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ABSTRACT

Nowadays most of the conventional type street lights are been converting to LEDs (Light
Emitting Diodes). But there are no proper criteria or standardize methods to replace these
conventional type street lamps to LEDs. Only energy saving aspect is garnering more
attraction by the governments. But quality aspects like glare, uniformity ratios and color
rendering should also be addressed. Otherwise it will not meet the safety and visibility needs
of the road users which is the utmost objective of street light designing.

The objective of this thesis is develop a guideline for designing economical and effective
retrofit LED street lighting system for Sri Lanka. According to EN 13201-2:2015 ‘Road
lighting - Part 2: Performance requirements standard, lighting classes were defined by a set
of photometric requirements aiming at the visual needs of road users by considering the road
categories, number of lanes and street light installation patters in Sri Lanka. Then minimum
wattage/ lumen output, ideal light distribution type, luminaire mounting height, overhang
and slope angle which should be used when replacing conventional type luminaires were
decided for all road categories through a computer simulation process.

It was noticed that pay-back period is long due to the cost of LED luminaire and arm
modification. Also when we are trying to meet the standard luminance and illumination
levels to a road which is having very poor lighting conditions, the cost becomes high. The
prices of the LED luminaires are gradually decreasing and therefore lower price levels can
be expected in the future and it will reduce these long payback periods. Though these
projects have somewhat higher pay-back periods, they are still viable due to energy saving
and maintenance cost saving compared to conventional type street lights.

Hence when implementing these kinds of public projects investment cost should not be the
only reason that should be considered. The safety of road users, upgrade the quality of life by
promotion of business activities during the night hours should also be addressed.

Keywords: LED, Street Light, Retrofit, EN 13201, Lighting Class, Dialux 4.12 Software,
Pay-back, Net Present Value
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1. INTRODUCTION

1.1 Background
Providing economical and qualitative street lighting for public is a challenge for the

public authorities specially in developing countries. Well-designed street lighting
system will provide a safe drive for the motorists by giving facility to see the road
signs and hazards. It will allow pedestrians to see the hazards, identify the other
people around and improve the sense of security [1]. It also enhances the night time
appearance of the area. On the other hand, poorly designed street lighting systems
can lead to energy wastage and it won’t meet the expected benefits of street lighting
mentioned above.

LED (Light Emitting Diode) is one of the latest technologies introduced to the
becoming popular in street lighting due to its improved efficiency and life time when
compared with conventional light sources such as fluorescent, sodium vapour,
mercury vapour and metal halide. The cost of LED lighting is typically higher than
other conventional lighting sources. But considering only its energy saving aspect,
most people find it more economical to going for LEDs in street lighting nowadays.
But when designing a lighting solution for streets, operational concerns like energy
usage, light output, durability; and performance concerns like illumination levels,
glare, uniformity ratios and color rendering should be addressed. Economical,
effective and human friendly street lighting design incorporates efficient lighting
technologies, minimum energy usage, good light distribution and optimum pole

height while serving the safety of road users.

1.2 Problem Statement

1.2.1 Current situation of street lights in Sri Lanka
Some common observations about street lights in Sri Lanka can be listed as; [2]

Most of the time indoor type fluorescent bulbs and low quality, indoor type switches
are used to switch on-off the street lights and majority of street lights on roads are
badly maintained. Low light levels and very low uniformity ratios in light

distribution are creating difficult situations for both motorists and pedestrians. Also



there is no evenness in types of luminaire used, mounting height and overhang

creating further reduction in uniformity ratios.

» Data from street light survey which was done in 2010-2012 period with the
cooperation of Regional Center for Lighting (RCL) in Ceylon Electricity Board
was obtained to get an idea on light condition of Sri Lankan roads.

a) Road: By road (Katuwana road)
Road width: 10feet
Luminaire: 20W Compact Fluorescent Lamp (CFL)

Span: 27m
57 41 25 13 06 0.4 0 01 0 0 0 0.1 02 0.4 11 23 4 59 57
5.2 34 1.8 09 0.5 0.1 0 0 0 0 0 0.1 0.2 0.5 0.7 18 3.6 52 6.2
39 29 05 05 03 01 0 0 0 0 0 01 02 03 06 11 2.5 3.3 43
. J

Gnd 1.5mx1.5m

Figure 1.1: Lux level measurements with 20W CFL luminaire

Average illumination level 1.5 lux
Minimum illumination level : 0 lux
Maximum illumination level : 6.2 lux
Overall uniformity : 0

As it is clearly seen from Figure 1.1, the illumination level in between two light poles
is zero. It leads to an inadequate uniformity level on road which is zero. This is an
inappropriate situation as uniformity levels (longitudinal uniformity and overall

uniformity) have a direct impact on visibility level [3].

b) Road: By road (Katuwana road)
Road width: 4.3m
Luminaire: Fluorescent(36W)

Span: 48m
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Figure 1.2; Lux level measurements with 36W fluorescent luminaire

Average illumination level 3.29 lux
Minimum illumination level : 0.1 lux
Maximum illumination level : 12.6 lux
Overall uniformity : 0.03

Here also overall uniformity level is very low on road surface. So it will not provide

the adequate visual conditions to the road users.

¢) Road: B452 Katuwana road
Road width: 15feet
Luminaire: Sodium vapour
Span: 31.5m

0.4 EEI.5 ES.? 18.1 18 |78 87 5.3 4.3 33 3 21 33 4.1 5.8 2 0.2 [4.4 a5 3.2 [181 71

7 P27 Boo Pz T2o fos 2z 57 55 Tas T2e 52 Tiz Tas o4 T f07 P54 P14 4[24 5.5

5.2 3.9 26 43 155 [121 [03 [35 |78 52 4.9 31 5 54 T 92 13 2.2 %_8.3 4.4 75 HOS
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Figure 1.3: Lux level measurements with sodium vapour luminaire

Average illumination level 16.1 lux
Minimum illumination level : 2.1 lux
Maximum illumination level : 55.1 lux
Overall uniformity : 0.13



Average illumination level on road with sodium vapour luminaire is 16.1lux and it is
quite good lighting level. But the overall uniformity has become very low due to low

illumination level in between two poles.

d) Road: By road (Katuwana)
Road width: 4.2m
Luminaire: 9W LED
Span: 40m

According to the data in Figure 1.4, the illumination levels on road surface can be

calculated.

Average illumination level 0.6 lux
Minimum illumination level : 0 lux
Maximum illumination level : 2.1 lux
Overall uniformity : 0
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Figure 1.4: Lux level measurements with 9W LED luminaire

This road is illuminated with 9W LED luminaire. According to calculated data,
overall uniformity has become zero and therefore the light conditions on this road is
also not acceptable. Therefore, illuminating a road with just a LED won’t cater the

requirement.



e) Road: By road (Katuwana)
Road width: 4.2m
Luminaire: 12W LED
Span: 40m

0 01 03 07 1.3 21 26 19 11 06

0 01 02 06 12 17 21 16 09 [06

0 01 01 04 0.7 13 14 12 09 J[05

Grid 2mx2m

Figure 1.5: Lux level measurements with 12W LED luminaire

Average illumination level 0.7 lux
Minimum illumination level : 0 lux
Maximum illumination level : 2.6 lux
Overall uniformity : 0

When compared to previous situation (Figure 1.4), the average illumination level has
been increased with higher wattage used. But still uniformity level is zero due to the

incorrect selection of light distribution type and may be low mounting height.

» Illumination levels were measured for selected two roads which are in Colombo
area.
f) ACL16 road from Thotalaga junction (in Panchikawatta)
Number of lanes: 4 lanes
Installation pattern: Median
Luminaire: 140W/ 13900Im LED luminaire
Span: 40m
Mounting height: 13m



40m

L1 L4 L7 L10 L13
m
Figure 1.6: Lux
level measurements with 140W LED luminaire
L1 :19 lux L4 13 lux L7 :10 lux L10 :131lux L13 :19lux
L2 :23 lux L5 :15 lux L8 :11 lux L11 :15lux L14 :23lux
L3 :28 lux L6 :18 lux L9 :12 lux L12 :181lux L15 :28lux
L1+L2+L3+--+L15
Average Lux level on road = s = 17.8lux
g) Deans road- Town hall, Colombo 01
Road type: 4 lane road
Installation pattern: Median
Luminaire: 250W Sodium vapour luminaire
Span: 40m
40m
L1 L4 L7 L10 L13
TM| == emem o o o o o= - e o o e o e e -
L2 LS L8 L11 L14
3 6 L9 12 L15
_—— M ' e e e e e e = = = = — -
Figure 1.7: Lux level measurements
L1 :42lux L4 :21 lux L7 :8.6 lux L10 :211lux L13 :42lux
L2 :55 lux L5 :24 lux L8 :8.31lux L11 :241lux L14 :55]ux
L3 :63 lux L6 :26 lux L9 :8.191lux L12 :26lux L15 :63Ilux



L1+L2+L3+--+4+L15
Average Lux level on road = s = 32.47 lux

1.2.2 Problem Statement

Currently most of the conventional type street lights are been converting to LEDs.
Only energy saving aspect is garnering more attraction by the governments. But
quality aspects like glare, uniformity ratios and color rendering should not be
compromised.

There are no proper criteria or standardize method to replace these conventional type
street lamps to LEDs. Some common practices in the field are use 120W LED street
lights to replace 250W sodium vapour lamps, use 60W LED street lights to replace
125W mercury vapour lamps and use 15W, 18W, 20W indoor type LED bulbs for
minor roads without considering light output or efficacy of LED luminaires.
Inadequate lighting levels and very low uniformity ratio are the main problems
associated with street lighting projects due to wrongly selected luminaires,
distribution type and mounting positions. Also too much of light will waste energy.
The initial cost of implementing a LED retrofit street lighting project is
comparatively high due to the cost of LED luminaires. Project financing become
difficult due to long payback periods. But if not designed properly, it will not meet
the expectations of this kind of project such as energy saving, and will not meet the
safety and visibility needs of the road users. Therefore, designing economical and

effective LED retrofit project is a challenge.

1.3 Objectives of the Research
Development of a guideline for designing economical and effective retrofit LED

street lighting system for Sri Lanka is the ultimate objective of this research.

As the final outcome of the research, a simplified and practical method which
someone can use as a rule of thumb to decide the minimum wattage/ lumen output,
light distribution type, mounting height of the luminaire, slope angle and overhang of

the LED street lights to replace the conventional type street lights by considering the



road class (Class A/ Class B/ Secondary-Minor roads), number of lanes (1 lane/ 2
lane/ 4 lanes/ 6 lanes) and installation pattern (single side/ staggered/ opposite) will

be presented.

1.4 Chapter Summary
The thesis is ordered as follow to achieve the objectives discussed in section 1.3.

First chapter gives a brief introduction on importance of street lights, background of
LED technology, condition of street lights in Sri Lanka and problems associated with
not having a standardize method to replace the conventional type street light with
LED.

Second chapter review the literatures related to road lighting, terms and definitions,
international standards for roadway lighting, different standards used in other south
Asian countries for roadway lighting and international standards practicing in Sri
Lanka for roadway lighting.

Chapter 3 is the methodology. It describes the design steps to obtain the optimum
street light design.

Chapter 4 includes a detailed discussion on how to do the analysis to determine
luminance value, uniformity (overall and longitudinal), threshold of increment,
surround ratio and minimum illumination level considering the road conditions for
different road classes.

Chapter 5 presents how to do the economic analysis for a retrofit project to check the
viability of such project. In includes the simple payback calculation and net present
value analysis for selected roads.

Chapter 6 provides a detailed discussion on results and observations obtained
throughout the research.

Chapter 7 is the conclusion.



2. LITERATURE SURVEY AND PRESENT ROAD LIGHTING
STANDARDS

2.1 Literature Survey
In 2015 Rosaria Ciriminna, Lorenzo Albanese, Francesco Meneguzzo and Mario

Pagliaro has shown the positive side of LED street light conversions through their
study- ‘LED Street Lighting: A Looking Ahead Perspective’ [4]. LED street lights
emit light efficiently in downward direction, therefore reduce the light loss. Also
high intensity discharge lamps take significant time to ignite. But LED come to its
full brightness in no time. The average life time of LED is much longer due to
technology advances compared to conventional technologies. When compared to
high pressure sodium which is having colour rendering value around 25-30, LEDs

have high CRI values more than 80.

Michael Jackett and William Frith has shown there is an impact of road lighting to

the night time crashes in their research in 2013 [5].

‘Demand-side management for municipal street lighting’ which was published in
July 2012, prepared for Asian Development Bank (ADB) and Ministry of Power and
Energy, Sri Lanka has introduced some guidelines on how to initiate a street light
project [2]. Two pilot projects have been done, one in Homagama area which is in
CEB territory and second pilot project is in LECO territory. Based on the BS/EN
13201 street lighting standard, those selected roads have been classified. According
to that analysis, selected Class A roads are under ME5 road class, Class B roads are
under ME6 and Class C roads are under S5 road lighting class. To determine Class A
road luminance levels, it has been assumed those roads have mixed traffic and
motorized traffic, slow moving vehicles, and possibly cyclists and pedestrians and
traffic flow is under 7000 vehicles per day and under 3 intersections per kilometer.
Class B road conditions were assumed similar to the Class A, but no parked vehicles
and significant activity on the verges. For Class C roads it has been assumed lower
speed with normal levels of pedestrians and cyclists, no parked vehicles and no
traffic calming [2]. As the next step, site conditions like roadway way width,

carriageways type (single/dual), positions of street lighting poles and mounting



heights have been gathered. Considering the performance of luminaires like
wattages, efficacy, life time, lumen depreciation factor, Colour Rendering Index
(CRI), Colour Temperature (CT), ballasts and control gear, range of luminaires have
been selected for these pilot projects. Then after thorough analysis they have
selected 250W high pressure sodium vapour (HPS), 150W HPS and 2 x 14W T5
fluorescent type luminaires for Class A, Class B and Class C respectively. But that
analysis is not mentioned in the report. As the final step, by using street lighting
design software, they have identified the optimal street lighting pole spacing for
particular situation and located new street light poles and luminaries accordingly.
These pilot projects were done some times back in a time that LED luminaires were
not popular. But today fluorescent type light fixtures and other conventional type
light sources are fade away from the market and LED products are coming gradually.
Still there is no proper standard on how to choose most appropriate LED luminaire,

considering the situation/ road type.

Chandana S. Kulasooriyage, Satish S. Namasivayam and Lanka Udawatta has done a
research on energy efficiency and optimality of LED based street lighting system in
2015 [6]. They have done a pilot project in Galle road from Bambalapitiya junction
to Kollupitiya junction to find the most suitable LED replacement for existing 250W
HPS street lamps. The MES5 road lighting class with minimum illumination level of
7.5lux and average luminance value of 0.5cd/m? as per British Standards has been
selected for this road. Lighting design software RealityTM has been used for
simulations [6]. It was found that 111W LED can be used to replace the existing
250W HPS for this road. Then simple payback period and Net Percent Value (NPV)
for the period of twelve years has been calculated for different scenarios. According
to that calculations it was disclosed that CFL bulb replacement is not economical as
the NPV figure becomes negative. Therefore, they have suggested not to replace
existing CFL by LED equivalent to achieve energy saving. But due to the new import
regulations, laws has been imposed to limit the import of CFL in to Sri Lanka. Also
government is encouraging the provincial councils and local government to replacing
inefficient street lamps with efficient LED street lamps through ‘National program

on energy demand side management, efficient energy use and energy conservation —
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The presidential task force on demand side management’. Hence this is the high time
to implement a guideline on designing economical, effective and human friendly

retrofit LED street lighting system in Sri Lanka.

Huaizhou Jin, Shangzhong Jin, Liang Chen, Songyuan Cen, and Kun Yuan has done
a research on lighting performance of LED street lights with different color
temperatures. As per the international standards, it is recommended to have intensity
levels between 0.3cd/m? and 2cd/m? to have proper adaptation of lights at night time
under mesopic conditions [7]. Though the blue LEDs have higher efficacy, through
this research they have identified blue LEDs will harm the eye's dark adaption and
color perception abilities. Also fog penetration of blue LEDs is low creating
inconvenience situation for motorists. Therefore, they are recommending to have

warm colour (colour temperature 3000K) for street lighting designs.

O Guler and S Onaygil has done a research to find the relation of luminance
uniformity and visibility level in road lighting in 2002-time period. Visibility level
for different type of installation patterns like single side, opposite, staggered, twin
central has been measured for different light distribution types (cut-off, non-cut-off
and semi cut-off) by changing the uniformity levels. Uniformity levels have been
varied by changing the luminaire mounting position and span. Finally, it has been
revealed that uniformity ratios should be according to recommended values to have a
proper visibility level. Also luminaires with non-cut-off light distribution type leads
to disability glare which adversely affect to visual conditions [3].

Life cycle cost analysis can be used to determine the feasibility of LED conversion
project [8]. Jeong Tai Kim and Taeyon Hwang has done a test project in South
Korea in 2016 to analyze the energy saving that can be achieved by replacing
existing high pressure sodium luminaires with LED. They have disclosed 69%
energy saving can be achieved with this high pressure sodium to LED conversion
and can be increased up to 77% by using dimming controllers which are sensitive to

pedestrian movements.

As LED luminaires are incorporated with electronic drivers, the effect from LEDs to

power network and power quality is a problem that should be addressed properly. A

11



Gil-de-Castroa, A Moreno-Munoza, A Larssonb , JJG de la Rosac and MHJ Bollen
has done a research to study the power quality changes with LED and high pressure
sodium lamps [9]. When high pressure sodium lamps are connected to electronic
ballasts, the total harmonic distortion current has been decreased rather than using
electromagnetic ballasts. Also they have discovered the total harmonic distortion
current of LED lamps is lower than HPS with electronic ballasts.

2.2 Road Lighting Standards

2.2.1 Terms and definitions
Luminance or brightness (L)

Luminance or brightness means luminous flux per unit projected area of a surface in
a given direction. It measures the amount of light emitted or reflected from a surface
and incident upon the eye. Visual brightness depends on the reflective properties of
the surface material.

Measured unit is candela per square meter (cd/m?)

Average luminance (Lav)

Luminance of the road surface is averaged over the carriageway [10]. This value
depends on luminous flux of the luminaire, light distribution of the luminaires, pole
spacing, installation pattern, mounting height, overhang, slope and reflection
properties of the road surface.

Overall Uniformity (Uo)

Overall uniformity is the ratio of the minimum luminance on the road surface to the
average luminance.

Longitudinal Uniformity (Ul)

Longitudinal uniformity is the ratio of the minimum to the maximum luminance
[11]along a line or lines parallel to the run of the road. Usually this is measured along

a line at the middle of a lane.

Threshold Increment (T1)

Disability glare occurs when the light scatters within the eye by reducing the
contrasts of the retinal image. Veiling luminance means the luminance superimposed

over the eye's retina due to this stray light. Disability glare occurs for the motorists
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due to the illuminance or lighting level on their eye and the direction of light comes
from the luminaires. This disability glare decreases as a function of the average road
luminance. Tl means the percentage increase in the luminance difference needed to
make the object equally visible in the presence of glare as in the absence of glare.
Surround Ratio (SR)

Sufficient lighting in the surrounding of the road creates a proper adaptation of the

eye. SR is the ratio that measures the amount of light falling on the surrounds as a

proportion of that falling on the road.

2.2.2 International standards for roadway lighting

Some commonly used roadway lighting standards in the world are CIE 115-2010:
Lighting of Roads for Motor and Pedestrian Traffic published by International
Commission on Illlumination or Commission Internationale de I'Eclairage (CIE);
BS/EN 13201-2 Road: Lighting—Part 2: Performance Requirements and IES/ANSI
RP-8-00: American National Standard Practice for Roadway Lighting published by
Illuminating Engineering Society of North America (IESNA) [12].

2.2.3 Standards used in other south Asian countries for roadway lighting

Based on the above international standards, many countries have defined lighting
levels to be maintained on their roads considering the road conditions.

In India, BIS 1981 standard, roads have been classified according to the traffic
density of the road [13]. Then for each category, they have recommended mounting
height and levels of illumination (Refer Table 2.1 and Table 2.2).

Nepal Road Standard-2070 published by Ministry of Physical Infrastructure &
Transport-Government of Nepal has defined mounting heights, illumination levels
and uniformity level to be maintained on roads. According to that, mounting height is
expecting to be at least 9m and 10m to 15m height is usually preferable.
Recommended level of illumination is 30lux on important high speed roads and
15lux on other main roads. The ratio of minimum to average illuminations is 0.4
[14].
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Table 2.1: Road classification in India according to BIS 1981

Group ‘ Description

For very important routes with rapid and dense traffic where the only
Al considerations are the safety and speed of the traffic and the comfort of
drivers

For main roads with considerable mixed traffic like main city streets,

A2 ;
arterial roads and thoroughfares

For secondary roads with considerable traffic such as local traffic routes
and shopping streets

B2 For secondary roads with light traffic

For residential and unclassified roads not included in the previous groups

For towns and city centers

©
D For bridges and flyovers
IE
F

For roads with special requirements such as roads near airports and
railways

Adopted from Bureau of Indian Standards. 1981. Indian Standard, code of practice for lightning of
public thoroughfares, IS 1944-7: 1981 (R2003). New Delhi, India [13].

Table 2.2: Recommended levels of illumination and mounting height of luminaires according to BIS

1981
et | Ratoar
Type illuminatio minimum/ Type of Min Mounting
of Road characteristics Average luminaire :Max height of
Road L oH roa-d illuminatio | preferred (%) luminaire
surface in n
Lux
Important traffic 91010 |
A-1 | routes carrying fast 30 0.4 Cut-off 33
traffic meters
Main roads carrying
mixed traffic like city 910 10
A-2 | main roads/streets, 15 0.4 Cut-off 33
arterial roads, meters
throughout ways
Secondary roads with
considerable traffic Cut-off 7509
B-1 | such as local traffic 8 0.3 or semi- 20 ’
routes and shopping cut-off meters
streets
Secondary roads with Cut-off 7.5t09
B-2 . 4 0.3 Or semi- 20
light traffic meters
cut-off

Adopted from Bureau of Indian Standards. 1981. Indian Standard, code of practice for lightning of
public thoroughfares, IS 1944-7: 1981 (R2003). New Delhi, India [13].
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2.2.4 International standards practicing in Sri Lanka for roadway lighting

Road development Authority (RDA) is the responsible authority for developing and
maintaining of national highway system which includes Class A, B and expressways.
According to the ‘LED Road Lighting Specification in National Highways’
published by RDA, they have adopted British standards: EN TR 13201-1-2014 —
Guidelines on selection of lighting classes to define lighting levels for Sri Lankan
roads.

Recommended lighting levels by RDA for main national highways [15];

» Average luminance- minimum maintained (L) : 1.5 cd/m2
» Overall uniformity ratio- minimum (U0) 104

+ Longitudinal uniformity ratio- minimum (Ul) 0.7

* Threshold increment (TI) <=10%

*  Minimum surrounds ratio (SR) 105

2.2.5 EN 13201-2:2015 ‘Road lighting - Part 2: Performance requirements

A lighting class is defined by a set of photometric requirements aiming at the visual
needs of certain road users in certain types of road areas and environment [10];

The main idea of presenting lighting classes is to make it easier to define and
produce suitable lighting conditions on roads. The lighting classes have been defined
by considering vehicle speed, traffic volume and composition, number of
intersections per kilometer, parked vehicles, luminance level in surrounding,
navigation difficulty, visual guidance and traffic control.

The ME classes are intended for motorized traffic. The CE classes are for conflict
areas such as complex road intersections and roundabouts. The S classes are intended
for road areas lying separately or along the carriageway of a traffic route, residential
roads, pedestrian streets, parking areas, schoolyards etc. [10]
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Table 2.3: ME series of lighting classes

[ 0 0ad 4 . b ohtinge o
4, D c d 0ad
s, OUnaing
O1C D
o 2
&?ﬂu"; Uo ul TIin % SR
e (Minimum) ~ (Minimum) ~ (Maximum) = (Minimum)
MEI 2.0 0.4 0.7 10 0.5
ME2 1.5 0.4 0.7 10 0.5
ME3a 1.0 0.4 0.7 15 0.5
ME3b 1.0 0.4 0.6 15 0.5
ME3c 1.0 0.4 0.5 15 0.5
ME4a 0.75 0.4 0.6 15 0.5
ME4b 0.75 0.4 0.5 15 0.5
MES5 0.5 0.35 0.4 15 0.5
MEG6 0.3 0.35 0.4 15 No
requirement

Adopted from Technical Committee CEN/TC 169 “Light and Lighting", "EN 13201-2:2003 Road

lighting - Part 2: Performance requirements," European Committee for Standardization, 2003.

Table 2.4: CE series of lighting classes

E in lux Uo
(Minimum maintained) (Minimum)

CEO0 50 0.4
CEl 30 04
CE2 20 0.4
CE3 15 04
CE4 10 0.4
CES5 7.5 04

Adopted from Technical Committee CEN/TC 169 “Light and Lighting", "EN 13201-2:2003 Road

lighting - Part 2: Performance requirements,” European Committee for Standardization, 2003.
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Table 2.5: S series of lighting classes

E in lux Emig In lux
(Minimum maintained) (Minimum)
S1 15 5
S2 10 3
S3 7.5 1.5
S4 5 1
S5 3 0.6
S6 2 0.6

Adopted from Technical Committee CEN/TC 169 “Light and Lighting", "EN 13201-2:2003 Road

lighting - Part 2: Performance requirements," European Committee for Standardization, 2003.
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3. METHODOLOGY

Street lighting design is an advance procedure which involves numerous factors that
need to be addressed while serving the utmost purpose of safety of road users.
Succeeding correct and acceptable illuminance and luminance values while
achieving the highest possible energy saving with the least investment cost is really a
challenge. Implementing LED retrofit street lighting system is more difficult than
designing a new project as it is difficult to balance the investment and saving through
energy consumption.

In this chapter the procedure which was followed to decide the wattage/ lumen
output, light distribution type, luminaire mounting height, overhang and slope angle
of the LED street lights to replace the conventional type street lights by considering
the road class (Class A/ Class B/ Secondary-Minor roads) [16], number of lanes (1
lane/ 2 lane/ 4 lanes/ 6 lanes) and installation pattern (single side/ staggered/

opposite) will be discussed.

3.1 Step 1- Identify the road conditions

~

Typical speed

+ Main users and other users
Main weather type

* Interchanges

\ehicles per day

« Conflict zones

» Complexity of field vision

« Degree of navigation difficulty
« Brightness of surrounding

J

First step is to identify the road conditions of Class A, Class B and minor roads. As
the lighting classes in EN 13201-2 standards, have been defined by considering
vehicle speed, traffic volume and composition, intersection density, parked vehicles,
ambient luminance, difficulty of navigation, visual guidance and traffic control, it is
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needed to identify the road conditions for each type of road. Refer appendix A for
‘Field survey form’ which someone can use to gather necessary data to identify the
road conditions when doing a retrofit type street light project.

Here, six cases have been identified according to the proposed road classification
(Refer Figure 3.1). The detailed analysis for each case is mentioned in chapter 4.
According to that analysis the minimum maintained average luminance, minimum
overall uniformity ratio, minimum longitudinal uniformity ratio, threshold increment,
minimum surrounds ratio, average illumination level and minimum illumination

level were decided.

Roads in Sri Lanka

Minor/ Secondary
Class A Class B Roads
Within Town Area Within Town Area Within Town Area
Case 1 Case 3 Case 5
Other Areas Other Areas Other Areas
Case 2 Case 4 Case 6

Figure 3.1: Road classification done to identify the different road conditions

3.2 Step 2-Understand the road details and installation patterns

~N

+ Typical roadway way width
+ Number of lanes

« Existing installation patterns [single side/ double
side opposite/ staggered]

* Average distance between two poles

J
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One lane

— t
3.5m
v
Two lanes
. 7m
Four lanes

Six lanes

10.5m

¢ 0.5m

— 10.5m

Figure 3.2: Considered road widths for simulations
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In Sri Lanka, the width of the roads is not standardized and typical width of one lane
is 3.5m. Kerb width was considered as 0.5m. The width of different types of roads
considered for simulations are illustrated in Figure 3.2.

For Class A and B roads; one lane, two lanes, four lanes and six lanes were
considered. For minor roads only one and two lanes were simulated.

In Sri Lanka, we can find single side, double side and staggered type street light
installation patterns. Pole spacing is typically 30m to 40m span and therefore
simulations were done for both 30m and 40m pole spacing in single side and double
side installation patterns. For staggered type it was simulated for 60m pole spacing
(refer figure 3.3, 3.4 and 3.5).

Roads in Sri Lanka

. |
Class A Class B ‘ Minor Roads
Within Town Within Town Within Town
Area Other Areas Area Other Areas Area Other Areas
= Onelane = Onelane = Onelane |f= One lane One lane One lane
= Two lane = Twolane |= Two Lane |f= Two Lane Two lane Two lane

= Four lane |}= Fourlane = Fourlane |f= Four lane

— Sixlane = Sixlane & Sixlane |%= Six lane

Figure 3.3: Road classification
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1 lane/2 lanes

Single side

— 30m pole spacing

. 40m pole spacing

Figure 3.4: Sub classification for one lane and two lane roads

4 lane/6 lane
i l
Single side Staggered Opposite
= 30m pole spacing 60m pole spacing == 30m pole spacing
—  40m pole spacing = 40m pole spacing

Figure 3.5: Sub classification for four lane and six lane roads

3.3 Step 3- Simulation

« Simulate using Dialux 4.12 software to obtain the
optimum design
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3.3.1 Software used for simulations
DIALux is one of the leading software for lighting design in all over the world. It is

available free of charge. It has the facility to plan, calculate and visualize light for
indoor and outdoor areas like buildings, individual rooms, sports lighting and street
lighting [17]. Dialux 4.12 software is used for the simulations and it offers the
facility to do street light designs based on either BS/EN 13201-2 standard or
IES/ANSI RP-8-00 standard.

3.3.2 Feeding data, photometric files
Computer based simulations were done for each identified scenario according to the

road classification (Figure 3.3, Figure 3.4 and Figure 3.5). As the initial step,
configuration of road in the software was done. For that number of lanes, lane width
and installation pattern for the selected scenario should be entered (Figure 3.6).

For the simulation purpose, photometric files from brand- Philips were obtained.
Light distribution pattern is an important factor when selecting a luminaire. There are
five types of light distribution types (Figure 3.7). For one simulation all five light
distribution types were used as it is needed to identify the best fit light distribution

pattern for minimum lumen output.

3.3.3 Optimization procedure
The objective is to find the luminaire with minimum lumen output which is suitable

for the selected road category and installation pattern. Therefore, the lumen output of
all five light distribution patterns changed in to a minimum value. Refer Figure 3.8.
Dialux 4.12 software has the facility to obtain the optimum value by changing pole
distance, mounting height, overhang and slope angle for a given installation pattern.
Therefore, mounting height was varied from minimum 6m to 13m. For one lane and
two lane roads tried to get the optimum between 6m to 10m and for four lane and six
lane roads between 6m to 13m. Overhang was varied from 0 to 2.5m and slope angle
from 0° to 15° and simulation were carried out for that certain lumen output (Figure
3.9)
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Lumen output of all five light distribution patterns were gradually increased and
same procedure was followed until the software gives an optimum design for the

selected road type and installation pattern (Figure 3.10).

Street Profile -
Enter the various street elements and their properties. 4
Street Name: | Class A-Within Town Area
Maintenance factor: [ Planning acc. DIMN 5044
[ rlanning acc. IESMA RP-8-00
Street Profile
Width of Element:
i iden 2,000
‘0«2‘\: [ sidewalk 2 0o -
ﬁ [eicyde Lane 2 2.000 m Number of Lanes: 2
E Coating: R3 q0: | 0.070
E : —— [Jroadway 2 7.000 m Coating for U0 (wet): w3 q0: | 0.200
gi g Median 1.000 m
ﬁ Roadway 1
: —_— | Roadway 1 7.000
ﬁ SRR - m Number of Lanes:
Coating: R3 ~ gl
Bicyde Lane 1 2.000
ﬁ gy m Coating for U0 (wet): w3 gl
Yy i
co/\zt [ sidewalk 1 2.000 m

Figure 3.6: Configure the road in the software- Example: Class A within town area, two lanes

TYPE 1 TYPEII TYPEIII

= )
N

TYPEIV TYPEV

[
. A

< i

Figure 3.7: Light distribution types

Source: "PREMISE," [Online]. Available: https://www.premiseled.com/iesna-light-distribution-types-
what-do-they-mean/. [Accessed 23 September 2020]. [18]
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DIALux Street Light Wizard

Luminaire Selection
Select a luminaire for the arrangement from your favourites or search the installed database for a suitable luminaire.

Recently used Luminaires Selected luminaires

1. Gardco by Signify ECF-5-32L-1.2A-CW-G2- 1

2. Gardco by Signify ECF-L-80L-1.24-CW-G2- 2

3. SIGNIFY  LUMEC SWS-54WI16LED4K-G2-L| 3. Gardco by Signify ECF-L-80L-1.24-CW-G2-
4. Gardco by Signify ECF-5-48L-1.2A-CW-G2- Select > 4. Gardco by Signify ECF-L-80L-1.2A-CW-G2-
5. Gardco by Signify ECF-S-48L-1.2A-CW-G2-

6. PHILIPS BRP392 LED182/NW 140W 220-2 < Delete

7. Gardco by Signify ECF-L-80L-1.2A-CW-G2-

‘. Catalogues

Currently selected luminaire

Luminaire: Gardco by Signify ECF-L-80L-1.2A-CW-G2-3 EcoForm Area LED ECF - Large, 80
Luminous flux of luminaire: 399368 Im
Wattage of luminaire: 83w

Luminous emittance 1

Lamp: User defined ~

uminous Mo image available

Wattage:

A,

Figure 3.8: Changing the lumen output of all five light distribution types into a minimum value

DIALux Street Light Wizard

Variable arrangement parameters
Specify which parameters of the luminaire arrangement are allowed to vary at which intervals. Alternatively edit the values of the fixed
parameters.

Parameters that may be varied for the optimisation:

Parameter Minimum Maximum Increment U...
[] Pole pistance m
Height 6.000 10.000 0.500 m
Light overhang 0.000 2.500 0.500 m
Slope angle o 15 5 @

Number of combinations to investigate: 216

Fixed parameters for the optimisation

Pole Distance: 30.000 m Arrangement Type

T T
8.000 m  Single row, bottom ~ ‘ﬁ.
0.000 m
0 o
Distance Pole to Roadway: 0.000 m (@ Fixed distance
Boom Length: 0.000 m () Fixed Boom Length

Optimization running...

< Back Next >

a

Cancel

Figure 3.9: Simulation for Class A, within town area, two lane, 30m pole spacing, single side

installation
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Positioning suggestions
Select a suggested luminaire arrangement for implementaton.

A

Classification of the arrangement variants:
Suitable: 1, largely suitable: 0, inadeguate d: 359

Distance | Height | Owerhan | Slope Lrm -~
[m] [m] [m] angle [7] Type [cd/m?] uo ul T[] SR
|t

30,000 10,000 2.000

B Inadequate vanants

20,000 65000 2.500 o (1 2.08 034 0.47 26 0.38

20,000 6000 2.500 5 (1) 1.91 0.27 0.48 26 0.42

20,000 65000 2.500 10 (1 1.72 0.20 0.45 26 0.45
Target ... | 1.50 0.40 0.70 10 0.50 e

If you want to implement a positioning suggestion, select itin the list and subsequenty

complete the wizard. Else simply cancel the wizard.

Immediately Calculate Created Street. e —

[]5ave set values for further optimisations.

Figure 3.10: Optimum design for Class A, within town area, two lane, 30m pole spacing, single side

installation

3.3.4 Final result
According to the road classification in figure 3.3, 3.4, 3.5 and road condition

analysis, 232 different combinations were identified. For each combination, the
procedure discussed in this chapter was followed to obtain the optimum design. As
the final result, a chart was developed which includes

» Minimum wattage/ lumen output

» Light distribution type

» Luminaire mounting height

» Overhang

» Slope angle
of the LED street lights to replace the conventional type street lights by considering

» Road class (Class A/ Class B/ Secondary-Minor roads)

» Number of lanes (1 lane/ 2 lane/ 4 lanes/ 6 lanes)

» Installation pattern (single side/ staggered/ opposite)

Refer Appendix B for summarized output.
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3.3.5 Developing a database

XAMPRP is a free, open-source, cross-platform which works on Windows, Mac and

Linux operating systems. It makes an offline local server or localhost within the

computer. ‘Sublime Text 2’ is a code editor which supports many computer

languages. Programme was written using PHP (Hypertext Preprocessor) which is a

language used for web development applications.

An interface was developed using XAMPP to make it easy to find the results in

Appendix B.

For Class A and Class B Road Category Click Herel
For Secondary/ Minor Road Category Click Here!
Figure 3.11: Interface for road type selection
Project for Class A & B
Road category Select |
Town area/ Other areas Select
Number of lanes Select
Installation pattern Select |
lrzlr::mber of junctions per Select |
Vehicles per day Select v |
Conflict area or not? Select W |

Figure 3.12: Developed interface for Class A and Class B roads
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Project for Secondary/ minor roads

Town area/ Other areas [ Select N 1
Number of lanes : Select N7
Installation pattern ; | Select v |

Figure 3.13: Interface for secondary/ minor roads

Minimum Lumen Output (lm) : 33,000
Average Illumination Level on Road (lux) : 27
Lighting Distribution Pattern . Type IV
Luminaire Mounting Height (m) 105
Overhang (m) . 25
Slope Angle (degree) - 0

Figure 3.14: Output results
Example- for Class A, within town area; 4 lanes, 30m pole spacing
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4. ANALYSIS OF ROAD CONDITIONS

4.1 Assumptions Used for the Road Condition Analysis

4.1.1 Assumptions used for the road condition analysis for class A and B

When analyze the Class A and B roads in town areas and in other areas, assumptions

mention in Table 4.1 were made.

For town areas, typical speed was taken below 60 km/h and for roads not within
town areas it was taken more than 60 km/h. Traffic calming areas were taken into
consideration only for roads within town area. In town areas number of interchanges
quantity is taken more than three per kilometer and in other areas it was simulated for

any quantity. Parked vehicles were taken care for town areas and for other areas it

was not.
Table 4.1: Assumptions for analysis of Class A and Class B roads
Town | Other
_ area | areas
Parameter Description Values [Case | [Case
1&3]|2&4]
How high is the typical
speed of the main user | High [>60 Y
in the street? Main km/h]
users include
combinations of ]
motorized traffic, slow | Medium
Tvoical vehicles, bicyclists and | [Between 30- v
)| f; J pedestrians. If 60km/h]
P motorized traffic is one
of the main users, enter | LOW
the typical speed of the | [Between 5-
motorized traffic 30km/h]
Walking
Typical speed of the speed
main user? (<5km/h)
Main
i) | weather Enter typical weather Dry v v
type Wet
Traffic Have traffic calming Yes v
iii) | calming areas taken into
areas consideration? No v
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How the street connects
to other streets and the | <3 per km J
frequency of
iv) | Interchanges | interchanges/junctions
Enter the frequency of | >= 3 per km v v
simple junctions
i Yes
Parked Do parked vehlc'les v
V) vehicles have to be taken into
consideration? No v
Since the luminance Low (Rural
level of the surrounding | environment) v
Brightness car|1 otr)lly t:je estimated, Me(_jium (City ¥
vi) | of only broad environment)
. classification is made -
Surroundlng H|gh (|nner-
Brightness of city
surrounding is? environment)

4.1.2 Assumptions used for the road condition analysis in minor roads

Face recognition is very much important for this type of minor roads as these roads

are used by lot of pedestrians and need to feel the sense of safety for them. Parked

vehicles were not considered. Typical speed was taken between 5-30 km/h.

4.1.3 Considered number of vehicles for the analysis

For Class A roads within town areas, all vehicle conditions were considered (less
than 7,000, 7,000-15,000, 15,000-25,000 and more than 25,000). Class A other area

roads and class B town area roads vehicles were considered below 25,000 per day.

Table 4.2: Vehicles per day considered for analysis

Parameter Values Case 1 Case 2 | Case 3 | Case 4

Less than 7000 Vv v Vv v

Vehicles per day | Between 7000
and 15000 v v v v

i) | How many Between 15000

vehicles are and 25000 v v 4

there per day? More than
25000 v
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4.2 Road Condition Analysis through Dialux 4.12 software

As discussed in chapter 3 step 1- Identify road conditions; minimum maintained
average luminance, minimum overall uniformity ratio, minimum longitudinal
uniformity ratio, threshold increment, minimum surrounds ratio, average illumination
level and minum illumination level need to be decided depending on the road
conditions like vehicle speed, traffic volume and composition, intersection density,
parked vehicles, ambient luminance, difficulty of navigation, visual guidance and
traffic control.

Dialux 4.12 software gives the facility to do the road condition analysis and
depending on the entered data lighting class is determined. Hence appropriate
luminance and illuminance levels for the roads can be decided based on road

conditions.

4.2.1 Case 1: Class A roads within town area
Table 4.3 shows the detailed analysis for Class A roads in town areas. Those data

were fed in to the Dialux 4.12 software and lighting class was determined.

Table 4.3: Road condition analysis for Class A within town area roads

For For
Parameter Description Values normal | conflict
situation | area

High [>60
km/h]

Medium
[Between 30- v v
Typical Typical speed of the 60km/h]
speed main user?

Low [Between
5-30km/h]

Walking speed
(<5km/h)
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For For
Parameter Description Values normal | conflict
situation | area
Main users are
motor vehicles
are motor
vehicles and
slow vehicles
<40km/h.
Bicyclists and
Main users . pedestrians are
and other Maln_users and other permitted
permitted users -
users Main users are
motor vehicles
and slow
vehicles
<40km/h and v v
bicyclists.
Pedestrians are
permitted
Main Enter typical weather ory Y Y
weather type Wet
Traffic Have traffic calming Yes v v
calming areas taken into
areas consideration? No
How the street
connects to other
streets and the <3 per km
Interchanges | frequency of
interchanges/junctions
Enter the frequency of | 5- 3 per km J v
simple junctions
How much of effort
will the traffic Normal
participant have to
make in order to select
a driving direction and
Degree of -
navigation drl\_/lng_ lane, or to
difficult maintain or change )
y High V4 v

their speed and position
in the roadway?

Degree of navigation
difficulty is?
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For For
Parameter Description Values normal | conflict
situation | area
< 7000 v Vv
Between 7000
. . and 15000 v v
Vehicles per | How many vehicles
day are there per day? Between 15000 ¥ ¥
and 55000
>25000 v v
Conflict zones are the
zones where different
traffic flows cross or Yes v
zones that are also used
Conflict by other traffic
zones participants
Does a conflict zone No N4
exist?
Yes v v
Do parked vehicles
Parked have to be taken into
vehicles consideration?
No
How much distraction,
confusion or disruption
is caused to traffic
participants by lighting | Normal
Comblexit and other optical
RIEXIY | stimuli (for example
of field N .
vision advertising, light poles,
lit buildings) within the
field of vision? _
Complexity of field High v v

vision is
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Parameter

Description

For
conflict
area

For
normal
situation

Values

Brightness
of
surrounding

Since the luminance
level of the
surrounding can only
be estimated, only
broad classification is
made

Brightness of
surrounding is

Low (Rural
environment)

Medium (City
environment)

High (Inner-
city
environment)

Traffic flow
for bicyclist

Normal

High

Determined road lighting class

ME2 ME2

4.2.1.1 Road condition analysis through the Dialux 4.12 software

Lighting Class Wizard

Typical Speed
Enterthe typical speed of the main user

Houw highis the typical speed of the main

Typical Speed of Main UserIs
(OHigh (> 60 km/h)
(® Medium (Between 30 and 60 km/h)
O Low (Between 5 and 30 km/h)

(OWalking Speed (<=5 kmjh)

type.

user in the street?|Main users include combinations
ofmotorised raffic. slow vehicles. bicyclists and pedestians

Ifmotorised traffic is one of the main users. enter the typical speed ofthe motorised traffic

a

nd

Lighting Class Wizard

Main Users and Other Users
Enter the main user type and the other permitted user types

A .

@ Main users are motor vehicles and slow vehicles
(<40 kmfh). Bicyclists and pedestrians are permited

(O)Main users are motor vehicles. slow vehicles

(<40 km/h) and bicyclists. Pedestrians are permited
(O Main users are exclusively bicyclists. Pedestrians are permitted; motor raffic and slow
vehicles are not
Caution: In the German implementation ofthe 13201-1, this case s not permitied!
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Lighting Class Wizard

Main Weather Type
Enterthe typical weather.

Ifthe street surfaces will often be damp or wet (for instance, at night, select "Wet

This effectively defines an additional requirement with the goal of preventing a severe
deterioration in visibility on wet streets.

@Dy
COwet

<Back Cancel

Lighting Class Wizard

Traffic Calming
Enter whether or not traffic calming measures have been adopted

X
a
Have traffic calming measures been taken into consideration?

(® Yes
O Ne

Only take traffic calming measures into consideration when the traffic-calmed areas
re central to the streets being planned.

< Back Next > Cancel

Lighting Class Wizard

s
Degree of Navigational Difficulty s
Enter the navigational dificuty of the traffic participant d
How much effort will the traffic participant have to make in order to select a driving

direction and driving lane, orto maintain or change their speed and position in the
roadway?

This effort results from the displayed information and the optical guidance provided by
the street.

Degree of Navigational Difficulty Is

Lighting Class Wizard

Interchanges
Enter the type and frequency ofthe interchanges.

*
4
Howis the street connected to other streets?

Metorway interchanges with approach or turn-out lanes which largely ensure separation. Or,

simple street junctions where other streets join or cross.

(@ Simple Junctions

Interchange density

Approaches, Motonway Interchanges

Traffic How of Motorised Vehicles
Enter the number of vehicles that pass a defined point in a defined time (usually
one day).

a
How many vehicles are there per day?

O Less than 7000

O Between 7000 and 15000

O Between 15000 and 25000
(®) More than 25000

< Back Next > Cancel

© Normal <3 Pieces perkm >3km
@ tigh @ >=3 pieces perkm <=3km
< Back Next > Cancel <Back Cancel
Lighting Class Wizard x Lighting Class Wizard

Conflict Zone
Enter whether or not to take a conflict zone into consideration.

x
a
Conflict zones are zones where different traffic flows cross or zones that are also used by
other traffic participants

Does a conflict zone exist?

O Yes
® No

< Back MNext > Cancel
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Lighting Class Wizard X Lighting Class Wizard x
Complexity of Field of Vision Parked Vehicles ) o -
Enter the complexity of the field of vision of the traffic participant /d Enter whether or not to take parked vehicles into consideration. d
How much distraction, confusion and/or disruption is caused to a traffic participant by Do parked vehicles have to be taken into consideration?
lighting and other optical stimull for example, advertising, light poles, Iit buildings or sports ®v
facilties) within the field of vision? e
Caution: These sorts of stimuli may cause problems in detecting important objects such ONe

as traffic lights or tuming vehicles
Complexity of Field of Vision Is

Nomal

@ High

< Back Next > Cancel < Back Next > Cancel
Lighting Class Wizard b Lighting Class Wizard x
. " Brightness of Surroundings
Finishing the Lighting Class Wizard
g e Hanting Hess e Enter the estimated luminance level of the environment. /4

You have completed the wizand successfully. All of the

Since the luminance level of the sumoundings can enly be estimated. only broad
photemetric requirements have been calculated for your street

classifications are made.

illumination
Determined Lighting Class ME2 O Low (Rural Environment)
To exit the wizard and select the calculated lighting class, O Medium (Cty Environmert)

click Finish.
(®) High (Inner-city Environmertt)

< Back Cancel < Back Next Cancel

Vakiation fiek

Sellct & vakustion field fo the optimisaton.

A

The foliowing valuation fieids are avalabie a5 bass for the optimisatin:

Relavort ares for il ekements (ME2)

The possible targets for the cptemisation are defined by means of the iluminstion class o the valkiaton fd

Thresholdvalue  Unk Foundation
150  cdmt (Luminence)
040
]
0 :
050 Muminance)

Selactall poremeters that have to be taken nto occount for the optmisation.
Adagk the limi vaues of the llumination class t the previousy selected valuation fed, f necessary.

Figure 4.1: Road condition analysis through the software

Hence, according to the EN 13201-1 standard; Class A roads within town area needs

to have below luminance values and uniformity ratios.
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» Average luminance -minimum maintained (L) :1.5 cd/m”2

» Overall uniformity ratio- minimum (U0) 104
* Longitudinal uniformity ratio-minimum (Ul) :0.7
*  Minimum surrounds ratio (SR) 105
* Threshold increment (TI) <=10%

4.2.2 Case 2- Class A roads in other areas
Table 4.4 shows the detailed analysis for Class A roads in other areas. Number of

vehicles were simulated for below 25,000 per day.

Table 4.4: Road condition analysis for Class A other area roads

For normal situation For conflict area
Junctions Jgﬂg“oe”rs Junctions <3 | Junctions
<3 per km _krr? per km >=3 per km
1500
Param Valye Yenicles 1;0 15(-300 15<00 0- < -15000 < 15(-)00
eter 00 | 25000 | 0 2500 15000 | 55000 | 19990 | 25000
High [>60
km/h] v v v v v v v v
Medium
Typica | [Between
% | | speed | 30-60km/h]
Low
Walking
speed
Main All other
USErs users are v v v v v v v v
b | and permitted
other | Other users
users are not
permitted
Main | pry V2 BV IRV RV VAR VAR BV IV
c | weathe
rtype | Wet
Interch <3 per km v v v v
d
angES | 5= 3 per km VW, v | v
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< 7000 v v v v
. 7000 -
. ;/Segécrzl 15000 v v v v
15000 -
d
125000 v v v v
More than
25000
Confli | Yes v v v v
flct
zones | No v v v v
Compl
exityp Normal v Vv v v
g | of
field High
vision
Parked | Yes
h | vehicl
es No v Vv v v
Degre
e 0? Normal v Vv v v
i naviga
tion )
difficu | High
Ity
Low (Rural
environment | v v v
)
Bright Medium
. | ness of (C't.y
j surrou environment
: )
nding High (Inner-
city
environment
)
Determined road lighting MEs | ME4a | ME4a | ME3b | MESb | ME2 | ME3b | ME2

class
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As per EN 13201-1 standard; Class A roads in other areas should be maintained

Table 4.5 and Table 4.6 luminance values and uniformity ratios.

Table 4.5: Luminance values and uniformity ratios for Class A other area roads( without conflict
areas)

Lighting | | yo | Ul | sR | TI
class

Vehicles <15000 ME5 05 1035| 04 | 05 | 15%
Vehicles 15000-

Condition

Junctions <3

perkm | YN MEda | 075 | 04 | 06 | 06 | 15%

. Vehicles <15000 | ME4a | 0.75 | 04 | 0.6 | 0.6 | 15%
Junctions ot es 15000-

>=3 per km ME3b 1 04 | 06 | 05 | 15%

25000

Table 4.6: Luminance values and uniformity ratios for Class A other area roads( with conflict areas)

Lighting
class

Junctions <3 | Vehicles <15000 ME3b 1 0.4 0.5 0.6 15%

per km Vehicles 15000-
25000

Junctions | Vehicles <15000 ME3b 1 0.4 0.5 0.6 15%

>=3 per km | Vehicles 15000-
25000

Condition L uo Ul SR TI

ME2 15| 04 | 06 | 0.5 | 10%

ME2 15| 04 | 06 | 0.5 | 10%

4.2.3 Case 3: Class B roads within town area
The typical speed in town areas is less than 60km/h. Number of vehicles were

considered below 25,000 per day. Table 4.5 shows the detailed analysis for Class B

within town area roads.

Table 4.7: Road condition analysis for Class B within town area roads

For

Parameter Values normal For conflict
L area
situation
High [>60 km/h]
Medium [Between 30-60km/h] v v

a | Typical speed Low [Between 5-30km/h]

Walking speed (<5km/h)

39



Main users
and other
users

Main users are motor vehicles
and slow vehicles <40km/h.
Bicyclists and pedestrians are
permitted

Main users are motor vehicles,
slow vehicles <40km/h and
bicyclists. Pedestrians are
permitted

Main weather Dry
t
ype Wet
Traffic Yes
Imi
calming areas No
<3 per km
Interchanges
>= 3 per km
Degree of Normal
navigation
difficulty High
Less than 7000
] Between 7000 and 15000
Vehicles per
day
Between 15000 and 25000
More than 25000
Yes
Conflict zones
No
Normal
Complexity of |
field vision | High
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Parked Yes v

vehicles

No

Low (Rural environment)

Brightness of

k surrounding Medium (City environment) v
High (Inner-city environment)
N I
| Traffic flow orma v
for bicycli
or bicyclist High
Road Lighting Class ME3c ME2

Hence, according to the EN 13201-1 standard; Class B roads within town area needs
to have below luminance values and uniformity ratios.

Areas without conflict areas

» Average luminance -minimum maintained (L) :1 cd/mn2
» Overall uniformity ratio- minimum (U0) 104

» Longitudinal uniformity ratio-minimum (Ul) 105

*  Minimum surrounds ratio (SR) 105

* Threshold increment (TI) <=15%

Areas with conflict areas

» Average luminance -minimum maintained (L) :1.5 cd/m”"2
»  Overall uniformity ratio- minimum (UO) 104

* Longitudinal uniformity ratio-minimum (Ul) 0.7

*  Minimum surrounds ratio (SR) 105

» Threshold increment (TI) <=10%
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4.2.4 Case 4- Class B roads in other areas
Typical speed was taken more than 60km/h. Number of vehicles were considered

below 15,000 per day.

Table 4.8: Road condition analysis for Class B other area roads

Fo_r normal For conflict area
situation
Paramet Values Junct Juncti et | -
e ons Junctions >=3 per
ons <3 _ ons <3
per km >=3 per km km
per km
High[>60kmi] | v | v | v | v | v
Medium
Tvoical [Between 30-
a yp'ga 60km/h]
Spee Low [Between 5-
30km/h]
Walking speed
(<5km/h)
All other users
Main (slow vehicles
speed <40km/h,
0 usz(ejrs bicyclists and v 4 v v v
anh pedestrians ) are
32;; permitted
Other users are
not permitted
Main Dry J v v v Y
c | weather
type Wet
<
4 | Intercha 3 per km v v
nges >=3 per km J v v
Less than 7000 v N4 J v
Between 7000
Vehicle | and 15000 v v v v
e | Sper Between 15000
day and 25000
More than 25000
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.| Yes
: Conflict V4 v v
zones
No V4 J
C_omple Normal J v
Xity of
9| field -
vision | M9
Y
h Parked €s
vehicles
No N4 J
Degree
of Normal J v
i navigati
on )
difficult | H1Gn
y
Low (Rural
Brightn | environment) 4 v
. | ess of Medium (City
)| surroun environment)
ding High (Inner-city
environment)
Road Lighting Class ME5 | ME4a | ME3b | ME3b MED

As per EN 13201-1 standard; Class B roads in other areas should be maintained

below luminance values and uniformity ratios.

Table 4.9: Luminance values and uniformity ratios for Class B other area roads( without conflict

areas)
Condition Lighting L uo ul SR TI
class
Junctions <3 per ME5 0.5 0.35 0.4 0.5 15%
km
il(unctions >=3per | MEda 0.75 0.4 0.6 0.6 15%
m
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Table 4.10: Luminance values and uniformity ratios for Class B other area roads( with conflict areas)

Condition Lghting |\ yo | ul | sR | TI
class
Junctions | \/epicles <15000 | ME3b | 1 | 0.4 | 06 | 05 | 15%
<3 per km
Junctions | vehjcles <7000 ME3b | 1 | 04 | 06 | 05 | 15%
>3 Perkm | eicies 7000
B 0
15000 ME2 15 | 04 | 07 | 06 | 10%
4.2.5 Case 5: Secondary/ minor roads within town area
Table 4.11: Road condition analysis for minor roads in town areas
Parameter Values
High [>60 km/h]
Typical Typical speed of the | Medium [Between 30-
speed main user 60km/h]
Low [Between 5-30km/h] v
Walking speed (<5km/h)
All other users (motor
. . vehicles, slow vehicles speed
Mzm l}J]SGI’S Mﬁ'n users_ang <40km/h, bicyclists and v
and other other permitte pedestrians ) are permitted
users users
Other users are not permitted
Traffic Have traffic Yes
calming calming areas taken
areas into consideration? | No J
Parked Do parked vehicles | Yes
vehicles have to be taken
into consideration? | No v
Degree of Degree of Normal v
navigation navigation difficulty
difficulty is High
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Normal Vv

f Traffic flow
for bicyclist High
Complexity | o motexity of field | o !
g | of field vision is
vision High
The criminality risk Normal v

for the viewed

traffic area is given

in comparison to the
o criminality risk for | High
h Identification | the extended
of persons | syrroundings

» Required
Face recognition of q v

eople is .
Peop Not required

Low (Rural environment)

Brightness of | Brightness of

surrounding | surrounding is Medium (City environment) v

High (Inner-city
environment)

Road Lighting Class S5

Hence, according to the EN 13201-1 standard; minor roads in town areas need to
have below illumination levels.
» Average illumination level (Em) > 3 lux

*  Minimum illumination level (Emin) > 0.6 lux
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4.2.6 Case 6: Secondary/ minor roads in other areas

Table 4.12: Road condition analysis for minor roads in other areas

Parameter

Values

Typical speed

High [>60 km/h]

Medium [Between 30-
60km/h]

Typical speed of the main
user Low [Between 5-30km/h]
Walking speed (<5km/h)
All other users (motor
Main users vehicles, slow vehicles speed
Main users and and other <40km/h, bicyclists and
other users permitted pedestrians ) are permitted
users

Other users are not permitted

Have traffic

) ) g Yes
Traffic calming calming areas
areas taken into N
consideration? | 'V©
Do parked
vehicles have Yes
Parked vehicles to be taken
into No
consideration?
Degree of Degree of Normal
navigation navigation
difficulty difficulty is High
) Normal
Traffic flow for
bicyclist .
4 High
] . Normal
Complexity of Complexity of
field vision field vision is .
High
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The

criminality
risk for the
viewed traffic | Normal v
area is given
in comparison
o to the
h Identification of criminality
persons risk for the Hih
extended g
surroundings
Face Required v
recognition of
people is Not required
Low (Rural environment) v
i | Brightness of Brightness of 1 1o 4ium (City environment)
surrounding surrounding is
High (Inner-city environment)
Road Lighting Class S6

As per EN 13201-1 standard; minor roads in other areas need to have below

illumination levels.

» Average illumination level (Em)

> 2 lux

*  Minimum illumination level (Emin) > 0.6 lux
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5. ECONOMIC ANALYSIS

Converting the conventional type street light to LED has several benefits which
includes increase energy efficiency and less maintenance due to longer lifespan. The
prices of the LED luminaires are gradually decreasing with the advancement in LED
technology and therefore lower price levels can be expected in the future. But still it
requires a considerable financial investment due to comparatively high prices of LED

in the market. Therefore, proper financial analysis is needed.

5.1 Scenario 1- Class A Road Within Town Area

Colombo 10 Deans road from Vinayalankara mawatha to round-about was selected
for the economic analysis. This is a Class A road in Colombo town area. 250W
sodium vapour luminaire are installed. According to the final output derived in
chapter 3, the light levels related to ME2 road lighting class should be maintained. A
luminaire with minimum lumen output of 19,500Im and type 2 light distribution type
will satisfy that requirement. If the efficacy is 150 Im/W, the selected luminaire will
consume 130W. According to Public Utility Commission of Sri Lanka (PUCSL)
electricity tariff for street lighting is Rs. 17/ kWh [19]. Energy consumption for 22
number of luminaires were considered and simple payback calculation is shown in
Table 5.2. Calculated simple payback period is 5.6 years. Then Net Present value

was calculated using discount factor of 10%. That calculation is shown in Table 5.3.

@q 305 Ven Baddegama
Y 7 Wimalawansa Mawatha
Delmege @

e
Hayleys PLC “fr\"
lead Office

National Eye

; } Hospital of Sri Lanka
ialog Axiata

=,

Victoria Memorial
Building

George Wall

Figure 5.1: Selected road for scenario 1
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Table 5.1: Collected details for scenario 1

Road class Class A

Area Within town limits
Number of lanes 4

Distance between two poles 40m

Luminaire Arrangement Median

Existing luminaire type

250W Sodium vapour

Mounting height

13m

Table 5.2: Simple pay-back calculation for scenario 1

250W Sodium

Details Unit 130W LED
Vapour

1 | Lamp wattage W 250 130

2 | Ballast loss W 25 0

3 Con_sur_nptlon of one W 275 130
luminaire

4 | Number of luminaires 22 22

5 | Total system W 6,050 2,860
consumption

6 | No of working days Days 365 365

7 No of working hours Hours 12 12
per day

8 Total burning hours Hours 4380 4380
per year

9 | Lamp life Hours 25,000( around 5 50,000( around 10

years) years)

10 | Luminaire cost LKR 20,000.00 44,000.00

11 | Cost for bracket LKR 10,500.00

12 | Total energy KWh 26,499 4,468
consumption per year

13 | Electricity tariff for street lighting: Rs. 17/ kWh

14 ;g;f' energy costper || kg 450,483.00 212,955.60

15 | Total energy cost LKR 237,527.40
saving per year

16 In|t_|al investment+ 10% 569.250.00
project management cost

17 | Simple payback period 5 years and 7 months
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Table 5.3: NPV calculation for scenario 1
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5.2 Scenario 2- Class B Road Within Town Area

B79 Wariyapola-Chilaw road from Wariyapola town clock tower was selected. The
gathered data are mentioned in Table 5.4. According to the Appendix B results, 68W
LED luminaire was selected to replace the existing 125W mercury vapour
luminaires. Therefore, it is possible to save 77W from one luminaire and total energy
saving per year is 337kWh. Applying electricity tariff for street lighting
(Rs.17/kWh), annually it will save Rs. 5,733.42

Energy consumption for 15 number of luminaires were considered and simple
payback calculation is shown in Table 5.5. Calculated simple payback period is 6.6
years.

Then Net Present value was calculated using discount factor of 10%. That calculation

is shown in Table 5.6.

reTTESTTCUTpTeTE CeTTTE
Co-op Supiri Clothing store a8
9 "
&= 2 min @
950m
L//,Q Chilaw=WariyapolaiRoad O
Mﬂna\"@ Muslim New Red Stores
s Central College Q 3 S:ng‘e
= ectroni

Figure 5.2: Selected road for scenario 2

Table 5.4: Collected details for scenario 2

Road class Class B

Area Within town limits
Number of lanes 2

Distance between two poles 35-40m

Luminaire Arrangement Single side
Existing luminaire type 125W Metal halide
Mounting height 6m
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Table 5.5: Simple pay-back calculation for scenario 2

Details unit | 12W Mercury 68W LED
Vapour
1 | Lamp wattage W 125 68
2 | Ballast loss w 20 0
3 Con§umpt|on of one W 145 63
luminaire
4 | Number of luminaires 15 15
5 | rotal system W 2,175 1,020
consumption
6 | No of working days Days 365 365
; No of working hours Hours 12 12
per day
g Total burning hours Hours 4380 4380
per year
. 20, 4 , 1
9 | Lamp life Hours 0,000( around 50,000( around 10
years) years)
10 | Luminaire cost LKR 20,000.00 24,000.00
11 | Cost for bracket LKR 10,500.00
1o | Total energy kKWh 9,527 4,468
consumption per year
13 | Electricity tariff for street lighting: Rs. 17/ kwWh
14 | Totlenergy costper |\ o 161,950.50 75,949.20
year
15 | Total energy cost LKR 86,001.30
saving per year
——— 5
16 In|t.|al investment+ 10% 569,250.00
project management cost
17 | Simple payback period 6 years and 8 months
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Table 5.6: NPV calculation for scenario 2
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5.3 Scenario 3- Minor Road Not Within Town Area
As scenario 3, Delkanda- Meegahawatta minor road about 300m was selected.
Normally these types of roads have no uniformity in type of luminaires. Here 36W

fluorescent luminaires, different types of CFL bulbs and LED bulbs have been

installed.
Battrc‘;lo‘:lii‘i'; I:/:ay O
The Loom Delkandha Market &£l
&= 2 min
400m 1
Ravin Tech
Cutting Center
QBoa(dqu
Eraveen Service Station
1§
Meegahawatta Road
Figure 5.3: Selected road for scenario 3
Table 5.7: Collected details for scenario 3
Road class Minor roads
Area Not within town limits
Number of lanes 1
Distance between two poles Not uniform (30m t0 40m)
Luminaire Arrangement Single side
Existing luminaire type 36W fluorescent/ CFL/LED bulbs
Mounting height 6m
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Table 5.8: Simple pay-back calculation for scenario 3

Details Unit 36W Fluorescent 11W LED

1 | Lamp wattage W 36 11

2 | Ballast loss W 4 0

3 Consumption of one W 40 11
luminaire

4 | Number of luminaires 7 7

5 Total systfem W 280 77
consumption

6 | No of working days Days 365 365

- No of working hours Hours 12 12
per day

8 Total burning hours Hours 4380 4380
per year

9 | Lamp life Hours 10,000( around 2 50,000( around 10

years) years)

10 | Luminaire cost LKR 1,500.00 4,000.00

11 | Cost for bracket LKR 0.00

12 | Total energy KWh 1,226 337
consumption per year

13 | Electricity tariff for street lighting: Rs. 17/ kWh

14 ;S;?I energy costper || kR 20,848.80 5,733.42

15 | Total energy cost LKR 15,115.38
saving per year

= 5

16 Inlt_lal investment+ 10% 30.800.00
project management cost

17 | Simple payback period 2 years and 1 month
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Table 5.9: NPV calculation for scenario 3
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6. CONCLUSION

6.1 Results and Observations

Inadequate lighting levels and very low uniformity ratio are the main problems
associated with street lighting projects due to wrongly selected luminaires,
distribution type and mounting positions. As the initial cost of implementing a LED
retrofit street lighting project is comparatively high due to the cost of LED
luminaires, it is not wiser to go for higher wattages unnecessarily. It will also
adversely effect to the energy saving and will be difficult to finance the project due
to long payback periods.

Many leading lamp manufacturers in the world have closed down the production of
conventional type lamps like sodium vapour and mercury vapour. Also due to the
new import regulations, laws has been imposed to limit the import of CFL in to Sri
Lanka. Meanwhile, Sri Lankan government is encouraging the provincial councils
and local government to replace street lamps with efficient LED street lamps.
Therefore, having a proper guideline on how to replace these existing luminaires into
LED is a must.

The objective of this research was to develop a guideline for designing economical
and effective retrofit LED street lighting system in Sri Lanka.

In chapter 3, the procedure which was followed to decide the optimum wattage/
lumen output, ideal light distribution type, luminaire mounting height and overhang
of the LED street lights to replace the conventional type street lights by considering
the road class (Class A/ Class B/ Secondary-Minor roads), number of lanes (1 lane/ 2
lane/ 4 lanes/ 6 lanes) and installation pattern (single side/ staggered/ opposite) was
discussed.

According to the road condition analysis in chapter 4; vehicle speed, traffic volume
and composition, number of intersection within kilometer, parked vehicles, ambient
lighting level, navigation difficulty and pattern of traffic control has large impact on
required lighting levels.

Class A within town area roads have the highest lighting requirement. When the
number of vehicles and junctions are increased, the light level requirement also goes

up. Also when areas are having conflict zones, the lighting requirement goes up.
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As per the analysis, Class A and Class B roads were under ME class and minimum of
maintained average luminance, minimum overall uniformity ratio, minimum
longitudinal uniformity ratio, threshold increment, minimum surrounds ratio, were
decided. Minor roads are under S class and therefore average and minimum
illumination levels were defined.

As per the EN 13201-2:2015 ‘Road lighting - Part 2: Performance requirements
standards, the required lighting levels according to the road class which were derived
through the analysis are shown in table 6.1, table 6.2 and table 6.3.

According to the road classification done in figure 3.3, 3.4 and 3.5, two hundred and
thirty-two different scenarios were identified and computer simulated using Dialux
4.12 software for optimum design. The derived final output is attached in appendix
B.

The observations according to the derived final output can be listed as follow;

For the Class A and Class B roads (which are not having conflict zones)

e For one lane and two lane roads with single side installation, it is always need
to go for luminaires with type 2 light distribution pattern.

e For four lane roads, despite of installation pattern is single side, double side
or staggered, ideal selection is luminaires with type 2 light distribution
pattern except for Class A within town area roads.

e For six lane roads (except Class A within town area) which have single side
and opposite side pole installations, it is always need to go for type 2 light
distribution type.

e Ifitisa Class A within town area road with six lanes, it is difficult to match
the required lighting levels with single side 30m -40m pole spacing, or
staggered 60m pole spacing. Therefore, the best option is to go for opposite
type 30m installation.

For minor roads

e For minor roads with single or double lanes which are having single side pole
installation, the ideal mounting height to achieve minimum lumen output is

6m and light distribution pattern is type 2.
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Table 6.1: Lighting levels according to the road class for areas not having conflict zones- Class A and

Class B
Road Lighting
Area L U0 | UL | SR TI
Class class
Within town area ME2 15 0.4 0.7 | 05 | 10%

Vehicles
Junctions | <15000

ME5 05 | 035 |04 | 05| 15%

<3 per km | Vehicles
ME4a 075 | 04 | 06 | 06 | 15%

A | Other 15000-25000
areas Vehicles
Junctions ME4a 075 | 04 | 06 | 06 | 15%
<15000
>=3 per
Vehicles
km ME3b 1 04 | 05| 06 | 15%
15000-25000
Within town area (vehicles <25000) ME3c 1 04 | 05| 05| 15%
Junctions Vehicles

ME5 05 | 035 | 04| 05| 15%
<3 per km <15000

B | other i
Junctions )
areas Vehicles
>=3 per ME4a 075 | 04 | 06 | 0.6 | 15%
} <15000
m

Table 6.2: Lighting levels according to the road class for areas having conflict zones- Class A and

Class B
Road Lighting
Area L uo UL SR TI
Class class
Within town area ME2 15 0.4 0.7 0.5 10%

Junctions | Vehicles

0,
A | Other | <3perkm | <15000 MESb ! 04 | 05 | 06 | 15%

areas " Vehicles
= 0,
; 3 per 15000-25000 ME2 1.5 0.4 0.6 0.5 10%

Within town area (vehicles <25000) ME2 1.5 0.4 0.7 0.5 10%

Junctions Vehicles
<3 perkm | <15000 ME3b 1 04 | 06 | 05 15%

B

Other Junctions Vehicles
areas >=3 per <7000
km

ME3b 1 0.4 0.6 0.5 15%

Vehicles

2000-15000 | ME2 | 15 | 04 | 07 | 06 | 10%
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Table 6.3: Lighting levels according to the road class- secondary/minor roads

L Average Minimum
Lighting | L
Road Category Area | illumination level | illumination level
class
(Em) (Emin)
roads
Other areas S6 2 0.6

The final aim of street lighting design is the safety of road users. Achieving
appropriate, correct and acceptable illuminance and luminance values while
balancing the saving through energy consumption and investment cost is really a
challenge in implementing LED retrofit street lighting system.

The payback period of a project means length of time that takes to recover the cost of
an investment. It can be used as the most basis financial analysis to get an idea about
when the investment reaches its break-even point. Projects with shorter payback
periods usually get the attraction.

As scenario 1, Colombo 10 Deans road from Vinayalankara mawatha to round-about
was selected which is a class A within town area road. Therefore, as per the analyzed
road conditions, it should be maintained minimum average luminance value 1.5
cd/m?2; minimum overall uniformity ratio 0.4; minimum longitudinal uniformity ratio
0.7; minimum surrounds ratio 0.5 and Tl <= 10 %. 250W sodium vapour luminaire
are installed at 13m height and the ideal LED replacement would be 130W as per
Appendix B. From one luminaire, it will be able to save 145W. If we assume 12hour
burning time per day, it will save 1.74kWh per day. Then in one year it will save
635.1kWh which means Rs. 10,796.70 per year. Calculated simple payback period is
5.6 years which is a really high value. Refer Table 5.2. The reason for long payback
period is the cost of LED luminaire and arm modification. But the prices of the LED
luminaires are gradually decreasing and therefore lower price levels can be expected
in the future. It will reduce this long payback period. NPV reflects the present value
of future cash flows. These adjustments are done using the ‘discount factor’ which
will be selected by considering the inflation. Here Net Present Value was calculated

using discount factor of 10%. The sodium vapour lamp life at 50% failure was taken
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as 25,000 hr. Then one lamp will last nearly 5 years. Electromagnetic ballast in
combination with external ignitor is used in sodium vapour luminaires. The
replacement cost of lamp, ballast and ignitor were considered for NPV calculations.
Cost of one lamp, ballast and ignitor was taken as Rs. 2,000.00, Rs.3500.00 and
Rs.350 respectively which are current market prices. Though the life time of LED
chip is 50,000hr, the life time of LED driver is around 25,000hr. Therefore, the
replacement cost of LED driver which is around Rs.3000.00 after 5 years was taken
in to consideration. The calculations are shown in Table 5.3. NPV calculated was
positive and therefore this project is viable.

As second scenario, Wariyapola-Chilaw road from Wariyapola town clock tower
which is a class B road within town area was selected. The selected stretch is 950m.
The existing 125W mercury vapour street lamps can be replaced with 68W LED
luminaires. Here also calculated payback period is very long. As explained in
scenario 1, one reason for this long payback period is cost of LED luminaires and
modification cost of arm. The mercury vapour lamp life at 50% failure was taken as
20,000 hr and then one lamp will last nearly 4 years. So there will be a lamp
replacement cost of Rs 1,500.00 after four years. Cost of ballast and ignitor was
taken as Rs.3500.00 and Rs.350 respectively. The life time of LED driver is around
25,000hr and therefore, the replacement cost of LED driver which is around
Rs.3000.00 after 5 years was considered. For this project also, the calculated NPV
was positive and that means project is viable.

There is no consistency in type of luminaires, wattages in most of the minor/
secondary type roads. Most of the time indoor type fluorescent tubes, CFL and LED
bulbs are used to light up the roads. The selected road was Delkanda- Meegahawatta
minor road. The selected section is about 300m. Road width was about 3.5m to 4m.
36W 4feet fluorescent luminaires, different types of CFL bulbs and LED bulbs have
been installed in different mounting heights. For the calculation purpose, it was
assumed only 36W fluorescent luminaires are there. Mounting height also not
uniform and it was about 6m. Seven luminaires were counted in this section. The
ideal replacement for this 36W fluorescent luminaire is 11W Type 2 LED luminaire.
Therefore, if we replace these seven number of luminaires it will save Rs. 15,115.38
per annum. The cost of 11W LED street light is about Rs. 4,000.00 and then the
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investment needed for this project is Rs. 30,8000.00. The calculated pay-back period
is 2.04 years which can be considered as good pay-back period. Refer Table 5.8. The
lamp life of good quality fluorescent bulb is about 10,000hr at 50% failure. So it will
last about two years for 4380 burning hours. Replacement cost of one fluorescent
tube is Rs. 120.00. Net Present Value was calculated using discount factor of 10%.
The replacement cost of LED driver also taken into consideration. The calculated
NPV was positive and that means project is viable.

Most of the time the prevailing lighting conditions on road is very poor. For an
example the measured illumination level on road was 7lux right under the luminaire
and it was Olux in between two light poles in B79 Chilaw- Wariyapola road. So this
type of situation won’t cater the safety and visibility need of road users which is the
main purpose of street light designing. Therefore, when we are trying to meet the
standard luminance and illumination levels, the cost will become high and energy
saving will not be highlighted. This is the second reason for having longer payback
periods. Hence when implementing these kinds of public projects investment cost
should not be the only reason that should be considered. The safety of road users,
upgrade the quality of life by promotion of business activities during the night hours
should also be addressed.

6.2 Further Improvements

According to the analysis in section 4, vehicles per day is one of the key factor to
decide the lighting level of road. But during the late night time, the motor traffic and
pedestrian density is low and therefore the luminance/ illuminance levels can be
reduced further. For an example; in Class A-other area roads, if vehicle density goes
down from ‘more than 15,000’ to ‘below 15,000’ range, then the required luminance

values also goes down (refer Table 6.4).

If we consider two lane road with single side installation and 30m pole spacing, then
the required lumen output goes down from 5,100Im to 3,450Im. Efficacy of 150lm/W
one luminaire will save 11W energy. That means more than 30% energy saving can
be achieved. Using dimmable street lights with timers will serve the purpose [8]. But
when it comes to the cost of dimmable street lights, that idea will not be so
economical. Therefore, use split type street light with two LED drivers and when in
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late hours, switch off one part of street light using timer will further enhance the
energy saving.

Table 6.4: Luminance values for Class A- other area roads

Road Area Lighting

L Uuo | UL | SR TI
Class class

Vehicles

) ME5 05 | 035 |04 | 05| 15%
Class | Other Junctions | <15000

A | areas <3 per km | Vehicles

ME4a 075 | 04 | 06 | 0.6 | 15%
15000-25000
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FIELD SURVEY FORM
LED STREET LIGHT UP-LAMPING PROJECT

1) Site Details
a) Road name
b) Road width
c) Number of lanes
d) Carriageway type Single carriageway
Dual carriage way
2) Existing Luminaire Details and Mounting Details
Single side
a) Installation pattern Double side opposite
Staggered
b) Average distance between two poles
c) Type of luminaire
d) Existing wattage
e) Mounting height
f) Arm length
g) Distance from pole to road edge
3) ldentify the Road Conditions
Param Description Value
eter
How hlgh IS thetyplcal ngh [>60 km/h]
speed of the main user in i
the street? Mai users Medium [Between
include combinations of 30-60km/h]
motorized traffic, sow | - . Low [Between 5-
.| vehicles, bicyclists and yp 30km/h]
Typical ; . speed of
speed pedestrians. If motorized the main
P traffic is one of the main user
specd of the motorize Walking speed
vatiic (<Skm/h)
Main .| All other users (slow
Enter main .
users User tvoe vehicles speed
and yp <40km/h, bicyclists
and other .
other and pedestrians ) are
user .
users permitted
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permitted

Other users are not

user types permitted
Main Ent_er Dry
whethe typical
r type whether Wet
How the street connects
to other streets and the | Enter the | <3 Perkm
Interch | frequency of frequency
anges interchanges/Junctions of simple B
junctions | >= 3 perkm
Less than 7000
Vehicle How many | Between 7000 and
vehicles 15000
S per
day are there | Between 15000 and
perday? | 55000
More than 25000
Conflict zones are the
zones where different Yes
. A Does a
Conflic | traffic flows cross or .
conflict
t zones | zones that are also used Zone exist?
by other traffic " | No
participants
How much distraction,
confusion or disruption is Normal
caused to traffic
participants by lighting
C_omple and other optical stimuli | Complexity
xity of - .
field (for example advertising, | of field
vision light poles, lit buildings) | vision is High
within the field of vision? '9
Do parked
Parked vehicles Yes
. have to be
vehicle )
s taken into
considerati | No
on?
Degree | How much of effort will | Degree of
of the traffic participant navigation | Normal
navigat | have to make in order to | difficulty is
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ion select a driving direction
difficul | and driving lane, or to
ty maintain or change their High
speed and position in the
roadway?
Since the luminance level Low (Rural
Brightn : Brightness | environment)
of the surrounding can - .
ess of . of Medium (City
only be estimated, only . :
surroun e surroundin | environment)
: broad classification are . - -
ding gis High (Inner-city

made

environment)
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GUIDELINE TO DESIGN ECONOMICAL, EFFECTIVE AND HUMAN FRIENDLY RETROFIT LED STREET LIGHTING SYSTEM

1. Guideline to select best fit LED street light luminaire according to road category, number of lanes and installation pattern

Below charts will help to understand the minimum lumen output of a street light luminaire that should be used to replace the existing conventional street light according to the road category, number of lanes and

installation pattern.

Simulations are based on BS/EN 13201 road lighting standards. Maintenance factor is considered as 0.7. Width of one lane is taken as 3.5m. The analysis part of the road conditions is shown in section 2.

Assumptions: For roads within town are: junctions within kilometre>=3

CLASS A ROADS
- » Minimurr:n Wgttage - Avgragfe e Lumina-ire
Road Area Lighting Number of lanes sl e Minimum (cor?5|der|ng illumination Distribution Mou'ntmg Overhang Slope
Category class Lumen output efficacy as level on road Pattern Height (m) (deg)
150Im/W) (lux) (m)

1 lane Single side- 30m pole spacing 9,000 60 16 Type 2 8.5 1 0

Single side- 40m pole spacing 15,000 100 16 Type 2 10 1 5

5 lanes Single side- 30m pole spacing 12,400 83 18 Type 2 10 2 0

Single side- 40m pole spacing 19,500 130 18 Type 2 12 1 0

Single side- 30m pole spacing 33,000 220 27 Type 4 10.5 2.5 0
Single side- 40m pole spacing 60,000 400 27 Type 4 13 0.5 10

Within town area ME2 4 lanes Stagge.red- 60m pole spaf:ing - - - - - - -

Opposite- 30m pole spacing 9,300 62 20 Type 2 11 0.5 0

Opposite- 40m pole spacing 25,500 170 24 Type 4 13 0.5 5

Single side- 30m pole spacing - - - - - - -

Single side- 40m pole spacing - - - - - - -

6 lanes Staggered- 60m pole spacing - - - - - - -

Opposite- 30m pole spacing 12,200 81 20 Type 2 10 1 0

Opposite- 40m pole spacing - - - - - - -

Class A - - -

1 lane Single side- 30m pole spacing 2,300 15 6 Type 2 6 1 0

Single side- 40m pole spacing 3,800 25 6 Type 2 7.5 0.5 5

5 lanes Single side- 30m pole spacing 3,450 23 6 Type 2 7.5 1 0

Single side- 40m pole spacing 5,000 33 6 Type 2 8 1 5

Single side- 30m pole spacing 6,850 46 7 Type 2 12 1 0

Single side- 40m pole spacing 9,500 63 7 Type 2 11.5 0.5 5
Other Junctions <3 Vehicles <15000 MES 4 lanes Stagge.red- 60m pole spa.cing 6,250 42 7 Type 2 10.5 0 0,5

areas per km Opposite- 30m pole spacing 2,900 19 7 Type 2 7 0 0

Opposite- 40m pole spacing 4,000 27 6 Type 2 8 0 0

Single side- 30m pole spacing 9,950 66 8 Type 3 10.5 2 0

Single side- 40m pole spacing 13,500 90 8 Type 3 11 2.5 0

6 lanes Staggered- 60m pole spacing 8,300 55 7 Type 2 11.5 1 0

Opposite- 30m pole spacing 4,000 27 6 Type 2 8.5 0 5

Opposite- 40m pole spacing 5,400 36 7 Type 2 8.5 0 5
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Road Lightin . Minimum Wattage (efficacy = Average Lighting Dist. | Mounting | Overhan Slope
Category Area flass : AT E7 @IF BT R Gl i1 Lumen output 150Im§W() ! iIIuminatiogn(qu) gPattirn Height(mg) (m) : (deF;)

1 lane Single side- 30m pole spacing 3,900 26 8 Type 2 7 1.5 0

Single side- 40m pole spacing 6,800 45 8 Type 2 9 2 0

5 lanes Single side- 30m pole spacing 5,100 34 10 Type 2 7.5 1.5 0

Single side- 40m pole spacing 8,500 57 10 Type 2 9 1.5 5

Single side- 30m pole spacing 10,650 71 11 Type 2 12 1 5

Single side- 40m pole spacing 15,000 100 11 Type 2 11.5 0.5 10

Junctions <3 Vehicles 15000- ME4a 4 lanes Staggered- 60m pole spacing 9,250 62 10 Type 2 12 1.5 0

per km 25000 Opposite- 30m pole spacing 4,450 30 10 Type 2 8 0 0

Opposite- 40m pole spacing 6,200 41 10 Type 2 10 0 0

Single side- 30m pole spacing 14,900 99 12 Type 3 10.5 2 0

Single side- 40m pole spacing 21,000 140 12 Type 3 11.5 2 0

6 lanes Staggered- 60m pole spacing 14,550 97 11 Type 3 11.5 0.5 0

Opposite- 30m pole spacing 6,000 40 10 Type 2 8.5 0 5

Opposite- 40m pole spacing 8,300 55 10 Type 2 9.5 0 5

1 lane Single side- 30m pole spacing 3,900 26 8 Type 2 7 1.5 0

Single side- 40m pole spacing 6,800 45 8 Type 2 9 2 0

5 lanes Single side- 30m pole spacing 5,100 34 10 Type 2 7.5 1.5 0

Single side- 40m pole spacing 8,500 57 10 Type 2 9 1.5 5

Single side- 30m pole spacing 10,650 71 11 Type 2 12 1 5

Single side- 40m pole spacing 15,000 100 11 Type 2 11.5 0.5 10

Class A Other Vehicles <15000 ME4a 4 lanes Stagge.red— 60m pole spaFing 9,250 62 10 Type 2 12 1.5 0

areas Opposite- 30m pole spacing 4,450 30 10 Type 2 8 0 0

Opposite- 40m pole spacing 6,200 41 10 Type 2 10 0 0

Single side- 30m pole spacing 14,900 99 12 Type 3 10.5 2 0

Single side- 40m pole spacing 21,000 140 12 Type 3 11.5 2 0

6 lanes Staggered- 60m pole spacing 14,550 97 11 Type 3 11.5 0.5 0

Opposite- 30m pole spacing 6,000 40 10 Type 2 8.5 0 5

Junctions Opposite- 40m pole spacing 8,300 55 10 Type 2 9.5 0 5

>=3 per km 1 lane Single side- 30m pole spacing 5,400 36 11 Type 2 7 0.5 5

Single side- 40m pole spacing 9,000 60 11 Type 2 9 2 0

5 lanes Single side- 30m pole spacing 6,750 45 13 Type 2 7.5 1.5 0

Single side- 40m pole spacing 11,000 73 13 Type 2 9 1.5 5

Single side- 30m pole spacing 14,200 95 15 Type 2 12 1 5

Single side- 40m pole spacing 20,000 133 15 Type 2 11.5 0.5 10

Vehicles 15000- ME3b 4 lanes Staggered- 60m pole spacing 12,500 83 13 Type 2 12 1.5 0

25000 Opposite- 30m pole spacing 5,900 39 13 Type 2 8 0 0

Opposite- 40m pole spacing 8,500 57 14 Type 2 10 0 0

Single side- 30m pole spacing 20,000 133 16 Type 3 10.5 2 0

Single side- 40m pole spacing 30,000 200 16 Type 3 12 1 0

6 lanes Staggered- 60m pole spacing 19,400 129 14 Type 3 115 0.5 0

Opposite- 30m pole spacing 8,000 53 13 Type 2 8.5 0 5

Opposite- 40m pole spacing 11,000 73 13 Type 2 9.5 0 5
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CLASS B ROADS

- » Minimurr.1 Wéttage ‘ Aver.age i Lumina.ire
Road Area Lighting Number of lanes o e Minimum (corTS|der|ng illumination level Distribution Mou.ntlng Overhang | Slope
Category class Lumen output efficacy as on road Pattern Height (m) (deg)
150lm/W) (lux) (m)
Single side- 30m pole spacing 4,900 33 11 Type 2 6.5 1.5 0
1lane Single side- 40m pole spacing 9,000 60 12 Type 2 8 0 10
Single side- 30m pole spacing 6,750 45 13 Type 2 7.5 1.5 0
2 lanes Single side- 40m pole spacing 10,200 68 12 Type 2 9 1.5 0
Single side- 30m pole spacing 14,200 95 15 Type 2 12 1 5
Single side- 40m pole spacing 19,900 133 15 Type 2 11.5 0.5 10
4 lanes Staggered- 60m pole spacing 12,300 82 13 Type 2 11 0.5 0
Within town area ME3c - -
Opposite- 30m pole spacing 5,850 39 13 Type 2 7.5 0 0
Opposite- 40m pole spacing 8,000 53 13 Type 2 9 0 0
Single side- 30m pole spacing 19,900 133 16 Type 3 10.5 2 0
Single side- 40m pole spacing 29,000 193 16 Type 3 12 2 0
6 lanes Staggered- 60m pole spacing 17,150 114 13 Type 2 12 0 5,10
Opposite- 30m pole spacing 8,000 53 13 Type 2 8.5 0 5
Opposite- 40m pole spacing 10,900 73 13 Type 2 9 0 5
Single side- 30m pole spacing 2,300 15 6 Type 2 6 1 0
1lane Single side- 40m pole spacing 3,800 25 6 Type 2 7.5 0.5 5
Single side- 30m pole spacing 3,450 23 6 Type 2 7.5 1 0
2 lanes Single side- 40m pole spacing 5,000 33 6 Type 2 8 1 5
Class B Single side- 30m pole spacing 6,850 46 7 Type 2 12 1 0
Single side- 40m pole spacing 9,500 63 7 Type 2 11.5 0.5 5
Junctions <3 . 4 lanes Staggered- 60m pole spacing 6,250 42 7 Type 2 10.5 0 0,5
per km Vehicles <15000 MES Opposite- 30m pole spacing 2,900 19 7 TzEe 2 7 0 0
Opposite- 40m pole spacing 4,000 27 6 Type 2 8 0 0
Single side- 30m pole spacing 9,950 66 8 Type 3 10.5 2 0
Single side- 40m pole spacing 13,500 90 8 Type 3 11 2.5 0
Other 6 lanes Staggered- 60m pole spacing 8,300 55 7 Type 2 11.5 1 0
areas Opposite- 30m pole spacing 4,000 27 6 Type 2 8.5 0 5
Opposite- 40m pole spacing 5,400 36 7 Type 2 8.5 0 5
Single side- 30m pole spacing 3,900 26 8 Type 2 7 1.5 0
1lane Single side- 40m pole spacing 6,800 45 8 Type 2 9 2 0
Single side- 30m pole spacing 5,100 34 10 Type 2 7.5 1.5 0
) 2 lanes Single side- 40m pole spacing 8,500 57 10 Type 2 9 1.5 5
::3”;2?2; Vehicles <15000 | ME4a Single side- 30m pole spacing 10,650 71 11 Type 2 12 1 5
Single side- 40m pole spacing 15,000 100 11 Type 2 115 0.5 10
4 lanes Staggered- 60m pole spacing 9,250 62 10 Type 2 12 1.5 0
Opposite- 30m pole spacing 4,450 30 10 Type 2 8 0 0
Opposite- 40m pole spacing 6,200 41 10 Type 2 10 0 0
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Single side- 30m pole spacing 14,900 99 12 Type 3 10.5 2 0
Single side- 40m pole spacing 21,000 140 12 Type 3 11.5 2 0
6 lanes Staggered- 60m pole spacing 14,550 97 11 Type 3 11.5 0.5 0
Opposite- 30m pole spacing 6,000 40 10 Type 2 8.5 0 5
Opposite- 40m pole spacing 8,300 55 10 Type 2 9.5 0 5
SECONDATY/ MINOR ROADS
.. L Luminaire
Lighting . Minimum Lumen Mlnlmum Watt_age _ng_htln_g Mounting Overhang
Road Category Area Number of lanes Installation pattern (considering efficacy Distribution . Slope
class output Height (m)
as 100Im/W) Pattern
(m)
Single side- 30m pole spacing 1,250 12.5 Type 2 6 0 0,5
1 lane
Single side- 40m pole spacing 1,650 16.5 Type 2 6 0 0
Within town area S5
Single side- 30m pole spacing 1,350 13.5 Type 2 6 1.5 0
2 lanes
Secondary/Minor Single side- 40m pole spacing 1,800 18.0 Type 2 6 1.5 0
roads Single side- 30m pole spacing 850 8.5 Type 2 6 0 0,5
1 lane
Single side- 40m pole spacing 1,110 111 Type 2 6 0 0
Other areas S6
Single side- 30m pole spacing 900 9.0 Type 2 6 1.5 0
2 lanes
Single side- 40m pole spacing 1,250 12.5 Type 2 6 0.5 0
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CLASS A ROADS-CONFLICT AREAS

L - Minimum Wattage | . Aver_age Lighting Lumina_ire
Road Lighting . Minimum . . illumination level N Mounting | Overhang
S Area class Number of lanes Installation pattern WG (considering efficacy on road Distribution Heisht i) Slope
as 150lm/W) (lux) Pattern (m)

1 lane Single side- 30m pole spacing 9,000 60 16 Type 2 8.5 1 0

Single side- 40m pole spacing 15,000 100 16 Type 2 10 1 5

Single side- 30m pole spacing 12,400 83 18 Type 2 10 2 0

2 lanes Single side- 40m pole spacing 19,500 130 18 Type 2 12 1 0

Single side- 30m pole spacing 33,000 220 27 Type 4 10.5 2.5 0
Single side- 40m pole spacing 60,000 400 27 Type 4 13 0.5 10

.y 4 lanes Staggered- 60m pole spacing - - - R - _ _

Within town area ME2 Opposite- 30m pole spacing 9,300 62 20 Type 2 11 0.5 0

Opposite- 40m pole spacing 25,500 170 24 Type 4 13 0.5 5

Single side- 30m pole spacing - - - - - - -

Single side- 40m pole spacing - - - - - - -

6 lanes Staggered- 60m pole spacing - - - - - - -

Opposite- 30m pole spacing 12,200 81 20 Type 2 10 1 0

Opposite- 40m pole spacing - - - - - - -

Class A Single side- 30m pole spacing 5,400 36 11 Type 2 7 0.5 5
1lane Single side- 40m pole spacing 9,000 60 11 Type 2 9 2 0

Single side- 30m pole spacing 6,750 45 13 Type 2 7.5 1.5 0

2 lanes Single side- 40m pole spacing 11,000 73 13 Type 2 9 1.5 5

Single side- 30m pole spacing 14,200 95 15 Type 2 12 1 5
Single side- 40m pole spacing 20,000 133 15 Type 2 11.5 0.5 10

Junctions <3 4 lanes Staggered- 60m pole spacing 12,500 83 13 Type 2 12 1.5 0

Other per km; Vehicles <15000 | ME3b Opposite- 30m pole spacing 5,900 39 13 Type 2 8 0 0

areas Junctions >=3

per km Opposite- 40m pole spacing 8,500 57 14 Type 2 10 0 0

Single side- 30m pole spacing 20,000 133 16 Type 3 10.5 2 0

Single side- 40m pole spacing 30,000 200 16 Type 3 12 1 0

Staggered- 60m pole spacing 19,400 129 14 Type 3 11.5 0.5 0

6 lanes Opposite- 30m pole spacing 8,000 53 13 Type 2 8.5 0 5

Opposite- 40m pole spacing 11,000 73 13 Type 2 9.5 0 5

Opposite- 40m pole spacing
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L - Minimum Wattage | . ,il‘ver_age Lighting Lumina_ire
Road Lighting . Minimum L . illumination level N Mounting | Overhang
S Area class Number of lanes Installation pattern WG (considering efficacy on road Distribution Heisht i) Slope
as 150lm/W) (lux) Pattern (m)
Single side- 30m pole spacing 9,000 60 16 Type 2 8.5 1 0
1lane Single side- 40m pole spacing 15,000 100 16 Type 2 10 1 5
Single side- 30m pole spacing 12,400 83 18 Type 2 10 2 0
2 lanes Single side- 40m pole spacing 19,500 130 18 Type 2 12 1 0
Single side- 30m pole spacing 33,000 220 27 Type 4 10.5 2.5 0
Junctions <3 Single side- 40m pole spacing 60,000 400 27 Type 4 13 0.5 10
Class A Other per km; Vehicles 15000- ME2 4 lanes Staggered- 60m pole spacing - - - - - - -
areas Junctions >=3 25000 Opposite- 30m pole spacing 9,300 62 20 Type 2 11 0.5 0
per km Opposite- 40m pole spacing 25,500 170 24 Type 4 13 0.5 5
6 lanes Single side- 30m pole spacing - - - - - - -
Single side- 40m pole spacing - - - - - - -
Staggered- 60m pole spacing - - - - - - -
Opposite- 30m pole spacing 12,200 81 20 Type 2 10 1 0
Opposite- 40m pole spacing - - - - - - -
CLASS B ROADS-CONFLICT AREAS
Minimum
s - Wattage . Ave'!rag'e Lighting Luminaire
Road Lighting Number of . Minimum L illumination N . . Overhang
o Area class lanes Installation pattern TR (cor?5|der|ng level on road Distribution Mounting Height (m) Slope
efficacy as (lux) Pattern (m)
150Im/W)
1 lane Single side- 30m pole spacing 9,000 60 16 Type 2 8.5 1 0
Single side- 40m pole spacing 15,000 100 16 Type 2 10 1 5
5 lanes Single side- 30m pole spacing 12,400 83 18 Type 2 10 2 0
Single side- 40m pole spacing 19,500 130 18 Type 2 12 1 0
Single side- 30m pole spacing 33,000 220 27 Type 4 10.5 2.5 0
Single side- 40m pole spacing 60,000 400 27 Type 4 13 0.5 10
Within town area ME2 4 lanes Stagger.ed- 60m pole spac.ing - - - - - - -
Opposite- 30m pole spacing 9,300 62 20 Type 2 11 0.5 0
Class B Opposite- 40m pole spacing 25,500 170 24 Type 4 13 0.5 5
Single side- 30m pole spacing - - - - - - -
Single side- 40m pole spacing - - - - - - -
6 lanes Staggered- 60m pole spacing - - - - - - -
Opposite- 30m pole spacing 12,200 81 20 Type 2 10 1 0
Opposite- 40m pole spacing - - - - - - -
1 lane Single side- 30m pole spacing 5,400 36 11 Type 2 0.5 5
Other Junctions <3 Vehicles ME3b Single side- 40m pole spacing 9,000 60 11 Type 2 2 0
areas per km <15000 5 lanes Single side- 30m pole spacing 6,750 45 13 Type 2 7.5 1.5 0
Single side- 40m pole spacing 11,000 73 13 Type 2 9 1.5 5
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Single side- 30m pole spacing 14,200 95 15 Type 2 12 1 5
Single side- 40m pole spacing 20,000 133 15 Type 2 11.5 0.5 10

4 lanes Staggered- 60m pole spacing 12,500 83 13 Type 2 12 1.5 0

Opposite- 30m pole spacing 5,900 39 13 Type 2 8 0 0

Opposite- 40m pole spacing 8,500 57 14 Type 2 10 0 0

Single side- 30m pole spacing 20,000 133 16 Type 3 10.5 2 0

Single side- 40m pole spacing 30,000 200 16 Type 3 12 1 0

6 lanes Staggered- 60m pole spacing 19,400 129 14 Type 3 11.5 0.5 0

Opposite- 30m pole spacing 8,000 53 13 Type 2 8.5 0 5

Opposite- 40m pole spacing 11,000 73 13 Type 2 9.5 0 5

1 lane Single side- 30m pole spacing 5,400 36 11 Type 2 0.5 5

Single side- 40m pole spacing 9,000 60 11 Type 2 2 0

5 lanes Single side- 30m pole spacing 6,750 45 13 Type 2 7.5 1.5 0

Single side- 40m pole spacing 11,000 73 13 Type 2 9 1.5 5

Single side- 30m pole spacing 14,200 95 15 Type 2 12 1 5
Single side- 40m pole spacing 20,000 133 15 Type 2 11.5 0.5 10

Junctions Vehicles ME3b 4 lanes Staggered- 60m pole spacing 12,500 83 13 Type 2 12 1.5 0
>=3 per km <7000 Opposite- 30m pole spacing 5,900 39 13 Type 2 8 0 0
Opposite- 40m pole spacing 8,500 57 14 Type 2 10 0 0

Single side- 30m pole spacing 20,000 133 16 Type 3 10.5 2 0

Single side- 40m pole spacing 30,000 200 16 Type 3 12 1 0

6 lanes Staggered- 60m pole spacing 19,400 129 14 Type 3 11.5 0.5 0

Opposite- 30m pole spacing 8,000 53 13 Type 2 8.5 0 5

Opposite- 40m pole spacing 11,000 73 13 Type 2 9.5 0 5

1lane Single side- 30m pole spacing 9,000 60 16 Type 2 8.5 1 0

Single side- 40m pole spacing 15,000 100 16 Type 2 10 1 5

5 lanes Single side- 30m pole spacing 12,400 83 18 Type 2 10 2 0

Single side- 40m pole spacing 19,500 130 18 Type 2 12 1 0

Single side- 30m pole spacing 33,000 220 27 Type 4 10.5 2.5 0
) Single side- 40m pole spacing 60,000 400 27 Type 4 13 0.5 10

Junctions ngé)cées ME2 4 lanes Staggered- 60m pole spacing - - - - - - -
>=3 per km 15000 Opposite- 30m pole spacing 9,300 62 20 Type 2 11 0.5 0
Opposite- 40m pole spacing 25,500 170 24 Type 4 13 0.5 5

Single side- 30m pole spacing - - - - - - -

Single side- 40m pole spacing - - - - - - -

6 lanes Staggered- 60m pole spacing - - - - - - -

Opposite- 30m pole spacing 12,200 81 20 Type 2 10 1 0

Opposite- 40m pole spacing
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2. Analyse the Road Conditions

To obtain the above results, following road situations were considered.

a) Class A- Within Town Area

For normal
Parameter Description Values . . For conflict area
situation
High [>60 km/h]
How high is the typical speed of the main user in the
street? Mai users include combinations of motorized : .| Medium [Between 30-60km/h] v v
. . . . . Typical speed of the main
a) Typical speed traffic, slow vehicles, bicyclists and pedestrians. If user
motorized traffic is one of the main users, enter the Low [Between 5-30km/h]
typical speed of the motorized traffic
Walking speed (<5km/h)
Main users are motor vehicles are motor vehicles
and slow vehicles <40km/h. Bicyclists and
' Enter main user type and pedestrians are permitted
Main users and .
b) other user permitted user
other users
types Main users are motor vehicles are motor vehicles,
slow vehicles <40km/h and bicyclists. Pedestrians N v
are permitted
Dry v v
c) Main weather type Enter typical weather
Wet
Yes
. . Have traffic calming areas v v
d) Traffic calming areas . . .
taken into consideration?
No
<3 per km
How the street connect to other streets and the Enter the frequency of
€) Interchanges frequency of interchanges/Junctions simple junctions
g ¥ g pie] >= 3 per km v v
How much of effort will the traffic participant have to Normal
f Degree of navigation | make in order to select a driving direction and driving | Degree of navigation
difficulty lane, or to maintain or change their speed and position | difficulty is
in the roadway? High V4 J
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Less than 7000 N v
. Between 7000 and 15000 N v
. How many vehicles are
g) Vehicles per day there per dav?
per day: Between 15000 and 55000 v v
More than 25000 N v
Conflict zones are the zones where different traffic . Yes v
. . Does a conflict zone
h) Conflict zones flows cross or zones that are also used by other traffic exist?
participants ) No v
How much distraction, confusion or disruption is
. . . . . . . . Normal
i Complexity of field caused to traffic participants by lighting and other Complexity of field vision
vision optical stimuli (for example advertising, light poles, lit | is Hich Y Y
buildings) within the field of vision? g
Do parked vehicles have | Yes v v
i) Parked vehicles to be taken into
consideration? No
Low (Rural environment)
K Brlghtnes's of Since 'Fhe luminance level of th'e'sur.roundmg can only !3r|ghtness of surrounding Medium (City environment) Y Y
surrounding be estimated, only broad classification are made is
High (Inner-city environment)
Normal
) Traffic flow for
vl
bicyclist High Y Y
Road Lighting Class ME2 ME2
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b) Class A- Other Areas

For normal situation

For conflict area

Junctions <3 per

Junctions >=3 per

Junctions <3 per

Junctions >=3 per

Parameter Description Values km km km km
. Vehicles . Vehicles . Vehicles . Vehicles
veicer son. | Vet onn | Vot sano | Vs o
25000 25000 25000 25000
How high is the typical speed of the main High [>60 km/h] v v v v v v v v
. 5 Mai .
user |r1 thg street? Mai .users mc!ude Medium [Between 30-
combinations of motorized traffic, slow .
. . L . Typical speed of the | 60km/h]
a) Typical speed vehicles, bicyclists and pedestrians. If .
) . , main user Low [Between 5-
motorized traffic is one of the main users, 30km/h]
enter the typical speed of the motorized m
traffic Walking speed (<5km/h)
All other users (slow
Ent . vehicles speed
. ntermain user <40km/h, bicyclists and v v v N N4 v N N
Main users and other type and other user .
b) , pedestrians ) are
users permitted user .
tvbes permitted
YP Other users are not
permitted
. Dry v v v v v v v v
. Enter typical
c) Main weather type
weather
Wet
<3 k
How the street connect to other streets and | Enter the frequency perim v v v v
d) Interchanges the frequency of interchanges/Junctions of simple junctions
g Y & b€l >= 3 per km v Vv Vv Vv
Less than 7000 v v v v
Between 7000 and
. v v v v
. How many vehicles | 15000
e) Vehicles per day
are there per day? | Between 15000 and v Y v J
25000
More than 25000
Conflict zones are the zones where different . Yes N v v v
. . Does a conflict zone
f) Conflict zones traffic flows cross or zones that are also used exist?
by other traffic participants ' No v v v v
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How much distraction, confusion or
. o . . Normal v v v v
. . disruption is caused to traffic participants by . .
Complexity of field L . L Complexity of field
g) .. lighting and other optical stimuli (for e
vision . . . - vision is .
example advertising, light poles, lit buildings) High
within the field of vision?
Do parked vehicles | Yes
h) Parked vehicles have to be taken
into consideration? | No v v v v
How much of effort will the traffic
- . Normal v v v v
. participant have to make in order to select a | Degree of
. Degree of navigation .. o . L -
i) difficult driving direction and driving lane, or to navigation difficulty
y maintain or change their speed and position | is High
in the roadway?
Low (Rural
. ( v v v v
Since the luminance level of the surrounding environment)
. Brightness of . Brightness of Medium (City
i) . can only be estimated, only broad . .
surrounding e surrounding is environment)
classification are made - :
High (Inner-city
environment)
Road Lighting Class MES ME4a ME4a ME3b ME3b ME2 ME3b ME2
c) Class B- Within Town Area
.. For normal For conflict
Parameter Description Values . )
situation area
High [>60 km/h]
How high is the typical speed of the main user in the
street? Mai users include combinations of motorized . | Medium [Between 30-60km/h] v N4
. . . . . Typical speed of the main
a) Typical speed traffic, slow vehicles, bicyclists and pedestrians. If user
motorized traffic is one of the main users, enter the Low [Between 5-30km/h]
typical speed of the motorized traffic
Walking speed (<5km/h)
. Main users are motor vehicles are motor vehicles and slow
) Enter main user 'type and vehicles <40km/h. Bicyclists and pedestrians are permitted
b) Main users and other users other user permitted user - - - -
types Main users are motor vehicles are motor vehicles, slow vehicles Y Y
<40km/h and bicyclists. Pedestrians are permitted
Dry v v
) Main weather type Enter typical weather
Wet
, . Have traffic calming areas
d) Traffic calming areas taken into consideration? Yes v v
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No

<3 per km
How the street connect to other streets and the Enter the frequency of P
e) Interchanges . . . . .
frequency of interchanges/Junctions simple junctions
>= 3 per km v v
HovIZ rT\uchdof etffortlwitll tf;e'tr.affi;:'par:.icipan;k:ja\‘/e. to i f - Normal v v
f Degree of navigation difficulty make in or er. (o} s.e ect a driving !rec ion an rlv!n.g .eg.ree o. navigation
lane, or to maintain or change their speed and position | difficulty is )
in the roadway? High
Less than 7000 v v
_ Between 7000 and 15000 v v
) Vehicles per da How many vehicles are
& P ¥ there per day?
Between 15000 and 25000 v v
More than 25000
Conflict zones are the zones where different traffic Does a conflict zone Yes v
h) Conflict zones flows cross or zones that are also used by other traffic exist?
participants ) No v
How much distraction, confusion or disruption is Normal v
i Complexity of field vision cau'sed tg trafﬂc participants by Ilgh'gng a?nd other . Fomplemty of field vision
optical stimuli (for example advertising, light poles, lit is ]
buildings) within the field of vision? High
Do parked vehicles have | Yes v
j) Parked vehicles to be taken into
consideration? No
Low (Rural environment)
K) Brightness of surrounding Since t.he luminance level of th.e.sur.roundlng can only !3r|ghtness of surrounding Medium (City environment) v
be estimated, only broad classification are made is
High (Inner-city environment)
Normal v
) Traffic flow for bicyclist
High
Road Lighting Class ME3c ME2
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d) Class B- Other Areas

For normal situation

For conflict area

Parameter Description Values - - -
Junctions Junctions Junctions Junctions >=3 per km
<3perkm | >=3 perkm | <3 perkm B
How high is the typical speed of High [>60 km/h] v v v v v
the main user in the street? Mai
users |'nclude cgmbmatmns of Medium [Between 30-60km/h]
a) Typical speed motorized traffic, slow vehicles, Typical speed of the main user
P P bicyclists and pedestrians. If yp P
motorized traffic is one of the Low [Between 5-30km/h]
main users, enter the typical
speed of the motorized traffic Walking speed (<5km/h)
All other users (slow vehicles speed
Ent _ . doth <40km/h, bicyclists and pedestrians ) are v v v v v
b) Main users and other users nter main User type and other user | permitted
permitted user types
Other users are not permitted
Dry v v v v v
c) Main weather type Enter typical weather
Wet
How the street connect to other . <3 per km v v
Enter the frequency of simple
d) Interchanges streets and the frequency of ‘unctions
interchanges/Junctions J >= 3 per km V4 V4 V4
Less than 7000 v v v v
_ Between 7000 and 15000 v v v v
. How many vehicles are there per
e) Vehicles per day day?
' Between 15000 and 25000
More than 25000
Conflict .zones are thg zones Yes v v v
. where different traffic flows cross . .
f) Conflict zones Does a conflict zone exist?
or zones that are also used by
other traffic participants No v v
How much distraction, confusion
or disruption is caused to traffic Normal v v
g) Complexity of field vision | participants by lighting and other Complexity of field vision is
optical stimuli (for example High
advertising, light poles, lit
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buildings) within the field of
vision?
D ked vehicles have to be tak Yes
h) Parked vehicles o par e. venic e.s avg o be taken
into consideration?
No v v
How much of effort will the traffic |
participant have to make in order Norma v v
i D.eg.ree of navigation to.S(.eIect a driving dlr(-?.-ctlo.n and Degree of navigation difficulty s
difficulty driving lane, or to maintain or )
change their speed and position High
in the roadway?
Low (Rural environment) v v
Since the luminance level of the
j) Brightness of surrounding :g,:::s&r,liﬁfynbiggdbe Brightness of surrounding is Medium (City environment)
classification are made
High (Inner-city environment)
Road Lighting Class MES5 ME4a ME3b ME3b ME2
e) Secondary/Minor roads
Parameter Description Values Wltl;Lr;;own Other areas
High [>60 km/h]
How high is the typical speed of the main user in the street?
Mai users include combinations of motorized traffic, slow Medium [Between 30-60km/h]
a) Typical speed vehicles, bicyclists and pedestrians. If motorized traffic is one Typical speed of the main user
of the main users, enter the typical speed of the motorized Low [Between 5-30km/h] v v
traffic
Walking speed (<5km/h)
All other users (motor vehicles, slow vehicles
Ent ] . 4 oth speed <40km/h, bicyclists and pedestrians ) N v
b) Main users and other users nter malr? usertype and other are permitted
user permitted user types
Other users are not permitted
Yes
. . Have traffic calming areas taken
c) Traffic calming areas . . .
into consideration?
No v v
b .
d) parked vehicles o parked vehicles have to be Yes

taken into consideration?

82




No v v
How much of effort will the traffic participant have to make in Normal v v
e) Degree of navigation difficulty order to select a driving direction and driving lane, or to Degree of navigation difficulty is
maintain or change their speed and position in the roadway? High
Normal v v
f) Traffic flow for bicyclist
High
How much distraction, confusion or disruption is caused to Normal J J
. . - traffic participants by lighting and other optical stimuli (for . ) L
g Complexity of field vision example advertising, light poles, lit buildings) within the field Complexity of field vision is )
of vision? High
The criminality risk for the viewed Normal v v
traffic area is given in comparison
to the criminality risk for the ]
extended surroundings High
h) Identification of persons
Required v v
Face recognition of people is
Not required
Low (Rural environment) v
i) Brightness of surrounding Smf:e the Juminance level of .the 'surroundmg can only be Brightness of surrounding is Medium (City environment) Vv
estimated, only broad classification are made
High (Inner-city environment)
Road Lighting Class S5 S6
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CLASS A-ROADS WITHIN TOWN AREA By D I A I_ UX

03.10.2020

Class A-Within Town Area-1 lane-ME2 / Planning data
Street Profile
Roadway 1 (Width: 3.500 m, Number of lanes: 1, tarmac: R3, q0: 0.070)

Light loss factor: 0.70

Luminaire Arrangements

Ly
- 1L
—t — =
0.00 30.00 m )
Luminaire: Gardco by Signify ECF-S-48L-1.2A-CW-G2-2 EcoForm Area LED ECF - Small, 48 LED's,
5000K CCT, TYPE 2 OPTIC, No Shield
Luminous flux (Luminaire): 9000 Im Maximum luminous intensities
Luminous flux (Lamps): 9000 Im at 70°: 896 cd/kim
Luminaire Wattage: 60.0 W at 80°: 70 cd/kim
Arrangement: Single row, bottom at 90°: 0.00 cd/kim
Pole Distance: 30.000 m Any direction forming the specified angle from the downward vertical, with the luminaire
Mounting Height (1): 8.600 m installed for use.
Height: 8.500 m No luminous intensities above 90°.
Overhang (2): 1.000 m Arrangement complies with luminous intensity class G3.
Boom Angle (3): 0.0° Arrangement complies with glare index class D.6.
Boom Length (4): 1.000 m
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CLASS A-ROADS WITHIN TOWN AREA B D | A I_ UX

03.10.2020

Class A-Within Town Area-1 lane-ME2 / False Color Rendering

- —
e 2
i - -‘:"
_—
T
o
0 3.13 6.25 9.38 12.50 15.63 18.75 21.88 25 Ix
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CLASS A-ROADS WITHIN TOWN AREA

DIALux

03.10.2020

Class A-Within Town Area-1 lane-ME2 / Valuation Field Roadway 1 / Results overview

0.00

Light loss factor: 0.70

Grid: 10 x 3 Points

Accompanying Street Elements: Roadway 1.
tarmac: R3, q0: 0.070

Selected Lighting Class: ME2

Calculated values:
Required values according to class:

Fulfilled/Not fulfilled:
Assigned observer (1 Pieces):

No. Observer Position [m]

30.00 m

(All lighting performance requirements are met.)

L,, [cd/m?] uo ul
1.51 0.79 0.78
>1.50 >0.40 >0.70

v v v

L,, [cd/m?] uo

1  Observer 1 (-60.000, 1.750, 1.500) 1.51 0.79
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3.50m

Scale 1:258

TI [%] SR
10 0.85
<10 20.50
v v
ul TI [%]
0.78 10
.
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CLASS A-ROADS WITHIN TOWN AREA [ . D I A I_ UX

03.10.2020

Class A-Within Town Area-1 lane-ME2 / Valuation Field Roadway 1 / Isolines (E)

o / 15 o 3.50 m
) | 15 \ | q
20 / /10’\ 15\ 20
\ . , , 000
0.00 30.00 m

Values in Lux, Scale 1 : 258

Grid: 10 x 3 Points

Eav [IX] Emin [IX] Emax [IX] u0 Emin / Emax
16 9.34 24 0.588 0.397
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CLASS A-ROADS WITHIN TOWN AREA [ . D I A I_ UX

03.10.2020

Class A-Within Town Area-1 lane-ME2 / Valuation Field Roadway 1 / Value Chart (E)

22 19 15 13 12 12 13 15 19 22 3.50m
24 19 15 12 11 11 12 15 19 24

23 18 14 11 934 9.34 11 14 18 23

0.00

0.00 30.00 m

Values in Lux, Scale 1 : 258

Grid: 10 x 3 Points

Eav [IX] Emin [IX] Emax [IX] u0 Emin / Emax
16 9.34 24 0.588 0.397
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CLASS A-ROADS WITHIN TOWN AREA By D I A I_ UX

03.10.2020

Class A-Within Town Area-2 lanes-ME2 / Planning data
Street Profile
Roadway 1 (Width: 7.000 m, Number of lanes: 2, tarmac: R3, q0: 0.070)

Light loss factor: 0.70

Luminaire Arrangements

= l
— 2.00m L
L L L | E‘_';

0.00 30.00 m )
Luminaire: Gardco by Signify ECF-S-48L-1.2A-CW-G2-2 EcoForm Area LED ECF - Small, 48 LED's,

5000K CCT, TYPE 2 OPTIC, No Shield
Luminous flux (Luminaire): 12400 Im Maximum luminous intensities
Luminous flux (Lamps): 12400 Im at 70°: 896 cd/kim
Luminaire Wattage: 83.0W at 80°: 70 cd/kim
Arrangement: Single row, bottom at 90°: 0.00 cd/kim
Pole Distance: 30.000 m Any direction forming the specified angle from the downward vertical, with the luminaire
Mounting Height (1): 10.100 m installed for use.
Height: 10.000 m No luminous intensities above 90°.
Overhang (2): 2.000 m Arrangement complies with luminous intensity class G3.
Boom Angle (3): 0.0° Arrangement complies with glare index class D.6.
Boom Length (4): 2.000 m
91
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03.10.2020

Class A-Within Town Area-2 lanes-ME2 / False Color Rendering

—
—
—
/__a-———""
o ——
0 3.13 6.25 9.38 12.50 15.63 18.75 21.88 25 Ix

92

Page 9



CLASS A-ROADS WITHIN TOWN AREA By D I A I_ UX

03.10.2020

Class A-Within Town Area-2 lanes-ME2 / Valuation Field Roadway 1 / Results overview

T7.00m
—_—>
—>
L I I 1 B 000
0.00 30.00 m
Light loss factor: 0.70 Scale 1:258
Grid: 10 x 6 Points
Accompanying Street Elements: Roadway 1.
tarmac: R3, q0: 0.070
Selected Lighting Class: ME2 (All lighting performance requirements are met.)
L,, [cd/m?] uo ul Tl [%] SR
Calculated values: 1.50 0.70 0.84 10 0.66
Required values according to class: =1.50 >0.40 >0.70 <10 =>0.50
Fulfilled/Not fulfilled: v v v v v
Assigned observer (2 Pieces):
No. Observer Position [m] L,, [cd/m?] uo ul TI [%]
1  Observer 1 (-60.000, 1.750, 1.500) 1.50 0.70 0.90 8
2  Observer 2 (-60.000, 5.250, 1.500) 1.57 0.70 0.84 10

93

Page 10



CLASS A-ROADS WITHIN TOWN AREA [ . D I A I_ UX

03.10.2020

Class A-Within Town Area-2 lanes-ME2 / Valuation Field Roadway 1/ Isolines (E)

~7 20 T7.00m
20
\ 15 / 25
/ 20 15 15 \ \d
_ \ 20
L I I 1 --0‘00
0.00 30.00 m

Values in Lux, Scale 1 : 258

Grid: 10 x 6 Points

Eav [Ix] Emin [Ix] Emax [Ix] uo Emin / Emax
18 1M 25 0.601 0.431
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CLASS A-ROADS WITHIN TOWN AREA

DIALux

03.10.2020

Class A-Within Town Area-2 lanes-ME2 / Valuation Field Roadway 1 / Value Chart (E)

21 20 17 16 15 15 16 17 20 21 T7.00m
23 21 18 16 15 15 16 18 21 23
24 22 18 16 15 15 16 18 22 24
25 22 18 16 14 14 16 18 22 25
25 21 17 14 13 13 14 17 21 25
22 19 15 12 11 11 12 15 19 22
L 1 1 I --0‘00
0.00 30.00 m
Values in Lux, Scale 1 : 258
Grid: 10 x 6 Points
Eav [IX] Emin [IX] Emax [IX] uo Emin / Emax
18 11 25 0.601 0.431
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CLASS A-ROADS WITHIN TOWN AREA

— DIALUX

03.10.2020

Class A-Within Town Area-4 lanes-ME2-Single side / Planning data

Street Profile

Roadway 2 (Width: 7.000 m, Number of lanes: 2, tarmac: R3, q0: 0.070)
Median 1 (Width: 0.500 m, Height: 0.000 m)
Roadway 1 (Width: 7.000 m, Number of lanes: 2, tarmac: R3, q0: 0.070)

Light loss factor: 0.70

Luminaire Arrangements

o

|

— 250m y

L L —

l IO.OO l30.(l')0 m @)

Luminaire: Gardco by Signify ECF-S-48L-1.2A-CW-G2-4 EcoForm Area LED ECF - Small, 48 LED's,

5000K CCT, TYPE 4 OPTIC, No Shield

Luminous flux (Luminaire): 33000 Im

Luminous flux (Lamps): 33000 Im
Luminaire Wattage: 220.0 W
Arrangement: Single row, bottom
Pole Distance: 30.000 m
Mounting Height (1): 10.600 m

Height: 10.500 m
Overhang (2): 2.500 m

Boom Angle (3): 0.0°

Boom Length (4): 2.500 m

Maximum luminous intensities

at 70°: 641 cd/kim
at 80°: 94 cd/kim
at 90°: 0.00 cd/Kim

Any direction forming the specified angle from the downward vertical, with the luminaire
installed for use.

No luminous intensities above 90°.

Arrangement complies with luminous intensity class G3.
Arrangement complies with glare index class D.6.
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03.10.2020

Class A-Within Town Area-4 lanes-ME2-Single side / False Color Rendering

I

0 3.13 6.25 9.38 12.50 15.63 18.75 21.88 25 Ix
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CLASS A-ROADS WITHIN TOWN AREA

DIALux

03.10.2020

Class A-Within Town Area-4 lanes-ME2-Single side / Valuation Field Roadway 1 & Roadway 2 /
Results overview

J

J

J

|

Light loss factor: 0.70
Grid: 10 x 15 Points

Accompanying Street Elements: Roadway 1, Median 1, Roadway 2.

tarmac: R3, q0: 0.070
Selected Lighting Class: ME2

Calculated values:

30.00 m

T14.50m

70.00

(All lighting performance requirements are met.)

Required values according to class:

Fulfilled/Not fulfilled:

Assigned observer (4 Pieces):

No. Observer

Observer 1
Observer 2
Observer 3
Observer 4

A ON -

Position [m]

(-60.000, 1.750, 1.500)
(-60.000, 5.250, 1.500)
(-60.000, 9.250, 1.500)
(-60.000, 12.750, 1.500)

L, [cd/m?]
1.51
2 1.50

v

98

uo

0.53
2040

v

L,, [cd/m?]
1.51
1.58
1.66
1.72

ul

0.71
20.70

v

uo
0.57
0.55
0.53
0.53

Scale 1:258

TI [%] SR
10 0.53
<10 >0.50
v v
Ul Tl [%]
0.76 6
0.71 10
0.78 10
0.81 7
.
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CLASS A-ROADS WITHIN TOWN AREA By D I A I_ UX

03.10.2020

Class A-Within Town Area-4 lanes-ME2-Single side / Valuation Field Roadway 1 & Roadway 2 /
Isolines (E)

T14.50 m
i /
—\\ 25 o
30 —
N 25 30
i i
. \
P 30 ( ]
35 I 35
1 30 25 30 (
_/35 / 35\
30 20 35
[ — 25
L L L i1 - 000
0.00 30.00 m
Values in Lux, Scale 1 : 258
Grid: 10 x 15 Points
Eav [IX] Emin [IX] Emax [IX] u0 Emin / Emax
27 15 38 0.548 0.387
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CLASS A-ROADS WITHIN TOWN AREA By D I A I_ UX

03.10.2020

Class A-Within Town Area-4 lanes-ME2-Single side / Valuation Field Roadway 1 & Roadway 2 /
Value Chart (E)

24 23 22 21 21 21 21 22 23 24 T14.50m
27 26 24 23 22 22 23 24 26 27
29 29 26 24 23 23 24 26 29 29
32 31 28 26 24 24 26 28 31 32
34 33 29 27 25 25 27 29 33 34
37 34 29 27 25 25 27 29 34 37
37 33 28 24 22 22 24 28 33 37

29 26 21 17 15 15 17 21 26 29

70.00

0.00 30.00 m

Values in Lux, Scale 1 : 258
Not all calculated values could be displayed.

Grid: 10 x 15 Points

Eav [IX] Emin [IX] Emax [IX] uo Emin / Emax

27 15 38 0.548 0.387
100

e

Page 17



CLASS A-ROADS WITHIN TOWN AREA

— DIALUX

03.10.2020

Class A-Within Town Area-4 lanes-ME2-Opposite / Planning data

Street Profile

Roadway 2 (Width: 7.000 m, Number of lanes: 2, tarmac: R3, q0: 0.070)
Median 1 (Width: 0.500 m, Height: 0.000 m)
Roadway 1 (Width: 7.000 m, Number of lanes: 2, tarmac: R3, q0: 0.070)

Light loss factor: 0.70

Luminaire Arrangements

)
@) o
— 14.00 m
| o
|
0.50 I
—t — i
0.00 30.00 m @)
Luminaire: Gardco by Signify ECF-S-48L-1.2A-CW-G2-2 EcoForm Area LED ECF - Small, 48 LED's,

5000K CCT, TYPE 2 OPTIC, No Shield

Luminous flux (Luminaire): 9300 Im

Luminous flux (Lamps): 9300 Im

Luminaire Wattage: 62.0 W

Arrangement: Double row, opposing
Pole Distance: 30.000 m

Mounting Height (1): 11.100 m

Height: 11.000 m

Overhang (2): 0.500 m

Boom Angle (3): 0.0°

Boom Length (4): 0.500 m

Maximum luminous intensities

at 70°: 896 cd/kim
at 80°: 70 cd/kim
at 90°: 0.00 cd/Kim

Any direction forming the specified angle from the downward vertical, with the luminaire
installed for use.

No luminous intensities above 90°.

Arrangement complies with luminous intensity class G3.
Arrangement complies with glare index class D.6.
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0

3.13

DIALux

03.10.2020

Class A-Within Town Area-4 lanes-ME2-Opposite / False Color Rendering

6.25

9.38

12.50

I

15.63

102

18.75
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CLASS A-ROADS WITHIN TOWN AREA

DIALux

03.10.2020

Class A-Within Town Area-4 lanes-ME2-Opposite / Valuation Field Roadway 1 & Roadway 2 /
Results overview

J

J

J

|

Light loss factor: 0.70
Grid: 10 x 15 Points

Accompanying Street Elements: Roadway 1, Median 1, Roadway 2.

tarmac: R3, q0: 0.070
Selected Lighting Class: ME2

Calculated values:

30.00 m

T14.50m

70.00

(All lighting performance requirements are met.)

Required values according to class:

Fulfilled/Not fulfilled:

Assigned observer (4 Pieces):

No. Observer

Observer 1
Observer 2
Observer 3
Observer 4

A ON -

Position [m]

(-60.000, 1.750, 1.500)
(-60.000, 5.250, 1.500)
(-60.000, 9.250, 1.500)
(-60.000, 12.750, 1.500)

L, [cd/m?]
1.50
2 1.50

v

103

uo

0.63
2040

v

L,, [cd/m?]
1.50
1.52
1.52
1.50

ul

0.92
20.70

v

uo
0.63
0.71
0.71
0.63

Scale 1:258

TI [%] SR
10 0.51
<10 >0.50
v v
Ul Tl [%]
0.93 8
0.92 10
0.92 10
0.93 8
.
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DIALux

03.10.2020

Class A-Within Town Area-4 lanes-ME2-Opposite / Valuation Field Roadway 1 & Roadway 2 /

16

Grid: 10 x 15 Points

E,, [IX] E in [X]
20 14

104

E,. [X
24

30.00 m

uo
0.707

Isolines (E)

T14.50m

70.00

Values in Lux, Scale 1 : 258

Emin / Emax
0.592
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CLASS A-ROADS WITHIN TOWN AREA By D I A I_ UX

03.10.2020

Class A-Within Town Area-4 lanes-ME2-Opposite / Valuation Field Roadway 1 & Roadway 2 /
Value Chart (E)

20 19 16 15 14 14 15 16 19 20 T14.50m
22 21 19 18 17 17 18 19 21 22

23 22 20 19 19 19 19 20 22 23

23 22 20 19 19 19 19 20 22 23
22 21 19 18 17 lrd 18 19 21 22

20 19 16 15 14 14 15 16 19 20

70.00

0.00 30.00 m

Values in Lux, Scale 1 : 258
Not all calculated values could be displayed.

Grid: 10 x 15 Points

Eav [IX] Emin [IX] Emax [IX] uo Emin / Emax

20 14 24 0.707 0.592
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CLASS A-ROADS WITHIN TOWN AREA

— DIALUX

03.10.2020

Class A-Within Town Area-6 lanes-ME2-Opposite / Planning data

Street Profile

Roadway 2 (Width: 10.500 m, Number of lanes: 3, tarmac: R3, q0: 0.070)
Median 1 (Width: 0.500 m, Height: 0.000 m)
Roadway 1 (Width: 10.500 m, Number of lanes: 3, tarmac: R3, q0: 0.070)

Light loss factor: 0.70

Luminaire Arrangements

)
®) o
> T2050m
—
-y
Ly
5,
L1.00 T
—t — i
0.00 30.00 m (2)
Luminaire: Gardco by Signify ECF-S-48L-1.2A-CW-G2-2 EcoForm Area LED ECF - Small, 48 LED's,

5000K CCT, TYPE 2 OPTIC, No Shield

Luminous flux (Luminaire): 12200 Im

Luminous flux (Lamps): 12200 Im

Luminaire Wattage: 81.0W

Arrangement: Double row, opposing
Pole Distance: 30.000 m

Mounting Height (1): 10.100 m

Height: 10.000 m

Overhang (2): 1.000 m

Boom Angle (3): 0.0°

Boom Length (4): 1.000 m

Maximum luminous intensities

at 70°: 896 cd/kim
at 80°: 70 cd/kim
at 90°: 0.00 cd/Kim

Any direction forming the specified angle from the downward vertical, with the luminaire
installed for use.

No luminous intensities above 90°.

Arrangement complies with luminous intensity class G3.
Arrangement complies with glare index class D.6.
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03.10.2020

Class A-Within Town Area-6 lanes-ME2-Opposite / False Color Rendering

BT | I

0 3.13 6.25 9.38 12.50 15.63 18.75 21.88 25 Ix

107

Page 24



CLASS A-ROADS WITHIN TOWN AREA

DIALux

03.10.2020

Class A-Within Town Area-6 lanes-ME2-Opposite / Valuation Field Roadway 1 & Roadway 2 /
Results overview

J

J

J

J

}

}

Light loss factor: 0.70

Grid: 10 x 21 Points

30.00 m

Accompanying Street Elements: Roadway 1, Median 1, Roadway 2.

tarmac: R3, q0: 0.070
Selected Lighting Class: ME2

Calculated values:

T21.50m

70.00

(All lighting performance requirements are met.)

Required values according to class:

Fulfilled/Not fulfilled:

Assigned observer (6 Pieces):

No. Observer

Observer 1
Observer 2
Observer 3
Observer 4
Observer 5

oo g WON -

Observer 6

Position [m]

(-60.000, 1.750, 1.500)
(-60.000, 5.250, 1.500)
(-60.000, 8.750, 1.500)
(-60.000, 12.750, 1.500)
(-60.000, 16.250, 1.500)
(-60.000, 19.750, 1.500)

108

L, [cd/m?] uo
1.51 0.54
2150 2040
v v

L, [ed/m?]

1.51

1.54

1.55

1.55

1.54

1.51

ul
0.87
20.70

v

uo
0.54
0.58
0.64
0.64
0.58
0.54

TI [%]
10
<10

v

ul
0.89
0.89
0.87
0.87
0.89
0.89

Scale 1:258

SR
0.50
2 0.50

v

TI [%]
9
10
9
9
10
9

Page 25



CLASS A-ROADS WITHIN TOWN AREA By D I A I_ UX

03.10.2020

Class A-Within Town Area-6 lanes-ME2-Opposite / Valuation Field Roadway 1 & Roadway 2 /
Isolines (E)

= -
5 \ 15 / 2150 m
\
25 25
=2 N4

T I

~ —
25\ 15 (25
25
-/ 25\ 1
. ) . ., 0.00
0.00 30.00 m

Values in Lux, Scale 1 : 258

Grid: 10 x 21 Points

E,, [IX] Emin, [IX] E nax [X] uo Emin / Emax

20 13 26 0.635 0.493
109
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DIALux

03.10.2020

Class A-Within Town Area-6 lanes-ME2-Opposite / Valuation Field Roadway 1 & Roadway 2 /

Value Chart (E)

25 21 17 14— 13 13 14 7 21 25 T21.50m
25 22 19 16 15 15 16 19 22 25
24 22 19 18 17 17 18 19 22 24
22 21 20 19 18 18 19 20 21 22
21 21 20 20 20 20 20 20 21 21
21 21 21 21 21 21 21 21 21 21
21 21 20 20 20 20 20 20 21 21
22 21 20 19 18 18 19 20 21 22
24 22 19 18 17 17 18 19 22 24
25 22 19 16 15 15 16 19 22 25
25 21 17 14 13 18 14 17 21 25 1
. , , , 0.00
0.00 30.00 m
Values in Lux, Scale 1 : 258
Not all calculated values could be displayed.
Grid: 10 x 21 Points
Eav [IX] Emin [IX] Emax [IX] uo Emin / Emax
20 13 26 0.635 0.493
110
il
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CLASS A-ROADS NOT WITHIN TOWN AREA

Date: 03.10.2020
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CLASS A-ROADS NOT WITHIN TOWN AREA B D | A I_ UX

03.10.2020

Class A-Other Areas-1 lane-ME3b / Planning data
Street Profile
Roadway 1 (Width: 3.500 m, Number of lanes: 1, tarmac: R3, q0: 0.070)

Light loss factor: 0.70

Luminaire Arrangements

(1)

l []] -

. T 0.49m e
0.00 30.00 m )

Luminaire: Gardco by Signify ECF-S-48L-1.2A-CW-G2-2 EcoForm Area LED ECF - Small, 48 LED's, 5000K
CCT, TYPE 2 OPTIC, No Shield

Luminous flux (Luminaire): 5400 Im Maximum luminous intensities

Luminous flux (Lamps): 5400 Im at 70°: 855 cd/kim

Luminaire Wattage: 36.0W at 80°: 160 cd/kim

Arrangement: Single row, bottom at 90°: 10 cd/kim

Pole Distance: 30.000 m Any direction forming the specified angle from the downward vertical, with the luminaire installed for

Mounting Height (1): 7.100 m use.

Height: 7.000 m No luminous intensities above 95°.

Overhang (2): 0.500 m Arrangement complies with luminous intensity class G1.

Boom Angle (3): 50° Arrangement complies with glare index class D.6.

Boom Length (4): 0.491m
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CLASS A-ROADS NOT WITHIN TOWN AREA B D I A I_ UX

03.10.2020

Class A-Other Areas-1 lane-ME3b / False Color Rendering

B | | ___IN

0 2.50 5 7.50 10 12.50 15 17.50 20 Ix
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CLASS A-ROADS NOT WITHIN TOWN AREA By D | A I_ UX

03.10.2020

Class A-Other Areas-1 lane-ME3b / Valuation Field Roadway 1 / Results overview

3.50 m
—>
. ) , , 0.00
0.00 30.00 m
Light loss factor: 0.70 Scale 1:258
Grid: 10 x 3 Points
Accompanying Street Elements: Roadway 1.
tarmac: R3, q0: 0.070
Selected Lighting Class: ME3b (All lighting performance requirements are met.)
L,, [cd/m?] uo ul TI [%] SR
Calculated values: 1.00 0.65 0.62 14 0.78
Required values according to class: =1.00 >0.40 >0.60 <15 >0.50
Fulfilled/Not fulfilled: v v v v v
Assigned observer (1 Pieces):
No. Observer Position [m] L,, [cd/m?] uo ul Tl [%]
1  Observer 1 (-60.000, 1.750, 1.500) 1.00 0.65 0.62 14
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CLASS A-ROADS NOT WITHIN TOWN AREA B D | A I_ UX

03.10.2020

Class A-Other Areas-1 lane-ME3b / Valuation Field Roadway 1 / Isolines (E)

) ] 1 7 350 m
! 10 10 15
20 ) N

0.00 30.00 m

0.00

Values in Lux, Scale 1 : 258

Grid: 10 x 3 Points
E,, [IX] Enin [X] Enax [X] uo E . /E

min max

11 5.57 19 0.498 0.294
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CLASS A-ROADS NOT WITHIN TOWN AREA B D | A I_ UX

03.10.2020

Class A-Other Areas-1 lane-ME3b / Valuation Field Roadway 1 / Value Chart (E)

17 13 10 839 733 733 839 10 13 17 3.50m
19 14 10 783 665 665 7.83 10 14 19
19 14 920 6.65 557 557 665 920 14 19

' ) , ., 0.00
0.00 30.00 m
Values in Lux, Scale 1 : 258
Grid: 10 x 3 Points
E,, [IX] Ein [X] Enax [X] u0 Emin / Emax
11 5.57 19 0.498 0.294
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03.10.2020

Class A-Other Areas-2 lanes-ME3b / Planning data
Street Profile
Roadway 1 (Width: 7.000 m, Number of lanes: 2, tarmac: R3, q0: 0.070)

Light loss factor: 0.70

Luminaire Arrangements

(n

= l
— 150 m .
I i Il i ‘_.‘-

0.00 30.00 m @
Luminaire: Gardco by Signify ECF-S-48L-1.2A-CW-G2-2 EcoForm Area LED ECF - Small, 48 LED's, 5000K

CCT, TYPE 2 OPTIC, No Shield
Luminous flux (Luminaire): 6750 Im Maximum luminous intensities
Luminous flux (Lamps): 6750 Im at 70°: 896 cd/kim
Luminaire Wattage: 450W at 80°: 70 cd/kim
Arrangement: Single row, bottom at 90°: 0.00 cd/klm
Pole Distance: 30.000 m Any direction forming the specified angle from the downward vertical, with the luminaire installed for
Mounting Height (1): 7.600 m use.
Height: 7.500 m No luminous intensities above 90°.
Overhang (2): 1.500 m Arrangement complies with luminous intensity class G3.
Boom Angle (3): 0.0° Arrangement complies with glare index class D.6.
Boom Length (4): 1.500 m
119
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CLASS A-ROADS NOT WITHIN TOWN AREA B D I A I_ UX

03.10.2020

Class A-Other Areas-2 lanes-ME3b / False Color Rendering

B | | ___IN

0 2.50 5 7.50 10 12.50 15 17.50 20 Ix
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03.10.2020

Class A-Other Areas-2 lanes-ME3b / Valuation Field Roadway 1 / Results overview

7.00 m
—_—>
—_—>
I i I 1 000
0.00 30.00 m
Light loss factor: 0.70 Scale 1:258
Grid: 10 x 6 Points
Accompanying Street Elements: Roadway 1.
tarmac: R3, q0: 0.070
Selected Lighting Class: ME3b (All lighting performance requirements are met.)
L,, [cd/m?] uo ul TI [%] SR
Calculated values: 1.00 0.49 0.63 14 0.51
Required values according to class: 21.00 20.40 20.60 <15 20.50
Fulfilled/Not fulfilled: v Ve v v v
Assigned observer (2 Pieces):
No. Observer Position [m] L, [cd/m?] uo ul TI [%]
1  Observer 1 (-60.000, 1.750, 1.500) 1.00 0.49 0.68 13
2  Observer 2 (-60.000, 5.250, 1.500) 1.06 0.49 0.63 14
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— DIALux

CLASS A-ROADS NOT WITHIN TOWN AREA
03.10.2020

Class A-Other Areas-2 lanes-ME3b / Valuation Field Roadway 1/ Isolines (E)

™~ 10 7.00m
~—— 10 Ve —
15 ) 10 15
=y AN 10 AN / /20
o }5 ~ 10\ 15 20
10
/15 W 10 \ AN
. . ) . 0.00
0.00 30.00 m
Values in Lux, Scale 1 : 258
Grid: 10 x 6 Points
Eav [IX] Emin [IX] Emax [IX] uo Emin / Emax
13 6.41 22 0.504 0.295
122

Page 12



CLASS A-ROADS NOT WITHIN TOWN AREA B D | A I_ UX

03.10.2020

Class A-Other Areas-2 lanes-ME3b / Valuation Field Roadway 1/ Value Chart (E)

13 12 11 10 954 954 10 11 12 13 7.00m
16 14 12 11 9.77 977 11 12 14 16
18 16 13 11 9.62 9.62 11 13 16 18
21 17 13 10 8.98 8.98 10 13 17 21
22 17 12 931 788 7.88 9.31 12 17 22
20 15 10 765 641 641 765 10 15 20

. . ) . 0.00
0.00 30.00 m
Values in Lux, Scale 1 : 258
Grid: 10 x 6 Points
Eav [IX] Emin [IX] Emax [IX] uo Emin / Emax
13 6.41 22 0.504 0.295
123

il
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CLASS A-ROADS NOT WITHIN TOWN AREA

Street Profile

Roadway 2

Median 1

Roadway 1

Light loss factor: 0.70

Luminaire Arrangements

DIALux

03.10.2020

Class A-Other Areas-4 lanes-ME3b-Single side / Planning data

.
s
.
N
0.99m
0.00 30.00 m
Luminaire:

Luminous flux (Luminaire):
Luminous flux (Lamps):
Luminaire Wattage:
Arrangement:

Pole Distance:

Mounting Height (1):
Height:

Overhang (2):

Boom Angle (3):

Boom Length (4):

(Width: 7.000 m, Number of lanes: 2, tarmac: R3, q0: 0.070)
(Width: 0.500 m, Height: 0.000 m)
(Width: 7.000 m, Number of lanes: 2, tarmac: R3, q0: 0.070)

)

Gardco by Signify ECF-S-48L-1.2A-CW-G2-2 EcoForm Area LED ECF - Small, 48 LED's, 5000K
CCT, TYPE 2 OPTIC, No Shield

14200 Im

14200 Im

95.0 W

Single row, bottom
30.000 m

12.100 m

12.000 m

1.000 m

50°

0.991 m

Maximum luminous intensities

at 70°: 855 cd/kim
at 80°: 160 cd/kim
at 90°: 10 cd/kim

Any direction forming the specified angle from the downward vertical, with the luminaire installed for
use.

No luminous intensities above 95°.

Arrangement complies with luminous intensity class G1.
Arrangement complies with glare index class D.6.
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CLASS A-ROADS NOT WITHIN TOWN AREA B D I A I_ UX

03.10.2020

Class A-Other Areas-4 lanes-ME3b-Single side / False Color Rendering

B | | ___IN

0 2.50 5 7.50 10 12.50 15 17.50 20 Ix
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CLASS A-ROADS NOT WITHIN TOWN AREA By

DIALux

03.10.2020

Class A-Other Areas-4 lanes-ME3b-Single side / Valuation Field Roadway 1 & Roadway 2 / Results

T1450m
—
—>
—>
—>
I i I 1 --0'00
0.00 30.00 m

Light loss factor: 0.70

Grid: 10 x 15 Points
Accompanying Street Elements: Roadway 1, Median 1, Roadway 2.
tarmac: R3, q0: 0.070

Selected Lighting Class: ME3b

L,, [cd/m?]
Calculated values: 1.00
Required values according to class: >1.00
Fulfilled/Not fulfilled: v

Assigned observer (4 Pieces):

No. Observer Position [m]
1  Observer 1 (-60.000, 1.750, 1.500)
2  Observer 2 (-60.000, 5.250, 1.500)
3  Observer 3 (-60.000, 9.250, 1.500)
4  Observer 4 (-60.000, 12.750, 1.500)

126

uo

0.41
>0.40

v

L,, [cd/m?]
1.00
1.07
1.14
1.19

(All lighting performance requirements are met.)

Ul
0.91
= 0.60

v

uo
0.43
0.42
0.41
0.41

overview
Scale 1:258

Tl [%] SR
10 0.52
<15 >0.50
v ve
ul TI [%]
0.94 9
0.94 10
0.91 8
0.91 5
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CLASS A-ROADS NOT WITHIN TOWN AREA By D | A I_ UX

03.10.2020

Class A-Other Areas-4 lanes-ME3b-Single side / Valuation Field Roadway 1 & Roadway 2 / Isolines

(E)
T14.50

—10 10 10— "

— /15/

20 /

\20 20
15

[l 1 Il i1 --0'00

0.00 30.00 m

Values in Lux, Scale 1 : 258

Grid: 10 x 15 Points

Eav [IX] Emin [IX] Emax [IX] uo Emin / Emax

15 9.27 22 0.630 0.431
127
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CLASS A-ROADS NOT WITHIN TOWN AREA By D | A I_ UX

03.10.2020

Class A-Other Areas-4 lanes-ME3b-Single side / Valuation Field Roadway 1 & Roadway 2 / Value
Chart (E)

940 929 927 938 940 940 938 927 930 940 T1450m
12 11 11 11 11 11 11 11 11 12
14 14 13 13 13 13 13 13 14 14
16 16 15 14 14 14 14 15 16 16
19 18 16 15 15 15 15 16 18 19
21 19 17 16 15 15 16 17 19 21

22 20 17 15 14 14 15 17 20 22

20 18 15 13 12 12 13 15 18 20

I i I 1 -000
0.00 30.00 m
Values in Lux, Scale 1 : 258
Not all calculated values could be displayed.
Grid: 10 x 15 Points
Eav [IX] Emin [IX] Emax [IX] uo Emin / Emax
15 9.27 22 0.630 0.431
128
il
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CLASS A-ROADS NOT WITHIN TOWN AREA By D | A I_ UX

Street Profile

03.10.2020

Class A-Other Areas-4 lanes-ME3b-Staggered / Planning data

Roadway 2 (Width: 7.000 m, Number of lanes: 2, tarmac: R3, q0: 0.070)
Median 1 (Width: 0.500 m, Height: 0.000 m)
Roadway 1 (Width: 7.000 m, Number of lanes: 2, tarmac: R3, q0: 0.070)

Light loss factor: 0.70

Luminaire Arrangements

RS

0.00 30.00

Luminaire:

Luminous flux (Luminaire):
Luminous flux (Lamps):
Luminaire Wattage:
Arrangement:

Pole Distance:

Mounting Height (1):
Height:

Overhang (2):

Boom Angle (3):

Boom Length (4):

§(4
@ iy
™
(M
1 T1300m
1.50 — Y
60.00 m (2)

Gardco by Signify ECF-S-48L-1.2A-CW-G2-2 EcoForm Area LED ECF - Small, 48 LED's, 5000K
CCT, TYPE 2 OPTIC, No Shield

12500 Im Maximum luminous intensities
12500 Im at 70°: 896 cd/kim
83.0W at 80°: 70 cd/kim
Double row, with offset at 90°: 0.00 cd/kim
60.000 m Any direction forming the specified angle from the downward vertical, with the luminaire installed
12.100 m for use.
12.000 m No luminous intensities above 90°.
1.500 m Arrangement complies with luminous intensity class G3.
00° Arrangement complies with glare index class D.6.
1.500 m
129
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CLASS A-ROADS NOT WITHIN TOWN AREA By D I A I_ UX

03.10.2020

Class A-Other Areas-4 lanes-ME3b-Staggered / False Color Rendering

0 2.50 5 7.50 10 12.50 15 17.50 20 Ix
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CLASS A-ROADS NOT WITHIN TOWN AREA By

DIALux

03.10.2020

Class A-Other Areas-4 lanes-ME3b-Staggered / Valuation Field Roadway 1 & Roadway 2 / Results

T1450m
—
ﬁ
—_—
e
L L Il | h 000
0.00 60.00 m
Light loss factor: 0.70
Grid: 20 x 15 Points
Accompanying Street Elements: Roadway 1, Median 1, Roadway 2.
tarmac: R3, q0: 0.070
Selected Lighting Class: ME3b (All lighting performance requirements are met.)
L, [cd/m?] uo ul
Calculated values: 1.01 0.45 0.68
Required values according to class: =1.00 =0.40 =0.60
Fulfilled/Not fulfilled: v v v
Assigned observer (4 Pieces):
No. Observer Position [m] L,, [cd/m?] uo
1  Observer 1 (-60.000, 1.750, 1.500) 1.01 0.45
2  Observer 2 (-60.000, 5.250, 1.500) 1.02 0.51
3  Observer 3 (-60.000, 9.250, 1.500) 1.02 0.55
4  Observer 4 (-60.000, 12.750, 1.500) 1.02 0.50
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overview
Scale 1:472

TI [%] SR
10 0.50
<15 >0.50
v Ve
ul TI [%]
0.68 8
0.74 10
0.74 10
0.68 8
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CLASS A-ROADS NOT WITHIN TOWN AREA

DIALux

03.10.2020

Class A-Other Areas-4 lanes-ME3b-Staggered / Valuation Field Roadway 1 & Roadway 2 / Isolines

(E)
~ T1450m
15
20 15
15 - 15
|15~ = 15== ~~15_ 1oeexyp
15 15
| ]
15 10
o ‘15
L ., 000
0.00 60.00 m
Values in Lux, Scale 1: 472
Grid: 20 x 15 Points
Eav [IX] Emin [|X] Emax [|X] uo Emin / Emax
13 7.02 20 0.524 0.350
132
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CLASS A-ROADS NOT WITHIN TOWN AREA By D | A I_ UX

03.10.2020

Class A-Other Areas-4 lanes-ME3b-Staggered / Valuation Field Roadway 1 & Roadway 2 / Value

Chart (E)
20 15 11 920 831 828 857 10 13 18 T14.50m
197 16 T 13T 12 T2 12 12013 14 s
16 14— 13— 14— 15— 16— 14— 131415
12 12 13 14 18 19 16 13 12 12
828 857 10 13 18 20 15 11 920 831
L — ., 000
0.0 60.00m

Values in Lux, Scale 1: 472
Not all calculated values could be displayed.

Grid: 20 x 15 Points

Eav [IX] Emin [|X] Emax [|X] uo Emin / Emax

13 7.02 20 0.524 0.350
133
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CLASS A-ROADS NOT WITHIN TOWN AREA By D | A I_ UX

Street Profile

03.10.2020

Class A-Other Areas-4 lanes-ME3b-Opposite / Planning data

Roadway 2 (Width: 7.000 m, Number of lanes: 2, tarmac: R3, q0: 0.070)
Median 1 (Width: 0.500 m, Height: 0.000 m)
Roadway 1 (Width: 7.000 m, Number of lanes: 2, tarmac: R3, q0: 0.070)

Light loss factor: 0.70

Luminaire Arrangements

“
3) s
N 14.50 m
= — ()
— v
[l ' I 1 000 E*I—D'E
0.00 30.00 m (2)
Luminaire: Gardco by Signify ECF-S-48L-1.2A-CW-G2-2 EcoForm Area LED ECF - Small, 48 LED's, 5000K

Luminous flux (Luminaire):

Luminous flux (Lamps):
Luminaire Wattage:
Arrangement:

Pole Distance:
Mounting Height (1):
Height:

Overhang (2):

Boom Angle (3):

Boom Length (4):

CCT, TYPE 2 OPTIC, No Shield

5900 Im Maximum luminous intensities
5900 Im at 70°: 896 cd/kim
39.0wW at 80°: 70 cd/kim
Double row, opposing at 90°: 0.00 cd/klm
30.000 m Any direction forming the specified angle from the downward vertical, with the luminaire installed
8.100 m for use.
8.000 m No luminous intensities above 90°.
0.000 m Arrangement complies with luminous intensity class G3.
00° Arrangement complies with glare index class D.6.
0.000 m
134
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CLASS A-ROADS NOT WITHIN TOWN AREA B D I A I_ UX

03.10.2020

Class A-Other Areas-4 lanes-ME3b-Opposite / False Color Rendering

B | | ___IN

0 2.50 5 7.50 10 12.50 15 17.50 20 Ix
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CLASS A-ROADS NOT WITHIN TOWN AREA By

DIALux

03.10.2020

Class A-Other Areas-4 lanes-ME3b-Opposite / Valuation Field Roadway 1 & Roadway 2 / Results

—>
—>

—>
—>

Light loss factor: 0.70

Grid: 10 x 15 Points
Accompanying Street Elements: Roadway 1, Median 1, Roadway 2.
tarmac: R3, q0: 0.070

Selected Lighting Class: ME3b

L,, [cd/m?]
Calculated values: 1.00
Required values according to class: >1.00
Fulfilled/Not fulfilled: v

Assigned observer (4 Pieces):

No. Observer Position [m]
1  Observer 1 (-60.000, 1.750, 1.500)
2  Observer 2 (-60.000, 5.250, 1.500)
3  Observer 3 (-60.000, 9.250, 1.500)
4  Observer 4 (-60.000, 12.750, 1.500)

136

30.00 m

uo

0.60
>0.40

v

L,, [cd/m?]
1.00
1.02
1.02
1.00

0.00

T14.50m

(All lighting performance requirements are met.)

Ul
0.67
= 0.60

v

uo
0.61
0.60
0.60
0.61

overview
Scale 1:258

Tl [%] SR
12 0.52
<15 >0.50
v ve
ul TI [%]
0.69 12
0.67 11
0.67 11
0.69 12
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CLASS A-ROADS NOT WITHIN TOWN AREA By

DIALux

03.10.2020

Class A-Other Areas-4 lanes-ME3b-Opposite / Valuation Field Roadway 1 & Roadway 2 / Isolines

(E)
1 T 14.50
i \ / 1\5 i
/
10 15
15
/ \15\
[~ /
P 15
15
10 15
\
15 e /’\ [
) , , ., 0.00
0.00 30.00 m
Values in Lux, Scale 1 : 258
Grid: 10 x 15 Points
E, X Epnin [IX] E max [IX] uo Emin / Emax
13 7.54 18 0.581 0.428
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CLASS A-ROADS NOT WITHIN TOWN AREA

DIALux

03.10.2020

Class A-Other Areas-4 lanes-ME3b-Opposite / Valuation Field Roadway 1 & Roadway 2 / Value

T14.50m

18 14 11 864 754 754 864 11 4 18
16 14 12 11 9.76 9.76 11 12 14 16
15 14 13 13 12 12 13 13 14 15
14 14 14 14 14 14 14 14 14 14
14 14 14 14 14 14 14 14 14 14
15 14 13 13 12 12 13 13 14 15
16 14 12 11 9.76 9.76 11 12 14 16
18 14 11 864 754 754 8.64 11 14 18 |
) ) \ ., 0.00
l '0.00 l30.00 ml
Not all calculated values could be displayed.
Grid: 10 x 15 Points
E,, [IX] Enin [IX] E nax [IX] u0
13 7.54 18 0.581
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Chart (E)

Values in Lux, Scale 1 : 258

E. . /E

min max

0.428
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CLASS A-ROADS NOT WITHIN TOWN AREA By D | A I_ UX

03.10.2020

Class A-Other Areas-6 lanes-ME3b-Single side / Planning data

Street Profile

Roadway 2 (Width: 10.500 m, Number of lanes: 3, tarmac:
Median 1 (Width: 0.500 m, Height: 0.000 m)
Roadway 1 (Width: 10.500 m, Number of lanes: 3, tarmac:

Light loss factor: 0.70

Luminaire Arrangements

R3, q0: 0.070)

R3, q0: 0.070)

- -
— —
— —
s
— ]
— T2.00m
L Il L i i‘_.i
0.00 30.00 m )
Luminaire: Gardco by Signify ECF-S-48L-1.2A-CW-G2-3 EcoForm Area LED ECF - Small, 48 LED's, 5000K
CCT, TYPE 3 OPTIC, No Shield
Luminous flux (Luminaire): 20000 Im Maximum luminous intensities
Luminous flux (Lamps): 20000 Im at 70°: 711 cd/kim
Luminaire Wattage: 133.0 W at 80°: 216 cd/kim
Arrangement: Single row, bottom at 90°: 0.00 cd/klm
Pole Distance: 30.000 m Any direction forming the specified angle from the downward vertical, with the luminaire installed for
Mounting Height (1): 10.600 m use.
Height: 10.500 m No luminous intensities above 90°.
Overhang (2): 2.000 m Arrangement complies with glare index class D.6.
Boom Angle (3): 0.0°
Boom Length (4): 2.000 m
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CLASS A-ROADS NOT WITHIN TOWN AREA B D I A I_ UX

03.10.2020

Class A-Other Areas-6 lanes-ME3b-Single side / False Color Rendering

B | | ___IN

0 2.50 5 7.50 10 12.50 15 17.50 20 Ix
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CLASS A-ROADS NOT WITHIN TOWN AREA By

DIALux

03.10.2020

Class A-Other Areas-6 lanes-ME3b-Single side / Valuation Field Roadway 1 & Roadway 2 / Results

T2150m
—>
—_—>
—_—>
—_—>
—_—>
—_—>
I l i | 1 i OOO
0.00 30.00 m
Light loss factor: 0.70
Grid: 10 x 21 Points
Accompanying Street Elements: Roadway 1, Median 1, Roadway 2.
tarmac: R3, q0: 0.070
Selected Lighting Class: ME3b (All lighting performance requirements are met.)
L, [cd/m?] uo ul
Calculated values: 1.00 0.41 0.89
Required values according to class: >1.00 >0.40 >0.60
Fulfilled/Not fulfilled: e v v
Assigned observer (6 Pieces):
No. Observer Position [m] L,, [cd/im?] uo
1  Observer 1 (-60.000, 1.750, 1.500) 1.00 0.46
2  Observer 2 (-60.000, 5.250, 1.500) 1.05 0.45
3  Observer 3 (-60.000, 8.750, 1.500) 1.10 0.44
4  Observer 4 (-60.000, 12.750, 1.500) 1.14 0.41
5 Observer 5 (-60.000, 16.250, 1.500) 1.18 0.41
6 Observer 6 (-60.000, 19.750, 1.500) 1.21 0.42

141

overview
Scale 1:258

Tl [%] SR
15 0.50
<15 >0.50
Ve ve
ul TI [%]
0.92 13
0.91 15
0.91 12
0.91 8
0.89 6
0.90 4
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CLASS A-ROADS NOT WITHIN TOWN AREA By D | A I_ UX

03.10.2020

Operator
Telephone
Fax

e-Malil

Class A-Other Areas-6 lanes-ME3b-Single side / Valuation Field Roadway 1 & Roadway 2 / Isolines

(E)
T21.50m
,_\ 15—
20 20
\
zo C
>~
_//20 15/\\20\_
15 |
) . \ , 0.00
0.00 30.00 m

Values in Lux, Scale 1 : 258

Grid: 10 x 21 Points

Eav [IX] Emin [IX] Emax [IX] uo Emin / Emax
16 10 23 0.632 0.431
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CLASS A-ROADS NOT WITHIN TOWN AREA

DIALux

03.10.2020

Class A-Other Areas-6 lanes-ME3b-Single side / Valuation Field Roadway 1 & Roadway 2 / Value

10 10 10 11 11 11 11 10 10 10 T2150m
12 12 12 12 12 12 12 12 12 12
13 13 13 13 13 13 13 13 13 13
15 15 14 14 14 14 14 14 15 15
17 17 16 15 15 15 15 16 17 17
19 18 17 16 15 15 16 17 18 19
21 20 19 17 16 16 17 19 20 21
23 22 20 18 16 16 18 20 22 23
23 22 20 18 16 16 18 20 22 23
22 20 18 16 15 15 16 18 20 22
16 15 14 13 11 11 13 14 15 16 i
) . \ , 0.00
l '0.00 l30400 ml
Not all calculated values could be displayed.
Grid: 10 x 21 Points
E,, [IX] Enin [IX] E rax [IX] u0
16 10 23 0.632
143

Chart (E)

Values in Lux, Scale 1 : 258

E. . /E

min max

0.431
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CLASS A-ROADS NOT WITHIN TOWN AREA

Street Profile

Roadway 2

Median 1

Roadway 1

Light loss factor: 0.70

Luminaire Arrangements

I ]

0.00 30.00

Luminaire:

Luminous flux (Luminaire):
Luminous flux (Lamps):
Luminaire Wattage:
Arrangement:

Pole Distance:

Mounting Height (1):
Height:

Overhang (2):

Boom Angle (3):

Boom Length (4):

DIALux

03.10.2020

Class A-Other Areas-6 lanes-ME3b-Staggered / Planning data

(Width: 10.500 m, Number of lanes: 3, tarmac: R3, q0: 0.070)
(Width: 0.500 m, Height: 0.000 m)
(Width: 10.500 m, Number of lanes: 3, tarmac: R3, q0: 0.070)

§(4
(3) o
™
21.00 m M
L J
— 050 T
60.00 m (2)

Gardco by Signify ECF-S-48L-1.2A-CW-G2-3 EcoForm Area LED ECF - Small, 48 LED's, 5000K
CCT, TYPE 3 OPTIC, No Shield

19400 Im Maximum luminous intensities

19400 Im at 70°: 711 cd/kim

129.0 W at 80°: 216 cd/kim

Double row, with offset at 90°: 0.00 cd/kim

60.000 m Any direction forming the specified angle from the downward vertical, with the luminaire installed
11.600 m for use.

11.500 m No luminous intensities above 90°.

0.500 m Arrangement complies with glare index class D.6.

0.0°

0.500 m
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CLASS A-ROADS NOT WITHIN TOWN AREA B D I A I_ UX

03.10.2020

Class A-Other Areas-6 lanes-ME3b-Staggered / False Color Rendering

B | | ___IN

0 2.50 5 7.50 10 12.50 15 17.50 20 Ix
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CLASS A-ROADS NOT WITHIN TOWN AREA B D | A I_ UX

03.10.2020

Class A-Other Areas-6 lanes-ME3b-Staggered / Valuation Field Roadway 1 & Roadway 2 / Results

overview
T21.50m
—_—
g
_)
_)
ﬁ
—_—
e 000
0.00 60.00 m
Light loss factor: 0.70 Scale 1:472
Grid: 20 x 21 Points
Accompanying Street Elements: Roadway 1, Median 1, Roadway 2.
tarmac: R3, q0: 0.070
Selected Lighting Class: ME3b (All lighting performance requirements are met.)
L,, [cd/m?] uo ul TI [%] SR
Calculated values: 1.00 0.51 0.60 11 0.61
Required values according to class: 21.00 20.40 20.60 <15 20.50
Fulfilled/Not fulfilled: v ve v v v
Assigned observer (6 Pieces):
No. Observer Position [m] L,, [cd/im?] uo ul TI [%]
1 Observer 1 (-60.000, 1.750, 1.500) 1.00 0.51 0.60 11
2  Observer 2 (-60.000, 5.250, 1.500) 1.01 0.53 0.75 11
3  Observer 3 (-60.000, 8.750, 1.500) 1.02 0.56 0.86 10
4  Observer 4 (-60.000, 12.750, 1.500) 1.02 0.58 0.86 10
5 Observer 5 (-60.000, 16.250, 1.500) 1.01 0.56 0.75 11
6 Observer 6 (-60.000, 19.750, 1.500) 1.00 0.53 0.60 11
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CLASS A-ROADS NOT WITHIN TOWN AREA

DIALux

03.10.2020

Class A-Other Areas-6 lanes-ME3b-Staggered / Valuation Field Roadway 1 & Roadway 2 / Isolines

\ / ]
20 15 10 15 20
L 15 p
15 15
15 15— 15 \15\15_
15 —~
/ 15
15 \
\ 15
15 1= /
20_20 15
\ e 1
L ., 0.0
0.00 60.00 m
Grid: 20 x 21 Points
E,, [Ix] E,. [IX] E o [X] uo
14 8.14 20 0.570
147

T2150m

Values in Lux, Sca

E

(E)

le1:472

/E

min max

0.402
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CLASS A-ROADS NOT WITHIN TOWN AREA

DIALux

03.10.2020

Class A-Other Areas-6 lanes-ME3b-Staggered / Valuation Field Roadway 1 & Roadway 2 / Value
Chart (E)

20 7 13 10 923 887 973 11 15 19 21.50m
20 18 14 12 11 11 12 13 16 19
18 17 14 13 13 13 13 14 16 18
15 15 14 14 15 15 15 14 14 15
13 13 14 16 18 18 17 14 13 13
11 12 13 16 19 20 18 14 12 11
887 973 11 15 19 20 17 13 10 9.23
L ., 000
0.00 60.00 m
Not all calculated values could be displayed.
Grid: 20 x 21 Points
E,, [X] Ein [IX] E max [X] uo
14 8.14 20 0.570
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Values in Lux, Scale 1:472

E

/E

min max

0.402
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CLASS A-ROADS NOT WITHIN TOWN AREA By

DIALux

03.10.2020

Class A-Other Areas-6 lanes-ME3b-Opposite / Planning data

Street Profile

Roadway 2 (Width: 10.500 m, Number of lanes: 3, tarmac:
Median 1 (Width: 0.500 m, Height: 0.000 m)
Roadway 1 (Width: 10.500 m, Number of lanes: 3, tarmac:

Light loss factor: 0.70

Luminaire Arrangements

R3, q0: 0.070)

R3, q0: 0.070)

4

3) -
N T2151m : ?’\
ey

(N
s
s
1 ¥
— — o —w
0.00 30.00 m (2)
Luminaire: Gardco by Signify ECF-S-48L-1.2A-CW-G2-2 EcoForm Area LED ECF - Small, 48 LED's, 5000K
CCT, TYPE 2 OPTIC, No Shield

Luminous flux (Luminaire): 8000 Im Maximum luminous intensities
Luminous flux (Lamps): 8000 Im at 70°: 855 cd/kim
Luminaire Wattage: 53.0 W at 80°: 160 cd/kim
Arrangement: Double row, opposing at 90°: 10 cd/klm
Pole Distance: 30.000 m Any direction forming the specified angle from the downward vertical, with the luminaire installed
Mounting Height (1): 8.600 m for use.
Height: 8.500 m No luminous intensities above 95°.
Overhang (2): 0.000 m Arrangement complies with luminous intensity class G1.
Boom Angle (3): 50° Arrangement complies with glare index class D.6.
Boom Length (4): -0.009 m
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CLASS A-ROADS NOT WITHIN TOWN AREA By D | A I_ UX

03.10.2020

Class A-Other Areas-6 lanes-ME3b-Opposite / Valuation Field Roadway 1 & Roadway 2 / Results

overview
T2150m
—>
—>
—>
—>
—>
—>
L ! fl Il - 0.00
0.00 30.00 m
Light loss factor: 0.70 Scale 1:258
Grid: 10 x 21 Points
Accompanying Street Elements: Roadway 1, Median 1, Roadway 2.
tarmac: R3, q0: 0.070
Selected Lighting Class: ME3b (All lighting performance requirements are met.)
L,, [cd/m?] uo ul TI [%] SR
Calculated values: 1.00 0.57 0.81 13 0.50
Required values according to class: 21.00 20.40 =0.60 <15 =0.50
Fulfilled/Not fulfilled: v Ve v v v
Assigned observer (6 Pieces):
No. Observer Position [m] L,, [cd/im?] uo ul TI [%]
1  Observer 1 (-60.000, 1.750, 1.500) 1.00 0.58 0.81 13
2  Observer 2 (-60.000, 5.250, 1.500) 1.02 0.58 0.85 12
3  Observer 3 (-60.000, 8.750, 1.500) 1.03 0.57 0.81 8
4  Observer 4 (-60.000, 12.750, 1.500) 1.03 0.57 0.81 8
5 Observer 5 (-60.000, 16.250, 1.500) 1.02 0.58 0.85 12
6 Observer 6 (-60.000, 19.750, 1.500) 1.00 0.58 0.81 13
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CLASS A-ROADS NOT WITHIN TOWN AREA

DIALux

03.10.2020

Class A-Other Areas-6 lanes-ME3b-Opposite / Valuation Field Roadway 1 & Roadway 2 / Isolines

r \ Y T2150m
20 20
|~ 15 15 N
/ \
15 15
_/ \_
—15 _—
™~~~ 15
15 S
20 \ 15 -1
\ 15 10 | 20
20 i 5
L 1 1 1 B 000
0.00 30.00 m
Grid: 10 x 21 Points
Eav [Ix] Emin [IX] Emax [IX] u0
13 8.72 21 0.679

151

(E)

Values in Lux, Scale 1 : 258

/E

min max

0.415
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CLASS A-ROADS NOT WITHIN TOWN AREA

DIALux

03.10.2020

Class A-Other Areas-6 lanes-ME3b-Opposite / Valuation Field Roadway 1 & Roadway 2 / Value

21 17 13 10 872 872 10 13 17 21 T2150m
19 16 14 12 10 10 12 14 16 19
16 15 13 12 11 11 12 13 15 16
13 13 12 12 11 11 12 12 13 13
12 11 11 12 12 12 12 11 11 12
11 11 11 12 12 12 12 11 11 11
12 11 11 12 12 12 12 11 11 12
13 13 12 12 11 11 12 12 13 13
16 15 13 12 11 11 12 13 15 16
19 16 14 12 10 10 12 14 16 19
21 17 13 10 8.72 872 10 13 17 21 1
) ) , ., 0.00
l '0.00 l30400 ml
Not all calculated values could be displayed.
Grid: 10 x 21 Points
E,, [IX] Emin [IX] Emax [X] uo
13 8.72 21 0.679
152

Chart (E)

Values in Lux, Scale 1 : 258

E. . /E

min max

0.415
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APPENDIX E- LIGHTING SIMULATION REPORT FOR CLASS B ROADS WITHIN
TOWN AREA

CLASS B-ROADS WITHIN TOWN AREA

Date: 03.10.2020
Operator:

153


muthuransi@gmail.com
Text Box
APPENDIX E- LIGHTING SIMULATION REPORT FOR CLASS B ROADS WITHIN TOWN AREA


CLASS B-ROADS WITHIN TOWN AREA [ .

Operator
Telephone
Fax

e-Mail

CLASS B-ROADS WITHIN TOWN AREA
Project Cover
Table of contents
Class B-Within Town Area-ME3c-1 lane
Planning data
Valuation Fields
Valuation Field Roadway 1
Results overview
Isolines (E)
Class B-Within Town Area-ME3c-2 lanes
Planning data
Valuation Fields
Valuation Field Roadway 1
Results overview
Isolines (E)
Class B-Within Town Area-ME3c-4 lanes-Single side
Planning data
Valuation Fields
Valuation Field Roadway 1 & Roadway 2
Results overview
Isolines (E)
Class B-Within Town Area-ME3c-4 lanes-Staggered
Planning data
Valuation Fields
Valuation Field Roadway 1 & Roadway 2
Results overview
Isolines (E)
Class B-Within Town Area-ME3c-4 lanes-Opposite
Planning data
Valuation Fields
Valuation Field Roadway 1 & Roadway 2
Results overview
Isolines (E)
Class B-Within Town Area-ME3c-6 lanes-Single side
Planning data
Valuation Fields
Valuation Field Roadway 1 & Roadway 2
Results overview
Isolines (E)
Class B-Within Town Area-ME3c-6 lanes-Staggered
Planning data
Valuation Fields
Valuation Field Roadway 1 & Roadway 2
Results overview
Isolines (E)
Class B-Within Town Area-ME3c-6 lanes-Opposite
Planning data
Valuation Fields
Valuation Field Roadway 1 & Roadway 2
Results overview
Isolines (E)

154

DIALux

03.10.2020

Table of contents
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CLASS B-ROADS WITHIN TOWN AREA By D I A I_ UX

03.10.2020

Operator
Telephone
Fax

e-Mail

Class B-Within Town Area-ME3c-1 lane / Planning data
Street Profile

Roadway 1 (Width: 3.500 m, Number of lanes: 1, tarmac: R3, q0: 0.070)

Light loss factor: 0.70

Luminaire Arrangements

|"*| | | L.50 m y
i @ i i i
0.00 30.00 m )
Luminaire: Gardco by Signify ECF-S-48L-1.2A-CW-G2-2 EcoForm Area LED ECF - Small, 48 LED's,
5000K CCT, TYPE 2 OPTIC, No Shield
Luminous flux (Luminaire): 4900 Im Maximum luminous intensities
Luminous flux (Lamps): 4900 Im at 70°: 896 cd/kim
Luminaire Wattage: 33.0W at 80°: 70 cd/kim
Arrangement: Single row, bottom at 90°: 0.00 cd/kim
Pole Distance: 30.000 m Any direction forming the specified angle from the downward vertical, with the luminaire
Mounting Height (1): 6.600 m installed for use.
Height: 6.500 m No luminous intensities above 90°.
Overhang (2): 1.500 m Arrangement complies with luminous intensity class G3.
Boom Angle (3): 0.0° Arrangement complies with glare index class D.6.
Boom Length (4): 1.500 m
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CLASS B-ROADS WITHIN TOWN AREA By D I A I_ UX

03.10.2020

Operator
Telephone
Fax

e-Mail

Class B-Within Town Area-ME3c-1 lane / Valuation Field Roadway 1 / Results overview

3.50m
—>
L I I 1 000
0.00 30.00 m
Light loss factor: 0.70 Scale 1:258
Grid: 10 x 3 Points
Accompanying Street Elements: Roadway 1.
tarmac: R3, q0: 0.070
Selected Lighting Class: ME3c (All lighting performance requirements are met.)
L,, [cd/m?] uo ul TI [%] SR
Calculated values: 1.00 0.66 0.53 14 0.75
Required values according to class: >1.00 =>0.40 =>0.50 <15 =>0.50
Fulfilled/Not fulfilled: o v v v v
Assigned observer (1 Pieces):
No. Observer Position [m] L,, [cd/m?] uo ul TI [%]
1  Observer 1 (-60.000, 1.750, 1.500) 1.00 0.66 0.53 14
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CLASS B-ROADS WITHIN TOWN AREA B

Operator
Telephone
Fax

e-Mail

DIALux

03.10.2020

Class B-Within Town Area-ME3c-1 lane / Valuation Field Roadway 1/ Isolines (E)

\ 15 % 10 ] 20

20 / 10 AN 15 2‘0

L /15 / 5 1O\ \ -
' 0.00 3000m
Grid: 10 x 3 Points
E,, [IX] Ein [IX] E nax [X] uo
11 4.53 20 0.418
157

3.50m

0.00

Values in Lux, Scale 1 : 258

Ernin / Emax

0.225

min
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CLASS B-ROADS WITHIN TOWN AREA By D I A I_ UX

03.10.2020

Operator
Telephone
Fax

e-Mail

Class B-Within Town Area-ME3c-2 lanes / Planning data

Street Profile

Roadway 1 (Width: 7.000 m, Number of lanes: 2, tarmac: R3, q0: 0.070)

Light loss factor: 0.70

Luminaire Arrangements

= l
— 1.50 m y .
L L L | ;‘_h;

0.00 30.00 m )
Luminaire: Gardco by Signify ECF-S-48L-1.2A-CW-G2-2 EcoForm Area LED ECF - Small, 48 LED's,

5000K CCT, TYPE 2 OPTIC, No Shield
Luminous flux (Luminaire): 6750 Im Maximum luminous intensities
Luminous flux (Lamps): 6750 Im at 70°: 896 cd/kim
Luminaire Wattage: 450 W at 80°: 70 cd/kim
Arrangement: Single row, bottom at 90°: 0.00 cd/kim
Pole Distance: 30.000 m Any direction forming the specified angle from the downward vertical, with the luminaire
Mounting Height (1): 7.600 m installed for use.
Height: 7.500 m No luminous intensities above 90°.
Overhang (2): 1.500 m Arrangement complies with luminous intensity class G3.
Boom Angle (3): 0.0° Arrangement complies with glare index class D.6.
Boom Length (4): 1.500 m
158
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CLASS B-ROADS WITHIN TOWN AREA

Operator
Telephone
Fax

e-Mail

DIALux

03.10.2020

Class B-Within Town Area-ME3c-2 lanes / Valuation Field Roadway 1 / Results overview

|

J

T7.00m

70.00

Light loss factor: 0.70

Grid: 10 x 6 Points

Accompanying Street Elements: Roadway 1.
tarmac: R3, q0: 0.070

Selected Lighting Class: ME3c

Calculated values:
Required values according to class:

Fulfilled/Not fulfilled:

Assigned observer (2 Pieces):

30.00 m

(All lighting performance requirements are met.)

L,, [cd/m?] uo ul
1.00 0.49 0.63
>1.00 >0.40 2 0.50

v v v

No. Observer Position [m] L, [cd/m?] uo
1 Observer 1 (-60.000, 1.750, 1.500) 1.00 0.49
2  Observer 2 (-60.000, 5.250, 1.500) 1.06 0.49

159

Scale 1:258

TI [%] SR
14 0.51
<15 20.50
v v
ul TI [%]
0.68 13
0.63 14
.
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DIALux

CLASS B-ROADS WITHIN TOWN AREA B
03.10.2020

Operator
Telephone
Fax

e-Mail

Class B-Within Town Area-ME3c-2 lanes / Valuation Field Roadway 1/ Isolines (E)

10 T7.00m

\10 Ve 15—

\15\ ) 10\ / 50
\ 15 /10 0 ! /
20 / 10 \ \ 20\

/ 15 / 10 1
. ) , ., 0.00
0.00 30.00 m
Values in Lux, Scale 1 : 258
Grid: 10 x 6 Points
Eav [Ix] Emin [Ix] Emax [Ix] uo Emin / Emax
13 6.41 22 0.504 0.295
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CLASS B-ROADS WITHIN TOWN AREA By D I A I_ UX

03.10.2020

Operator
Telephone
Fax

e-Mail

Class B-Within Town Area-ME3c-4 lanes-Single side / Planning data

Street Profile

Roadway 2 (Width: 7.000 m, Number of lanes: 2, tarmac: R3, q0: 0.070)
Median 1 (Width: 0.500 m, Height: 0.000 m)
Roadway 1 (Width: 7.000 m, Number of lanes: 2, tarmac: R3, q0: 0.070)

Light loss factor: 0.70

Luminaire Arrangements

5
|
0.99m I
[l Il } | g
0.00 30.00 m @)
Luminaire: Gardco by Signify ECF-S-48L-1.2A-CW-G2-2 EcoForm Area LED ECF - Small, 48 LED's,
5000K CCT, TYPE 2 OPTIC, No Shield
Luminous flux (Luminaire): 14200 Im Maximum luminous intensities
Luminous flux (Lamps): 14200 Im at 70°: 855 cd/kim
Luminaire Wattage: 95.0 W at 80°: 160 cd/klm
Arrangement: Single row, bottom at 90°: 10 cd/kim
Pole Distance: 30.000 m Any direction forming the specified angle from the downward vertical, with the luminaire
Mounting Height (1): 12100 m installed for use.
Height: 12.000 m No luminous intensities above 95°.
Overhang (2): 1.000 m Arrangement complies with luminous intensity class G1.
Boom Angle (3): 50° Arrangement complies with glare index class D.6.
Boom Length (4): 0.991 m
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CLASS B-ROADS WITHIN TOWN AREA By D IA I_ UX

Operator
Telephone
Fax

e-Mail

03.10.2020

Class B-Within Town Area-ME3c-4 lanes-Single side / Valuation Field Roadway 1 & Roadway 2 /
Results overview

T1450m
—>
—>
—>
—>
L I 1 i B 000
0.00 30.00 m
Light loss factor: 0.70
Grid: 10 x 15 Points
Accompanying Street Elements: Roadway 1, Median 1, Roadway 2.
tarmac: R3, q0: 0.070
Selected Lighting Class: ME3c (All lighting performance requirements are met.)
L,, [cd/m?] uo ul
Calculated values: 1.00 0.41 0.91
Required values according to class: =1.00 >0.40 =0.50
Fulfilled/Not fulfilled: v v "
Assigned observer (4 Pieces):
No. Observer Position [m] L,, [cd/m?] uo
1 Observer 1 (-60.000, 1.750, 1.500) 1.00 0.43
2  Observer 2 (-60.000, 5.250, 1.500) 1.07 0.42
3 Observer 3 (-60.000, 9.250, 1.500) 1.14 0.41
4  Observer 4 (-60.000, 12.750, 1.500) 1.19 0.41
162

Scale 1:258

TI [%] SR
10 0.52
<15 >0.50
v v
Ul Tl [%]
0.94 9
0.94 10
0.91 8
0.91 5
.
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CLASS B-ROADS WITHIN TOWN AREA By D IA I_ UX

03.10.2020

Operator
Telephone
Fax

e-Mail

Class B-Within Town Area-ME3c-4 lanes-Single side / Valuation Field Roadway 1 & Roadway 2 /
Isolines (E)

T14.50m
—10 10 10—
- /15/
20
20 20/
/ /\15 (
20 /15 20
L I I i __0‘00
0.00 30.00 m

Values in Lux, Scale 1 : 258

Grid: 10 x 15 Points

Eav [IX] Emin [IX] Emax [IX] uo Emin / Emax

15 9.27 22 0.630 0.431
163

Y
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CLASS B-ROADS WITHIN TOWN AREA

Street Profile

Roadway 2

Median 1

Roadway 1

Light loss factor: 0.70

Luminaire Arrangements

DIALux

03.10.2020

Operator
Telephone
Fax

e-Mail

Class B-Within Town Area-ME3c-4 lanes-Staggered / Planning data

14.00 m

Tl

., 050

0.00 30.00

Luminaire:

Luminous flux (Luminaire):
Luminous flux (Lamps):
Luminaire Wattage:
Arrangement:

Pole Distance:

Mounting Height (1):
Height:

Overhang (2):

Boom Angle (3):

Boom Length (4):

60.00 m

(Width: 7.000 m, Number of lanes: 2, tarmac: R3, q0: 0.070)
(Width: 0.500 m, Height: 0.000 m)
(Width: 7.000 m, Number of lanes: 2, tarmac: R3, q0: 0.070)

“

— )

@

Gardco by Signify ECF-S-48L-1.2A-CW-G2-2 EcoForm Area LED ECF - Small, 48 LED's,
5000K CCT, TYPE 2 OPTIC, No Shield

12300 Im

12300 Im

82.0W

Double row, with offset
60.000 m

11.100 m

11.000 m

0.500 m

0.0°

0.500 m

Maximum luminous intensities

at 70°: 896 cd/klm
at 80°: 70 cd/klm
at 90°: 0.00 cd/kim

Any direction forming the specified angle from the downward vertical, with the luminaire
installed for use.

No luminous intensities above 90°.

Arrangement complies with luminous intensity class G3.
Arrangement complies with glare index class D.6.
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CLASS B-ROADS WITHIN TOWN AREA By D IA I_ UX

03.10.2020

Operator
Telephone
Fax

e-Mail

Class B-Within Town Area-ME3c-4 lanes-Staggered / Valuation Field Roadway 1 & Roadway 2 /
Results overview

— 1450 m
p—
a
ﬁ
L I 1 i i 000
0.00 60.00 m
Light loss factor: 0.70 Scale 1:472
Grid: 20 x 15 Points
Accompanying Street Elements: Roadway 1, Median 1, Roadway 2.
tarmac: R3, q0: 0.070
Selected Lighting Class: ME3c (All lighting performance requirements are met.)
L,, [cd/m?] uo ul TI [%] SR
Calculated values: 1.00 0.44 0.50 11 0.51
Required values according to class: =>1.00 >0.40 =>0.50 <15 =>0.50
Fulfilled/Not fulfilled: v " "4 v v
Assigned observer (4 Pieces):
No. Observer Position [m] L,, [cd/m?] uo ul TI [%]
1  Observer 1 (-60.000, 1.750, 1.500) 1.00 0.44 0.50 11
2  Observer 2 (-60.000, 5.250, 1.500) 1.01 0.47 0.74 11
3  Observer 3 (-60.000, 9.250, 1.500) 1.01 0.52 0.74 11
4 Observer 4 (-60.000, 12.750, 1.500) 1.00 0.47 0.50 11
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CLASS B-ROADS WITHIN TOWN AREA By D I A I_ UX

03.10.2020

Operator
Telephone
Fax

e-Mail

Class B-Within Town Area-ME3c-4 lanes-Staggered / Valuation Field Roadway 1 & Roadway 2 /
Isolines (E)

~ 7 T
\ 15 T 15 4 1450 m
;
/20 } 10 { 20
15 15
. . ~
_/15 15/15\15\ 15-\
15
1\5 /20\ ) 10—
20
B\ 20 B _
L I 1 i 000
0.00 60.00 m

Values in Lux, Scale 1 : 472

Grid: 20 x 15 Points

Eav [IX] Emin [IX] Emax [IX] u0 Emin / Emax
13 5.80 22 0.440 0.269
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CLASS B-ROADS WITHIN TOWN AREA By D IA I_ UX

03.10.2020

Operator
Telephone
Fax

e-Mail

Class B-Within Town Area-ME3c-4 lanes-Opposite / Planning data

Street Profile

Roadway 2 (Width: 7.000 m, Number of lanes: 2, tarmac: R3, q0: 0.070)
Median 1 (Width: 0.500 m, Height: 0.000 m)
Roadway 1 (Width: 7.000 m, Number of lanes: 2, tarmac: R3, q0: 0.070)

Light loss factor: 0.70

Luminaire Arrangements

)
el -
. 14.50 m
— ]
s,
—t — 0 —
0.00 30.00 m (2)
Luminaire: Gardco by Signify ECF-S-48L-1.2A-CW-G2-2 EcoForm Area LED ECF - Small, 48 LED's,
5000K CCT, TYPE 2 OPTIC, No Shield
Luminous flux (Luminaire): 5850 Im Maximum luminous intensities
Luminous flux (Lamps): 5850 Im at 70°: 896 cd/kim
Luminaire Wattage: 39.0W at 80°: 70 cd/Kim
Arrangement: Double row, opposing at 90°: 0.00 cd/kim
Pole Distance: 30.000 m Any direction forming the specified angle from the downward vertical, with the luminaire
Mounting Height (1): 7.600 m installed for use.
Height: 7.500 m No luminous intensities above 90°.
Overhang (2): 0.000 m Arrangement complies with luminous intensity class G3.
Boom Angle (3): 0.0° Arrangement complies with glare index class D.6.
Boom Length (4): 0.000 m
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CLASS B-ROADS WITHIN TOWN AREA By D IA I_ UX

Operator
Telephone
Fax

e-Mail

03.10.2020

Class B-Within Town Area-ME3c-4 lanes-Opposite / Valuation Field Roadway 1 & Roadway 2 /
Results overview

T1450m
—>
—>
—>
—>
, , , .~ 0.00
0.00 30.00 m
Light loss factor: 0.70
Grid: 10 x 15 Points
Accompanying Street Elements: Roadway 1, Median 1, Roadway 2.
tarmac: R3, q0: 0.070
Selected Lighting Class: ME3c (All lighting performance requirements are met.)
L,, [cd/m?] uo ul
Calculated values: 1.00 0.52 0.59
Required values according to class: =1.00 >0.40 =0.50
Fulfilled/Not fulfilled: v v "
Assigned observer (4 Pieces):
No. Observer Position [m] L,, [cd/m?] uo
1 Observer 1 (-60.000, 1.750, 1.500) 1.00 0.54
2  Observer 2 (-60.000, 5.250, 1.500) 1.02 0.52
3 Observer 3 (-60.000, 9.250, 1.500) 1.02 0.52
4  Observer 4 (-60.000, 12.750, 1.500) 1.00 0.54
168

Scale 1:258

TI [%] SR
14 0.52
<15 >0.50
v v
Ul Tl [%]
0.63 14
0.59 1
0.59 11
0.63 14
.
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CLASS B-ROADS WITHIN TOWN AREA By D IA I_ UX

03.10.2020

Operator
Telephone
Fax

e-Mail

Class B-Within Town Area-ME3c-4 lanes-Opposite / Valuation Field Roadway 1 & Roadway 2 /
Isolines (E)

T~ = 3 =
J
15 ae \15
—/ \
_\15\ /15/_
2 10/\ 15
N\~ A
, ) ) 7000
0.00 30.00 m

Values in Lux, Scale 1 : 258

Grid: 10 x 15 Points

Eav [IX] Emin [IX] Emax [IX] uo Emin / Emax

13 7.41 19 0.574 0.386
169

Y
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CLASS B-ROADS WITHIN TOWN AREA

Street Profile

— DIALUX

03.10.2020

Operator
Telephone
Fax

e-Mail

Class B-Within Town Area-ME3c-6 lanes-Single side / Planning data

Roadway 2 (Width: 10.500 m, Number of lanes: 3, tarmac: R3, q0: 0.070)
Median 1 (Width: 0.500 m, Height: 0.000 m)
Roadway 1 (Width: 10.500 m, Number of lanes: 3, tarmac: R3, q0: 0.070)

Light loss factor: 0.70

Luminaire Arrangements

-

: —

: —

-

— A

— T2.00m
0.00 30.00 m

Luminaire:

Luminous flux (Luminaire):
Luminous flux (Lamps):
Luminaire Wattage:
Arrangement:

Pole Distance:

Mounting Height (1):
Height:

Overhang (2):

Boom Angle (3):

Boom Length (4):

@

Gardco by Signify ECF-S-48L-1.2A-CW-G2-3 EcoForm Area LED ECF - Small, 48 LED's,
5000K CCT, TYPE 3 OPTIC, No Shield

19900 Im

19900 Im

133.0W

Single row, bottom
30.000 m

10.600 m

10.500 m

2.000 m

0.0°

2.000 m

Maximum luminous intensities

at 70°: 711 cd/kim
at 80°: 216 cd/kim
at 90°: 0.00 cd/Kim

Any direction forming the specified angle from the downward vertical, with the luminaire
installed for use.

No luminous intensities above 90°.

Arrangement complies with glare index class D.6.

170

Page 18



CLASS B-ROADS WITHIN TOWN AREA

Operator
Telephone
Fax

e-Mail

DIALux

03.10.2020

Class B-Within Town Area-ME3c-6 lanes-Single side / Valuation Field Roadway 1 & Roadway 2 /
Results overview

VLT

VLT

0.00

Light loss factor: 0.70

Grid: 10 x 21 Points

30.00 m

Accompanying Street Elements: Roadway 1, Median 1, Roadway 2.

tarmac: R3, q0: 0.070
Selected Lighting Class: ME3c

Calculated values:

T21.50m

70.00

(All lighting performance requirements are met.)

Required values according to class:

Fulfilled/Not fulfilled:

Assigned observer (6 Pieces):

No. Observer

Observer 1
Observer 2
Observer 3
Observer 4
Observer 5
Observer 6

oo g WON -

Position [m]

(-60.000, 1.750, 1.500)
(-60.000, 5.250, 1.500)
(-60.000, 8.750, 1.500)
(-60.000, 12.750, 1.500)
(-60.000, 16.250, 1.500)
(-60.000, 19.750, 1.500)

171

L, [cd/m?] uo
1.00 0.41
21.00 2040
v v

L, [ed/m?]

1.00

1.05

1.09

1.14

117

1.20

ul

0.89
2 0.50

v

uo
0.46
0.45
0.44
0.41
0.41
0.42

TI [%]
15
<15

v

ul
0.92
0.91
0.91
0.91
0.89
0.90

Scale 1:258

SR
0.50
2 0.50

v

Tl [%]
13
15
12
8

6
4
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CLASS B-ROADS WITHIN TOWN AREA By D IA I_ UX

03.10.2020

Operator
Telephone
Fax

e-Mail

Class B-Within Town Area-ME3c-6 lanes-Single side / Valuation Field Roadway 1 & Roadway 2 /
Isolines (E)

T21.50m
——\ 15—
15\/
20
_\20 20/
N /
20\ 20
20 (
S 20
20
15 1
, , , . 0.00
0.00 30.00 m

Values in Lux, Scale 1 : 258

Grid: 10 x 21 Points

E,, [IX] Emin, [IX] E nax [X] uo Emin / Emax

16 10 23 0.632 0.431
172

il
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CLASS B-ROADS WITHIN TOWN AREA By D IA I_ UX

03.10.2020

Operator
Telephone
Fax

e-Mail

Class B-Within Town Area-ME3c-6 lanes-Staggered / Planning data

Street Profile

Roadway 2 (Width: 10.500 m, Number of lanes: 3, tarmac: R3, q0: 0.070)
Median 1 (Width: 0.500 m, Height: 0.000 m)
Roadway 1 (Width: 10.500 m, Number of lanes: 3, tarmac: R3, q0: 0.070)

Light loss factor: 0.70

Luminaire Arrangements

— )

B i 2151 m
H : - o0 g
0.00 30.00 60.00 m (2)
Luminaire: Gardco by Signify ECF-S-48L-1.2A-CW-G2-2 EcoForm Area LED ECF - Small, 48 LED's,
5000K CCT, TYPE 2 OPTIC, No Shield
Luminous flux (Luminaire): 17150 Im Maximum luminous intensities
Luminous flux (Lamps): 17150 Im at 70°: 855 cd/kim
Luminaire Wattage: 1140 W at 80°: 160 cd/kim
Arrangement: Double row, with offset at 90°: 10 cd/klm
Pole Distance: 60.000 m Any direction forming the specified angle from the downward vertical, with the luminaire
Mounting Height (1): 12100 m installed for use.
Height: 12.000 m No luminous intensities above 95°.
Overhang (2): 0.000 m Arrangement complies with luminous intensity class G1.
Boom Angle (3): 50° Arrangement complies with glare index class D.6.

Boom Length (4): -0.009 m
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CLASS B-ROADS WITHIN TOWN AREA By D IA I_ UX

03.10.2020

Operator
Telephone
Fax

e-Mail

Class B-Within Town Area-ME3c-6 lanes-Staggered / Valuation Field Roadway 1 & Roadway 2 /
Results overview

T2150m
ﬁ
—_—
—
—
p—
—
L I 1 | - 000
0.00 60.00 m
Light loss factor: 0.70 Scale 1:472
Grid: 20 x 21 Points
Accompanying Street Elements: Roadway 1, Median 1, Roadway 2.
tarmac: R3, q0: 0.070
Selected Lighting Class: ME3c (All lighting performance requirements are met.)
L,, [cd/m?] uo ul Tl [%] SR
Calculated values: 1.00 0.42 0.53 13 0.56
Required values according to class: =1.00 >0.40 =>0.50 <15 =>0.50
Fulfilled/Not fulfilled: v v v v v
Assigned observer (6 Pieces):
No. Observer Position [m] L,, [cd/m?] uo ul TI [%]
1  Observer 1 (-60.000, 1.750, 1.500) 1.00 0.42 0.53 12
2  Observer 2 (-60.000, 5.250, 1.500) 1.02 0.44 0.68 13
3  Observer 3 (-60.000, 8.750, 1.500) 1.02 0.47 0.88 10
4  Observer 4 (-60.000, 12.750, 1.500) 1.02 0.51 0.88 10
5 Observer 5 (-60.000, 16.250, 1.500) 1.02 0.49 0.68 13
6 Observer 6 (-60.000, 19.750, 1.500) 1.00 0.47 0.53 12
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CLASS B-ROADS WITHIN TOWN AREA By D I A I_ UX

03.10.2020

Operator
Telephone
Fax

e-Mail

Class B-Within Town Area-ME3c-6 lanes-Staggered / Valuation Field Roadway 1 & Roadway 2 /
Isolines (E)

AN 7 20 T21.50m
) 15 \10 1520
20 : :
|- 15 ~—__ 10 15 ~20]
15 15
|15 iy |-
15— 1°T——5
v ~N
15 20 15 ——
\ — 1
15 20 AN 15 10
AY 7
15 ( 30 15 / 1|
L I 1 | 000
0.00 60.00 m

Values in Lux, Scale 1 :472

Grid: 20 x 21 Points

Eav [IX] Emin [IX] Emax [IX] u0 Emin / Emax
13 5.47 23 0.408 0.235

175

Page 23



CLASS B-ROADS WITHIN TOWN AREA

— DIALUX

03.10.2020

Operator
Telephone
Fax

e-Mail

Class B-Within Town Area-ME3c-6 lanes-Opposite / Planning data

Street Profile

Roadway 2 (Width: 10.500 m, Number of lanes: 3, tarmac: R3, q0: 0.070)
Median 1 (Width: 0.500 m, Height: 0.000 m)
Roadway 1 (Width: 10.500 m, Number of lanes: 3, tarmac: R3, q0: 0.070)

Light loss factor: 0.70

Luminaire Arrangements

)
®) o
R T2151m
. .y
s
|
1 Il Il i - -001 1—.'
0.00 30.00 m (2)
Luminaire: Gardco by Signify ECF-S-48L-1.2A-CW-G2-2 EcoForm Area LED ECF - Small, 48 LED's,

5000K CCT, TYPE 2 OPTIC, No Shield

Luminous flux (Luminaire): 8000 Im

Luminous flux (Lamps): 8000 Im

Luminaire Wattage: 53.0W

Arrangement: Double row, opposing
Pole Distance: 30.000 m

Mounting Height (1): 8.600 m

Height: 8.500 m

Overhang (2): 0.000 m

Boom Angle (3): 50°

Boom Length (4): -0.009 m

Maximum luminous intensities

at 70°: 855 cd/kim
at 80°: 160 cd/klm
at 90°: 10 cd/klm

Any direction forming the specified angle from the downward vertical, with the luminaire
installed for use.

No luminous intensities above 95°.

Arrangement complies with luminous intensity class G1.
Arrangement complies with glare index class D.6.
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CLASS B-ROADS WITHIN TOWN AREA By D IA I_ UX

03.10.2020

Operator
Telephone
Fax

e-Mail

Class B-Within Town Area-ME3c-6 lanes-Opposite / Valuation Field Roadway 1 & Roadway 2 /
Results overview

T21.50m
—>
—>
—>
—>
—
—>
. . . .~ 0.00
0.00 30.00 m
Light loss factor: 0.70 Scale 1:258
Grid: 10 x 21 Points
Accompanying Street Elements: Roadway 1, Median 1, Roadway 2.
tarmac: R3, q0: 0.070
Selected Lighting Class: ME3c (All lighting performance requirements are met.)
L,, [cd/m?] uo ul Tl [%] SR
Calculated values: 1.00 0.57 0.81 13 0.50
Required values according to class: =1.00 2040 =2 0.50 <15 20.50
Fulfilled/Not fulfilled: v o " of v
Assigned observer (6 Pieces):
No. Observer Position [m] L,, [cd/m?] uo ul TI [%]
1 Observer 1 (-60.000, 1.750, 1.500) 1.00 0.58 0.81 13
2  Observer 2 (-60.000, 5.250, 1.500) 1.02 0.58 0.85 12
3 Observer 3 (-60.000, 8.750, 1.500) 1.03 0.57 0.81 8
4  Observer 4 (-60.000, 12.750, 1.500) 1.03 0.57 0.81 8
5 Observer5 (-60.000, 16.250, 1.500) 1.02 0.58 0.85 12
6 Observer 6 (-60.000, 19.750, 1.500) 1.00 0.58 0.81 13
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CLASS B-ROADS WITHIN TOWN AREA

Operator
Telephone
Fax

e-Mail

DIALux

03.10.2020

Class B-Within Town Area-ME3c-6 lanes-Opposite / Valuation Field Roadway 1 & Roadway 2 /

[ \ \/ { 1
20 20
|~ 15 15 AN
/ Y
15 15
\_
15 "
s 15
15 /
20 \ 15 1
\ 15 10 | 20
20 PN 5
' 0.00 30.00 m
Grid: 10 x 21 Points
Eav [IX] Emin [Ix] Emax [IX] u0
13 8.72 21 0.679
178

T2150m

0.00

Isolines (E)

Values in Lux, Scale 1 : 258

Emin / Emax
0.415
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APPENDIX F- LIGHTING SIMULATION REPORT FOR CLASS B ROADS NOT WITHIN
TOWN AREA

CLASS B-ROADS NOT WITHIN TOWN AREA

Date: 03.10.2020
Operator:

179


muthuransi@gmail.com
Text Box
APPENDIX F- LIGHTING SIMULATION REPORT FOR CLASS B ROADS NOT WITHIN TOWN AREA


CLASS B-ROADS NOT WITHIN TOWN AREA

CLASS B-ROADS NOT WITHIN TOWN AREA

Project Cover
Table of contents
Class B-Other Areas-1 lane-ME5
Planning data
Valuation Fields
Valuation Field Roadway 1
Results overview
Isolines (E)
Class B-Other Areas-2 lanes-ME5
Planning data
Valuation Fields
Valuation Field Roadway 1
Results overview
Isolines (E)
Class B-Other Areas-4 lanes-ME5-Single side
Planning data
Valuation Fields
Valuation Field Roadway 1 & Roadway 2
Results overview
Isolines (E)
Class B-Other Areas-4 lanes-ME5-Staggered
Planning data
Valuation Fields
Valuation Field Roadway 1 & Roadway 2
Results overview
Isolines (E)
Class B-Other Areas-4 lanes-ME5-Opposite
Planning data
Valuation Fields
Valuation Field Roadway 1 & Roadway 2
Results overview
Isolines (E)
Class B-Other Areas-6 lanes-ME5-Single side
Planning data
Valuation Fields
Valuation Field Roadway 1 & Roadway 2
Results overview
Isolines (E)
Class B-Other Areas-6 lanes-ME5-Staggered
Planning data
Valuation Fields
Valuation Field Roadway 1 & Roadway 2
Results overview
Isolines (E)
Class B-Other Areas-6 lanes-ME5-Opposite
Planning data
Valuation Fields
Valuation Field Roadway 1 & Roadway 2
Results overview
Isolines (E)
Class B-Other Areas-1 lane-ME4a
Planning data
Valuation Fields
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Operator
Telephone
Fax

e-Mail

DIALux

03.10.2020

Table of contents

10
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12
13
14
15
16
17
18
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22
23
24
25

26
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CLASS B-ROADS NOT WITHIN TOWN AREA

Valuation Field Roadway 1
Results overview
Isolines (E)
Class B-Other Areas-2 lanes-ME4a
Planning data
Valuation Fields
Valuation Field Roadway 1
Results overview
Isolines (E)
Class B-Other Areas-4 lanes-ME4a-Single side
Planning data
Valuation Fields
Valuation Field Roadway 1 & Roadway 2
Results overview
Isolines (E)
Class B-Other Areas-4 lanes-ME4a-Staggered
Planning data
Valuation Fields
Valuation Field Roadway 1 & Roadway 2
Results overview
Isolines (E)
Class B-Other Areas-4 lanes-ME4a-Opposite
Planning data
Valuation Fields
Valuation Field Roadway 1 & Roadway 2
Results overview
Isolines (E)
Class B-Other Areas-6 lanes-ME4a-Single side
Planning data
Valuation Fields
Valuation Field Roadway 1 & Roadway 2
Results overview
Isolines (E)
Class B-Other Areas-6 lanes-ME4a-Staggered
Planning data
Valuation Fields
Valuation Field Roadway 1 & Roadway 2
Results overview
Isolines (E)
Class B-Other Areas-6 lanes-ME4a-Opposite
Planning data
Valuation Fields
Valuation Field Roadway 1 & Roadway 2
Results overview
Isolines (E)
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— DIALux

03.10.2020

Operator
Telephone
Fax

e-Mail

Table of contents
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CLASS B-ROADS NOT WITHIN TOWN AREA By D IA I_ UX

03.10.2020

Operator
Telephone
Fax

e-Mail

Class B-Other Areas-1 lane-ME5 / Planning data
Street Profile

Roadway 1 (Width: 3.500 m, Number of lanes: 1, tarmac: R3, q0: 0.070)

Light loss factor: 0.70

Luminaire Arrangements

Ly
- 1L
—t — =
0.00 30.00 m )
Luminaire: Gardco by Signify ECF-S-48L-1.2A-CW-G2-2 EcoForm Area LED ECF - Small, 48 LED's,
5000K CCT, TYPE 2 OPTIC, No Shield
Luminous flux (Luminaire): 2300 Im Maximum luminous intensities
Luminous flux (Lamps): 2300 Im at 70°: 896 cd/kim
Luminaire Wattage: 15.0 W at 80°: 70 cd/kim
Arrangement: Single row, bottom at 90°: 0.00 cd/kim
Pole Distance: 30.000 m Any direction forming the specified angle from the downward vertical, with the luminaire
Mounting Height (1): 6.100 m installed for use.
Height: 6.000 m No luminous intensities above 90°.
Overhang (2): 1.000 m Arrangement complies with luminous intensity class G3.
Boom Angle (3): 0.0° Arrangement complies with glare index class D.6.
Boom Length (4): 1.000 m
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CLASS B-ROADS NOT WITHIN TOWN AREA

Operator
Telephone
Fax

e-Mail

DIALux

03.10.2020

Class B-Other Areas-1 lane-ME5 / Valuation Field Roadway 1 / Results overview

0.00

Light loss factor: 0.70

Grid: 10 x 3 Points

Accompanying Street Elements: Roadway 1.
tarmac: R3, q0: 0.070

Selected Lighting Class: ME5

Calculated values:
Required values according to class:

Fulfilled/Not fulfilled:
Assigned observer (1 Pieces):

No. Observer Position [m]

30.00 m

(All lighting performance requirements are met.)

L,, [cd/m?] uo ul
0.51 0.51 0.42
>0.50 >0.35 >0.40

v v v

L,, [cd/m?] uo

1  Observer 1 (-60.000, 1.750, 1.500) 0.51 0.51

183

3.50m

Scale 1:258

TI [%] SR
15 0.74
<15 20.50
v v
ul TI [%]
0.42 15
.
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CLASS B-ROADS NOT WITHIN TOWN AREA

DIALux

03.10.2020

Operator
Telephone
Fax

e-Mail

Class B-Other Areas-1 lane-ME5 / Valuation Field Roadway 1/ Isolines (E)

3.50m

0.00

Grid: 10 x 3 Points

E,, [IX]
5.68

30.00 m

Values in Lux, Scale 1 : 258

u0 Emin / Emax

Emin [1x] Emax [Ix]
0.415 0.220

2.35 11

184

Page 6



CLASS B-ROADS NOT WITHIN TOWN AREA By D IA I_ UX

03.10.2020

Operator
Telephone
Fax

e-Mail

Class B-Other Areas-2 lanes-ME5 / Planning data
Street Profile

Roadway 1 (Width: 7.000 m, Number of lanes: 2, tarmac: R3, q0: 0.070)

Light loss factor: 0.70

Luminaire Arrangements

= l
1.00 m N
L L L | -
0.00 30.00 m )
Luminaire: Gardco by Signify ECF-S-48L-1.2A-CW-G2-2 EcoForm Area LED ECF - Small, 48 LED's,
5000K CCT, TYPE 2 OPTIC, No Shield
Luminous flux (Luminaire): 3450 Im Maximum luminous intensities
Luminous flux (Lamps): 3450 Im at 70°: 896 cd/kim
Luminaire Wattage: 23.0W at 80°: 70 cd/kim
Arrangement: Single row, bottom at 90°: 0.00 cd/kim
Pole Distance: 30.000 m Any direction forming the specified angle from the downward vertical, with the luminaire
Mounting Height (1): 7.600 m installed for use.
Height: 7.500 m No luminous intensities above 90°.
Overhang (2): 1.000 m Arrangement complies with luminous intensity class G3.
Boom Angle (3): 0.0° Arrangement complies with glare index class D.6.
Boom Length (4): 1.000 m
185
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CLASS B-ROADS NOT WITHIN TOWN AREA By D IA I_ UX

03.10.2020

Operator
Telephone
Fax

e-Mail

Class B-Other Areas-2 lanes-ME5 / Valuation Field Roadway 1 / Results overview

T7.00m
—_—>
—>
L I I 1 B 000
0.00 30.00 m
Light loss factor: 0.70 Scale 1:258
Grid: 10 x 6 Points
Accompanying Street Elements: Roadway 1.
tarmac: R3, q0: 0.070
Selected Lighting Class: ME5 (All lighting performance requirements are met.)
L,, [cd/m?] uo ul TI [%] SR
Calculated values: 0.50 0.44 0.62 13 0.53
Required values according to class: =0.50 >0.35 =>0.40 <15 =>0.50
Fulfilled/Not fulfilled: v v v v v
Assigned observer (2 Pieces):
No. Observer Position [m] L, [cd/m?] uo ul Tl [%]
1  Observer 1 (-60.000, 1.750, 1.500) 0.50 0.46 0.62 13
2  Observer 2 (-60.000, 5.250, 1.500) 0.54 0.44 0.64 11
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CLASS B-ROADS NOT WITHIN TOWN AREA [ . D I A I_ UX

03.10.2020

Operator
Telephone
Fax

e-Mail

Class B-Other Areas-2 lanes-ME5 / Valuation Field Roadway 1/ Isolines (E)

~6 6—] T7.00m
T 6//
\ \ ( o—1
\ 6 /
\ 8 6/ 6 8 10
10
{ / 4 . \ \ g 1
L 1 1 I 000
0.00 30.00 m
Values in Lux, Scale 1 : 258
Grid: 10 x 6 Points
av [IX] Emin [IX] Emax [IX] UO Em n / Emax
6.46 3.62 11 0.560 0.330
187
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CLASS B-ROADS NOT WITHIN TOWN AREA By D IA I_ UX

03.10.2020

Operator
Telephone
Fax

e-Mail

Class B-Other Areas-4 lanes-ME5-Single side / Planning data

Street Profile

Roadway 2 (Width: 7.000 m, Number of lanes: 2, tarmac: R3, q0: 0.070)
Median 1 (Width: 0.500 m, Height: 0.000 m)
Roadway 1 (Width: 7.000 m, Number of lanes: 2, tarmac: R3, q0: 0.070)

Light loss factor: 0.70

Luminaire Arrangements

o
|
1.00 m I
[l Il } | g
0.00 30.00 m @)
Luminaire: Gardco by Signify ECF-S-48L-1.2A-CW-G2-2 EcoForm Area LED ECF - Small, 48 LED's,
5000K CCT, TYPE 2 OPTIC, No Shield
Luminous flux (Luminaire): 6850 Im Maximum luminous intensities
Luminous flux (Lamps): 6850 Im at 70°: 896 cd/kim
Luminaire Wattage: 46.0 W at 80°: 70 cd/klm
Arrangement: Single row, bottom at 90°: 0.00 cd/kim
Pole Distance: 30.000 m Any direction forming the specified angle from the downward vertical, with the luminaire
Mounting Height (1): 12100 m installed for use.
Height: 12.000 m No luminous intensities above 90°.
Overhang (2): 1.000 m Arrangement complies with luminous intensity class G3.
Boom Angle (3): 0.0° Arrangement complies with glare index class D.6.
Boom Length (4): 1.000 m
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CLASS B-ROADS NOT WITHIN TOWN AREA

Operator

Telephone
Fax
e-Mail

DIALux

03.10.2020

Class B-Other Areas-4 lanes-ME5-Single side / Valuation Field Roadway 1 & Roadway 2 /
Results overview

J

J

J

|

Light loss factor: 0.70
Grid: 10 x 15 Points

Accompanying Street Elements: Roadway 1, Median 1, Roadway 2.

tarmac: R3, q0: 0.070
Selected Lighting Class: ME5

30.00 m

T14.50m

70.00

(All lighting performance requirements are met.)

L,, [cd/m?]
Calculated values: 0.50
Required values according to class: =0.50
Fulfilled/Not fulfilled: v

Assigned observer (4 Pieces):

No. Observer

Observer 1
Observer 2
Observer 3
Observer 4

A ON -

Position [m]

(-60.000, 1.750, 1.500)
(-60.000, 5.250, 1.500)
(-60.000, 9.250, 1.500)
(-60.000, 12.750, 1.500)

189

uo

0.35
20.35

v

L,, [cd/m?]
0.50
0.53
0.57
0.59

ul

0.90
20.40

v

uo
0.37
0.36
0.35
0.35

Scale 1:258

TI [%] SR
9 0.53
<15 >0.50
v v
Ul Tl [%]
0.95 8
0.94 9
0.92 7
0.90 4
.
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CLASS B-ROADS NOT WITHIN TOWN AREA By D IA I_ UX

03.10.2020

Operator
Telephone
Fax

e-Mail

Class B-Other Areas-4 lanes-ME5-Single side / Valuation Field Roadway 1 & Roadway 2 /
Isolines (E)

4 T14.50m

S 8 A
10 8 10
~ ) ( s
10 8 8 10
']OJ 8/ \8 \
Y4 Z N 10 1
L I 1 i 000
0.00 30.00 m
Values in Lux, Scale 1 : 258
Grid: 10 x 15 Points
Eav [1x] Emin [1x] Emax [1x] uo Emin / Emax
7.21 3.99 11 0.553 0.377
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CLASS B-ROADS NOT WITHIN TOWN AREA

Street Profile

Roadway 2

Median 1

Roadway 1

Light loss factor: 0.70

Luminaire Arrangements

DIALux

03.10.2020

Operator
Telephone
Fax

e-Mail

Class B-Other Areas-4 lanes-ME5-Staggered / Planning data

14.50 m

T

. 7000

0.00 30.00

Luminaire:

Luminous flux (Luminaire):
Luminous flux (Lamps):
Luminaire Wattage:
Arrangement:

Pole Distance:

Mounting Height (1):
Height:

Overhang (2):

Boom Angle (3):

Boom Length (4):

60.00 m

(Width: 7.000 m, Number of lanes: 2, tarmac: R3, q0: 0.070)
(Width: 0.500 m, Height: 0.000 m)
(Width: 7.000 m, Number of lanes: 2, tarmac: R3, q0: 0.070)

“

— )

@

Gardco by Signify ECF-S-48L-1.2A-CW-G2-2 EcoForm Area LED ECF - Small, 48 LED's,
5000K CCT, TYPE 2 OPTIC, No Shield

6250 Im

6250 Im

420W

Double row, with offset
60.000 m

10.600 m

10.500 m

0.000 m

0.0°

0.000 m

Maximum luminous intensities

at 70°: 896 cd/klm
at 80°: 70 cd/klm
at 90°: 0.00 cd/kim

Any direction forming the specified angle from the downward vertical, with the luminaire
installed for use.

No luminous intensities above 90°.

Arrangement complies with luminous intensity class G3.
Arrangement complies with glare index class D.6.
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CLASS B-ROADS NOT WITHIN TOWN AREA By D IA I_ UX

03.10.2020

Operator
Telephone
Fax

e-Mail

Class B-Other Areas-4 lanes-ME5-Staggered / Valuation Field Roadway 1 & Roadway 2 /
Results overview

T14.50m
-
é
—>
6
1 Il Il Il - OOO
0.00 60.00 m
Light loss factor: 0.70 Scale 1:472
Grid: 20 x 15 Points
Accompanying Street Elements: Roadway 1, Median 1, Roadway 2.
tarmac: R3, q0: 0.070
Selected Lighting Class: ME5 (All lighting performance requirements are met.)
L,, [cd/m?] uo ] Tl [%] SR
Calculated values: 0.50 0.42 0.44 11 0.54
Required values according to class: >0.50 20.35 >0.40 <15 > 0.50
Fulfilled/Not fulfilled: " v v v v
Assigned observer (4 Pieces):
No. Observer Position [m] L,, [cd/m?] uo ul TI [%]
1  Observer 1 (-60.000, 1.750, 1.500) 0.50 0.42 0.44 11
2  Observer 2 (-60.000, 5.250, 1.500) 0.50 0.45 0.71 11
3  Observer 3 (-60.000, 9.250, 1.500) 0.51 0.49 0.71 11
4  Observer 4 (-60.000, 12.750, 1.500) 0.50 0.45 0.44 11
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CLASS B-ROADS NOT WITHIN TOWN AREA By D IA I_ UX

03.10.2020

Operator
Telephone
Fax

e-Mail

Class B-Other Areas-4 lanes-ME5-Staggered / Valuation Field Roadway 1 & Roadway 2 /
Isolines (E)

8 T T14.50 m
M 2 / [ 1o
= A 6 g .
_/8 8 8\8
8/"_ \8
Ve 6
_’\6 £ 1o~ 10~ b P
10 8 6 f—"
N 8 | | /7 1
L 1 L 1 OOO
0.00 60.00 m
Values in Lux, Scale 1 :472
Grid: 20 x 15 Points
Eav [IX] Emin [IX] Emax [IX] uo Emin / Emax
6.59 2.63 11 0.399 0.232
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CLASS B-ROADS NOT WITHIN TOWN AREA By D IA I_ UX

03.10.2020

Operator
Telephone
Fax

e-Mail

Class B-Other Areas-4 lanes-ME5-Opposite / Planning data

Street Profile

Roadway 2 (Width: 7.000 m, Number of lanes: 2, tarmac: R3, q0: 0.070)
Median 1 (Width: 0.500 m, Height: 0.000 m)
Roadway 1 (Width: 7.000 m, Number of lanes: 2, tarmac: R3, q0: 0.070)

Light loss factor: 0.70

Luminaire Arrangements

)
— @) P
R 14.50 m
5
s,
— — 0.00 H
0.00 30.00 m (2)
Luminaire: Gardco by Signify ECF-S-48L-1.2A-CW-G2-2 EcoForm Area LED ECF - Small, 48 LED's,
5000K CCT, TYPE 2 OPTIC, No Shield
Luminous flux (Luminaire): 2900 Im Maximum luminous intensities
Luminous flux (Lamps): 2900 Im at 70°: 896 cd/kim
Luminaire Wattage: 19.0W at 80°: 70 cd/Kim
Arrangement: Double row, opposing at 90°: 0.00 cd/kim
Pole Distance: 30.000 m Any direction forming the specified angle from the downward vertical, with the luminaire
Mounting Height (1): 7.100 m installed for use.
Height: 7.000 m No luminous intensities above 90°.
Overhang (2): 0.000 m Arrangement complies with luminous intensity class G3.
Boom Angle (3): 0.0° Arrangement complies with glare index class D.6.
Boom Length (4): 0.000 m
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CLASS B-ROADS NOT WITHIN TOWN AREA

Operator
Telephone
Fax

e-Mail

DIALux

03.10.2020

Class B-Other Areas-4 lanes-ME5-Opposite / Valuation Field Roadway 1 & Roadway 2 /
Results overview

|

J

|

J

Light loss factor: 0.70
Grid: 10 x 15 Points

Accompanying Street Elements: Roadway 1, Median 1, Roadway 2.

tarmac: R3, q0: 0.070
Selected Lighting Class: ME5

Calculated values:

30.00 m

T14.50m

~0.00

(All lighting performance requirements are met.)

Required values according to class:

Fulfilled/Not fulfilled:

Assigned observer (4 Pieces):

No. Observer

Observer 1
Observer 2
Observer 3
Observer 4

A ON -

Position [m]

(-60.000, 1.750, 1.500)
(-60.000, 5.250, 1.500)
(-60.000, 9.250, 1.500)
(-60.000, 12.750, 1.500)

L, [cd/m?]
0.50
2 0.50

v

195

uo

0.43
20.35

v

L,, [cd/m?]
0.50
0.51
0.51
0.50

ul

0.52
20.40

v

uo
0.45
0.43
0.43
0.45

Scale 1:258

TI [%] SR
14 0.51
<15 >0.50
v v
Ul Tl [%]
0.56 14
0.52 10
0.52 10
0.56 14
.
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CLASS B-ROADS NOT WITHIN TOWN AREA By D IA I_ UX

03.10.2020

Operator
Telephone
Fax

e-Mail

Class B-Other Areas-4 lanes-ME5-Opposite / Valuation Field Roadway 1 & Roadway 2 /

Isolines (E)
10 / L ,Je \ T T1450m

8\ 6 6 /—
~ 8 / \ /8 107
L AT T~ s/ ~0.00
' 0.00 30.00m

Values in Lux, Scale 1 : 258

Grid: 10 x 15 Points

Eav [IX] Emin [IX] Emax [IX] uo Emin / Emax

6.41 3.67 11 0.572 0.345
196

Y
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CLASS B-ROADS NOT WITHIN TOWN AREA

Street Profile

— DIALUX

03.10.2020

Operator
Telephone
Fax

e-Mail

Class B-Other Areas-6 lanes-ME5-Single side / Planning data

Roadway 2 (Width: 10.500 m, Number of lanes: 3, tarmac: R3, q0: 0.070)
Median 1 (Width: 0.500 m, Height: 0.000 m)
Roadway 1 (Width: 10.500 m, Number of lanes: 3, tarmac: R3, q0: 0.070)

Light loss factor: 0.70

Luminaire Arrangements

-

: —

: —

-

— A

— T2.00m
0.00 30.00 m

Luminaire:

Luminous flux (Luminaire):
Luminous flux (Lamps):
Luminaire Wattage:
Arrangement:

Pole Distance:

Mounting Height (1):
Height:

Overhang (2):

Boom Angle (3):

Boom Length (4):

@

Gardco by Signify ECF-S-48L-1.2A-CW-G2-3 EcoForm Area LED ECF - Small, 48 LED's,
5000K CCT, TYPE 3 OPTIC, No Shield

9950 Im

9950 Im

66.0 W

Single row, bottom
30.000 m

10.600 m

10.500 m

2.000 m

0.0°

2.000 m

Maximum luminous intensities

at 70°: 711 cd/kim
at 80°: 216 cd/kim
at 90°: 0.00 cd/Kim

Any direction forming the specified angle from the downward vertical, with the luminaire
installed for use.

No luminous intensities above 90°.

Arrangement complies with glare index class D.6.
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CLASS B-ROADS NOT WITHIN TOWN AREA By D IA I_ UX

03.10.2020

Operator
Telephone
Fax

e-Mail

Class B-Other Areas-6 lanes-ME5-Single side / Valuation Field Roadway 1 & Roadway 2 /
Results overview

T21.50m
—>
—>
—>
—>
—>
—>
, , , .~ 0.00
0.00 30.00 m
Light loss factor: 0.70 Scale 1:258
Grid: 10 x 21 Points
Accompanying Street Elements: Roadway 1, Median 1, Roadway 2.
tarmac: R3, q0: 0.070
Selected Lighting Class: ME5 (All lighting performance requirements are met.)
L,, [cd/m?] uo ul Tl [%] SR
Calculated values: 0.50 0.41 0.89 13 0.50
Required values according to class: =0.50 20.35 >20.40 <15 20.50
Fulfilled/Not fulfilled: v o " of v
Assigned observer (6 Pieces):
No. Observer Position [m] L,, [cd/m?] uo ul TI [%]
1 Observer 1 (-60.000, 1.750, 1.500) 0.50 0.46 0.92 11
2  Observer 2 (-60.000, 5.250, 1.500) 0.52 0.45 0.91 13
3 Observer 3 (-60.000, 8.750, 1.500) 0.55 0.44 0.91 11
4  Observer 4 (-60.000, 12.750, 1.500) 0.57 0.41 0.91 7
5 Observer5 (-60.000, 16.250, 1.500) 0.59 0.41 0.89 5
6 Observer 6 (-60.000, 19.750, 1.500) 0.60 0.42 0.90 3
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CLASS B-ROADS NOT WITHIN TOWN AREA

DIALux

03.10.2020

Operator
Telephone
Fax

e-Mail

Class B-Other Areas-6 lanes-ME5-Single side / Valuation Field Roadway 1 & Roadway 2 /

Isolines (E)

T2150m
6 6
8 o
8
8 10
N W
10 10
\
10 (
/ 8/\ 10
10
—/ 8 \10\
6 TcY—
, , , . 0.00
0.00 30.00 m
Values in Lux, Scale 1 : 258
Grid: 10 x 21 Points
Eav [IX] Emin [IX] Emax [IX] uo Emin / Emax
7.92 5.01 12 0.632 0.431
199
.

Page 21



CLASS B-ROADS NOT WITHIN TOWN AREA

— DIALUX

03.10.2020

Operator
Telephone
Fax

e-Mail

Class B-Other Areas-6 lanes-ME5-Staggered / Planning data

Street Profile

Roadway 2 (Width: 10.500 m, Number of lanes: 3, tarmac: R3, q0: 0.070)
Median 1 (Width: 0.500 m, Height: 0.000 m)
Roadway 1 (Width: 10.500 m, Number of lanes: 3, tarmac: R3, q0: 0.070)

Light loss factor: 0.70

Luminaire Arrangements

“

— )

: 20.50 m
= 1.00 =
H : — e
0.00 30.00 60.00 m (2)
Luminaire: Gardco by Signify ECF-S-48L-1.2A-CW-G2-2 EcoForm Area LED ECF - Small, 48 LED's,

5000K CCT, TYPE 2 OPTIC, No Shield

Luminous flux (Luminaire): 8300 Im

Luminous flux (Lamps): 8300 Im

Luminaire Wattage: 55.0 W

Arrangement: Double row, with offset
Pole Distance: 60.000 m

Mounting Height (1): 11.600 m

Height: 11.500 m

Overhang (2): 1.000 m

Boom Angle (3): 0.0°

Boom Length (4): 1.000 m

Maximum luminous intensities

at 70°: 896 cd/klm
at 80°: 70 cd/klm
at 90°: 0.00 cd/kim

Any direction forming the specified angle from the downward vertical, with the luminaire
installed for use.

No luminous intensities above 90°.

Arrangement complies with luminous intensity class G3.
Arrangement complies with glare index class D.6.
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CLASS B-ROADS NOT WITHIN TOWN AREA By D IA I_ UX

03.10.2020

Operator
Telephone
Fax

e-Mail

Class B-Other Areas-6 lanes-ME5-Staggered / Valuation Field Roadway 1 & Roadway 2 /
Results overview

T21.50m
p—
—
é
é
ﬁ
ﬁ
L L [l | B 0'00
0.00 60.00 m
Light loss factor: 0.70 Scale 1:472
Grid: 20 x 21 Points
Accompanying Street Elements: Roadway 1, Median 1, Roadway 2.
tarmac: R3, q0: 0.070
Selected Lighting Class: ME5 (All lighting performance requirements are met.)
L,, [cd/m?] uo ] Tl [%] SR
Calculated values: 0.50 0.35 0.42 12 0.54
Required values according to class: =>0.50 >0.35 >0.40 <15 =>0.50
Fulfilled/Not fulfilled: v v v v v
Assigned observer (6 Pieces):
No. Observer Position [m] L,, [cd/m?] uo ul TI [%]
1  Observer 1 (-60.000, 1.750, 1.500) 0.50 0.35 0.42 11
2  Observer 2 (-60.000, 5.250, 1.500) 0.51 0.37 0.55 12
3  Observer 3 (-60.000, 8.750, 1.500) 0.51 0.39 0.83 10
4  Observer 4 (-60.000, 12.750, 1.500) 0.51 0.42 0.83 10
5 Observer 5 (-60.000, 16.250, 1.500) 0.51 0.40 0.55 12
6 Observer 6 (-60.000, 19.750, 1.500) 0.51 0.39 0.42 11
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CLASS B-ROADS NOT WITHIN TOWN AREA

DIALux

03.10.2020

Operator
Telephone
Fax

e-Mail

Class B-Other Areas-6 lanes-ME5-Staggered / Valuation Field Roadway 1 & Roadway 2 /

Isolines (E)

4 7 T21.50m
EEN N~
10 \ 4 / 10
— 8 . 6 8 \
g~ s
L —]
g— o g
/ ~N
4 10— 8 /__
. /10 10\ 8 6 4—
6 8 .
‘\ \ \ 10\ :]0 ,8 / /
. u ., 000
0.00 60.00 m
Values in Lux, Scale 1 : 472
Grid: 20 x 21 Points
Eav [IX] Emin [IX] Emax [IX] uo Emin / Emax
6.63 2.41 12 0.364 0.205

202
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CLASS B-ROADS NOT WITHIN TOWN AREA

— DIALUX

03.10.2020

Operator
Telephone
Fax

e-Mail

Class B-Other Areas-6 lanes-ME5-Opposite / Planning data

Street Profile

Roadway 2 (Width: 10.500 m, Number of lanes: 3, tarmac: R3, q0: 0.070)
Median 1 (Width: 0.500 m, Height: 0.000 m)
Roadway 1 (Width: 10.500 m, Number of lanes: 3, tarmac: R3, q0: 0.070)

Light loss factor: 0.70

Luminaire Arrangements

)
®) o
R T2151m
. .y
s
|
1 Il Il i - -001 1—.'
0.00 30.00 m (2)
Luminaire: Gardco by Signify ECF-S-48L-1.2A-CW-G2-2 EcoForm Area LED ECF - Small, 48 LED's,

5000K CCT, TYPE 2 OPTIC, No Shield

Luminous flux (Luminaire): 4000 Im

Luminous flux (Lamps): 4000 Im

Luminaire Wattage: 27.0W

Arrangement: Double row, opposing
Pole Distance: 30.000 m

Mounting Height (1): 8.600 m

Height: 8.500 m

Overhang (2): 0.000 m

Boom Angle (3): 50°

Boom Length (4): -0.009 m

Maximum luminous intensities

at 70°: 855 cd/kim
at 80°: 160 cd/klm
at 90°: 10 cd/klm

Any direction forming the specified angle from the downward vertical, with the luminaire
installed for use.

No luminous intensities above 95°.

Arrangement complies with luminous intensity class G1.
Arrangement complies with glare index class D.6.
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CLASS B-ROADS NOT WITHIN TOWN AREA By D IA I_ UX

03.10.2020

Operator
Telephone
Fax

e-Mail

Class B-Other Areas-6 lanes-ME5-Opposite / Valuation Field Roadway 1 & Roadway 2 /
Results overview

T21.50m
—>
—>
—>
—>
—
—>
. . . .~ 0.00
0.00 30.00 m
Light loss factor: 0.70 Scale 1:258
Grid: 10 x 21 Points
Accompanying Street Elements: Roadway 1, Median 1, Roadway 2.
tarmac: R3, q0: 0.070
Selected Lighting Class: ME5 (All lighting performance requirements are met.)
L,, [cd/m?] uo ul Tl [%] SR
Calculated values: 0.50 0.57 0.81 11 0.50
Required values according to class: =0.50 20.35 >20.40 <15 20.50
Fulfilled/Not fulfilled: v o " of v
Assigned observer (6 Pieces):
No. Observer Position [m] L,, [cd/m?] uo ul TI [%]
1 Observer 1 (-60.000, 1.750, 1.500) 0.50 0.58 0.81 11
2  Observer 2 (-60.000, 5.250, 1.500) 0.51 0.58 0.85 10
3 Observer 3 (-60.000, 8.750, 1.500) 0.51 0.57 0.81 7
4  Observer 4 (-60.000, 12.750, 1.500) 0.51 0.57 0.81 7
5 Observer5 (-60.000, 16.250, 1.500) 0.51 0.58 0.85 10
6 Observer 6 (-60.000, 19.750, 1.500) 0.50 0.58 0.81 11
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CLASS B-ROADS NOT WITHIN TOWN AREA

Operator
Telephone
Fax

e-Mail

DIALux

03.10.2020

Class B-Other Areas-6 lanes-ME5-Opposite / Valuation Field Roadway 1 & Roadway 2 /

[ \ 1
10 8 \ / ( 10
e / % 6 8 N
: 6 ‘ N
_/ / 6 8
I \6\
\ e
6
10 \ 6 6 d
\ 8 / % / i
10 ) 6 B 8 [ L
| 000 30.00m
Grid: 10 x 21 Points
Eav [Ix] Emin [1x] Emax [1x] uo
6.42 4.36 10 0.679
205

0.00

Isolines (E)

T2150m

Values in Lux, Scale 1 : 258

Emin / Emax
0.415
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CLASS B-ROADS NOT WITHIN TOWN AREA By D IA I_ UX

03.10.2020

Operator
Telephone
Fax

e-Mail

Class B-Other Areas-1 lane-ME4a / Planning data
Street Profile

Roadway 1 (Width: 3.500 m, Number of lanes: 1, tarmac: R3, q0: 0.070)

Light loss factor: 0.70

Luminaire Arrangements

- L 11.50 m ¥ .
— — =
0.00 30.00 m )
Luminaire: Gardco by Signify ECF-S-48L-1.2A-CW-G2-2 EcoForm Area LED ECF - Small, 48 LED's,
5000K CCT, TYPE 2 OPTIC, No Shield
Luminous flux (Luminaire): 3900 Im Maximum luminous intensities
Luminous flux (Lamps): 3900 Im at 70°: 896 cd/kim
Luminaire Wattage: 26.0 W at 80°: 70 cd/kim
Arrangement: Single row, bottom at 90°: 0.00 cd/kim
Pole Distance: 30.000 m Any direction forming the specified angle from the downward vertical, with the luminaire
Mounting Height (1): 7.100 m installed for use.
Height: 7.000 m No luminous intensities above 90°.
Overhang (2): 1.500 m Arrangement complies with luminous intensity class G3.
Boom Angle (3): 0.0° Arrangement complies with glare index class D.6.
Boom Length (4): 1.500 m

206

Page 28



CLASS B-ROADS NOT WITHIN TOWN AREA [ . D I A I_ UX

03.10.2020

Operator
Telephone
Fax

e-Mail

Class B-Other Areas-1 lane-ME4a / Valuation Field Roadway 1 / Results overview

3.50m
—>
L I I 1 000
0.00 30.00 m
Light loss factor: 0.70 Scale 1:258
Grid: 10 x 3 Points
Accompanying Street Elements: Roadway 1.
tarmac: R3, q0: 0.070
Selected Lighting Class: ME4a (All lighting performance requirements are met.)
L,, [cd/m?] uo ul Tl [%] SR
Calculated values: 0.75 0.73 0.60 12 0.77
Required values according to class: >0.75 =>0.40 =>0.60 <15 =>0.50
Fulfilled/Not fulfilled: o v v v v
Assigned observer (1 Pieces):
No. Observer Position [m] L,, [cd/m?] uo ul TI [%]
1  Observer 1 (-60.000, 1.750, 1.500) 0.75 0.73 0.60 12
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DIALux

CLASS B-ROADS NOT WITHIN TOWN AREA B
03.10.2020

Operator
Telephone
Fax

e-Mail

Class B-Other Areas-1 lane-ME4a / Valuation Field Roadway 1/ Isolines (E)

R 3.50m
10 [
) / 5/\ 10 (
10 5 o
. . , ., 0.00
0.00 30.00 m
Values in Lux, Scale 1 : 258
Grid: 10 x 3 Points
EaV [IX] Emin [IX] EmaX [IX] UO Emin / Emax
8.06 3.68 14 0.456 0.260
208
.

Page 30



CLASS B-ROADS NOT WITHIN TOWN AREA By D IA I_ UX

03.10.2020

Operator
Telephone
Fax

e-Mail

Class B-Other Areas-2 lanes-ME4a / Planning data

Street Profile

Roadway 1 (Width: 7.000 m, Number of lanes: 2, tarmac: R3, q0: 0.070)

Light loss factor: 0.70

Luminaire Arrangements

= l
— 1.50 m y .
L L L | ;‘_h;

0.00 30.00 m )
Luminaire: Gardco by Signify ECF-S-48L-1.2A-CW-G2-2 EcoForm Area LED ECF - Small, 48 LED's,

5000K CCT, TYPE 2 OPTIC, No Shield
Luminous flux (Luminaire): 5100 Im Maximum luminous intensities
Luminous flux (Lamps): 5100 Im at 70°: 896 cd/kim
Luminaire Wattage: 34.0W at 80°: 70 cd/kim
Arrangement: Single row, bottom at 90°: 0.00 cd/kim
Pole Distance: 30.000 m Any direction forming the specified angle from the downward vertical, with the luminaire
Mounting Height (1): 7.600 m installed for use.
Height: 7.500 m No luminous intensities above 90°.
Overhang (2): 1.500 m Arrangement complies with luminous intensity class G3.
Boom Angle (3): 0.0° Arrangement complies with glare index class D.6.
Boom Length (4): 1.500 m
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CLASS B-ROADS NOT WITHIN TOWN AREA By D IA I_ UX

03.10.2020

Operator
Telephone
Fax

e-Mail

Class B-Other Areas-2 lanes-ME4a / Valuation Field Roadway 1 / Results overview

T7.00m
—_—>
—>
L I I 1 B 000
0.00 30.00 m
Light loss factor: 0.70 Scale 1:258
Grid: 10 x 6 Points
Accompanying Street Elements: Roadway 1.
tarmac: R3, q0: 0.070
Selected Lighting Class: ME4a (All lighting performance requirements are met.)
L,, [cd/m?] uo ul Tl [%] SR
Calculated values: 0.75 0.49 0.63 13 0.51
Required values according to class: >0.75 >0.40 =>0.60 <15 =>0.50
Fulfilled/Not fulfilled: v v v v v
Assigned observer (2 Pieces):
No. Observer Position [m] L,, [cd/m?] uo ul TI [%]
1  Observer 1 (-60.000, 1.750, 1.500) 0.75 0.49 0.68 13
2  Observer 2 (-60.000, 5.250, 1.500) 0.80 0.49 0.63 13
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CLASS B-ROADS NOT WITHIN TOWN AREA

Operator
Telephone
Fax

e-Mail

DIALux

03.10.2020

Class B-Other Areas-2 lanes-ME4a / Valuation Field Roadway 1 / Isolines (E)

——10 ] T7.00m
10
15\ ) 10 /
15 L 10 15
i 7 N 1
L I I 1 000
0.00 30.00 m
Values in Lux, Scale 1 : 258
Grid: 10 x 6 Points
Eav [IX] Emin [IX] Emax [IX] u0 Emin / Emax
9.61 4.84 16 0.504 0.295
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CLASS B-ROADS NOT WITHIN TOWN AREA By D IA I_ UX

03.10.2020

Operator
Telephone
Fax

e-Mail

Class B-Other Areas-4 lanes-ME4a-Single side / Planning data

Street Profile

Roadway 2 (Width: 7.000 m, Number of lanes: 2, tarmac: R3, q0: 0.070)
Median 1 (Width: 0.500 m, Height: 0.000 m)
Roadway 1 (Width: 7.000 m, Number of lanes: 2, tarmac: R3, q0: 0.070)

Light loss factor: 0.70

Luminaire Arrangements

o
|
0.99m I
[l Il } | g
0.00 30.00 m @)
Luminaire: Gardco by Signify ECF-S-48L-1.2A-CW-G2-2 EcoForm Area LED ECF - Small, 48 LED's,
5000K CCT, TYPE 2 OPTIC, No Shield
Luminous flux (Luminaire): 10650 Im Maximum luminous intensities
Luminous flux (Lamps): 10650 Im at 70°: 855 cd/kim
Luminaire Wattage: 71.0W at 80°: 160 cd/klm
Arrangement: Single row, bottom at 90°: 10 cd/kim
Pole Distance: 30.000 m Any direction forming the specified angle from the downward vertical, with the luminaire
Mounting Height (1): 12100 m installed for use.
Height: 12.000 m No luminous intensities above 95°.
Overhang (2): 1.000 m Arrangement complies with luminous intensity class G1.
Boom Angle (3): 50° Arrangement complies with glare index class D.6.
Boom Length (4): 0.991 m
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CLASS B-ROADS NOT WITHIN TOWN AREA By D IA I_ UX

Operator
Telephone
Fax

e-Mail

03.10.2020

Class B-Other Areas-4 lanes-ME4a-Single side / Valuation Field Roadway 1 & Roadway 2 /
Results overview

T1450m
—>
—>
—>
—>
L I 1 i B 000
0.00 30.00 m
Light loss factor: 0.70
Grid: 10 x 15 Points
Accompanying Street Elements: Roadway 1, Median 1, Roadway 2.
tarmac: R3, q0: 0.070
Selected Lighting Class: ME4a (All lighting performance requirements are met.)
L,, [cd/m?] uo ul
Calculated values: 0.75 0.41 0.91
Required values according to class: 20.75 >0.40 =0.60
Fulfilled/Not fulfilled: v v "
Assigned observer (4 Pieces):
No. Observer Position [m] L,, [cd/m?] uo
1 Observer 1 (-60.000, 1.750, 1.500) 0.75 0.43
2  Observer 2 (-60.000, 5.250, 1.500) 0.80 0.42
3 Observer 3 (-60.000, 9.250, 1.500) 0.86 0.41
4  Observer 4 (-60.000, 12.750, 1.500) 0.89 0.41
213

Scale 1:258

TI [%] SR
10 0.52
<15 >0.50
v v
Ul Tl [%]
0.94 9
0.94 10
0.91 8
0.91 5
.
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CLASS B-ROADS NOT WITHIN TOWN AREA By D IA I_ UX

03.10.2020

Operator
Telephone
Fax

e-Mail

Class B-Other Areas-4 lanes-ME4a-Single side / Valuation Field Roadway 1 & Roadway 2 /
Isolines (E)

T14.50 m
8 8
\10\ _//10/
10
[~12 12
=¥ /12/
14
~— \12 12 ]
14
14 \
\ ) 12 12 14 16
16 14 / N \ (
| # / 12 12 14 16|
14 / 10 \ \ 1
L L L i1 000
0.00 30.00 m
Values in Lux, Scale 1 : 258
Grid: 10 x 15 Points
Eav [IX] Emin [IX] Emax [IX] u0 Emin / Emax
11 6.95 16 0.630 0.431
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CLASS B-ROADS NOT WITHIN TOWN AREA

Street Profile

Roadway 2

Median 1

Roadway 1

Light loss factor: 0.70

Luminaire Arrangements

DIALux

03.10.2020

Operator
Telephone
Fax

e-Mail

Class B-Other Areas-4 lanes-ME4a-Staggered / Planning data

1 13.00 m

I

1.50

0.00 30.00

Luminaire:

Luminous flux (Luminaire):
Luminous flux (Lamps):
Luminaire Wattage:
Arrangement:

Pole Distance:

Mounting Height (1):
Height:

Overhang (2):

Boom Angle (3):

Boom Length (4):

60.00 m

(Width: 7.000 m, Number of lanes: 2, tarmac: R3, q0: 0.070)
(Width: 0.500 m, Height: 0.000 m)
(Width: 7.000 m, Number of lanes: 2, tarmac: R3, q0: 0.070)

“

— )

@

Gardco by Signify ECF-S-48L-1.2A-CW-G2-2 EcoForm Area LED ECF - Small, 48 LED's,
5000K CCT, TYPE 2 OPTIC, No Shield

9250 Im

9250 Im

62.0W

Double row, with offset
60.000 m

12.100 m

12.000 m

1.500 m

0.0°

1.500 m

Maximum luminous intensities

at 70°: 896 cd/klm
at 80°: 70 cd/klm
at 90°: 0.00 cd/kim

Any direction forming the specified angle from the downward vertical, with the luminaire
installed for use.

No luminous intensities above 90°.

Arrangement complies with luminous intensity class G3.
Arrangement complies with glare index class D.6.
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CLASS B-ROADS NOT WITHIN TOWN AREA By D IA I_ UX

03.10.2020

Operator
Telephone
Fax

e-Mail

Class B-Other Areas-4 lanes-ME4a-Staggered / Valuation Field Roadway 1 & Roadway 2 /
Results overview

— 1450 m
p—
a
ﬁ
L I 1 i i 000
0.00 60.00 m
Light loss factor: 0.70 Scale 1:472
Grid: 20 x 15 Points
Accompanying Street Elements: Roadway 1, Median 1, Roadway 2.
tarmac: R3, q0: 0.070
Selected Lighting Class: ME4a (All lighting performance requirements are met.)
L,, [cd/m?] uo ul TI [%] SR
Calculated values: 0.75 0.45 0.68 9 0.50
Required values according to class: =0.75 >0.40 > 0.60 <15 =>0.50
Fulfilled/Not fulfilled: v " "4 v v
Assigned observer (4 Pieces):
No. Observer Position [m] L,, [cd/m?] uo ul TI [%]
1  Observer 1 (-60.000, 1.750, 1.500) 0.75 0.45 0.68 8
2  Observer 2 (-60.000, 5.250, 1.500) 0.76 0.51 0.74 9
3  Observer 3 (-60.000, 9.250, 1.500) 0.76 0.55 0.74 9
4 Observer 4 (-60.000, 12.750, 1.500) 0.75 0.50 0.68 8
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CLASS B-ROADS NOT WITHIN TOWN AREA

DIALux

03.10.2020

Class B-Other Areas-4 lanes-ME4a-Staggered / Valuation Field Roadway 1 & Roadway 2 /

Isolines (E)

T14.50m

Grid: 20 x 15 Points

E,, [IX]
9.91

217

Values in Lux, Scale 1 : 472

Emin / Emax

0.350

min
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CLASS B-ROADS NOT WITHIN TOWN AREA By D IA I_ UX

03.10.2020

Operator
Telephone
Fax

e-Mail

Class B-Other Areas-4 lanes-ME4a-Opposite / Planning data

Street Profile

Roadway 2 (Width: 7.000 m, Number of lanes: 2, tarmac: R3, q0: 0.070)
Median 1 (Width: 0.500 m, Height: 0.000 m)
Roadway 1 (Width: 7.000 m, Number of lanes: 2, tarmac: R3, q0: 0.070)

Light loss factor: 0.70

Luminaire Arrangements

)
el -
_—e 14.50 m
- -
s,
— — 0.00 H
0.00 30.00 m (2)
Luminaire: Gardco by Signify ECF-S-48L-1.2A-CW-G2-2 EcoForm Area LED ECF - Small, 48 LED's,
5000K CCT, TYPE 2 OPTIC, No Shield
Luminous flux (Luminaire): 4450 Im Maximum luminous intensities
Luminous flux (Lamps): 4450 Im at 70°: 896 cd/kim
Luminaire Wattage: 30.0W at 80°: 70 cd/Kim
Arrangement: Double row, opposing at 90°: 0.00 cd/kim
Pole Distance: 30.000 m Any direction forming the specified angle from the downward vertical, with the luminaire
Mounting Height (1): 8.100 m installed for use.
Height: 8.000 m No luminous intensities above 90°.
Overhang (2): 0.000 m Arrangement complies with luminous intensity class G3.
Boom Angle (3): 0.0° Arrangement complies with glare index class D.6.
Boom Length (4): 0.000 m
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CLASS B-ROADS NOT WITHIN TOWN AREA By D IA I_ UX

Operator
Telephone
Fax

e-Mail

03.10.2020

Class B-Other Areas-4 lanes-ME4a-Opposite / Valuation Field Roadway 1 & Roadway 2 /
Results overview

T1450m
—>
—>
—>
—>
, , , .~ 0.00
0.00 30.00 m
Light loss factor: 0.70
Grid: 10 x 15 Points
Accompanying Street Elements: Roadway 1, Median 1, Roadway 2.
tarmac: R3, q0: 0.070
Selected Lighting Class: ME4a (All lighting performance requirements are met.)
L,, [cd/m?] uo ul
Calculated values: 0.76 0.60 0.67
Required values according to class: 20.75 >0.40 =0.60
Fulfilled/Not fulfilled: v v "
Assigned observer (4 Pieces):
No. Observer Position [m] L,, [cd/m?] uo
1 Observer 1 (-60.000, 1.750, 1.500) 0.76 0.61
2  Observer 2 (-60.000, 5.250, 1.500) 0.77 0.60
3 Observer 3 (-60.000, 9.250, 1.500) 0.77 0.60
4  Observer 4 (-60.000, 12.750, 1.500) 0.76 0.61
219

Scale 1:258

TI [%] SR
1 0.52
<15 >0.50
v v
Ul Tl [%]
0.69 1
0.67 1
0.67 11
0.69 1
.
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CLASS B-ROADS NOT WITHIN TOWN AREA By D IA I_ UX

03.10.2020

Operator
Telephone
Fax

e-Mail

Class B-Other Areas-4 lanes-ME4a-Opposite / Valuation Field Roadway 1 & Roadway 2 /
Isolines (E)

- _
j 32 | \ 1450 m

e
12 N\
|~ & J 12
10
\12 8 12/
SN

0.00 30.00 m

0.00

Values in Lux, Scale 1 : 258

Grid: 10 x 15 Points

Eav [IX] Emin [IX] Emax [IX] uo Emin / Emax

9.78 5.69 13 0.581 0.428
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CLASS B-ROADS NOT WITHIN TOWN AREA

Street Profile

— DIALUX

03.10.2020

Operator
Telephone
Fax

e-Mail

Class B-Other Areas-6 lanes-ME4a-Single side / Planning data

Roadway 2 (Width: 10.500 m, Number of lanes: 3, tarmac: R3, q0: 0.070)
Median 1 (Width: 0.500 m, Height: 0.000 m)
Roadway 1 (Width: 10.500 m, Number of lanes: 3, tarmac: R3, q0: 0.070)

Light loss factor: 0.70

Luminaire Arrangements

-

: —

: —

-

— A

— T2.00m
0.00 30.00 m

Luminaire:

Luminous flux (Luminaire):
Luminous flux (Lamps):
Luminaire Wattage:
Arrangement:

Pole Distance:

Mounting Height (1):
Height:

Overhang (2):

Boom Angle (3):

Boom Length (4):

@

Gardco by Signify ECF-S-48L-1.2A-CW-G2-3 EcoForm Area LED ECF - Small, 48 LED's,
5000K CCT, TYPE 3 OPTIC, No Shield

14900 Im

14900 Im

.0W

Single row, bottom
30.000 m

10.600 m

10.500 m

2.000 m

0.0°

2.000 m

Maximum luminous intensities

at 70°: 711 cd/kim
at 80°: 216 cd/kim
at 90°: 0.00 cd/Kim

Any direction forming the specified angle from the downward vertical, with the luminaire
installed for use.

No luminous intensities above 90°.

Arrangement complies with glare index class D.6.
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CLASS B-ROADS NOT WITHIN TOWN AREA

Operator
Telephone
Fax

e-Mail

DIALux

03.10.2020

Class B-Other Areas-6 lanes-ME4a-Single side / Valuation Field Roadway 1 & Roadway 2 /
Results overview

VLT

VLT

0.00

Light loss factor: 0.70

Grid: 10 x 21 Points

30.00 m

Accompanying Street Elements: Roadway 1, Median 1, Roadway 2.

tarmac: R3, q0: 0.070
Selected Lighting Class: ME4a

Calculated values:

T21.50m

70.00

(All lighting performance requirements are met.)

Required values according to class:

Fulfilled/Not fulfilled:

Assigned observer (6 Pieces):

No. Observer

Observer 1
Observer 2
Observer 3
Observer 4
Observer 5
Observer 6

oo g WON -

Position [m]

(-60.000, 1.750, 1.500)
(-60.000, 5.250, 1.500)
(-60.000, 8.750, 1.500)
(-60.000, 12.750, 1.500)
(-60.000, 16.250, 1.500)
(-60.000, 19.750, 1.500)

222

L, [cd/m?] uo
0.75 0.41
2075 2040
v v

L, [ed/m?]

0.75

0.78

0.82

0.85

0.88

0.90

ul
0.89
2 0.60

v

uo
0.46
0.45
0.44
0.41
0.41
0.42

TI [%]
14
<15

v

ul
0.92
0.91
0.91
0.91
0.89
0.90

Scale 1:258

SR
0.50
2 0.50

v

TI [%]
12
14
12
8
5
3
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CLASS B-ROADS NOT WITHIN TOWN AREA By D IA I_ UX

03.10.2020

Operator
Telephone
Fax

e-Mail

Class B-Other Areas-6 lanes-ME4a-Single side / Valuation Field Roadway 1 & Roadway 2 /
Isolines (E)

3 " T21.50m
\
/—<
7_1-2\12 12
14\ s
14
AN \ 14 16
16 14 L /
/ / 16
16 14 14 .
| e 12 12 N 16—
;/14/ 10 Y
, , , . 0.00
0.00 30.00 m

Values in Lux, Scale 1 : 258

Grid: 10 x 21 Points

Eav [IX] Emin [IX] Emax [IX] uo Emin / Emax

12 7.50 17 0.632 0.431
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CLASS B-ROADS NOT WITHIN TOWN AREA

Street Profile

Operator
Telephone
Fax

e-Mail

DIALux

03.10.2020

Class B-Other Areas-6 lanes-ME4a-Staggered / Planning data

Roadway 2 (Width: 10.500 m, Number of lanes: 3, tarmac: R3, q0: 0.070)
Median 1 (Width: 0.500 m, Height: 0.000 m)
Roadway 1 (Width: 10.500 m, Number of lanes: 3, tarmac: R3, q0: 0.070)

Light loss factor: 0.70

Luminaire Arrangements

“

— )

: 21.00 m
0.50 T

H : — —

0.00 30.00 60.00 m (2)
Luminaire: Gardco by Signify ECF-S-48L-1.2A-CW-G2-3 EcoForm Area LED ECF - Small, 48 LED's,

5000K CCT, TYPE 3 OPTIC, No Shield

Luminous flux (Luminaire): 14550 Im Maximum luminous intensities
Luminous flux (Lamps): 14550 Im at 70°: 711 cd/kim
Luminaire Wattage: 9g7.0 W at 80°: 216 cd/kim
Arrangement: Double row, with offset at 90°: 0.00 cd/kim
Pole Distance: 60.000 m Any direction forming the specified angle from the downward vertical, with the luminaire
Mounting Height (1): 11.600 m installed for use.
Height: 11.500 m No luminous intensities above 90°.
Overhang (2): 0.500 m Arrangement complies with glare index class D.6.
Boom Angle (3): 0.0°
Boom Length (4): 0.500 m
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CLASS B-ROADS NOT WITHIN TOWN AREA By D IA I_ UX

03.10.2020

Operator
Telephone
Fax

e-Mail

Class B-Other Areas-6 lanes-ME4a-Staggered / Valuation Field Roadway 1 & Roadway 2 /
Results overview

T21.50m
p—
—
é
é
ﬁ
ﬁ
L L [l | B 0'00
0.00 60.00 m
Light loss factor: 0.70 Scale 1:472
Grid: 20 x 21 Points
Accompanying Street Elements: Roadway 1, Median 1, Roadway 2.
tarmac: R3, q0: 0.070
Selected Lighting Class: ME4a (All lighting performance requirements are met.)
L,, [cd/m?] uo ] Tl [%] SR
Calculated values: 0.75 0.51 0.60 10 0.61
Required values according to class: 20.75 >0.40 =>0.60 <15 =>0.50
Fulfilled/Not fulfilled: v v v v v
Assigned observer (6 Pieces):
No. Observer Position [m] L,, [cd/m?] uo ul TI [%]
1  Observer 1 (-60.000, 1.750, 1.500) 0.75 0.51 0.60 10
2  Observer 2 (-60.000, 5.250, 1.500) 0.76 0.53 0.75 10
3  Observer 3 (-60.000, 8.750, 1.500) 0.76 0.56 0.86 9
4  Observer 4 (-60.000, 12.750, 1.500) 0.76 0.58 0.86 9
5 Observer 5 (-60.000, 16.250, 1.500) 0.76 0.56 0.75 10
6 Observer 6 (-60.000, 19.750, 1.500) 0.75 0.53 0.60 10
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CLASS B-ROADS NOT WITHIN TOWN AREA

Operator
Telephone
Fax

e-Mail

DIALux

03.10.2020

Class B-Other Areas-6 lanes-ME4a-Staggered / Valuation Field Roadway 1 & Roadway 2 /

Isolines (E)

BN 127 14— T21.50m
14 12 4
14/ ) 8 14
| — 12 10 10 12\ \
127 B
12/12 12\12
. 1414 : /—’
01 14 14 712
\ \14_’_14’ / 1
., 000
0.00 60.00 m
Values in Lux, Scale 1 : 472
Grid: 20 x 21 Points
Eav [IX] Emin [IX] Emax [IX] uo Emin / Emax
11 6.10 15 0.570 0.402
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CLASS B-ROADS NOT WITHIN TOWN AREA

— DIALUX

03.10.2020

Operator
Telephone
Fax

e-Mail

Class B-Other Areas-6 lanes-ME4a-Opposite / Planning data

Street Profile

Roadway 2 (Width: 10.500 m, Number of lanes: 3, tarmac: R3, q0: 0.070)
Median 1 (Width: 0.500 m, Height: 0.000 m)
Roadway 1 (Width: 10.500 m, Number of lanes: 3, tarmac: R3, q0: 0.070)

Light loss factor: 0.70

Luminaire Arrangements

)
®) o
R T2151m
. .y
s
|
1 Il Il i - -001 1—.'
0.00 30.00 m (2)
Luminaire: Gardco by Signify ECF-S-48L-1.2A-CW-G2-2 EcoForm Area LED ECF - Small, 48 LED's,

5000K CCT, TYPE 2 OPTIC, No Shield

Luminous flux (Luminaire): 6000 Im

Luminous flux (Lamps): 6000 Im

Luminaire Wattage: 400 W

Arrangement: Double row, opposing
Pole Distance: 30.000 m

Mounting Height (1): 8.600 m

Height: 8.500 m

Overhang (2): 0.000 m

Boom Angle (3): 50°

Boom Length (4): -0.009 m

Maximum luminous intensities

at 70°: 855 cd/kim
at 80°: 160 cd/klm
at 90°: 10 cd/klm

Any direction forming the specified angle from the downward vertical, with the luminaire
installed for use.

No luminous intensities above 95°.

Arrangement complies with luminous intensity class G1.
Arrangement complies with glare index class D.6.
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CLASS B-ROADS NOT WITHIN TOWN AREA By D IA I_ UX

03.10.2020

Operator
Telephone
Fax

e-Mail

Class B-Other Areas-6 lanes-ME4a-Opposite / Valuation Field Roadway 1 & Roadway 2 /
Results overview

T21.50m
—>
—>
—>
—>
—
—>
. . . .~ 0.00
0.00 30.00 m
Light loss factor: 0.70 Scale 1:258
Grid: 10 x 21 Points
Accompanying Street Elements: Roadway 1, Median 1, Roadway 2.
tarmac: R3, q0: 0.070
Selected Lighting Class: ME4a (All lighting performance requirements are met.)
L,, [cd/m?] uo ul Tl [%] SR
Calculated values: 0.75 0.57 0.81 12 0.50
Required values according to class: 20.75 2040 =20.60 <15 20.50
Fulfilled/Not fulfilled: v o " of v
Assigned observer (6 Pieces):
No. Observer Position [m] L,, [cd/m?] uo ul TI [%]
1 Observer 1 (-60.000, 1.750, 1.500) 0.75 0.58 0.81 12
2  Observer 2 (-60.000, 5.250, 1.500) 0.76 0.58 0.85 11
3 Observer 3 (-60.000, 8.750, 1.500) 0.77 0.57 0.81 7
4  Observer 4 (-60.000, 12.750, 1.500) 0.77 0.57 0.81 7
5 Observer5 (-60.000, 16.250, 1.500) 0.76 0.58 0.85 11
6 Observer 6 (-60.000, 19.750, 1.500) 0.75 0.58 0.81 12
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CLASS B-ROADS NOT WITHIN TOWN AREA

Operator
Telephone
Fax

e-Mail

DIALux

03.10.2020

Class B-Other Areas-6 lanes-ME4a-Opposite / Valuation Field Roadway 1 & Roadway 2 /

7~ /
209 T .
Y / 10 ( 12 140
|
_/ 12 10 10 \
10
"‘10\ /10/—-
10 10
[T~ N . / /1;
~~_ 10 g 10 27
IS 14\ 12 ) / \ \ ( w g
16 ) 10
14 / 10 12 [ |
I I0.00 I30.00 ml
Grid: 10 x 21 Points
E,, [Ix] Enin [X] E nax [IX] uo
9.64 6.54 16 0.679

229

Isolines (E)

T2150m

0.00

Values in Lux, Scale 1 : 258

Emin / Emax
0.415
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APPENDIX G- LIGHTING SIMULATION REPORT FOR MINOR/ SECONDARY ROADS
WITHIN TOWN AREA

SECONDARY/ MINOR ROADS- WITHIN TOWN AREA

Date: 03.10.2020

230


muthuransi@gmail.com
Text Box
APPENDIX G- LIGHTING SIMULATION REPORT FOR MINOR/ SECONDARY ROADS WITHIN TOWN AREA


SECONDARY/ MINOR ROADS- WITHIN TOWN AREA

SECONDARY/ MINOR ROADS- WITHIN TOWN AREA
Project Cover
Table of contents
Secondary/Minor Roads-S5-1 Lane
Planning data
False Color Rendering
Valuation Fields
Valuation Field Roadway 1
Results overview
Isolines (E)
Secondary/Minor Roads-S5-2 Lanes
Planning data
False Color Rendering
Valuation Fields
Valuation Field Roadway 1
Results overview
Isolines (E)
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E— DIALUX

03.10.2020

Table of contents
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SECONDARY/ MINOR ROADS- WITHIN TOWN AREA [ . D IA I_ UX

03.10.2020

Secondary/Minor Roads-S5-1 Lane / Planning data
Street Profile
Roadway 1 (Width: 3.500 m, Number of lanes: 1, tarmac: R3, q0: 0.070)

Light loss factor: 0.70

Luminaire Arrangements

L 1 I 1 -001 m H
0.00 30.00 m )
Luminaire: Gardco by Signify ECF-S-48L-1.2A-CW-G2-2 EcoForm Area LED ECF - Small, 48 LED's,
5000K CCT, TYPE 2 OPTIC, No Shield
Luminous flux (Luminaire): 1250 Im Maximum luminous intensities
Luminous flux (Lamps): 1250 Im at 70°: 855 cd/kim
Luminaire Wattage: 183.0 W at 80°: 160 cd/klm
Arrangement: Single row, bottom at 90°: 10 cd/kim
Pole Distance: 30.000 m Any direction forming the specified angle from the downward vertical, with the luminaire
Mounting Height (1): 6.100 m installed for use.
Height: 6.000 m No luminous intensities above 95°.
Overhang (2): 0.000 m Arrangement complies with luminous intensity class G1.
Boom Angle (3): 50° Arrangement complies with glare index class D.6.

Boom Length (4): -0.009 m
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SECONDARY/ MINOR ROADS- WITHIN TOWN AREA [ . D | A I_ UX

03.10.2020

Secondary/Minor Roads-S5-1 Lane / False Color Rendering

. .“_-3‘;_ £
0 063 125 188 250 313 375 438 5 ix
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SECONDARY/ MINOR ROADS- WITHIN TOWN AREA [ . D IA I_ UX

03.10.2020

Secondary/Minor Roads-S5-1 Lane / Valuation Field Roadway 1/ Results overview

3.50m

0.00

Light loss factor: 0.70
Grid: 10 x 3 Points

Accompanying Street Elements: Roadway 1.

Selected Lighting Class: S5

Calculated values:
Required values according to class:

Fulfilled/Not fulfilled:

30.00 m

(All lighting performance requirements are met.)

E,, [IX] E, i, [X]
3.00 1.41
23.00 2 0.60
v v
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Scale 1:258
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SECONDARY/ MINOR ROADS- WITHIN TOWN AREA

DIALux

03.10.2020

Secondary/Minor Roads-S5-1 Lane / Valuation Field Roadway 1 / Isolines (E)

483 “g5p e~ 4.45 o0m
\ . 2.67 1.78 178 3. 56/ /
N\ aas ) 7 Z =
, , , .~ 0.00
0.00 30.00 m
Values in Lux, Scale 1 : 258
Grid: 10 x 3 Points
Eav [1x] Emin [1x] Emax [Ix] uo Em n / Emax
3.00 1.41 5.86 0.472 0.241
235
.

Page 6



SECONDARY/ MINOR ROADS- WITHIN TOWN AREA [ . D IA I_ UX

03.10.2020

Secondary/Minor Roads-S5-2 Lanes / Planning data
Street Profile
Roadway 1 (Width: 7.000 m, Number of lanes: 2, tarmac: R3, q0: 0.070)

Light loss factor: 0.70

Luminaire Arrangements

:|:1.50m

— — g
0.00 30.00 m )
Luminaire: Gardco by Signify ECF-S-48L-1.2A-CW-G2-2 EcoForm Area LED ECF - Small, 48 LED's,
5000K CCT, TYPE 2 OPTIC, No Shield
Luminous flux (Luminaire): 1350 Im Maximum luminous intensities
Luminous flux (Lamps): 1350 Im at 70°: 896 cd/kim
Luminaire Wattage: 135.0 W at 80°: 70 cd/kim
Arrangement: Single row, bottom at 90°: 0.00 cd/kim
Pole Distance: 30.000 m Any direction forming the specified angle from the downward vertical, with the luminaire
Mounting Height (1): 6.100 m installed for use.
Height: 6.000 m No luminous intensities above 90°.
Overhang (2): 1.500 m Arrangement complies with luminous intensity class G3.
Boom Angle (3): 0.0° Arrangement complies with glare index class D.6.
Boom Length (4): 1.500 m
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SECONDARY/ MINOR ROADS- WITHIN TOWN AREA By D | A I_ UX

03.10.2020

Secondary/Minor Roads-S5-2 Lanes / False Color Rendering

0 0.63 1.25 1.88 2.50 3.13 3.75 4.38 5 Ix
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SECONDARY/ MINOR ROADS- WITHIN TOWN AREA [ . D IA I_ UX

03.10.2020

Secondary/Minor Roads-S5-2 Lanes / Valuation Field Roadway 1/ Results overview

T7.00m

70.00

Light loss factor: 0.70
Grid: 10 x 5 Points

Accompanying Street Elements: Roadway 1.

Selected Lighting Class: S5

Calculated values:
Required values according to class:

Fulfilled/Not fulfilled:

30.00 m

(All lighting performance requirements are met.)

E,, [X] E_. [Ix]
3.03

>3.00 > 0.60

v v
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Scale 1:258
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SECONDARY/ MINOR ROADS- WITHIN TOWN AREA [ . D IA I_ UX

03.10.2020

Operator
Telephone
Fax

e-Mail

Secondary/Minor Roads-S5-2 Lanes / Valuation Field Roadway 1/ Isolines (E)

T7.00m

——3.06 306~ |

4.08 : 510
™S 3 3.06 (
612 | [ 306 ' r
2.04 \4-0§ 6.12

[ /4%
~0.00

l l0.00 l30.00 ml
Values in Lux, Scale 1 : 258
Grid: 10 x 5 Points
Eav [Ix] Emin [Ix] Emax [Ix] uo Emin / Emax
3.03 1.25 6.34 0.413 0.197
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APPENDIX H- LIGHTING SIMULATION REPORT FOR MINOR/ SECONDARY ROADS
NOT WITHIN TOWN AREA

SECONDARY/ MINOR ROADS- NOT WITHIN TOWN AREA

Date: 03.10.2020

240


muthuransi@gmail.com
Text Box
APPENDIX H- LIGHTING SIMULATION REPORT FOR MINOR/ SECONDARY ROADS NOT WITHIN TOWN AREA


SECONDARY/ MINOR ROADS- NOT WITHIN TOWN AREA  [IEGD D | A I_ UX

03.10.2020

Table of contents

SECONDARY/ MINOR ROADS- NOT WITHIN TOWN AREA

Project Cover 1
Table of contents 2
Secondary/Minor Roads-S6-1 Lane
Planning data 3
False Color Rendering 4

Valuation Fields
Valuation Field Roadway 1

Results overview 5
Isolines (E) 6
Secondary/Minor Roads-S6-2 Lanes
Planning data 7
False Color Rendering 8

Valuation Fields
Valuation Field Roadway 1
Results overview 9
Isolines (E) 10
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SECONDARY/ MINOR ROADS- NOT WITHIN TOWN AREA  [IEGEGD D I A I_ UX

03.10.2020

Secondary/Minor Roas-S6-1 Lane / Planning data
Street Profile
Roadway 1 (Width: 3.500 m, Number of lanes: 1, tarmac: R3, q0: 0.070)

Light loss factor: 0.70

Luminaire Arrangements

L ., 0.00m —
0.00 30.00 m )
Luminaire: Gardco by Signify ECF-S-48L-1.2A-CW-G2-2 EcoForm Area LED ECF - Small, 48 LED's,
5000K CCT, TYPE 2 OPTIC, No Shield
Luminous flux (Luminaire): 850 Im Maximum luminous intensities
Luminous flux (Lamps): 850 Im at 70°: 896 cd/kim
Luminaire Wattage: 9.0WwW at 80°: 70 cd/kim
Arrangement: Single row, bottom at 90°: 0.00 cd/kim
Pole Distance: 30.000 m Any direction forming the specified angle from the downward vertical, with the luminaire
Mounting Height (1): 6.100 m installed for use.
Height: 6.000 m No luminous intensities above 90°.
Overhang (2): 0.000 m Arrangement complies with luminous intensity class G3.
Boom Angle (3): 0.0° Arrangement complies with glare index class D.6.

Boom Length (4): 0.000 m
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SECONDARY/ MINOR ROADS- NOT WITHIN TOWN AREA |G D | A I_ UX

03.10.2020

Secondary/Minor Roads-S6-1 Lane / False Color Rendering

I

0 0.63 1.25 1.88 2.50 3.13 3.75 4.38 5 Ix
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SECONDARY/ MINOR ROADS- NOT WITHIN TOWN AREA [

Operator
Telephone
Fax

e-Mail

DIALux

03.10.2020

Secondary/Minor Roads-S6-1 Lane / Valuation Field Roadway 1/ Results overview

3.50m

0.00

Light loss factor: 0.70
Grid: 10 x 3 Points

Accompanying Street Elements: Roadway 1.

Selected Lighting Class: S6

Calculated values:
Required values according to class:

Fulfilled/Not fulfilled:

30.00 m

(All lighting performance requirements are met.)

Eav [IX] Emin [IX]
2.10 1.06
22.00 20.60

Y Y
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Scale 1:258
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SECONDARY/ MINOR ROADS- NOT WITHIN TOWN AREA  [IEGD D I A I_ UX

03.10.2020

Secondary/Minor Roads-S6-1 Lane / Valuation Field Roadway 1 / Isolines (E)

2.95 \ ST
\ \ 236 2.36 ZV
g | T AT g | / s

0.00

0.00 30.00 m

Values in Lux, Scale 1 : 258

Grid: 10 x 3 Points

Eav [IX] Emin [IX] Emax [IX] u0 Emin / Emax

2.10 1.06 3.99 0.506 0.266
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SECONDARY/ MINOR ROADS- NOT WITHIN TOWN AREA  [IEGEGD D I A I_ UX

03.10.2020

Secondary/Minor Roads-S6-2 Lanes / Planning data
Street Profile
Roadway 1 (Width: 7.000 m, Number of lanes: 2, tarmac: R3, q0: 0.070)

Light loss factor: 0.70

Luminaire Arrangements

:|:1.50m

— — g
0.00 30.00 m )
Luminaire: Gardco by Signify ECF-S-48L-1.2A-CW-G2-2 EcoForm Area LED ECF - Small, 48 LED's,
5000K CCT, TYPE 2 OPTIC, No Shield
Luminous flux (Luminaire): 900 Im Maximum luminous intensities
Luminous flux (Lamps): 900 Im at 70°: 896 cd/kim
Luminaire Wattage: 9.0WwW at 80°: 70 cd/kim
Arrangement: Single row, bottom at 90°: 0.00 cd/kim
Pole Distance: 30.000 m Any direction forming the specified angle from the downward vertical, with the luminaire
Mounting Height (1): 6.100 m installed for use.
Height: 6.000 m No luminous intensities above 90°.
Overhang (2): 1.500 m Arrangement complies with luminous intensity class G3.
Boom Angle (3): 0.0° Arrangement complies with glare index class D.6.
Boom Length (4): 1.500 m
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SECONDARY/ MINOR ROADS- NOT WITHIN TOWN AREA [

0 0.63

1.25

1.88

DIALux

03.10.2020

Secondary/Minor Roads-S6-2 Lanes / False Color Rendering

2.50

3.13
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3.75

4.38 5
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SECONDARY/ MINOR ROADS- NOT WITHIN TOWN AREA [

DIALux

03.10.2020

Secondary/Minor Roads-S6-2 Lanes / Valuation Field Roadway 1/ Results overview

T7.00m

70.00

Light loss factor: 0.70
Grid: 10 x 5 Points

Accompanying Street Elements: Roadway 1.

Selected Lighting Class: S6

Calculated values:
Required values according to class:

Fulfilled/Not fulfilled:

30.00 m

(All lighting performance requirements are met.)

E,, [X] E_. [Ix]
2.02 0.83
>2.00 > 0.60
v v
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Scale 1:258
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SECONDARY/ MINOR ROADS- NOT WITHIN TOWN AREA  [IEGD D I A I_ UX

03.10.2020

Secondary/Minor Roads-S6-2 Lanes / Valuation Field Roadway 1/ Isolines (E)

T7.00m

[T2.04 204— |

\\2 04

/ /
272y 136 272 4 40
™% 2.04
4.08 2.04

1.36 \2 72\ 4. 08

[ /22 /
~0.00

0.00 l30.00 ml
Values in Lux, Scale 1 : 258
Grid: 10 x 5 Points
av [IX] Emin [IX] Emax [IX] UO Em n / Emax
2.02 0.83 4.22 0.413 0.197
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