Mobile

_ ((( Arqhitecture&
Built
Environment
Laboratory

MABEL Measurement
of
40 Albert Rd.

August 2006

Correspondence:

Dr. Mark B. Luther

School of Architecture and Building
Deakin University

Geelong Victoria 3217

Email: luther@deakin.edu.au
Mobile: 0437 005 918

Mobile Architecture and Built Environment Laboratory



Forward

Forward

Disclaimer

Deakin University will use all reasonable endeavours to ensure that data collected for analysis and
used in the preparation of this report are accurate. Neither Deakin University nor members of the
MABEL consortium nor any of their staff may be held liable for any inaccuracies or omissions, or for

any loss or damage arising from or out of the use of the report.

MABEL

As you may know, MABEL is the most versatile and comprehensive in-situ testing facility for built
internal environments throughout Australia. MABEL is a diagnostic toolkit providing multi-dimensional
testing of the key performance criteria of energy, light, sound, and comfort.

The general purpose of the MABEL monitoring is to:

Identify evidence-based best practice technologies for environmental building performance.

Provide internal environment diagnostic performance for commercial, industrial and residential
buildings.

Establish achievable performance levels of four important criteria: power, light, sound and
comfort.

Establish a set of realistic standards that can be measured and met for ESD building
performance.

Provide data to a client or consultant that verifies compliance and/or contributes to building
improvement.

Provide data sets for building energy rating and simulation tool verification.

Perform in situ product evaluation.

You will note that the methodology does not suggest how the performance of any criteria may be
improved, but should you wish us to explore this, MABEL would be most pleased to discuss this with
you and outline a separate scope of work.
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Executive Summary

1 Executive Summary

This MABEL project was commissioned by the Australian Greenhouse Office (AGO) and the owner of
40 Albert Rd. (Szencorp). It is intended to provide objective environmental data for the first 6 star
(Greenstar rated) commercial building in Australia. This data is to be applied to an objective post-
occupancy evaluation (performed by others) as well as to provide a comparison between the ‘design’
rated and ‘as built’ result. MABEL does not necessarily measure all aspects as related to Greenstar
and has established is own measuring process based on state-of-the-art equipment and the

associated standards therein. The findings according to MABEL are provided in this report.

1.1 Power

There is no provision for this measurement in the ‘general survey mode’ of MABEL. Such data could

be provided through long term power bills, or separate light, HVAC and plug load monitoring over time.

1.2 Light

The provision for daylight in this building is incorporated into the design. However, due to the long
narrow floor plan there are areas which are totally dependent upon electric lighting. Dimming of the
lighting appears to be functioning in areas where daylight is present, although this was not measured.
The true daylight ratio or assessment of daylight autonomy could be calculated from the
measurements taken by MABEL if an illuminance assessment of the electric lighting (only) could be
made. The interior illuminance levels at the perimeter do vary significantly under changing sky and
solar position. In several cases the perimeter daylight levels were quite high, yet, the users could
have operated shading devices if wanted. There is some concern of the workplace minimum
(maintenance) illuminance level being maintained in a few interior locations. The colour temperature
of the lighting is mostly uniform and maintained throughout the day at an ‘intermediate’ colour rating.
Several of the luminance (surface brightness) photo measurements indicate a well lit background.
These areas specifically occur where daylight is present. The luminance measurements in areas
where electric lighting is dominant consist of darker ceiling surfaces and a dark wainscot. The
contrast between wall surfaces (wainscot) and the screen-based task is of some concern for visual

comfort. The findings here should be correlated with the occupant survey.

1.3 Comfort

For the most part, thermal comfort was reasonable for the occupants of this hybrid (naturally
ventilated and mechanically conditioned) building. It is difficult to assess thermal comfort within the
present ISO & ASHRAE standards for this hybrid building typology. Nevertheless, a ‘typical’ clothing
level needed to be set for the ISO Predicted Percentage Dissatisfied calculation. This CLO level was
determined to be 1.0 with a metabolic rate of 1.0. The comfort conditions are variable throughout the
day under these fixed parameters; yet, the occupants in this particular building may in fact adjust their
clothing and environment by closing windows etc. Therefore, it is concluded here that their will be
more variable thermal conditions than in a totally mechanical conditioned building. It is necessary to

MABEL Measurement of 40 Albert Rd. 1
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review the occupancy assessments in order to make a more conclusive statement on thermal comfort
for this building.

1.4 Ventilation

The ventilation system for the most part, performed satisfactorily against all measured parameters for
this building. However, a true measurement of building infiltration rates could not be made due to the
continuous operation of a mechanical system fan overnight, even though the Building Management

System (BMS) indicated that all systems were off.

1.5 Indoor Air Quality

Assessment of various parameters such as Total and specific Volatile Organic Compounds (VOC'’s),
Formaldehyde, Respirable Dust and Ultra Fine Particulate (UFP) was performed on both indoor and
outdoor air at 40 Albert Road. Formaldehyde was not detectable (less than 5 parts per billion PPB),
and VOC's (both specific and total) were very low. It is interesting to note that there was little
difference between VOC's inside and outside the building indicating that most VOC'’s were coming
from outside air. This was confirmed by the Gas Chromatography/Mass Spectrometry “fingerprint” of
the inside and outside air samples. Ultra fine Particulate sampling showed that the building air
handling systems were reducing this contaminant by approximately 90%. The indoor levels were at
typical values observed in rural locations (indoors), whereas the outside values were ten times higher,
due to the close proximity of a major arterial road (UFP derive principally from combustion processes
such as automobile engines). The use of more natural ventilation however would remove this benefit.

1.6 Sound

The acoustic measurements indicated that the background noise levels for the office environment
were quite satisfactory. It is of some concern that particular frequency bands are more ‘active’
(reverberant) than others representing a non-uniform reverberation time across the acoustic spectrum.
This indicates that distinctive room modes may exist. The reverberation time was slightly higher than
recommended for open office spaces, yet, such were mainly measured in the reception areas.

1.7 Recommendations and Conclusions

For the most part, the artificial lighting is of some concern in areas where there is no daylight. Indirect
lighting is not particularly used in areas where lighting problems may occur. The high contrast ratios
for some locations may also distract from a visual preference and in some cases lead to discomfort.
As for the rest of the environmental assessment, the performance is quite exceptional, especially the
category of indoor air quality, where it may be expected that such a new building might suffer. The
integration of natural and mechanical assistance appears to be in accordance with one another. Yet,
the running of the mechanical system during late evening hours requires further inspection. An
energy consumption monitoring is highly recommended in order to see the true savings and cost
benefits of this hybrid building.

MABEL Measurement of 40 Albert Rd. 2
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2 Overview

2.1 MABEL Scope of Project

The Mobile Architecture and Built Environment Laboratory (MABEL) was called upon to investigate
the interior environment of the 40 Albert Rd. building. The intention was to uncover information on the
built environment performance and to highlight ‘fault finding’ instances within the services provided to

the space.

MABEL is the most versatile and comprehensive in-situ testing facility for the built internal
environment. It is a diagnostic toolkit that provides multi-dimensional assessment of key performance
criteria in built environments covering energy, sound, light and comfort. Comfort is inclusive of

ventilation and air quality investigations.
MABEL has application in the following areas:

Commercial building or workplace performance evaluation
Internal environment diagnostics for commercial, industrial and residential properties

Product evaluation

This document summarises the findings following assessment of the lighting, sound, thermal comfort
and indoor air quality of 40 Albert Rd during a non-summer (not hot) period. The assessment was
carried out over the period 17-18" of May and 6-7" of June 2006 at the request of the Australian
Greenhouse Office and the owner of 40 Albert Rd. The building has not been occupied for more than

a year and employs approximately 30 people.

MABEL Measurement of 40 Albert Rd. 3
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2.2  Building and Workplace Description

The 40 Albert Rd. building has been recognised by the Australian Green Building Council under its
environmental star-rating program as having an international 6-star design standing. An intention of
this building was to refurbish an existing site in the CBD district of Melbourne and to apply 6-star
principals without being obtrusively obvious to the observer. It incorporates recycled materials and
intends to perform as a hybrid (natural and mechanically integrated) air-conditioned building. The
users are allowed to interact with the building operation in terms of natural ventilation, shading, and
lighting. There is also ‘room to roam’ between workspaces (hot-desking) and breakout areas are

provided at each floor level.

The following photos provide an introduction to the MABEL testing equipment in the various parts of
the building:

Thermal comfort and fagade heat transfer

testing.
Weather Station with Solar Tracker located B&K acoustic meter in background noise
on the roof terrace at 40 Albert Rd. ‘survey mode’.

MABEL Measurement of 40 Albert Rd. 4
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Conference room survey measurements with acoustic, comfort cart and luminance meters

Note: All the above measurements account for the ‘survey mode’ (10:00, 13:00 & 16:00)
measurement intervals.

Comfort cart in ‘survey mode’ measurements. Note 1.7m velocity meter, CO, and VOC's are
attached to cart.

The following floor plans are provided to give an exact overview of the location where the monitoring
took place on each floor level (

Figure 1 - Figure 3). It was determined that a cross-sectional monitoring of specific floor levels and
areas (office pods) would provide a satisfactory representation of the entire building. The floor plans

indicate the positioning of instrumentation as well as the type of measurement undertaken.

MABEL Measurement of 40 Albert Rd. 5
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Figure 1: Floor Plan Level 2 and Instrumentation Location of the 40 Albert Rd. Project
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Figure 2: Floor Plan Level 3 and Instrument Location of the of 40 Albert Rd. project
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Figure 3: Floor Plan Level 4 and Instrument Location of the 40 Albert Rd. Project
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2.3

Performance Evaluation Matrix

The matrix below lists the investigated parameters of the internal environment for the 40 Albert Rd.

project evaluation. For a full scope of the MABEL evaluation measures, please refer to Appendix A.

Table 1: MABEL Measurement Matrix for the 40 Albert Rd. Project.

(external on site data)

environmental
data

Measured Standards Deliverables / Compliance

Parameter

Power

N.A. N.A. No measurement or assessment of energy use took
place in this study

Lighting

Background lux AS 1680 Natural and electric light levels at the workplace.

(iluminance)

Task lighting lux AS 1680 Work plane results and vertical: from observer to screen

(iluminance) and screen to observer.

Colour quality/ranges AS 1680 Investigated light sources and ranges of colour. Light

CCT (colour correlated) source colour variations at workplace.

Comfort

Weather, Solar and Light | essential Defines the external conditions under which internal

measured parameters are taken.

(acoustic quality)

Thermal Comfort levels ASHRAE 55, |PMV/PPD occupant comfort at workplace. 1IEQ 9
ISO 7730, Greenstar
Ventilation
Air Change Rates AS 1668.2- Room ventilation rates under various operational
(effective air change) 2002 conditions; IEQ 3, IEQ 13 Greenstar
ASHRAE 129-
1997
Indoor Air Quality ISO 6242 In conjunction with CSIRO measurements. NABERS
(formaldéhyde, dust ASHRAE 62, |and Greenstar descriptors quantifies IAQ at various
particulates, V.0.C.’s) IAQ locations: CO2 and VOC'’s
Sound
Background Noise AS 2107 Background Noise levels at each workplace. LA90 &
(interior) LAeq LA10 (percentages of loudness over time)
Reverberation time AS 2107 RT time at selected locations on each floor level. IEQ

10 (Greenstar)

MABEL Measurement of 40 Albert Rd.
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3 Measured Results

The ‘measurement survey mode’ consists of measurements taken at three intervals (10:00, 13:00,
and 16:00) at selected locations on three floor levels (2™, 3", and 4" floors). These are located on
the floor plans at the beginning of this report. Each interval allows for a continuous 15 minute
measurement. At each workplace location and during each interval the following instrumentation set-

up was applied:

a B&K 2260 acoustic meter: for background noise at major frequency bands
a thermal comfort cart with CO2 and VOC measurements
a luminous camera: for surface area brightness and glare assessment

handheld lux measurements at individual workstations: (vertical & horizontal)

These interval measurements are supported by:

a weather station: external weather, solar and luminous conditions at the site location

a continuous thermal comfort cart metering within a core location of the floor level (see floor
plans)

several ventilation (air change rate) measurements taken during evening hours
additional CO2, VOC and CO measurements.

reverberation measurements at spot locations on each floor level

3.1 External Weather Conditions

The MABEL weather station was located on the roof top level of the project building at the southwest
corner in order to receive the best possible solar exposure. Figure 4 illustrates the general weather
and solar parameters together with the internal air temperatures taken in the central core at the

various building levels throughout the measurement period.

The weather conditions are representative of a pre-winter season where non-overheating periods are
expected. It is noticed that the interior core temperature of the building is maintained within the
boundary temperature conditions of 18-26°C at all occupied floor levels. Since Australians generally
cloth themselves in response to the external weather conditions, it is appropriate to consider that a
slightly warmer clothing level than typically used (1.0 instead of 0.8 CLO) would be used in the
calculation of thermal comfort for this study.

MABEL Measurement of 40 Albert Rd. 10
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Figure 4: Weather and Solar Parameters together with Indoor Core Air Temperature

3.2 Power: Energy Monitoring of Equipment

There is no energy monitoring undertaken with the general office survey. It would however be of
interest to have the lighting, HVAC and plug loads determined separately for this building. This
monitoring should be performed for longer periods than provided under this study and requires

additional services.

3.3 Lighting Performance Evaluation

Lighting assessment begins with the measurements of lux levels and colour temperatures taken at all
of the survey locations on each floor. These are taken at horizontal and vertical readings around the
occupant workplace. Vertical readings comprise an occupant to screen and a screen to occupant
measurement (not shown here). These are further accompanied by a luminance (surface brightness)
measurement in the foreground view of the occupant at the workplace. Both the illuminance and the
luminance measurement combine the evaluation of the lighting at a surveyed location. Specific
illuminance area assessment is undertaken through spot measurements over a horizontal (fictitious)
grid. These measurements are accompanied by external lux readings. Further evaluation is required
here to determine the daylight ratios of these areas as the electric lighting was in operation during the

times of measurement.

Figure 5 - Figure 10 illustrate the lux and colour temperatures for each of the levels measured.

MABEL Measurement of 40 Albert Rd. 11
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Figure 5 Horizontal llluminance Levels taken at the Workplace Surveyed Locations (Level 2)
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Figure 6 The Correlated Colour Temperatures for Locations on Level 2
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Figure 7 Horizontal llluminance Levels taken at the Workplace Surveyed Locations (Level 3)
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Figure 8 The Correlated Colour Temperatures for Locations on Level 3
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Figure 10 The Correlated Colour Temperatures for Locations on Level 4

Several anomalies regarding the illuminance readings over the various floor levels were observed.
First, it is noted that there is a huge variation in light levels between perimeter and interior office
zones. Differences between the perimeter and interior are common; yet, the measurements shown
here indicate huge variations and suggest better daylight control. Second, it is also noted that the

task (workplace) light level is sometimes slightly below the recommended maintenance standard at
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interior desk locations. However, measurements of illuminance are not totally representative of the
quality of lighting in the office space and it is essential to evaluate the surface brightness (luminance)
measurements in conjunction with these. There is reason to believe that the lux level measurements
may in fact be satisfactory for the occupants and this should be checked through the occupant survey.

The following graphs indicate the colour temperature of the same locations surveyed for the
illuminance of the workplace. Itis interesting to observe the lux level and the corresponding colour
temperature changes of each location throughout the course of a given day. The indicated colour
groups (cool, intermediate, and warm) are provided by the AS 1680 lighting standard for offices. It
should be pointed out that where there are high lux levels, a higher (cooler colour temperature) a
present, than in areas where lux levels are low. This is an indication of high daylight entry since high
colour temperatures are often representative of daylight. For the most part the artificial office lighting

leans towards the intermediate to warm temperature region.

The forthcoming photos are a measurement of surface luminance. These are taken with a calibrated
Nikon Coolpix camera with a fisheye lens. Figures X —X show several areas of the background
lighting conditions with and without daylighting distribution. Each measurement is accompanied on
the left side by a fisheye lens photo. Note: the photo must not be interpreted for any subjective

assessment of lighting and is strictly included as a location reference only.

Figure 11 Level 2 —Location A: Luminance Measurement at 10:00

Figure 11 is a good example of daylight and electric lighting integration. The uniformity of light level
(surface brightness) on the central work plane is very satisfactory. It is however noticed that the
workplaces along the room perimeter are very dark at the wall surface. These contrast levels may

require further investigation.

MABEL Measurement of 40 Albert Rd. 15
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Figure 12 Level 2 — Location D: Luminance Measurement at 10:15

The conference room in Figure 12 illustrates a situation where daylight is not available and the room
is dependent upon electric lighting only. In this design there is no indirect lighting and a very high
contrast level between the light source and the room is evident. This exhibits a situation for glare
potential.

Figure 13 Level 3 -Location A: Luminance Measurement at 13:00

Figure 13 is illustrative of a daylight condition for the open office space in the afternoon on level 3.
The luminance uniformity and contrast levels are very satisfactory under these conditions for this part
of the building. Note that most of the luminance levels are not at a very low range for most of the

room surfaces.

MABEL Measurement of 40 Albert Rd. 16
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Figure 14 Level 3 - Location D: Luminance Measurement at 13:00

Depending on the field of view, for the occupant in Location D of Figure 14, glare from external
surfaces as well as the electric light source may become a concern. The electric lighting distribution

level over the ceiling plane appears to be better here than in other areas.

Figure 15 Level 4 — Location D: Luminance Measurement at 16:00

Figure 15 illustrates a reception area where perhaps a dynamic lighting arrangement with high
contrasted areas is desired. It is a concern however if brightness ratios between a visible source and
a floor areas are over 3000:1. Again, these results need to be considered together with subjective

occupancy evaluations.

MABEL Measurement of 40 Albert Rd. 17
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Figure 16 Level 4 — Location E: Luminance Measurement at 16:00

For the particular time of day Figure 16 illustrates a very satisfactory lit environment. These
measurements also need to consider the furniture layout of the room and the placement of the electric
light source. The light overhead at the desk is placed at a useful location for this furniture
arrangement.

3.4 Comfort Performance Evaluation

Comfort is measured at each workplace location (survey mode) as well as through a ‘fixed comfort
cart’ (continuous monitoring) location on each floor. The following Figure 17 -Figure 22 show the
temperature and comfort levels via the ISO 7730 (Fanger) models. There are two related charts for
each floor level. The first chart of a particular level represents the ambient (outdoor) air temperature
together with the survey comfort cart temperatures at 1.1m height. The second, corresponding chart
for the floor level, provides the Percent Predicted Dissatisfied (PPD) measurement together with the
external temperature. In regards to the CLO (clothing level) and the MET (metabolic rate) it was
considered that the occupants would be dressing slightly warmer than summer and that a seated
office level task was being performed. The degree of comfort is strongly related to clothing level of
the occupants as well as their activity. Calculations using a typical 0.8 CLO indicated that a majority
of the occupants would have ‘voted’ as being too cool in the present building.

MABEL Measurement of 40 Albert Rd. 18
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The thermal comfort conditions for Level 2 are very stable under the external temperature variations

of 8°C over the course of the day. Considering that this is a hybrid (naturally ventilated and

mechanically conditioned) building the temperature control is well balanced within this part of the

building.

Temperature [ °C]
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Figure 19 Exterior and Interior Workplace Air Temperatures (Level 3)
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Figure 20 1SO 7730: Percent Predicted Dissatisfied and Exterior Temperature (Level 3)

The thermal comfort conditions for Level 3 are under question as calculated by the ISO 7730

Predicted Percentage Dissatisfied ‘vote’. This is somewhat contradictory to the findings on Level 2

where the occupants experience a uniform and ‘satisfactory vote’ under a variable external

temperature. The findings here are further contradicted by the fact that the external temperature is

rather stable (around 15°C) for the occupied period. It would seem that natural ventilation (user

operated opening of windows) at the south end of the building may be the answer to a greater

variability in ‘comfort vote’ at this end of the building.
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Figure 21 Exterior and Interior Workplace Air Temperatures (Level 4)
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Figure 22 1SO 7730: Percent Predicted Dissatisfied and Exterior Temperature (Level 4)

Again, as in Level 3 the thermal comfort conditions for Level 4 are under question as calculated by the

ISO 7730 standard. This building level experiences the greatest variation in thermal comfort

according to the ISO ASHRAE-55 standard. However the interior air temperature appears to be quite

constant. The thermal comfort vote is ‘slightly cool’ — ‘cool’ for most of the locations (Figure 23). A

further comparative analysis can be made with the fixed comfort cart results of each floor level in the

forthcoming plots.
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Figure 23 Thermal Comfort Vote for the Fixed Comfort Cart at each Floor Level

The continuously monitored thermal comfort ‘vote’ for the central core of the building at each floor
level is provided in Figure 23. It is observed that a ‘slightly’ cool condition is prominent throughout the
monitored period. These findings may in fact be too conservative and in dispute as the 1ISO 7730
standard is not considered for naturally ventilated and user controlled buildings. It is strongly
recommended that ‘adaptive thermal comfort models’, such as those proposed by R. deDear and G.
Brager be considered in forthcoming evaluations for buildings of this type. The objective findings
should be compared to occupancy evaluations for further assessment.

3.5 Ventilation and Indoor Air Quality Evaluation

The ventilation, or overall air quantity and air quality, measurements of the building are assessed via
several methods. The client intended to expand the typical measurement process for these criteria
and to investigate the indoor air quality in further detail. This measurement process was identical to
the NABERS -6 indoor air quality measurements performed by MABEL in a NSW and Victorian study
performed in June 2005 (report issued by the Dept. of Energy Utilities and Sustainability — DEUS and
NABERS, November 2005). The indoor air quality testing for the 40 Albert Rd. study comprises:

Formaldehyde testing

Laboratory Tested V.O.C.’s (volatile organic compounds)
Dust particulate

CO2, and CO content

Air change rates (on Level 3 at night-time hours only)
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3.5.1 Formaldehyde Testing

Formaldehyde in indoor air was collected by using Umex100 Diffusive Samplers (SKC Inc) and
analysed according to USEPA Method IP-6C. Under the conditions used (sampling during working
day) the detection limit is 5 PPB (parts per billion or 0.006 mg/m®). Under the conditions experienced
on the two days of sampling, no samples were above the detection limit. The locations sampled can
be seen in the floor plans.

3.5.2 V.O.C.s by Diffusive Sampler

VOC's were also sampled by 3M Model 3500 Organic Vapour Samplers. These were exposed for
alongside the Formaldehyde samplers above (see floor plans). As noted in the summary, these
samplers showed very low levels of VOC's present in the office locations and that the profile of VOC'’s
present was indistinguishable from the fingerprint of the outside air sample also taken. This leads us
to the conclusion that most (if not all) of the detected VOC'’s are present in the ambient (outside) air

and are most probably related to traffic and other urban sources and not indoor emissions.

Figure 24: Comparison of outside air to inside air (Gas Chromatography).

3.5.3 Dust/Particulate Monitoring

Two types of direct reading instruments were used at 40 Albert Road for particulate monitoring.These
were a TSI Inc Dustrak (to measure PM10) and a TSI Inc 3007 Condensation Particle Counter (to
measure Ultra Fine Particulate).

The results for PM10 were within acceptable levels (Victorian EPA limit of 0.050 mg/m®) and showed

little difference between inside and outside air (slightly higher outside during test).
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Figure 25: Example of PM10 results for Albert Road showing inside and outside readings

Ultra Fine Particulate is a new and growing field in IAQ and Environmental monitoring. No standards
have yet been promulgated but it is prudent to keep them as low as possible because they are
implicated in the growing incidence of Asthma and other respiratory diseases. Samples were taken
inside and outside and there was a tenfold decrease in concentration inside the building. This is
thought to be due to the sophisticated Drykor unit installed at 40 Albert Road, which claims to be able

to reduce fine particles in the air stream.

Figure 26: Ultra Fine particulate in outside air at 40 Albert Road

MABEL Measurement of 40 Albert Rd. 24



Measured Results

Figure 27: Ultra Fine particulate in inside air at 40 Albert Road

3.5.4 CO,and VOC's

CO, measurements are taken via two instruments and approaches in this study. The first is through
the comfort cart survey and the second via the tracer gas (air change rate) instrumentation. For this
study the comfort cart monitored all three floor levels of the building for CO, (spot measurements)
which also included V.O.C. measurements. Figure 28 -Figure 30 chart the CO, measurement as well
as a continuous monitoring of the V.O.C’s of the selected floor level. The levels of CO, are well within
any limits of concern and are well maintained within this building. It is noted that the 3" floor indicated
the highest CO, levels. Yet, these levels remain 300-500 ppm below of any warning signal. The
VOC's shown here are minus the external background level (70-100 ppb) and indicate no real
concern for this building. VOC levels of 300+ might begin to be of interest and the recorded levels are

far below this value.
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Figure 30 CO2 and VOC's for Level 4

Air Change Rates - Infiltration

The charts in Figure 31 and Figure 32 provide an indication of what the air change rate effectiveness
is under a non-mechanical system ventilated period. It is intended that this air change rate is
representative of the buildings infiltration rate, since the mechanical system is not intended to be in
operation and the windows are expected to be shut. However, it was discovered that the fan of the
HVAC system did not shut off completely and that in fact the HVAC system was in an ‘operative shut
down mode’. The results are therefore not indicative of a true infiltration rate and are probably higher
than would be expected for this building.
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Figure 31 Air Change Rate - Expected Infiltration for Level 3 (first day)

It was expected that the problem could be remedied for the next day through the manipulation of the
BMS (building management system) yet it is apparent from Figure 32 that this was not the case. The
average of 1.0 air change rate over the night time period is not too high and is relatively typical of
most buildings without the mechanical system in operation. However, in order to assess the

infiltration of this building properly, the HVAC system fan operation must be completely shut down.
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Figure 32 Air Change Rate — Expected Infiltration for Level 3 (second day)
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It is evident that the mechanical conditioning system is not shutting down completely and that the fans
remain in operation over the night time period. An investigation with the staff of the premises
eventually discovered that the BMS was indicating a complete shutdown of the fans when in fact they
were at minimum speed (70% of full capacity). This was confirmed by observing the power
consumption of the plant and comparing it to the power requirements of the fan when running at there

minimum.

3.6 Sound Performance Evaluation

Background noise (acoustics) is measured in the ‘survey mode’ over several octave and third-octave
band frequencies using a B&K 2260 Investigator. The results as presented here are for all floor levels
and taken at each of the measurement intervals throughout the course of the day (10:00, 13:00 and
16:00). These background noise measurements are shown in Figure 33 -Figure 35. The standard
calls for a maximum background level (not to be exceeded) for an unoccupied space with the HVAC-
system in operation. The background noise levels, as measured here, include occupants throughout
a typical working day. It is noticed that maximum dBA levels can be well into and over the speech
level. These values are in fact caused by occupants conversing with one another. The average dBA
level is often below the conversation sound range and sometimes reaches the ‘unoccupied’
background noise recommended sound level. Therefore, it can be concluded that there is no problem

with background noise in this building.

Figure 33 A-weighted Sound Levels and Lg, and L5 Values for All Floors (10:00)

Figures (Figure 36 - Figure 38) relate to the reverberation times at two locations per floor level.
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Figure 34 A-weighted Sound Levels and Lgy and Ls Values for All Floors (13:00)

Figure 35 A-weighted Sound Levels and Lgy and L5 Values for All Floors (16:00)

Figure 36 Reverberation Times at two Locations on Level 2
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Figure 37 Reverberation Times at two Locations on Level 2

The reverberation time (Rt, qualitative acoustic liveliness) within a given floor level is quite variable
depending on the location. The more spacious areas which are free of partitions tend to yield a
longer reverberation time, indicating that a sound will be sustained longer in the space. The standard
provides a fixed range, yet, this is not totally correct since reverberation time is also a derivative of
volume. Greater volumes will produce longer reverberation times. Yet, these need to be maintained
within limits. Itis also important to realise that the 500-1000Hz frequency bands are those
representative of the speech range and often represent the single based value descriptive of Rt.

Therefore, it is expected that this frequency band is maintained within the standard.

Figure 38 Reverberation Times at two Locations on Level 2
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The values above the set 0.6 second Rt may become a concern in the speech frequency ranges
mainly between 250-4000Hz. If sound disruption is a problem in these areas, the reverberation time
would require investigation since the background noise measurements appear to be within a
satisfactory range. Itis a bit peculiar to observe such huge differences in Rt among particular
frequency bands for different room locations. Such cases are for example in the 250-500 Hz range
for the 2™ floor level and the 80 -200Hz bands in the 4" floor level. These differences indicate
particular room modes which may be of some concern. Unless there are no real complaints made by

the occupants, the measured data are representative of acceptable acoustic results.

3.7 Occupant Survey

MABEL has not been involved or engaged in any manner with the party who conducted this part of

the study.
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Appendix A: MABEL Performance Measurement Matrix

Measurement

Standards

Deliverables / Compliance

Power

Energy of equipment

AS 3598:2000
level 1

Excessive energy use and CO2, BASIX, NatHERS,
AGBR (Greenstar)

Efficiency of equipment

AS 3598:2000

Measurement of specific appliances

analysis

level 2 and 3

System defects Diagnostic fault finding in range of components

Flow rates in pipes In AHU compared to performance

Building envelope ASHRAE Heat transfer in facade

Lighting

Background lux AS 1680 Over or under lighting of areas IEQ6, IEQ3 (Greenstar)

Task lighting lux AS 1680 Work plane results IEQ6, IEQ3 (Greenstar)

Room brightness/contrast | AS 1680 Heat transfer in facade

Colour quality/ranges CRI Light colour variations

Glare index DGl Disability/ discomfort glare areas

Comfort

Weather and solar General Defines the external conditions under which internal
practice measured parameters are taken.

Indoor air quality ASHRAE Pinpoints IAQ at various points: CO, and VOC's

Effectiveness of air ASHRAE Draught index at various points

distribution ADPI

Comfort levels ASHRAE 55 PMV / PPD occupant comfort, Greenstar

Surface temperatures Level of calculation dependant on circumstance

Sound

Background noise AS 2107 dB(A) for BASIX, IEQ 10 (Greenstar) and NABERS

Reverberation time AS 2107 RT time IEQ 10 (Greenstar)

Partition and room sound | AS 1469 Noise Rating (NR) in acceptable range, complies to

transmission Sound transmission class (STC)

Identification of noise AS 4241, AS |Identification of sound leak areas

sources 1217

Quality of room acoustics |AS 2107, AS | Assessment of acoustics and recommendations on best
2460 applications eg music type

Speech intelligibility AS 2822 Assessment of Speech Transmission Index (STI)
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Appendix B: Comfort Carts

The ISO 7730 thermal comfort model is the predictive model used in this report. Here the prediction
assesses how comfortable people would be at a given period in time at a specific location in the
building. This allows the calculation for the Predicted Percentage Dissatisfied (PPD) to be made
along the lines of the ISO 7730 standard. Comparing this data to local weather station information for

the same period of time allows an assessment of the building space performance.

The instrumentation is the Comfort Cart which has been designed according to the ASHRAE
(American Society of Heating, Refrigerating and Air-Conditioning Engineers) by Assoc. Professor
Richard deDear (see photo below).

Thermal Comfort Carts according to the design by Dr. R. deDea
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