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- "-.Contaminacién Luminocturna "=

Multiples aspectos a eonsidérar « -

Consérvauon y eﬁclenaa energetlca
. Obscuridad.- v seguridad “*
~Contaminacién luminica y Salud
Ecologia y ambiente natural
5. Astronomia y Cielos Oscuros
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New York City, in Augus
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Los Angeles
visto desde el observatorio de Mount Wilson, 1908

Los Angeles
visto desde el observatorio de Mount Wilson, 1988
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Invasion Luminica (Light Trespass)
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CGNCEPTOS FUNDAMENTALES
PARA ENTENDER EL RETO
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“* . Unidades de Medicion = . <

“: " Tumens: Unidad de-flujo Juminice*

g ~ -
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-Lumens/Watt: Unidad de eficiencia
* ..« -energética para una fuente de luz..

-~ Mientras. mds lumens se generen por-.
_-watt de poténcia; mas eficiente sera la
lampara. - '

La unidad que mas Util nos serd para la
' medicion de contaminacion
luminocturna es el “Foot Candle”
(Pie Bujia)
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Unidades de Medicion

Esto NO es un Foot Candle
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Unidades de Medicidn

Foot Candle (Pie Bujia):

Unidad que mide la intensidad de luz
sobre una superficie.

FC= 1 lumen/P2.

Lux = 1 lumen/M?

Para convertir de foot-candle a Lux:
multiplique X 10.764

ONE SQUARE FOOT
(144 SQ.IN.)
(0.093 m®)

ONE FOOT‘(1_2')
(305 mm)

Fig. 31-8 W One footcandle of light.
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Unidades de Medicion
Quantity of Light

Quantity of light is evaluated in terms of
illuminance, i.e., the amount of light

(lumens) on a WORK PLANE or room

surface. It is measured in lux (lumens per
square meter) in the metric system or
footcandles (lumens per square foot) in

the English system.

"W 1c

14 1c

Footcandles (fc) are used as a
relative measurement to explain the
recommended light levels for
different areas and tasks in the
home.
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Lumen Efficacy of Lighting Technology

Poor Better BEST
Incandescent Compact Flourescent TAM Energy 3.5W
R20 - LED
N
8 to 17 Lumens per Watt 50 to 72 Lumens per Watt 50 to 72 Lumens per Watt
$50.00 for S0 bulbs $50.00 for S bulbs $50.00 for 1 bulbs
(1,000 howr life) (10,000 howr life) (50,000 hous life)
$271.35  electricity $84.42 electricity $36.18  electricity
$321.35  Save $233.17 $134.45 Save $46.24
when switching t when switching t
TAM t::ogy uos. Ymnt:«gy uos. $ 88' 1 8

Cost Analysis: 50,000 Hours of Light

Features CFL Halogen
Light Bulb
Comparison
Rated Avg, Life 10,000 3,000
Life Span Llong Medium
Watts 6-18 3-120 3-500 5-500 35-1500
coroms [ [ e [
Coi:ue'n?;won Lowest Low Medium Medium High
e - -
Color Temg. (K} 2700-5000 2700-6500 2700 3000 1700-6500
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Niveles de lluminacion

I High Pressure Sodium |

Foot-Candles Received from varying distances. |
This chart is in reference to the amount of light, not heat. |
Lumen Output Ot Bulb.
Yattage OF Bulb.

Inches From Bulb.

16,000 | 27,500 | S0,000 | S3,000 | 92,000 | 140,000
150 250 400 430 e00 1,000

45837 | 78,782 |143 239 (151,534 | 263 561|401 070

29335 | 50,420 | 91 673 | 97,174 168 579 | 255 635

4

5

B 20,372 | 35,014 | 63662 | 67 482 [117 138|178 254
7 14967 | 25725 | 46,772 | 49576 | 86,061 |130.962
8

11,459 | 19,695 | 35,810 | 37,958 | 65,890 | 100,268

9 9054 | 15562 | 268,294 | 29992 | 52,061 | 79224 |

10 7334 | 12605 ) 22918 | 24 293 | 42,170 | 64,171

11 6061 | 10,417 | 18,941 | 20,077 | 34,851 | 53,034

12 5093 | 8754 | 15915 | 16,870 | 29 285 | 44 563

13 4340 | 7459 | 13,561 | 14,375 | 24 952 | 37 971

14 3742 | 6431 | 11693 | 12,395 | 21 515 | 32,740

15 | 3259 | 5802 | 10,186 | 10,797 | 18,742 | 28 521

16 ) 2865 | 4924 | 8952 | 9490 | 16,473 | 25,067 |

17 2538 | 4362 | 7930 | 8406 | 14592 | 22 205 |

18 2264 | 3890 | 7074 | 7498 | 13015 | 19,806

19 2032 | 3492 | 6349 | 6729 | 11681 | 17,776

20 1833 [ 3151 | 5730 | 6073 | 10542 | 16,043

21 1663 | 2858 | 5197 | 5509 | 9562 | 14551

1515 | 2604 | 4735 | 5019 | 8713 | 13259

1386 | 2383 | 4332 | 4592 | 7972 | 12,131 |

1273 | 2188 | 3979 | 4218 | 7321 | 11,141

1173 | 2017 | 3667 | 38387 | 6,747 | 10,267

1085 | 1865 | 3,990 | 3594 | 6,238 | 9493

1006 | 1729 | 3144 | 3332 | 5785 | 8,803

935 | 1808 | 2923 | 3099 | 5373 | 8,185

B72 | 1499 | 2725 | 2889 | 5014 | 7630

815 | 1401 | 2546 | 2999 | 4656 | 7130

763 | 1312 | 2385 | 2528 | 4388 | 6678

716 1231 | 2238 | 2372 | 4118 | 6,267

673 1157 | 2,105 | 2,231 | 3872 | 5893

634 | 1090 | 1283 | 2102 | 3648 | 5551

599 | 1029 | 1671 | 1963 | 3.442 | 528

| R B[ £ |15 | =2 8| 0| a5 | L 2 23RS

566 973 [ 1768 | 16874 | 3254 | 4951
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Estrategias de Diseno .

9 7 5 3 . 1
Inner City sky Suburban/urban Suburban sky . Rural sky * . Excellent dark
transition sky site

Malo Bueno  Mejor
Full Cut Off Focalizada
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Total Crime Index

Mas luz no es igual a mayor seguridad
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Crlmen

'.‘L‘,T‘eli‘;*ﬁj;if 98% -80%.
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Mas luz no es igual a mayor seguridad
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Estrategias de Diseno

Utilizar lamparas Full Cut Off

What is a True "Full Cutoff” Outdoor Lighting Fixture?

Flat glass kns, climinates or mmimizes direct glare, no upward throw of light, The
housing for these fixtures is available in many styles.

™

Yes

7 a—n)

Known as just "Cutoft™, Center "drop” or "sag”™ kens with or without exposed bulb,
produces direct glare,

( No

Forward-Throw Style. Exposad bulb in the forward direction produces some direct glare

Reproduced with permsissben frore the Incrnetionel Dek-Shy Assocseton (1DA) (g waw dedoby org')

©2013 por Fernando Abruia



Estrategias de Diseno

Typical “Wall Pack™

Typical “Shoe Box”
(forward throw)

Crange Uns . .,

w Uus
aim downwerd)

BAD

GOOD
S&T Web site

S&T Web site

Typical “Yasd ligrt”

apaque Relfecro”
(Rmp Inside)

Area Flood Light

Area Flood Light
with Heod

BAD

GOOD

BaD
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Estrategias de Diseno

nacce !?_table I/ Discouraged

oduce gare and ight trespass

Urshicided Floodights
or Poorly-sheided Foodights

W & & ™

Ursheided Walpacks

& Unshioided o -

Poorty-shmided Wel A o
Mount Foucures .- -
Orop-Lens & SagLens Fdures

w exposed bub [ refractor iens

AN ﬂ 3
JRIK: e

Ursshisdded
Fosod' Style
Facures

R \Bfe WK
Y ===

Urshekded S!raeﬂw

Unshicidod PR
Floodights

Acceptable

Fatures that shicld the light scurce to minmze glare and Ight trespass
&4 %0 acinate betler visicn a1 nght

Full Cutc#t Focures

@@

=
Bl A

i =

Fuly Shelded Focures

=

Fuly Shicicec
Walpack & Wil
Moum Faares

Full Cunott s-mmgm

Fuly Shiekdod
Fully Shigd Valkway
Barn u;;n Bolards
-
F eed Fully Shisiced
AN
DD ek
L ) Ll Veeiiel

[ale= = Re o

Flush Mounted or Sicke
h wkded Under Canopy
hnurc'
Sriided / Propedy-imec /&

A Fbodlgms
sasons by Bob Cale@ 2005 Rercwed or e Twn of Soumanmpion, NY Used Wi permission
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wasted energy 10149
& dazzling glare = | ight
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WELL AIMED 100W FLOODLIGHT
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Complejo de Cines en Branford , Connecticut
Antes y después de instalar [amparas “Full Cut Off”

©2013 por Fernando Abruia




Estrategias de Diseno

Limitar la altura de las lamparas interiores
para mitigar contaminacion luminocturna a
través de ventanas y clerestorios.
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Estrategias de Diseno

Es preferible usar mas postes bajos de
menor potencia que menos postes altos de
mucha potencia.

Especificar ventanas opacas (Ej.-celosias
fijas) en las caras del edificio que miren hacia
un lugar de proteccion especial.

Utilizar lamparas de alta eficiencia y reducir
niveles de iluminacion IESNA hasta un 20%.
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Estrategias de Diseno

Instalar sensores de movimiento para operar
el encendido y apagado de luces en lugares
estratégicos.

i

Fig.1
=
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Estrategias de Diseno

Instalar bolardos “full cut off”, solares con
bombillas LED (Light Emitting Diodes)
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Estrategias de Diseno

Instalar reflectores de piso (“Ojos de Gato”)
en pavimentos y reflectores de pared en
lugar de lamparas o bolardos; no consumen
electricidad y son mas econdmicos.

Reflector de pavimento Reflector de muros  Reflector de barreras
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Estrategias de Diseno

Disenar los tragaluces para evitar la emision
de luz nocturna mediante la instalacion de

aditamentos (toldos, cortinas, etc) opacos,
interiores y operables.
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Estrategias de Diseno

. L " .

o

Preferenciar arboles deciduos de mucha
fronda versus pinos columnares.

Without Polarized Lense With Polarized Lense

Usar vidrios polarizados que se obscurecen
con la intensidad de la iluminacion interior.
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Estrategias de Diseno

Evitar pavimentos claros (hormigon) y
obscuros (asfalto); el hormigdn fomenta el
rebote nocturno de la luz de postes, bolardos
y otras luminarias creando “skyglow”. Para
mitigar este efecto se recomienda el uso de
sistemas de confinamiento celular con
vegetacion en areas de rodaje y/o
estacionamiento, (grass rings, geo blocks,
grasscrete, otros)
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Estrategias de Diseno

Para reducir emisiones nocturnas de paredes
claras, se recomienda el uso de bermas
vegetativas apilables contra las partes bajas

de las paredes.

Limitar el desarrollo de estructuras en areas
expuestas y sin proteccion hacia la recursos
naturales como bahias bioluminiscentes o

areas de anidar de tortugas.
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Niveles de lluminacion

Recommended Lighting Levels for Exterior Lighting

The lluminating Engineering Society of North America, (IESNA, or IES) in its current |ES publications provides recommended illumination levels for outdoor lighting. We summanze
some of these recommendations below.

It is important to note that these values are recommendations, not standards. Standards are set at the federal, state, county, or community level.

We give below a summary of the lighting illuminance levels in foot-candles, as that is the most common unit used in the United States. However, lux is the preferred international unit,
and the |ES does officially recommend its use in the United States. A level of ten lux is about one foot-candle (10.76 Ix = 1 fc, exactly).

Roadway lighting
Average Maintained

Road Type Hluminance (fc) Uniformity (Avg/Min)
Freeway Class A 06-08 3/1
Freeway Class B 04-06 3/1
Expressway 06-13 3/1
Major road 06-16 3/1
Collector road 04-11 4/1
Local road 0.3-08 6/1
Parking lots

Horizontal llluminance (fc) Uniformity
Level of activity Avg Min (Avg/Min)
Community shopping centers, Cultural, 24 0.6 4/1

Civic, Recreational Events, Office Parking,
Airports, Commuter Lots, Residential
Complex Parking, Hospital Parking etc.

Neighborhood Shopping, Industrial 0.8 0.2 4/1
Employee Parking,
Educational Facilities etc.
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Niveles de lluminacion

Light Levels at Initial Installation*

Minimum Maximum Maximum | Minimum
horizontal Uniformity average vertical
luminance Ratio (max. | luminance | luminance
to min.)
Paths, plazas, 0.1 foot- 20:1 0.5 foot- 0.1 foot-
walkways** candle candle candle
Bicycle 0.2 foot- 20:1 0.5 foot- 0.1 foot-
parking areas candle candle candle
Commercial 0.5 foot- 10:1 2 foot- 0.2 foot-
parking areas candle candles candle
Industrial, 0.2 foot- 10:1 1 foot- 0.1 foot-
office parking candle candle candle
areas
Residential 0.1 food- 20:1 0.5 foot- NA
parking areas candle candle
Parking areas- 0.1 foot- 20.1 0.5 foot- NA
schools candle candle

Notes:

h
* Lighting criteria is adopted from the IESNA, 8L Edition, and Lighting

Handbook.

** Excludes recreational trails and paths that are not typically used at night.
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Fotometro, Luxometro
(Lightmeter, Photometer, Foot Candle Meter, Lux Meter)

—y
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Fotometro, Luxometro

(Lightmeter, Photometer, Foot Candle Meter, Lux Meter)

DIGITAL LIGHT METER

POWER LUX/FC
PEAK HOLD

" - RANGI ]

| FC_ N LUX
(20,000 Q200 009
[ 2,000 20000/
[ 200 N 2.000 )
(| GEL &ECD

LX13308B
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Fotometro, Luxdmetro
(Megaman. Software digital para iPad)

45.2 16 ;
A LuxMeter a (7
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B o] |‘rum|naC|on |deal sera emmda de N

=+ _aduella Iampara que me ofrezca

1 el nlvel de- |Ium|naC|on aproplado
(FC)con. e ; 5

. " la_mayor cantldad de Iumens/watt

: que | | -
,3 tenga Ja V|da utll mas Iarga (Hrs)

4. enwuna luminaria tlpo “Full Cut Off”

- que me ofrezea una::

5.. buena reproduccion de color,

6. que no le’ haga dafio al amblente y

7.. encendida solo cuando sea

necesario.
..para ver las estrellas como |a

vieron los Tainos

©2013 por Fernando Abruia




.~ ..Fin‘de esta presentacion . . -

'._;.Dr Fernando Abruna FAIA
> -Abruna & I\/Iusgrave Arqwtectos
107 San Sebastlan San Juan 00901

. T: 787.724.0987

F: -787.724.0789 %

E:. abrrumus@gmail.com
W: abrunaandmusgrave.com
W: usgbccaribbean.org
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