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Today’s Presentation Goals

e Provide overview of concepts and principals
in new TAC Roadway Lighting Design Guide

e Review new design concepts and principals

e (Give opinion of new technologies and
products

e Respond to issues and questions




Todays Agenda

8:15AM to 8:30AM - Value of Lighting
8:30AM to 9:30AM - Vision Fundamentals and Concepts
9:30AM to 9:45AM - Obtrusive Light (discuss issues and IESNA “LCS" system)

10:00AM to 10:15AM - Design Process Overview

10:15AM to 11:00AM - System Components (types of lighting, luminaires, lamp , ballasts, LED's, high-mast,
pole placement (clear zone), etc)

11:00AM to 11:30AM - New concepts (adaptive lighting, LED's, induction lighting, etc)
11:30AM to noon - General discussions and questions

1:00PM to 1:30PM - Calculation Examples
1:30PM to 2:00PM - Roadways and Vertical [llumination

2:15PM to 2:30PM - Roadways
2:30PM to 3:30PM - Other Lighting Applications (roundabouts, mid block crosswalks, rail crossings, tunnels, etc)
3:30PM to 4:00PM - General discussion and questions




Reference

Transportation Association of Canada Roadway
Lighting Design Guide

[llumination Engineering Society of North America
(IESNA)

AASHTO Roadway Lighting Design Guide (new)
International Dark Sky (IDA)

Canadian Electrical Code (Part I and Part II)
International Commission on Illumination (CIE)

International Municipal Signal Association (IMSA) —
Roadway Lighting Level 2 Study Guide
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TAC Background

Original Roadway Lighting Design Guide published in
1983. New Guide published in 2006. In preparing the
current guide we:

e Undertook a review of standards and research from around the
world

e Obtained standards from Canadian governments

e Reviewed practices of the International Commission on
[llumination (CIE Europe), [lluminating Engineering
Society (IES), AASHTO, FHWA, CSA, Institute of Lighting
Engineers (England)

e Consulted members of the IES Roadway Lighting Committee

e Reviewed new technologies and concepts (ie; LED’s, adaptive
lighting, solar, etc)

e Developed and refined new lighting applications (ie;

roundabouts, mid-block crosswalks, etc) Q
MB,)




Value of
Lighting




Why Light

Reduces glare effects from oncoming vehicle
headlamps

Improves visibility for drivers
Improves visibility for pedestrians and cyclists

Provides a level of comfort and feeling of
security




Value and Benetfits of Lighting

e 20 year FHWA study showed lighting had the
highest $ benefit for each $ spent

e Studies show lighting reduces collisions up to
40%

e Studies show lighting reduces pedestrian
fatalities 45% to 80%




Death Statistics in US

Infants
Under 1

MV Traffic
Crashes
139

Toddlers
13

MV Traffic
Crashes
421

Top 10 Leading Causes of Death in the United States for 2001, by
Age Group®

Young
Children
4-7
MV Traffic
Crashes
533
Malignant
Neoplasms
400
Exposure to
Smoke/Fire
178

Congenital
Anomalies
168
Accidental
Drowning
164

Homicide

133
Heart

Disease
82

MV NonTraffic

Crashes
51
Benign
Neoplasms
46

Septicemia

33 102
2,703 6,672

Children
8-15
MV Traffic
Crashes
1,546
Malignant
Neoplasms

829
Suicide
447
Homicide
391

Congenital
Anomalies
324
Accidental
Drowning
293
Heart
Disease
273
Exposure to
Smoke/Fire
140
MV NonTraffic
Crashes
125
Chr. Lwr.
Resp. Dis.

Cause and Number of Deaths

Youth
16-20
MV Traffic
Crashes
5,979

Suicide

1,879
Malignant
Neoplasms
814
Accidental
Poisoning
566
Heart
Disease
398
Accidental
Drowning
326
Congenital
Anomalies
244
Accidental
Falls
114

Acc. Dischg.

Of Firearms
114

15,851

MV Traffic
Crashes
4,136

Homicide

2,738

Suicide

1,924
Accidental
Poisoning
771
Malignant
Neoplasms
768
Heart
Disease
543
Accidental
Drowning
211
Congenital
Anomalies
206

Accidental
Falls
134

14,940

Other Adults

25-34 35-44
MV Traffic
Crashes

6,759

Homicide

5,204
MV Traffic
Crashes
6,891

Suicide

5,070
Malignant
Neoplasms
3,994
Heart
Disease
3,160
Accidental
Poisoning
2,507

\"2
2,101
Stroke
601
Diabetes
595

Congenital
Anomalies
458

41,683

45-64

MV Traffic
Crashes
8,750

When ranked by specific ages, motor vehicle crashes are the leading cause of death for age 2 and every age 4 through 33.

NCSIA

National Center for Statistics and Analysis

Elderly
65+

All Ages

MV Traffic
Crashes
506(1,700,952)

MV Traffic
Crashes
42,443




Public Expectations for Roadway
Lighting

e Aid in police protection & enhanced sense of
personal security

e Facilitate traffic flow

e Promote use of business & public facilities

during the night hours




Issues

Avoid over-design — Too much light can reduce visibility
Luminaire efficiency (UPD) — Choose efficient luminaires
Adaptive controls — Vary lighting levels during off peak periods

Spill light, glare and sky-glow
Growing concern leading to local ordinances (bylaws)

Gaining use in US
Can restrict lighting in specific scenarios
Some good and some bad




Warrants

“Warrants indicate probable need, but should
not be interpreted as an absolute indication of
whether lighting should or should not be
required. The need for lighting on any
transportation facility should be determined
under the direction of a qualified professional
engineer knowledgeable in roadway lighting.”

Warrant system in TAC is dated
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Human Factors

Our vision is reduced in hours of darkness —
Daytime vision of 20/20 can be reduced to
20/40 at night.

As we get older contrast sensitivity is reduced.

As we age our visibility is reduced — As we get
older less light penetrates the eye.

Older drivers are more susceptible to glare
Glaucoma can reduce peripheral vision.
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Human Factors — We are all getting
older

Fig 3 Yellowing and transparency of the Human Lens from b montn f4) to
8 years (B) 12 years (C) 25 years (D), 47 years (E) 80 years (F)
70 years ((3). 82 years (H) and 51 years (1) of age




Human Factors

Melatonin Regulation

e Our bodies produce melatonin in darkness

e Research shows spill light can impact our
bodies ability to produce melatonin.

e Melatonin suppression has been linked to
many diseases including Cancer
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Alternatives to lighting

In applications where pedestrians and cyclists
are not present:

Retro-reflective markings can improve
visibility over traditional paint and glass

beads

Raised pavement markings (RPM’s) can
improve visibility

Reflectors can reduce conflicts with wildlife

Retro-reflective sign sheeting products can
mitigate the need for sign lighting
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Alternatives to lighting
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Design Concepts - Light

High Frequency Low Frequency

I JYV

Vacuum UV Microwave
Short Wavelength / Teatisifisslione Long Wavelength
Hard Soft Radar

Cosmic Gamma Ultra
MW
Electromagnetic Spectrum

-
-
-

-

T Wavelength
(in nanometers or 10 "meter)

380 400 600 780
Violet Blue Green Yellow Red

Visible Light




Design Concepts - Light
IBA‘IIIIH

(Scotopic)

=
(=]
c
i
2
=
L
w
=
o
=
E
=3
—l
©
b
—
[&]
[ob]
o
w
<]
=
—
©
<]
oc

380 420 460 500 540 580 620 660 700 740 780
]

Wavelength in nanometers




Basic Principals of Vision — The Eye

Key Elements include the Pupil and Retina

Ciliary Muscle

Sclera
Choroid
Retina

Blind Spot




Basic Principals of Vision

Rods and Cones

e (Cones - are sensitive to color and operate at high light levels
e Rods - are insensitive to color and operate at low light levels

Adaptation - It is the process in the Retina
where the eye adapts to varying brightness

Photopic Vision - High light levels using cones
Mesopic Vision - Intermediate level using rods and cones
Scopotic Vision — Low light levels on using rods

Accommodation - It is the process in the
Retina and Lens which allows the eye to
focus




Principals of Vision

Cones Rods Both Cones and Rods Functioning
“Day” Vision “Night” Vision “Dim Light” Vision

Photopic Vision Scotopic Vision Mesopic Vision

Operating Range: Operating Range: Operating Range:
=3.4 cd/m? to =3.4 x 106 cd/mZ? to =.034 cd/m? to
+100,000 cd/m? .034 cd/m? 3.4 cd/m?

Very Good Visual Acuity Very Poor Visual Acuity Diminished Visual Acuity

‘Color Vision No Color — B & W Only Driving a Vehicle at Night
Light Adaptation Dark Adaptation

Maximum Concentration Maximum Concentration at
in the Fovea the Edge of the Macula

Number Decreases in Periphery No Rods in the Fovea

Table 2.1. Characteristics of Cones
and Rods. There are several terms relating to vision that will now be discussed.




Photometric Measurements

Laboratory Measurements

Define luminous characteristics and performance of
luminaires

Typically undertaken with goniophotometer
Undertaken in accordance with IESNA LM-63

Supplier typically have third party do testing and produce
photometric reports

Field Measurements

Undertaken to verify design and field performance

Rarely undertaken

Undertaken in accordance with IESNA LM-50

Luminance require light meter (typically around $500.00)
Luminance requires special meter (typically around $4K)
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Photometric Measurements

!

Swing Arm o ) Mirror Rotation
Luminaire Rotation

Photodetector

Swing Arm




Key Units and Terms (Round 1)

Lumens — Total amount of luminous flux emitted
from the lamp

Intensity (Candlepower) - Concentration of light at
given angle measured in candelas (cd).

Luminance (E) — Density of luminous flux on the
surface (lux). If you had a half/white and black
surface the luminance would the same even
though one half would appear brighter.

Luminance (L) — Is a measure of light reflected from a
the road surface (cd/m2). True indicator of
visibility.

Key concept: What we see is reflected light
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Key Units and Terms

l/— Raflector

Lumens

~_\\ I/,
——=— LamP  ___|ntensity (or Candlepower)

e

TTY

¥yYYvw®Y

Candelas {cd)
Lumens per metre? (lux)
Lumens per sqaure-foot (fc)

Figure 2-7 — Understanding Lighting Terminology




Luminance Design Method
Direction of View - 1 degree angle (a)
Distance - 33.07m

Height — 1.45m

=
—=
il
w
m
E=]
=
=]
=
=
-
o
E
=
&
=
=
=
@
]
=]
=
e
=
=]
o
&=
=
=5
m
i
[T}

ure 2-22 — Luminance Calculation Geomelry




Spectral Effects

Geotopic Vision Mezopic Vision Phatopic Vizion
| Starlight, Rod Vision) |Daytime, Cone Vizionl
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Photometric Test Reports

Typically include:

e Intensity (table and polar plot)
e Cut-off classifications

e [solux Diagrams

e Utilization Factors

IESNA photometric files contain all of the
above information.

@D




Photometric Test Reports

"m LIZMTINE - Lithonia Testing Laboratories

N <AcyityBrands. COMPANY P.0.BOX A, CONYERS, GA 300133912
www.lithonla_com E-mall lIthonkai@ithenla com

PRINT CATE-October 7, 2005 TEST NO- AEFIIEIES
MANUFACTURER:AMERICAN ELECTRIC LIGHTING

LUMIMAIRE CATALCG NO.. GRE 135 R3 RD PY

LUMIMAIRE DESCRIFTIONPREMIUM ROADWAY REFLECTOR 30OCKET POSITION H-4

LAM®2 DESCRIRTION: T0-150 WATT HPS

LUMENS PER LAMP: 16000

ZONAL LUMEH SUMMARY
MAXIMUM PLANE AND CONE PLOTS Zone Lumens % Lamp
Maximum Cangela = 2351 Downward Street Sige €051.6
Downward House Side 30210
Downward Total 90726
Upward Street Side 1282
Upward House Side 822
Upward Tazal 2704
Total 52530

COEFFICIENTS OF UTILIZATION

Max - 5" Horlz
Max - 72.5" Ver
ISOILLUMINANCE PLOT (FC)

Mounting Helght = 20 1.
ClassMcation: Type 1. Madium, Cutaft

2 3 4 §
1 Width In Unis of Mounting Heignt

Strest Side

s Rl ]

Distance in Units of Mounfing Height

W Maximum Intensity
— — — 12 Maximum Iniznslty
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Distance In Units of Mouriing Helght

A L rrrONLA LIGMTING - Lithonia Testing Laboratories

AN ssAcpitySrands. COMPANY P.0. BOX &, CONYERS. G& 30013-3312
www Iithonia_co E-mall liinonta@ithoniacom

SRINT ZATE: October 7, 2005 TEST KO- AEXISEIES
MAKUFACTURER:AMERICAN ELECTRIC LIGHTING

LUMIMAIRE CATALCS MO GRS 158 R3 RD PY

LUMIMAIRE DESCRIPTION: PREMIUM ROADWAY REFLECTOR 3OCKET POSITION H-4

LAMP DESCRIPTICN: 70-150 WATT HP&

LUMEMNS PER LAMP: 16000

CANDELA DISTRIEUTION
o g 15

1891 1891 1391
2232 2400 2436
2538 2582 2671
16244 1829 1567
2408 2446 2360
2211 2496 2060
2047 2160 2128
TE8 T45 886
368 I 512
282 2M 433
&5 69 ar
] g2 72
3 23 23
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E E
2 29
10

BuomanEem
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CANDELA DISTRIEUTION
0 25 105
1891 1891 1391
1336 1912 1382
383 37T 405
1796 1802 1372
2073 196 1336
2713 2080 17ES
2108 2112 1788
2026 1958 1767
&73 3T 258
40 3 212
188 138

185 ar

56

a2

2

This report s based on I3 procedures. VoRage and malnienancs, as well 35 lamp and ballast charactenisiics, atzct field Page 2of2

his repart ks based on 1ES procedures. Wolage and malntenance, a5 well as lamp and balast characieristics. aTect izl Pags 1012 perfommance. Test distance exceads fve ime e maxmum dmensin of (e luminaus opening.

perlormance. Test distance excesds fwe Imes e maxmum dimension of e luminous opening.




Photometric Test Reports (CU)

COEFFICIENTS OF UTILIZATION
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Strest Width in Units of Mounting Height




Photometric Test Reports (Plane
/Cone)

MAXIMUM PLAME AND COMNE PLOTS
Maximum Candela = 9951

Plane and Cone Diagram

Vertical and Horizontal cross
section through point of
maximum intensity

Max - 65° Horiz
Max - 72.5° Verl




Photometric Test Reports (Iso
illuminance)

ISOILLUMIMANCE PLOT [FC)
Mounting Height = 20 fi.
Mounting Height =20 Ft Classification: Type lll, Medium, Cutoff

(each square = 1 mounting \'l...
height) R
'\'\1IIII

Mounting Height
Multipliers

10 ft = 4x
20 ft = 1x
30 ft = 0.44x
40 ft = 0.25x

-
i
=
o
T
L=
£
B
=
=3
3]
=
B .
u
=
=
o
E .
8
[ =
=
]
(]

x Maximurm Intensity
= = = A2 Maximum Intensity




Visibility - Glare

Bright sources of light in the visual field are called glare.

Due to the human physiology glare causes light to be scattered in
the eye, resulting in a phenomenon known as “veiling
luminance.” This results in a visual haze within the eye, reducing
vision.

We have all experienced veiling luminance when bright oncoming
headlights significantly reduce one's vision. By blocking the bright

source from the visual field with one's hand, the haze associated
with veiling luminance is reduced, partially restoring vision.

Brightly lighted areas or high wattage luminaires may actually
reduce vision rather than enhance it by increasing glare.

Glare can be reduced through the use of proper luminaire
mounting heights and luminaire optics.
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Visibility — What is it?

It is the quality or the state of just being visible
to the eye.

For outdoor applications, visibility is defined as the
distance at which something can just be perceived by the
€Yye€. Ref - IESNA Handbook Volume 9, 2000

Visibility is related to the contrast of the object to its
background. There is a threshold contrast at which the
eye can just perceive an object. This threshold contrast
depends on the size of the object, the viewing time,
contrast polarity, and the background luminance.
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Visibility — Object Visibility




Visibility Concept - Glare

Three classifications of glare are:

Disability Glare - The presence of an amount
of glare so significant as to prevent adequate
vision. The presence of disability glare means
that other objects in one’s field of vision are
obscured.

Discomfort Glare - The presence of a
sufficient amount of glare to cause
discomfort. While the individual may
experience a sense of discomfort, this level of
glare does not obscure ones vision.

Nuisance Glare - The presence of a sufficient
amount of glare as to be bothersome but does

not prevent vision or lead to discomfort. }
Quo




Visibility Concept - Glare




Key Units and Terms (Round 2)

Veiling Luminance (disability glare) — A ratio maximum
veiling luminance to the average pavement luminance.

e Typical VL ratios are 0.3:1 or 0.4:1 (Lvmax to Lavg).
e Luminance superimposed on retinal image which

reduces its contrast.

e Veiling effect produced by bright sources in the
visual field which reduce visibility.




Visibility - Contrast

We need contrast to see objects

e Negative / Positive - Prefer positive
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Visibility - Rendering Examples




Key Units and Terms (Round 3)

Uniformity (E) — Evenness of lighting in
defined area. Expressed as a ratio of the
average or maximum calculated
point(s) to lowest calculated point
within a defined area. Typical ratios
would be:

e 3:1 to 6:1 (Eavg to Emin)
e 6:1 to 10:1 (Emax to Emin)




Uniformity




Luminaire Cutoff

The amount of glare is influenced by
the intensity (cd) emitted at various
angles.

Luminaire cut-off classifications have
been developed to aid in luminaire
selection.

Classifications based on % of rated lamp
lumens at various angles.
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Luminaire Cutoff

0% 80" 5%
= i % A == — 3%

Mo Limit Mo Limit

25%
— 0% 80" —

Mo Limd




Luminaire Cutoff

The amount of glare is influenced by
the intensity (cd) emitted at various
angles.

Luminaire cut-off classifications have
been developed to aid in luminaire
selection.

Classifications based on % of rated lamp
lumens at various angles.
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Luminaire Distribution
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Light Loss Factor (LLF)

LLF is a factor applied to lighting design to
compensate for depreciations over time:

Based on:

e Lamp Lumen Depreciation (LLD)

e Luminaire Dirt Depreciation (LDD)

o Equipment Factor (EF) — Fixed number

Important Consideration: Light loss factor
should be based on end of lamp life at re-
lamp not mean lumen value.
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Light Loss Factor (LDD)

——— 90 Percent (Use 0.90 LDD)
/" 89Percent (Use 0.89 LDD)

_——— 88 Percent (Use 0.88 LDD)
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Light Loss Factor (LDD)
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5-Year Maitnenance Cycle”®
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Luminaire Cutofft Calculations

Maintenance Cycle LLF Calculation:
= 0.9 (LLD) x 0.9 (LDD) x 0.95 (EF)

Maintenance Cycle LLF Calculation:
= 0.84 (LLD) x 0.89 (LDD) x 0.95 (EF)

Maintenance Cycle Calculation, or
Maintenance by Spot Re-lamping LLF Calculation:

- 0.78 (LLD) x 0.88 (LDD) x 0.95 (EF)




Obtrusive Light




Obtrusive Light (Light Trespass)

Obtrusive Light — Lighting outside the area
which it was intended which may be
obtrusive/annoying.

Issues

e Public are less tolerant of over bright lighting

e Lighting can impact humans, plants and animals

e [nternational Dark Sky (IDA) bringing issues to focus

e Lighting bylaws (ordinances) limiting lighting
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Spill Light, Skyglow and Glare

Spill Light

Sky Glow (Light Pollution}
(Visual Haze Caused from Uplight Reflected off
Particulates Suspended in the Atmosphere)

Urban Sky glow

Glare
e Disability

Spill Light

e Discomfort

e Nuisance

For more info
www.darksky.org




Spill Light levels

Designation

Recommended Maximum
llluminance Level (Ee)

Pre-Curfew Post-Curfew
(Not Applicable to Roadway Lighting)

1.0 lux 0.0 lux

3.0 lux 1.0 lux

15.0 lux 6.0 lux




Spill Light

e FEasy to calculate and measure.

e Based on 4 lighting zones with varying ambient
levels (LZ-1 Park, LZ-2 Rural, LZ-3 Sub-urban and
LZ-4 Commercial).

Lighting Zones based on CIE (definitions being re-
defined by IESNA RP-33).

Levels based on research project where humans
were subjected to varying levels of light with
various levels of ambient light. Results defines in
[ESNA TM-11.
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Glare

Often most major issue as intense sources can cause nuisance
glare at distance off site. Their may be no spill light however
their may be nuisance glare

If source intense can be reduce when viewed off site then
impacts can be mitigated.

CIE 150 has developed method to measure sources

Technical | Application Conditions Environmental Zones
Parameter |_E1 | E2 | E3 | FE4 |

Luminous .
emitted by .
luminaires (i Post-curfew hours: mm 1000cd | 2500cd

Light Envlronmtal Zun
Technical Application Conditions

e e —




Glare (Examples)

e Not all luminaire are created equal — This image show how
luminaire of the same wattage can have different intensity
when viewed off site.
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Glare

Until recently no devices were available to field measure candlepower
at the luminaire. A device has now been developed to measure
illuminance and fixture intensity (candlepower).

The NightMeter™ system is a portable integrated group of meters and
accessories to measure outdoor lighting quantities that are related to
light trespass. The system is suitable for determining spill light, eye
illuminance, horizontal and vertical illuminance, and the intensity of

each fixture.




How to Lesson Impacts

e Select luminaires with cut-off or even
better full cut-off optics

e Calculate and try to meet required
spill light levels at residences

e Assess luminaire source intensity
e Avoid over-lighting

e Consider new concept such as
dimming in off peak periods




Caution - Important Considerations

Because roadway lighting is a for the
public, designers must always

for roadway facilities. The reduction or
elimination of obtrusive light take precedence over
proper illumination for transportation facilities as traffic
sdfety is of paramount importance.

In some cases the control of obtrusive light and the intent of
roadway lighting may be in conflict. llluminating the area
adjacent to roadway travel lanes (typically within or adjacent
to the road allowance) for instance, can benefit a driver's
peripheral vision and improve overall roadway user safety by
providing visibility of crossroads, driveways and sidewalks.
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Design Process




Basic Lighting Design Process

Step 1 — Warrant Analysis

Based on a point-score analysis, full intersection
lighting will be required.

Step 2 — Define Variables

e Luminance of [lluminance

e Road Type

e Pedestrian Activity

e Pavement type

e Crosswalks - Vertical illuminance levels required

Step 3 — Selecting Criteria (from table)
Step 4 — Equipment Selection

Step S — Undertake Computer Calculations
Step 6 — Adjust and Recalculate
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Warrant Analysis (Step 1)

Many jurisdictions will have specific
requirements as to when lighting is
required. Warrants are not required.

Roadways/Intersections

e Based on a number of factors which
points are assigned to geometric,

operational, environmental and
collision factors




Warrant Analysis

Roundabouts, tunnels, mid block x-
walks should always be lighted.

Other applications such as parking lots,
weigh scales, walkways, etc have less
specific criteria




Define Variables (Step 2)

Luminance or Illuminance

Road Type (Local, Collector, Arterial, Expressway, Freeway)
Pedestrian Activity — High, Med, Low)

Pavement type (R1, R2, R3 or R4)

Crosswalks - Vertical illuminance levels required

Pole offsets (see diagram)




Define Variables (Step 2)

LUMIMNAIRE FOLE
f | (TYPICAL

| |
ERERIEERAR

O B | | %e
OPPOSITE LIGHTING

| MUST MEET CLEAR
ZONE REQUIREMENTS
*

|
|
|

fid

| #¥repe |
STAGGERED LIGHTING MEDIAN LIGHTING

o




Step 3 — Selecting Criteria (Roadways)




N N | O D
9 a Odd
Road Pedestrian = natio natic
Type Activity i
Freeway =06 =35 =60 =03
Partial Lighting
of Interchange =06 =35 =60 =03
On-Ramps/
Off-Ramps
High =10 =30 =50 =03
Expressway- Medium =08 =30 = 50 =03
Highway
Low =06 =35 =60 =03
High =12 =30 =50 =03
Arterial Medium =09 =30 = 50 =03
Low =06 =3h =60 =03
High =08 =30 =50 =04
Collector Medium =06 =35 =60 =04
Low =04 =40 =380 =04
High =06 =60 =100 =04
Local/Alleyway Medium =05 =60 = 100 =04
Low =03 =60 =100 =04



Selecting Criteria (Intersections)

Average Maintained llluminance at Average-
Pavement by Pedestrian Conflict (lux) to-Minimum

Unif
Roadway Classification High | Medium | n;a::::lty

Arteial Arteia
Arterial/Collestor

Arterial/Local
Expressway-Highway/Arterial

ey igwaylocl | 20 | 80 | 10 | =50
— Colowttoleoor | w0 | e | w0 | =
oo |20 | 60 | w0 | =e0

QD)




Selecting Criteria (Sidewalks)

Maintained Average-to Minimum
Average - Minimum Maintained
Horizontal Horizontal Vertical
llluminance (lux) | Uniformity Ratio | Illluminance (lux)

Pedestrian
Activity

High




Equipment Selection (Step 4)

Variables

e Luminaire photometrics

e Wattage

e Lamp type and light source
e Pole height and arm length




Equipment Selection

Review

Architectural requirements — Projects often have
specific architectural requirements requiring a
specific pole and fixture style

Local standards — Often jurisdictions will have
specific pole and luminaire standards which
should be considered for standardization
Existing equipment — If tying into an existing
system then one should confirm what exists




Equipment Selection

Review

Site conditions which can impact equipment:

Overhead power lines can impact mounting
heights

Proximity to an airport

Proximity to astronomical facilities

Clear zone requirements

Environmental Sensitivity

Trees and other devices which can block light




Equipment Selection

Hundreds of luminaire types and styles
exist. Information available from
manufactures.

Poles varying in height and arm length.
Consult pole suppliers.

Consider:

e Life cycle cost over capital cost (cheaper is not better)
e Durability

e Aesthetics

* Maintenance

e Obtrusive impacts




Equipment Selection Keys

Avoid sole sourcing. Define multiple
products.

If sole sourcing fix pricing (assign in
specs).
Avoid custom products

Test new products and technology prior
to large deployment

Is product supported by manufacturer?
Will they stand behind it?




Undertake Computer Calculations
(Steps 5 and 6)

Computer software allows one to input

variables and adjust pole height, wattages
and photometric files. Obtain photometric
from suppliers web sites (must be in IES
format)

One can optimize via trial and adjust
process.

@D




Other Design Considerations

e Availability of power
* Soils conditions
e Underground utility conflicts




Typical Urban Cross Section

200

VARIES

—— 2.0
HYDRANT

fn— 2 1
STREET

UGW

e T T T I T T X1 I KT KT KT AT BT BT B0 e
AR A H IS PN A A AN AN N e

2.6-3.4
ELECTRICAL '
CORRIDOR

as L 50mm HOT-MIX ASPHALT O
WATER MAIN

75mm 20mm MINUS CRUSHED GRAVEL
~ COMPACTED TO 95% MODIFIED PROCTOR O

3.0 =———a

STORM DRAIN

230mm 75mm MINUS PIT-RUN GRAVEL COMPACTED
— TO 95% MODIFIED PROCTOR DENSITY

| 4.0
" SANITARY SEWER




Clear Zone

The clear zone is defined as the roadside border
area adjacent to the roadway to be kept clear of
fixed objects, which may be traversed by errant
vehicles. Determining the clear zone is a
complex task. It is a function of design speed,

traffic volumes, the presence of fill and cut
slopes, the steepness of the slopes and the
horizontal curvature of the road.

Ref TAC Geometric Design Guide




Lighting
Components




Overview

e Light Sources
e Lamps

e Ballasts

e [ uminaires

e Poles

e Highmast

e Electrical




Light Source Comparison

Lamp Type

Efficacy

(lumens per

watt)

% Lamp
Lumen
Depreciation
at End of Life

Average
Lamp Life
(Hours)

Color
Rendering
Index

Fluorescent

30-70

0.9

7K -12K

80

Mercury
Vapor

30 - 65

0.54

24K +

Metal Halide

75-125

0.50

/K to 30K

High Pressure
Sodium

45 - 150

0.73

24K +

Low Pressure
Sodium

145 - 185

(Poor
Utilization)

1.0

(LU
Increase)

10K -18K

E-Lamps
(induction)

75

.70

S50K-100K
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Lamps:
Hiﬁh Intensity Discharge (HID)- High Pressure
S0

ium and Metal Halide most common types

Available in various light sources shapes, sizes,
bases and operating positions.

Luminaire and ballast specific.

Have different color, lumen output, levels of
depreciation and mortality.

Information available from suppliers.

In most cases luminaire and lamp suppliers are
separate companies. Information is often
misleading.




Lamp Terms (CCT)

The Correlated Color Temperature Scale
The coiar appearance of various ligh! sources can be definec In 1eems
of color temperature, maasured in "degrees” kel [K),
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Lamp Terms (CRI)

e The CRI describes how well an object’s
colors are rendered by a source.

* The color chips are examined under
daylight and under the source. The less
color shift, the higher the CRI (0-100).

e The higher the CRI the better the color
rendition




HID Lamp Types (ref IMSA)

Metal Halide Lamps
TOW and 150W




Lamp Operating Positions

Universal is misleading term.

Most lamp testing based on vertical base up. Factors
often need to be applied. Read fine print and
footnotes on lamp supplier sheets.

+15° . 15°
/rf\ o 15 _
+ 15° -15°

-15° +1%°

Universal Base Up Base Down Vertical
to Horizontal to Horizontal BU-BD




Typical HID Lamp

HID Lamp Technology
Glass Bulb

Quartz
Arc Tube

Tungsten
Electrode

Arc Stream

Tungsten
Electrode




HID Light Sources

A number of light sources and lamp types
can be used for roadway lighting. Currently
the most common type is high pressure

sodium. Growing in popularity it metal
halide

Key Issue:

The American National Standards Institute
(ANSI) lists a specific code on the lamp so
one can select the correct ballast to operate
the lamp. One can’t simply use any lamp in
any luminaire. The ANSI lamp code must
match that of the ballast.

@D




High Pressure Sodium (yellowish
glow)

e High Efficacy

e Long life

e Poor color rendering
e L.ow cost

e Environmentally friendly (low
mercury)




High Pressure Sodium

LUMALUX® High Pressure Sodium

EENEE

g
R
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Metal Halide

e Good color rendition

e Lamp life varies (getting closer to
HPS)

e Lumen depreciation can be an issue

with probe start
e High cost




Metal Halide
METALARC® Metal Halide

.-F
=
[T ]
]
-
L
L
Ll
o
b=
uy

1
il
= |
| 5.1




HPS Metal Halide
High Pressure Sodium Metal Halide

Object Detection Visual Clarity




Metal Halide vs HPS

e Recent research by Dr. Werner Adrian (University
of Waterloo) show that HPS reflects of pavement
approx 21% to 25% better than MH

Other research show MH to more effective with
respect to ones peripheral vision. Recent research
by Dr Ian Lewin show improvements in reaction
time with metal halide

The debate lives on




Additional Consideration - Lumen
Depreciation Comparison

Typical High Pressure Sodium:

e 10% at 3 years
e 16% at 4 years
o 22% at S years

Typical Pulse Start Metal Halide

e 20% at 1 years
e 30% at 2 years
e 35% at 3 years

Typical Probe Start Metal Halide

e 40% at 1 years
o 53% at 2 years




Ballast Components

The purpose of the ballast is to provide
the proper starting and operating
voltage and current to initiate and
sustain the arc discharge between the
electrodes of the lamp.

Common Types are:

e Reactor and High Reactance
e CWA / CWI
* Mag-Reg

Most luminaires require a starter and

capacitor @




Ballast Terminology

— Line voltage variation is the variance in
which the ballast can operate to meet lamp manufacturer’s
specifications. Starting problems can occur when the line voltage drops
below the defined limits.

— Ballast losses represent the power consumed by the
ballast to operate the lamp. Line input watts minus lamp watts equal
ballast losses. For example a 100W HPS reactor ballast would have an
input wattage of 118W minus the lamp wattage would equal a loss of
18W, whereas, a CWI ballast of the same wattage would have an input
wattage of 132W; therefore, its losses would be 32W.

— PF is a measure of the relationship between the
alternating current source voltage and the actual current. PF
determines the amount of current required by the ballast. High PF
ballasts require less AC current to provide optimum lighting when
compared to the equivalent normal PF ballast. High PF ballasts will
operate at 90% or better. Use of ballasts with a power factor below 90%
should be avoided as utility companies may apply a premium where
the PF is below 90 percent.

— The ability of the ballast to operate the lamp
during voltage drops.

— Voltage fluctuations will impact lamp

wattage and light output. As lamp voltage is reduced so is the lamp
wattage. @




Ballast Comparisons

Reactor/High
Reactance
Autotransformer

Constant Wattage
Autotransformer/
Constant Wattage
Isolated

Line Voltage
Variation

+/- 5%

+/- 10%

+/- 10%

Ballast
Losses

20% to 50% less
than Meg-Reg

10% to 40% less
than Meg-Reg

Power
Factor

55% (Normal) 90%
(High)

90% +

90% +

Voltage Dip
Tolerance

15% to 7%

50% to 10%

55% to 25%

Lamp
Wattage
Regulation

2.5% change in
wattage for every
1% change in line
voltage

1.5% change in
wattage for every
1% change in line
voltage

0.8% change
in wattage for
every 1%
change in line
voltage

Based on GE Catalog




Ballast Components

The purpose of the ballast is to provide
the proper starting and operating
voltage and current to initiate and
sustain the arc discharge between the
electrodes of the lamp.

Common Types are:

® Reactor

e CWA

o CWI

* Mag-Reg

Most luminaires require a starter and
capacitor

@D




Magnetic Ballast Components

Capacitor

Ballast




Electronic Ballasts

eEmerging technology — Prominent with low wattage
MH source used in buildings

eImprove efficiency over traditional magnetic

eCan vary lighting via dimming

eCan improve color and lamp life




Luminaires

House ballast components (ballast, starter
and capacitor), reflector, lens (drop, sag or
flat), lamp socket, housing

Optical system have Ingress Protection (IP)
rating:

e [P 64 — dust and splash water proof

e [P 65 — Dust and water jet

First digit “foreign bodies” second digit “water”




Luminaires - Issues

e Attachment must be reviewed. Needs
leveling system.

e Wattage light source label

e Ballast components should have quick
disconnect feature

e Where photocell is required it shall be
specified. Receptacle for photocell factory
mounted

@D




Luminaires




Luminaires

Segmented Reflector Formed Reflector




Luminaires




Poles

Style
e Davit
® Post top

e Highmast
e Ballard

Material

e Steel (Galvanized, painted, coated)
e Concrete

e Aluminum

e Wood

e Fiberglass

Mounting

e Foundation (concrete, screw in type)
e Direct bury




Round Tapered External Round Tapered Fatigue Resistant Round Tapered
Paoles with and Internal Mon-Tapered Foles square Mon-Tapered Low Level
Luminaire Armns Hinged Foles Poles Poles Lighting Poles







Highmast




Electrical a_nd Controls

UTILITY

TRﬁNSFORI\ﬂER
PHOTO CONTROL
| O,
L 2

LUMINAIRE

CONDUIT & WIRING

SYSTEM WITH SINGLE PHOTO CONTROL

POWER DISTRIBUTION CABINE

UTILITY

TRI#NSFORI\qER " =
,[ @ UTILITY TRANSFORMER
L & L

(POINT OF SERVICE)

UTILITY METER (OPTIONAL)

uPhoto—control




Clear Zone (Breakaway Devices)




Clear Zone (Breakaway Devices)

Coupler Frangible Slip base
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IESNA Luminaire Classification
System (LCS)

e New method which will replace
traditional cutoff classification system
(ie; full, semi, non, etc)

e Define in IESNA TM-15 (new
document)

e Will be valuable design tool




Luminaire Classification System

LCS defines the standard solid angles for evaluation and comparison of
outdoor luminaires.

It provides a basic model from which limits for lumens within the
solid angles by lighting zone and application type will be defined.

LCS utilizes existing photometric test data and can be easily reported
by manufacturers or incorporated into software tools.

LCS enables designers to evaluate and compare the distribution of
lumens for various types of luminaire optics, thus assisting in the
selection of the luminaire most appropriate for the application.

As illustrated, the primary solid angles defined by the LCS are:
e Forward Light

e Back Light

e Uplight

The sum of percentages of lamp lumens within these three primary
solid angles is equal to the photometric luminaire efficiency.

@D




Luminaire Classification System

mary solid sy les of the
slam (LGS,




Luminaire Classification System

HPS Type I

Luminaire Lumens
| % Lamp Lumsns
| A [ora0)

il -8
| FH - e §

FWH [S0r-507)
Hur.I-LL ght

% Lamp | Lurn.r::

Lnn'_p |_|rl1-nr|..

Lummaire Lumsans

o, L:l Lumens




LED’s (the facts/fallacies)

Products are over-hyped with false performance
claims

Recent tests undertaken by the US Department of
Energy shows when tested efficacy (lumens/watt)
was one third of what was promoted

In a 2002 report entitled “Light Emitting Diodes
for General [llumination OEDA TECHNOLOGY
ROADMAP UPDATE” the goal is for LED’s to be an
HID retrofit by the year 2020.

Many products don’t have photo-metrics available

Can't retrofit HID system and meet required levels

See LUKOS Article

@D



LED’s (issues)

e Heat is issues
* Lumen depreciation
e Distribution patterns
e Low efficacy

e High Cost
e At best half efficacy of HPS




Adaptive Lighting (new term):




Adaptive Lighting (new term):

0.2 cd/m?




Potential Benefits of an Adaptive
Street Lighting System:

e Reduced Energy Consumption

e Obtrusive Light Reduction

e Power Consumption Monitoring
o Streamlined Asset Management
o Alerts of wire theft




Adaptive Street Lighting System —
Potential Energy Savings

Application Advantages

Reduce Lumen Output of |*® Energy Savings
Lamps to Maintained Levels | ¢ Obtrusive Light Reduction

Reduce levels on over
lighted roads to levels
required

e Potential Energy Savings
e Obtrusive Light Reduction

Match Lumen Output to
Variable Pedestrian Activity
Levels

e Significant Energy Savings
e Obtrusive Light Reduction




Example Adaptive Lighting System

Wireless Communication

Between Luminaires ~ Field Data Collector

Wireless Connection
to Internet

Central Data
Collector

Sitrectliighrmintelliglence
A antive LiahtinolSoera
Wireless Handheld PC AdaptivellightinglSystem

Communicates with
Individual Lumen 1Q's

Maintenance
Personnel
Dispatched

Clients PC Connects
i to Server via Standard
|_!“_|g“£.|“__| Browser Interface
Street]ignt

INTELLIGENCE

Asset Management Reports




CSA C653 Luminaire Efficiency:

e CSA C653 establishes a method to assess
luminaire efficiency. Current system is not
effective.

New system will be based on luminance and unit
power density. Unity power density is “watts per
area (m2)”

[t is joint effort between suppliers and designers.
Will list luminaires which meet requirements.
C653 will apply to “cobra head” luminaires

@D




E Lamps (Induction):

A. Phosphor Coating
B. Plastic Housing
C. Electron/lon Plasma
D. Induction Coil
E. Electronics




E Lamps (Induction)

e Light generation by means of induction
combined with a gas discharge

e Energy source is lamp’s induction coil which is
powered by a high frequency generator

e A current is induced in the low pressure gas and
metal vapour in the lamp bulb

e Ultra violet radiation is emitted and falls on the
fluorescent coating of the lamp envelope causing
light to be emitted (Fluorescence)

@D




E Lamps (Induction)

e Advantages include instant start (hot or cold),
excellent CRI, minimal color shift over the life of
the lamp, long life, not effected by vibration, low
electromagnetic interference (EMI), reduced
maintenance, and universal lamp burning
position.

Disadvantages include very high cost, large lamp
size limiting retrofit options, limited number of
wattages and voltages available, low lumen
output for many applications, and lamps will
require special disposal as they contain mercury

vapor. The generator also runs very hot and
needs a heat sink. @
M
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Questions and Discussions

Break for Lunch




Calculation
Examples




Lighting Software Comparison

Software Package

Visual Professional Edition v 2.03
Visual Roadway Tool

Genesysll v 2000.1.7

AutoLUX v 7.69

AGI32v 1.66

LumenMicra 2000 v 2000.2

Simply Roadway Lighting v 2002.1.8

Roadway Calculation Types and Complex Layouts

llluminating Engineering Society of North America (IESNA)**

Commission Internationale de I'Eclairage (CIE)

Commission Internationale de I'Eclairage (CIE)-Australian

e Z | = | =<
Z2|l=<|=
w212 | =<
w 2|2 | =<
=2|=<|=<

Complex Layouts (Curves)*

Key
= Yes
No
Straight Section Only
llluminance only for Complex Layouts
llluminance, Pavement luminance, Lv Ratio for Complex Layouts
4* = |lluminance, Pavement Luminance, Veiling Luminance for Complex Layouts (Curves}

*Feature Required for Luminance Calculations on Curves
**Feature Required to do a Roadway Lighting Calculation




Lighting Calculation
Examples







Roadways




Roadway Luminance Levels

Road Area and Average- | Maximum- Maximum-to-
Pedestrian Activity Average | to-Minimum| to-Minimum Average
Luminance | Uniformity | Uniformity Veiling
Pedestrian cd/m? Ratio Ratio Luminance

Activity Ratio

Partial Lighting
of Interchange
On-Ramps/
Off-Ramps

Expressway-
Highway

Arterial

Collector
__ =04
_

Local/Alleyway




Roadway Pedestrian Illuminance
Levels (Sidewalks)

| Maintained Average-to Minimum

Average - Minimum Maintained

Pedestrian Horizontal Horizontal Vertical

Activity llluminance (lux) | Uniformity Ratio | Illuminance (lux)




Roadway Calculation Grids

Minimum of
One Luminaire Cycle

Minimum of Three Luminaire Cycles One Luminaire Cycle }

Calculation
1 ! (Typical) ] X

i 61 Downstream Most Observer +——(0,0) Reference
eo Point. See Note E. V

3 Observer

= Point

. <
La]ne VAP e e e T B e

1/4 Point- - - - e s T o e e
| e — ——— - ———- B e e i

“>
P>

+—

Lane Line Grid Point (Typical) Grid Point

Being Calculated
Plan View

Roadway Surface +

Observer at 83.07 m
from Grid Point

1.45m
pt

Grid Point J

Being Calculated

'
t

Elevation View

1 degrée




Roadway Calculation Grids

Line of
Calculation
(Typical)

N
NS 2
N 0"30

Lane Line
(Typical)

el
]

/
& 7
p c%@% é‘{"e’/
D4) &

Luminaire Cycle

Grid Point Being
Calculated

(Typical)

—— Grid Point (Typical)

Observer Point (Typical)

(Observer shall always be
on the 1/4 point of the lane)

Curve Radius Point

Plan View




Roadway Calculation Grids

ILLUMINATION POINTS ADJACENT TC THE POLE ON
THE HORIZONTAL GRID SHALL BE OMITTED FOR
SIDEWALK CALCULATION (TYPICAL BOTH ENDS OF
LUMINAIRE CYCLE)

SIDEWALK VERTICAL ILLUMINANCE
AT 1.5m ABOVE SIDEWALK (ARROWS
INDICATE DIRECTION OF VERTICAL
MEASUREMENT)

ROADWAY HORIZONTAL
LUMINANCE GRID POINT

SIDEWALK HORIZONTAL
ILLUMINANCE GRID POINT
AT SIDEWALK GRADE

SIDEWALK GRID TO
MATCH ROADWAY
GRID SPACING



Roadway Calculation Example

SICEWALK HORIZOM TAL
ILLURIHAHEE

LUMINAIRE POLE [TYPICAL)

ROWDINAY HOR TONTAL

CUTFUT RESLLTE

sl lredlen [ e
HAERATE Rl

s ooy msToHTAL
T TR T

TOERAE
SOELAONTAL LS IANOD

[r=—rTy
WERTIZAL LS HAHEE

ROADWAY
VEILING
LUMINAIRE POLE (TYPICAL) LUMINAHCE

OUTPUT RESULTS

AR VE L ING LUMIMANCE RATIOLWLAVE,)

Flgure 9-21 — Sample Roadway Calcalation, Example No. 2, Arterial Roadway



Highmast Calculations

P 1—-_4“”'."

\h-—i_‘\““-—-;-_-

° HM2

ri




Intersection Lighting

Average Maintained llluminance at Average-
Pavement by Pedestrian Conflict (lux) to-Minimum

Unif
Roadway Classification High | Medium | mR:::::Ity

Arteria Areria
Arterial/Collector

AtterialLocal
Expressway-Highway/Arterial

QD)




Intersection Calculation Example

LUMINAIRE POLE (TYPICAL)
INTERSECTION
HORIZONTAL
ILLUMINANCE

VERTICAL
MEASUREMENTS
DIRECTION

CROSSWALK (TYPICAL) ' I ' OUTPUT RESULTS

MAINTAINED UNIFORMITY
AVERAGE RATIO
(AVG./MIN.)

INTERSECTION

HORIZONTAL ILLUMINANGE Q2.7 lus T2

CROSSWALK VERTICAL
ILLUMINANCE (TYPICAL  W.B VERTICAL ILLUMINANCE 22.0 lux
FOR ALL CROSSWALKS) ONCROSSWALK

E-B VERTICAL ILLUMINANCE 22.0 lux
17 21 25 27 25 21 20 20 BRICEASSNALE

+ 0+ + o+ o H

N-B VERTICAL ILLUMINANCE 22.2 lux
N-B TRAVEL DIRECTION ON CROSSWALK

S-B VERTICAL ILLUMINANCE 22.3 lux
ON CROSSWALK




ntersection Lightin

POLE REQUIRED TO AGHIEVE VERTIGAL
CROSSWALK ILLUMINATION,
HIGH PEDESTRIAN CONFLICT SCENARIOS,

Calculation Grid Point (Typical) COMEINATION SIGMALILUMINAIRE POLE OR
LUMINAIRE POLE TO ACHIEVE HORIZONTAL

ILLUMINARCE IN INTERSECTICN, SIDEWALK
Stop Bar (Typical) CONTINUOUS LIGHTING @

CROSS ROAD

IF CONTINUOUS
P LIGHTING, RESUME
NORMAL ROADWAY
POLE SPACING

APPROKIMATELY 70
— PERCENT OF
MOUNTING HEIGHT

COMBINATION SIGHAL
AND LUMINAIRE POLE

| Grid Area (Typical)

NOTE

FOLE LOCATIONS ARE APFROXIMATE FOR
GENERAL |[NFORMAT|ON, LIGHTING
CALCULATIONS WILL EQUIRED TO VERIFY
ACTUAL POLE PLAC! T,

STOP BAR
(TYPICAL)

CROSSWALK

Provide Vertical lllumination (TYPICAL)

Stop Bar (Typical) atthese Crosswalks in
Accordance with Mid-Block
Crosswalks (See Chatper 12}

CROSS ROAD

i
PEDESTRIAN REFUGE "’ Jf
AREA [TYPICAL)

POLE PLACEMENT IF !
CONTINUOUS LIGHTING

Pedestrian Refuge
Crosswalk (Typical) Area (Typical)




OUTPUT RESULTS

MAINTAINED UNIFORMITY RU?dWBV
AVERAGE RATIO Horizontal

(AVE/MRL) llluminance
C-D-S HORIZONTAL

ILLUMINANCE 4.8

End of Curb Return Luminaire Pole (Typical)




Lighting Design Tips

Table B1: Common Lighting Systems Changes and The Effects Produced

System Change Effect on Effect on
Pavement Luminance Small Target Visibility

Increase lamp output * * Proportional increase Small increase in average
* No change in uniformity

Reduce spacing ** * Increase average Decrease average
* Improve Uniformity

Increase mounting height ** * Decrease average Decrease average
* Improve Uniformity

Increase overhang ** * Increase average Slight decrease
* Uniformity change
unpredictable

Change from Staggered * No change in average Large increase
to Opposite *** * Improve Uniformity

Change from Staggered * Small change in average Large increase
to Center Mounting *** * Degrade Uniformity

* Assumes no change in luminaire distribution.
** Assumes no change in lamp output or distribution.
*** Assumes spacing is doubled with no change in lamp or luminaire.




Other
Applications




Vertical Illumination

e [t was found that in Switzerland, a level
of 40 vertical 1x was used in all
crosswalks.

e This level reduced nighttime vehicle to
pedestrian crashes by 66%.
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Vertical Illumination — Smart Road

A lighting level of 20 vertical lux seems
sufficient for crosswalks with the
following limitations:

This is a static test, but dynamic testing may prove that this level
needs to be higher.

This was a rural road, but an urban area with a complex background
may require a higher lighting level.

The addition of overhead lighting does not seem to mitigate the
impact of glare.
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Mid Block Crosswalk Lighting

Grid Point at 1.5 m from
Roadway Surface in Center
of the Crosswalk (Typical)




Mid Block Crosswalk Lightin

" LUMINAIRE POLE {TYPICAL)

WESTBOUND
VERTICAL
ILLUMINANCE

EASTBOUND
—{ VERTICAL
RP-_:J\‘;.\- ILLUMINANCE
N A '\ CROSSWALK
Eiia
IR
Arrows Indlcate dlrectlon of measurements

MAINTAINED
AVERAGE

W-B VERTICAL _
ILLUMINANCE A7
E-B VERTICAL

ILLUMINANCE 41,1 lux




Roundabout Lighting




Roundabout Lighting

400W HPS FLAT GLASS LUMINAIRE
ON A 8m DAVIT POLE (TYPICAL)

PEDESTRIAN CROSSWALK (TYPICAL})

SIDEWALK (TYPICAL)

RAISED ISLAND (TYPICAL) —

ﬁ""-:;? MAINTAINED HORIZONTAL ILLUMINATION

= CALCULATION ZONE
; N.T.S







Railway Crossing Lighting

Based Transport Canada RTD-10

Warrants

- Railway Crossing is unrestricted

- No signals

- Posted Speed on Roadway 50 km/h or greater

- Trains running at speeds less than 24 km/h (spur type line)




Walkways and Bikeways

Maintained Maintained
Average Average
Horizontal Vertical
Description llluminance llluminance

Walkways and Bikeways for Security

Walkways and Bikeways for Guidance

Pedestrian Stairways for Security

Pedestrian Stairways for Guidance

Pedestrian and Cyclist Tunnels for
Security

Pedestrian and Cyclist Tunnels
for Guidance




Parking Lot Lighting

Maintained Average to
Average Minimum
Horizontal Uniformity

Description llluminance Ratio

Basic Parking Lot [llumination Level 10.0 lux

Enhanced Parking Lot lllumination 25.0 lux “
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Streetscape Lighting
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Streetscape/Decorative Lighting

Obtrusive Lighting
Surrounds — Other lighting
Color (example store fronts)

Vertical Surface Illumination —
Define appropriate levels

Grazing Light - Effect on surface

Accent Lighting — Enhances
features




Streetscape/Decorative Lighting




Work Zone Lighting

Minimum Area of Example Areas and
Category (llluminance Level lllumination | Application | Activities for lllumination

General illumination |  Large size Excavation; sweeping and
through spaces | visual task; low | cleaning; movement areas
accuracy;, in work zones; movement

general safety between tasks

requirements

108 lux General illumination | Mediumsize | Paving; milling; concrete work
of tasks around | visual task; low around paver, miller and
equipment to medium other construction equipment
contrast; medium
accuracy; safety
on around
equipment

216 lux lllumination on | High size visual Crack filling; pot filling;
task task; low signalization or similar
contrast; high work requiring extreme
accuracy and caution and attention
fine finish




Work Zone Lighting

Horizontal

Fixtures Shall Be
Aimed in the 45°
to 135° Quadrants Only

O Roadgrade

Temporary
Floodlighting Tower
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Tunnel Lighting

Threshold
Zone

Transition Zone Interior Zone

Direction of Travel —®»
Entrance




Underpass Lighting




Copy of this presentation can be
downloaded from DMD web site:

« www.dmdeng.com
* Go to learning center

Questions and Answers




