This report takes into account the particular
instructions and requirements of our client.

It is not intended for and should not be relied
upon by any third party and no responsibility
is undertaken to any third party.

Job number

Arup P

Arup Pty Ltd ABN 18 000 966 165 o=
Arup

Arup

Level 10, 201 Kent Street,

Sydney NSW 2000

www.arup.com

Lend Lease, DHL
SICEEP Darling Harbour

Interactive Display System Obtrusive
Lighting Impact Review

Issue 9 | 27 April 2016

ARUP



Lend Lease, DHL SICEEP Darling Harbour

Interactive Display System Obtrusive Lighting Impact Review

Document Verification ARUP
Job title SICEEP Darling Harbour Job number
Document title Interactive Display System Obtrusive Lighting File reference
Impact Review
Document ref
Revision Date Filename 150420 _Sydney International Convention, Exhibition and
Entertainment Precinct (SICEEP) Facade Lighting
Review.docx
Issue 1 27 July | Description | For Information
2015
Prepared by Checked by Approved by
Name Supriya Singla Tim Carr Tim Carr
Signature
Issue 2 05 Aug 150420 _Sydney International Convention, Exhibition and
2015 Filename Entertainment Precinct (SICEEP) Facade Lighting Review
Issue 2.docx
Description | First Draft
Prepared by Checked by Approved by
Name Supriya Singla Tim Carr Tim Carr
Signature
Issue 3 13 Aug 150812_Sydney International Convention, Exhibition and
2015 Filename Entertainment Precinct (SICEEP) Facade Lighting Review
Issue 2.docx
Description | Second Draft
Prepared by Checked by Approved by
Name Supriya Singla Tim Carr Tim Carr
Signature
Issue 4 21 Aug 150812_Sydney International Convention, Exhibition and
2015 Filename Entertainment Precinct (SICEEP) Facade Lighting Review
Issue 2.docx
Description | Third Draft
Prepared by Checked by Approved by
Name
Signature

| Issue 9 | 27 April 2016 | Arup

J:\2350001235425\16 DHL SIGNAGE\WWORK\INTERNAL\DESIGN\LIGHTING\REPORT\160427_DARLING HARBOUR_FACADE LIGTING REVIEW_ISSUE 9.DOCX




Lend Lease, DHL

SICEEP Darling Harbour
Interactive Display System Obtrusive Lighting Impact Review

Issue 5 31 Aug 150831 _Sydney International Convention, Exhibition and
2015 Filename Entertainment Precinct (SICEEP) Facade Lighting Review
Issue 5.docx
Description | Fifth Draft
Prepared by Checked by Approved by
Name Supriya Singla Tim Carr Tim Carr
Signature
Issue Document Verification with Document
Issue 6 21 Sept 150921 Sydney International Convention, Exhibition and
2015 Filename Entertainment Precinct (SICEEP) Facade Lighting Review
Issue 6.docx
Description | Fifth Draft
Prepared by Checked by Approved by
Name Supriya Singla Tim Carr Tim Carr
Signature
Issue 7 23 Sept 150923 Sydney International Convention, Exhibition and
2015 Filename Entertainment Precinct (SICEEP) Facade Lighting Review
Issue 7.docx
Description | Final
Prepared by Checked by Approved by
Name Supriya Singla Tim Carr Tim Carr
Signature
Issue 8 20 Nov. 151120 Sydney International Convention, Exhibition and
2015 Filename Entertainment Precinct (SICEEP) Facade Lighting Review
Issue 8.docx
Description | Final
Prepared by
Name Supriya Singla
Signature

| Issue 9 | 27 April 2016 | Arup

J:\2350001235425\16 DHL SIGNAGE\WWORK\INTERNAL\DESIGN\LIGHTING\REPORT\160427_DARLING HARBOUR_FACADE LIGTING REVIEW_ISSUE 9.DOCX




Lend Lease, DHL

SICEEP Darling Harbour

Interactive Display System Obtrusive Lighting Impact Review

Issue 9 27 April
2016 Filename

160427 _Sydney International Convention, Exhibition and
Entertainment Precinct (SICEEP) Facade Lighting Review

Issue 9.docx

Description | Ninth Draft
Prepared by Checked by Approved by
Name Tim Carr Carter Leung Tim Carr
Signature
Press Control+Shift+D to insert or Issue Document Verification with Document

| Issue 9 | 27 April 2016 | Arup

J:\2350001235425\16 DHL SIGNAGE\WWORK\INTERNAL\DESIGN\LIGHTING\REPORT\160427_DARLING HARBOUR_FACADE LIGTING REVIEW_ISSUE 9.DOCX




Lend Lease, DHL SICEEP Darling Harbour
Interactive Display System Obtrusive Lighting Impact Review

Contents
Page

1 Executive summary 1
2 Introduction 2
3 Technical lighting terminology and definitions 3
4 Identification of applicable standards 4

4.1 Australian standards (including road users) 4

4.2 The Civil Aviation Safety Authority (CASA) 5
5 Site appraisal 6
6 Luminaire details 6
7 Lighting control and content 7
8 Secretary’s Environmental Assessment Requirements (SEARs) 7
9 Cumulative Lighting Review Analysis

9.1 ICC Hotel — Fagade Lighting impact assessment
10 Lighting impact analysis

10.1 Illuminance (Adjacent residential stakeholders)

10.2 Luminous intensity 9

10.3 Threshold increment 10
11 Lighting Calculations 10

11.1 Illuminance Parameters 10
12 Compliance summary with Australian Standards and design

requirements 11

121 Australian Standards 11

12.2 Threshold increment (Road users/ SEPP 64/ Transport of

NSW) 11

12.3 CASA 12
13 Conclusion 12
14 Appendices 13

| Issue 9 | 27 April 2016 | Arup

J:\2350001235425\16 DHL SIGNAGE\WWORK\INTERNAL\DESIGN\LIGHTING\REPORT\160427_DARLING HARBOUR_FACADE LIGTING REVIEW_ISSUE 9.DOCX



1 Executive summary

This report includes information about the obtrusive impact of the proposed lighting
integrated within the facade signage design of Sydney International Convention, Exhibition
and Entertainment Precinct (SICEEP) at Darling Harbour. To complete the review, the
relevant Australian Standards have been identified as to quantify any potential adverse effects
from the installation upon the nearby stakeholders.

The stakeholders considered are:

e Road users (RMS, SEPP 64, Transport for NSW) — a separate study is conducted for
this assessment and is outside the scope of this report

e Auviation authority
e Adjacent residential properties

The concealed indirect lighting for static signage is not included in the scope of this report, as
in Table 1 Appendix C.

The relevant Secretary’s of Environmental Assessment Requirements (SEARS) have been
addressed within this report.

Furthermore, for the cumulative lighting impact assessment, only a report on the obtrusive
lighting assessment — ICC hotel Fagade Lighting Review is considered and taken into account
in this report.

This report concludes that the lighting installation integrated with the signage in the facade
design does not result in any unacceptable impacts as per Australian Standards which protect
against the potential obtrusive effects that may be caused by outdoor lighting.
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Introduction

Arup has been requested by Darling Harbour Live to undertake a review of the impact of
obtrusive spill lighting integrated with the proposed facade of Sydney International
Convention, Exhibition and Entertainment Precinct (SICEEP) at Darling Harbour public
realm development; and to evaluate the assessment with Australian Standards and any
adverse effects on the surrounding infrastructure or stakeholders.

This report considers:

Site location review and analysis

Collation and review of technical specifications of the comparable LED screen
systems as considered and proposed by the Audio Systems Logic

Consideration and summary of relevant codes, standards and requirements regarding
the potential obtrusive effects of outdoor lighting;

Calculated lighting performance estimates based upon the specification of the
proposed lighting system against relevant standards; and

Cumulative impact of neighbouring development (ICC Hotel).



3 Technical lighting terminology and definitions

Within this report the following technical lighting terminology is used. This section provides
definitions of those terms.

Illuminance (E): The physical measure of illumination is illuminance. It is the luminous flux
arriving at a surface divided by the area of the illuminated surface. Unit: lux (Ix)

Luminance (L): The physical quantity corresponding to the brightness of a surface (e.g.
Luminaire or reflecting material such as the road surface) when viewed from a specified
direction. Unit: candela per square metre (cd/m?)

Luminance Intensity (I): The concentration of luminous flux emitted in a specified direction.
Unit: candela (cd)

Obtrusive Light: Spill light which, because of quantitative, directional or spectral attributes in
a given context, gives rise to annoyance, discomfort, distraction or a reduction in the ability
to see essential information

Threshold Increment (T1): The measure of disability glare expressed as the percentage
increase in contrast required between a standard object and its background for it to be seen
equally as well with the source of glare present as with it absent, derived in the specified
manner

Pre curfew hours: llluminance and luminaire limits apply to a specific time of day at relevant
boundaries of nearby residential properties, in a vertical plane parallel to the relevant
boundary, to a height commensurate with the height of the potential affected dwellings. A
typical pre-curfew period is between sunset and 11:00pm

Curfew hours: Limits apply in the plane of the windows of habitable rooms of dwellings on
nearby residential property. As above. A typical curfew period is between 11:00pm and 6am.



4 Identification of applicable standards

Arup recommends that the following standards are relevant in the assessment of the Sydney
International Convention, Exhibition and Entertainment Precinct (SICEEP) fagade lighting, at
Darling Harbour, as they protect against potentially obtrusive effects caused by illuminated
structures and direct views of luminaires.

4.1 Australian standards (including road users)

The following Australian Standard provides recommendations for the control of outdoor
lighting to limit potentially obtrusive effects:

e AS/NZS4282 1997 Control of the obtrusive effects of outdoor lighting

AS/NZS4282-1997 provides design recommendation for the potential impact of lighting
installation adjacent to residential and mixed use developments in terms of illuminance
(amount of luminous flux arriving at a site boundary/residential window), luminous intensity
(the perceived brightness of a light source) and threshold increment (the potential glare that
may affect a nearby transport system), all during night time.

AS/NZS4282-1997 recommends design benchmarks based on the surrounding environment
in which a building element is located. Based on the assessment of the area, it was
determined that the applicable category is as follows:

e Commercial area or at [the] boundary of commercial areas and residential areas

The determination of the above category is based upon the following clarification within the
standards:

“Applies to residential accommodation in commercial areas or at the boundary between
commercial and residential areas. The term ‘commercial’ is used as a generic description for
zoning which provides for urban uses other than residential”

Based on this description, the Sydney International Convention, Exhibition and
Entertainment Precinct (SICEEP) is a commercial zone.

Within a commercial built environment, AS/NZS4282 recommends that during pre-curfew
hours a maximum illuminance level of 25 lux is permitted in the vertical plane at the
boundaries of nearby residential properties. Within curfew hours this level is reduced to 4
lux.

For luminous intensity, the maximum recommended value per luminaire is 100,000 cd during
pre-curfew hours as determined in Table 2.2 of the standard and the determination that the
minimum distance to the nearest residential premises is above 75m away . For curfew hours a
limit of 2,500 cd is recommended. Refer to Appendix B for a full extract of AS4282 with the
target recommendations highlighted.

Threshold increment concerns transport/road users and recommends to not exceed 20%
during both curfew and non-curfew hours.

As stated in the Standard, it currently excludes:
a) Internally illuminate advertisement signs

b) The obtrusive effects of brightly lit surfaces e.g. floodlit buildings, and externally lit
advertising signs



c) Lighting systems which are of a cyclic or flashing nature

Clarification c) above suggests that the proposed facade lighting to the Sydney International
Convention, Exhibition and Entertainment Precinct (SICEEP) would in fact be excluded from
compliance with the Australian Standard. While the standard would not apply to the facade
lighting because it is intended to potentially “cyclic’, the recommended limits remain a
relevant local benchmark in reducing obtrusive effects in residential/mixed used
environments.

4.2 The Civil Aviation Safety Authority (CASA)

The CASA Manual of Standards Part 139 — Aerodromes restricts the maximum brightness of
luminaires above the horizontal plain that are within a 6km radius of an aerodrome.

These restrictions are covered in Chapter 9 of the manual, and summarised in the below

o "

]

Figure 1 CASA diagram showing restrictions applicable to 6km radius

The proposed site of the Sydney International Convention, Exhibition and Entertainment
Precinct (SICEEP) falls outside of the restricted area.



5 Site appraisal

The below diagram illustrates the proposed location of the Sydney International Convention,
Exhibition and Entertainment Precinct (SICEEP)
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Figure 2 Proposed site and lit fagade summary

The potential maximum viewing angles and distances of the Sydney International
Convention, Exhibition and Entertainment Precinct (SICEEP) to the surrounding district are
further evaluated in Appendix C.

6 Luminaire details

All analysis has been based upon the technical data from Daktronics which, as confirmed by
Audio Systems Logic, is considered comparable to the proposed LED screens and signage to
be installed.

It should be noted that Arup has not inspected a physical sample and all analysis is based
upon data supplied by the client.



7 Lighting control and content

The lighting installation is proposed to operate within the standard pre-curfew and curfew
hours as recommended within the Australian Standards.

Each of the LED screens will have redundant environmental sensing so that the brightness of
the screens will never exceed the desired brightness ratio to that of the natural ambient light
levels present.

All LED screens will be commissioned and operated utilising local environment sensing
technology. This will ensure that the optimum contrast ratio and brightness level is present at
all times in comparison to local ambient light. This will ensure that the screens are not
impacting the surrounding at night time with excess luminance.

8 Secretary’s Environmental Assessment
Requirements (SEARS)

The following requirements have been prepared with relation to the Secretary’s
Environmental Assessment Requirements dated 24 June 2015 proposed facade lighting:

SEAR Key Issue No.5 Arup response
requirement

The visual impacts of the Compliance to be demonstrated by meeting the
proposed illumination/lighting of | requirements of the Australian Standard as detailed in
the signage from the surrounding | this report

residential properties and key
vantage points in the public
domain and surrounding the site

The impacts of the proposed Separate study recommended. Not included in the
illumination/lighting on the light | scope of this report.

rail corridor

The operational hours of the The maximum operational output to be expected
proposed lighting from the LED screens to be 30%; the operation hours

are proposed to be as follows:

. Monday to Sunday — dusk to 11.00pm
30% Reduced Operational output

. Monday to Sunday — 11.00pm to dusk
Further 10% Reduced Operational output

. Operate to 1.00am during special events

Special events may include Christmas Eve,
Christmas Day, New Year’s Eve, Australia Day,
festival days or one-off or special events during the
year.




9 Cumulative Lighting Review Analysis

For the cumulative lighting impact assessment research was undertaken in identifying
relevant lighting reports for the surrounding area. Only the relevant report on *ICC Hotel —
Facade Lighting Review’ has been identified. No further lighting assessment was found
relevant for the neighbouring buildings.

9.1 |CC Hotel — Fagade Lighting impact assessment

Based on the luminaire data, installation and architectural information of the proposed facade
lighting evaluated in the report, the below desktop study confirmed that the theoretical
maximum vertical illuminance that may be potentially received by vertical surfaces
surrounding the hotel, do not exceed the permissible lighting units approved in Australian
standards.

The intent of this exercise is to understand the worst case vertical illuminance that may enter
a residential window. This theoretical study is therefore rigorous in its findings and
recommendations.

Along with the relevant assumptions, the following lux contours were inferred from the
report:
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Figure 3 Theoretical illuminance contour diagram



The above diagram indicates the theoretical maximum achievable illuminance from each
facade at various distance. As per section 4.1 of this report the maximum permissible
illuminance recommended to reach residential properties within the Australian Standard is 25
lux. This is during non-curfew hours. During curfew hours the maximum is 4 lux.

These lux contours along with the theoretical desk study of the proposed signage demonstrate
compliance with the Australian Standards.

10 Lighting impact analysis

Based upon the luminaire technical specification the following requirements have been
investigated as part of the lighting impact analysis.

e Illuminance
e Luminous intensity
e Threshold increment

Full details and calculation assumptions can be found in Appendix C.

10.1 Illuminance (Adjacent residential stakeholders)

Based on the luminaire data and client information of the proposed luminaire type, a desktop
study has been completed to estimate the theoretical maximum vertical illuminance that may
be potentially received by vertical surfaces surrounding the precinct.

To complete this exercise a number of significant assumptions have to be made to ensure the
worst case (highest light output) scenarios. This theoretical study is therefore rigorous in its
findings and recommendations.

The assumptions are as follows:
e The peak intensity emitted from the luminaires has been adapted for the calculations

e Inthe areas shown the calculation assumes that the entire lighting installation is
visible from a single location

This is further evaluated based on individual signs, attached in Appendix C outlining the
impact of the signage at different viewing distances.

10.2 Luminous intensity

The luminous intensity is based upon the light emitted by the luminaires. The peak intensity
of the selected luminaire is assumed to be 1000 cd per 365x365 mm. Full details of this can
be found in Appendix B.

Using this approach the installation falls significantly below the maximum recommendations
of 100,000 cd for pre curfew hours and 2,500 cd for curfew hours as detailed in section 4.1 of
this report.



10.3 Threshold increment

The calculation of threshold increment is not included in this report. The effect of lighting
installations on transport users, needs further evaluation as a separate study to consider the
surrounding roads and relevant assessment of glare source for vehicles.

11 Lighting Calculations

11.1 IHluminance Parameters

The illuminance contours are spaced at 100m intervals to study the impact of the incident
light of the signage. The viewing angles are considered to be direct to view the signage,
considering that as a worst case scenario, while practically the signage would be viewed at
lower angles than the direct perpendicular incident ray of light.

This report includes the desktop theoretical study, and the analysis of various signage screens
is attached in Appendix C.

11.1.1  Output of digital sign

For the lighting calculation purpose, the maximum allowable intensity for the proposed
digital advertising sign is considered to have 30% allowable operational output.

The 30% operational output reduction is the anticipated mean percentage of screen brightness
capacity that will be required to produce acceptable contrast ratios for viewing content.

The LED screen technology is based upon using red, green and blue (RGB) LED’s. These are
then dimmed at different levels to mix and create different colours and visual content. The
luminaire test data is based upon each of these LED’s operating at 100%. When RGB LED’s
mix in approximately equal levels they create a white light. Therefore is each LED within the
screen was operating at 100% the visual effect would be a planar white screen. During
operation the LED screens will very rarely ever produce this effect. Therefore when assessing
LED screen brightness an operational output of 30% is typically used. This value describes
the mean output when imagery, test video, etc. is produce. As such the data supplied by the
LED manufacturer is reduced to 30% to provide a more accurate assessment.

As advised by Acoustic Logic the LED screens shall also be dimmed at night to account for
the less bright night time visual environment. This is because a lower luminance can be used
to meet the same contrast ratio and visibility. The advised level of operational output this
purpose is 10% of the maximum output.

11.1.2  Composition of Sign in Calculations

Different sizes of the signs is taken into consideration and the datasheet is attached in
appendix C.
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11.1.3 Maintenance Factor

For the lighting calculation purpose, a maintenance factor of 1 is used. This represents the
worst case scenario when the digital advertising sign is initially installed. In practice, as time
progress, the output of each module of the sign will deteriorate, therefore impacting any
potential obtrusive lighting effect on adjacent residential properties.

12 Compliance summary with Australian Standards
and design requirements

12.1 Australian Standards

Based on the calculations and assumptions, the theoretical desktop illuminance study
complies with Australian Standards (as set in Appendix A parameters).

12.2  Threshold increment (Road users/ SEPP 64/ Transport of

NSW)

STATE ENVIRONMENTAL PLANNING POLICY (SEPP) NO. 64-ADVERTISING AND
SIGNAGE as per the table below falls under Zone 1, and has no luminance restrictions.

Table 3: LUMINANCE LEVELS FOR DIGITAL ADVERTISEMENTS

- LUMINANCE LEVELS - Luminance means the objective brightness of a surface
as measured by a photometer, expressed in candelas per square meter (cd/mz2).
Levels differ as digital signs will appear brighter when light levels in the area are
low. Luminance levels should comply with Australian Standard AS4282 Control of
the Obtrusive Effects of Outdoor Lighting which recommends the following levels:

- Lighting - Zone - Zones?2 - Zone4 -
Condition 1 and 3

- Full Sun on - No - Maximum - Maximum -
face of Signage limit Output Output

- Day Time - - 6000 - 6000
Luminance - cd/m2 cd/m2

- Morning and - 700 - 500
Evening cd/m2 cd/m2

- Twilight and
Inclement
Weather

- Night Time - - 350 - -

cd/m2

The signage luminance levels criteria set for Zone 1 are attached in Appendix D.
Signage impact on transport is not within the scope of this report.
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12.3 CASA

The site location is outside of the 6km restriction radius around aerodrome and therefore the
proposals comply with this restriction.

13 Conclusion

Whilst the Sydney International Convention, Exhibition and Entertainment Precinct
(SICEEP) signage lighting is visible from a number of residential buildings, the detailed
analysis demonstrates that there is no impact of the signage greater than what is allowable in
AS4282. The intensity from the signage and the resultant illuminance reaching these
buildings has a low impact compared to the recommended limits as stated within the relevant
Australian Standard for commercial areas.

The site conditions suggest that the evaluated summary of this report outlines the potential
impact of spill lighting incident in worse case scenarios, thus provides a comprehensive
analysis. The conclusion is that the proposal is complaint to the standards addressed in the
report.

12
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Appendix Al & A2

AS 4282 Control of the
obtrusive effects of outdoor
lighting - reference tables
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Al

AS4282 Table 2.1

TABLE

11

AS 4282 —1007

EECOMMENDED MAXNIMUMVALUES OF LIGHT TECHNICAL PARAMETERS
FOR THE CONTROL OF OBIRUSIVE LIGHT
(5ee Clause 2.7)

1 2 : | 4 | 5
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A2 AS4282 Table 2.2

A% 18— 1997 5.3

TABLE 2.2

MAXIMUM LUMINOUS INTENSITY PER LUMINAIRE
FOR PRE-CURFEW OPERATING TIMES
{See Table 2.1)

1 | 2 3 | 4

Area description Maximum luminous intensity from each luminaire®
Level | control Level 2 control
Controlling dimension = A
Size of area (Figure 5.1) (Note 1) (Note 2)
Large >75m 7 500 od 100 000 cd
Medium 225 ms7T5 m 7 500 od 50 000 cd
Small <25m 2 500 od 25 000 od

* Limits apply to each luminaire (irrespective of the number on a head frame) in the principle plane, for
all angles at and above the control direction, when aimed in accordance with the installation design
(sce Clause 5.3.2.1).

NOTES:

1 Level | control is appropriate for development control of environmentally sensitive arens, e where the
existing environment is of high quality, where abutting propertics are close 10 the installation, where
they are residential in nature, where the existing ambient light levels are low and where the community
requires the best avallable environmental safeguards 10 be applied.

As the use of Type C cut-oflf luminasirest is likely 10 be necessary for Level 1 control, the
implementation of this level of control will normally be possible only for lighting applications that
require relatively high illuminances over areas that are small 1o medium in size, g lighting for tennis

courts of hockey Gelds. However, Level | control may also be suitable for larger areas where lower
illuminances are appropriate, ¢.g. for car parks and outdoor storage arcas.

Level 2 control will permit the use of a wide range of currently wsed lighting techniques but will himat
intensithes in the control direction to what might reasonably be expected by careful altention 1o design
and the selection and aiming of lummaires, especially for applications invelving Type A luminairest,

[ ]
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Bl Assumed Luminaire Specifications

SICEEP Darling Harbour
Interactive Display System Obtrusive Lighting Impact Review

DAKTRONICS
DVX-1800-10MN-N PRODUCT SPECIFICATION

Pixel Configuration

RGB 3-in-1 SMD

Line and Column Spacing

0.4 inches - 10.16 millimeters

Module Configuration - Pixels (RxC) 36 x 36 pixels

Module Dimensions (HxW) 14 4 x 14 4 inches - 365.76 x 365.76 mm
Maximum Power per Module' 74.1312 Watts

Average Power per Module! 19 Watts

Display Weight per Module?

17.45 pounds - 7.92 kilograms

Processing

22 bit Distributed

Color Capacity

16 bit (281 Trillion Colors)

Dimming

256 levels

Color Temperature

3,000°-10,000° kelvin (adjustable)

Calibration Full depth, LED to LED
LED Refresh Rate 4800 hertz

LED Lifetime 100,000 hrs
Calibrated Intensity (measured at 6,500 deg K) 6000 nits (cd/sm)
Horizontal Viewing Angle 1600

Vertical Viewing Angle (Up/Down) +25/-45°

Contrast Ratio 1200:1

Service Access

Front or Rear

Cabinet Depth

8884 inches - 225 652 millimeters

Cabinet Construction

Steel and Aluminum (corrosion resistant)

Ingress Protection Rating

|P-66 Components

Working Temperature Rating®

-40°t0 122°F - 40°t0 50°C

Ventilation

Fan, Vent Panel

Data Transmission to Display

Direct: Fiberoptic Cable Remote: Internet/Network (IF)

Mote 1: Power draw varies depending on display ventilation.

MNote 2: Display Weight per Module factors in cabinet, but not the structure.

Mote 3: Temperature range is based on typical usage (100% daytime brightness, 50% content, 250W/m2 sclar, no wind).
Digplay will operate above listed temp range but will see greater rates of dimming. Range is based on low-temp configuration.
Mote 4: Ventilation solution may require extemal supplemental A/C in some areas of the world. Please consult your Daktronics

representative regarding your area_

MNote 5: Consistent with Daktronics policy of continuing product improvement, specifications shown on this document are subject fo

change without notice._
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. I, A Accredited for compliance with ISONEC 17025.
nglltLab SO The resuits of the tests. calibrations and / or
o i H = measurements included in this document are
INTEENATIONAL M NATA i o s
L X Accreditation No. 2258,
NN
I
“uf, \\\ WONLD RECOGMSED
L T ACCREDITATION

Test Report No. LL17820
Daktronics Australia LED Panel. Product ID: Large LED Luminaire.
Black moulded fascia, heatsink and control gear. extent ~ 365 x 365 x 102 mm deep.

Lateral fins separate rows of LEDs. Array of 1176 (red , green and blue) LEDs, recessed ~ 5 mm.
DA-1487-6009 (Daktronics PC-105824) PCB controller. Daktronics A-2467E 240V 50Hz electronic LED driver.
Daktronics VIP-4060 LED controller (power used by controller not included, controller settings by client.
"100% whaite"). Tested at 240 V 50 Hz, face honizontal, C0 half plane above beam Measured I =274 mA

INTENSITY SUMMARY (cd)

Legend: CD/C180-Salid, C4S/C225-Dashed, COWNC270-Grey (cd)

o L T N . C-Plane Flux
’ : h'd ! - Gamma CcD Cc225 C45 CBT5H ca0|  (im)

00| 1072 1072z 1072 1072 1072

S sp| 1055 1065 1067 1071 1067 %9
10.0| &79 992 1027 1052 1049

- 150/ B2z BG5S 948 1017 1029 259
x 200/ 583  BE3 823 968 1000

308 250 350 422 852 889 961 323
T 300 180 243 483 808 918

AN aneT 350 o7 130 285  TO2  BG1 307
/ 400 50 70 178 574 794

i . 450 26 3 103 444 71 247
: E& B 50.0 12 18 57 324 B8

— 55.0 5 7 29 218 499 157
5 50.0 2 3 13 142 382

_ 800 65.0 1 2 4 B8 276 83
~ 70.0 1 1 2 53 193

330 i 750 1 1 1 2 135 34
’ — 300 0 1 1 7 a5

R 85.0 1 o 1 2 56 7
YA a0.0 0 0 0 i 5

CTa0-C2T0 [Symmetric about COVCTED)  CO-Ca0 ZONAL FLUX AND PERCENTAGES

Zone Flux (Im) % Lamp % Luminaire

0-30 BE1 NTA 450

0-40 988 NiA 652

0-50 1382 NiA 918

0-90 1515 NiA 100.0

40-90 527 N A .38

60-90 124 NI A 82

90180 ] N A 0.0

0-180 1518 NI A 100.0

| Light Qutput Rafio = N/ A |

CERTIFIEDBY: | MGWE/L""\'

Kevin Monaghan
Authorised Signatory

Date of test
Date of report

24-Jul-2014
30-Jul-2014
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Appendix C

Lighting calculation summary
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Lend Lease, DHL SICEEP Darling Harbour
Interactive Display System Obtrusive Lighting Impact Review

Cl Calculation Summary

Formulae used:
Luminance (Brightness) - cd/m2 received from Audio Systems Logic

Area - Height & Width - received from Audio Systems Logic

Cut-off angle - cos 0: +/-0 deg. (cos0) = 1 (For worst case scenario)

Peak Intensity - Luminance (Brightness) * Area * Cos 0

Distance from the screen — As per site conditions; 100m assumed contour location

Illuminance = Intensity / (Distance)2

As per the site conditions, the following is concluded:

SIGNAGE NO. LOCATION MOUNTING HEIGHT AFL (m) COMMENTS

E02* FACING OUTWARDS BOUNDARY HIGH FURTHER CALCULATIONS WITH CONTOURS

TO9* NEAR BOUNDARY LINE HIGH FURTHER CALCULATIONS WITH CONTOURS

T11 (A&B) WITHIN TUMBALONG LANE LOW NO CONTOURS EVALUATION

WITHIN SITE CONSTRAINTS & BEHIND

T12 VEGETATION LOW NO CONTOURS EVALUATION

T17* NEAR BOUNDARY LINE HIGH FURTHER CALCULATIONS WITH CONTOURS
LOW; WITHIN SITE BOUNDARY WITH VEGETATION &

P1-P7 BLADE SIGNAGE IN CLUSTERS SITE OBSTRUCTION NO CONTOURS EVALUATION
LOW; MOUNTED AT ANGLE WITH INCIDENT NOT INCLUDED IN CALCULATIONS/ CONTOURS

TO1* AT THEATRE ENTRANCE LIGHTING TOWARDS GROUND EVALUATED

E20 WITHIN LOUNGE AREA LOW; MOUNTED UNDER CANOPY NOT INCLUDED IN CALCULATIONS
INDIRECT LIGHTING CONCEALED BEHIND OPAQUE

C05-C09 STATIC SIGNAGE METALLIC SIGNS NOT INCLUDED IN CALCULATIONS
INDIRECT LIGHTING CONCEALED BEHIND OPAQUE

EO7-E10 STATIC SIGNAGE METALLIC SIGNS NOT INCLUDED IN CALCULATIONS
INDIRECT LIGHTING CONCEALED BEHIND OPAQUE

118 STATIC SIGNAGE METALLIC SIGNS NOT INCLUDED IN CALCULATIONS

* - FURTHER

CONTOURS

ATTACHED

Table 4 Details of Signage

| Issue 9 | 27 April 2016 | Arup

J:\2350001235425\16 DHL SIGNAGE\WWORK\INTERNAL\DESIGN\LIGHTING\REPORT\160427_DARLING HARBOUR_FACADE LIGTING REVIEW_ISSUE 9.DOCX

Page 3



Lend Lease, DHL SICEEP Darling Harbour
Interactive Display System Obtrusive Lighting Impact Review

EO02 — At 100m distance incident illuminance 20.8lux; All compliant; Calculation Summary & Contour diagram below:

Unit LED PEAK AS4282 Compliance

Panel Size of Unit LED Panel Area of proposed LED signage Signage INTENSITY Max. Luminous Intensity (cd) check Distance llluminance (lux) check check
10%
Area of unit Area of 30% RGB Dimmable Max. Luminous Distance 30% RGB 10%
Intensity LED Panel HEIGHT | WIDTH | signage |Total area of PEAK Dimmable (lux) Night Intensity from Signage |llluminance| Dimmable Dimmable |Pre-Curfew| Post-Curfew
(cd) L(mm) | W (mm) (m2) (m) (m) (m2) LED Panels | INTENSITY (lux) time <100,000cd (m) (lux) (lux) (lux) <25lux <4lux

1000.0 0.365 0.365 0.133 12.8 7.2 92.16 691.76 691762.06 207528.62 20752.86 Yes 100.0 69.2 20.8 2.08 Yes Yes
1000.0 0.365 0.365 0.133 12.8 7.2 92.16 691.76 691762.06 207528.62 20752.86 Yes 200.0 17.3 5.2 0.52 Yes Yes
1000.0 0.365 0.365 0.133 12.8 7.2 92.16 691.76 691762.06 207528.62 20752.86 Yes 300.0 7.7 2.3 0.23 Yes Yes
1000.0 0.365 0.365 0.133 12.8 7.2 92.16 691.76 691762.06 207528.62 20752.86 Yes 400.0 4.3 1.3 0.13 Yes Yes
1000.0 . . . 12.8 . 92.16 691.76 691762.06 207528.62 20752.86 Yes 500.0 2.8 0.8 0.08 Yes Yes

TV TR
AR \\"“.{k';‘ ;
4 \' ‘::l?&_'}% %

CONTOUR LEGEND

100m RADIUS CONTOUR

200m RADIUS CONTOUR

300m RADIUS CONTOUR

400m RADIUS CONTOUR
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Lend Lease, DHL

E02 — At 100m distance incident illuminance 20.8lux; All compliant; Calculation Summary & Contour diagram below:

SICEEP Darling Harbour
Interactive Display System Obtrusive Lighting Impact Review

Unit LED PEAK AS4282 Compliance

Panel Size of Unit LED Panel Area of proposed LED signage Signage INTENSITY Max. Luminous Intensity (cd) check Distance llluminance (lux) check check
10%
Area of unit Area of 30% RGB Dimmable Max. Luminous Distance 30% RGB 10%
Intensity LED Panel HEIGHT | WIDTH | signage |Total area of PEAK Dimmable (lux) Night Intensity from Signage |llluminance| Dimmable | Dimmable |Pre-Curfew| Post-Curfew
(cd) L(mm) | W(mm) (m2) (m) (m) (m2) LED Panels | INTENSITY (lux) time <100,000cd (m) (lux) (lux) (lux) <25lux <4lux
1000.0 0.365 0.365 0.133 12.8 7.2 92.16 691.76 691762.06 207528.62 20752.86 Yes 100.0 69.2 20.8 2.08 Yes Yes
1000.0 0.365 0.365 0.133 12.8 7.2 92.16 691.76 691762.06 207528.62 20752.86 Yes 200.0 17.3 5.2 0.52 Yes Yes
1000.0 0.365 0.365 0.133 12.8 7.2 92.16 691.76 691762.06 207528.62 20752.86 Yes 300.0 7.7 2.3 0.23 Yes Yes
1000.0 0.365 0.365 0.133 12.8 7.2 92.16 691.76 691762.06 207528.62 20752.86 Yes 400.0 4.3 1.3 0.13 Yes Yes
1000.0 0.365 0.365 0.133 12.8 7.2 92.16 691762.06 207528.62 20752.86 Yes 500.0 2.8 0.8 0.08 Yes Yes
CONTOUR LEGEND
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100m RADIUS CONTOUR

200m RADIUS CONTOUR

300m RADIUS CONTOUR

400m RADIUS CONTOUR
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Lend Lease, DHL

T17 - At 100m distance incident illuminance 20.3lux; All compliant; Calculation Summary & Contour diagram below:

SICEEP Darling Harbour
Interactive Display System Obtrusive Lighting Impact Review

T17
Unit LED PEAK AS4282 Compliance
Panel Size of Unit LED Panel Area of proposed LED signage Signage INTENSITY Max. Luminous Intensity (cd) check Distance llluminance (lux) check check
10%
Area of unit Area of 30% RGB Dimmable Max. Luminous Distance 30% RGB 10%
Intensity LED Panel HEIGHT | WIDTH | signage |Total area of PEAK Dimmable (lux) Night Intensity from Signage |llluminance| Dimmable | Dimmable |Pre-Curfew| Post-Curfew
(cd) (m2) (m) (m) (m2) LED Panels | INTENSITY (lux) time <100,000cd (m) (lux) (lux) (lux) <25lux <4lux
1000.0 0.133 18.0 5.0 90.00 675.55 675548.88 202664.67 20266.47 Yes 100.0 67.6 20.3 2.03 Yes Yes
1000.0 0.133 18.0 5.0 90.00 675.55 675548.88 202664.67 20266.47 Yes 200.0 16.9 5.1 0.51 Yes Yes
1000.0 0.133 18.0 5.0 90.00 675.55 675548.88 202664.67 20266.47 Yes 300.0 7.5 2.3 0.23 Yes Yes
1000.0 0.133 18.0 5.0 90.00 675.55 675548.88 202664.67 20266.47 Yes 400.0 4.2 1.3 0.13 Yes Yes
1000.0 0.133 18.0 5.0 90.00 675.55 675548.88 202664.67 20266.47 Yes 500.0 2.7 0.8 0.08 Yes Yes
CONTOUR LEGEND
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100m RADIUS CONTOUR

200m RADIUS CONTOUR

300m RADIUS CONTOUR

400m RADIUS CONTOUR
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Lend Lease, DHL

T09 — At 100m distance incident illuminance 9lux; All compliant; Calculation Summary & Contour diagram below:

SICEEP Darling Harbour

Interactive Display System Obtrusive Lighting Impact Review

Unit LED PEAK AS4282 Compliance

Panel Size of Unit LED Panel Area of proposed LED signage Signage INTENSITY Max. Luminous Intensity (cd) check Distance llluminance (lux) check check
10%
Area of unit Area of 30% RGB Dimmable Max. Luminous Distance 30% RGB 10%
Intensity LED Panel HEIGHT | WIDTH | signage |Total area of PEAK Dimmable (lux) Night Intensity from Signage |llluminance| Dimmable | Dimmable |Pre-Curfew| Post-Curfew
(cd) L(mm) | W(mm) (m2) (m) (m) (m2) LED Panels | INTENSITY (lux) time <100,000cd (m) (lux) (lux) (lux) <25lux <4lux
1000.0 0.365 0.365 0.133 10.0 4.0 40.00 300.24 300243.95 90073.18 9007.32 Yes 100.0 30.0 9.0 0.90 Yes Yes
1000.0 0.365 0.365 0.133 10.0 4.0 40.00 300.24 300243.95 90073.18 9007.32 Yes 200.0 7.5 2.3 0.23 Yes Yes
1000.0 0.365 0.365 0.133 10.0 4.0 40.00 300.24 300243.95 90073.18 9007.32 Yes 300.0 3.3 1.0 0.10 Yes Yes
1000.0 0.365 0.365 0.133 10.0 4.0 40.00 300.24 300243.95 90073.18 9007.32 Yes 400.0 1.9 0.6 0.06 Yes Yes
1000.0 0.365 0.365 0.133 10.0 4.0 40.00 300.24 300243.95 90073.18 9007.32 Yes 500.0 1.2 0.4 0.04 Yes Yes
o r..': i 1 .. r; ‘_ﬁz-‘j - L
CONTOUR LEGEND
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200m RADIUS CONTOUR

300m RADIUS CONTOUR

400m RADIUS CONTOUR
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Lend Lease, DHL

TO1 - No peak intensity calculated as all the incident lighting is directed towards ground; No residential buildings in the vicinity of 100m.

Contour diagram as below:
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CONTOUR LEGEND

100m RADIUS CONTOUR

200m RADIUS CONTOUR

300m RADIUS CONTOUR

400m RADIUS CONTOUR

SICEEP Darling Harbour
Interactive Display System Obtrusive Lighting Impact Review
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Lend Lease, DHL

SICEEP Darling Harbour
Interactive Display System Obtrusive Lighting Impact Review

E20
Unit LED PEAK AS4282 Compliance
Panel Size of Unit LED Panel Area of proposed LED signage Signage INTENSITY Max. Luminous Intensity (cd) check Distance llluminance (lux) check check
10%
Area of unit Area of 30% RGB Dimmable Max. Luminous Distance 30% RGB 10%
Intensity LED Panel HEIGHT | WIDTH | signage |Total area of PEAK Dimmable (lux) Night Intensity from Signage |llluminance| Dimmable | Dimmable |Pre-Curfew| Post-Curfew
(cd) L(mm) | W(mm) (m2) (m) (m) (m2) LED Panels | INTENSITY (lux) time <100,000cd (m) (lux) (lux) (lux) <25lux <4lux
1000.0 0.365 0.365 0.133 1.8 1.1 1.98 14.86 14862.08 4458.62 445.86 Yes 100.0 1.5 0.4 0.04 Yes Yes
1000.0 0.365 0.365 0.133 1.8 1.1 1.98 14.86 14862.08 4458.62 445.86 Yes 200.0 0.4 0.1 0.01 Yes Yes
1000.0 0.365 0.365 0.133 1.8 1.1 1.98 14.86 14862.08 4458.62 445.86 Yes 300.0 0.2 0.0 0.00 Yes Yes
1000.0 0.365 0.365 0.133 1.8 1.1 1.98 14.86 14862.08 4458.62 445.86 Yes 400.0 0.1 0.0 0.00 Yes Yes
1000.0 0.365 0.365 0.133 1.8 1.1 1.98 14.86 14862.08 4458.62 445.86 Yes 500.0 0.1 0.0 0.00 Yes Yes
T12
Unit LED PEAK AS4282 Compliance
Panel Size of Unit LED Panel Area of proposed LED signage Signage INTENSITY Max. Luminous Intensity (cd) check Distance llluminance (lux) check check
10%
Area of unit Area of 30% RGB Dimmable Max. Luminous Distance 30% RGB 10%
Intensity LED Panel HEIGHT | WIDTH | signage |Total area of PEAK Dimmable (lux) Night Intensity from Signage |llluminance| Dimmable | Dimmable |Pre-Curfew| Post-Curfew
(cd) L(mm) | W (mm) (m2) (m) (m) (m2) LED Panels | INTENSITY (lux) time <100,000cd (m) (lux) (lux) (lux) <25lux <4lux
1000.0 0.365 0.365 0.133 8.7 3.0 26.10 195.91 195909.18 58772.75 5877.28 Yes 100.0 19.6 5.9 0.59 Yes Yes
1000.0 0.365 0.365 0.133 8.7 3.0 26.10 195.91 195909.18 58772.75 5877.28 Yes 200.0 4.9 1.5 0.15 Yes Yes
1000.0 0.365 0.365 0.133 8.7 3.0 26.10 195.91 195909.18 58772.75 5877.28 Yes 300.0 2.2 0.7 0.07 Yes Yes
1000.0 0.365 0.365 0.133 8.7 3.0 26.10 195.91 195909.18 58772.75 5877.28 Yes 400.0 1.2 0.4 0.04 Yes Yes
1000.0 0.365 0.365 0.133 8.7 3.0 26.10 195.91 195909.18 58772.75 5877.28 Yes 500.0 0.8 0.2 0.02 Yes Yes
T11 (A & B)
Unit LED PEAK AS4282 Compliance
Panel Size of Unit LED Panel Area of proposed LED signage Signage INTENSITY Max. Luminous Intensity (cd) check Distance llluminance (lux) check check
10%
Area of unit Area of 30% RGB Dimmable Max. Luminous Distance 30% RGB 10%
Intensity LED Panel HEIGHT | WIDTH | signage |Total area of PEAK Dimmable (lux) Night Intensity from Signage |llluminance| Dimmable | Dimmable |Pre-Curfew| Post-Curfew
(cd) L(mm) | W (mm) (m2) (m) (m) (m2) LED Panels | INTENSITY (lux) time <100,000cd (m) (lux) (lux) (lux) <25lux <4lux
1000.0 0.365 0.365 0.133 7.4 2.1 15.54 116.64 116644.77 34993.43 3499.34 Yes 100.0 11.7 3.5 0.35 Yes Yes
1000.0 0.365 0.365 0.133 7.4 2.1 15.54 116.64 116644.77 34993.43 3499.34 Yes 200.0 2.9 0.9 0.09 Yes Yes
1000.0 0.365 0.365 0.133 7.4 2.1 15.54 116.64 116644.77 34993.43 3499.34 Yes 300.0 1.3 0.4 0.04 Yes Yes
1000.0 0.365 0.365 0.133 7.4 2.1 15.54 116.64 116644.77 34993.43 3499.34 Yes 400.0 0.7 0.2 0.02 Yes Yes
1000.0 0.365 0.365 0.133 7.4 2.1 15.54 116.64 116644.77 34993.43 3499.34 Yes 500.0 0.5 0.1 0.01 Yes Yes

| Issue 9 | 27 April 2016 | Arup

J:\2350001235425\16 DHL SIGNAGE\WORK\INTERNAL\DESIGN\LIGHTING\REPORT\160427_DARLING HARBOUR_FACADE LIGTING REVIEW_ISSUE 9.DOCX

Page 9




Lend Lease, DHL

SICEEP Darling Harbour

Interactive Display System Obtrusive Lighting Impact Review

P1-P7
Unit LED PEAK AS4282 Compliance
Panel Size of Unit LED Panel Area of proposed LED signage Signage INTENSITY Max. Luminous Intensity (cd) check Distance llluminance (lux) check check
10%
Area of unit Area of 30% RGB Dimmable Max. Luminous Distance 30% RGB 10%
Intensity LED Panel HEIGHT | WIDTH | signage |Total area of PEAK Dimmable (lux) Night Intensity from Signage [llluminance| Dimmable | Dimmable |Pre-Curfew| Post-Curfew
(cd) L(mm) | W (mm) (m2) (m) (m) (m2) LED Panels | INTENSITY (lux) time <100,000cd (m) (lux) (lux) (lux) <25lux <4lux
1000.0 0.365 0.365 0.133 4.0 2.0 8.00 60.05 60048.79 18014.64 1801.46 Yes 100.0 6.0 1.8 0.18 Yes Yes
1000.0 0.365 0.365 0.133 4.0 2.0 8.00 60.05 60048.79 18014.64 1801.46 Yes 200.0 1.5 0.5 0.05 Yes Yes
1000.0 0.365 0.365 0.133 4.0 2.0 8.00 60.05 60048.79 18014.64 1801.46 Yes 300.0 0.7 0.2 0.02 Yes Yes
1000.0 0.365 0.365 0.133 4.0 2.0 8.00 60.05 60048.79 18014.64 1801.46 Yes 400.0 0.4 0.1 0.01 Yes Yes
1000.0 0.365 0.365 0.133 4.0 2.0 8.00 60.05 60048.79 18014.64 1801.46 Yes 500.0 0.2 0.1 0.01 Yes Yes
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3.25 lllumination and reflectance

An illuminated sign refers to any sign illuminated
by an artificial source. llluminated signs include
variable message signs, video andfor animated
signs and any conventional billboard illuminated
by fluoroscent andfor incandescent bulbs.

In addition to design guidelines in relation to llurnination
and its effects (Section 2], the following assessment
critena are used to ensure that dlurmination and
reflactance qualities of signs do not causs a road
safety hazard.

(al Advertisements must comply with the following
luminance rules shown below.

(b} The maximum night-time luminance of the
aforernentioned signs in this section must be
one-guarter of the above prescribed values.

[c} For night imea use, the sign twhether intarnalby
illuminated or lit from its exterior) must not cast
a shadow on areas that were previously lit
and that have a spacial lighting requirament,
e.0. pedestrian crossings.

{dl The light sources for illuminated signs must
focus solely on the sign and:

(il be shielded so that glare does not extend
beyond the sign; and,

(i} with the exception of back lit neon signs,
have no light source wisible to passing
maotonists with a light output greater than
that of a 68W incandescent bulb.

{el The level of reflectance of an advertisament,
and its content, is not to exceed the “Minirmurm
coafficients of Luminous intensity per unit araa
for Class 24 Matenal', as set out in Australian
Standard AS/NZS 1906.1:2007. Flashing
illuminated advertisements will not be approved.

Information in relation to Street Name Signs

that are illuminated is also available in the RTA
document Management of ilumnated Street Namea
and Advertising Sign proposals — January 2000

{Ref TM P29/3).

Mluminated Area (sq m) Zono 1 Zone 2 Zone 2 Zone 4 Zone 5
(ed/sq m) (cd/sq m} {cd/fsq m)

up to 0.5 no lirmit 2900 2000 1000 no limit

051020 2300 1600 800

20to5.0 2000 1200 G600

E.0to 10.0 1500 1000 &00

aver 10.0 1200 800 400

Luminance means the objective brightness of a surface as measured by a photometer, expressed in

candelas per square meter.

Zone 1 covers aroas with genarally very high off-street ambient lighting, e.g. display centros similar

to Kings Cross, central city locations

Zone 2 covers areas with generally high off-strest ambient lighting eg. some major shopping/commaercial
contros with a significant number of off-street illuminated advertizing dovices and lights.

Zone 3 covers areas with genarally medium off-strest ambient lighting e.g. small to medium shopping!

commarcial centres.

Zone 4 covers arcas with generally low levels of off-strest ambient lighting e.g. most rural areas, many

residential areas.

Zone 5 covers areas within underground railway stations and areas fully contained within station buildings

which are visible only from wathin the Hail Corndor.
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Appendix D
SEPP 64 TABLE
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