipo ... : .... 
Rectangular de sección cuadrada. 

5.3.2 Dimensiones 

1,530 mm (61·15/64") por lado y 80 mm (3·9/64") de espesor. 

5.3.3 Caracterl'sticas de construcción 

Sera construida con concreto de f'c = 150 Kg/cm2 a los 28 días con agregado máximo 
de 20 mm (25/32") armado con varilla de 9.5 mm (3/8") de diámetro a cada 300 mm 
(11·13/16") en ambos sentidos, con un dren central de 140 mm (5·1/2") de diámetro y 
200 mm (7·7/8") de profundidad. La plantilla tendrá una pendiente de 2°/o hacia el dren. 

5.4 Especial de 1,500 mm (59·3/64") po·r lado 

· 5.4.1 Tipo 

Rectangular de sección cuadrada. 

5.4.2 Caracterlsticas de construcción 

Las e~pecificadas en el inciso 5.3.3 de registros. 

6. TAPA 

· 6.1 Deflexión 

· 6.1.1 Tipo 

Rectangular. 

· 6. 1.2 Dimensiones 

630 mm (24·13/16")1ado mayor, 480.mm (18·29/32") lado menor y 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 Caracter(sticas de construcción 

Será construida de concreto f'c = 20Ó Kg/cm2.a los 28 días con agregado máxinio de 20 
mm (25/32") con fierro ángulo de 31.7 x 4.8 mm (1·1/4" x 1 1/4" x 3/16") y 
con refuerzo de ~aril.la corrugada No. 3 distribuida según figura 2 utilizando cimbra metá· 

lica. La varilla irá soldada al fierro ángulo con doble cordón. Las llaves para levantar las 

tapas serán construidas con placa de acero de 4.76 mr:n (3/16") de espesor llevando la 

150500 

~ ... ! 

401 



402 

~© MANUAl DE AlUMBRADO PUBLICO 2 2 

placa central una perforación de 12.7 mm (1/2") de diámetro. Para obtener la forma Y. 
dimensiones de las llaves ver detalle a y b de la figura 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 detalle_s ver figura 3. 

6.2~3 Caracterlsticas de construcción 

Las especificadas en el inciso 6.1 .3 de registros ver !{gura 3. 

6.3 Especial de 1,250 mm (49·7/32") por lado . 

Su tipo, dimensiones y caracteristicas de construcción serán las especificadas en el inciso 

5.2. 

6.4 Especial de 1,500 mm (59-3/64") por lado 

Su tipo, dimensiones y ca~acterísticas de construcción serán las especificadas en el inciso 
6.2. 

7. LOSA 

7.1 Especial de 1,250 mm (49-7/32") por lado 

1.1.1 Tipo 

Ct;Jadrado de acuerdo con especificaciones de la CLyFC 

7. 1.2 Dimensiones Interiores ·.:· 

Base: 1,250 x 1,250 mm, altura 1,000 mm. 

7.1.3 CaractenSticas de construcción 

Será de concreto armado de 80 mm (3-5/32") de espesor siendo el concreto de f' e = 200 
Kg/cm2 a los 28 dlas con agregado máximo de 20 mm (25/32") y el armado, de varilla 
corrugada de acero estructural No. 3. 
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7.2 Especial de 1,500 mm (59-3/64") por lado 

7.2.1 Tipo 
. .'· .. ~, ·.' .... : 

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 constr,;cción 

Las especificadas en el inciso 7 .1.3. 

8. CONTRAMARCO 

8.1 Especial de 1,250 mm (49-7/3.2") por lado 

8.1.1 Tipo 

Rectangular. 

8.1.2 Dimf!nsiones 

APENO ICES~~ 

.. , ~ . ~: ·'! (_,, 

600 mm (23-5/8:') por 800 mm (31-1/2") de dimensiones exteriores. 

8.1.3 Caractedsticas de construcción 

Construido de fierro ángulo de 38.1 x 38.1 x 4.8 mm ( 1-1/2" x 1-1/2" x 3/16") y 
8 anclas de varilla No. 3 irá instalado sobre un brocal de tabique de 150 mm (5-29/32") 
de espesor y de 210 mm (8-17/64") de altura entre el nivel de la banqueta y el lecho su
perior de la losa. El marco deberá quedar nivel de banqueta y con la pendiente de la 
misma. 

8.2 Especial de 1,500 mm (59-:;{64") por lado 

Deberá cumplir con las especificaciones dadas en el inciso 8.1. 

9. .ESCALERA 

9.1 Especial de 1.250 mm (49-7/32") por lado. 

9.1.1 Tipo 

·Marina. 
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9. 1.2 Caracterfsticas de construcción 
1 '·. : ••.•• .; : \''· .... · . 1 ~. l. • ~. 

Formada por 4 escalones de varilla redonda del No. 6. 

9.2 Especial de 1,500 mm (59-3/64") por lado 

9.2.1 Tipo 

Marina. 
.•. 

9.2.2 Caracterlsticas de construcción 

Formada por 5 escalores de varilla redonda del No. 6. 

10. PINTURA 

10.1 Deflexión, Paso y Especial 

El fierro ángulo del registro o marco y la tapa O contramarco -=~rán pintados con dos ma
nos de pintura anticorrosiva. 

11. RELLENO 

11.1 Deflexión y Paso 

El relleno alrededor del registro se hará con grava cementada debidamente compactada, 
hasta una profundidad de8o·mm (3·5/32) medida del nivel de la banqueta hacia abajo . 

. 11 .2 Especial 

Cuando el registro sea construído en banqueta el relleno alrededor del registro se hará 
.con graVa cementada o material de subbase debidamente compactada, hást~ una profun
didad de 80 mm (3·5/32") medida del nivel de la banqueta hacia abajo. 

Cuando el registro sea construido en z~na jardii1_ada el relleno alrededor del registro ·se 
hará con grava cementada o material cte subbase debidamente compactada, hasta el nivel 
de tierra. 

12. REPARACION DE BANQUETA 

12.1 Deflexión, Paso y Especial 

El concreto que se emplee para colar la losa de 80 mm (3·5/32") de espesor, será de 
f'c = 150 Kg/cm2 a los 28 df~s con ag;egado máximo de 20 mm (25/32"). 
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sierra previo a la ruptura de la misma, debiendo quedar un lado# paralelo y razante a la ca· 
ra interior de la guarnición. El corte tendrá una profundidad mínima de 1/3 del espesor 
de 1/3 del espesor de la losa. 

Al efectuarse la excavación se tomarán las precauciones necesarias para evitar que el en
contrarse con tuberfas 6 duetos de otros servicios públicos, estC?s resulten dañados. Una 
vez hecha la cepa se procederá a apisonar y nivelar el fonc.Jo. 

2.2 Para arbotantes tipo Colonial o San Angel 

2.2.1 Tipo 

. Sección cuadrada. 

2.2.2 Dimensiones 

900 mm (35·7/16'')por lado y 900 mm (35·7/16") de profundidad. 

2.2.3 Caracterlsticas de construcción 

las especificadas en el inciso 2.1.3 de cimiento de concreto. 

2.3 Para postes de 12000 mm 

. 2.3.1 Tipo 

15 05 80 

Sección cuadrada. 

23.2 Dimensiones 

700 mm (27·9/16") por lado y 1500 mm (59':) de profundidad. 

2.3.3 Caracter{sticas de construcción 
. . 

La especificada en el inciso 2.1.3 de cimientos de concret~, con la salv.edad de que el lado 

paralelo a la guarnición debe quedar a 150 mm (6"} de la carta interior de la misma. 

2.4 Para postes de 16000 mm 

2.4. 1 En banqueta 

2.4. 1. 1 Tipo 

2.4. 1. 1 Tipo 

Rectangular de sección cuadrada. 
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2.4. 1.2 Dimensiones 

800 mm (31-1/2") por lado y 1800 mm (70-7/8") de profundidad. 

· 2.4.1.3Caracteristicas de construcción. 

La especificada en el inciso 2.1.3 de cimientos de concreto, con la salvedad de que el lado 
paralelo a la guarnición debe quedar a 50 mm (2") de la cara interior de la misma. 

2.4.2 En área libre. 

2.4.2. 1 Tipo 

Rectangular de sección cuadrada. 

2.4.2.2 Dimensiones 

2000 mm (78-3/4") por lado y 1220 mm (48") de profundidad. 

· 2.4.2.3 Caracteristicas de construcción. 

La excavación se hará en la posición que más se acomode para el fin que.se persigue, de 
·acuerdo con el supervisor de la Oficina de Alumbrado y se tomarán las·precauciones nece· 

sarias para evitar que al encontrarse con tuberías o duetos de otros servicios públicos, es
tos resulten dañados. Una vez hecha la cepa se procederá a apiSonar y nivelar _el fondo:. 

2.5 Parapostes de 20000 mm. 

2.5.1 Tipo 

Rectangular de sect:ión cuadrada. 

2.5.2 Dimensiones 

2500 mm (98-27'/64") por lado y 1500 mm (59") de profundidad. 

2.5.3 Caracteri'sticas de construcción. 

Igual a las indicadas en el inciso 2.4.2.3 de cimientos de concreto. 

2.6 Para postes de 25000 mm. 

2.6. t Tipo 

·Rectangular de sección cuadrada. 
~ . . .. 
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2. 6. 2 . Dimensiones. 

3600 mm (141-13/16") por lado y 1900 mm (74-13/16") de profundidad. 

2.6.3 Csracterfsticas de construcción. 

Igual a las indicadas en el inciso 2.4.2.3 de cimientos de concreto. 

2.7 Para postes de 30000 mm. 

2.7.1 Tipo 

Rectangular de sección cuadrada. 

2. 7.2 Dimensiones 

4500 mm (177-5/32") por lado y 2080 mm (81-57/64") de profundidad. 

2.7.3 Caracterfsticas de construcción. 

Igual a las indicadas en el inciso 2.4.2.3 de cimientos de concreto. 

3. CIMIENTOS 

3.1. Para arbbtantes tipo Ornamental, Látigo y Jardín. 

3.1. 1 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 la base inferior y 1000 mm (39") de altura. 

3. 1.3 Caracterlsticas de construcción 

Una vez a·pisonado el piso de la cepa se procederá a colocar la cimbra metálica con una de 
sus aristas de la cara superior paralela a la guarnición, a una distancia de 200 mm (7 -7 /8") 
con respecto a su paño interior y a una altura de 15 mm (19/32") con relación a su córo· 

na. 
Esta cimbra deberá Ser construida con lámina No. 18 de 1.27 mm (1/20") de espesor y re
fuerzos necesarios para obtener que sus caras laterales queden planas y las aristas· de las 
caras superiores e inferiores a escuadra. ~a cimbra deberá.troquelarse a fin de q~e n~ se 

mueva dúrante el colado y vibrado del concreto. Integralmente se colocarán 4 anclas de 
varilla redonda de 25.4 mm ( 1") de diámetro y 600 mm (25-5/8") de longitud. En un 
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extremo las anclas llevarán 100 mm (3-15/16") de cuerda standard de 8 hiloslpulg y en 
el otro un dobléz o regatón de 100 mm (3-15/16") de longitud, debiendo ser galvaniza· 
dao la zona de cuerdas. La separación entre anclas será de 270 mm (1 0-5/8") de centro a 
centro y sobresaldrán del cimiento 60 mm (2-23/64") debiendo quedar centradas con re· 
(ación a las aristas de las caras superior y completamente verticales. Para asegurar 1<? ante
rior se empleará un escantillón metálico. También integralmente se colocará una pieza de 
concreto en forma de "Y" y los niples necesarios tal como se m\,.lestra en la figura 4. 
Cuando el cimiento esté localizado en zona jardinada se colocará a una altura de 50 mm 
(1-31/32") con relación al nivel de tierra. El colado se hará con concreto de f'c = 150 kg/ 
cm> a los 28 días de agregado máximo de 40 mm (1-37/64") debidamente vibrado. Ter
minado el colado y verificada la posición de las anclas y la ~~y" conforme·a lo señalado 
anteriormente y lo establecido en la figura 4, se pulirá la cara superior dejándola a nivel, 
5e bolearán sus aristas y se emboquillará a la salida de la pieza en "Y" de concreto. 
Si se empleó concreto de resistencia normal se descimbrará a las 9 horas si se empleó resis· 
te.ncia rápida a las 4 horas. Una vez descimbrado el cimiento se entroncará el dueto en ban
queta. 

3.2 Para arbotante tipo Colonial o San Angel. 

· 3.2.1 Tipo 

Tronco-Piramidal. 
3.2.2 Dimensiones 

400 x 400 mm (15-3/4" x 15-3/4") en la base superior, 800 x 800 mm (31-1/2" x 
. _31-1/2") en la báse inferior y 900 mm (35-7/16") dealtura . 

. 3.2.3 Caractensticas de construcción. 

Las especificadas én el inciso 3.1.3 con la diferencia de que la separación entre anclas se· 
rá de 190 mm (3-35/64") de centro a centro. 

3.3 Para postes de 12000 mm 

3.3.1 Tipo 

Rectangular de sección cuadrada. 

3.3.2 Dimensiones 

700 mm (27-9/16") por l_ado y 1500 mm (5!i"l de altura. 

3.3.3 Caracrensticas de construcción. 

Una vez apisonado el Piso de la cepa se procederá a colocar el armado, el cual llevará ama-
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rrado en cada esquina inferior un dado de concreto de 50 x 50 x 50 mm (2" x 2" x 2") 
para evitar el contacto directo del armado con el piso de la cepa. Ver figura 5. 
Una vez colocado el armado se procederá a colocar una cimbra metálica de 500 mm 
(19-11/16") de altura, la cual irá desde 15 mm ( 19/32") arriba de la corona de la guarni· 
ción hacia abajo y con uno de sus lados paralelo a la guarnición. 
Esta cimbra deberá ser construida con lámina No. 18 de 1.27 mm (1/20) de espesor y re
fuerzos necesarios para obtener que las aristas, formadas por las caras laterales y la superior 
queden a escuadra. La cimbra deberá acuñarse lateralmente a fin de que no se mueva du· 
rante el colado y vibrado del concreto. Integralmente se colocarán 4 anclas que deben 
cumplir con la especificación AP/AFR·1000. La separación entre anclas será de 270 mm 
(10-5/8") de centro a centro y "sobresaldrán del cimiento 60 mm (2-23/64") debiendo 
quedar alineadas con los vértices de la cara superior, con centros sobre una circunferencia 
de 380 mm (15") de diámetro y completamente verticales. Pwa asegurar lo anterior se 
empleará un escantillón metálico. También integralmente se colocará una pieza de concre· 
to en forma de "Y" y los ni pies necesarios, tal como se muestra en la figura 5. El colado 

se hará con concreto de f'é = 200 kg/cm2 a los 28 dlas con agregado máximo de 40 mm 
(1-37/64") debidamente vibrado. Terminado el colado y verificada la posición de las an
clas y la "Y" conforme a lo señalado anteriormente, se pulirá la cara superior, dejándola a 
nivel, se bolearán sus aristas y se emboquillará la salida de la pieza en "Y" de concreto. 
Si se empleó concreto de resistencia normal se descimbrará a ;as 9 horas y si se empleó 
resistencia rápida a las 4 horas. Una vez descimbrado el cimiento se entroncará el dueto en 

banqueta. 

3.4 Para postes de 16000 mm 

3.4. 1 En banqueta 

3.4. 1. 1 Tipo 

Rectangular de sección cuadrada. 

3.4. 1.2 Dimensiones 

800 mm (31-1/2") por lado y 1800 mm (70-7/8") de profundidad. 

3.4. 1.3 CaracterlSticas de construcción. 

Una vez apisonado el piso de la cepa se procederá a colocar el armado, el cual llevará ama· 
rrado en cada esquina un dado de concreto de 50 x 50 x 50 mm (2" x 2" x 2") para evi
tar el contacto directo del armado con el piso de la cepa. Ver figura 6. 
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Una vez colocado el armado se procederá a colocar una cimbra metálica de 500 mm 
(19-11/16") de aliura, la cual irá desde 15 mm (19/32") arriba de la corona de la guar
nición hacia abajo y con uno de sus lados paralelo a la guarnición. 

Esta cimbra deberá ser construida con lámina No. 18 de 1.27 mm (1/20") de espesor y 

o 
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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 deberá acuñarse lateralmente a fin de que no se mueva 
durante el colado y vibrado del conc~eto. Integralmente se colocarán 4 anclas que deben 
cumplir con la especificación AP/AFR 1220. La separación entre anclas será de 270 mm 
(10-5/B") de centro a centro y sobresaldrán del cimiento 60 mm (2-23/64 ") debiendo 
quedar alineadas con los vértices de·la cara superior, con centros sobre una circunferencia 
de 380 mm (15") de diámetro y completamente verticaleS. Para asegurar lo anterior se em· 
pleará un escatillón metálico. También integralmente se colocará una pieza de concreto 
en forma de "Y" o codo según sea el caso y los niples necesarios. 
El colado se hará con concreto de f(: = 200 kg/cm' a los 28 días con agregado máximo 
de 40 mm (1-37/64") debidamente vibrado. Terminado el colado y verificada la posición 
de las anclas y la "Y" o el codo conforme a lo señalado anteriormente, se pulirá la ·cara su
perior dejándola a nivel, se bolearán sus aristas y se emboquillará la salida de la pieza "Y" 
o el codo de concreto. · 

·s¡ se empleó concreto de resistencia normal se descimbrará a las 9 horas y si se empleó re
sistencia rápida a las 4 horas. Una vez descimbrado el dmiento se entroncará el.ducto. 

3.4.2 En área libre 

3.4.2. 1 Tipo 

Dado tronco--cón_iCo de sección cuadrado con t:.apata cuadrada. Ver figura 7. 

3.4.2.2 Dimensiones 

LaS mostradas en la· figura 7 . 

. 3.4.2.3. Caraáer(sticas de ·construcción. 

Una vez apisonado el piso de la cepa se procederá a colocar una cama de 80 mm (3-5/32") 
de espesor con concreto de f'c= 100 kg/cm 2 a loS 28 dlas con agre9ado máximo de 20 mm 
(25/32"). Una vez ¡;clocada y ·f~aguada la cama de concreto se procederá a reali¿ar el arma· 
do ·del cimiento en la forma indicada en la figura e inmediatamente después de terminado 
este. se procederá a colocar una cimbra metálica .tanto en los ·lados de la zapata coi-no en 
las caras late~ales del dado tronco-cónico. 
Esta cimbra debÚá sobresalir del nivel del piso 80 mm (3-5/32") y se deberá construir 
con lámina No. 18. y refuerzos necesarios para f?btener que las caias laterales queden pla· 
nas y las aristas de la Cara Superior a escuadra. La cimbra deberá troquelarse a fin de que 
no se mueva durante el cotado y vibrado del concr~to. Integralmente se colocarán 4 an· 
clas q~e deben cumplir con la especificación AP/AFR-i220. La separación entre anclas 
será de .270 mm (10-5/8") de centro a centro y sobresaldran del cimiento de 60 mm 
(2-23/64 ") debiendo quedar alineadas· con los vértices de la cara superior, con centros 
sobre una circunferencia de 380 mm ( 15") de diámetro .Y completamente verticales. Para 
asegurar .lo anterior se emPleará un· escantillón metálico. También inte9ralmente, se colo· 

cará .una pieza de concr~to en· forma de "Y" o codo según sea el c~s"o y los ni pies necesa· 
rios. 
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El colado se hará con concreto f(: = 200 kg/cm' a los 28 días con agregado máximo de 
40 mm (1-37/64") debidamente vibrado. Terminado el colado y verificada la posición de 
las anclas y la "Y" o el codo conforme a lo se~alado anteriormente, se. pulirá la cara supe
rior dejándola a nivel, se bolearan sus aristas y se emboquillará la salida de la pieza "Y" 
o el codo de concreto. 
Si se empleó conc·reto de resistencia normal se descimbrará a las 9 horas y si se empleó 
resistencia rápida a las 4 horas. Una vez descimbrado el cimiento se entroncará el dueto. 

3.5 Para postes de 20000 mm. 

3.5.1 Tipo 

Dado tronco cónico de sección cuadrada con zapata cuadrada. Ver figura 8. 

3.5.2 Dimensiones 

Las mostradas en la figura B. 

3.5.3 Caracten'sticas de construcción 

Una vez apisonado el piso de la cepa se procederá a colocar una cama de 80 mm (3-5/32"! 
de espesor con concreto de 1(: = 100 kg/cm' a los 28 días con agregado máximo de 20 
mm (25/32"). Una v~l colocada·y fraguada la cama de concreto se procederá a realiiar el 
armado del cimiento en la forma indicada en la figura 8, e inmediatamente éespués de 
terminado éste, se procederii a colocar una cimbra metálica tanto en tos lados de la zapa 
como en las caras laterales del dado trpnco-cónico. Esta cimbra deberá sobresalir del nivel 
del piso 80 mm (3·5/32") y se deberá construir con lámina No. 18 y refuerzos necesarios 
para obtener que las caras laterales queden planas y las aristas de la cara superior a escua· 
dra. La cimbra deberá troquelarse a fin de que no se mueva durante el colado y vibrado 
del concreto. Integralmente se colocarán 6 anclas que deben cumplir con la especificación 
AP/AFR-1220 distribuidas uniformemente sobre una circunsf1mmcia de centros de 508 
mm (20"), debiendo quedar com:"~letamente verticales. Para asegurar lo anterior se emple· 

· arán escantillón metálico. También integralmente se colocará una pieza de concreto en 
forma de "Y" o codo según sea el caso y los ni pies necesarios. El cotado se hará con con· 
creto 1(: = 200 kg/cm' a los 28 días con agregado máximo de 40 mm (1-37/64") debida· 
mente vibrado. Terminado el colado y verificada la posición de las anclas y la "Y" o el 
codo conforme a lo señalado anteriormente, se pulirá la cara superior dejándola a nivel, se 
bolearán sus aristas y se emboquillará la salida de la pieza "Y" o el codo de concreto. 
Si se empleó concreto de resistencia normal se descimbrará a las 9 horas y si se empleó re· 
sistencia rápida a las 4 horas. Una vez descimbrado el cimiento se entroncará el dueto. 

3.6 Para postes de 25000 mm 

3.6.1 Tipo 

Dado tronco·c6nico de sección cuadrada cori ~apata cuadrada. Ver figura 9. 
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3.6.2 Dimensiones · .,. 

Las mos1radas en la figura 9. 

3.6.3 Caracterfsticas de construcción 

Una vez apisonado el piso de la cepa se procederá a colocar una cama de. 80 mm (3-3/32") 
de espesor con concreto f(:_= 100 kg/cm2 a los 28 dlas con agregado máximo de 20 mm 
(25-/32"). Una vez colocada y. fraguada la cama de concreto se proCederá a realizar el ar· 
mado del cimiento en la forma indicada en la figura 9, e inmedi~tameilte después de ter· 
minado éste, se procederá a colocar un cimbra ll'!etálica, tanto en los lados de la zaPata 
conio en las caras lateral e~ del dado tronco-CÓnico. Esta cimbra deberá sobresalir del nivel 
del piso 80 mm (3-5/32") y se deberá construir ·con lámina No. 18 y refuerzos necesarios 
para obtener que las cara~ laterales queden planas y las aristas de la cara superior· a escua· 

dra~ La cimbra deberá troquelarse a fin de que no se mue_va duran_te el colado y vibrado 
del concreto. Integralmente se colocarán 8 anclas que deben cumplir con la eSpecifica

ción AP/A~R-1220, distribu!'das uniformemente sobre una circunsferencia de centros de 
762 mm (30") debiendo quedar completamente verticales. Para asegurar lo anterior se 

·empleará un escantillón metálico. También integralmente se colocará una pieza de concre

to en forma de "Y" o codo según sea el caso y los niples necesarios. El colado se hará con 

concreto de fé = 200 kg/cm' a los 28 días con agregado máximo de 40 mm (1·37/64") 
debidamente vibrado. Terminado el colado y verificada la posición de las anclas y la "Y" 
o el codo conforme a lo señalado anteriormente se pulirá la cara superior. se bo!earán sus 

aristas y se emboquillará la salida de la pieza "Y" o el codo de concreto. 

Si se empleó concreto de resistencia normal se descimbrará a las 9 horas y si se empleó re
sistencia rápida a las 4 hqras. Una vez descimbrado el cirili~nto se entroncará el dueto. 

3.7 Para postes de 30000 mm 

3.7.1 Tipo .. ,, 

Dado tronco-cónico de sección cuadrada .con zapata. Ver figura 10. 

3. 7.2 Dimensiones 
·.' 

Las mostrada en la figura 10. 

3.7.3 CanJcterlsticas de construcción 
; ., . 

Una vez apisonado el piso de la cepa se procederá a colocar una cama de 80 mm (3-5/32") 
de espesor con concreto fé = 100 kg/cm' a los 28 días eón agregado máximo de 20 mm 
(25/32"1. Una vez colocada la cama de concreto se procederá a realizar el armado del ci· 
mientO en la forma indicada en la figura 10. e inmediatamente después de terminado éste. 

se procede~á a colocar una cimbra metálica tanto en los lados de la zapata como en las ca

ras laterales del dado tronco-cónico. Esta cimbra deberá sobresalir del Oivel del piso 150 
mm (6") y se deberá construir con lámina No. 18 y refuerzos necesarios para obtener que 
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las caras laterales queden planas y l_as aristas de la cara superior a eScuadra. La cimbra de
berá troquelarse a_fin de q~e ilo se mueva durante el colado Y vibrado del concreto. Inte
gralmente se colocarán 8 anclas que deben cumplir con la especificación AP/AFR-1220 

. distribu;'das uniformerrlente sobre una circunsferencia de centros de 76:2 mm (30") debien: 
do quedar completamente verticales. Para asegurar lo anterior se empleará un escantillón · 
metálico. También integralmente se colocará una pieza de concreto en forma de "Y" o 
codo según sea el caso y los ni pies necesarios. El colado se hará con concreto de fé = 200 
Kg/cm

2 
a los 28 días con agregado máximo de 40 mm (1-37/64) dehidamente vibrado. 

Terminado el codo conforme a lo señalado ánteriormente, se pulirá la _cara supe
rior dejándola a nivel, se bolearán sus aristas y se emboquillará la Salida de _la pieza "Y" o 
el codo de concreto. 

Si se empleó concreto de resistencia normal se des_cimbrará a las 9 horas y si se empleó re
sistencia rápida a las 4 horas. Una vez descimbrado el cimiento se ent~oncará el dueto. 

4. RELLENO 

4.1 Para cualquier tipo de arbotante 

El relleno alrededor del cimiento se hará con material de sub-base debidar:nente compac
tado, hasta una profundidad de 80 mm (3-5/32"). medida del·nivel de la banqueta o piso 

. hacia abajo. 

5. REPARACION DE LA BANQUETA O PISO 

5.1 Para cualquier tipo de arbotante 

El concreto que se emplea para colar la losa de 80 mm (3-5/32") de espesor será de 
. fé = 150 Kg/cm2 a los 28 días con agregado máximo de 20 mm (25/32"). 
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IV. VESTIDO Y PARADO DE POSTES 

1. EL POSTE SE DEBERA VESTIR ANTES DE INSTALARLO SOBRE LA BASE, Y 
ESTO IMPLICA LO SIGUIENTE: • 

1.1 Colocarle el o los brazos; en caso de ser atornillables, en el punto de unión, se le 
debe colocar una junta resistente o la intemperización como el neopreno. 

1.2 Colocarle la luminaria, sin f~o. de tal ma~era Que el pla_no longitudinal del poste, 
con brazos, V el de la luminaria, coincidan. 

1.3 La luminaria al colocarse sobre los brazos. deberá estar conectada según ~u tipo _v 
los cables de conexión deben. quedar con holgura de 1500 mm (59-1/16"1, para sus 
conexiones a las bases de alimentaci6n. 



APENDICES~ 
1.4 El tapón superior del poste, si lo llevara, deberá quedar perfectamente sellado. 

2. LA SECUELA DEL PARADO DEL POSTE, DEBE SEGUIR LAS FASES SI· 
GUIENTES: 

2.1 Colocar la base del poste sobre la cimentación pasados cuando menos 7 días de su 
colado. 

2.2 La base del poste, deberá quedar nivelada en sus dos ejes sobre la cimentación y pa· 
rafe la a la guarnición de la banqueta, para posteriormente fijarla por medio de las 4 
anclas colocadas en la cimentación. 

De ser necesaria la colocación de calzas para la nivelación de la base deberá ser. gal· 
van izada. 

2.3 Se colocará el poste vestido sobre su base, teniendo cuidado en que los cables de 
conexiones no queden entre el poste y la base. El poste deberá quedar plomado y 

nivelado, y los brazos con las l;í.mparas deberán quedar perpendiculares a la guarni· 
ción de la banqL:·;ta. los tornillos se deberán colocar con la tuerca hacia arriba. 

2.4 La maniobra de parado del poste, se deberá realizar con cables flexibles, tales como 
manila o polipropileno para no lastimar la pintura del mismo, En caso de hacerlo el 
contratista deberá resanar el árc·1 lastimada. 

2.5 Todos los tornillos, deberán llevar arandela plana y de presión todo esto galvanizado 
por inmersión en caliente. 
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LONGITUD DEL TUBO 6~ cm 

LONCillUO EFECTI\IA DEL TUBO 60 cm·. 

irltulcr 

13.3~ Ultrior 
20.0tl de te c:ompono 

Figuro 1. 
INSTALACION DE DUCTOS 
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Concreto de 1(: - 150 kg/cm' 
con agregado máximo de 40 ni m. 
Doble codo 90° de concreto de 
10 cm de diámetro interior. An· 
clas de 25.4 mm (1") de diáme· 
tro y 55 cm de longitud con do· 
blez de 1 O cm. 

d e f g h 

6 49 28 100 38 

6 49 28 90 38 

·Acotaciones en cm 

CIMENTACION DE CONCRETO TRONCO PIRAMIDAL 
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1.5.4 Postes 

Las luminarias para alumbrado público se montan generalmente en postes, ya sean propios 
o de la red eléctrica. Cualquiera de estos soportes deberán cumplir con las siguientes fun· 
ciones: 

Resistir los impactos de viento 
Resistir los agentes corrosivos de la atmósfera 
Ser lo suficientem~nte ligeros para su manejo 
Proveer espacio suficiente para los accesorios que deban alojarse en ellos, tales 

·. como: conductores, balastros o equipos de control 
Requerir el mínimo de mantenimiento. 

En la figura IIJ-63 se muestran las principales características geométricas de la unidad pos· 
te-luminaria, que son definidas por el poste mismo. 

1.5.4.1 Componentes 

Los postes son en sí columnas verticales instaladas con el fin de soportar una o varias lu· 
minarías y constan de variaspartes: 

Poste o columna vertical que permite alcanlar la altura de montaje requerida, en 
combinación con el brazo, si se requiere · . 

Brazo o columna horizontal que permite. ubicar la luminaria en el punto deseado, 
en el plano transversal de la calle a iluminar 

Punta o pieza de montaje, colocada en el extremo superior del poste o del brazo, se· 
gún sea el caso y que permite el montaje de la(s) luminaria(s). Puede ser .lisa o 
roscada 

Placa base sólidamente fija a la base del poste para recibir las anclas de fijación 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 propósito de servir púa el anclaje del poste y alojar el 
balastro 

·Anclas pernos metálicos empotrados en la cimentación de concreto para sujetar la 
base (placa o pedestal) al cimiento 

En las figuras lll·64 a 11/·66 se muestran los componentes anteriormente descritos, en di· 
fe rentes modalidades de montaje. 
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·H F 

POSTE 

REGISTRO 

-~ ,.t
.b~" 

1.5.4 .2 Construcción 

SUPERFICIE DEL ARROYO 

Figura J/1-63 

a = ángulo de inclinación de 
la luminaria 

p = ángulo de inclinación del 
brazo 

h = altura del poste Y brazo 
h' = altura de montaje 
f altura del poste 

= altura del brazo 

S longitud del brazo 

Los postes se fabrican con lámin~ de fierro rolado, en sus presentaciones más comunes y, se 
pueden encontrar también fabricados de concreto, madera o aluminio. 

Uso 

Por su uso, se clasifican como "punta de poste" cuando la luminaria va montada directa
mente al extremo superior del poste o "con brazo", estando en este caso preparados para 
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BASE PARA POST( ·Figura III-66 

soportar diferentes tipos de brazo. En ambos casos, pueden soportar una o más luminarias. 

Longitud 

Varía de los 3 a los 30 metros; es necesario hacer resaltar que la longitud del poste no ne· 
cesariamente corresponde a la altura de montaje, ya que se debe de combinar con el brazo 
y en algunos casos con la longitud de poste que se empotra en el terreno para su montaje. 
Los fabricantes los ofrecen rectos o curvados (látigo).' · 
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Sección transversal · 

Es costumbre definirla por la forma, el material y el espesor del mismo, pero es recomenda
ble especificarla por los esfuerzos a que estará sometido el poste, tales como: empuje del 
viento, impactos, flexión, peso Originado por la luminaria y el brazo, etc. Las formas más 
comunes en el mercado son: circular, cuadrada, exagonal y octogonal. 

Características estéticas 

En el párrafo III.1.5.2.8, se menciona la necesidad de adecuar la luminaria al paisaje urba
no, tanto diurno como nocturno. El poste deberá ser seleccionado en·forma tal que armo
nice con dicho paisaje urbano. 

En la tabla III-13 se resumen los tipos de poste (con sus nombres comerciales) ofrecidos 
por los fabricantes y que puede servir como una guía inicial para su selección. 

1.5.4.3 . Pastes de la red eléctrica 

Tanto desde el punto de vista económico como estético·, es conveniente usar los postes de 
la rl!d eléctrica para soportar luminarias para alumbrado público. 

Desde el punto de vista estético, al disminuir el número de postes se reducen los obstácu- · 
los al paisaje urbano. · 119 

Desde el punto de vista económico, la inversión inicial disminuye por: 

1. No se requiere de postes ni de su instalación. 
2. No se requiere la red subterránea ni la obra civil (excavaciones, duetos, regis-

tros, bases, etc.). · 
3. En caso de instalarse una red aérea de alimentación exclusiva para el servicio 

de alumbrado público, el costo de los conductores se reduce al usarse desnu
dos y de longitud menor. 

Por otra parte, la .inversión aumenta por: 

1. La posibilidad de in5talar controles de encendido y apagado para cada lámpara. 
2. La posibilidad de requerir que algunas operaciones de montaje y/o manteni

miento tengan que·ser realizadas por la empresa suministradora. 

Obviamente, esta solución sólo se puede considerar en aquellos casos en que la red eléctri
ca sea dal tipo aéreo. 

Deberá consultarse la oficina más próxima de la CFE, a fin de elaborar el proyecto en for
ma conjunta, ya que las alturas de montaje permitidas en este caso, así como la distancia 
interpostal, están definidas por la geometría ·de la red eléctrica. 

La figura III-67 muestra una instalación típica en poste de la re,d eléctrica. 
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NOTA 

VISTA A-A' 

LA COLOCACION EXACTA DE LA LUMINARIA 

OEBERA DETERMINARSE DE ACUERDO CON 

EL PERSONAL TECNICO DE CFE. 

FIGURA 111- 67 

54 

lo • 

• 

1 b. 

1o.. LUMINARIA 

tb. LUMINARIA AUTOBALASTRAOA 

2. BRAZO 

3. REACTOR REMOTO 

4. FOTOCONTROL 

5.. INTERRUPTOR 

6. LINEA DE ALIMENTACION 

~. POSTE·DE CONCRETO 

o) MONTAJE DE LUMINARIA CON BALASTRO Y FOTO CONTROL 

REMOTOS EN POSTE DE CFE 

b 1 MONTAJE DE LUMINARIA AUTOBALASTRAOA EN POSTE DE CFE 

Figura III-67 
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Tahla 111·13 

TIPO 

CUADRADO 

PUNTA DE 
POSTE 

OCTAGONAL 

POSTES 

MODELO MATERIAL 

Cónico Lémina d~ acero 

Lámina d~ acero 
Lámma de acero 
Lámina d .. acero 

Con bue metálica Concreto (!¡gero) 
Concreto (normal) 

Para emPOtrarse Concreto (tiqer~J 
Concreto (normal) 

Tipo de [ardin Lémina de acero 
Circular Limina de ecero 

L.imina de acero 
L;imina de acero 

Alameda para 1 Lámina de acero 
bombillo Lámina de acero 
San Angel Lámina rle acero 
Cuadrarlo Lámina de acero 
Recto hexagonal Lámin? de acero 
Tubo recto para L.ir!,in.:i de acero 
·niple sin registro lámina de acero 

Cónico para niple- Lámina de acero 

con v sin rPgistro Lámina de acerQ 
Lámina de acero 
Lámina de acero 

Tipo Insurgente Lámina de acero 
Cónico para 1 Lámina ('le <~Cero 
brazoconvsin. Lámina de acera 
rl'qrstro Lámina rle ,¡cero 

Recto con y ~in Lamín;, rl" _acern 
P"rlr.stal Limir1.1 dr. acero 
Arh•ltante ConCrl'to (ligl':n>) 
Con ba~e met.:rtica CunCro•tn {nmm.3l) 

Poi!< a emPntrJ<If~ Corrcrern (li¡¡r•rr¡) 
C<•lli::<r•!tr {niHII>,rl) 

ALTURA 
OIAMETRO 

BASE 
(m) (cm) 

4 V 4.5 12 
5 • ·7 15.24 
7.5 a 9.5 18.73 

10 • 15 24.13 • 30.5 
6 V 7 5 15 V 16.3 
7 a '13 23.1 • JO 
6 V 7.5 15 V 16.3 
7 • 1J 23.1 • JO 

7 15.2 
4 • 7.5 15.25 
8 • 12 16.51 • 26.67 
3 • 8 15 
5 • 7 15.24 
7.5 a 9 18.73 
4.5 1J 

12 28 
4.5 V 5 N. R. 
4 • 5 7.62 
5_.5 a 6.5 10.16 

4 V 4.5 11.8 
5 • 7 15.6 
75 • 9.5 19 

10 V 10.5 23.1 

6 ' 9 27.7 

6 ' 7 15.6 

7.5 a 9 5- 19 
10 . y 10.5 23.1 

7 • 8 N. A . 
7 • 8 19 
B.S Y 10.5 21 V 24.5 
7 • 1J ,. • 35 
85 '( 10.5 21 V 24.5 
1 • 1J ?5 • 35 

) 

. 

OIAMETRO LONGITUD ALTURA 
CORONA MONTAJE BRAZO MONTAJE 

(cm) (m) (m) 

6.35 Sobrepuesto 1.8a2.5 5.2 V 5.7 
. 7.62 Sobrepuesto 1.8 a 2.5 6.2 • 7.2 

..., 
::D 

8.9 Sobrtpuesto 1.Ba2.5 . 8'.7 • 10.7 o 
10.16 a 14 Sobrepuesto 1.8 a 2.5 11.2 • 16.2 -< 
10 Con pedestal 2.4 7 y 8.5. 
15 Con pedenal 2.4 8 ' 14. 
10 Emperrado 2.4 7 y 8.5 
15 Enipotrado 2.4 B • 14 

m 
() 
~ 
o 
o 
m 
r-

5.1 Sobrepueslo Sin 7 
10.16 Sobrepue'!o Sin 4 • 7.5 
10.6 a 15.25 Sobrepuesto Sin 8 • 12 
5 Sobrepuesto Sin J • 8 

en 
en 
~ 
m 

7.62 Sobrepuesto Sin S • 7 
8.9 7.5 • 9 

S: 
)> 

5.1 ·sobrepuesto Sin 4.5 
10 Sobri!'DUesto ·sin 12 
N. A. Con pedettal Sin 5.6 V 6.1 

7.62 Sobrepuetto Sin 4 • 5 
10.16 Sobrepue1to s,n 5.5 a 6.5 

o 
m 
)> ~ 
r- -~ e -· S: 

6.35 Sobrepuesto 1.8 a 2.5 5.2 "' y 5.7 ::D 
7.62 Sobrepuesto 1.8. 2.5 6.2 • 8.2 )> 
8.9 SobrP.puesto 1.8 a 2.5 e.:r • 10.7 o 

10.16 Sobrepueslo 1.8. 2.5 11.2 V 11.7 o 
N.R Con pede~tal 18 v2.4 6.5 a 9.5 

..., 
e 

7.62 Sobrepu~sto t 8 a 2.5 7.2 a 82 "' 8.9 SobrePuesto 1_8 a 2.5 8.7 a 10.7 r-
10.16 Sobrepuesto 1.8 a2.5 11.2 y 11.7 o· 

o 
N. A. Con pedeHal 2.4 7.6 a 8.6 
10 Sobrepue~to 1.8 ~· 2.5 8 • 9 
13.5 Con ped .. stal 2.4 9.5 y 11.5 
15 Con pt-dt'stdl 2.4 8 '" 13.5 Empo!f.1do 2.4 9.5 V 11.5 
15 Emp<Jir<lrlo 2.4 8 ' 14 
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DIAMETRO 
TIPÓ MODELO MATERIAL ALTURA BASE 

(m) (cm) --
CIRCULAR COnico lrpo churuhu~co Lámin;¡ de ac~•o N.R 19 

lrgPrO 0.1ra relt~ctor,.s Lámina de aCPro 6 • 10.5 19-
Liimma de acero 12 ,, 

25 • 40 
Peudo para reflecto''"' Lámina de ar.I!IO 12 • 18 30 • 36 

Lamma de ac":ro " '30 40 ,48 
Troncón reo L<imina de aa•o 10_3 a 14.7 25.8 a 32.7 
Recto sin pedutal L.:imma de acero 6.5 • 8 N.A. 
Rf'cto con P!!deuat Lámini'l de i!Ce~o 6.5 .. 8 .N.A 
RWondo oara sobri!Ooner L.imina de acero 4 • 5.5 N.R 
sin ot'deual Lámina de acero 6 ,. 7.5 N.A. 
Re-dondo para sobreponer Lámina de ~ero 4 • 5.5 N.R. 
con pedP.Ual lámma dP. 8Cer._¡ 6 • 7.5 N.A. 
COnico Lámma de liCero 7 • 8 19 
COnico para un braro lámina dP. acero 5 • 9.5 15.6 • 19 
sin reqi\tro l.imina de acP.ro 10 v·10.5 23.1 
C6nico p,.ra niple lámina de acero 4 • ·7 11.8 a 15.6 

limina de acero 7.5 • 9.5. 19 
limina de acero 10 • 12 23.1 
lAmina de acero 15 30 

• LATIGO Forma par11b6lica Lámina de acero 6 • 8 N.A. 
Circular tipo olímpico Lámina de acP.ro 5.3 • 7.3 15 

, Circular ~in pedestal U mina de acero 7 • ·a N.A. 
Cóñico circular para L.im"ina de acero 7 • 9.5 15.6 • 19 

, 1 brazo 1in registro L;imina de acero 10.5 ' 12 23.1 
Cónico circular para Lámina de acero 4 • 7 11.8 a 15.6 
niple sin registro Lámina de acero 7.5 • 9.5 19 

U_mina de acero 10 • 15 23.1 • 30 
Cuadrado Tipo olimpico Lámina de acero 53 • 7.3 27 
O;ragonal sin pedestal Lámina de :ot:ero 7 • B N.R. 

HEXAGONAL Cónico para nipiP. Lámina de acero 4 V 4.5 11.43 
Lámina dP. ~cero 5 • 6 15.24 

All\lfl .-.. monr 11ie ..., Arr,,.n r< .. r ,,.,,,~ "'" rono.¡oturl d~l br110.J}~ ~'""dO~~ ;Jnqulol'n q.,~ !l' '·''"''0 ~• ''''''"" 

N R "'No '~I.>O<"IId'l por el l1b•ic1nt~. 

OlA ME fRO LONGITUD 
CORÜNA MONTAJE BRAZO 

(cm) lml 

N.A. Con ptdl!stll 18 ' 2.4 
9 Sobrf'pueuo 1.8 ' 24 

10 SohreOUf'UO 1.8 ' 2.4 
16 Sobrepuesto 18 ' 2.4 
30 Sobrepuesto 1.8 ' 2.4 
12 Empotrado 18 ' 2.4 

N.A. · Sob<epunto 2.4 
N.A. Con p~estal 2.4 
N.A. SobrtPOeuo 2.4 
N.A. Sobrepuesto- 2.4 
N.R. Con pedntal 2.4 
N.A. Con .P~estal 2.4 

10 Sobrepuesto 1.8 ' 2.5 
7.6 • 6.9 SobrePUesto 1 8 • 2.5 

10.1 Sobrepuesto 1.8 ' 2.5 
6..35 a 76 Sobrepuesto 1.8 a 2.5 
8.9 Sobrepuesto 1.8 a 2.5 

10.16 Sobrepuesto 18 • 2.5 
14 Sobrepues1o 1.8 a 2.5 

N.A. Sobrepuesto 1.8 a 2.8 
4.5 • 6.9 Con pedesul 1.6 a 2.15 

N.A. Sobrepuesto 1.8 ' 2.4 
76 • 8.9 Sobrepuesto 1.8 a 2.5 

10.16 Sobrepuesto 1.8 a 2.5. 
6.35 ·, 7.6 Sobrepuesto 1.8 a 2.5 

"8.9 Sobrepuesto 1.8·a 2.5 
10.16 a 13.4 Sobreouesto 1.8 • 2.5 
4.5 ' 6.9 Con J)ffJesTal 1.8 ' 2.4 

N.A. Sobrepvnro 1.8 ' 2 .• 

6.35 Sobrepueuo 1.8 ' 2.5 
7.62 Sobrepuesto 1.8 V 2.5 

ALTURA 
MONTAJE 

(m) 

N.A. 
6 1 10.5 

12 • 21 
12 • 18 
24 'JU 

N.A. 
7.5 • 8.6 
8 • 9.1 
4.5 • 6 
6.5 • 8 
5 • 6.5 
7 • 8.5 
8 • 9 
6.2 a 10.7 

11.2 a 11.7 
5.2 • 8.2 
8.7 1 10.7 

11.2 • 13.2 
16.2 

8 • 8 
7 • 9 
7 • 8 
8.2 .• 10.7 

11.7 . • 13.2 
5.2 • S.2 
8.7 1 10.7 

11.1 a 16.2 
7 • 9 
7 • 8 

.,2 ' 5.7 
6.2 • 7.2 

. 
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1.5.5 Equipos de control y protección 

El control y la protección de los sistemas de alumbrado público puede ser individual o en 
grupo, manual o automático y se analiza en detalle en la sección 111-2.1. 

Los equipos que intervienen en las funciones- de control y protección se muestran en la 
·figura 111-68. 
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OPEAACION EN GRUPO OPERACION INDIVIDUAL 

D Desconexión de la red (interruptor de cuchillas o termomagnético) 
P Protección contra cortocircuito (y sobrecarga si se desea} 
C1 Sensor del control (fotocontrol, reloj, apagador manual, etc.) 

c;2 Control deJ encendido y apagado (re levador o contactar) 

Ca Fotocontrol co~ fusible para operación y control de una lámpara 

8 Balastro 
L Lámpara 
LA Línea de alimentación 

Figura lll-68 

1_5.5. 1 Fotocontroles 

Son dispositivos sensibles a la luz natural, por lo que permiten encender y apagar las lámpa
. ras de un sistema de alumbrado público cuando se alcanza un nivel de iluminación natural 
prefijado_ El fotocontrol puede tener incorporados circuitos o elementos que le permitan 
complementar su operación: 

Ajuste de los 1 imites de operación en función de la iluminación naturaL 
Retardos en la operación para evitar operaciones indebidas por la influencia de 
la luz proveniente de fanales de automóviles, rayos. oscurecimiento temporal 
por nubes espesas. etc. · 
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Fuácionamiento 

A. fin de familiarizar al lector con e.l funcionamiento de los fotocontroles, es conveniente 
explicar la l.lamada curva astronómica (Figura III-69). 

El fotocontrol se ajusta .a un valor tal que opere a valores cercanos a los obtenidos para el 
.• trazo de la curva astronómica del lugar . 

124 
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ENCENDIDO 

L 
<> 20 r_•o 20 Z¡s 10 20 110 20 Xl 10 20 3t o 20 30 o 20 31 to 20 31 10 20 ~ 10 20 31 10 .n 'f 10 20 31 

ENERO FEBR . .J.MARZO ABRIL j_ MAYO j_JUNIO 1 JULIO _lAGOSTO l SEPT._j OCT. JNOVBRE. OIC BAE.J 

D lAS 

CURVAS ASTRONOMICAS 

Figura III-69 

La luz del sol no empieza en el momento mismo de salir el sol ni se apaga súbitamente 
cuando se pone. Asl, al orto y ocaso del sol precede y antepone una iluminación variable 
por momentos, denominada crepúsculo. 

Teniendo en cuenta lo anterior, se puede trazar la curva de este comportamiento durante 
el año; a esto se le denomina curva astronómica. 

En la figura III-70 Electricité ·de France graficó el comportamiento de un fotocontrol com
parado con la curva horaria, correspondiente a la Ciudad de Parls. Se observa que el foto· 
control· tiene una respuesta muy aproximada a las necesidades de encendido-apagado, por 

· lo que es el medio másadecuado para control de sistemas de alumbrado público. 

Existen tres tipos de fotocontroles: fotoconductores, que funcionan por el efecto de la luz 
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S[Pll[~r~j8fiE ---1---0C TUB RE ---1---- N0VI[N8RE --4---0ICI[W 6RE __j 

. LsrPTIEMBRE--.¡_ __ octuBRE __ _J_ __ ,OvltNB~>E --+---o1::1t~BRE _ _J 

O 1 A S 

EJEMPLO COMPARATIVO DEL ENCENDIDO SEGUN CELULA FOTDELECTRICA · Y . 

SEGUN CURVA ASTRONOM ICA. 

Figura ll/-10 

sobre el valor de la resistencia de determinados elementos, como el selenio y el sulfuro de 
cadmio; autogeneradores, en los cuales se produce una pequeña diferencia de potencial en
tre sus bornes cuando el elemento sensible es iluminado, como el selenio y óxido de cobre; 
los fotoemisores, en los cuales el cátodo emite electrones al iluminarse, utilizando para ello 
litio o sodio. 

Tooos los fotocontroles tienen ei inconveniente de que con el tra.nscurso del tiempo se van 
insensibilizando, por lo cual deben sustituirse o regula¡¡¡;e periódicamente (este período 
puede estar comprendido entre dos y cinco años, lo que depende del· fabricante). 

El fotocontrol sé debe situar normalmente en el centro de mando de la instalación, en tal 
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forma que sólo pueda recibir luz diurna; orientado hacia el norte, cuidando que no incida 
sobre él la luz producida· por las 'lámparas que controla o alguna otra fuente. El fotocontrol 
también puede instalarse en la parte superior de la luminaria si ésta está diseñada para di-
cho objetivo. · · 

Es necesario hacer. resaltar que dada. la velocidad con ·que varía la iluminancia en los mo
mentos en que se enciende. o apaga el alumbrado, no tiene importancia decisiva la localiza
ción del fotocontrol, siempre que se tomen las medidas necesarias para que no incida so
bre él luz artificial. 

Un mismo fotocontrol puede accionar diversos centros de mando, aunque· es conveniente 
que los circuitos correspondan a características similares. 

· En la figura 1/I-71 se representa físicamente un iotocontrol y en la figura //I-72 un-esque
ma típico: la tabla /II-14 preserua los diferer.tes valores característicos disponibles en el 
mercado. 

FOTOCONTROL 

OIAGRAMA.BASICO DE CONEXION 

Figura IIl-11 

CARACTERISTICAS DE SELECCION 

1. Contactos. 

15 05 80 

·Deberán estar protegidos en el interior del fotocontrol, se suministran para una 
potencia entre 1,000 y 2,000W, dependiendo de la utilización, con acción instan
tánea de cierre para evitar cualquier posibilidad de cebado del arco o chisporroteo. 

..• -.... 

1 
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2. Tiempo de retardo. 

Deberá tener un tiempo de retardo entre 10 y 50 segundos en el accionamiento del 
fotocontrol, con· el fin de evitar que éste funcione debido a una luz momentánea o 
a un ensombrecimiento. 

3. Orientación direccional. 

Para que la máxima respuesta se alcance colocando el fotocontrol hacia el norte (no 
. todas las fotoceldas la requieren). 

4. Nivel de ajuste .. 

Los fotocóntroles se suministr¡¡n con el ajuste realizado en fábrica, que puede variar 
entre 1 O y 45 luxes al encender, pero lo importante es verificar que conserven la re-
lación entre el encendido y apagado de 1 a 3. · · · 

T 6 

1.- CH ISPEADOR 
2- RDV (REGULADOR DE 

VOLTAJE 4 5 
3- RESISTENCIA LIMITADA z 
4- FOTOCELULA 
5- BOBINARELEVADOR 
6- CONTACTO DE OPERACION 
7- TERMINALES EXTERNAS 

7 

Figura III-72 

Caiibración .nomi~al, relación encendido-apagado y consumo 
propio de los fotocontroles nacionales 

Tensión de Calibración Relación Consumo 
operación, nominal, encendido propio. 

én volts en luxes apagado en watts 

127 10.767 1:3 1.5 
127 15 ± 20°/o < 1 :5 0.6 
220 10.767 1 :3 1.5 
220 15 :!. 20°/o < 1 :5 1.5 

105- 130 45 1 :3 s/d 
100-280 15 ± 20% < 1 :5 s/d 
105-285 21.5 s/d 0.3 
208-277 45 1 :3 s/d 

440 10.767 1:3 1.5 

Tabla Ill-14 

T 
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1.5.6 Relojes 

. El ·contactar puede ser accionado por medio de relojes de diversas características. 

En el alumbrado público se deben utilizar los de operación ~léctrica, con reglaje astronó· 
mico y escape de áncora. · /~ 

Los interruptores horarios con reglaje astronómico varían diariamente, en forma automá· 
tica y continua, la hora en que efectúan el anganche y desenganche del alumbrado, reali· 
zando esta operación a Jo largo del año en el momento en que se indica en la curva astro-
nómica correspondiente. · 

En los interruptores horarios sin reglaje astronómico es necesario ajustar a las curvas as
tronómicas la hora a la cual accionan el apagado y encendido de la instalación de alum
brado; este ajuste debe efectuarse en períodos comprendidos entre 1 O y 20 días como má· 
ximo, lo que hace resaltar el problema y costo de esta operación y justifica ampliamente que 
no se utilicen en alumbrado público los interruptores horarios sin reglaje astronómico. 

·CO. 

Cuando .se interrumpe la corriente, es necesario que el reloj continúe funcionando, lo que 
se logra con un dispositivo de resorte para mantener el control. El resorte reserva debe en
rollar eléctrica y .automáticamente al retornar la corriente, sin necesidad de enrollamie.nto 
manual. 

1.5.7 Combinaciones para alumbrado 

Integran en una unidad dos elementos básicos para la protección y el control de circuitos 
de alumbrado público. 

1.5. 7.1 Aplicación 

Cuando se requiera proteger y controlar desde un punto, uno o varios circuitos de alumbra
do, en combinación con algún dispositivo de operación: fotocontrol, reloj. interruptor ma
nual, etc. 

1.5.7 .2 Caracterfsticas 

La figura JJJ-13 muestra los diagramas de conexión típicos de las combinaciones usadas. 
Las características eléctricas son:· 

Corriente 
(Amperes) 

30 
60 

100 
200 
300 

15 05 80 

No. de 
Polos 

2a4 
2a4 
2a4 
2a4 
2a4 

Tensión. 
Volts C. A. 

120 a 600 
120 a 600 
120 a 600 · 
120 a 600 
.120 a 600 
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La capacidad del interruptor termomagnético y de ·ros contactos del contactor está di
mensionada para soportar una corrien.te de arranque de 150 °/o de la corriente nominal. 

La bobina de operación del contactor, generalmente opera a ~ 27 V C.A. y puede estar 
conectada por medio de una clavija en la· parte superior de la caja al fotocontrol. 

En ocasiones se ofrecen algunos accesorios opcionales, tales como, contactos auxiliares 
normalmente abiertos o cerrados, apartarrayos, tablillas de conexión, etc. 

También se pueden· usar contactores para cargas de motores, teniendo la precaución de 
no sobrepasar su capacidad y se originen daños en los contact'os. 

1.5. 7.3 Construcción 

El conjunto interruptor-contactor debe alojarse en una caja metálica 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 m cintado en su parte superior. Debe ser suficientemente robusto 
para soportar los esfuerzos que le transmita la vibración que se produzca en el poste por 
efecto de impactos o la acción del viento. 

F e 

'1 I I 
i )~"----) 

l 10 Tº T T 

I )--,-
1 
T T T 

" I · I · / 

-+----) 

-- -- 9 
1 POLO 2 POLOS 3 POLOS 

Figura 1/I-73 

1.5.8 Interruptores 

Los interruptores son aparatos que sirven para interrumpir una corriente eléctrica, con 
'objeto de proteger los equipos que se instalan a continuación de ellos; de sobrecorrien
tes que pudieran presentarse en las 1 íneas de alimentación. 

Para alumbrado público,' se utilizan interruptores de navajas con fusibles; o termomagnéticos .. 

. Al encontrarse normalmente a la intemperie, se utilizan cajas o gabinetes con denomina
ción NEMA 3R, los cuales son a prueba de lluvia, ya que fueron diseñados para usarse en 
exteriores y para proteger al equipo que encierran contra precipitaciones pluviales; al mis
mo tiempo son resistentes a la corrosión ocasionada por la hlime9ad.: 

15 05 80 
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a) Interruptores de navajas con fusibles (Figura /II-74). · 

Las capacidades en las que se fabrica este tipo de interruptor son: 

Capacidad,. Fusible Número Tensión, Gabinete 
en amperes tipo de polos en C.A. Nema ·--

30 Tapón 2 . 240 3R. 
30 Tapón 3 240 3R 
30 · Tapón 2 240 3R 
30 Cartucho 3 240 3R 
60 Cartucho 2 240 3R 
60 Cartucho 3 240 3R 

100 ·Cartucho 3 240 3R 
200 Cartucho 3 240 3R 

b) Interruptores termomagnéticos en gabinete (Figura lll-75j. 

· Se pueden conseguir de las siguientes capacidades: 

Capacidad, Número Tensión, Gabinete 
·en amperes de polos en C. A. Nema 

130 
15 1 120 · 3R 
15 2 240 3R 
15 3 240 3R 
15 3 600 3R 
20 1 120 3R 
20 2 240 3R 
20 . 3 240 3R 
20 3 600 
30 1 120 3R· 
30 2 240 3R 
30 3 240 . 3R 
30 3 600 3R 
40. 1 120 .3R 
40 2 240 3R 
40 3 240 3R 
40 3 600 3R 
50 1 120 3R 
50 2 240 3R 
50 3 240 3R 
50 3 600 3R 
70 2 240 3R 
70 3 240 3R 
70 3 600 3R 

100 2 240 3R 
100 3 240 3R 
100 3 600 3R 

15 05 80 
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INTERRUPTOR· 
DE NAVAJAS 
CON FUSIBLES 

Figura III-74 

6~ 

INTERRUPTOR 
TERMOMAGNETICO 
EN GABINETE 

·Figura Ill-15 

15 05-80 

131 



CALCULO DE CONDUCTORES 

Se va a iluminar una cal le donde la compañfa suministrado

ra de energfa eléctrica proporciona una 1 fnea trifásica de 13,200V, 

tipo aerea, con transformadores monofásicos de 10 KVA. 

Los luminarios se instalarán en los m1smos postes de la 

compañfa su~inistradora, los cuales están espaciados regularmente 

a 40m, por lo tanto; se tiene un arreglo lateral y se colocará una 

lumi~aria por poste. El control y la al imentaci6n se hará por gru 

po para un máximo de 23 luminarios. 

DATOS: 

No. de luminarios - - - - - - - - - - --- - - - - -

Tipo de lámpara -----------------

Potencia 

Pérdidas- - -

Factor de potencia-----------------

198 

Sodio A. P. 

250 w 
50 w 

0.9 (-). 

Balastro autorregulado - - - - - - - - - - - -- - 60Hz, 220V 

DESARROLLO: 

1°. Verificar si un transformador de 10 KVA, puede 1 levar lacar

ga de 23 luminarios. 



13200 V 

10 KVA 

220 V. 

•u e ¡o 8g 

f 
el 

~ - 11 I 1 -1011 - 111 

<>------- --<> o 
-111 --+110 --.11 

l§l ~ ® B ~ m m 0 

~------ 1 
40m 40m 40m 

~ 
40m 40m -----¡ 



·(No. luminarias) x (Potencia del luminaria)= 
FACTOR DE POTENCIA 

(23) (300) = 7.66 KVA. 
0.9 

2°. Determinar el No. de transformadores requeridos • 

• 
~1~9;8--~L~u~m~i~n~a~r~io~s~------- = 8.6 • 

23 LUM/TRANSFORMADOR 

No. de transformadores = 9 

3°. Reagrupar el No. de luminarias por transformador. 

198 Luminarias 22 Luminarios/Transfor~ador 

9 Transformadores 

4°. Local izaci6n de transformadores. 

La local izaci6n del transformador se har~ al centro de ca-

da grupo de 22 postes ••• la alimentaci6n a cada luminaria se 

hard de acuerdo al siguiente arreglo, 
)-



5a CALCULO APROXIMADO DE CONDUCTORES. 

~ 
e2 r 

dn-1 dn-2 dz 

"¡ 
n-¡ n-2 2 

8r 

CONSIDERANDO LA MISMA POTENCIA PARA TODAS LAS LAMPARAS: 

n 

er= Le¡ = 
i = 1 . 

n • 
¿1e 1 dj = 
j= 1 d 1 

er d 1 
--::in'---'-- = e 1 

L. j dj 

i= 1 

SÍd1=dz= 

e 1 = 
( er} ( 2} 

(n}(n+l) 

n 

L. j dj 
j= 1 

• 
• • 

A1 = f ( e 1,1 1,V,d 1 ) 

= d n • 
• • 

- '{-

. ' 

8¡ 

d¡ 



PARA NUESTRO CASO EN QUE LA DISTANCIA INTERPOSTAL ES LA MISMA, 

TENEMOS.: 

2 eT 
e 1 = -n;;:.( n....:+-L-,11-

e T"' MAXIMA CAlDA DE TENSION PERMITIDA A 

LO LARGO DE LAS 11 LUMINARIAS. 

,. .. 10 . e,'n'= = 0.07575% 
11 ( 12) 

~ 

• 
en= ne 1 

dn 
di 

• • 

• 
e 11 = 11 e 1 

40 
• • 40 

e 11= O. 833 % 

PARA CALCULAR LA SECCION DE UN CONDUCTOR QUE NOS PERMITA LAS CAlDAS 

DE TENSION ESPECIFICADAS, PARA CADA TRAMO DE ~IMENTACION DE LUMINARIAS, 

SE PUEDEN APLICAR DIFERENTES METODOS ENTRE ELLOS: 

4IL 
A=----

Vne 
PARA CIRCUITOS MONFASICOS 2 HILOS. 

DONDE: A=AREA DEL CONDUCTOR EN m.m 2 

1 =CORRIENTE NOMINAL EN EL TRAMO QUE SE ANALIZA. 

L =LONGITUD DEL TRAMO DE CONDUCTOR QUE SE ANALIZA 

Vn=VOLTAJE NOMINAL DE LA. LAMPARA. 

e= ~CIENTO DE CAlDA DE TENSION DEL TRAMO QUE SE ANALIZA. 

- :;,--
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O BIEN APLICANDO EL FACTOR DE CAlDA DE TENSION UNITARIA 

Fe= ex IOx V 
Lxl 

DONDE: Fe= FACTOR DE CAlDA DE TENSION UNITARIA 
e = PORCIENTO DE CAlDA DE TENSION PERMITIDA EN EL 

TRAMO Ql.E SE ANALIZA 
V = TENSION DE LA LAMPARA 
l = LONGITUD INTERPOSTAL DEL TRAMO QUE SE ANALIZA 
l = CORRIENTE QUE PASA POR EL TRAMO QUE SE ANALIZA 

PARA DESARROLLAR CUALQUIERA DE LAS FORMULAS ANTERIORES, ES 
NECESARIO CONOCER LAS CORRIENTES EN CADA TRAMO 

¡ 
1 
= POTENCIA DE LAMPARA + PERDIDAS EN BALASTRO 

VOLTAJE NOMINAL DE LUMINARIO POR FACTOR DE POT. DEL LUM. 

I 1 = ...:2::...5:....0:....+~5-'-0:- ., A -:- = 1 .... 15 . 
(220)(0.9) 

In= nll 

Tll= 11(1.515)=16.66A 

SIA=4IL 
Vne 

PARA EL LUMINARIO 1 TENEMOS : 

A= 4(1.515)(40) = 14 .5 mm2. 
220(0.07575) 

Al= 411 L1 
Vn e, 

- (:, -



.. ' DE TABLA 1.4 TENEMOS QUE EL CONDUCTOR·:ouE SELECCIONADO SERA EL 

No. 4. AWG. 

PARA EL LUMINARIO No. 11 TENEMOS : 

A• -4~'-"~)~(~1._5_15~)(~4~0~) 2 = 14.5 mm 
220 (o. 833) 

APLICANDO LA FORMULA DE FACTOR DE CAlDA DE TENSION UNITARIA TENEMOS: 

Fe= 

PARA EL LUMINARIO 1 

eptJOxV 
Lt xl, 

= (0.07575)(10)(220) 

(40) (1.515) 
= 2.75 

CONSULTANDO LA TABLA "A'' TENEMOS UN CONDUCTOR CALIBRE No. 4 AWG. 

PARA EL LUMINARIO 11 

Fe= 10 8 11 x V 
Lux I 11 

; 10( 0.833}( 2 20) = 
40 (16. 66) 

2. 7 5 ---.· ' 

SI CONSIDERAMOS EL CONDUCTOR CALIB.RE 4 AWG., SE CALCULA EL PORCI..P'··-

11HTO DE CAlDA DE TENSION REAL EN CADA TRAMO. 

Fe L1 !1 

10 V 

n(n+l) 
2 

-.;.;1...;;9.;.;19:..:x~40~x .:.;1..:.51;.:5_ = : O. 0528 
(lO) ( 220) 

~ .... 

8¡ = 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 



e = I ( R coa e + x .. " e l x 2 

e, = 2 Ir ( Rr coa e + x' un e ) 

R1 = ? = 0.04037 ....{L 

X1 .e ( 

e = ? 

DE TABLA 1.4 R= 0.83 . ..1\./Km o 20°C .. 
ENTRE EL LUMINAR lO 1 r 2 HAY UN TRAMO DE 40 m. • • 

R1"' 0.83 ~ ll~ x 40m 
Km IOOOm 

R1 = 0.0332 ~ a 20° e 

CORRIGIENDO A 75° C 

75+234.5 
Rur = 0.0332 20 + 234 .

5 

IR ... = 0.04037 ..J\...1 

R TN + 234.5 
IN = Rr T + .234.5 

X = 2íl f L PERO L DE TABLA 8 TENEMOS 

L 4 DMG = 2 x 10- L n RMG , 

ARREGLO DE CONDUCTORES. 

S = DMG = DISTANCIA MEDIA GEOMETRICA 

O = DIAMETRO EXT. DEL CONDUCTOR C/AISLAMIENTO 

01 = DIAMETRO EXT. DEL CONDUCTOR SIAISLAMIENTO 

-f-
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O = 9.4 mm. 

Da= &.41 mm. 

S= D=9.4mm.(DE TABLA 8) 

r ~ RADIO DEL CONDUCTOR 

o. 5.41 r = - 2- = - 2 - = 2.705 mm. 

DE TABLA O 

RMG = 0.726 r = 0.726x2.705 = 1.9638 mm. 

APLICANDO LA FORMULA 

L = 2 10-4 L o M G -4 9 4 
x n RMG : 2 K lO Ln 1.g638 

. PARA 40 m TENEMOS: 
-4 H 1 KM 

L= 2xl0 Ln 4.7866 KM IOOOM.Il40m 

L = 2KIÓ
4 

Ln 4.7866 ll O. 04 H 

L = 21llef4 
X 1.5658 X o .04 H 

IL = o. 2526 X 1~ H 1 

X= 21TfL = 2(3.1416)(60)(1.2526x..0-51 

X = 412 . 219 x 10-5 

1 X= o. 00472219 ...J\...1 

- 9 -



CALCULO DEL ANGULO DE DEFASAMIENTO 

FACTOR DE POTENCIA DE LUMINARIO = 0.9 

~NG. COl (0.9) = 9: 25.84° .'. 

cos e = o.9 

"" e = 0.4358 

SUSTITUYENDO EN LA ECUACION 

el= 2 (1.515)(0.04037x0.9 +0.00472219x0.4358) 

e1= 0.116 VOLTS 

8T= n (~fl) 81 = 7.66 V. 

8T(%) = 7. 66 xiOO= 3.48 "'o 
220 

~ 1 /) -



TABLA B CASO 1 

'\.1 

'·· FORMULAS DE CALCULO DE LA INDUCTANCIA TOTAL ( l:f/Km) 

00 
1 S 1 

S 
L• =ZatO-' In RMG (6.3) 

Formación tri1n¡ular 
equidistante 

S L:zato-• ln
RMG 

(6.4) 

s., "!~' s8c ~ se• 
Form1ci6n trian¡ular 

[1 nlor mtdio dt 11 lnc:tuct•nci• totel dtl atstem• 
a·: 

DMG 
L • h ID-• In-- (6.5) 

RMG 

donde DMG os 11 dislonclo modio lfO"'!Irico y 
queda definida como: 

DMG = .qs.,.s,c.sc• 

(6.5') 

888 D Yllor ·medio de 11 inductancia to· 
tal os: 

• DMG 
-f-s + s 1 

Formación plana 

TABLA C 

l• 2JI JO-• ln
RMG 

donde DMG = ~ 1 S (6.6) 

·CONSTRUCCIONES PREFERENTES DE. CABLE DE COBRE CON· • · 
CABLEADO REDONDO COMPACTO 

Designación Peso 
AWG Area de la sección Número Di!metro exterior nominal 

mm' oMCM transversal, mml de alambres nominal, mm k¡/km 

8 8.37 7 3.40 75.9 
- 6 13.30 7 4.29 120.7 
- 4 21.15 7 5.41 191.9 
- 2 33.6 7 6.81 305 
- 1 42.4 19 7.59 385 
so - 48.3 19 8.33 438 
- 1/0 53.5 19 8.53 485 
- 2/0 67.4 19 9.55 612 
70 - 69.0 19 9.78 626 
- 3/0 85.0 19 10.74 771 
- 4/0 107.2 19 12.06 972 
- 250 126.7 37 13.21 1149 
150 - 147.1 37 14.42 1334 
- 300 152.0 37 14.48 1379 
- 350 177.3 37 15.65 1609 
- 400 203 37 16.74 1839 
240. - 239 37 18.26 2200 
- 500 253 37 18.69 2300 
- 600 304 61 20.6 2760 
- 750 380 61 23.1 3450 
- 800 405 61 23.8 3680 
- 1000 507 61 26.9 4590 

¡?-



TABLA O 

RADIO MEDIO GEOMETRICO DE CONDUCTORES USUALES 

Construcción del 
conductor RMG 

Alambre sólido 0.7111r 

Clble de un solo material 
7 hilos 0.726r 

19 hilos 0.7S8r 
37 hilos 0.768r 
61 hilos 0.772r 
91 hilos 0.774r 

127 hilos 0.776r 

r = Radio del conductor 

TABLA 1.4 

RESISTENCIA ELECTRICA DE CONDUCTORES DE COBRE 

CALIBRE 
AIIEA DE LA 

IIUIIERO 
RESISTENCIA 

aECCION ELECTIIICA AW6 TRANSVERSAL e DE c.D.Z0°C 
MCII lr~~ma) MILOS. IOHIIS/kN) 

A 
L 18 0.823 - 21.0 
A 16 1.!08 - 13.2 .. 14 Z.OB - 1.27 
B 12 3.31 - !!1.22 
R 10 5.26 - 3.28 
E 
S 

. 

18 0.823 7 21.3 
16 1.508 7 13.42 
14 Z.OB 7 1.45 

!· 12 3.31 7 5.32 
10 5.26 7 3.35 

8 8.37 7 2.10 
6 IÚO 7 1.322 

e 4 21.15 7 0.130 
2 33.6 7 0.523 

A 
lA:> 53.5 19 0.329 

8 ZA:> 67.4 19 0.261 
3A:> 85.0 19 0.207 

L ~ 107.2 19 0.1640 

E eo 126.7. ll7 0.1390 
100 152.0 37 0.1157 

S 150 177.4 a7 0.0991 
400 1102.7 :57 0.0867 
100 ts3.3 :57 0.01185 

.00 104.1 61 0.0578 
?50 110.0 61 0.0463 

1000 1106.7 11 o.~ 
liSO 853.3 .1 0.0278 
11100 ?eO.I .1 0.0232 



FACULTAD O E ING t:=:NI E A 1 A U. N .A. l\11. 

DiVISIC>N DIE EDUCAC!C>N CONTINUA 

CURSOS ABIERTOS 

ILUMI/fMC/ON EXTERIOR: 

PRINCIPIOS, DISEÑO Y APLICACIOIMES 

30 DE MARZO AL 10 DE ABRIL DE 7992 

PROCEDIMIENTOS PARA MEDICIONES EN CAMPO 

ING. JUAN JOSE QUEZADA R. 

PALACIO DE MINERIA 

Palacio de Mincria Calll• de lacuha 5 Plimer piso Oeleg. Cuauhtémo¡; 06000 Méxit:O, O.F. Tel.: 521-40-:?0 Apdo. Postal M-2285 



AREAS DEPORT\VAS 
PUNTOS ·oE PRUEBA 
Espactados de acu<Zrdo al.ar(la. ·. 

Lacturas al C(lntro. 
O \vid ir CUO\dros QpYo)(. 5°/o dal ar-eo \o~ a\. 
Pun\-os asp<tctQ\cts de pruttbQ. 
((o.Mpos, dfl firo, Golf, patinQje, tZfc .. ) 

.. Cuadros con vnas d(ll 50% d<Zutro de\ qrtct ~ 
lncluy~n al calculo, menor(!. S. no se inc\uy<t:t1. 

P-ROCEDIMIENTO OE PRUEBA 
Niv«lar calda, 

. MtZdicion<Zs ancada punto (diQqramos) 
: Promidiúr lluminancia . ·1 

! 

. 1 ((lid~ an supt:rfid<Z de jUtltjO Ó 9) Ctl\S, (3(, pul~) 
1 el~ ScJperr. ici (l • 
¡, 
1 
¡ 
i 
' 1 

i ~c~4 
¡ ~ 

1 

1 . 

1 

1 
1 
1 . 



CARRETERAS 
PUNTOS DE PRUEBA 
Espactos dt r~cfánqulos, 
L(lduras al cczntro, 
Madir an lonc,itlld (3pos1~s pov lo manos) 

Puntos da pru~bQ (centro dal ~r&Hco \ 
Arr~c;,los coracterís+lcos (fic;ura) 

ln{czrvalos anire pun~os fO pitZ~ AP'OX", . 

PROCEDIMIENT·o~ DE. PRUEBA 
Mczdiciones (ln cada punto 1 

Nivczlar C(lldQ 1 

PromtZdiQt ilum\nQncia 
C(l\dQ Q Q, \S m~s. ( "pul~s) de superficitl dt lq 
c.c&tnzftZYa, 

. Pavim<Znto seco (no a qua, no n\ev,;) 



;¡ 

REPORTES DE 01.\TGS 

1 ) Locación ( avcnidQ, cantha, estadio, <ffc .. l 
2) Ot~cripc.ión del equipo ( lúHin<lrio) 
3) F(tc.ha d~ mediciones. 
4) . D i~rarnQ de punfos d. pruc~ (di~~ten,icre) 
5 ) (cndic.l()nc5 «léctriCQS ( V, I lJ P) 
b) lcndicion de lominarios ( Üntpi~za,dur«iótl efe) 
7) Condiqoot!a climoficqs . 
8) TQbc.IQcián ele dQtos Je Prllfl~, 
9) R~i~+ro ele mtclic.ioftfi de prueba (br; llo, 

· et~ .. ) npcc~\cs. 
\()) Re: 14c.i6'R rttó.~i•f~~tini~JW~ (llfW\. de i !u ~t.) 
\\) A\tura ác monfQjc,(t)PQCccuni~nto, arrc<jlo, · 

l'l) Oato~ <le insh-uwaet\to5 de tJru~bG, 
13) Tic~tpo ele inst~laci6n. 
\4) o~tos de Pro~clores • 



\INSTALACU:)NES ANT\G;UAS 
PQrct in!J+QlC\ciones de Cl5te t\po \os \ominarios 
debtn checqrse sin limpiarlos ~ tomar ~ido~, 
posteriormcmttt ~(llimpion y ~toman -mtdk.\crt~s. 
o ~ qo« ~ · \locan Z sttritZ5 de mediciones. . 

lNSTALAC\ONES NUEVAS 
Con ~t obje+o J, dleCQr rendimit:nto a {Q5 condíc io. 
t\€.5 inic,tQle~; se \\mp\Cln1 QCOndidonQn lJ oJu5~an fo-s · 

lumiY\afio~ Q 

r 1 1 . · cos<e.no, lJ cotor . . 
. r 01 omerros · corr!CJ ido, portá +• l 'J CQ(i brndo 

(ondicionefi ~leciricas: ch1car (lampQra,\uminarioek) . 

; V = Vo\taje~ 
. : · I = Corriente 

1 P :: PotfLnciQ 
i 

~ . TlPO DE LA M P. H\O,fLUOR. ó \NCANO. 
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E.XTER\ORES 
. En inslalaciones de alumbrQdo czn ctK~eriore~ donde el 

f\uio luminoso es diri~ido Q zonas, formando un an9ulo 
de inddancia c.on \Q sup<~rficia · d( ser iluminada¡ ele be 

_...~AJUSTARSE CUIDADOSAMENTE
para qc1e ~SQ iluminación seq UTll qde(Al\DAD 

. l. E. S. dtsarrolla métodos con el obj~ivo. de normalizA. 
don en \a medición ~re~isb:o.de c.arQcferisticas prin_ 
c\pa\mente par" : · 

"CARRETERAS 

O AREAS OEPORTIVAS 

l (l pr,c.isi6\1 (!)menor Q ra obtenida '"laboratorio, de-bidtJ 
Q \n~ c.ondidones adv<rrsas inhercente~, 

( voltCAje, tem~raturq, potvo ~ otro~ {ac.tore~~ 
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Maclíc\ón d~ lluminancia 
LQ iluminancio an IQS c.-reqs dtfirtida~ dttbtt 
mtdirs« an el momanfo d(/1 trabajo <en P"nto.s 
e5pec(ficos, 
IQ c.eldQ debe colocars<Z gn lll plano da trabajo 7'0 mm. 
(~0 put~s.) ;Dpt, . 

1 
. O.p.t: 
l 

Insrxcciones de instafaciones. 
Donde se utilizft ~ dia 'f la noc~, la inspección de~ 
hoc1rsc m ambo!» iurnos (tt) 'fdorldtl "' oiifi~c soiQmcnht · 

en el día, debe inspecdonor~e an czl d(a, 

. ( i' \ S<t ~" unQ inspección nocturno rfQ1itarse (lft fll 
dfa1 btoctti(Qtldo \lttntaoo\e, o to<l~ f\J~ntc d~ luz ~tuno 
Q 1Q in'lv«c\o"oda , 

/ 



\NTER\ORES 

EN LA EVALUAC\GN DE \NSTA_ · 
LAC\ONES OE ALUMBRADO E. S-

. NECESAR\0: 

•MEDIR ILUMINAClON 

•REGISTRAR DA105 
I.E.S, DESARROLLA UN ME TODO OE 
INVESTIGACION UNIFORME DE ME_ 
DICI O N '( REGISTRO OE DA TOS. 

i LOS RESULTADOS SE USAN COMPARA. ,, 
¡ 

1 · 11VAMENTE CON ESPECIFICACIONES PARA 
1 • 

i 

DETERMINAR NECESIDADES DE : 
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MANTEN\ M \ENTO 
MOOIFICAC\ON 
REEMPLAZO 
Medición c\ll i lum inancia 

• I nC) lrumanto. d~ cccldq ( (c.s~no '1 cclcr Cúrr·cgidcs ) 
oz:lda e:Kpt!<lsfa. a fvz 5 c.rl?·~-r1ins. nntas de \Qc; n~d;c;cnzs ... 

• Probado,.cs: no ~us-~n som bt-n.s1 rt: 1 le jos t~(l'r (Zrt z.a ó 
3" parra d~ fa qscctla (nUl!JOV pr<lc:isión,mtOOr~rro..-) 

1 l"ntra.r«s l-\ 1 O tlelt1po crna\'ldido ~ 30 mtns. 

•La»tp~vns fluorcrsce:ntes 1 horq '-' fie ... po vtda <ttl_ 

~•1dtdo ::"100 hvras dct cperoción. 

• La.,.{JQ ras inca nd<lsatt1fes tie»rpo acondiciom~i~ 
to :::=- zo "oras de cr~ro.ciótt. 



ILUMINANCIA PROME.0\0 
E\ méfodo se utiliza parq on plano horizon~al CQ\1101Q 
de valor~~ aprox. tomando luttlra5 en cuadro' de D.(,nt 
(2 fts) ~ PROMEDIANDO~ 

• 
. · . · · t ~ n ·. 

/ltJH/~QAIC. p/'PIIf. = 2 i :' 1 P; 
n 

P = /eclvras 
n; #drJ /,el 

ARE AS ,<·-

~- ; ·R~gular can luminarios s\wtétricawt,;nft! esPQcia _ 
dos ten dos 6 mas fHcts ·,. 

~ RtCjolar con un luminQr'n> locnli ~ado s\merricam(lntcz, 

~ ReqtJiar con una fila rndhirdual dczluminarios. 
e RtZqular dos ó mas ~i\os confinuas da lumit1arios. 

g Rczqulq v con una f¡ fa confinua d~ lurninaríos. 

r5 R(qlllar ca1 t~cho lotl1inoso. 



4-36 MEASUREMENT OF LIGHT 

Fig. 4-25. Form for Tabulation of Luminance Mea
surements 

WOtk Pointlocation • 

Luminaire at 45° above eye leve\ 
Lumin-aire al 30° above eye leve! 
Luminaire at15° above eye lével 
Ceiling, aboYe luminaire 
Ceiling, between luminaires 
Upper wall or ceiling adjacent lo a 

luminaire 
Upper wall belween two luminaires 
Wall al eye level · 
Dado 
Floor 
Shades and b_linds 
Windows 
Task 
lmmediate surroui1dings ot task 
Peripheral surroundings of task 
High_est \uminance in field Ot view 

• Describe locations A lhru F. 
'. 

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. 

FIELD MEASUREMENTS-OUTDOOR 

In roadway and many floodlight installations 
light is projected in a direction fonning 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 lES guides for Roadway Illumi
nation Measurements and Sport.' Illumination 
Measurements follows, but the full guides should 
be consulted before making an actual survey."'-"1 

Preparatíon 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 Iumi
naires are leve) and their lateral placement is 

lES LIGHTING HANDBOOK 
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correct. U nless 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 systems. lf 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. (31 Record the location of the poles, the 
number of units per pole, the wattage of the 
lamps and other pertinent data. Check these data 
agáinst the recommended layout; a small change 
in the location or adjustment ·or the luminaires 
may make a considerable difference in the re
sultan! illuminance. (4) Determine and record 
·the hours of burning of the installed lamps. (5) 
Record the atmospheric conditions. Because of 
the effect of adverse atmospheric conditions, 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 ofthe influence ofthe electrical 
circuit operating conditions on lam·p light output, 
it is usually necessáry to' know precisely the 
electrical circuit óper~ting c'onditioris at the lu· 
minaires in the system at the time the photc
metric measurements are being made. At night, 
during the hours when the Iuminaires 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 tenninals. 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 "'~th 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. If 
required by the spectral characteristic of the 
light source in the system being measured, ap
propriate corrections should be made to each 
reading. 

l. For roadways, divide the distance between 
poles into an even number of divisions (as near 
3-meter (10-foot) intervals as possible) and take 
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a reading in the center of each rectangle formed 
by the abo ve 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 sorne instances, lumi
nance measurements may also be desirable. 

· 2. For sports installations, the sports area, or 
that portian ofthe 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 activtty, anda final reading 
with the cell in the horizontal position. 

3. Readings should be made at each test sta
tion with repeat measurements at the frrst sta
tion frequently enough to assure stability o.f the 
system and repeatability of results. Readings 
should be reproducible within 5 per cent. Enough 
readings should be taken so that additio·nal read
ings in similar locations will not chimge 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 

INSTALACIÓNES DEPORTIVAS 

1.- INTRODUCCION 

1.1.- Aspectos Generales.- El objeto de estas recomendacio
nes es proporcionar un procedimiento de la medici6n y 
reporte de las caracterfsticas fotométricas en instala 
ciones deportivas, Considerando los factores que in-
tervie~en, se procurará determinar tas condiciones del 
sistema de iluminaci6n. 

1.2.- Condiciones de la Prueba.- Generalmente las pruebas_ 
de i 1 um i nac i 6n efectuadas en campo son di fe rentes 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 habrá 
de procurarse eliminarlos (en lo posible) y evitar con 
esto que interfieran en los resultados de la prueba. 

Cuando se trate de instalaciones nuevas, antes de la 
prueba, deberá procurarse que los luminarios se encue~ 
tren 1 impíos. Las 1 ámparas deberán ser "curadas" y _ 
tanto la lámpara como el luminario deberán estar bien 
ajustados en su conjunto 6ptico, 

Si la prueba es hecha con pr6positos de una verifica-
ci6n de la instalaci6n después de una depreciaci~n en 
servició; el namero de horas de operaci6n de las lámp~ 
ras, asf como las que se encuentran en falla, deberá_ 
ser registrado en el reporte. A continuaci6n se efec
tuará una prueba al sistema en estas condiciones, rea
lizando enseguida un mantenimiento compleo; para con-
~luir con una nueva medici6n al sistema en 6ptimas con 
diciones, 
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Es recomendable que en sistemas que tengan lámparas 
de alta intensidad de descarga (HID), estas deberán 
tenerse en operaci6n normal por un lápso de media 
hora como mfnimo, a fin de estabi 1 izar su temperat~ 
ra de operaci6n antes de efectuar la prueba del s1s 
tema. 

Debido a la influencia que el circuito eldctrico 
tiene sobre el flujo luminoso de las lámparas, es_ 
recomendable determinar los parámetros de corri~nte, 
voltaje y potencia de los luminarios.en operaci6n, 
lo anterior es con el prop6sito de establecer una_ 
comparaci6n con los datos originales del fabricante 
del luminario y con esto determinar si se encuentran 
en condiciones normales para efectuar la prueba fot~ 
métrica del sistema. Generalmente es suficiente con 
lecturas de voltaje y corriente de lfnea, pero si se 
sospechara una condici6n anormal en el funcionamien
to del (os) luminario (s), es conveniente hacerle 
pruebas más exhaustivas al equipo del cual se tenga 
duda; 

En insta 1 ac iones grandes, 1 as 1 ecturas de vo 1 taje de 
berán tomarse en un buen número de luminarios (de-= 
ser posible en el socket de la lámpara) para asegu-
rarse que el valor es el aprop·iado para la lámpara o 
para el conjunto lámpara-balastro que·se esté util i
zando. 

La prueba de medici6n fotométrica deberá hacerse pre 
ferentemente en condiciones ambientales despejadas ; 
cuando la aportaci6n de luz de fuentes externas sea 
mfnima. · 

Un especial cuidado deberá tenerse, por parte del _ 
personal que opere los instrumentos de prueba, .a fin 
de evitar que la sombra de su cuerpo interfiera la 
luz procedente del sistema corriendo el riesgo de _ 
obtener lecturas completamente alteradas. Igual __ _ 
cuidado se tendrá en verificar que la luz incidente 
en la celda del instrumento que detecte las lecturas, 
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no se vea influenciado por reflejos muy acentuados, __ . 
En general el evitar sombras o luz extraña requiere 
siempre una actitud alerta del personal de prueba, con 
el propósito de detectar estos inconvenientes. 

1.3.- Equipo de prueba.- Se utilizará un fotómetro que sea 
portát i 1 con e 1 prop6s i to de poder efectuar 1 as 1 ectu
ras en cualquier punto .. del área que se esté probando. 
Deberá estar bien calibrado y corregido en color y en 
coseno. La celda del fotómetro podrá ser llevada a di 

.fe rentes ni ve 1 es sobre e 1 p 1 ano hor i.z~nta 1 y también :::: 
podrá ser colocado en cualquier plano que s~ requiera,· 
No deberá ser sensible a variaciones de temperat~~a y 
en caso de serlo, se harán las correcciones correspon
dientes para compensar las lecturas, Cuando se uti 1 i
ce un instrumento de escalas mdltiples, asegdrese que 
la lectura se obtenga en la porción superior de la es
cbla del aparato. Para más información refiérase al _ 
"lES General Guideto Photometry" (4), 

2.- fROCEDIMIENTO DE LA PRU!]A, 

2.1.- Puntos de prueba.- Los puntos para la medici6n de la 
iluminaci6n deberán local izarse y espaciarse de tal 
forma que las mediciones sean representativas del _;· __ 
área que se este midiendo; constituyendo un conjunto 
de lecturas que permitan calcular la iluminaci6n pro
medio, 

Recomendaciones especificas para la local izaci6n de_ 
puntos de prueba de la mayorfa de areas deportivas se 
dan en las figuras 1 a la 16 que se anexan más adela~ 
te, 

Para áreas irregulares, como el caso de canchas de __ 
golf, o cualquiera que no tenga dimensiones regula--
res, se recomienda hacer divisiones en cuadrados igu~ 
les o rectángulos que no excedan del 5% (cinco por 
ciento) del, área total considerada y las mediciones-
se procurarán hacer al centro de este cuadrado o rec
tángulo, 
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Las áreas que esten diseñadas con diferente nivel de _ 
iluminaci6n con el mismo sistema o instalaci6n se tra
tarán de manera individual. Hágase la consideraci6n, 
al dividir las zonas de prueba, de eliminar los cua--~ 
dros que participen con menos de la mitad de su área_ 
en el campo y en el caso que su área sea mayor de .la· 
mitad, entonces deberá inclufrsele como punto de prue
ba. 

Cuando se den recomendaciones en puntos especfficos, _ 
definiendo valores de iluminaci6n pa~a el los, tales · 

' . . .. -
como lfneas de sal ida en campos de golf, lugar del 
blanco en campos de tiro de rible y pistola, etc,, se 
tomarán diferentes lecturas de tal manera que se cubra 
él total de puntos que involucren el lugar objeto de _ 
mediciones fotométricas. 

2.2.- Medici6n de iluminancia.- A menos que no se especifi
que otra cosa, se harán 1 as 1 ecturas fotométricas pos!:_. 
sio'nando 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 
áéreos la celda se colocará a una altura de 91 centfme 
tros (36 pulgadas). Las lecturas se efectuarán en ca: 
da punto de prueba, repitiendo frecuentemente la del 
primer punto a fin de asegurarse que exista una esta-
bi 1 idad del sistema, cuando no·'exista una variación 
mayor del 5% de la lectura se considera estable. 

2.3.- Medición de luminancia.- En instalaciones deportivas 
y recreativas, cuando hablamos de equipo de ilumina--
ción, el control de la luminancia indeseable producida 
por los proyectores, o bién los reflejos producidos __ 
por superficies especulares, deben ser evitados media~ 

.te el posesionamiento adecuado de los proyectores que 
constituyen el sistema. Se recomienda ver "lES Current 
Recommended Practice for Sports and. Recreational Area 
lighting" (2). 
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En ocasiones es deseable determinar la magnitud de __ 
deslumbramientos causados por el sistema de ilumina-
ci6n en ciertos puntos de visi6n crftica, con el pro
p6sito de tomar alguna acci6n correctiva. Un camino 

·a sugerir serfa efectuar un recorrido por diferentes 
puntos de observaci6n·que pudieran considerarse crf--
ticos (generalmente son los directamente frontal~s a 
1 os proyectores) y con esto procurar determinar 1 a __ 
correcci6n aefectuar, siempre y cuando esta sea posi~ 
b 1 e y no afecte e l. comportamiento de i 1 u mi nac i 6n en e 1 
área, 

3.- REPORTE DE PRUEBAS 

. """-' 

El reporte deberá integrar los datos más significativos, de 
manera que permita un manejo fáci 1 .de el los. Es recomendable 
que incluya los siguientes aspectos: 



REPORTES DE DATOS 

1).- Locación (Avenida, Cancha, Estacio, etc.) 

2)~- Descripción del equipo (L6minario). 

3).- Fecha de mediciones 

4).- Diagrama de puntos de prueba (dimension~s) 

5).- Condiciones eléctricas (V, 1 y P) 

6).- Condición de luminarias ( Limpieza, Dur~ción etc.) 

7).- Condiciones el imaticas 

8).- Tabulación de datos de prueba 

9).- Registro de mediciones de prueba (Brillo, etc.) espec·iales 

10).- Relación máximo/minimo (Prom. de llum). 

11).- Altura de montaje, espaciamiento, arreglo. 

12).- Datos de instrumentos de prueba. 

13).- Tiempo de instalac.i6n 

14).- Datos de probadores 
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REPORTE DE PRUEBAS 

Promedio de lecturas en campo 

Relación máximo a mfnimo 

Promedio de Lecturas fuera de campo 

Relación máximo a mfnimo 

Voltaje en proyectores con el total de lámparas en operación 

DATOS DE LA INSTALACION 

Tipo de luminario 

Ndmero de unidades 

Fuentes de luz 

Ndmero de torres 

Altura de torres 

O i stanc i a de 1 as torres a 1 a 1 fnea ·de "fou 1" o a extremos de 1 a 
·cancha 
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MEDICION FOTOMETRICA DE INSTALACIONES DE ALUMBRADO PUBLICO 

1.- LOCALIZACION 

CALLE---------- ENTRE ------------
COLONIA DELEGACION ------------

2.- FECHA 

------------ DE ---------- DE 198 

HORA ----------

3.- DESCRIPCION DE LA INSTALACION Y EQUIPO. 

3.1.- LAMPARA 

3.1~1.- MARCA. 

3 • l. 2 • - T 1 PO 

3.1.3.- WATTS 

3.1.4.- ACABADO 

J~1~S:- POSICION 

3.1~6.- HORAS DE USO ESTIMADAS---'-------...,.--.....,--

3.2.- BASTRO 

3.2.1.- MARCA 

3 • 2 • 2.- TI PO 

3.2.3.- FACTOR DE POTENCIA 

3.2.4.- INTEGRAL ----- REMOTO------



3.3.- LUMINARIO 

3.3.1.- MARCA 

3.3.2.- TIPO 

3.3.3.- CURVA 

3.3.4.- CERRADO ABIERTO 

3.3.5.-

3.4.- POSTES 

3.4.1.- ARREGLO 

3.4.2.- ALTURA DE MONTAJE 

3.4.3.- ·TI PO 

3.4.4.- DISTANCIA 1 NTER POST~.~, _ 
·-

3.4.5.- LONGITUD DE BRAZO 

3.4.6~- DISTANCIA POSTE A LA ACERA 

3.5.- CALLE 

3.5.1.- LONGITUD A MEDIR 

3.5.2.- ANCHO DE CALLE 

3.5.3.-' ANCHO DE ACERA 
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4.- CIRCUNSTANCIAS ESPECIALES 

4.1.- 1 NTERFERENC 1 AS -------------------

4.2.- CONDICIONES AMBIENTALES (NO DE TIEMPO)--------

4.3.- FUENTES DE LUZ EXTRANAS 

S.- COND.ICIONES ELECTRICAS DE LA INSTALACION 
.·. 

6.-

S.l.- VOLTAJE ENTRE FASES 

s.2.- VARIACION DE VOLTAJE 

S.3.- CORRIENTE DE LINEA 

s.4.- WATTS DE L 1 NEA 

s.s.- WATTS DE LAMPARA 

S.6.- HORAS DE ENCENDIDO ----,-- HR. DE OP. POR ENCENDIDO 

CONDitiONES DE LUMINARIO 

6.1.- MESES APROXIMADOS DE USO 

6.2.- CONDICIONES DE LIMPIEZA 

6.2.1.- BUENAS 

6.2.2.- REGULARES---------

6.2.3.- MALAS 
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7.- CONDICIONES DEL TIEMPO 

7.1.- NUBLADO 

7 .2.- DESPEJADO 

ESTACION CARRIL CARRIL 
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. ESTAC 1 ON CARRIL CARRIL CARRIL CARRIL CARRIL CARRIL 

28 
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47 

TOT AL POR CARR 1 L 

PROMED 1 O 

MAX IMO 

M IN IMO . 



10,- MEDICIONES ESPECIALES 

ESTAC ION LOCALIZACION LECTURA 
OBTENIDA 

11.- RELACIONES 

PROMED 1 O. 

PROMED 1 O A 
M IN IMA 

PROMED 10 A 
MAXIMA 

MAX IMA A 
M IN IMA 

LA RELACION DE PROMEDIO A MINIMA NO DEBE EXCEDER DE 3 A 1 PARA 

CUALQUIER CALLE, EXCEPTO PARA CALLES RESIDENCIALES LOCALES, EN 
TAL CASO PODRA SER HASTA 6 A l. 



12,- INSTRUMENTOS UTILIZADOS 

CLASE MARCA MODELO OBSERVAC 1 ONES 

13.- PRUEBAS EFECTUADAS POR: 



FACULTAD DE INGIENlEAIA U.N.A.M. 
D!VISION DE EDUC:ACION CONTINUA 

C U R S O S ABIERTOS 

ILUI/r8/INACION EX TER/OR: 

PR//NC/P/05, D/SEÑIO Y APLICACIONES 

30 DE MARZO AL 10 DE ABRIL DE 1992 

MANTENIMIENTO 

INC. CARLOS CARCIA ROMERO 

PALACIO DE MINERIA 
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1.- INTRODUCCION. El mantenimiento adecuado de cada instalaci6n es 

la única forma de continuar proporcionando un alumbrado públ i

co efectivo. El mantenimiento del alumbrado incluye todos los

medios que puedan utilizarse para mantener la cantidad de luz-

en el pavimento, tan cerca de su valor inicial como sea prác-~ 

tico. 

los objetivos del mantenimiento del alumbrado público son el -

mantener el nivel deseado de i luminaci6n con un costo mfnimo y 

un uso efectivo de la energfa. 

¿ Porqué es importante el mantenimiento del alumbrado pú-

b 1 i co? 

Primero, porqué el prop6sito primordial de una ~nstalaci6n de~ 

alumbrado público es el reducir ·¡a criminalidad, mantener las

cal les seguras al tráfico peatonal y vehfcular durante la no-

che y ayudar al desarrollo de la comunidad. 

Segundo, porqué se debe proporcionar tanta luz como sea econ6-

micamente posible. Por lo que se debe minizar la depreciaci6n

de los lúmenes de las lámparas y las lámparas apagadas. 

El uso de factores de pérdida de luz, en el diseño de toda ins 

talaci6n de alumbrado público es un reconocimiento necesar1o -

de que no hay un programa de mantenimiento capaz de mantener -

los parámetros iniciales de una instalaci6n. los valores de-~ 

los factores de pérdida de luz usados, indican la cant.idad es

perad de depreciaci6n incontrolable y a la vez la cantidad de
esfuerzo necesario para contrarrestar esta depreciación. 
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2.- FACTORES CUE AFECTAN LA ILUMINACION. Es importante conocer los 

factores que afectan la iluminaci6n proporcionada por un siste 

ma de al.umbrado pdbl ico, estos factores son: 

1) Temperatura ambiente del luminario. 

2) Voltaje de al imentaci6n al luminario. 

3) Factor del balastro. 

4) Depreciaci6n de las superficies del luminario. 

5) Lámparas apagadas. 

6) Depr~ciaci6n de los ldm~nes de las lámparas. . e 

7) Depreciaci6n por polvo en'el luminario. 

El efecto individual de cada uno de estos factores varia con-

las co~diciones atmosféricas que sé tienen en cada .Jugar. 

2.1 Temperatura ambiente del luminario. Latemperatura puede ser

un grave problema cuando por alguna ¿ausa .la lámpara permanece 

encendida durante el dfa ya q~e esta se puede elevar a valores 

que dañen los aislamientos o algunas otras .partes del 'lumina-

rib. Se debe corregtr lo antes posfble cualquier falla que pr2 

v~que que .la lámpara permanesca e~cendida durante el dfa. 

2.2 Voltaje de al imentaci6n al lumin.;.rio. Cuando· el voltaje de al i 

mentac'i6n aÍ luminar'io no está de.ntro de los valores nominales 

de operaci6n del balastro o lámpara, se pueden tener ~ariacio

nes sensibles en el flujo emitido. ·Las variaciones gra'ndes de

voltaje de al iment.;.ci~n se deben evitar ya que reducen considé 
' . -

rablemente la vida de las lámparas yequipbs auxiliar~s, El s2 

brévoltaje puE!de dañar rápidamente los aislamientos, mientras-: 

que un bajo voltaje puede provocar que las lámpa~as no encien

da~ 6 ~stén enc~ndi~ndo y apagando. Adicionalme~te, c~ando se

presenta alguno de los casos anteriores la i luminaci6n no tie · 
. ·- . 1 
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ne el valor para el cual fué diseñada la instalación, por 'lo an

terior, se debe revisar periodicamente este parámetro y corregí~ 

se en caso nece~ario. 

2.3 Factor del balastro. Cuando el factor del balastro utilizado en-

un luminaria difiere del balastro usado en la fotometrfa, la emi 

sión de luz diferirá en la misma cantidad. Se debe consultar a

los fabricante; sobre estos factores. 

2.4 Depreciación de las superficies del luminaria. Los materiales -

usados en la construcción de .luminarias difieren en su resisten~ 

cía al deterioro. El aluminio proce~ado tiende a depreciarse 

poco, pero por 'otro lado el esmalte es mas fáci 1 de 1 impiar. Con 

respecto al uso de plásticos en la construcción de luminarias -

este se ha incrementado en los ultimas años. Los tipos mas comun 

mente utilizados para la transmisión y control de luz son los 

·acrfficos· y poliestirenos. Despues de un periodo de tiempo de es 

iar expuestos a las radiaciones ultravioletas, estos materi~l~s

cambian su. color y tran;mitanci~. Los acrfl icos son los mas re-

sistentes a estos ~ambios. El ·grado de cambio en.el color.y tran 

smi.tanciadepende dela aplicación; tipo de Uimpara, distanc.ia

del plástico a la lámpara y temperatura del plástico durante la 

operación del luminaria. Cuando estos materiales son 1 impiados,-: 

se d~be tener especial cuidado en uti 1 izar materiale~ ~.técnicas 

ad~cuadas de 1 impieza ya que se puede cambiar la transmitancia -

del material por la acción de productos qufmicos ó maltrato, 

2.5 Lámparas apagadas: Las lámparas apagadas contribuyen a la pérdl 

da de luz .• Si las l.ámpa·ras no son cambiadas rápidamente despues_ 

deque fallan, la iluminación promedio 'disminuirá proporcion~-
. . . . . 

mente; c'uand~·existen. tramos con lámparas apagadas y·encendidas_ 

se disminuye notablemente la capacidad de detectar ob,iáculos o 

peatones en lasvial idades, ya que al estar· el obstáculo.o pe~--. 

tón en una zona obscur·a el contraste disminuye, impidiendo·a·l 
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OJO humano detectarlo. 

2.6 Depreciación de los 16menes de las lámparas. La emisión lumfnica 

de las lámparas disminuye conforme la lámpara se va envejeciendo. 

Esta disminución es llamada depreciación de ldmenes y es una ca-

caracterfstica inherente de todas las lámparas. Las pérdidas debi 

do a este factor se reducen con los programas de reemplazo de lám 

paras en grupo. 

2.7 Depreciación por polvo en el luminario. Una cantidad significante 

de la pérdida de luz puede,atribuirse ge~eralmente a la cantidad 

de polvo acumulado en· las superficies internas del luminario, el 

humo de los escapes de los vehfculos automotore~ en especial, se 

adhiere a las superficies de los luminarias depreciando rápidame~ 

te la ~misión de estos. En adición a la clase y cantidad de polvo 

en el ambiente, la cantidad de pérdida de luz depende del diseRo 

del luminario, forma y tipo de lámpara y acabados del luminario. 

Adicionalmente a los factores mencionados anteriormerite existeri -

otros dos que son: Vandalismo y la obstrucción de árboles. El -~ 

Vand a 1 i smo .es un prob 1 ema que se presenta· con m.as frecueni:: i a en -

zonas Suburbanas , y da como re~ultado un costo muy elevado el -

mantenimient.o de estas instalaciones. 

Las soluciones mas ampliamente uti 1 izadas son; el aumentar la a_!_

tura de montaje cuando es po.sible, uti 1 izar luminarios ·fabricados 

con ·mater i a·l es resistentes a 1 os i nipactos y co 1 ocar ·guardas ·a -

los refractores de los luminarios. Por lo que res~ecta a la ob~-

trucción de ramas de árboles, este problema se presenrta principa_!_ 

mente en avenidas en las cuales existen árboles en la mosma acera 

en que se ~ncuentran los poste~ de alu~brado pdbl ico, la ~ni ca so 

lución es ~odar las ramas de árboles que interfieren con el cono 

de candelas máximas de cada luminario. 

3.-LA NECESIDAD DE IMPLEMENTAR PROGRAMAS DE MANTENIMIENTO. Todo sos-. 
tema de ~lumbrado ~dbl ico puede mantenerse en perf~cto estado de 
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trabajo tanto mecánica como eléctricamente y aón asf puede estar pr~

porcionado a la superficie de la cal le solo un tercio ó menos de la~ 

iluminación para la cual se diseñó el sistema. 

En un caso tfpico, un luminario que estuvo en serVICIO durante e i!!. 

e o años s1n 1 impieza, se depreció hasta un 29% de su emisión in i e i a 1. 

Se lavó' el exterior del refractor y se obtuvo una gananc1a signific!!-

tiva. Posteriormente se lavó"el interior' del refractor y se obtuvo-

una gan~ncia mucho mayor. El exterior estaba tan sucio que la curva -

de distribución se habfa modificado.Gon objeto de tratar de óbtener 

una ganancia de luz mayor, el reflector se lavó var1as veces, se ca_!!!-

bió. la lámpa~a por una nueva y tambien se instaló un refractor 

con esto ·solo se logró recuperar la emisión hasta un·84% de la 

nuev~, 

1n1---

cial; lo cual _indica claramente que puede ocurrir un daño irreparable 

y permanente debido a la falta de un ~antenimiento adec~ado. 

Un ·programa adecuado de mantenimiento de un sistema de alumbrado p.Q-

bl ico permite obtener el máximo beneficio de la instalación y evita

que esta .sufra da~~s irreparables. 

Est~ programa debe estar basado en el ndmero de horas que trabaja la 

instalaci6n, el tipo de lámpara y luminario, las condiciones ambient!! 

les y de t~áfi.co, inspecciones perfodicas, reportes de los usuarlos,

magnitud de la instalación, etc. 

3.1 Sistemas para el mantenimiento del alumbrado pdbl 1co. Existen tres ti 

pos de ;istemas de mantenimi~nto ~ue son·: 

1) Reemplazo individual 

2) Reemplazo en grupo 

3) Reemplazo en grupo 
vi dual intermedio • 

_co~binado con re~mplazo indi-

. Reemplazó individual. ~1 reemplazo indi~idu~l es un sistema utilizado 

ampliamente sobre todo en instalaciones de mediana y baja importancia 

Consiste en el reemplazo de lámparas apagadas cada vez que esto sucede 

esto gene~alm~nte se 1 leva a cabo con una inspección perfodica de las 
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instalaciones la cual genera reportes para ser atendido• de inme 

diato. Este trabajo se facflita utilizando un vehfculo con canas 

ti 1 la con mandos hidráulicos. En casos particulares la escalera 

remolcada es de gran utilidad, sobre todo cuando lo• vehfculos-

motorizados no pueden intervenir. 

Este sistema de reemplazo de lámparas apagadas, combinado con_ 

la 1 impieza simultánea de los luminarias correspondi~ntes, da-

buen resultado para las fuentes luminosas de corta y mediana Vl

da1del orden de: 

Lámparas incandescentes· 1000 horas 

Lámparas i ncandes.centes con 
halógeno 2000 horas 

Lámparas de luz mixta ·4000 horas 

Reemplazo en grupo. Teniendo en cuenta, por una parte el aumento 

de las vias de circulación y por otra la larga vida de las lámp~ 

ras de .descarga, es c~da ~ez mas importante el reducir las Ins-

pecciones perfodicas para local izar y cambiar lámparas apagadas. 

E.l sistema de reemplazo eri grupo, consiste en cám~iar al cabo de 

Un e i erto núm·ero de hora·s de funcionamiento, tod~s 1 as 1 ámparas_ 

de una mism~ vialidad o de un cierto sector. 

·En 1 os i nterva 1 os de reemp 1 azo en grupo, 1 as 1 ámparas apagadas 

nó s~rán cam~iad~s, pero al 6abo de cierto ti~mpo de horas de -

func¡onamiento1 se efe~tu~rá una inspección par~ local iz~r'y cam 

biar lámparas que hallan fallado prematuramente. Las visitas p~

ra 1 impieza de luminarias ~e deben mantener,· asf como la .~erifi,

ca6ión de los equipos de encendido y apagado. 

Este sistema es válido y ~con6mico, pero da lugar a álgun.as_ 

observaciones: 
'·,. 

- Cuando no ~~ reemplazan las lámparas apagadas, se ti~ne que -

atender a.··las ~eclama~iones (a veces muy acaloradas) de autorida 

des y de 1 pCíb 1 i e o, que se i n~omoda n por e 1 no func i ónam i ento de 

las lámparas. 
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·La existencia de l.'imparas apagadas puede provocar que aume.!:! 

ten los casos de accidentes y los actos de delincuencia de

bido a condiciones inseguras por haber zonas iluminadas y

zonas obscuras. Esto puede generar dificultades y la respo.!:! 

sabi 1 idad moral puede ser empañada. 

Pero este sistema tiene ventajas ya que al mismo tiempo que 

se efectóa el reemplazo en grupo se puede dar el mantenimi-

ento necesario, particularmente: 

Limpieza d~l lumina~io y sobre todo del sistema 6ptico. 

Pos i e i onam i ento correc;to de 1 a 1 .'impar a en e 1 foco de 1 si ste 
ma 6ptico. 

Mantenimiento mec.'inico y eléctrico del luminario, equipo 

auxiliar y soportes. 

las condiciones de funcionamiento de las lAmparas en cualquier

sistema de a 1 umbrado sori di fe rentes de 1 as co.nd i e iones en que .,-

son probadas las lAmparas en un laboratorFo. Las lAmparas en s1s 

temas de alumbrado público estén sujet~s a. vibraci6nes, varia~io 

nes de voltaje, variaciones de temperatura, intemperie, var.Jac1o 

nes en el ciclo de encend(do-apagado, etc. La duraci6n de la vi

da prActica, no puede determinarse en b~se a valore~ obtenidos

en condiciones diferentes. La experiencia conduce .a determinar-

e 1 número de horas después. de l. as cua 1 ~~ 1 as 1 Amparas deben s.er _ 

réemplazadas en .~rupo. El húmero aproximado de .horas es el sagu~ 

ente:· 

- LAmparas de vapor de mercurio 

- LAm~a~as fluorescentes 

8000 a 12000 horas. 

8000 horas. 

- L.'imparas de vapor de sodio baja presi6n ~000 a ·12000 horas 

- LAmparas de vapor de sodio alta presi6n Bobo a 12000 h6ras 

Los valores que se establezcan. para una instalaci6n dependeri de 

las condicionei locales de oper~ci~n, el costo de la mano·de 

.obra, disponibilidad de material, etc. 
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En general, y particularmente en zonas con mucha contaminación 

y en vialidades con alta densidad de tráfico, no se puede efe~ 

tuar 1 a 1 imp i eza (in i camente en e 1 momento de 1 reemp 1 azo en gr.!!_ 

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. 

Reemplazo en grupo combinado con reemplazo individual interme

dio. Este sistema es el mas completo y que dá, desde el punto_ 

de vista técnico los meJores resultados, pero tambienes el --

más costoso. 

Las inspecciones para detectar y cambiar lámparas apagadas 

se mantienen, aunque menos frecuentes. El reemplazo trata de

efectuarse al dfa siguiente de su localización y puede ser--

acompañado con la acción de 1 impieza y mantenimiento mecánico 

y eléctrico del luminario. 

Aunque este sistema de mantenimiento es el más metódico y

el más cuidadoso, la instalación no vuelve a proporcionar la

misma cantidad de luz que proporcionó inicfalmente. Esta pérdl 

da anual de flujo puede ser importante. 

La gráfica siguiente mustra para un caso tfpico el porcentaje_ 

de flujo inicfal despues de hacer la 1 impieza cada año y reem 

plazo en grupo cada 2 años. 

4.- MANTENIMIENTO DE INSTALACIONES DE ALUMBRADO PUBLICO. El mante-

nimiento de instalaciones de alumbrado público lo dividiremos 

en tres grupos: 

- Limpieza 

- Cambio de lámparas 

- Regulación de voltaje y verificación de 
equipos de encendido-apagado 

4.1 Limpieza. 



4 .1.1 

- 9 -

Generalidades. 

a) La acumulaci6n de suciedad fuera y dentro de los luminarias 

causa absorci6n de luz, reduciendo la i luminaci6n en algunos_ 

casos a una fracci6n de su valor original. 

b) La depreciaci6n debido a la suciedad varfa con los tipos de 

lum·inarios ; por ejemplo, los luminarias, cerrados modernos de 

buena calidad requieren menos mantenimiento y gran parte de la 

suciedad acumulada en el exterior es impiada en algún grado-

por la lluvia. 

e) Los humos industriales y de escapes de vehfculos en vfas -

'con mucho trAfico crean áreas dbnde las condiciones qu1za re-

quieran de un programa de limpieza mas corto. (ver figura 4.1) 

Dl""'CIACIOM DI LUCNI- SIM LL~ 

W a.-11 K I'!IU(IIT.lll 
MII.-UADITIW.~ 

~~. 

(lllltOI Cll ~ 1K Clf'OIIoCDI ' 

La acumulaci6n excesiva de contaminantes dentro 6 fuera del re 

fractor puede provocar un calentamiento anormal que puede oc~

cionar fracturas, causadas por una condición 1 lamada choque 

térmico. 

d) Las superf.icies reflectoras comunmente fabricadas de alumi 

nio anodizado en los luminarias modernos, pueden oxidarse 6 

mancharse por la ·acci6n qufmica de contaminantes en el a1re 6 

por insectos los cuales se introducen dentro del conjunto ---

6pt i co. 
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e) El vidrio es un material inerte, pero debe ser 1 impiado regula!:. 

mente. De otro modo la acumulación contfnua de contaminantes, -

se adheriré a la superficie del cristal, debido al calor de la 

lémpara. Esta cubierta no puede ser 1 impiada por metodos ordina 

rios. 

f) La depreciación debe tomarse en cuenta en los célculos de dise-

ño, para que el promedio de iluminación en servicio, coincfda-

con el nivel especificado de iluminación. Esto significa que la 

iluminación inicfal excedera el nivel de diseño en una cierta-

cantidad. 

g) Todo diseño asume condiciones promedio y requiere que el progr2 

ma de 1 impieza recupere al sistema lo mas cerca posible de su -

eficiencia original, al menos cada vez que se cambie la lémpara 

Esto puede ser satisfactorio para luminarios incandescentes, p~ 

ro es completamente insatisfactorio para luminarios que uti ll-

zan las fuentes modernas de ·luz que tienen una vida económica

mucho mayor, que la de las incandescentes. Este equipo debe 12-

varse entre cambios de lémparas con objeto de obtener los valo-

res de emisión lumfnica previamente mencionados. 

h) Por supuesto que las condiciones locales varfan grandemente, y 

en 1 ugares muy sucios e 1 1 avar con i nterva 1 os de un año puede -

ser inadecuado. Se deben estudiar las condiciones de cada loc2-

l i dad y obtener un programa de 1 i mp i e za que proporcione buen -

serVICIO y proteja su inversión en el sistema de alumbrado pQ--

bl i co. 

i) Un maneJo meticuloso puede hacer necesar1o el tener un inventa

rio por localización, ca~tidad y tipo de todos los luminarias 

del sistema, si es. posible en un mapa. Se puede determinar la

frecue~cia de 1 impieza de varios luminarias por medio de un es-

tudio, el cual muestre las pérdidas de iluminación en un ínter 
valo dado de tiempo. 
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4.1.2 METODOS DE LIMPIEZA. 

a) En ciertos tipos de luminarias antiguos no se c~enta con 

la facilidad de retirarlo facflmente, por lo que el ~qul 

po debe 1 impiarse en el lugar. En tales circunstancias-

uti 1 ize un detergente que elimine la suciedad rápidame~ 

te y a fondo y que no requiera enjuagar se. E 1 i mine ---

e.l exceso de humedad con un trapo 1 i mp i o. Los trapos S!;!_

cios ensucian nuevamente la superficie 1 impiada. Nunca

se deben ut i 1 izar materia 1 es abrasivos para 1 i mp i ar 1 as_ 

superficies metálicas ó de vidrio, particularmente los -

reflectores de aluminio y refractores de vidrio, los cua 

les, pueden dañarse permanentemente , destruyendo su efi 

ciencia óptica y proporcionando superficies rugosas mas_ 

suceptibles de acumulación de polvo. Estas superficies -

pueden cambiar los patrones de distribución de luz. 

b) la mayoria de refractores de los luminarias modernos son 

removibles por medio de un seguro, permitiendo bajar el 

refractor a donde sea apropiadamente lavado, enjuagado y 

secado, un procedimiento es tener refractores de repue~

to ó ensambles completos, los cuales puedan ser instala

dos para que los sucios sean retirados.para 1 impieza, la 

cual puede efectuarse en el vehfculo de mantenimiento, -

SI cuenta con facfl idades diseñadas para este proposito. 

d) Sumerja totalmente. el conjunto óptico ó parte de él en -

una solución detergente, uti 1 izando una esponja ó cepl--

1 lo suave para quitar la suciedad adherida. Existen mu-

chos polvos de impieza particularmente adecuados para -

lavar equipo de iluminación. Sin embargo, los agentes de 

1 impieza acidos ó alcalinos no deben usarse para el man

tenimiento de partes de aluminio. 
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Oespues de 1 impiadas las unidades deben ser enjuagadas con agua 

1 impia y tibia y dejarlas escurrir hasta secarse. El proceso de 

secado puede ser acelerado con un chorro de aire caliente redu

ciendo el costo de mantenimiento por unidad. 

d) Hay dos tipos claramente diferentes de luminarias abiertos, que 

son 1 os 1 1 amados no vent i 1 ados y vent i 1 ados. En e 1 diseño ab i er. 

tono ventilado, el cont~ol de la luz depende del refractor---

prismático. El 1 lamado marco metél ico ó porta refractor no In-

terviene casi ~ada en el control de la luz por lo que solo es-

· . necesario 1 impiarlo con el ffn de evitar el deterioro mecánico. 

Contrariamente a lo que se piensa, este tipo de luminaria nec~

sita 1 impiarse con la misma frecu~ncia que·el tipo cerrado. 

e) E 1 1 um i nar i o abierto vent i 1 ado depende tanto de 1 refractor como 

el reflector para el control de luz. El efecto venturi produci

do porel calor de la lámpara y las corrientes de aire, aseg.!!_ 

ra un movimiento contfnuo de aire hacia arriba, a través del 

conjunto óptico. Este principio a sido usado para interiores 1n 

dustriales especialmente en atmósferas sucias tales como fundi

doras. 

f) Los luminarias fluorescentes son usados actualmente para la il.!!_ 

minación de pasos a desnivel, túneles y para iluminar puentes. 

El gran perfmetro con empaque entre la cubierta transparente y 

el cuerpo del luminaria hace necesario asegurarse que las fugas 

de aire sean mfnimas. Las condiciones de polvo en el ambiente-

varfan grandemente y afectarán los programas de l.impieza. La -

baja altura de montaje de los luminarias puede hacer necesar1o 

lavarlos exteriormente en forma muy frecuente debido al agua S.!!_ 

cia que salpica sobre el los. Por la circulación de vehfculos. 
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4.2 Cambio de l~mparas. 

a) Una fase importante del mantenimiento del alumbrado público 

(i luminación)es la adopción de un programa eficiente y efec

tivo de reemplazo de l~mparas de acuerdo con el diseño del 

sistema y otras circunstancias. Este programa tiene dos pr~ 

positos: Primero, el más obvio, mantener las l~mparas encen 

didas y segundo, mantener los niveles de iluminación. 

b) Cuando las l~mparas estan apagadas: 

1.- Las cal les estan obscuras, presentando el peligro 
de crimenes y accidentes. 

2.- El departamento responsable tiene una mala imagen. 

3.- Los viajes especiales son costosos. 

4.- La pérdida de luz es importante para el público. 

e) Los viaJes especiales requeridos para cambiar l~mparas son 

caros. Cuando las lámparas están encendidas con baja efl-

ciencia, la pérdida de luz es más seria, pero más sutfl. -

Cualquier persona puede observar cuando una lámpara se ha_ 

apagado, pero pocas pueden decir SI la iluminación tiene 

su valor nominal. Por esta razón las personas que tienen

conocimiento especial de la depreciación de luz, asr como 

la responsabilidad de proporcionar un buen servicio de--

alumbrado público, deben estar pendientes no solo de mante 

ner las lámparas encendidas, sino también de cambiarlas 

cuando se han depreciado hastá su valor determinado. 

¿Que lfmite de depreciación es aceptable en un caso dado? 

Depende del tipo de lámpara, criterio de diseño y otras-

condiciones locales. 

d) La vida nominal de la lámpara es publicada por el fabrican 

te basado en pruebas de vida de la lámpara en particular,

cuando es operada a voltaje y corriente nominal. No es p~

sible fabricar lámparas que trabajen durante un número 
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exacto de horas y despues fallen. 

Sin embargo con los métodos modernos de fabricación, es pos~ 

ble producir grupos de lámparas las cuales se aproximen mu-

cho a la vida de diseRo. Hay lámparas que fallan prematura-~ 

mente, pero esto se compensa con algunas lámparas que fallan 

despues de final izada su vida de diseRo. El comportameinto

de las lámparas actuales se muestra en gráficas 1 !amadas cur 

vas de mortalidad. 

La curva tfpica de mortalidad es una gráfica de sobrevivien 

tes de un grupo de lámparas contra una base de tiempo, por

ejemplo; el número de horas que han estado encendidas desde 

el inicio de la prueba. La vida nominal de una lámpara es el 

punto en la curva de mortalidad donde la mitad de las lámpa

ras se han apagado. 

e) Reducir el. número de lámparas fundidas entre reemplazos en

grupo, naturalmente reduce el costo de mantenimiento. El res 

táurar el nivel de i luminaéión a su valor inicial en ínter-

valos regulares es un beneficio directo al público. 

f) En un sistema adecuadamente programado de reemplazo de lámp2. 

ras en ~rupo es posible reducir los cambios individuales ó

cambios intermedios a un S% o menos. 

4.3 Regulación de Voltaje y verificación de equ1pos de encendido

apagado. 

4.3.1 Regulación de voltaje. Como se mencionóanteriormente el volta 

je de suministro a una instalación de alumbrado público debe 

mantenerse dentro del rango de operación nominal de los equi

pos. 

Las lámparas de descarga de alta y baja intensidad están 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 n6 depende en gran -

parte de la etapa del diseño. Cuando se diseña un sistema de alum

brado público se debe poner especial cuidado en seleccionar los-

conductores de al imentaci6n para evitar cafdas de tensi6n excesiva~ 

también es importante investigar la regulaci6n de la fuente de su-

ministro, ya que puede ser mala y afectar constantemente al siste

ma de alumbrado público. Se debe inspeccionar perfodicamente el V.!:! 

lor del voltaje de todo sistema de alumbrado público y en caso de_ 

no ser el adecuado se debe corregir lo antes p0 sible. ·- ~ 

Verificaci6n de equ1pos de encendido-apagado. 

4.3.2.1 Re levadores contactares. Los re levadores contactares uti 1 izados-

en alumbrado público son de .construcci6n robusta para asegurar una 

\,_ larga vida sin la necesidad de i,nspecciones frecuente¡¡;.Se recom1en 

da una inspecciÓn anual a los siguientes puntos. 

a) Contactos. Se debe. revisar si hay flameo excesivo y s1 las ca

ras de los contactos esta~ erosionadas, y si es asf, habrA que 

desconectarlo del circuito y arreglar los contactos o cambiar 

los si es necesario. 

b) .Circuito magnético. Compruebe su operaci6n silenciosa. 

Los ruidos magnéticos pueden ser resultado de bajo voltaje en 

las terminales de la bobina, materiales extraños en la supe~

ficie del núcleo o corrosi6n. Se recomienda 1 impiar y el lffil-

nar la corrosi6n • 

. 3.2.2' Controles fotoeléctricos • Los controles fotoeléctricos requieren 

de poco mantenimiento, como puede ser 1 i mp i ar 1 a ventana de 1 a cu 

bierta y recalibrarlos. Las cubiertas sucias provocan que las 

lámparas permanescan encendidas más tiempo del necesario. 

¡ 

1 .¡ 
', 
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Se recomienda 1 impiarlos cada vez que se haga 1 impieza a los lumi 

narooso Los controles fotoeléctricos usualmente fallan en la posl 

ci6n de encendido. Esto provoca que la lémpara permanezca encendí 

da hasta que el control es cambiado. El calor generado por la lé~ 

para y balastro al ser operados en un gabinete cerrado durante 

las horas de luz diurna, mas el calor del sol pueden causar un 

aumento excesivo de temperatura dentro del luminaria. Esto puede_ 

causar una falla prematura del balastro y otros componentes. Por 

otro lado al permanecer las lémparas encendidas en horas en que -

no son necesarias, se esté desperdiciando energía eléctrica y se_ 

enveJecen las lámparas innecesariamente, estos controles fallados 

deben ser reemplazados tan pronto como sea posible. 

1 . 
j 
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5.- SISTEMATIZACION DEL MANTENIMIENTO DE ALUMBRADO PUBLICO 

Las instalaciones de alumbrado publico están creciendo cons

tantemente, debido al aumento de población urbana que demanda 

es por esto que se hace cada dfa mas dificil proporcionar un buen serbi 

buen servicio de mantenimiento a estas instalaciones. 

Con objeto de obtener el máximo provecho al menor costo 

posible de nuestras instalaciones de alumbrado publico, se

han desarrollado una serie de programas de computadora qué 

facilitan el control de personal, equipo y material, neces-· 

arios para el mantenimiento de instalaciones de alumbrado-

pub! ico. Adicionalmente se ha desarrollado un· programa que 

nos permite evaluar en forma economica que sistema de 

mantenimiento es el más adecuado. Este programa está -----

basado en las siguientes consideraciones: 

El costo por reemplazo unitario es: 

Cu = L+S 

El costo por reemplazo en grupo es: 

Cg = L + S 
1 

El costo por reemplazo en grupo(usando reemplazos intermedios): 

Cgl - L+G+fBxS) 

Siendo: 

C = Costo total del reemplazo por lámpara 

L = Precio neto de la Lámpara 

S= Costo de la mano ~e obra por reemplazar una lámpara 
(una a la.vez) 

G =Costo de la mano de obra por reemplazo de una lámpara 
(reemplazo en grupo) 

B =%de lamparas fuera de serviCIO en el momento de 
efectuar el reemplazo en grupo. 

= %de la vida promed·io de la lámpara en el momento de 
efectuar el reemplazo en grupo. 

.. ' 
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EJEMPLO: 

DETERMINAR EL PERIODO OPTIMO DE REPOSICION EN GRUPO DE LAS LAMPA-

RAS DE VAPOR DE SODIO EN ALTA PRESION DE 250 WATTS DE UNA--

INSTALACION DE ALUMBRADO PUBLICO .EN LA QUE EL COSTO DE REE~ 

PLAZO INDIVIDUAL DE UNA LAMPARA ES DE $ 69, 798.95, EL COSTO DE 

REEMPLAZO EN GRUPO DE UN LAMPARA ES DE t 8,934.26, Y EL PRE-

CIO DE LA LAMPARA ES DE t 13, 750.80. 

PARA E.L CALCULO DEL PERIODO DE REEMPLAZO EN GRUPO UTILIZARE-

MOS LA SIGUIENTE FORMULA: 

DONDE: 

L+G+ (BxSl 
CGi = ---------

1 

CGi = COSTO DE REEMPLAZO EN GRUPO (CON REPOSICION INTERMEDIA DE 

LAMPARAS l 

L:: PRECIO DE UNA LAMPARA ( *13,750.80 l 

G = COSTO DE MANO DE OBRA DE REPOSICION DE UNA LAMPARA CUANDO 

SE UTILIZA REEMPLAZO EN GRUPO($ 8,934.26 l 

S = COSTO DE MANO. DE OBRA DE REPO SIC ION DE UNA LAMPARA CUANDO 

SE UTILIZA REEMPLAZO INDIVIDUAL ( $ 69.798.95 l 

B =% DE LAMPARAS FUERA DE SERVICIO EN EL MOMENTO DE EFECTUAR EL 

REEMPLAZO EN GRUPO (VER TABLA ADJUNTA l. 

I =% DE LA VIDA PROMEDIO DE LA LAMPARA EN EL MOMENTO DE EFEC-

UAR EL REEMPLAZO EN GRUPO (VER TABLA ADJUNTA l. 

1 

¡ 
' 
1 

! 
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DE LA CURVA DE MORTANDAD PROPORCIONADA POR LOS FABRICANTES 

DE LAMPARAS TENEMOS 

. 

DATOS DE CURVA DE MORTANDAD DATOS PARA LA FORMULA RESULTADOS 

HORAS DE o/o 11': LAMPARA S o/o HORAS DE VIDA o/o L.AMI'IlRAS FUERA COSTO DE REEMPLAZO 

FUNCIONAMIENTO ENCENDIDAS ENTRE CIEN DE SERVICIO EN GRUPO CON REEMPLAZO 

(EN MILES DE~ ( :t ) ENTRE CIEN INDIVIDUAL INTERMEDIO 

( B ) (CII) 

o 1 o o o o -
1 11 11 11 o 4 1 7 o o 1 • 5 4 5 6 8 o 

2 11 11 7 o 8 3 o o 3 !1 2 7 6 2 !1 7 

3 11 9 5 1 2 !1 o o 5 o 1 8 4 2 7 2 

4 9 9 o 1 6 7 o o 9 !1 1 3 9 8 o 9 
' 

!1 9 8 3 2 o 8 o 1 6 !1 1 1 4 !1 9 9 

6 9 7 4 2 5 o o 2 6 o 9 7 9 9 9 

7 9 6 '4 2 9 2 o 3 7 5 8 6 6 !1 2 

8 9 5 3 3 3 3 o 4 6 5 7 7 8 7 o 
9 9 4 2 3 7 5 o 5 8 o 7 1 2 8 9 

10 9 2 8 4 1 7 o 7 2 o 6 6 4 5 2 

1 1 9 1 4 4 5 8 •O 8 6 o 6 2 6 3 7 
' 12 ' ·8 9 9 5 1 o 1 o 5 9 4 6 9 

13 8 a· . 'o'. 5 4 2 '' 1 2 o o 5 7 3 o .8·' 

·1 4 8 5 8 5 8 3 1 4 2 o ': 5 !1 11 1 1 

15 8 3 '4 6 i 5 1 6 5 5 5 4 7 7 8 

16 8 o 8 6 6 7 '• ' 1' 9 2 o 5 4 1 o 2 

17 7 8 . ' o 7 o 8 2 2 o o 5 3 7 2 3 

* 18 7 5 o 7 5 o 2 5 o o 5 3 5 1 3 * 
19 7 1 7 7 9 2 2 8 3 o. 5 3 5 8 3 

20 6 8 5 8 3 3 3 1' 5 o 5 3 6 2 7 

21 6 4 6 8 .7 5 3 5 4 o 5 4' 1 6 4 

22 6. o 6 9 1 7 3 9 4 o 5 4 7 2 .8 

23 5 5 3 9 5 8 4 4 6 5 5 6 2 1 1 

24 5 o o 1 ' o 5 o o o 5 7 !1 8 4 

COSTO DE REEMP~ZO INDIVIDUAL 

Co = L +S • 13_750.8_0 + S9 798.95= $83 549.75 .• 

COSTO. DE REEMPLAZO EN GRUPO SIN REPOSICION DE LAMPARÁS FALLADAS 

· .Ce= L.+ G = 13 750.80 + 8934_.26 = $ z:a 685.06 



MILES DE 

PESOS 

90 

80 

70 

60 

50 

o 1 2 4 6 

- 20 -

r 

e 10 12 14 1 6 1 e 2 o 22 2 4 26 MILES DE HORAS 

DE FUNCIONAMIENTO 

COSTO DE REEMPLAZO EN GRUPO CON REEMPLAZO INDIVIDUAL INTERMEDIO. 

1 
,l 
1 
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DETECCION DE FALLAS EN BALASTROS HID 

Ya que las lámparas de alta intensidad de descarga produ

cen un corto e intenso arco y porque llegan a consumir más potencia 

que un a so 1 a 1 ámpara f 1 uorescente, e 1 conjunto 1 ámpara-ba l. astro de 

alta intensidad de descarga, puede propórcionar una variedad de 

gufas visuales para detectar su mal funciona~iento. 

Un balastro para lámpara HID orogona un calor considera

ble cuando está en ope~aci6n y •nórmalment, recibe algo de c~l~r de 

la lámpara que está alimentando, Por esta raz6n· el ~aterial ais--

lante se deteriora y puede causar un .corto en los,'devanados de la 

bobina. El calor pu~de causa~ t~mb·ien daRos a los conductóres ~ 

falla al ~a~aciior en cualquiera. de las dos formas corto o abi~rto. 

. . . . . . 

Un balast~o HID puede ve~ificar~e d~ m~nera simi l~r al 

· ba !'astro f 1 uorescente usando un m u 1 t fmetro. Nuevamente e 1. aspécto 

seguridad debe obser.varse con cuidado ~n todos .los casos, porque 

existen.muchos balastrosdiseRados queproporcionan alto vÓit~je 

en circuito abierto. Cuidado especial se debe tener cuando se 

está trabajando con luminarias de vapor de sodio en alta presi6n, 

porque usan un voltaje especial al.to en .el circuito de arranque 

para inici~r el arco de conducci6n, El voltaje de arranqué/en !á~ 

paras de 50 hasta 400 Watts es mfn imo de 2500 vo.lts. y para 1 ámparas 

ie 1000 Watts el mfnimo es 3000 volts. (ver fig.l) 
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Dos mediciones,se pueden efectuar en cualquier tipo de 

balastro energi~ado 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 v61tmetro para valores RMS preciso, para medir 

el voltaje proporcionado en el portalámpara (Socket) sin lámpara 

en el socket (Voltaje a ciruito abierto). Para realizar esta ope-

raci6n'en luminarios con lámpara de sodio en alta presi6n, se debe 

desconectar los pulsos de alto voltaje .del circuito de arranque_ 

( (ignitor) ya que pueden dañar los multfmetros comunes. 

Un método para medir la corriente de corto circuito, es 

poner en corto el balastro en el socket y después medir el flujo_ 

de corriente. Una pieza de alambre grueso o un conductor se puede 

usar para conectar e 1 centro de 1 contacto de 1 porta l·ámpara a 1 cas

qui 1 lo, la medici6n puede hacerse con un ampérmetro de gancho. 

El capacitor de balastro se puede probar con un 6hmetro 

anal6gico, p~esto en una escala de resistencia muy alta. Al prin-

cipio el &hmetro está apagado y el capacitor desconectado del c1r-

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 a cada terminal del capacitor, se pone en operaci6n 

el instrumento y s1 se obtiene una lectura muy alta, el capacitor 

está abierto y se debe reemplazar. Si el ohmetro mide cero o una 

muy baja resistencia, entonces el capacitor está en corto y ~e de-

be reemplazar. Si el ohmetro mide cero o muy baja resistencia ___ _ 

- 23 -
----. se incrementa lentamente entonces el resistencia 

capacitor esta bien. 
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GUIA DE FALLAS 
======= 

1.- LA LAMPARA NO ENCIENDE 

CAUSA PROBABLE 

1.- Fal"l.a de 1 port 1 ámpara. 

2.~ Lámpara incorrecta. 

3.- Fin de la vida normal de l.a 
·lámpara 

4.~ Soldaduras abierta~. 

ACCION CORRECTIVA 

Revisar e 1 porta 1 ámpar.'a y reem

plazarlo si está dañado. (fla-

meado oxidado). 

Atorni 1 lar la lám~ara hasta que· 

haga buen contact~. Sin descul 

dar que un torque excesivo pue-

de romper el bulbo. 

Revisar que 'las caracter.fsticas 

eléctricas de l_a lámpara sean 

compatibles con las del balas--

tro. 

. Determinar las ho~as de ~so de 

1 a '1 ámpara, para compararlo con 

el rango de vida ~spe~ificado 

por el fabricante de lámparas. 

ln~~eccionar las sold~dur~s· y . 
. . . . ' . ' ' .-

puntos de contacto eléctric'o en 

.1 os conductores i nterriÓs de 1 a 

1 ámparas. 
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CAUSA PROBABLE 
======== 

5.- Fin de la vida del balastro 

6.- Alambrado incorrecto o dete 

riorado 

7.- Perdida del suministro o ba 

jo voltaje de entrada 

8.- TempePatura ambiente muy_ 

alta o muy baja 

9.- Falla de ignitor (En balas

tros papa l~mparas de sodio 

alta presi6n) 

Revisar las bobinas del balastro 

sobre todo en los puntos negros, 

capacitores hinchados o perfora-

dos~~ 

Medir tensi6n de circuito abier-

to y corriente de corto circuito, 

reemplazar el balastro si las me 

diciones estan fuera de las esp~ 

cificadas. 

Terminales s1n energ~a, rev1sar 

el alambrado contra el diagrama. 

Revisar conexiones o aislamien--

tos raros probar continuidad. 

Medir tensi6n de suministro y de 

sal ida del balastro. 

Revisar la tempepatura dentro 

del luminario. 

a) Para l~mparas de 250 W y 400W 

Sustituirlas por l~mparas de mer 

curio de la misma potencia, sf 

la l~mpara enciende la parte maE 

nética del balastro esta en buen 

estado (El ignitor es el fallado) 

b) Para l~mparas de 35W a 150W 

sustituir las l~mparas.desodio 
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CAUSA PROBABLE ACCION CORRECTIVA 

por focos (lámparas inc~ndescen

tes) de 120 V. y potencia similar 

a la sustituida; si enciende con 

un bri 11 lo entre 1/2 a 2/3 de su 

br i 1 1 antes norma 1 1 a parte magné-

tica esta en.buen estado, si bri-

1 1 a con más o menos, 1 a parte ma.9. 

.nética del balastro esta averiada. 

. . 

11 BAJA EMISION LUMINICA 

10.- . .Sajo voltajede sumi.nistro 

11.• Bajo voltaJe de sal id~ del 

balastro 

12.- Capacitor en corto circui
to 

13.-,. Conexiones corro idas' u OXI 

dadas 

Medir vo 1 taje de su m i'n i stro con 

1~ lámp~ra enc~ndida. 

Medir vbltaje de sal ida con la 

lámpa~a encendida .• 

Medir voltaje de ci,.;cuito abiert'o 

y corriente de corto circuito. 

Revisar cor+6si6n en terminales 

de .la· port~lámpara, tablillas,· 

etc. 

; 

;. 

' 1 
' 
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111 C ICLEO DE LA LAMPARA 
========= 

( La lámpara enciende y se apaga ~ontinuamente) 

CAUSA PROBABLE 

14.- Bajo voltaje de suministro 

15.- Balastro incorrecto 

16.- Alto voltaje de suministro 

(solo lámparas de sodio) 

17.- Bajo voltaje de sal ida del 

balastro. 

18.- Fin de la vida de la lfimp~ 

ra 

19.- Voltaje de operaci6n de 

1 a 1 fimpara alto 

ACCION CORRECTIVA 
======= 

Medir voltaje de suministro y_ 

compararlo con los rangos·de __ 

voltaje de entrada del balast~o. 

Revisar que las caracterfsticas 

eléctricas de la lfimpara sean 

compatibles con las del balastro, 

Medir voltaje de suministro y __ 

compararlo con los rangos de vol 

taje de entrada del balastro. 

Medir voltaje de circuito abier-

to y corriente de corto circuito. 

Compararlos con los datos publ i-

cados por los fabricantes, 

Determine las horas de uso de la 

lfimpara para compararlo con el 

rango de la vida esperada. 

Determinar las horas de uso de 

la lfimpara para compararlo con 

e 1 rango de la vida esperada y 

confirmarlo con la medjci6n de 

voltaje y potencia de lfimpara, 
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LAMPAR~t_BRlLLANTE 
\ 

CAUSA PROBABLE 
====== 

20.- Lámpara incorrecta 

,. 

Revisar que las caracterfsticas 

eléctricas de la lámpara sean 

compatibles con las d~l balas--

tro. 



-. 
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PROBLEMAS DE BALASTROS 

BALASTRO 
AUTORREGULADO 
~-- ----------, 
1 ' 1 

1 1 

' 
1 ~ ~- 1 

1 

1 
; § 1 ~ 1 
~ § 1 

1 1 

1 ~ § 1 

~ E 1 
1 ~ 1 
1 

~ ~ 1 
1 f-

1 
ALIMENTACION 1 __: E 1 

¡ 
. 1 ( ! 

1 1" 
1 1 
L------- _j 

IGNITOR 

.:¡:'3' 1 

Fl g, 

LAMPARA 
SAP 
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DE LA FIGURA No. 1 

El balstro para una l~mpara de vapor de sodio en alta_ 

pres i 6n i nc 1 uye un i gn i tor con un e i rcu ito magnético y un capac i-

tor. La falla del ignitor que suministra ~lto voltaje, alta fre-

cuenc i a de pu 1 sac i 6n para emp'ezar e 1 encendido de 1 arcó, es 1 a 

mayor causa de detefioro de la l~mpara en uso, 

Para determina~ SI el ignitor ha'fal lado: 

a).- Si ~on una 1 ~mpara probada inicialm'ente 
.. 

en buenas condiciones la instalamos' 

ba y la 1 ~mpara. trata de arrancar y 

entonces el ignit·or es el' problema.· 
-" 

en 

no 

y 

el 

se 

que se encuentra 

conjunto bajo pru~. 

establece el arco~ 

b).- Para una prueba r~pida, se s~stituye 'la l~mpara de sod.io en 

alta presi6n,_ por una l~mpara de mercUrio del mismo wattaje 

(para. 1 ~m paras de 150 a 400 watts), · s 1 1 a l~mpara ar·r anca, 

la parte magnlitica est~ buena, pero el· ignitor .est~ malo. 

e).~ Para ·1~mp~fas de 35·a 150.watts de ~Ita presi6~ d~ ~odfo, se 

ins.erta una 1 ámpara incandescente·. Si 1 a 1 ~mpara ·se prende a 

1/2 o 2/3 de su brillantez normal, eso nos indica que el 

circuito.magnético esta correcto y el .ignitor está fallado. . . . 

Si . 1 a 1 ~mp;ka· br i 1 1 a tota 1 mente o es mUy obscura, nos, i.nd i ca 

mal cir~uito magnético del balastro .• 
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1 .· ARREDONDO MART 1 NEZ JDSE GUADALUPE 
JEFE DE PRESUPUESTOS PROV. HIDROELECTRICOS 
CDMISION FEDERAL DE ELECTRICIDAD 
MISSISSIPPI 71-P.B. 
CUAUHTEMOC, 
C.P. 06500 
ABETOS 1S2, VILLA DE LAS FLORES, 
COACALCO, EDO. DE MEXICO. 
C.P. SS710 
TEL, 207-17-39 OFNA. 

4. CASTILLO TORRES JAVIER 
JEFE DE AREA 
LABORATORIO DE ALUMBRADO PUBLICO 
LEBR IJA No. 196 
CERRO DE LA ESTRELLA, IZTAPALAPA 
C.P. 09860 
ORIENTE 162 No. 65, 
MOCTEZUMA 2A. SECC., 
VENUSTIANO CARRANZA 
C.P. 15500 
TEL' 784-07-67 HOGAR 

7. ING. GARCIA SEGURA JUAN ALFREDO. 
JEFE DE CONTROL DE CALIDAD. 
LABORA TOR 1 D DE ALUfiBRADO PUBL 1 CO 
LEBRIJA 196, 
CERRO DE LA ESTRELLA, IZTAPALAPA, 
C.P. 09860 
AV. VASCO DE OUIROGA 1619, 
SANTA FE, ALVARO OBREGON, 
C.P. 01210 
TEL: 650-64-40 OFNA. 

S70-11-65 HOGAR. 

2. BECERRIL BARRUETA MOISES 
SUPER 1 NTENDENTE 
COMPAÑIA DE LUZ Y FUERZA 
AV. PIE DE LA CUESTA 273 
SAN ANDRES TETEPILCO 
OLMO# 26, FRACCIONAMIENTO 
SAr~ RAFAEL, TLALNEPANTLA, EDO.MEX. 
TEL: 539-95-95 OFfiA. 

310-72-00 HOGAR, 

5. ESTRADA LUNA JOSE LUIS 
JEFE DE SECCION 
DIREC. GRAL. DE AERONAUTICA CIVIL 
PROVIDENCIA B07-3er. PISO 
DEL VALLE, BENITO .JU~.REZ, 
C.P. 03100 
FILIPINAS 1106-402 
PORTALES, BENITO JUAREZ, 
C.P. 03300 
TEL, 523-46-51 OFNA. 

539-75-92 HOGAR. 

8. HERNANDEZ CERVANTES FCO. JAVIER 

• 

3. BECERRIL BARRUETA ROGELIO 
TECNICO 
COMPAÑIA DE LUZ Y FUERZA 
AV. PIE DE LA CUESTA # 273, 
SAN ANDRES TETEPILCO, 
AV. COYOACAN # 318 DEPTO. 301, 
DEL VALLE, BENITO JUAREZ, 
C.P. 03100 
TEL' 539-95-95 OFNA. 

536-32-55 HOGAR 

6. FERNANDEZ LEON EUGENIO 
RESIDENTE DE OBRA 
NAVETA CONSTRUCCIONES, S.A. DE C.V. 
SAN FRANCISCO 1374-5 PISO 
DEL VALLE, BENITO JUAREZ, 
C.P. 03100 
EDZNA 35-101, 
COL. INDEPENDENCIA, 
BENITO JUAREZ, 
TEL: 575-19-55 OFNA. 

672-15-80 HOGAR. 

9. HIRATA NAGASAKO EVANGELINA 
JEFE DEL DEPTO. 
SEDUE. 
AV. CONSTITUYENTES 947 
BELEN DE LAS FLORES, 
C.P. 01110 
DR. VERTIZ 185-12, 
DOCTORES, CUAUHTEMOC, 
C.P. 06720 
TEL' 271-26-07 OFNA. 

588-35-84 HOGAR 

' 



) 

._j. 

. ,, 
: (; 

'; ' 

:.• 

. ,.,: .·¡, ·-

. : \.' !: ' =-· ,;;: \•. 

.'\1:_: 
1' ._,. :::: '.:~ 

\ 

!::-¿ ~;¡<.:; ':.: . 1;''. ,•. 1 • 

·: . 

.,:; .. -' .. : . 

- ~"±'-. 

'_,; 

'· :e 

'-,':' '1 .. 

2E·-: ~:~~~~~-¡ 1f. '"'-~-
-if•:.t c,:7 -¡t)"¿~¡' ~~'.>_;, 

: ';'~! -·::,?'-1'!. Y:;::;_~ 

·¡, • 

··''· 

.;;:'!' 



10. MARTINEZ LOPEZ ANDRES 

13. RAMOS GARCIA JUAN BAUTISTA 
JEFE DE DIVISION 
BANOBRAS SNC. 
INSURGENTES NORTE 423-18-T 
TLATELOLCO; CUAUHTEMOC, 
C.P. 06900 
PRIVADA PUEBLA No. 6, 
PANTITLAN, IZTACALCO, 
C.'P. 08100 
TEL: 5B3-00-22 EXT. 1463 

5B3-14-14 HOGAR 

16. VARGAS ALFARO FRANCISCO 
JEFE DE GRUPO 
I.C.A. INGENIERIA 
CALZADA LEGARIA No. 252 
PENSIL, M. HIDALGO 
AVENIDA SAN ANTONIO No. 53 
LA CONCEPCION, 
TULTITLAN, EDO. MEX. 
C.P. 54900 
TEL: 399-69-22 OFNA. 

872-26-54 HOGAR. 

*emg. 

) 

11 . fiARE LES SANDOVAL MAR 1 ANO 
SUPERVISOR DE MANTENIMIENTO 
S.C.T. 
AV. COYOACAN No. 1895 
ACACIAS, BENITO JUAREZ, 
PEDRO MA. ANAYA # 14, 
SAN MIGUEL AJUSCO, TLALPAN, 
C.P. 14700 
TEL: 534-99-45 OFNA. 

846-04-27 HOGAR. 

14. REYES RIVERA HUGO ARMANDO 
PASANTE 
ADMOSE PROYECTOS Y MANTENIMIENTOS 
INDUSTRIALES. 
LERDO DE TEJADA 330-215 
COL. PETROLERA, ATZCAPOTZALCO, 
MIGUEL BRAVO # 54, 
U. MDRELDS, SEGUNDA SECCION, 
TULTITLAN, EDO. DE MEX. 
C.P. 54930 
TEL: 905-400-82-07 OFNA. 

874-73-46 HOGAR. 

17. VELASCO CALZADA URIEL 
JEFE MANTENIMIENTO 
PARTICULAR 
SIN DOMICILIO 
CHILENOS No. 68, 
MARTIRES DE TACUBAYA, 
ALVARO OBREGON, 
C.P. 01220 
TEL: 516-42-05 HOGAR. 

,-· 

12. OLIVEROS PDXTAN CESAR ALBERTO 
JEFE DE AREA NORMATIVA 
SECRETARIA DE COMUNICACIONES Y TRANSPORTES 
AV. EUGENIA No. 97 -1er. PISO 
VERTIZ NARVARTE. 
AV. PASEO DEL ACUEDUCTO No. 95-D, 
FRACC. VILLAS DE LA HDA., 
ATIZAPAN DE ZARAGOZA, EDO. DE 11EX. 
TEL: 669-46-06 OFNA. 

15. RODRIGUEZ PADILLA ALBERTO JESUS 
TECN 1 CO 
LABORATORIO DE ALUMBRADO PUBLICO 
LEBRIJA No. 196, 
CERRO DE LA ESTRELLA, 
IZTAPALAPA 
C.P. 09BSO 
TEL: 845-94-19 HOGAR. 
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