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BUILDING ACOUSTICS

How the science of acoustics is transforming
our built environment to become inclusive,
comfortable and a pleasure to use
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ENVIRONMENTAL CONSULTANTS
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sl , ACCON UK Limited (ACCON) is one of the leading niche environmental

{imeamt. B consultancies, specializing in noise & acoustics, vibration, air quality, daylight
& sunlight and Environmental Impact Assessments.
Building & Architectural Acoustic Design

If your project needs an acoustic consultant ACCON UK can help. We offer a range
of consultancy services in architectural acoustics and the acoustic design of ,
buildings. ACCON acoustic consultants have been involved in major building = [

projects covering a wide range of uses through all RIBA design stages. Most | CRNE
buildings in the following sectors will require architectural acoustic design inputs: ’

e Residential - Approved Document E compliance

Schools - Building Bulletin 93 (BB93) compliance

Hospitals - in accordance with Health Technical Memorandum HTM 08-01
Care homes

Offices

Hotels.

Although the exact regulatory requirements & sector guidance varies, architectural
acoustics projects typically involve consideration of:

e The external ambient noise levels affecting the site

e Internal ambient noise levels which are controlled by the building envelope
sound insulation and the ventilation systems

e Airborne and impact sound insulation and acoustic privacy between rooms

e The acoustic design of rooms for speech or other specific uses and acoustic
treatments for circulation spaces

e Building services noise & vibration, including transmission within the building
and effects on neighbouring premises.

e Groundbourne reradiated noise from underground rail systems & mining

ACCON can provide a complete acoustic design service for any scale of project.

T o i bl JAYE . <K
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To discuss your project please contact: Graham Parry (Managing Director)
on 0118 9710000 or via graham.parry@accon-uk.com

or visit our website www.accon-uk.com
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Welcome 1o

Building Acoustics, brought to you by the Institute of Acoustics

The Institute of Acoustics is UK’s professional body for those working in the
disciplines of acoustics, noise, sound and vibration. This publication has been
written for people whose job touches on areas of acoustics and who want to

find out more.

Building Acoustics explores the importance of acoustics in the built
environment, and how acoustics should be considered right at the
beginning of a project. It also discusses the vitally important effect of noise
on buildings users’ health and wellbeing.

Well-designed buildings provide spaces that are comfortable,
enjoyable and enable us to live effectively — they are an important
aid to happiness.

There are elements of a building that are obvious to the effective
use, such as doors or electrical power, but there are other
elements that are equally as important in our experience of
buildings but are not immediately obvious, and the acoustics of a
building is often one such component.

However, there is often a considerable amount of effort that is
invested by clever acousticians to enable a building to function
properly and, in turn, provide comfort and enjoyment for the
occupants. The building acoustics discipline mirrors the varied
human interactivity in spaces and this publication aims to provide
you with a snapshot of these considerations.

« Have you ever compared your experience of an old museum vs.
a modern equivalent?

- How can we make our future living environments sound pleasant?

« Why is it sometimes difficult to hear someone talking to you and
what has the built environment got to do with this?

-« You probably know that tall buildings are designed to move — did
you know they made sounds too?

Please read on to find out more!

James Healey BSc (hons) MIOA APM PMQ
Chairman of the Institute of Acoustics Building Acoustics Group

The Institute of Acoustics is very grateful for the support of all the advertisers in this publication.
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Constant exposure to high levels of noise can lead to stress, and other health problems .

- — 3 ) Eé
Why is it sometimes difficult to hear someone talking to you f ¥ i e A

nd what has the built environment got to do with this? Acoustic comfort is not a luxury, but rather a very important part of the pedagogy process
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all buildings are designed to move — did you know they made sounds too? g
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OISy neignbours
Upstairs?

There is strong evidence that some lightweight separating floors can
generate high levels of low frequency noise, which could lead residents in
flats to complain about footfall noise etc from their neighbours above, even

when the floor meets the current ADE acoustic requirements.

By Seth Roberts, Principal Acoustic Consultant, Hayes McKenzie Partnership Ltd

Above:

Research has
confirmed links
between reported
levels of annoyance
and constructions
using timber

(and composite)
joist floors

This issue has led the Association of Noise Consultants
(ANC) to recommend a large scale study into low
frequency impact sounds linked to lightweight timber
floor constructions.

Within the construction industry, sound insulation has
gradually become a more important element of the
building regulations since guidelines on this were first
introduced into the 1965 building regulations (Part G).
The building regulations 1992, introduced field testing of
sound insulation for construction types that were not
pre-approved constructions detailed within Approved

IOA BUILDING ACOUSTICS

Document E (ADE). When the 2003 building regulations
came into effect, ADE included requirements for
pre-completion testing of airborne and impact sound
insulation for any construction not built to robust details
by an approved contractor. (A robust detail (RD) is a
separating wall or floor construction which has been
assessed and approved by Robust Details Limited. In
order to be approved, each robust detail (RD) must be
capable of consistently exceeding the relevant
regulatory performance standards and be practical to
build on site).



Building a database of test results
for different construction types
In July 2003, the ANC set up a registration scheme for
pre-completion testing allowing members of the scheme
to carry out testing for demonstrating compliance with the
building regulations. The ANC registration scheme also
served the purpose of building a database of test results
for different construction types which could be used for
research purposes. 20 years down the line, a great deal
more is known about sound insulation and potential
problems with certain construction types.

One such problem that has emerged over the last

20 years of pre-completion testing, is the fact that the
required performance standards for impact sound
transmission set out within ADE may not be sufficient to
adequately protect future occupants against intrusive
levels of noise from vertically adjacent flats. The problem
is linked with certain construction types which, although
they meet the requirements of ADE, appear to lead to
complaints from occupants about impact sound from
normal footfall being very intrusive or even intolerable.
This problem has been widely reported across the
acoustics industry and has led to further research into
acceptable levels of impact sound transmission.

“The required performance standards for impact sound transmission
set out within ADE may not be sufficient to adequately protect future
occupants against intrusive levels of noise from vertically adjacent flats”

@ Institute of
X Acoustics
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Occupant dissatisfaction.

In 2015, Jack Harvie-Clark of Apex Acoustics gave a
presentation at the Institute of Acoustics conference in
Harrogate. The presentation covered international
impact sound transmission standards and research into
low frequency impact sound that can occur between
flats built around a timber frame construction. The
research confirmed links between reported levels of
annoyance and constructions using timber (and
composite) joist floors. The main issue that was
highlighted is the fact that the UK building regulations,
and specifically the performance standards for impact
sound transmission contained within ADE, do not cover
the low frequencies which are driving complaints for
these construction types. The requirements of ADE

IOA BUILDING ACOUSTICS

specify maximum levels of impact sound within a
frequency range of 100-3150 Hz, but impact sound
transmission in frequencies below this range have been
found to strongly correlate with occupant dissatisfaction.

In 2016, the ANC Good Practice Committee setup a
working group to investigate suitable methods for
controlling the identified problem of low frequency
impact sound linked with timber frame constructions.
The main aim of the working group was to establish an
appropriate way of identifying the problem during
pre-completion testing. In June 2023, the working
group provided recommendations on two possible
methods for identifying and assessing low frequency
impact sound transmission linked with timber frame
constructions. E»
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Assessment methods

The first (and preferred method) is based around use of
the exiting L, parameter (weighted standardised impact
sound pressure level) which is already specified within
ADE but including an additional ‘spectrum adaptation
term’ (C) which provides a correction to the result based
on characteristics within a frequency range of 20-2500
Hz. The method for inclusion of a spectrum adaptation
term such as this is something which is already set out
within Annex A of BS EN ISO 717-2" but the standard
only recommends a frequency range of 50-2500 Hz and
does not extend as low as 20 Hz.

The ANC working group proposes the use of a
spectrum adaptation term that has been developed as
part of a series of Swedish research projects (the
AkulLite project; the Aku20 project and, most recently,
the Akutimber project). All three of these research
projects build on the initial findings that a strong
correlation existed between perceived annoyance and
inclusion of a spectrum adaptation term covering the
extended frequency range 20-2500 Hz. As part of the
Akulite Project, an alternative spectrum adaptation term
using a more complex frequency weighting than that set
out in ISO 717-2 and covering a frequency range of
20-2500 Hz was proposed (CLAkume). It is the combination
of the weighted standardised impact sound pressure
level and the adaptation term: L' + C, . 1. (knOWn as
the Akulite index) which is proposed by the working
group as the best method for assessing low frequency
impact sound transmission.

The working group acknowledge that the first method
would require instrumentation to be adapted to measure
and assess the appropriate frequencies and that it may
therefore be helpful to consider an alternative method that
could easily be used by consultants already working in this
field. The alternative method proposed by the working
group includes the use of both L7, and the spectrum
adaptation term C, . ., as defined in ISO 717-2. The
recommendation is that L'y + C, . ¢, Should be no more
than 4 dB higher than the L, requirement in line with the
Class A and Class B standards set out in ISO 194882 .

Ongoing research

Whilst making these recommendations for methods of
quantifying and assessing low frequency impact sound
transmission, the working group acknowledges that
more research is required in order to fully understand
the mechanisms and resultant perceived effects. The
working group is therefore also recommending that
laboratory test data on impact sound transmission down
to 20Hz is gathered through a large scale study of
different lightweight construction types. The results of
such a study would be used to inform designers,
architects and builders on suitable constructions to avoid
significant levels of low frequency impact sound
transmission. The goal of the ANC working group is to
propose a repeatable and reproducible test and
assessment method for inclusion in the next revision of
ADE along with guidance on construction methods that
could be incorporated into robust details.

Y ADVANCE
WHY IS

ANC SOUND TESTING

Watch the ANC video about why sound testing is so important:
https://www.youtube.com/watch?v=roFKUmNJJMY

Footnotes

1. BS ENISO717-2 Acoustics — Rating of sound insulation in buildings and of building elements — Part 2: Impact sound insulation, BSI, 1997
2. ISO TS 19488 Acoustics — Acoustic classification of dwellings, ISO, 2021
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Below: Architects’ visualisation of the development

Soundscape design for a
residential development:
a case stuay

A co-housing development, Co-HUT (Co-Housing upon Tyne), has been
proposed in Newcastle upon Tyne, comprising 25 dwellings and communal
spaces arranged in blocks around a courtyard. Apex Acoustics Ltd initially did
a traditional noise impact assessment for the site in support of a planning
application and later adopted a soundscape approach to see where
improvements could be made as the stakeholders of the development are
also its future residents.

By Seena Sajeev, Rebecca Romeo Pitone, Danuta Nabiatek,
Julien Batten and Jack Harvie-Clark, Apex Acoustics Ltd

12 IOA BUILDING ACOUSTICS



The site is close to the River Tyne, with Scotswood Road
to the south and Atkinson Road to the west. Noise from
industrial sites to the south, east, and west are less
prominent in comparison to the road traffic noise.

Site location and layout shown in Figures 1 and 2.
Architect’s visualisation is shown on previous page.

External

amenity are
2 :

External

amenity area
4

Above: Above: The virtual soundwalk with the residents covered indoor
Figure 1: Site location Figure 2: sound environment scenarios at locations 1and 3 with
In-situ soundwalk . .
locations, with windows partially open and closed, and the courtyard
Data collection and analysis the proposed sound environment. The virtual soundwalk with members
The idea for a soundscape assessment was initially building showing of the public included the same indoor scenarios and
presented to the residents in a focus group session, g "te blocks outdoor scenarios for locations 1and 3, with the exception
where their concerns and aspirations about the sound of the courtyard scenario, which was included on the
environment of their future homes were also discussed. residents’ request. A 16 dB broadband attenuation
Further data collection followed 1SO 12913-2" and was (reduction) was applied for the partially open window
carried out in two parts: scenarios, while the closed window scenarios were
calculated based on the proposed glazing performance in
1. in-situ; and the traditional noise assessment report. Sound was
2. virtual soundwalks. mastered in all auralisations and room reverberation
added to all internal scenarios. The mastering involved
The in-situ soundwalks were carried out with the residents dynamically limiting and normalising overall levels to
and covered weekday daytime, late evening and weekend maximise the dynamic range available across all scenarios.
periods. Binaural measurements (a method to record sound The virtual sound environment for the courtyard was
in the same way that we hear it — with two ears, which based on the auralisation of the external sound
gives us a sense of where sounds are located create a environment at location 3, but with a 10 dB broadband
3-D spatial sound sensation) with point-of-view video were attenuation, as indicated by the noise model. As the virtual
made during the in-situ soundwalks and other appropriate scenes were presented online through Zoom (this work
times, which were processed to create auralisations and was carried out through the Covid lockdown), no
visualisations? for the virtual soundwalks. These were calibration of each listener’s experience was possible.
conducted over Zoom with the future residents. Questionnaires were used to record responses from the
The in-situ soundwalks covered four locations on the participants of the soundwalks for the outdoor scenarios
site with varied soundscape and proposed uses. The and the indoor sound environment, and both
soundwalk locations are shown in Figure 2, (locations 1 questionnaires included sections where the participants
and 3 represent residential blocks, while 2 and 4 could record their responses as scale values, and
represent garden areas of the development.) additional sections to record comments. GZ»

Footnotes
1. ISO/TS 12913-2:2018(en), ‘Acoustics — Soundscape — Part 2: Data collection and reporting requirements’, 2018
2. JHarvie-Clark, R Romeo Pitone, ‘Acoustic Perception EvALuation in Buildings - The APEAL Method’, Proc. Institute of Acoustics, vol 42, pt 1, 2020
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In-situ soundwalk - Daytime

Eventful

Chaotic Vibrant

Annoying Pleasant

Monotonous Calm

Uneventful

Chaotic

Annoying

In-situ soundwalk - Daytime

Eventful

Vibrant

Pleasant s —

Maonotonous Calm

Uneventful

Responses to soundwalks

The measured daytime noise levels at locations 1and 3
were different, however the soundscape assessment as
shown in Figure 3 indicates quite similar responses to
perceived affective quality. In complete contrast,
although the measured night-time noise levels at
locations 1 and 3 were similar, the soundscape
assessment results are significantly different, as shown
in Figure 4. This may be because of the type and traffic
pattern of the surrounding roads; Scotswood Road to the
south of the site is a dual carriageway with a steady
traffic flow and is about 90m from the site. Traffic on
Atkinson Road to the west of the site often labours up
the steep hill and briefly stops for a mini roundabout to
the immediate north-west of the site before setting off
again. The measured average noise levels due to this
road differs by 10 dB between daytime and night-time
periods. The proximity of the road makes the intermittent
traffic feel more intrusive, especially during the night
when the background sound levels are lower.

The median responses to the perceived affective
quality of the external amenity areas were also
significantly different, as shown in Figure 5. This may
again be because of the surrounding road traffic pattern.

Above left:
Figure 3:

Median values

of response

to perceived
affective quality —
in-situ soundwalk
during daytime
at the locations
of residential
block elevations

Above right:

Figure 5:

Median values

of response to
perceived affective
quality — in-situ
soundwalk during
daytime at the
locations of external
amenity areas

In-situ soundwalk - Night-time

Eventfu

Chaotic

Vibrant

Annoying

Maonotonous Calm

Uneventful

Pleasant —_——3

Above: Figure 4: Median values of response to perceived affective quality — in-situ
soundwalk during night-time at the locations of residential block elevations
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The external amenity area at location 2 is situated in line
with Atkinson Road coming down the hill. To the listener,
the sound of cars approaches directly, to become close
and fast. These sounds are described as ‘looming’
sounds, which according Marsh® are perceived as
particularly alarming as sounds which are loud and
approaching directly, fast, represent the greatest danger
and threat to life. Distant or receding sounds represent
less danger, which is the case for the sounds at location 4.
Positive responses to the soundscape at location 4 is
understood to be due to the presence of more natural
sounds, especially birdsong, which was indicated in the
comments and during the informal discussions as
contributing to a positive sound environment. This is
consistent with pieces of research® ® € 7 8 which
indicate that the presence of natural sounds in
combination with road traffic and industrial noise, or in
the background, generally tend to reduce the perceived
annoyance to a sound environment. In a study of
outdoor urban soundscapesg, sound environments
dominated by natural sounds were perceived as
‘pleasant’, which agrees with the median responses to
the perceived affective quality at location 4. The
soundscape approach therefore revealed aspects of the
sound environment at the site which were not apparent
from the traditional noise assessment considering only
the average decibel levels, and not the content or
characteristics of the sound environment.

Footnotes

3. J.Marsh, ‘There’s a Bad Noise on the Rise: Looming Sounds
Produce Behavioural Attentional Capture’, ICBEN, 2021

4. S.Torresin, R. Albatici, F. Aletta, F. Babich, and J. Kang,
‘Assessment Methods and Factors Determining Positive Indoor
Soundscapes in Residential Buildings: A Systematic Review’,
Sustainability, vol. 11, p. 5290, Sep. 2019

5. W. Davies, N. Bruce, and J. Murphy, ‘Soundscape Reproduction
and Synthesis’, Acta Acust. United Acust., vol. 100, Mar. 2014

6. M. Romanowska, ‘The Warsaw soundscape - Structure and
specifics’, Misc. Geogr., vol. 18, Dec. 2014

7. C.-J.Yuand J. Kang, ‘Soundscape in the sustainable living
environment: A cross-cultural comparison between the UK and
Taiwan’, Sci. Total Environ., vol. 482-483, pp. 501-509, Jun. 2014

8. A. Gidléf-Gunnarsson, E. Ohrstrém, M. Ogren, and T. Jerson, ‘Good
sound environment in green areas modify road-traffic noise
annoyance at home’, pp. 1579-1587, 2009

9. 0. Axelsson, M. Nilsson, and B. Berglund, ‘A principal components
model of soundscape perception’, J. Acoust. Soc. Am., vol. 128, pp.
2836-46, Nov. 2010



Virtual soundwalk with public - Daytime

Eventful

Chaotic Vibrant

Annoying Pleasant

Monotonous Calm

Uneventful

Median
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1
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1(Partially Open)

Virtual soundwalk with residents - Appropriateness of daytime
indoor sound environment

1(Closed) 3(Partially Open) 3(Closed)
Location

Responses and comments recorded by participants
for different soundscape scenarios had notable
differences; where a sound environment was considered
appropriate by one person, it was also considered
intolerable by another. Informal discussions revealed
that non-acoustic personal factors such as the different
sound environments of their current homes, and
previous experience of living in proximity to road traffic
noise of different extents, was a strong factor in the wide
range of responses and comments.

In comparison to the in-situ soundwalk, the average
responses to the perceived affective quality at location 1
and 3 were more negative for the virtual soundwalk with
members of the public, as shown in Figure 6. This might
be indicative of the limitations of the virtualisation
techniques in providing an accurate re-creation of the
in-situ sound environment. Placing the participants in a
survey context could also have affected the responses.

The indoor sound environments were considered
‘slightly’ appropriate by the residents for the closed
window scenario at location 1 and partially open and
closed window scenarios at location 3, as shown in
Figure 7. The partially open window scenario at location 1
was considered ‘moderately’ appropriate. The reason for
the closed window scenarios receiving a lower or similar
scale value in comparison to the partially open window
scenario was understood from the participant comments
to be because birdsong had been cut out; they preferred
open windows with more birdsong, even if it meant more
traffic noise. The absence of typical indoor residential
sounds such as televisions, kitchen appliances, and
conversations in the virtualisations of the indoor sound
environments also meant the participants were listening
keenly to outdoor sounds, which does not necessarily
portray real life situations.

Facilitating co-creation and inclusivity

The soundwalk experience helped the residents
recognise design improvements for the sound
environment of their future homes. One of these included
improved enclosing of the courtyard area to provide
additional protection from intrusive road traffic noise,
especially reducing the opening in the north-west corner.
The inclusion of a courtyard was a positive design

Above left:
Figure 6:
Median values
of response to
perceived affective
quality — virtual
soundwalk with
members of the
public, daytime
scenario at

the locations

of residential
block elevations

Above right:
Figure 7:

Median values

of response to
appropriateness
of indoor sound
environment —
virtual soundwalk
with residents

measure, which although not specifically intended for the
purpose, provides all residents with a quieter facade.
However, reducing the courtyard openings to help block
out road traffic noise could not have been anticipated
without the soundscape assessment.

Almost all the prospective residents considered
birdsong as a positive element of the soundscape, and so
in the discussion following the virtual soundwalk they
suggested planting in the courtyard to attract more birds
and thereby enhance natural sounds. The soundscape
assessment revealed the external amenity area at location
4 as distinctly positive in comparison to location 2. It was
therefore suggested by the residents to use location 2 for
louder activities, e.g., children’s play area, and use
location 4 as an area for quiet and peaceful relaxation.
These design responses could only be realised due to the
soundscape assessment.

The soundscape approach therefore facilitated
co-creation and inclusivity where the residents could
contribute towards improvements to the sound
environment of their future homes.

Conclusions

The soundscape assessment revealed aspects of the
sound environment which were not evident from a
traditional noise impact assessment and helped facilitate
co-creation and inclusivity where the future residents of
the development identified design improvements for the
sound environment of their future homes. As an evolving
and emerging field, soundscape exhibits great potential to
improve sound environments, and thereby health and
quality of life.

Accolades

Winner of Housing Design Awards 2022

John Connell Soundscape Award 2021

Association of Noise Consultants (ANC) Environmental
Noise highly commended award 2021

A paper on the research was presented at Internoise
2022 at Glasgow.

Take the virtual soundwalk
See what you think about the noise around the Co-HUT development here

https://www.apexacou:

stics.co.uk/take-our-virtual-soundwalk/

Institute of
Acoustics

Sound-Noise - Vibration
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The real-world performance of buildings is under scrutiny. But the part that

the technical discipline of acoustics plays in supporting both people-centric

and planet-conscious design outcomes is not always fully appreciated, yet
we know that the role of acoustics impacts on multiple levels.

By Dr Andrew Bullmore; Director,

- 4
*

Above:

The active curation
of soundscapes can
positively impact
on human health,
wellbeing and
social cohesion
(Image courtesy of
John Storock)

Our buildings need to support improved human
outcomes and there is not one decision-maker or
leader on this planet who isn’t at the mercy of human
emotions, problems and desires.

Good acoustic design is key to bringing buildings to life
for people. This imperative is coming into increasingly
sharp focus, most recently through the immediate need
for resilience against COVID, the need to futureproof
against the extremes of climate change and the flexibility
to accommodate ever-changing user expectations. It may
not be immediately obvious, but all these factors have
acoustic implications.

Sitting alongside the focus on human-centred design is
the need to be guided by doing right by our planet. The
situation demands change so we can either be part of this
change, or we can watch it happen without us. The
climate emergency has focused minds on the need to
reduce the carbon associated with buildings (embodied or
operational). If essential climate emergency trajectories
are to be met buildings will need to be constructed and
operated with operational energy use approximately 60%
smaller than has traditionally been the case, with material
circularity (reduce-reuse-recycle-recover) also becoming
increasingly relevant. Again, the delivery of successful
acoustic outcomes has implications on achieving targets
for both embodied and operational carbon, and circularity.

IOA BUILDING ACOUSTICS

The work of acousticians and the acoustics industry has
the power to design a better future. Crucially, acousticians
understand that human-centred design solutions aren’t
always the best choice for the planet and, conversely,
achieving net zero carbon and other planet-conscious
objectives can result in negative outcomes for building
users. Balancing this tension is where the industry
problem-solving culture shines.

Sound falls into two distinct categories: physical sound
and perceived sound. Ultimately it is the perception of
sound that matters in delivering a better built environment
in terms of human outcomes. It is therefore right we
should start with perceived sound as our primary driver in
designing buildings that we can declare to be ‘acoustically
high performing’. However, to deliver such human
outcomes with confidence, while simultaneously
delivering better outcomes for the planet, requires an
intimate appreciation of the underlying science.

Human health and wellbeing

The clear starting point for considering the acoustics of a
high performance building lies in the comfort and
wellbeing of its users. Somewhat counterintuitively, and
excepting buildings such as auditoria or recording
studios for which acoustics is their prime function, is
where good acoustic design should be ‘silent’. Building



users should be immersed in an environment that is

subconsciously conducive to them feeling and delivering

at their very best. Whatever the building’s prime function
may be, it should be taken as read that the very highest
performing buildings should provide an optimally
designed acoustic environment as standard.

Human outcomes are considered at two levels. Firstly,
the direct impact of indoor environmental quality on
human health and wellbeing. In this regard sound is one
of the key indoor environmental factors needing to be
considered (not forgetting that vibration also falls within
the technical discipline of acoustics). Poorly controlled
acoustic environments can lead to disturbance,
annoyance and stress leading to raised blood pressure
even at relatively low amplitudes, while prolonged
exposure to higher levels of sound can cause
irreversible damage to hearing.

The second human outcome is the degree to which
the acoustic environment promotes productive output. In
this context ‘productivity’ may be defined quite
differently for any given space or building typology. As a
rudimentary example, the prime function of a bedroom is
to enhance sleep, whereas promoting sleep in a
teaching environment would be the least
desirable outcome.

Fundamental acoustic design considerations which
acoustic designers take for granted as leading to
improved human outcomes include the control of:

- sound levels in rooms, either from noise sources
within the building itself such as ventilation systems or
the intrusion of external noise (e.g. typically from
transportation sources);

« reverberant sound build-up within rooms;

- sound transmission between adjacent internal spaces;
and

- sound egress through the building facade.

However, there are some sectors and building types
where acoustics should no longer remain a ‘silent’
discipline to good design, but instead should ‘shout’ the
presence of the highest quality acoustic design to
become front and centre of the building users’
experience. For such developments it is essential that the
aspirations and needs of the user are fully explored and
understood. Obvious examples are buildings where the
reproduction of sound is their prime function (concert
halls, auditoria, sound and film recording studios, etc).
There exists, however, a multitude of less obvious building
typologies where acoustic design is fundamental to the
building functionality. In the science and research sector
there is increasing demand for facilities benefitting from

ultra-low noise and vibration environments required for
undertaking sub-atomic scale measurements. At the other
extreme, the space industry is developing new facilities
for the testing of propulsion systems and their payloads,
both of which involve the generation and control of
ultra-high levels of noise and vibration.

Regardless of the extremes concerned, these are all
design tasks whose successful delivery demands an
understanding of the fundamental physics of acoustics
behind the design principles required to drive real-world
outcomes. These outcomes also increasingly demand
that acoustics be considered in tandem with other
technical disciplines to ensure that truly holistic
outcomes are delivered.

Our scientific understanding of the pathways to human
perception of sound is evolving; traditionally, acoustic
specifications have been based around the concept of
sound amplitude, often expressed as a single numerical
decibel limit. These limits have largely been derived from
social surveys which have sought to aggregate the
typical subjective response at a community level from
the self-reported response of populations. However, it
has long been acknowledged that the response to the
same sound stimulus can vary widely between
individuals. Large variations in response can occur even
for the same person when exposed to the same sound
stimulus but across different contextual settings. A
combination of advances in hon-invasive neuroscience
coupled with the analytics of large data sets using
machine learning techniques is beginning to provide
much greater insight into the complexities of human
sound perception.

Soundscapes

The emerging field of ‘soundscapes’ is introducing the
derivation of entirely new objective for describing sound
environments, with some of these metrics beginning to
account for context, including interactions between the
senses and especially visual cues. Perhaps most
significantly for the delivery of future high performance
buildings, this enhanced knowledge of human response
to sound will allow the active curation of sound
environments (soundscapes) specifically designed to
improve comfort and wellbeing. In so doing the
traditional reliance on designing according to sound
levels, with assumed level-driven boundaries between
what is considered to be an acceptable versus an
unacceptable level of sound, will become a
contextualised spectrum of impacts to be more

finely managed. GE»
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Planet-conscious design

With sound and vibration both acting as physical triggers
for evoking human senses, it's easy to appreciate how
good acoustic design would naturally lead to improved
human outcomes. Perhaps not so immediately apparent,
is the part played by acoustic design in helping to deliver
high performance buildings which directly addresses the
need for planet-conscious outcomes. That said, acoustic
design has its own part to play in this respect.

As far as high performance buildings are concerned,
planet-conscious design can broadly be classified into
three main areas:

- energy and carbon;
- material resource; and
- biodiversity.

Controlling both sound and vibration to within
acceptable levels in the built environment generally
requires some form of physical intervention, invariably
leading to material resource usage and therefore the
potential for associated embodied carbon. Some physical
interventions are also associated with the potential to be
directly responsible for operational carbon.

Interventions

One common example of an intervention with both
embodied and operational carbon is the inclusion of
‘in-duct acoustic attenuators’. These are commonly used
to reduce fan noise generated by air movement systems
to acceptable levels within occupied spaces. However,
one consequence of an acoustic attenuator’s ability to
reduce sound energy is the introduction of additional
resistance to air movement which, if not carefully
considered in the mechanical design, may increase the
electrical energy required by the fan(s). Depending on
the electrical carbon intensity at the time, increased
energy consumption equates directly to increased
carbon emissions. Consideratrion of the energy used to
manufacture, deliver and install each attenuator, plus the
embodied carbon in the materials is therefore important.

Another common example of a physical intervention
includes the excessive specification of materials in
partition, floor and fagade components to enhance their
resistance to the transmission of sound and vibration. This
results in the manufacture, delivery, and installation of
additional construction materials, plus the inextricable
embodied carbon.

An acoustically high performing building is one which
strikes the appropriate balance between delivering the
acoustic performance required for positive human
outcomes while being mindful of the resultant
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environmental impacts from the design interventions
required to achieve those outcomes. This need for
balance may lead to an interesting shift in the approach to
acoustic performance specification. To further elaborate,
established research informs that a difference of 3 dB(A)
is subjectively the smallest perceptible change in sound
level under practical, real-world conditions.

Which leads to the question what environmental
benefits could potentially be achieved by way of a
relaxation in target sound criteria up to 3 dB(A), thereby
reducing the quantum of sound and vibration control
interventions. Whike at first, individual gains may only be
small, but cumulative benefits could become significant in
the global context.

Added to this is the prospect that compliance-led
acoustic design, based solely on the specification of
target dB criteria, may be moving into a new era. This step
change will emerge from the previously mentioned
research into a soundscape-based approach, thereby
furthering our understanding of the subtleties of human
responses to the characteristics and context of the sound
environments to which they are exposed.

Building technologies

The foregoing examples assume a ‘business as usual’
approach to delivering beneficial acoustic outcomes.
However, the world we live in today is anything but
‘usual’. Rapid advances are occurring across a whole
range of building technologies, including digital
enablement, materials, manufacturing and approaches
to both off-site and on-site construction. Research is
simultaneously leading to advances in our underlying
scientific understanding of both physical acoustics (in
particular, the acoustic properties of materials) and
human response to sound, while technology is
enabling ever more sophisticated numerical modelling
to be performed. Surely, now is the time to take a

step back from the norm and take a more holistic,
outcomes-focused, approach to delivering truly
sustainable buildings.

Building construction hasn’t fundamentally changed
for decades. Buildings still rely primarily on the delivery
of materials to site where construction workers craft a
basic shell, with multiple trades subsequently attending
site to fit out and modify that shell to deliver the building
to its required, typically compliance driven, specification.
However, the emergence of design tools integrated with
factory-based modern methods of construction (MMC)
means this traditional approach no longer needs to
remain the status quo. Under this transformation, the



more radical the thinking, and the greater the emphasis
placed on achieving truly holistic outcomes across both
human-centric and planet-conscious spheres of
influence, the better.

Window design

Using the window as an example of how taking a more
outcomes focused, systems-thinking approach to design,
and making use of modern technologies, could provide
far reaching benefits, we need to start with the most
fundamental question: what basic functions does a
window serve?

Windows provide a connection between a building’s
occupants and the outside world. Whether open or
closed, clear glass allows daylight and warmth in and
views out. When open, windows provide an even greater
connection by providing a conduit into buildings for fresh
air for ventilation, thermal comfort and for the sounds of
nature. It is hard to argue that any of these attributes can
deliver anything other than beneficial human outcomes.

However, such a connection with the external
environment isn’t always desirable. At night, for example,
we often wish to exclude artificial light from road traffic or
streetlights, as well as prevent views from outside to in.
We address these issues by adding opaque coverings to
windows in the form of internal curtains or blinds, and
shutters (internal or external). During the day, solar gain
through windows may also result in overheating which is
commonly addressed using blinds, curtains, shutters, or
external solar shading.

Also, if the act of opening a window doesn’t allow
ingress of fresh air or the sounds of nature, but instead
results in poor external environmental conditions

associated with low air quality and excessive noise due to
road traffic? The ‘solution’ in such cases is to keep
windows closed, or to provide permanently sealed
windows which facilitates the exclusion of poor external
environmental conditions. But this action introduces the
need to provide a means of ventilating the internal space,
requiring the introduction of some form of forced system.
Whether such systems are local or central they come with
attendant energy requirements, potentially leading to
improved human-centric outcomes at the cost of poorer
planet-conscious outcomes. Where some form of
mechanical cooling is required, this will also introduce
attendant energy requirements, resulting in increasingly
critical challenges. This is due to the increased
occurrence of climate change-induced temperature
extremes and the need to provide better insulated
buildings to accommodate new thermal technologies
such as heat pumps.

User control
The complex balance between human-centric and
planet-conscious outcomes is further complicated by the
traditionally perceived benefit of affording building users
some degree of control over their internal environment,
including their ability to open and close windows and/or
the associated window coverings. This must now be
considered in the context of the energy and emissions
associated with such control, including impacts on the
effectiveness of the ever increasing complexity of
ventilation, cooling and heating strategies.

Based on the above, even the humble window has a
host of (often competing) outcomes to deliver on behalf
of building occupants. Not least, windows need to >
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variously connect occupants with, and isolate them from,
the building’s external environment.

Specific considerations have thus far included: daylight;
views; light pollution; visual privacy; sound; ventilation; air
quality; heating; and cooling. Other design considerations
include security, fire safety and facade access/building
maintenance, etc.

The question the acoustics community is asking itself is
whether the design of the high-performance building of
the future could benefit from acoustic designers taking a
step back to look at the issues from a systems perspective
in tandem with engineers and designers from other
technical disciplines.

When adopting a systems-thinking approach the
window should be considered an integral part of a
system, which includes the whole of the building’s facade,
as well as the building’s ventilation, thermal management
systems, control strategies and its occupants.

Modern methods of construction

Recent advances in MMC, including the multiple benefits
afforded by off-site factory production environments,
opens the possibility of better integrating multiple
outcomes within the design and construction of the
building structure itself. Focusing on acoustics, complete
facade elements (including windows) could be delivered
to site with a warrantied composite sound insulation
performance. These facade elements could include
integral features such as controllable ventilation paths
with built-in acoustic attenuation to control the passage
of sound. Current developments in acoustic
metamaterials could revolutionise the form of acoustic
attenuation, as could future developments in active
noise control. Integral ventilation paths would no longer
have to rely on the windows and could also include
integral air movement devices, comprising energy
harvesting elements all integrated into the facade. These
facade-integrated ventilation paths could equally host
thermal transfer and air filtration components. All of
which possible by the facade manufactured under
closely controlled factory conditions, as opposed to
constructed under uncontrollable on-site conditions.
The environmental benefits associated with reductions
in energy, embodied carbon and waste in both
manufacture and construction, plus greater material
traceability and circularity, would be significant. Equally
significant would be the guarantee of precision
manufactured units delivering both better installed
performance in all regards, (including acoustics) and
human-centric outcomes.

IOA BUILDING ACOUSTICS

Building intelligence

Also worthy of consideration as part of any new
approach to the design and operation of high performing
buildings is the impact that advances in building
intelligence (often referred to as smart

building technologies) may have. A prudent and

targeted deployment of these technologies could
simultaneously yield both better human-centric and
planet-conscious outcomes.

Again, this concept may be illustrated by reference to
providing adequate ventilation and cooling to internal
spaces (often via opening windows) while simultaneously
protecting against external noise ingress. Under many
practically encountered situations, external noise levels
are not constant but instead exhibit significant diurnal
variations. This is particularly the case with road traffic,
which is a primary source affecting buildings. Likewise,
acceptable levels of noise in internal spaces may also
vary depending on the time of day or night. However, as
previously mentioned, the common ‘solution’ to
protecting building occupants against external noise is
to include non-openable windows in noise-exposed
facades. The problem with this is that it removes the
option for building occupants to choose natural
ventilation via open windows even at those times when
the external noise levels are acceptably low. It also
removes the option to remove excess heat by passive
cooling particularly when noise ingress cannot
negatively affect absent occupants.

Monitoring

A more targeted approach to maintaining the appropriate
balance between human-centric and planet-conscious
outcomes could be based around evidence provided by
sensed data. The real-time monitoring of internal versus
external environmental conditions could provide
essential information to building users, allowing them to
self-evaluate the benefits/disbenefits of taking certain
actions. For example; the simultaneous monitoring of
external and internal noise levels, temperature and air
quality could all provide information to inform occupants
on the appropriate course of action. The same
information could equally be fed into enhanced Building
Management Systems (BMS) to toggle noise attenuation
components integrated within passive or mechanical
ventilation systems. To better engage building users,
evidence could simultaneously be provided as to the
anticipated benefits resulting from any such automated
control, both from an indoor environmental quality and an
energy saving perspective.



There also exists the possible sensing of occupancy
patterns simultaneous with the monitoring of internal
environmental quality, including the acoustic environment,
to gather real-world evidence on the degree to which
sound contributes to occupants’ preferred choice of
locations. Such information could usefully inform future
acoustic design criteria on the basis of behavioural as
opposed to questionnaire-based evidence.

Building performance

No single building can be considered in isolation, but
rather, each exists as part of a wider built environment
ecosystem.

Even within the boundaries of the building itself, there
exists the complex ecosystem comprising the interaction
between a building and its occupants. These two
components cannot be considered in isolation; the
performance of a building impacts on the performance
of people, just as the behaviour of people impacts on
the performance of the building. This bidirectional
interaction has effectively been recognised in the
previous discussion regarding the need to manage the
tensions between delivering human-centric and
planet-conscious outcomes.

However, when determining what is required to
deliver a truly high performing building, consideration
needs to extend far beyond the physical boundaries of
the building itself, because those physical boundaries
are permeable.

Creating ‘good’ sound environments

As people flow through buildings, they interact with the
spaces between buildings. It is vital that the
environments in these spaces encourage walking,
cycling and socialising and create meaningful dialogue
between individual buildings and the wider built
environment. The curation of spaces between buildings
in this manner is known to be crucial in creating healthy,
vibrant spaces that promote wellbeing and wider social
benefits. Beyond these spaces, people also interact with
the transportation networks that facilitate wider access
to the built environment. Acoustics has its own part to
play in this general arena. Previously mentioned
advances in soundscape research are increasing the
understanding of what characteristics constitute ‘good’
sound environments. This understanding will
increasingly inform how soundscapes should be
proactively designed and managed. However, that is
looking more towards the future. In the immediate term
acousticians have long played a vital role in managing

the transmission of noise across a building’s boundaries.
This includes both the control of external noise ingress
into the building and the control of noise radiation from
the building to prevent adverse impacts on the
neighbouring environment including other buildings.
Secondly, high performance building design needs to
properly account for the movement of resource and
materials across buildings’ boundaries. This includes
incoming resources in the form of utilities and associated
bi-products comprising ‘products’ and waste. In this
context, the word ‘product’ is used to define the primary
intended output function of the building, be this a
physical product in the traditional sense of the word, or
educated pupils from an academic establishment, or
recovered patients from a healthcare establishment etc.

Carbon, social and environmental impacts
The delivery of a truly high performing building cannot
ignore these multiple connections with the wider world.
This is particularly the case with the onset of net zero
carbon and environmental, social and governance
strategies. These increasingly demand evidence of
carbon, social and environmental impacts along the
complete supply chain, which is whe acousticians can
not only bring their extensive experience in building
design to bear, but can usefully call on their wider
expertise in the acoustics of energy generation and
transmission, transportation systems (including road, rail
and air) and also the impacts of noise on wildlife, a factor
which is becoming increasingly important in

managing biodiversity.

This article should remind you that:

The climate emergency has focused minds on the need to reduce the carbon associated
with buildings (embodied or operational).

« Recent advances in modern methods of construction opens the possibility of better
integrating multiple outcomes within the design and construction of the fundamental
building structure itself.

« The criticality of curating spaces between buildings is universally recognised in creating
healthy, vibrant spaces that promote wellbeing and wider social benefits.
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|OA education and training
N OUIdINg acoustics

The Institute of Acoustics (IOA) offers a range of professionally recognised
training for those interested in careers involving building acoustics and those
already practising in the field who wish to brush up on basic concepts,

methods, standards, guidance and legislation.

By Professor Keith Attenborough, IOA Education Manager

Certificate of Competence in Building

Acoustics Measurement (CCBAM)

The main aim of this five-day course is to train delegates to
carry out and report upon sound insulation tests on walls
and floors in accordance with relevant standards and
regulatory instruments. Its main focus is on the
measurement requirements of BS EN ISO 140 parts 4 and 7

and BS EN ISO 717 parts 1and 2, but it is useful in respect of

other requirements including those in Building Regulations
(Annex B of Approved Document E in England, Booklet G in
Northern Ireland, Technical Handbook 2010 Section 5 in
Scotland) and those relating to schools, hospitals

(Health Technical Memorandum 08-01) and offices.

There is an examination on the final day and the course
assessment includes a practical test. Usually, exams take
place in April and November.

More details and up-to-date information about
accredited Training Centres and dates are here:
https://www.ioa.org.uk/training/certificate-competence-
building-acoustics-measurement

Certificate of Competence in Irish Building

Acoustics Measurement (CCIBAM)

An update to the Irish Building Regulations, which came
into force for all new projects starting on site on or after
1July 2015, requires mandatory pre-completion acoustic
testing by competent individuals and the CCIBAM course
addresses this requirement.
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The course content duplicates much of that of CCBAM
but will cover primary differences between UK and
Irish requirements relating to:

« schools and healthcare buildings;

» building regulation tests;

« access to Quality Management Schemes; and
- the different applicable standards.

If you are interested in taking the CCIBAM course,
please visit the website for the Sound Insulation Testing
Register Ireland (SITRI) who manage applications for the
course, and who can also provide information on the Irish
sound insulation testing registration scheme.
https://www.soundtestingireland.com/go/training


https://www.ioa.org.uk/training/certificate-competence-building-acoustics-measurement
https://www.soundtestingireland.com/go/training

Specialist module on building acoustics

in the IOA Diploma

This module is one of four specialist modules from which

Diploma candidates choose two, but it can be taken as a

standalone module with or without assessment. As well

as comprehensive course notes, the blended

learning version features eight videos, presented by

Dr Juan Battaner-Moro, which cover:

- analysing the acoustical performance of enclosed
spaces in buildings;

- building components and structures;

- identifying means of achieving desired acoustical
characteristics in spaces;

- predicting noise generated by building services; and

- specifying electroacoustic system requirements for use
in buildings.

After completing the module, candidates should be
able to identify and select appropriate indices, criteria
and standards for assessing the acoustical performance
of buildings, formulate an appropriate design protocol in
a specific indoor situation, carry out measurements and
calculations to justify and implement an acoustical
design strategy and write an appropriately structured
technical report. For more details visit https://www.ioa.
org.uk/diploma-acoustics-and-noise-control

Online refreshers

A series of short online refreshers which recycle and
repackage videos produced for the blended learning
version of the IOA Diploma will be launched in 2023.
These online refreshers will be (freely) available to IOA
members and do not involve any assessment (self or
otherwise). Three of them relate to building acoustics.

Room Acoustics refresher consists of four videos:

« sound absorption, sound absorbers and sound
absorption measurement;

- standing waves and room modes;

» room acoustics calculations; and

- aspects of design for good room acoustics including
auditorium acoustics.

Sound Insulation refresher has seven videos:

« principles of sound transmission;

. factors that influence sound insulation and ways of
improving sound insulation;

« airborne and impact sound insulation measurement;

» sound insulation rating;

- sound insulation in practice covers topics such as
robust details, and guidance on relevant considerations
in schools and hospitals;

- control of building vibrations; and

« noise from building services.

Vibration refresher has two parts relating respectively to
vibration fundamentals and building vibrations.

A new type of certificate?

One of the ideas being discussed concerning the future
education and training provisions of the IOA is that of an
advanced certificate. An example relating to building
acoustics would involve a combination of the Certificate of
Competence in Building Acoustics Measurement and the
Diploma Specialist Module on Building Acoustics. The
precise form, assessment provision and delivery modes
for the advanced certificate have yet to be determined.
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Museu
SOUNASCa

DES

British museums of the late Victorian era were created and designed

to house vast collections of artefacts; characterised by expressive
volumes and hard reflecting surfaces which result in a cold soundscape.
More recently, museums have undergone significant changes in their
mission: aiming to become inclusive places for learning and
self-development where the emphasis is on the visitor experience.

By Rebecca Romeo Pitone and Jack Harvie-Clark

his article explores how, in conjunction with
curatorial practice, acoustic design could
reinforce this important shift.

When designing a new type of museum
soundscape it is particularly important to consider
visitors with hearing and visual impairments, sensory
issues, and non-native speakers, as well as those that
feel museums are ‘not for them’.

We carried out a consultation on behalf of an
architectural firm, tasked with the refurbishment of a
public war museum in the North East of England.

The museum and its renovation

The Museum was built in the 1960s and its collection
includes hundreds of thousands of artefacts, including
documents, weapons, uniforms, medals and other
war memorabilia.

In 2016, the local authority closed the museum
because of low visitor numbers. However, following
a campaign led by the local community, this decision
was overturned and after a consultation led by the
architect, the local authority agreed to restore the
venue. The renovation includes an upgrade of the
existing building, a purpose-built extension to hold
the museum collection, and the redesign of the

outdoor area to be turned into a reflective garden.
Plans featuring ambitious exhibitions, state-of-the-art
educational facilities and a new section dedicated to
restaurants are representative of a bigger repositioning
plan for the museum within the regional and national
cultural landscape.

Due to the grandeur of their architectural design,
museums have acquired a distinctive soundscape — we
can all picture the imposing ambience of the museum
foyer, which warns us about the imminent enforcement
of silence. The acoustics in this type of building is
reminiscent of that of a place of worship and reinforces
the idea of the museum as a ‘temple’.

Dr David Fleming, Director at National Museums
Liverpoof', describes how the museum architecture itself
functions: “Many museums were designed to overwhelm
visitors. The classical columns and pediments, the
banks of steps, the ornate iron gates — these are
devices that convey numerous messages, all quite
conscious, about what an entry to this grand edifice will
lead to. Museum architecture has always been, and still
is, an area where pomposity and vainglory can run riot.
[...] It is the cavernous interior that often reduces people
to hushed whispers and an impression that, somehow,
they oughtn’t to be there.”

Footnotes

1. D. Fleming, ‘Creative space’, in Reshaping Museum Space - Architecture, Design, Exhibitions, Ed. London: Routledge, 2005, pp-53-61.
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New museums ought to explicitly counteract the
impression that their spaces and collections are
exclusive to a certain group of people. Questions of
accessibility and diversity are at the heart of the new
museum, not just as drivers for attendance, but as key
values for an institution that needs to reflect change
in society. In the new museum, the emphasis must be
on the visitor experience and the services required to
satisfy their expectotionsz. And, for the visitors who
can hear, the museum is not a visual place, but an
audiovisual environment?, therefore their experience
needs to be addressed from an aural perspective too.

Our initial task during the consultation was to
characterise the desired visitor experience from an
acoustic perspective.

The context of museums’ soundscapes

ISO 12913-1 defines context as a complex system of
‘interrelationships between person and activity and
place, in space and time’*. It is context that transforms an
acoustic environment into a soundscape. Since museums
are cultural venues, context needs to be framed from a
cultural perspective. In the full version of this article, we
explore the origins of the soundscape of the museum-
temple, tracing its connection with colonialism.

If the museum-temple that was designed to overwhelm
and intimidate its visitors is a huge, extremely reverberant
space where every footstep, whisper and cough is
amplified and where the build-up of sounds gets
uncomfortable, especially for people with sensory issues,
then, these acoustic qualities will carry connotations of
exclusion, even when transferred to the new museum.

Acoustics in museums is not a widely researched topic.
As mentioned previously, we know that museum-temples
were designed to contain vast collections of artefacts;
current literature has not yet discussed whether any
consideration was given to their acoustic performance.

Above: Figure 1. Binaural video of main exhibition room
https://vimeo.com/825782544/e82d07de74

At this stage of the research, we must assume that
the acoustic qualities of the museum-temple are a by-
product of its geometry and the materials employed —
marble, granite, alabaster etc all contribute to the ‘echo
chamber’ effect®.

Carvalho et al.® studied the difference between
the acoustics of ‘modern’ and ‘old’ museums. What
they define as ‘modern’ is the museum built later than
the mid-twentieth century, whose design is based on
reinforced concrete. According to the authors, the
modern museum often presents acoustic issues due to
reflective coatings, hard floors, high ceilings and very
expressive volumes; whereas the ‘old’ museum is the
museum installed in ‘historic’ buildings; which, based on
their definition of ‘modern’ could be anything before the
mid-twentieth century. Carvalho et al. state that older
museums tend to behave better acoustically, compared
to modern museums.

A big acoustic challenge when it comes to museums
is to create an environment that allows quiet
contemplation without preventing the visitors from
talking with other visitors or museum staff.

In the preliminary investigation we contrasted two
types of museum soundscapes: the first, linked to the
museum-temple, is characterised by more reverberant
conditions (based on our perception, not measurements
in-situ). It is quite common to refer to this environment as
‘cold’”; since every little sound is magnified against an
overall silent background, the attention can suddenly
be drawn to us; the experience in these rooms can be
quite alienating, especially for people who are not
regular museum-goers.

An example of this environment can be heard in
this binaural video (at Figure 1) recorded in the main
exhibition room of an art gallery in the North East. &

Footnotes

2. P.C. Marani, R. Pavoni, Musei — Trasformazioni di un’istituzione dall’eta moderna al contemporaneo. Venezia: Marsilio Editore, 2006, p. 59.

3. S. Voegelin, ‘Soundwalking the Museum — A Sonic Journey through the Visual Display’, in The Multisensory Museum - Cross-Disciplinary Perspectives on Touch,

Sound, Smell, Memory and Space, Ed. Plymouth: Rowman & Littlefield, 2014, pp. 119-130.
4. BS ISO 12913-1:2014 — Acoustics — Soundscape Part 1: Definition and Conceptual Framework, London: ISO, 2014.
5. Asi Architectural, ‘Acoustics In Museums: The Science Of Sound, 2020. [Online].

Available: https://www.asiarchitectural.com/acoustics-in-museums/. [Accessed: 24-Apr-2023].

6,7. A.P. Carvalho, H. Gongalves, L. Garcia, ‘Acoustics of Modern and Old Museums’, in NOISE-CON 26/28 Aug 2013, Denver, Colorado. [Online]. .
Available: https://www.researchgate.net/publication/263564828_Acoustics_of_Modern_and_Old_Museums. [Accessed: 27-Apr-2023]. @ Institute of
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We can immediately notice that the acoustics are not One of the main aspects that is considered in this

appropriate for the activity being carried out and the literature is reverberation control. Reverberation typically

overall soundscape is rather cold. affects acoustic comfort negatively; it causes background
On the other end of the spectrum, this binaural video noise to rise and reduces speech intelligibility. Longer

(at Figure 2) shows an example of a museum space that reverberation times make listening very tiring for people

was designed to host multimedia installations, as well with a hearing impairment and non-native speakers; while

as traditional exhibitions. Here, despite the expressive also making orientation difficult for people with a visual

volumes and the darker colour palettes, the space impairment. People with neurodegenerative conditions,

feels ‘warm’. such as dementia, and neurodivergent conditions

(autism, ADHD, dyspraxia) and people with hearing

Inclusive museum soundscapes differences, such as hyperacusis and misophonia, are

To obtain a space like this, which is almost conceived often extremely sensitive to noise. For individuals with

as a walk-in cinema, acoustics needs to be carefully high and hypersensitivity, higher background noise can

designed. The understanding of accessibility is rapidly increase stress levels, cause anxiety and ultimately

changing and the role that the built environment sensory overload™®.

plays in the exclusion of people is getting more widely PAS6463 goes into detail about the practical

recogniseds. Our consultation for the museum drew solutions for inclusive design. These include:

from recent scholarship and government guidance, » isolating the quietest areas from the noisiest areas,

(PA56463)9 aimed at designing inclusive buildings. allowing a gradual transition to and fro;

\ Example #3 "-*\

e — T

Above: Figure 2. Binaural video of contemporary museum. https://vimeo.com/825785665/de674f5977?share=copy

Footnotes
8. A. Heylighen, G. Vermeir, M. Rychtdrikovad, ‘The Sound of Inclusion: a case study on acoustic comfort for all’, in Designing Inclusive Features, ed. London: Springer,
2008, pp. 75-84.

9, 10. BSI, PAS 6463:2022, Design for the mind - Neurodiversity and the built environment - Guide, London: BSI Standards Limited, 2022.
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» background noise level control;
- avoiding hard reflective surfaces, favouring soft
furnishings, and providing the correct amount
of absorption;
- creating smaller semi-enclosed spaces within a big
area; and
« enabling the building users to change their acoustic
environment, e.g. switching fans on or off, closing
and opening windows, moving from space to space,
accessing quiet rooms, choosing the level of noise of
an appliance.
This level of control may be difficult to obtain in
a museum, where the visitor experience is always
mediated (by security and other museum staff);
however, emphasis can be placed on the ability
to access quiet areas when needed. It is therefore
important to make a variety of spaces available and
easily accessible to visitors.
Another aspect that may be difficult to implement
from a curatorial perspective, is the creation of smaller

Links

spaces within an open areaq; different artefacts from the
same collection are usually shown in the same room for
narrative purposes.

Conclusion
A warm and inviting soundscape puts the emphasis
on the visitor's experience and it can help reduce
the museum’s threshold fear, i.e. ‘the physical [and
programmatic] barriers that make it difficult for the
uninitiated to experience the museum’. It reinforces the
shift from the museum-temple, to the new, welcoming
and inclusionary museum.

There could be a correlation between a warm
soundscape and an improved visitor experience.
From a commercial perspective, this would imply
that acoustic design may have a role to play when
it comes to repositioning museums during their
refurbishment; changing them from obsolete museum-
temples to welcoming, multilayered and inclusive
cultural attractions.

This article is an adaptation of a research paper titled Decolonising Museum Soundscapes (by Rebecca Romeo Pitone and Jack Harvie-Clark), submitted to the Forum

Acusticum 2023 Torino, Session A14-01 Indoor Soundscaping.
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nspiring the
next generation of
pUilding acousticians

When talking to young people (and adults) about careers in building design,
most tend to think of architects and builders — they may think of civil and
structural engineers, but it is unlikely that they will think of acoustic
consultants. This highlights the importance of promoting the subject to the
next generation to attract the best talent and drive the future of sound in our
indoor spaces. STEM ambassador and acoustician,

Vicky Wills explains how she does it.

By Vicky Wills

Above:
Andy Waring, Vicky Wills and Matt Muirhead at St Oscar Romero School with the
“You’re Banned!’ activity
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The acoustic design of a building is important for the
people that use it. For example, people that live in a
building need to be able to relax and enjoy their home
without worrying about noisy neighbours and next
door’s dog!

Offices are designed to aid concentration, schools to
encourage collaboration, and music venues to make
every hair on the back of your neck stand on end when
your favourite musicians take to the stage! Every story is
different, and acousticians decide how that story sounds.

| am an acoustician. | am also a STEM (science,
technology, engineering and maths) ambassador, which
means | take a special interest in communicating the
importance of sound and acoustics in the
built environment.

I’'m going to share some examples of how we
communicate building acoustics to young people,
including a couple of activities that are interactive,
engaging and transferable across learning abilities.



The importance of a good demonstration

| went to my first careers fair as a STEM ambassador, at a
local school about 10 years ago. | took what | could find
from my office and my laptop. A few people stopped at
my table, but | certainly wasn’t rushed off my feet. | was
thinking, “l know that acoustics is really interesting, so
why won’t anyone talk to me?”

On the other side of the room was a stand with a
constant buzz. They had a really cool demonstration that
involved mixing water, tiny bits of paper and polystyrene
balls in a big tank. The demonstration involved altering the
shape of the tank with inserts which totally changed how
the objects in the water moved — it was mesmerising! The
people at that stand watched the demonstration and
stayed to ask questions. So, since that first careers fair, |
have always strived to demonstrate the most engaging
and interactive concepts of acoustics as playfully as | can.

Acoustic demos and making the most

of the venue

There are plenty of great, simple and cheap sound

demonstrations that can be used when talking to people

about sound. This includes:

- videos of real places and spaces; from train stations to
anechoic chambers;

- recordings of the same sound in different real and
theoretical spaces;

- musical instruments and talking about how they were
designed to amplify sound;

« music boxes or vibration speakers to demonstrate
structure-borne vibration;

« sound delay experiment on the school grounds; and

- discussions of soundscapes and soundwalks.

These types of quick demos work well in classroom

settings, are useful for any age group and ability and can

easily fire up a student’s imagination.

However, careers fairs are generally set up in large open
rooms (like a sports hall) with lots of reflective surfaces.
Generally, all surfaces are acoustically hard and reflective,
which is great for bouncing balls in, but is not an ideal
space for speech. Sound and audio demonstrations (apart
from ear defenders) generally don’t work well in these
large, noisy rooms. You’d have thought we would have
cracked this problem by now, but alas...demonstrating
acoustics in a noisy environment is hard work!

Nevertheless, we can use the space we are in to our
advantage when explaining what acousticians do for a
living. Why does it sound terrible? Why can’t we hear the
teacher when they turn their head away from us? Is there
anything in the room that was designed to improve the

acoustics? How does the sound differ from other spaces,
like libraries and swimming pools? Would the room
sound different if bigger or smaller? What kind of things
could we do to improve the sound in that space? A
sports hall is a great space to think about the importance
of acoustic design.

But, a lovely conversation about the room we are in
isn’t going to draw a crowd, so what can we put on a
careers table to create some buzz about our stand?

Some very lucky acousticians might have access to
something that makes sound visual, like an acoustic
camera, a visual sound limiter device, or even something
like a head and torso simulator. We could use our laptop
screen and a pair of headphones to run some demos,
but without a dedicated colleague to help, hunching
over for two hours is a recipe for backache, and any
technology issues could take attention away from
valuable conversations.

| appreciate that so far nothing | have said is looking
very promising for careers fairs, and STEM ambassadors
must just chuck some leaflets, mugs and pens into a
carrier bag and hope for the best...but hold on a bit longer,
| might have the answer...

My favourite acoustic crowd pleaser

Almost everything that acousticians do to make spaces
sound better is because of what we hear through our
ears. So...let’s use the room we are in to run quick
listening experiments. So much of our world today is
virtual, so we can do something real, fun, memorable...
and a bit silly.

Hopefully, with enough time before an event to getto a
hardware shop, we can create a few easy demos using
cheap ear defenders, plastic waste pipes and (sometimes)
funnels. This includes:

- confusaphones (swapping ears);

- ear funnels (amplifying sound from one direction);

- making seashell sounds;

- the swanee whistle (making a penny whistle that uses
ambient sound); and

« musical pipes.

The instructions to make them are here

http://salfordacoustics.co.uk/listening-devices/.

As well as being great experiments that work well in busy
rooms, they are eye-catching, and people like to take
pictures of themselves looking daft. This isn’t a perfect fit
for room acoustics, but the devices actually work BETTER
in busy rooms, so that’s something else that we can
discuss with the students. EEI»
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If you don’t work in acoustics but still carry out school
engagement, | recommend taking something hands-on
and fun along that is related to your job. It could involve
dry spaghetti and marshmallows, foil, marbles and a tank
of water or even Lego, but it’s a great way to get people
to visit your table, and stay for a chat. STEM is about
opening doors in education, engaging, inspiring
and communicating.

In addition to something fun, it is a good idea to have a
tablecloth, a banner, some relevant leaflets and links/

QR codes. (Maybe even some freebies, if you have any).
Although really, the most important thing at a careers fair is
you, the enthusiastic role model, talking about your career.

You’re Banned! — classroom activity

There is one more exciting resource that | haven't yet
mentioned, which can be used in classrooms by IOA
members. The IOA owns and maintains the “You're
Banned?!’ classroom activity that asks groups of pupils to
design and maintain their own soundproof practice room
for a band or music group.

Each group is given a test rig comprising a framework
for the room into which they can fit a range of materials of
differing density and absorption characteristics such as
foam, sheet steel, plywood, hardboard and plastic. The
students are also provided with a sound source,

IOA BUILDING ACOUSTICS

Above:

Alex Krasnic
wearing
confusaphones at
the Big Bang Fair
South East 2019

representing most of the instruments, and a vibration
source, representing the drum set. The aim is to design
the room in such a way as to minimise the airborne and
structure-borne sound transmission within a given budget.

This hands-on activity allows the students to investigate
and experience acoustic principles, by testing and
improving their design, which is far more fun, valuable and
memorable to the students than sitting through a
long presentation!

The activity is a great introduction into the principles of
building acoustic design and can be a focal point for the
discussion of a wide variety of topics from facade design
to flanking transmission and dampening within
building structures.

For more information about the ‘You’re Banned?’ kits,
please contact stem@ioa.org.uk .

Plans for 2023

Springpod will be working with the I0A again in 2023 to
deliver the virtual work experience on acoustics to young
people. The programme will be accessible all year round
so attendees can fit it around their school work, exams
and holiday periods. Please tell the young people in your
life to sign up here https://tinyurl.com/66ktscr4 .

This article should remind you that:

There are plenty of great, simple and cheap sound
demonstrations that can be used when talking to people
about sound.

Create a few easy demos using cheap ear defenders, plastic
waste pipes and funnels.

If you don’t work in acoustics but still carry out school
engagement, take something hands-on and fun along to a
careers fair that is related to your job.

Springpod partners with universities and employers to create
interactive, experiential learning programmes which empower the
next generation and enable them to take their future into their own
hands by giving them equal access to opportunity.
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Pardon’

What? Hun?

Following the STEM article on the previous two pages, we now explore the
concepts of reverberation time and speech intelligibility — both fundamental
in the acoustic design of buildings, and suggest ways we can experiment with

acoustics at home, school or anywhere else!

By Cameron Salisbury, Senior Acoustics Consultant, Environment, Europe & India, AECOM

Above:

Clapping your
hands is a fantastic
way to estimate a
reverberation time

Acoustics is an important consideration in building
design because it can greatly impact the overall
experience of a space, especially an indoor space.

Imagine being in a school hall with poor acoustics,
where the sound echoes and reverberates, making it
difficult to understand someone speaking at the front. A
well-designed space with good acoustics controls these
sound reflections and can enhance a performance,
improving the overall audience experience.

IOA BUILDING ACOUSTICS

Reverberation time

Reverberation could be described as ‘leftover sound’. It's
what you hear after an initial sound has stopped, like a
balloon popping. It's the ‘pshhhhhhhht’ you hear after you
clap your hands in a tunnel — the sound that seemingly
lingers just that little bit longer. This lingering sound is all
the reflections of sound that still have enough energy to
travel and have not already been absorbed by surfaces or
materials in the space. Acousticians say “RT60”, which



means ‘ReverberationTime60dB’. This is the time taken for
a sound to decay by 60 decibels (dB) after the initial
sound has stopped. Well spotted, 60dB is the (60) in
RT60! Of course, an RT30 would be the time taken for a
sound to decay by 30dB... and so on and so on... Easier
than it sooouunnas....right? In other words, reverberation time
is the time it takes for sound to ‘fade away’.

Long reverberation times cause sounds to echo and
linger, making it difficult to understand speech and music.
This often happens in large open spaces like churches or
auditoriums, where the sound can bounce off hard
surfaces and reverberate for several seconds. On the
other hand, a room with a short reverberation time will
have a more controlled sound, making it easier to
understand speech and music. This is often the case in
smaller rooms or spaces with sound-absorbing materials,
like carpet or acoustic panels. Don’t believe me? Clap
your hands in your bedroom or living room and then again
in the bathroom or kitchen — you should hear a difference.
Reverberation time is affected by the size and shape of a
room, as well as the materials used for the walls, ceiling,
and floor.

Speech intelligibility

Speech intelligibility is the measure of how well and
clearly speech can be heard and understood in all parts of
any given space. It is affected by reverberation time (and
therefore size, shape, materials present etc. within a
room), background noise, and the quality of a sound
system (if there is a sound system present). In general, the
goal is to design a space with high speech intelligibility,
where speech can be easily understood by listeners. For
example, at a railway station, it is important to be able to
hear announcements like ‘the next train arriving on
platform 1is the..” you get the idea. But there are times
where privacy is desirable too and spaces such as
restaurants or open plan offices are designed to have
lower speech intelligibility so that neighbouring
conversations become more private.

To achieve high speech intelligibility, designers must
consider the acoustics of the space and select
appropriate absorbers (to stop sound reflecting), diffusers
(to encourage sound to scatter in different directions as it
reflects) and sound system placements.

Right:
Reverberation
could be described
as ‘leftover

sound’. It's what
you hear after an
initial sound has
stopped, like a
balloon popping

For example, in a lecture hall, it is important to minimize
background noise and reverberation time (high
absorption), while also ensuring that the sound system is
correctly positioned to produce high quality sound and is
also properly calibrated.

Experimenting with acoustics

Understanding reverberation and speech intelligibility can
help us appreciate the importance of good acoustics in
building design. If you are interested in experimenting
with acoustics, here are a few simple things you can try at
home or in a classroom:

Clapping your hands is a fantastic way to estimate a
reverberation time. Clap your hands once in a bathroom
or somewhere with hard or tiled surfaces. You should hear
that there is some reverberation (lingering sound after the
clap). Try adding sound-absorbing materials, like pillows
and blankets...clap your hands again. Do you notice a
decrease in reverberation as you add more sound-
absorbing materials?

You should notice the sound is more controlled and
doesn’t echo so much. If it does, why do you think that is?
Remember, the size, shape and construction materials all
contribute to the acoustics of a space. Could you position
your absorbers more effectively?

Fade out

Experimenting with acoustics can give us a better
appreciation for the importance of good acoustics in our
daily lives. Whether we are attending a lecture, watching
a film, or simply listening to music, the acoustics of a
space can greatly impact our overall experience.

By understanding concepts like reverberation time and
speech intelligibility, we can begin to design and create
spaces that are both functional and enjoyable to be in. So
start clapping your hands more and figure out why certain
spaces sound the way they do.

Fun fact: The longest recorded reverberation time is 112 seconds!

In 2014, acoustics expert Trevor Cox crawled through a narrow pipe into a subterranean oil tank in Inchindown, Scotland. One gunshot and 75 seconds later, he had set a
new world record for the longest echo in a man-made structure. Learn more about reverberation time, and listen to the record-holding gunshot in the underground
chamber here: https://www.bksv.com/en/knowledge/blog/perspectives/longest-reverb
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Guide to commonly-adoptec

building acoustics star

dards

and guidance documents

In this article, we take a close look at some of the most commonly-adopted
sources of building acoustics criteria which acousticians may typically
reference at the early design stages of a project.

By Alex Krasnic

Because building types/uses are so numerous and
potentially feeding from a multitude of sources of

acoustic performance criteria, a selection of typical
built environment sectors are referenced below, each
identifying the most common sources (some of which
may be utilised across multiple sectors). To conclude,
a selection of commonly adopted environmental and

sustainability certification schemes are also
referenced, with particular focus on building

acoustics requirements.

Multi-sector

The single, most commonly referenced
multi-sector standard (certainly on
UK-based projects) is British Standard;
BS8233. Now in its 2014 edition,
BS8233 has been around since its first
1978 edition, with its origin tracing back
to 1972 when it was first published as
P:3 Chapter lll:1972. An important
aspect of BS8233 is explained in the
2014 edition Foreword: BS 8233:1999
was, like its predecessor CP3 Chapter
IIl:1972, published as a code of
practice. However, it was decided to
publish this edition as a guide because
the text largely comprises guidance
that does not support claims of
compliance. Excepting this nuance, the

IOA BUILDING ACOUSTICS

BS 8233:2014

BS| Standards Publication

Guidance on sound
insulation and noise
reduction for buildings

making excellence a habit”

primary reason for its ubiquitous adoption on projects, is
due to its inclusion of recommended internal sound level
targets (a set of criteria referred to as ‘internal ambient
noise levels’ (IANLs)) for a multitude of different buildings/
space uses. Specifically, BS8233 contains IANL guideline
noise levels for spaces such as department stores and
canteens/kitchens through to libraries/galleries and
museums, as well as office spaces and places of worship
and meditation/relaxation.

Its most referenced inclusions perhaps, are the guideline
IANLs provided in Table 4 dedicated to residential spaces
in dwellings notably; bedrooms, living rooms and dining
areas with recommended targets for both daytime and
night-time periods, adopting both the Laeqr (dB) and Lamaxr
(dB) (footnoted) noise metrics, which are commonly
stipulated in numerous local authority planning conditions.
Other uses of BS8233 include definitions of common
acoustic metrics/indices such as; ‘Weighted Sound
Reduction Index (Ru), Reverberation Time (T) Standardised
Impact Sound Level (L) and the Weighted Standardised
Level Difference (Diry) the latter of which is adopted in
Table 3 of BS8233, which provides recommended airborne
sound insulation (Sl) performance criteria for separating
elements (such as floors and partitions) based on the
activity in the ‘source’ room and the privacy requirement
and noise sensitivity of the ‘receiving’ room. Finally,
BS8233 also provides useful guidance on typical
separating wall and floor constructions to achieve various
laboratory-rated airborne S| performances in Annex E,



information on sound-absorbing materials in Section 7.7, as
well as guidance on internal noise criteria for vertical
transportation and building services systems (including
usage of the Noise Rating (NR) metric).

MNoise and vibration control for Environmental design

Another source of common multi-sector acoustic design
guidance comes from the Chartered Institute of Building
Services Engineers (CIBSE). Over numerous decades,
CIBSE has published its set of guides, which comprise a
collection of design guidance and recommended
performance criteria for a multitude of building services
systems that may be specified for different buildings/
spaces. Of primary importance to building acoustics are
two parts of the CIBSE Guides. Guide A Environmental
Design presents Table 1.5 which recommends a set of
comfort-based noise criteria for specific applications
again, adopting the NR metric. A key feature of the NR
criteria which are presented in this table, is that acoustic
criteria are provided for almost 100 different internal space
uses (and subgroups of building types) offering building
acousticians a wide range of building services noise
criteria to consider. The second CIBSE document is Guide
B4 Noise and vibration control for building services
systems, the key features of which include typical insertion
losses (attenuation values) for different configurations of
in-duct attenuators (rectangular or circular and ‘lined’ or
‘unlined’) as well as guidance on limiting duct velocities in
various ventilation duct elements to achieve a stated
roomside NR criterion, as well as vibration isolation criteria
(including minimum static deflections) for a multitude of
common building services systems each identified with
recommended isolation types.

DEUTSCHE NORM May 2004

DIN 18041 |

=z

ICS 17.140.01
Supersedss
DIN 18041:1968-10

Acoustic quality in small to medium-sized rooms

Horsamkeit in kleinen bis mittelgroen Raumen

Document comprises 35 pages.

Translation by DIN-Sprachendienst.
f den, the Gemman anguage rited

The final multi-sector acoustic design guidance (perhaps
less frequently encountered) doesn’t originate from any
UK-published sources but actually from the German DIN
Standards. DIN 18041 Acoustic quality in small to medium-
sized room (trans.) originally published in 1968. Whilst not
recommending any room acoustic criteria in the early
editions, since the 2004 version (and retained in the
current 2016 edition), a set of useful Reverberation Time
(T, seconds) criteria for different space uses and room
volumes (in cubic metres) are presented, notably for
‘Category A’ spaces (acoustic quality for ‘medium’ and
‘long’-sized rooms). For Category B spaces (acoustic
quality for ‘short’-sized rooms) the five subdivided space
types are given recommended ratios between the room
absorption area (A) and the room volume (V) with indicative
room heights (h) to provided suitable reverberation control
(specifically for speech communication, in the acoustic
frequency range; 250 Hz to 2 kHz).

Residential

Where residential schemes are concerned (new builds or
changes of use), three key sources of acoustic
performance criteria can be found in the Building
Regulations 2010. These being the following statutory
instruments: Approved Document, Part: E Resistance to
the passage of sound (2003 edition, incorporating 2004,
2010, 2013 and 2015 amendments) (ADE), Approved ED
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The Bullding Regulations 2010
The Bulding (Appr otc) ions 2010

Resistance to the passage of sound

The Building Regulations 2010

Ventilation

APPROVED DOCUMENT APPROVED DOCUMENT

Volume 1: Dwellings
Requiremant Fi: Maans of ventilation
Regulations: 39, 42 and 44

Faguistion &1 The uilding Megutstuars 2010
m%-‘.l‘ul_m I et

200 edition - for use in England

Iumamml

The Building Regulations 2010

Overheating

APPROVED DOCUMENT

2021 edition — for use in England

Document, Part: F1 Ventilation, Volume 1: Dwellings (2021
edition) (ADF) and Approved Document, Part: O1
Overheating mitigation (2021 edition) (ADO) each
containing important acoustic criteria.

Critically, of the three, are the minimum sound insulation
(airborne and impact) performance requirements
stipulated under Part E1 of ADE intended to provide a
reasonable resistance to the pasage of sound within
houses, flats and ‘rooms for residential purpose’ (e.g. care
homes and student accommodation). Tables 0.1a (Dwelling
houses and flats) and 0.1b (Rooms for residential purpose)
stipulate the minimum performance criteria for walls,
floors and stairs which provide a separating function as
means of complying with the directive of Part E1. Airborne
criteria (walls and floor/stairs) are given in terms of the
Dirw + Cy (dB) metric and impact criteria (floors only) given
in terms of the L, (dB) metric.

Additionally, Table 0.2 of Part E2 stipulates an airborne
performance requirement for internal walls and floors, as

overheating condition, but with a limited remit covering
bedrooms during the night-time period (i.e. 23.00 to 07.00
hrs daily) and for new-build residential developments only.
Introducing two compliance methods (a Simplified method
and a Dynamic thermal modelling method), Part 01(2)(a) of
the approved document introduces the dynamic thermal
modelling method, to further susbstantiate (by detailed
assessment) that mitigating the overheating condition by
means of openable windows, can be precluded. By
providing limiting internal ambient noise criteria for
bedrooms (during the night-time) under Clauses 3.2 to 3.4,
the allowable maximum free area to achieve the acoustic
requirements can inform the dynamic thermal modelling
(which also needs to comply with CIBSE TM59).
Alternatively, the minimum free area to satisfy thermal
modelling requirements can be reviewed by acousticians
to determine whether the internal noise criteria would

be achieved.

means of providing a reasonable resistance to the
passage to the passage of sound within (the same)
residential dwellings. Part E3 provides acoustic
performance requirements to control reverberation
within communal areas (e.g. corridors, hallways,
stairwells and entrance halls, which provide access to
flats or rooms for residential purpose). Section 7 details
two methods; Method A (a more general method) and
Method B (a more flexible method) for calculating the
minimum acoustic absorption required in these spaces,
to demonstrate compliance with Part E3.

While ADF stipulates minimum ventilation requirements
and means of controlling external pollutants in residential
dwellings, selected acoustic performance criteria are also
provided. Specifically, with regards to noise generated by
mechanical ventilation systems (including both continuous
and intermittent operation), Sections 1.5 to 1.7 provide
useful criteria for such systems (which share some overlap
with other guidance, e.g. CIBSE Guide A and BS8233).

Lastly, the recently-introduced ADO provides acoustic

o

o
[Funding
Agency

Departmert
for Education

Acoustic design of
schools: performance
standards

Building bulletin 93

February 2015

performance requirements when mitigating the
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Education

With regards to education
schemes (primary and
secondary schools in particular),
Part E4 of Approved Document,
Part: E (see residential above)
actually stipulates the minimum
acoustic conditions required for
schools. Section 8 of ADE
enforces this by effectively
signposting the means to
compliance with Part E4 by
achievement of the
performance requirements
given in Building Bulletin 93:
Acoustic design of

schools (BB93).

While BB93 has seen
numerous revisions over the
years, version 17 of the
February 2015 version currently



stands as the legislated edition to demonstrate
compliance with Part E4 of ADE (exempting admin/
ancillary areas, nurseries, colleges, HE and FE
establishments (including universities), as well as
community and adult education facilities). The key
acoustic performance standards provided in BB93
include; limiting IANL criteria (in terms of the Laeq3zo-mins
(dB) metric) for various internal spaces, a rain noise
criterion for roofs, as well as limiting noise performance
values for ventilation (including purge) and cooling
equipment, airborne S| performance criteria for
separating walls and floors (also in terms of the Dy, (dB)
metric), as well as for corridors (with or without doors) (in
terms of the laboratory-rated R, (dB) metric) and through-
wall ventilators (in terms of the D, (dB) metric), impact
S| performance criteria for floors (also in terms of the L'urw
(dB) metric) and reverberation time criteria (in terms of
the T (Mid-frequency RT, seconds) metric).

Additionally, while not mandated under compliance of
Part E4 of ADE, a set of Speech Transmission Index (STI)
criteria are provided, relative to instructional or critical
listening activities (within or between, groups) to satisfy
the requirements of the School Premises Regulations
(SPRs), the Independent School Standards (ISSs) and the
Equality Act.

Healthcare
With regards to healthcare

Offices

Relative to office developments
(and typically on UK-based
projects), the acoustic design
criteria contained in the British
Council of Offices (BCO) Guide to
Specification (GtS) may commonly
be adopted. BCO GtS contains
periodically updated performance
criteria for numerous office
building functions, with the
Acoustics section of the latest
edition (June 2019) containing
appropriate design criteria for
different types of office spaces.

2019

Guide to
specification
Best practice

for offices

B5 5839-8:2013

: C .
BSI Standards Publication

Fire detection and fire alarm
systems for buildings -

Part 8: Code of practice for the design,
installation, commissioning and
maintenance of volce alarm systems

projects, the Department
of Health stipulates that
facilities shall be designed
in accordance with the
requirements set out in
Health Technical
Memorandum; HTM:08-01.
Since this document
replaced its predecessor;
HTM 2045 in July 2008,

Specialist services

08-01: Acoustics

\th Department

Health Technical Memorandum

of Health
making excellence a habit™

B TE2T:2009

BS| Standards Publication

and

operating emergency sound systems for
sports grounds, large public buildings,
and venues — Code of Practice

Sport and leisure

While most of the acoustic design criteria contained in
BS8233 may broadly be applicable to sport and leisure-

HTM:08-01 is intended as
an acoustic design
compliance document for
state funded healthcare
facilities, and is
occasionally also
referenced on privately
funded projects. In
principle, HTM:08-01
provides a similar
breadth of acoustic
design criteria as that
contained in BB93.

based projects, additional acoustic performance guidance
can also be found relative to the function of reinforced sound
systems (including those specified for life safety applications)
within both British Standards; BS5839-8:2013 and
BS7827:2019. Where a Voice Alarm System (VAS) is required
to broadcast speech-based messages, BS5839-8
recommends minimum signal-to-noise ratio performances, as
well as RT and STI requirements to ensure appropriate clarity
and speech intelligibility, all of which influence the acoustic
design of relevant spaces. Similarly, BS7827 also provides
acoustic design criteria relative to appropriate

RT and IANL performances for spaces containing

emergency microphones. ED
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Sustainability and
environmental

certification scheme

Lastly, a selection of sources of
sustainability and environmental
certification scheme criteria are
presented in this section. The
most-commonly adopted
environmental certification scheme on
UK-based projects (some 535,000
buildings having been certified
(globally) since its launch in 1990) is
the Building Research Establishment’s
(BRE Group) Environmental
Assessment Method (BREEAM). In
almost all current BREEAM Technical
Manuals (ranging from ‘New

BREEAM UK

delivered by

Construction (Non-domestic), (as
illustrated) to ‘International New
Construction’) two primary performance categories will
influence the acoustic design of buildings certified under
this scheme. The first being Health & Wellbeing: Acoustic
Performance (Hea 05), and the second being Pollution:
Reduction of noise pollution (Pol 05), both of which
contain a set of acoustic performance requirements (often

referencing other acoustic standards presented in this
article, e.g. BS8233) which different types of buildings
(and internal spaces within) are required to achieve, to
evidence the award of available credits towards the

global scheme certification score.

IOA BUILDING ACOUSTICS

More commonly adopted on
international built environment
projects (but increasing in popularity
in the UK) the U.S. Green building
Council’s Leadership in Energy and
Environmental Design (LEED)
certification scheme goes a step
further than BREEAM by providing its
own bespoke set of acoustic
performance criteria (as opposed to
referencing those from established
guidance documents). LEED requires
specific acoustic performance
requirements (affecting the wider
building design process) to be
demonstrated in line with appropriate
occupant health and wellbeing
outcomes, and for a variety of
different building types/space uses.

0000

NTERMNATIONAL

WELL
( BUILDING

INSTITUTE™
L—-'/

Additionally, several
other environmental
and sustainability
accreditation schemes
have been gaining
traction (on UK
schemes) in recent
years. The most
prominent of which are
WELL and Fitwel.

Afitwel

Fitwel Certification System:
Commercial and Industrial Site
(beta)

Developed over
10 years ago by Delos, now administered by The
International WELL Building Institute, WELL v2 was
recently piloted to enhance the existing district-scale
rating system of its flagship Building Standard and set a
new global benchmark for healthy buildings and
communities. Fitwel was originally created by the U.S.
Centers for Disease Control (CDC) and Prevention and
U.S. General Services Administration in 2016, now
operated by the Center for Active Design and provides
tailored scorecards for existing and new buildings, to
optimise design opportunities for projects to receive the
Fitwel healthy building certification. On balance, WELL
provides a comparatively more rigorous framework for
building accreditation, where Fitwel offers a more
accessible and practical route to benchmarking and
space optimisation for healthy building outcomes.
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Acoustics in the built
and natural environment:
A catalyst for equality, diversity,

iNclusion, and sustainability

" 2

™ Acoustics is traditionally described as a branch of physics dealing with sound, but its
ubiquito@s nature means that it is more integrated into our daily lives than most of us
realise.lt’s up to acousticjans to unlock this potential and stop focusing only on ‘noise".

- 5 . =

X e I ey ‘
- By Eger Rogers FIOA, Sustainable Acou%

Winchester Science Centre
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Where our world is designed for the eyes, it must now
take account of the hearing sense, which prepares us
for how well we can do in those environments. It is
also true that acousticians are only now realising how
much influence they can and should be having on
humanity’s ability to live sustainably on planet earth
during the Anthropocene. (The Anthropocene Epoch is
an unofficial unit of geologic time used to describe the
most recent period in Earth’s history when human
activity started to have a significant impact on the
planet’s climate and ecosystems.)

The diversity in life and a growing awareness of those
who are neurologically/aurally diverse' means that a
person’s response to their environment cannot be
described as an ‘average’, but more appropriately as so
called “fuzzy data®. This requires us to consider a range
of possible outcomes, more akin to the quantum world,
which resolves to one response in that moment and can
change or adapt in the next. Such smart adaptive
environments may not be that far off as Artificial
Intelligence is put in control of building systems.

Imagine a vibrant and inclusive community park setting,
where people from all walks of life come together to enjoy
music, the sights and sounds of flora and fauna, and each
other’'s company. Acoustics design has a significant role
in creating suitable places for this to happen, whether a
park, courtyard, or place inside a building, which cannot in
themselves be sustainable (no matter how low their
embodied carbon is) if they do not work for their intended
purpose. To make these inclusive environments requires
design (that includes creativity) that helps humans and

Left:

A vibrant

and inclusive
community park
setting, where
people from all
walks of life come
together — requires
design that helps
humans and nature
to thrive no matter
what their diverse
needs are

nature to thrive no matter what their diverse needs are.

This article is a discussion piece which aims to bridge
the gap between acoustics — a discipline that to many
outside the field may see as distant and complex — and
sustainability, a concept that many people are
increasingly becoming familiar with as an objective, but
need contextual understanding to know when that has
been achieved in reality. It is also intended to help us
explore how acoustics can be used in design to achieve
sustainable, equitable, and inclusive solutions that foster
wellbeing and environmental and natural stewardship in
our built and outside environments on land, in the air or
at sea.

Acoustics, equity, and inclusion

The built or natural environment plays a critical role in
how people experience their surroundings and this is
where acoustics comes into play; because humans need
to feel safe to be able to do anything more than remain
on high alert®. Sound is the key sense we use sub-
consciously to monitor our state of safety. When an
unwanted sound (noise) masks our ability to scan our
surroundings, we become ‘ear-blind’ and this state
requires us to employ cognitive resources to filter out
the unwanted information, allowing us continue to
detect threats.

We have not evolved away from this fundamental
instinct and nor has nature. This results in stress causing
physiological changes to our bodies which, if maintained,
can cause poor health outcomes®. Those of us who
struggle with neural/aural diversity need to filter out and

(P42 4

Footnotes
1. https://auraldiversity.org/

2. https://www.igi-global.com/dictionary/fuzzy-logic-in-portfolio-selection/90982

3. Sayin (2015), ‘Sound and safe’ — The effect of ambient sound on the perceived safety of public spaces.
https://www.sciencedirect.com/science/article/abs/pii/S0167811615000798

4. House of Lords Select Science and Technology Committee, The neglected pollutants: the effects of artificial light and noise on human health
(2023). https://publications.parliament.uk/pa/ld5803/Idselect/Idsctech/232/232.pdf
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manage this acoustic challenge, meaning that some of
us are effectively excluded from being able to exist safely
in many of our environments.

The emerging field of a soundscape approach
considers the question of what conditions must be in
place to support the intended use of the environment.
Humans evolved to be outside and connected to nature,
but now spend more than 90% of their time inside, so it
is of little surprise that natural sounds can create a ‘soft
fascination® response in humans. This means they are
cognitively aroused/activated but not threatened or
fighting against sound which is unhelpful, to a point
where things like creativity and a sense of calm and
wellness can result®.

Indoor considerations

For example, think of a bustling open-plan office in which
communication on telephones causes a level of noise
which may make it difficult to concentrate on tasks that
require creativity. Compare this to a quiet library or
acoustically pristine national park which may be
relatively free from manmade noise.

Conversely, a lively restaurant may provide a great
place for social connection, but if it is too noisy it
becomes an unpleasant place to be and the food taste
will be affected’. All these experiences and how well we

Above:

A bustling
open-plan

office in which
communication on
telephones causes
a level of noise may
make it difficult

to concentrate

on tasks that
require creativity

can tolerate them are significantly influenced by their
acoustic characteristics.

If we are to foster truly inclusive spaces, we need to
consider the diverse acoustic needs of different
individuals likely to encounter them. Where one acoustic
environment can work for the majority, this must be the
obvious choice design specification for an
inclusive space.

But when it will not do the job, very creative design is
required in order to provide a diverse range of acoustic
environments (that may be near each other) that cater
for the range of people likely to use the space where
they can find the place within that environment that suits
their needs.

A simple example of how including all can benefit all,
is to make sure that quieter spaces exist within offices
with an absence of low frequency noise ingress, where
people can go to concentrate or, in the case of aurally
diverse colleagues, to access a space they can
comfortably tolerate and achieve a state of relative calm
and focus.

Designing comfortable outdoor spaces
Children, the elderly, individuals with sensory processing
disorders, and people with hearing impairments are just
a few examples of groups that can be acutely sensitive

Footnotes

5. Article by Popova M (2022), https://www.themarginalian.org/2022/07/01/default-mode-network-awe-soft-fascination/

6. https://www.nrpa.org/parks-recreation-magazine/2013/april/the-soft-fascination-of-nature/

7. Time magazine by Sifferlin A (2015), https://time.com/4110938/flavor-science-explains-how-you-can-hear-the-way-your-food-tastes/
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to acoustic environments. By designing spaces with
acoustics that cater to their needs, we create
environments where more people feel comfortable and
included. Sound-absorbing materials, strategic space
planning, and careful construction methods are some of
the ways acousticians contribute to creating inclusive
spaces inside buildings, but the challenge is for
acousticians to become creative in outside environments
to develop better, more euphonic (pleasing to the ear)
and healthier soundscapes that will benefit everyone.

Winchester Science Centre case study

An example is the acoustic intervention in the Winchester
Science Centre, where the visitor experience was initially
described as ‘noisy, tiring and overwhelming’. Those
visitors with additional sensory needs reported that it was
almost impossible to access what the centre had to offer,
so they often left the venue feeling distressed and
frustrated. The acoustic intervention resulted in a change
to many of the exhibits, which themselves were used to
break up the space. Acoustic absorption using modular
perforated blocks filled with off-cuts of sheep’s wool was
introduced along with the installation of suspended
sound-absorbing ceiling baffles and the semi enclosure of
the most sensitive learning areas, helped to provide quiet
to the busiest areas. In addition a quiet space called the

¥ wee ] me

‘Recombobulation Room® was created to provide an
escape for those needing to decompress and restore
themselves before exploring further.

This now means that although the main space remains
vibrant and busy it is much less noisy and now has a
diverse range of acoustic areas, including a place to
escape and regroup. This has reportedly transformed the
visitor experience, and enabled those with additional
sensory needs to access the space in a way that now can
be described as providing equality in terms of access.

Sustainable acoustics

A sensible starting point for creating an inclusive
environment relies on getting the acoustics right for its
intended use, and balances the need to keep ambient
noise levels down, low frequency noise ingress under
control, and an acoustic environment to be supportive
of speech.

Simply designing to minimum acoustics standards will
exclude many users, and is difficult to justify in terms of
quality, whereas an optimised acoustic design that caters
for the range of users that the environment is intended
for, is what acousticians should consider to be the
starting point.

Beyond inclusion, which is a part of sustainability as
defined by the UN Sustainable Developments Goals, ZZ»

Below:

Constant exposure
to high levels of
noise can lead to
stress, and other
health problems

U
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Footnotes
8. https://www.winchestersciencecentre.org/visiting/accessibility
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acoustics also has a role to play in delivering a sustainable
future where a balance can be achieved that does not
disadvantage the next generations of all species. Most
would argue this is not enough and that the true goal is to
use acoustics to create regenerative environments that
put back more than was used to create and operate them
and this approach is easier than it sounds.

Acoustics affects the construction and operation of
buildings, which account for a significant portion of global
carbon emissions, so considering acoustics early in the
design stage can contribute to buildings that have less
embodied energy, are more energy efficient and achieve
more with less. Acoustics can play a role in energy
efficiency by assisting the rapid deployment of the
renewable energy transition (e.g. air source heat pumps,
wind farms and solar farms) or providing low energy
solutions that enable natural ventilation to work without
overheating becoming a problem.

The materials specified by acousticians can have a
large impact. By optimising the shape and number of
materials and the specification of materials with good eco
credentials and low embodied carbon etc. will have a
large effect on projects and, by extension, will contribute
to a more sustainable world.

Essential to our success as a species is for acousticians
to become involved in building projects at the earliest
planning stages, and use acoustics to create regenerative
design outcomes with multiple benefits. One example of
this is to achieve biodiversity net gain (BNG) (https://www.
gov.uk/government/collections/biodiversity-net-gain)
through our design interventions and in collaboration with
other built environment disciplines — bringing nature into
our buildings by specifying renewable materials, with
biophilic design or with the introduction of natural sound.

In urban environments, acoustics plays a crucial role in
combating noise pollution, a pervasive problem in many
cities, recognised by the UN in their 2022 Frontier reportg,
alongside wildfires and nature’s shifting rhythms as a
result of climate change. The House of Lords has recently

recognised that adverse noise effects on humans have
been neglected, and the Government has been asked to
form an expert advisory panel to seek more consistent
policy implementation across departments.

Constant exposure to high levels of noise can lead to
stress, and other health problems for humans but can also
be catastrophic for breeding success for birds for
instance. Acousticians can work alongside urban planners
to design city layouts and building orientations that
minimise noise pollution, enhancing the quality of life for
urban residents and contributing to healthier cities
through better and healthier soundscapes.

Green roofs and walls, tree belts, soft ground
enhancement with certain planting, strategic placement
of buildings, and traffic management or design on roads
to maximise noise reduction resulting from the
electrification of vehicles are just some of the methods
that can be used to reduce noise levels in cities also
achieve BNG. These approaches not only make cities
more pleasant places to live but also contribute to urban
biodiversity and can help with challenges such as
reducing the urban heat island effect.

Conclusion

Acoustics plays a critical role in the built environment and
external environments on land, sea and air, impacting on
both sustainability and inclusivity. It's important to make
the connection between acoustics and these broader
societal goals to fully appreciate the profound role that
sound plays in our lives, and how as acousticians we have
barely begun to make our mark on the Anthropocene.

As we move away from purely reducing noise to curating
positive soundscapes to create a more sustainable and
inclusive future, the strategic and creative application of
acoustics in design is a necessity that needs to happen
early in the process. Acousticians, therefore, have the
opportunity and potential to be key drivers in the move
towards a more sustainable, equitable, diverse and
inclusive society.

Footnotes

9. https://www.unep.org/resources/frontiers-2022-noise-blazes-and-mismatches
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Acoustically comfortable
spaces for teaching —

a need or a treat”

The design of schools is carried out by various specialists ranging from architects
and landscape designers to acoustic and fire consultants. For schools schemes in
England, Wales and Scotland Building Bulletin 93 (BB93) contains detailed
performance criteria for ambient noise, reverberation time, sound insulation and
speech intelligibility requirements, to both make the teaching and learning spaces
comfortable for teachers and pupils as well as providing a means of demonstrating
compliance with Regulation 41 of the Building Regulations, Approved Document,
Part:E AD:E (England, Wales) and Section 5 (Scotland).

By Dr Elena Prokofieva, Edinburgh Napier University
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Gymnasiums, assembly halls, sports halls,
dining areas and large atria typically

have large reverberation times recorded,
resulting in reduced speech intelligibility,
flutter echoes, standing waves and general
discomfort for staff and pupils when in use

The design team for a school project is expected to
include an acoustic consultant right from the design
stage all the way to compliance testing. This article
discusses some of the best practices in school
classroom design, and on the advice of early
involvement of acoustic specialists in the design
process to avoid any future issues when the school
project is completed and occupied.

Evidence collected by the UK Department of
Education demonstrates that access to early education
is crucial in supporting children to thrive in adulthood
and contribute to society. Research has also shown that
improving young children’s pre-school language skills
could boost the economy by up to £1.2 billion over the
course of their lifetimes". Up to £180 million of
government funding over the next three years will
support the sector to focus on children’s development
during their earliest years of life and help address
existing recruitment and retention challenges. To deliver
education to pupils of the future, schools must be built
and maintained at the highest standard.

There are currently over 30,000 schools functioning in
the UK". The Office of National Statistics (ONS) showed
in 2021 that the proportion of schools in ‘good’ or
‘satisfactory’ condition increased from 61.1% in April 2007
to 88.3% in April 2019. The School Estates Statistics 2019
also showed that the proportion of pupils educated in
these ‘good’ or ‘satisfactory’ condition schools has hit a
record of 89.6%, up from 60.8% in 2007.

The government has since approved the construction
of new schools, which are are a vital part of the UK’s
plan for education, as they increase choice for parents
and help to drive up standards across the board. For
example: the Scottish Government will contribute
funding of between £220 million and £275 million in
partnership with local authorities across the country to
replace 26 schools, with a further phase of investment to
be announced?. The Scottish Government has been
providing sponsorship to several projects to bring
together nurseries, schools — and specialist centres for
pupils with additional support needs — including
colleges and universities in multi-purpose campuses for
pupils aged from three to 18, with additional facilities that
benefit surrounding communities.

Additional requirements set by the Governmental
Regulatory body for any new building, including schools,
is to help with tackling the climate emergency. In
Scotland’s case this is central to the new Learning
Estates Strategy, with lessons learned from previous
education infrastructure projects, informing future

construction to create low carbon digitally enabled
schools and campuses. The Scottish Futures Trust will
manage the programme on behalf of the Scottish
Government?. Sustainability acting as a key driver in the
design and development of schools, as well as their
management post-completion operation and
maaintenance.

When a new school is proposed, its design is
conducted by various specialists: from architects and
landscape designers to mechanical ventilation and
electrical engineers, fire, and acoustic specialists. The
school is expected to be designed to provide visual
satisfaction, adopt innovative technologies with
pedagogy in mind and suitable for running taught
activities efficiently and comfortably.

School design stages and decision-making

In Scotland, local authorities often take a leading role in
the teams for new school projects, which deliver new
school buildings for the public. These project teams, or
‘Hubs’, led by Council teams, include the design and
construction teams, all necessary experts, and, in some
cases (i.e. when a new school is replacing an existing
one), representatives of the Teachers Associations.

According to Royal Institute of British Architects (RIBA),
the design stages for any project include eight different
stages. These stages have been compiled in
collaboration with UK construction industries defined in
the RIBA Plan of Work document® and identified as
follows:

- Stage O: strategic definition

. Stage 1: preparation and briefing

- Stage 2: concept design

- Stage 3: spatial coordination

« Stage 4: technical design

- Stage 5: manufacturing and construction
. Stage 6: handover

. Stage 7: use.

At the concept design stage (RIBA Stage 2 as above),
the key decisions are taken regarding the scheme
location, topographical orientation, allocation of spaces
for external teaching, playgrounds and sports pitches
(including Multi Use Games Areas (MUGASs). At this stage
the main input from the acoustic designer is to
investigate the prevailing noise environment affecting
the proposed location and to inform the strategy for the
ventilation of the school building(s), such as passive (e.g.
openable windows) or mechanical ventilation, as well as
the suitability of the proposed locations for outdoor
learning spaces, and to assess the effect of noise

Footnotes
1. Department for Education. Press Release (2022)

2. New schools and campuses for Scotland (published on www.gov.scot )

3. RIBA Plan of Work 2020 Overview. Published by RIBA (www.ribaplanofwork.com )
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Below:

Acoustic comfort
is not a luxury,

but rather a

very important
part of the
pedagogy process

associated with school activities on the nearest
noise-sensitive locations (e.g. residential properties).

At this stage there is some design flexibility to relocate
the building(s) and associated facilities, propose fences
or acoustic barriers following an assessment of surveyed
environmental noise levels.

At the technical design stage (RIBA Stage 4), internal
acoustics are considered in greater detail. The internal
school layout is proposed, and the types of constructions
for the entire project are assessed and specified. Design
features, such as teaching spaces, whether open plan or
enclosed types of classrooms, dimensions and locations
of large spaces (e.g. sports halls, canteens, atria, assembly
halls, libraries, etc) are also determined. In addition to the
teaching and learning spaces, the administration and
ancillary places are also allocated in the most efficient
way to complement the acoustic design. At this stage the
internal design can still be changed to create the best
possible environment for teaching and learning. This
means that the acoustic consultant should work closely
with the end-user and design team to oversee that the
scheme design is checked and verified before being
approved by the client. Once the construction types and
main design features are agreed with the team and the
design is approved, only minimal changes may be

accepted, and the acoustic design must now coordinate
within the design framework.

At construction stage (RIBA Stage 5) the design
changes are already limited, however the participation of
the acoustic consultant in the project becomes even more
important. The acoustician should be able to visit the site
regularly and monitor the construction processes and to
advise on acoustic-related issues during the build. Visual
inspections and sample acoustic testings of the rooms are
scheduled to confirm early compliance or to raise the
awareness of potential performance-related issues.

Design guidance on school acoustics

The key guidance document pertaining to the acoustic

design of educational buildings is Building Bulletin:

BB93, updated in February 2015% (providing the means

to demonstrate compliance with the AD:E and Section 5)

with additional design guidance provided in ‘Acoustics of

Schools — a design guide November 2015’ published by

The Association of Noise Consultants (ANC)S. These two

documents cover all aspects of acoustic design relative

to primary and secondary schools but can, in some
instances, also be used to inform the acoustic design of
other education establishments (e.g. nurseries, colleges
and universities).

The acoustical design approach for a new or
refurbished school building is to review and provide
advice on the key aspects related to sound generation
within (due to both internal and external sources) and,
generation outside of the building, to include:

« control of external noise breaking in to the
school building;

- control of the noise breaking out from the school
(including plant noise) affecting the nearest noise-
sensitive properties);

- control of noise and vibration generated within the
school building from building services by both airborne
and duct-borne means;

» sound insulation between teaching spaces and
non-teaching areas; and

- control of reverberation times in key areas.

Footnotes

4. Acoustic design of schools: performance standards. Building Bulletin 93. Department for Education (updated February, 2015)
5. Acoustics of Schools - a design guide. Published jointly by the Institute of Acoustics (IOA) and the Association of Noise Consultants (ANC). November 2015, ANC
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The first two aspects are associated with the school as
a whole, and are therefore covered by the initial design
team at RIBA Stage 2. All others are usually considered
later in the technical design (Stage 4).

BB93 specifies appropriate internal ambient and
building services noise levels (including for any
concessions for natural ventilation) for teaching and
non-teaching areas, as well as categorising the noise
activity (as a ‘source’ room) and the noise tolerance (as a
‘receiving’ room) to inform the airbourne sound
insulation requirements between spaces and
reverberation time criteria.

Excerpts from the Tables 1and 6 (BB93) are
shown below.

Below: Table 1
Noise activity and
sensitivity levels
ans upper limits for
indoor noise level

Bottom: Table 6
Performance
standards for
reverberation time

The ventilation noise levels are discussed in BB93 with
relation to the ambient indoor noise levels (in terms of
LAquO_mmS), but not defined in terms of Noise Rating (NR)
curves. It also should be noted that the ventilation rates,
thermal comfort, and indoor air quality are covered by a

separate document, Building Bulletin: BB101°.

Examples of effect design

aspects on acoustics

It is expected that the design process should be done
with pedagogial requirements in mind, meaning that the
main purpose of the building is for teachers to work in a
comfortable environment and to optimise learning
outcomes for pupils. From extensive personal ED>

Type of room

Room classification for the purpose of
airborne sound insulation in Tables 3a and 3b

Upper limit for the indoor ambient noise level

L aeq30minsdb

Activity noise N0|se. t.olerance New build Refurbishment
(Source room) (Receiving room)
Nursery school rooms
Primary school: classroom, class base,
general teaching area, small group room Average Medium 35 40
Secondary school: classroom, general teaching area,
seminar room, tutorial room, language laboratory
Open plan:
See also section 1.8
( . I ) Average Medium 40 45
Teaching area
Resource/breakout area
Type of room Tt Seconds
New build Refurbishment

Nursery school rooms

Primary school: classroom, class base,
general teaching area, small group room

SEN calming room:

Secondary school:

language laboratory

Science laboratory

Design and technology:

graphics, design/resource area, ICT room, art

classroom, general teaching area, seminar room, tutorial room,

Study room (individual study, withdrawal, remedial work, teacher preparation)

Resistant materials, CADCAM area, Electronics/control, textiles, food,

Open plan: Teaching area

< 0.5 (section 1.8)

< 0.5 (see section 1.8)

Footnotes

6. Guidelines on ventilation, thermal comfort and indoor air quality in schools. Building Bulletin 101. Version 1. August 2018
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experience of participation in school design projects, it
can be noted that the chosen room layout and the
allocation of teaching and non-teaching spaces within the
school building can harbour either a positive or negative
influence on the acoustic performance of individual
spaces. Some examples are discussed below.

Privacy issues

The level of activity noise and expected tolerance of noise
are outlined in BB93 for all spaces, and are used to inform
appropriate sound insulation criteria for the separating
partitions. However, privacy requirements are only
discussed in terms of minimising speech intelligibility and
considered only as during the teaching activities, i.e.,
when sufficient speech privacy between teaching groups
is requested (e.g. in open-plan classrooms) in order to
avoid distraction (i.e. in Footnote 5).

Acoustic privacy for interview and consulting rooms,
quiet rooms, and rooms for teaching pupils with special
needs is not discussed in any of the guidance documents.
Furthermore, partitions between store rooms adjacent to
noise-sensitive rooms can be classified as non-acoustic
(e.g. using these as buffer zones between noiser-sensitive
rooms). This can be considered as a good design practice
in areas where noise-sensitive rooms are not associated
with personal information spoken out loud (such as music
rooms or design and technology laboratories or
workshops), but should not be considered acceptable in
privacy-sensitive locations.

Open plan classrooms vs enclosed classrooms

Open plan classrooms are especially popular in the
design of both primary and secondary schools. The
flexibility between the spaces and ability to increase the
inclusivity for all groups of pupils are key in selecting this

type of room design. There are three main types of open
plan classrooms (i.e. as shown in Footnote 5):

- fully open;

« semi-open; and

- flexible open classrooms.

The fully open classroom design provides a large degree
of flexibility of the space use with divisions provided only
by means of loose fixtures (moveable screens,
bookshelves, coat hangers, etc).

Semi-open classrooms are defined by the walls with
openings in them (i.e. to circulation spaces).

The flexible classrooms have installed moveable
partitions which allow the room configuration to change
from fully enclosed to fully open.

It has been noted from project experience that often
these types of classrooms can create disruption to
teaching activities (i.e. lack of privacy in conversations,
noisy activities next to quiet studies, etc) and may not be
suitable for all school pupils or teaching methods.

The table below shows the measurements of the
ambient noise and reverberation time in two primary
school classrooms with semi-open layout and then after
remediation works conducted to enclose the room and
the comparison with BB93 requirements.

The results suggest that creating a physical separation
between the corridor and the classroom affected the
ambient noise levels and the reverberation time, although
it also shows that further improvements may be required
to be able to use this classroom to comply with BB93 for
standard teaching spaces.

Pupils with special health and education needs issues
People with special educational needs and disabilities
(SEND), behavioural or health-related challenges (both

. Measured ambient noise Ambient noise level,

Location Measured RT, T , sec RT, T max @S per BB93 level, L., dB as per BB93

1.29 40
Semi-open plan classrooms <0.5 (open plan classroom) <40 (open plan classroom)

1.05 38

079

(with extra panels added) 34 .
<
Same classrooms, enclosed 0.92 <0.8 (classroom with door) <35 (classroom with door)
(without extra panels 25
added)
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teachers and pupils) may find open plan classrooms
extremely difficult to work and study in. Concerns and
complaints are regularly raised about their suitability for
primary or secondary schools. Studies’® have been
conducted on the impact of high levels of reverberation
and background noise on autistic or hearing-impaired
school occupants.

In BB93 stricter requirements are applied to ambient
noise levels, sound insulation and reverberation times for
the classrooms intended for teaching pupils with special
hearing and/or behavioural needs. These requirements
exclude any use of open plan or semi-open plan
classrooms, and sometimes do not permit the use of open
window ventilation, neccessitating mechanical ventilation
to be used instead.

In addition to discomfort due to activity-generated noise
within classrooms, ventilation and thermal comfort issues
could result in unsuitable learning environments for pupils
occupying school buildin959 and should be addressed as
early as possible. With the inclusion of mechanical
ventilation into the building design, ambient noise levels
may be unduly affected (when mechanical systems are
operational), which can create incompatibility between
requirements set out in BB93* and BB101°.

Large halls reverberance

The large halls, such as gymnasia, assembly halls, sports
halls, canteens and large atria can typically exhibit long
reverberation times, therefore resulting in poor speech
intelligibility and a prevalence of flutter echoes, standing
waves and general discomfort for staff and pupils when in
use. These areas are likely to be double height and have
hard floor and wall coverings (for health and safety
reasons), with absorption only provided under the roof
and with acoustic panels installed along available wall
spaces. The acoustic treatments which are recommended
may include ‘Class A or B’ absorptive panels, or ‘Class C’
perforated plasterboard (as defined in ISO 11654:1997).
The main challenges that arise at this stage, are to find
the best combination of the absorption parameters,
aesthetics, and the cost of treatments to satisfy both the

Author’s acknowledgements

requirements of the BB93 and the project budget. Various
options can be considered, but the specification of
treatments may take longer due to an inability to trial them
prioor to an architectural decision. A simple room acoustic
calculation or software modelling exercise may be
provided by the acoustic consultant at the design stage to
sinform this decision.

Similar issues may also affect the acoustics of ordinary
classrooms, when consideration is only due to the
aesthetics e.g. where hard surface finishes are specified for
walls, floors and ceilings (such as cross-laminated timber
constructions, exposed concrete ceilings, etc). More often
than not, the addition of acoustic treatments are required to
meet the stipulated reverberation time targets.

Conclusions

As the above examples suggest, early decisions
influencing the acoustic design have to be made before
the technical design stage, acknowledging that doing so
affects the wider approach to the scheme design. While
the project team might not include acousticians at the
scheme onset, and are therefore not in grade to
highlight expected acoustic performance-related issues
at the early design stage. Additionally, for many projects
budgetary constraints may preclude any computer
modelling typically used to simulate the acoustic
performance of teaching spaces and the evaluation of all
design options prior to eventual specification.

If the acoustics issues are not addressed at the design
stage with the input of an acoustician, the completed
building may (at best) result in uncomfortable spaces for
both work and studying and (at worst) lead to
non-compliances in regulatory requirements.

Acoustic comfort should not be considered a luxury,
but rather a very important part of the pedagogy
process, such that any design or construction
shortcomings may result in end-user complaints,
resulting in investigative and remedial works at the
post-completion stage, which are likely to bear
undesirable costs both financially and in terms of
disruptive works.

I would like to thank my colleagues at Robin Mackenzie Partnership, Edinburgh Napier University for providing the site testing data and invaluable advice for this work.

Footnotes

4. Acoustic design of schools: performance standards. Building Bulletin 93. Department for Education (updated February, 2015)

6. Guidelines on ventilation, thermal comfort and indoor air quality in schools. Building Bulletin 101. Version 1. August 2018

7. F.Caldas, B. Masiero, L. M. Wang. How Classroom Acoustic Conditions May Impact Autistic Students: A Review. Internoise 2022. Conference Proceedings
8. E. Greenland. Classroom acoustics design beyond BB93 - refurbishment of a hearing-impaired unit in a mainstream primary school. Internoise 2022.

Conference Proceedings.

9. L. M. Wang. Relationships between acoustics, thermal, indoor air quality, and lighting conditions on student achievement in K-12 classrooms.

Internoise 2022. Conference Proceedings
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Case study: A bespoke engineering for a special project.

By Adam Fox, Adam Fox, CEng, MIMechE, AMIOA, Director at Mason UK Ltd

Above:

A section of the
steelwork destined
for the main dance
studio being
lowered into place

The East Bank development is an ambitious project
that is part of the London 2012 legacy. This
development includes a new site for Sadler’s Wells, the
world-renowned dance theatre. Bringing the vision for
the new building to life has involved significant
engineering, including ensuring that the building’s
occupants wouldn’t be disturbed by noise and
vibration made by freight trains passing nearby. To
help overcome this, vibration control specialist Mason
UK designed and manufactured a system of bespoke
bearings to isolate against sources of vibration.

IOA BUILDING ACOUSTICS

A unique collaboration

The East Bank development, located on the east bank of
the River Lea in Stratford, is part of the Queen Elizabeth
Olympic Park. Once completed, it is estimated that the
new cultural quarter will bring an additional 1.5 million
visitors to the park every year, create more than 2,500
new jobs and generate an additional £1.5 billion for the
local economy.

The East Bank is described as a ‘new powerhouse for
innovation, creativity and learning’ and its name
deliberately invites comparisons with South Bank in
central London. The development brings together
universities and world-famous cultural institutions,
including University College London, UALs London
College of Fashion, the BBC, Sadler’s Wells and V&A East.

The Sadler’s Wells Theatre is in Clerkenwell, and the
site has been continuously occupied since the time of
the Restoration in the late 1600s. The East Bank will be
home to Sadler’s Wells East, an entirely new site, offering
a 550-seat dance theatre, a new choreographic school,
and a hip hop theatre academy.

The building was designed and created by architects
O’Donnell and Tuomey, and dance practitioners were
consulted in the early phase of the design process to
ensure the finished building caters to their needs.
However, for the building to function as intended,
sophisticated acoustic engineering was required. Having
consulted with specialist acoustic consultant Charcoal
Blue and structural engineer Buro Happold, the
contractor Kilnbridge turned to vibration control
specialist Mason UK.

The major challenge seemingly facing the scheme
was the proximity of the site to a major trainline,



including the Elizabeth Line which opened in May 2022.
With freight trains passing right across the front of the
site, there would typically be plenty of low frequency
vibration generated, manifesting as low frequency noise
(akin to ‘bass’ or rumble) in the dance studios without
correct treatment. This would have significantly affected
the performers and spectators.

However, a vibration monitoring survey was
undertaken at the project site in 2016 and it concluded
that re-radiated structure-borne noise from train
movements in the proximity of the building would not be
a problem for the project.

Vangelis Koufoudakis from Charcoal Blue said: “The
biggest challenge was the number of low-background
mechanical plant noise in spaces designed for dancing
within the confined footprint of the building; that was
the primary reason behind a requirement for the
isolated constructions, acoustic isolation zones and
jacked-up floors.”

Studio One
Mason UK was working on several studios within the
building that required acoustic isolation, but the biggest
challenge came from Studio One. While all the dance
studios in the facility are large, Studio One is a
200-capacity dance studio constructed on a steel frame
which sits on top of the 550-capacity dance theatre. To
support such a large studio, five main trusses spanning 35
metres and weighing 20 tonnes each had to be installed.
To prevent vibration and low frequency sound from
being transferred between sensitive spaces, the Studio
One structure had to be decoupled from the dance
studio structure which required a bespoke solution.
Acoustic floating floors (where the top of the floor sits on
resilient elements such as springs or rubber are often
the most effective solution for isolating dance studios.
Indeed, Mason installed several floating floors for
Kilnbridge, the contractor for Sadler’'s Wells East.
However, due to the size and mass required for Studio
One, rubber bearings supporting the perimeter were a
better option, used to isolate the vast steel trusses from
the concrete structure.

A bespoke solution

With an area this size, it made more sense to position
point loads of large bearings spread out around the
perimeter. In total, 11 locations were required to support
the trusses at intersections. Having lots of isolators
spread out over a floor this size, as would be the case
with a floating floor, would be less cost effective and the

use of large bearings also had the benefit of keeping
contact points to a minimum — offering superior
acoustic performance.

Rubber bearings can be designed to provide low
natural frequencies, as low as 4 to 5 Hertz if necessary.
The low dynamic stiffness of Mason proprietary rubber
formula makes it a highly effective material choice for an
isolator, even for the low frequency vibrations that would
be generated by group dance activity. The kind of
bearings used for Sadler’s Wells East were the type
usually used when isolating entire buildings.
Furthermore, as this is not an off-the-shelf product, each
bearing had to be specifically designed to handle the
loads it would face.

Mason worked closely with the structural engineer to
achieve this engineering solution and it was necessary
to determine the load that each bearing would be
subjected to. From the perspective of the structural
engineer, load conditions including very significant
emergency conditions had to be supported, but a
bearing based on a load requirement that is much higher
than what will be typically experienced would not
compress enough and therefore fail to deliver the
required acoustic performance.

In addition to designing bearings that would respond
in the right way to the true loads they would be subject
to, it was also necessary to take into consideration EZ»

internal framework
for the main studio,
Flytower and other
plant areas were
isolated on natural
rubber bearings
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how they would work around the existing building
structure. For instance, in some places there would not be
sufficient width of wall to accommodate a large bearing,
so two or three smaller ones had to be used instead.
Being able to adapt to different space envelopes was
another advantage of using bespoke bearings.

Bespoke shear keys

Although the bearings provide the ideal acoustic solution,
they also introduced a further engineering challenge

— handling lateral forces. Structural engineers need to
ensure the building is designed to withstand the impact of
lateral forces, such as wind loads from hurricanes or even
terrorist activity. In the case of Sadler’s Wells, significant
collapse forces had to be supported.

Mason UK therefore had to design a system of bespoke
shear keys to accompany the bearings. Because the
forces were so large, Mason UK proposed separating into
- ‘working’ day-to-day forces to be handled with acoustic

bearings placed laterally; and
- ‘emergency’ load conditions for which large steel bump

stops were incorporated.

IOA BUILDING ACOUSTICS

Above:

Inserting the
floating floor
springs before
commencing
jacking, to within
5mm across the
whole area

This approach greatly reduced cost and prevented the
need for bearings which for day-to-day forces would be
far too stiff.

Acoustic bearings were also used to isolate the entire
plant area at roof level — unique steel to steel connections
were developed as a simple way to reduce uncertainty of
noise and vibration generated by air handling and water
heating systems.

The other studios

Although the work on Studio One was the most
challenging, it was far from being Mason’s only contribution
to this building. In total, they also designed and supplied
seven concrete sprung floating floors for different studios
spread across two levels. Floating floors provide a gap or
clearance between the floor and the underlying structure,
providing isolation against vibration transfer as well as and
airborne noise from adjacent studios.

Concrete floating floors can be supported on
elastomeric elements or springs. The latter have far
less internal damping than rubber so can absorb
more vibration.



The jack-up floating floor, pioneered by Mason
Industries in the 1960s, remains the most effective
construction method for installing a floating floor. This
uses the Mason jack-up system to raise a concrete layer
using adjustable jacks. More specifically, helical springs
provide support to the concrete floor, absorbing any
positive sources of vibration. The system offers a high
level of flexibility and guarantees an air gap.

A legacy to be proud of

Once completed, Sadler’s Wells East will stand out as one
of the world’s most innovative dance studios and a
shining example of the London 2012 legacy. All of those
involved in the project have shared a sense of pride in
helping deliver on this ambitious vision.

Below:

Isolated column
supports at
rooftop level.

A nerve-wracking
inspection!

“It always exciting to be involved in projects of this
scale and the unique challenges they present,” said
George Taylor, a senior project engineer with Mason UK.
Marius Butnaru, a site engineer with contractor Kilnbridge,
was equally excited about his involvement in this project.
“These are highly specialised structures, so it is a
privilege to be involved in a project like this.”

Discussing the unique challenges of this project,
George explained that “it was clear that for these large
steel trusses, we needed to design a bespoke solution,
including specially designed shear keys. This was similar
to structural work, so we had to work closely with the
structural engineer to get the design perfect, both from a
structural point of view, but also from an acoustics point
of view.”
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What constitutes a
sustainable acoustic material?

Environmental concerns are triggering the need for energy-efficient
buildings, boosting the demand for sustainable building
construction materials.

By Barry Jobling MSc, BSc (Hons), MIOA and Neha Sharma, acoustics engineer at Hoare Lea

Traditional timber or

rare natural wood sourced by
unsustainable logging practices,
causes deforestation and
habitat destruction

e

56 IOA BUILDING ACOUSTICS



Acoustic materials play a crucial role in not only
ensuring optimal acoustic performance in buildings
but equally influencing occupant comfort, productivity,
and overall wellbeing. The access to reliable
information on such acoustic materials, which not only
meets acoustic performance requirements but also
aligns with environmental and economic sustainability
goals, has thrown open a challenge for acousticians
and design teams.

While on one hand, manufacturers are producing
novel acoustic material solutions with reduced
environmental impacts, on the other, the availability of
comprehensive data on the acoustic characterisation
and sustainable data, such as their lifecycle costs and
embodied carbon emissions, remains limited. This article
aims to highlight the need to equip acousticians to
adequately provide architects, engineers, and
construction professionals with valuable information on
acoustic materials, and enable them to make informed
decisions during the design and specification process on
acoustic and environmental fronts.

Sustainable constituents of acoustic materials
Acousticians have the potential to positively influence
sustainable design and development in a variety of
ways. Practitioners contribute to specifying many
materials in buildings, and wider infrastructure projects,
which presents an opportunity to affect the adoption of
both good acoustic and sustainable materials. However,
for acoustic designers to feel able and empowered to
promote and specify better, more environmentally-
friendly solutions, they require reliable and comparable
information that can constitute valued

sustainable credentials.

Though there is a plethora of sustainable acoustic
product alternatives being developed and commercially
marketed, the real challenge lies in the awareness of
validated information that can aid in making informed
choices to present to clients. Within the acoustic
fraternity, there is ample knowledge of how to articulate,
suggest, and develop acoustic materials, however there
are limitations, when it comes to understanding the
applicable sustainability standards for material selection.
Nevertheless, when striving for sustainability,
it is advantageous to start with the basic principles.

In 1987, the United Nations Brundtland Commission, in
their report, Our Common Future, defined sustainability as
‘meeting the needs of the present without compromising
the ability of future generations to meet their own needs.
A material is said to be sustainable when it is produced,

used, and disposed of in a manner that is least
detrimental to the environment, promotes social
responsibility, and ensures economic viability. These
products are energy-efficient, emit fewer greenhouse
gases, and are non-toxic, ensuring the wellbeing of the
environment and people. Moreover, sustainable materials
are durable and designed to fit into a circular economy
model, where they can be reused, remanufactured, or
recycled, contributing to a more responsible and efficient
consumption pattern. Often such materials are defined by
a life-cycle assessment, but some materials will major on
specific sustainability factors such as:

« low carbon;

- recycled content;

« re-use potential;

- recyclability;

- limitation of volatile organic compounds; or

« absence of restricted substances.

Material assessment techniques

The Life Cycle Assessment (LCA) tool is one of the most
popular and widely used conceptual frameworks for the
assessment of sustainable materials, used to evaluate
the environmental impacts of materials throughout their
typical lifecycle, from extraction to disposal. While
assessing materials for various targets, LCA plays a
crucial role in determining the most environmentally-
friendly options. Sustainable acoustic materials are
designed to minimise their carbon footprint and
ecological impact while providing effective sound
insulation or absorption. LCA helps to identify such
materials by analysing factors like raw material sourcing,
manufacturing processes, transportation, usage, and
end-of-life scenarios, that promote acoustic comfort
without compromising the planet’s wellbeing.

Being an invaluable resource for sustainability
evaluation of a material use, the LCA tool, focuses solely
on sustainability aspects and may not encompass
acoustic considerations. Though, LCA enables informed
decision-making to enhance environmental
performance, specialised tools or assessments are
required additionally to address acoustic aspects and
their impact on the surrounding environment and
communities. Combining LCA with other tools tailored to
assess acoustic factors will lead to a more holistic
approach to evaluate products and processes.
Accessing such integrated LCA tools will enable
acousticians to identify potential trade-offs between
acoustic performance and sustainability criteria, thereby
recommending optimised choice of materials. EE»
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Acousticians should aspire to provide architects, engineers, and construction professionals with valuable information on acoustic materials, and enable them to make
informed decisions during the design and specification process on acoustic and environmental fronts

Selection of sustainable acoustic materials
Acoustics has an indispensable role in the sustainable
design of buildings, seamlessly blending environmental
consciousness with human-centric spaces. Acoustic
principles are often incorporated into architectural and
space planning, for instance, optimisation of energy
efficiency through sound-absorbing materials and,
reduction of the need for excessive heating or cooling
by strategic ventilation design layouts. Moreover, mindful
acoustic design fosters healthier indoor environments by
minimising noise pollution and enhancing occupant
comfort and wellbeing.

IOA BUILDING ACOUSTICS

Some of the currently used acoustic materials in the
construction industry may not be sustainable. Striking
examples include insulating materials such as particular
foams and mineral wools, that are synthetically
developed, thus contributing to greenhouse gas
emissions during their production. Additionally,
traditional timber or rare natural wood sourced by
unsustainable logging practices, causes deforestation
and habitat destruction. Petroleum-based plastics used
in insulation and lagging are not environmentally-
friendly, as they take hundreds of years to decompose,
leading to pollution and waste generation.



These examples represent only a small selection of the
numerous acoustic material solutions that currently lack
sustainable credentials.

Recent years have seen the emergence of innovative
alternative noise control materials:

- traditional foam, mineral wool, and timber products are
being replaced by their eco-friendly and
high-performance alternatives, often locally sourced
from nature, made from renewable resources or
recycled materials;

- recycled rubber products, derived from discarded
tyres, are effective in reducing impact noise in
flooring applications;

- sustainable biomaterials such as mycelium-based
composites, offer great potential in absorbing and
diffusing sound waves; and

- smart structural developments have led to the creation
of acoustic metamaterials, which exhibit exceptional
sound-absorbing properties at targeted frequencies,
making them ideal candidates for noise control in
various industries, which could replace the need to
provide alternative control measures.

These promising alternative materials enhance noise
reduction capabilities and reflect a growing commitment
to environmentally conscious practices in designing
sustainable buildings.

Finally, it is essential to consider the crucial factors
beyond acoustics and sustainability, including resistance
to fire, durability, hygroscopicity (the tendency of a solid
substance to absorb moisture from the surrounding
atmosphere), to be vermin-proof, rot-proof and protected
against bacteriological growth.

All these factors ensure the safety, longevity, and
overall quality of the building. Overlooking them can
lead to potential hazards and costly maintenance issues.
A universal approach to material selection that
encompasses these elements is essential for creating
resilient, safe, and enduring structures that provide a
healthy living and working environment for occupants.

Call to action!

With a broad range of parameters and a wide choice of
alternative materials at our disposal, it is imperative to
shortlist the sustainable acoustic material in a way that
can lead to informed decisions and influence our
approach to specification. The intent all along has been
to inspire acousticians to keep up with the ever-growing
need to make sustainable choices for acoustic materials,
and being mindful of the various other purposes a
material may serve.

Academicians, researchers, and industry experts
should collaborate and effectively apply their capabilities
to promote the application of sustainable acoustic
materials, with the aim to evolve guidance and develop a
reference database as an industry-shared resource to
have greatest impact, accelerating adoption of more
sustainable materials in acoustic design.

About the author:
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Growing pains

Alec Korchev explores the phenomenon of the
creaking noise in tall buildings (and sets our minds at rest).

By Alec Korchev

About 78% of all the world’s current supertall and
megatall buildings will have been completed between
2010 and 2024. Many more are being planned,
proposed, or are already under construction. With such
a rapid development in construction technology, it is
unsurprising that certain growing pains can emerge.
These can include (among others) complications with
lifts, water distribution systems, resonances in the
facade systems and, of course, wind-induced creaking.

Below:
Tall buildings are designed to move and bend in high wind conditions
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In the UK, we only have one supertall building (The
Shard at 309.6 metres) but we have a number of tall
buildings under 300m in height that are going up at a
similar rate and facing the same challenges. Creaking
noise specifically being a notable concern for residential
buildings and those containing rooms for residential
purposes (e.g. hotels).

These creaking events are triggered by a combination
of conditions. Often brought on by high wind speeds, the
effects can be amplified when high winds pass through
built-up areas, directing wind energy towards tall buildings
along their path, and affecting the local micro-climate.

A supertall building is one that is 300 metres (984 feet) or taller.
A megatall building is a nerve-shattering building that is 600 metres (1,968 feet) or more.

T LEH [
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The noise
A single creak often lasts between one to two seconds
with a regularity that ranges from rarely observable to
about every second resulting in asynchronous
cacophony. Noise levels due to creaking are also
variable, ranging from barely observable above
background right up to the potential to disrupt sleep.
Residents tend to describe the sound as “concerning”,
“disconcerting”, or even “worrying”. It is not a sound
they expect to hear, and the assumption is that there
must be something wrong with the building. Although,
presumably without first-hand comparative experience,
some have described the creaks as comparable to a
17th century pirate galleon straining against a storm.
There is no published guidance on the assessment of
creaking noise, however a range of anecdotal experience
can be used to inform how it might be approached. The
emerging consensus is that the level of noise alone is not
sufficient to quantify the phenomenon and assess its
likelihood to cause adverse effect, but rather, the
regularity of events should also be considered.

The mechanism

Tall buildings are designed to move and bend in high

wind conditions, owing predominantly to two factors:

1. the force of the wind on the face of the building
causes a ‘bending’ of the structure in the direction of
the wind; and

2. vortices being shed around the building, forcing the
building to sway in the dynamic wind flow of the
surrounding micro-climate.

This deflection is understood to be intentional and
structurally safe.

As a building flexes and bends, a lateral deflection
occurs between adjacent floor slabs, relative to one
another (referred to as inter-storey drift). This deflection
puts a strain on internal structures within the building,
which are forced to move slightly against one another
and the resultant force needs to overcome the static
friction (or ‘stiction’) inherent in connections between
the elements.

The emerging explanation for the creaking sound is
that each slight movement in which the wind-induced
force overcomes the static friction, this generates an
individual ‘tick’ sound, and that a sequence of these
sounds occurring in succession generates the ‘creak’
which has been reported.

Ongoing research

Due to the discretion required on many of these
developments, information regarding the study of this issue
is scarcely published or openly discussed. In the autumn of
2022 | began a PhD research project to study the matter
more comprehensively, with a view to developing a risk
assessment protocol to predict at the design stage which
buildings could creak, in order to implement systems to
control the effect, as well as to explore sustainable retro-fit
solutions to mitigate the noise in already creaking
buildings. This research will include collaboration with
other acousticians involved in this matter, developers, and
building materials and system suppliers. | am currently
looking to identify recently built tall buildings that don’t
creak, to study what differences in these builds might have
protected them from the phenomenon.

The project is supported by The Association of Noise
Consultants and Clarke Saunders Associates. For more
information please visit www.clarkesaunders.com or
contact me at akorchev@clarkesaunders.com directly.

www.ioa.org.uk
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reverperation?

Have you ever noticed how sound behaves differently in large spaces with
hard surfaces (for example museums, atria) versus how it behaves in smaller
spaces with soft surfaces (for example bedrooms)? Or how large spaces
sound more ‘echoey’ than smaller spaces? That’s reverberation!

By Nigel Burton, Director of Acoustics at Temple

Often shortened to ‘reverb’, this is the persistence of
sound in an enclosed space. When sound waves are
produced, they travel through the air until they
encounter an object, which can reflect or absorb them.
In a room or other enclosed space, the sound waves
bounce off the walls, ceiling and floor, creating a series
of reflections that can continue for several seconds.
These reflections can create a sense of space and
depth in the sound, giving it a sense of ‘ambience’ or
‘room sound’. Reverberation is an important aspect of
acoustic design and is used in many musical and audio
production contexts, such as in music venues,
recording studios, and even in virtual reality and
gaming applications, to create a more

immersive experience.

What affects reverberation?

The level of reverberation in a space depends on several
factors including:

- the size and shape of the room;

- the materials used in its construction; and

- the placement of objects within the space.

IOA BUILDING ACOUSTICS
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It is often beneficial
to include
acoustically
absorptive finishes
in spaces used

for speech, such

as offices and
teaching spaces

Different types of reverberation, such as short or long
decay times, can be achieved by using different materials
or by placing sound-absorbing materials in certain areas
of the room.

The ideal reverberation time

This all depends on what the space is being designed for.
This said, it is often beneficial to include acoustically
absorptive finishes in spaces used for speech (for
example teaching spaces, offices, healthcare facilities) to
help control reverberation and, in turn, aid speech
intelligibility. Acoustic absorption generally takes the form
of acoustic ceilings but can also be introduced as wall
panels, baffles or rafts.

The longest reverb

In 2014, acoustics guru, Trevor Cox, set a new world
record for the longest echo in a man-made structure in
a subterranean oil tank in Inchindown, Scotland.

After a single gunshot, the reverberation time

was measured as over 112 seconds (more details at
https://www.bksv.com/en/knowledge/blog/
perspectives/longest-reverb)


https://www.bksv.com/en/knowledge/blog/perspectives/longest-reverb
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What's so
useful about
acoustics?

WHAT'S IT ABOUT?

Acoustics is the interdisciplinary science that deals with the study of all
mechanical waves in gases, liquids and solids including vibration, sound,
ultrasound and infrasound.

Many people think that acoustics is strictly musical or architectural in
nature. While acoustics does include the study of musical instruments
and architectural spaces, it also covers a vast range of topics, including
noise control, SONAR for submarine detection, ultrasounds for medical
imaging, thermoacoustic refrigeration, seismology, bioacoustics and
electroacoustic communication.

Professional acousticians work in a huge variety of fields - from

the design of a recording studio or smart phone audio apps to
environmental and workplace noise measurement and control, and
from the assessment of wind farm noise to car and jet engine design,
to name just a few,

WHAT IS THE INSTITUTE OF ACOUSTICS?

A professional engineering institution founded in 1974, the IOA is
the UK's professional body for those working in acoustics, noise
and vibration.

THE SCIENCE OF SOUND, ITS PRODUCTION, TRANSMISSION AND EFFECTS

FOR MORE INFORMATION:

Institute of Acoustics, Silbury Court,

406 Silbury Boulevard, Milton Keynes MK9 2AF
E:ioa@ioa.org.uk T:+44 (0)300 999 2675 www.ioa.org.uk
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A case study to show why correct vibration control is vital for luxury hotels.

In the recent BBC documentary series, The Mayfair
Hotel Megabuild, one of the issues encountered on the
project was noise from the underground trains
resonating through the building, particularly at
basement levels. In this article, Adam Fox, whose
company, Mason UK, featured in the documentary,
explains why acoustics and vibration are a growing
problem for many hotels in London and what can be
done about it.

The BBC documentary series described the
renovation of Claridge’s Hotel in London as the “most
audacious hotel upgrade ever attempted.” For those
involved in this project, it was a challenge and a
privilege. However, from an acoustics point of view, the
challenge encountered here is one that many hotels
across the capital face.

As part of the hotel upgrade, a new five story
megabasement was created. The documentary
shows how during the construction process,

Norman McKibbin, Construction Director at the
Maybourne Group, discovered that they could hear
the hum of tube trains at basement level. As Claridge’s
sits between three different underground lines, faint
vibrations from the tracks 200 metres away were
carried through the ground and then amplified by the
new basement structure.

The need for quiet

The basement was intended to include silent treatment
rooms, where residents would receive massage therapy
and enjoy a luxury spa. Ensuring that no noise disturbed
this environment was therefore non-negotiable. Norman
hired a team of acoustics and vibration engineers, and
that is where Mason UK entered the story.

IOA BUILDING ACOUSTICS
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Box-in-box solutions

The solution to the vibration problem was a box-in-box
construction. Each inner room was surrounded by
acoustic insulation and attached to the existing room
with spring or rubber isolators that will absorb the
vibration and prevent the sound from travelling.

Although few projects can rival Claridge’s’ refurbishment
for prestige, box-in-box constructions are commonly used
for these purposes. The key component is a floating floor,
the design of which is determined by the level of isolation
required. A jack-up floating floor creates a floating
concrete slab supported at regular intervals by either
rubber or spring mounts, to create an air gap underneath.

Walls can be isolated, either by being built on the
floating floor or specially designed wall plates. The
box-in-box structure is complete with an acoustic ceiling or
lid. Acoustic ceilings are generally supported on drop rods
on acoustics hangers, again rubber or springs are used.

Box-in-box constructions and the acoustic products
they require are found in many types of building aside
from hotels, including theatres, cinemas and healthcare
facilities. However, there is a growing demand for this
type of solution as many developers and contractors
require excavating basement levels. In London, this often
brings the structure closer to the main source of
vibration; underground tube tunnels.

Getting the installation right requires experienced
engineers and high-quality engineering products. On
occasion, it will be necessary to provide bespoke
products, to deal with additional challenges like space
requirements that were not anticipated in a specification.
Getting it right first time is essential, as retrofitting a
solution is prohibitively costly and can cause reputational
damage, especially in a luxury development.



IN., MASON UK LTD

Vibration Control Products
& Acoustic Floor Systems

We are more than manufacturers.
Design, Engineering, Installation, Support, Knowledge

When the prestigious Berkeley Hotel in London was being redeveloped, right next
to busy noise-generating roads and underground rail, the client team turned to
Mason UK to bring over 60 years of product development and experience to

the project.

Click the link above for a short film covering the design and installation of vibration
absorbing isolation bearings and box-in-box structures.

From integrating high-deflection spring bearings for the structure, to isolation
of swimming pools and sympathetic application of floating floors and acoustic
ceilings we provided full support, and our engineers were there on site to
ensure success.

We are proud of our heritage and engineering.

m- info@masonuk.co.uk www.masonuk.co.uk
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https://www.youtube.com/embed/RrDo76M2m3Q
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Dy MuUSIiC and crowd noise

Benjamin Wiggett, a graduate acoustic consultant for AECOM and a former
international DJ, explains why building acoustic design is imperative to a
positive experience for the performer, audience and local environment.

Above: My adrenaline rises as we pass the line of clubbers We can all picture the scene, whether you're a

Benjamin Wiggettat  eagerly waiting outside. The familiar rumble of bass performer or a clubgoer. When we walk into a venue, the

?;:iﬁ:g;ﬁgg’ grows, becoming more and more distinct with every wave of noise and energy can be both exhilarating and

2013 (Copyright step towards the entrance. We enter the foyer and the overwhelming. The sound of music and crowd noise

Sylvio Armando intensity continues to increase. Conversation is difficult come together to create a unique atmosphere. Our

Pinas) as the drums filter through every opened door. A wall of individual aural experience is directly affected by a
sound hits us as we head onto the stage. Show time! venue’s acoustic design — whether for better or worse.
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Everything plays its part; building materials, room finishes,
room dimensions, speaker placement, audience size, and
noise limit.

Raving or behaving

If you've ever ordered a drink in one attempt, you
probably weren'’t at a gig of mine. Saying that, if you had
to repeat yourself multiple times, the music was obviously
too loud. Acoustic design is crucial to creating a
comfortable and safe environment both inside and
outside the venue. Also, it’s not all about the audience or
the neighbours, noise poses a serious risk to employees
too. Noise legislation exists to reduce the risks associated
with noise exposure, mitigate noise nuisance, and
improve overall health and safety.

Relatively early in my DJ career, circa 2003, | recall
performing in a warehouse rave with a poor sound system
and layout. To be honest, the standard of sound may have
been acceptable for that era, but | know now there was
no science applied by the production team at all. | kept
turning up the DJ monitor to hear the tune | was mixing. It
was so loud it was distorting badly. Vinyl was the format in
our arsenal back then. As it’'s analogue — every snap,
crackle and pop blares out — at levels well over 100 dBA.
The damage | did to my ear in a single night was
probably irreversible.

The art of sound

Assessing and managing the risk of noise exposure is
required under the Control of Noise at Work Regulations
(2005), which aims to protect workers from exposure to
excessive noise in the workplace. It is a legal requirement

for employers to provide hearing protection to staff when

exposure levels reach 85 dBA. I've been wearing

custom-made earplugs for 20 years now, whether
performing at or attending events. | cannot recommend
them enough and the protection they provide is priceless.

Legislation like the Control of Noise at Work Regulations,

exists for every element of acoustic design for a

performance space and provides a framework for

designers, architects and acousticians to implement their
design principles collectively.

In the UK, the standards used for the acoustic design of
performance spaces and nightclubs are largely based on
the guidelines set out by the Association of Noise
Consultants (ANC), the Institute of Acoustics (IOA), and the
British Standards Institution (BSI). Some of the specific
standards include:

« BS 8233:2014 provides guidance on the control of
noise in and around buildings, including performance
spaces and nightclubs;

« BS ENISO 3382-1:2009 provides guidance on the
measurement and evaluation of room acoustics
parameters, including reverberation time, clarity,
and definition;

« Code of Practice on The Control of Noise from Pubs
and Clubs, published by IOA, this guide provides
practical advice on the control of noise from nightclubs;
and

- BS 4142:2014+A1:2019 provides guidance on the rating
of industrial and commercial sound. While not strictly
applicable to music and entertainment noise, the
guidance is still useful to assess noise generated
by nightclubs.

Left:

Benjamin Wiggett at
Homegrown,

Cape Town,

South Africa, 2012
(Copyright

John Henry)
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Often, bespoke criteria are used; combining relevant
guidance to meet the client’s needs.

These standards and guidelines provide a framework
for the acoustic design of performance spaces and
nightclubs in the UK, helping to ensure that they provide
optimal sound quality while minimizing noise impact on
the surrounding environment.

It is critical to consider the design of the acoustic
environment, including looking at the architecture of the
space, the soundproofing (sound insulation) materials
used, and the placement of loudspeakers or other audio
equipment. Acoustics and noise control measures
typically include the installation of acoustic barriers (to
block noise at the source or at the receiver), absorbers
(to reduce the number of sound reflections in a space),
and diffusers (to increase the ‘scattering’ of sound to
create a more diffuse space). Additionally, the sound
system can be designed and adjusted to achieve a
desirable noise level. With consideration for relevant
guidance and legislation, a nightclub can be designed in
such a way as to create a vibrant and fulfilling
atmosphere without introducing health risks, noise
nuisance or running afoul of the law.

The power of acoustics

When performing, the bass in the DJ booth can be
overwhelming and the room itself can play havoc with
bass frequencies. Room modes (or loud spots) can often
be due to problematic frequencies forming standing
waves. This is where soundwaves bounce between
reflecting surfaces (usually a wall, floor or ceiling)
constructively interfering with each other. The effect is a
series of bass-heavy hotspots around the room. In theory,
the same physics can be used to ‘cancel’ these waves out

— much easier in theory than applied to a nightclub in
full swing.

The sound of bass that used to echo from town
centres in days gone by is seldom heard now. This was
partly due to clubs not meeting local authority
noise regulations. This is where building acoustics plays
a vital role in the refurbishment of existing clubs that
have been part of the communities and culture for
generations, or indeed, part of the planning process of
building new state-of-the-art clubs that will inspire the
next generations of artists.

From a performance perspective, compensating for
excessive bass can be difficult. Adjusting the bass lower
on the mixer solves the problem for me (and maybe the
neighbours) but significantly reduces the impact on the
dancefloor. To reduce the transmission of sound from the
main room, concrete walls, air gaps and acoustic
springs/mounts can be used. These make it more
difficult for sound to travel through each material and be
re-radiated on the other side.

Another important factor for noise control is the use of
sound-absorbing materials in the venue. These materials
help to reduce echoes and reverberations, which can
cause the sound to bounce around the room and
interfere with the clarity of the music. Weirdly, the
audience themselves act as a pretty good absorber for
some of the higher frequencies, (the larger the audience,
the greater the absorption coefficient), but larger
wavelengths (bass notes) require more thought.

The sound of success

From a DJ’s perspective, sound quality is essential as it
can make or break their performance. It’s a pleasure to
perform in a venue where the clarity of sound is crystal

Constructive interference

Destructive interference
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clear. Performing in a world-class nightclub, with optimal
acoustic conditions can give the DJ confidence to mix
with full control, trust their ears and encourage creative
freedom. A well-designed acoustic environment can
enhance the clarity and definition of the music, making it
easier for the DJ to mix and for the audience to appreciate
the nuances of the performance. This in turn transcends
onto the dancefloor, creating energy and connection. The
atmosphere alone becomes a memory for both the DJ
and the audience. These are the moments that DJs and
performers crave.

In contrast, a poorly designed acoustic environment
can have the opposite effect. The music can become
distorted and muddled, making it difficult for the DJ to mix
effectively and for the audience to fully engage and

Media links

Drumsound & Bassline Smith v Utah Saints — What Can You Do For Me —

https://www.youtube.com/watch?v=9CjHKPKgZ7Y

connect with the performance. This can lead to a lack of
energy and excitement and ultimately detract from the
overall experience. The acoustic design of the space
plays a significant role in shaping the overall tone and it
can have a profound impact on the performance’s
success. By understanding the importance of acoustic
design and taking steps to optimise the space
accordingly, both DJs and nightclub owners can create a
thrilling and memorable environment for everyone
involved. Properly placed acoustic panels, curtains and
carpets can all contribute to a better sound experience.
Ultimately, this creates a sense of immersion and
connection between the DJ and the audience,
heightening the energy and excitement of the night. It isn’t
all about loudness!

Drumsound & Bassline Smith — Through The Night ft. Tom Cane
https://youtu.be/S85q2xSpwUl

About the author:

Benjamin Wiggett was a founding member of the Drum & Bass collective Drumsound & Bassline Smith who achieved two UK Top 40 singles in 2012. He was
an international touring DJ for 20 years and before studying for a BSc in Music Technology and Production at the University of Derby. He also conducted sound
design and audio post-production for independent film producers and game developers before pursuing a career in acoustics.

@ Institute of
Acoustics

Sound-Noise - Vibration

www.ioa.org.uk

69


https://youtu.be/S85q2xSpwUI
http://www.ioa.org.uk
https://www.youtube.com/watch?v=9CjHKPKgZ7Y

70

Designing for
acoustic satisfaction
N open plan offices

Environmental satisfaction in work places is closely associated with comfort
and productivity, but it turns out to be quite a challenge to get the design spot
on. This article shows how to understand acoustic satisfaction in open plan
offices, and how we align design processes to achieve the desired outcomes.

By Jack Harvie-Clark

The Leesman Index is the world’s largest employee Below left: Case study on acoustic satisfaction
workplace experience survey and it has been telling us _T_:g;;;;al This was an office transformation project to facilitate
for over a decade’ that in open plan offices: office layout new ways of working. The traditional office is shown in
- dissatisfaction with noise levels kills productivity Figure 1, with rows of assigned desks arranged
(importance rated around 70%); and Below right: perpendicular to the facade. Figure 2 shows the same
-+ average satisfaction with noise is only around 36%. Figure 2: building, where there has been no change to the
The noise problem is one of the hardest for The same office ceiling, facade, lighting, or HVAC system — but the
organisations to crack and so it's down to acousticians to ?:Z‘ii;g:g;h furniture has been re-designed to support the new ways
improve the working conditions of many people. furniture of working.

Footnotes
1. https://www.leesmanindex.com/a-decade-of-change/
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In the traditional layout there are few meeting rooms
so informal meetings just convened at people’s desks. In
this project, they had a strong change management
programme that included management by results rather
than presenteeism. As part of this change, they had to
change the office landscape so that nobody had an
allocated place, people were encouraged to find a place
to work that suited their task in hand.

Following the transformation, surveys revealed that staff
members were so much happier with the acoustics in
the new office that the organisation wanted to replicate
this in their design and specification for future offices. So
the room acoustic response in the old office, coupled
with the new ways of working were measured according
to ISO 3382-3; to include conditions when the offices
were occupied, the ambient noise and the liveliness?
were also measured.

But the measurements taken did not distinguish any
significant difference between the old and the new offices.
However, the staff could clearly distinguish the difference,
not just for their satisfaction with the acoustics but also
with their satisfaction with the lighting and thermal comfort,
as shown in Figure 3. (The term ‘pre-show-case’ refers to
the traditional office layout. The surveys carried out in
September and December 2016 were on the ‘show-case’
floor plate, which adopted the new ways of working.)

In the traditional office, satisfaction with the lighting and
thermal comfort were almost exactly on the global
benchmarks according to Leesman, whereas satisfaction
with the acoustics was already much higher. This may be
because the question is asked slightly differently —
Leesman asks about ‘satisfaction with noise levels,
whereas in this questionnaire they were asked about

Above:

Figure 3:

Results of staff
surveys on
traditional and

new ways of
working floorplates,
compared

with Leesman
global benchmarks

‘satisfaction with the acoustics;” people may respond
differently to the different question.

Satisfaction with the lighting and thermal comfort
improved significantly, as well as the satisfaction with the
acoustics. And yet neither the lighting nor HVAC system
changed, and no difference in the acoustic conditions in
the room could be measured.

This case study demonstrates very powerfully
how people experience an improvement in their
environmental satisfaction when they have more control
over their environment?.

How important is control for acoustic satisfaction?
Psychological literature tells us that a level of ‘control’ is
essential for an individual’s wellbeing, and that it’s a
psychological and biological necessity". In building
services the importance of control is well known, and is
described as a ‘killer variable’ for comfort and
productivitys. A ‘killer variable’ means it's a key indicator;
people’s sense of comfort and self-rated productivity are
strongly dependent on how much control they feel they
have in a building.

Strength of acoustic indicators to predict
acoustic satisfaction

Of the indicators in ISO 3382-3, the only one that is
statistically significantly associated with noise annoyance
is the distraction distance®. In presenting the
accumulated data between distraction distance and
disturbance by noise, the authors knew that control was
important. The four offices where the occupants either
had an opportunity to use a protected quiet room or they
were activity-based working (ABW) offices are

Footnotes
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Proposed Method For Measuring ‘liveliness’ In Open Plan Offices. Sara Vellenga, Tom Bouwhuis, Theodoor Hongens. ICSV24, 2017.

The value of control for acoustic satisfaction in open plan offices: a case study. Jack Harvie-Clark, Richard Hinton. ICBEN 2021.

Born to choose: the origins and value of the need for control, Lauren A. Leotti et al, Trends in Cognitive Sciences, 2010.

Productivity in buildings: the ‘killer’ variables. Adrian Leaman & Bill Bordass, Building Research & Information, 1999.

Distraction distance and perceived disturbance by noise—An analysis of 21 open-plan offices. Annu Haapakangas, Valtteri Hongisto. JASA, 2017.
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marked with a different symbol. These are the offices
where people had more control, and don’t seem to
follow the same trends as the rest of the data.

New acoustic narrative required

Our case study office can’t be plotted on that chart due
to the questions being asked differently, but the change
in acoustic satisfaction might have moved it from around
the middle of the chart, towards the peripheral data
amongst those ABW offices.

It's important to remember at this point that we have
no acoustic diagnostic tools to even understand how the
acoustic satisfaction was improved. It’s not part of the
acoustics narrative. What we really need is a new
framework that can describe acoustic satisfaction in its
entirety. That sounds like an ambitious prospect but it
already exists, just not in acoustics for open plan offices.

The soundscape framework

The soundscape framework has been developed to
describe people’s experience of sound holistically, in
context. The ISO 12913-1 Standard was published in
2014, with the conceptual framework as shown in Figure
4. Also on Figure 4 are annotations of where the room
acoustics and acoustic space planning fit in. The room
acoustics are described by the indicators in ISO 3382-3
- this is the way that the empty room responds to sounds
within it - the most notable indicator being the distraction
distance, denoted rp. The acoustic space planning refers
to the process of planning the different occupancy
locations or zones - to avoid acoustic conflicts; these

typically occur between people who talk frequently -
either because they are extrovert types, or their job
requires it (e.g. a contact centre or IT help desk), and
people who work mostly without conversing.

Non-acoustic factors

The larger part of this diagram is given over to ‘context’
and this refers to the non-acoustic factors. The non-
acoustic factors are all the things apart from the sounds
that affect people’s experience of sound. The non-
acoustic factors are starting to be documented and
categorised as either personal, tangible, or psycho-
social factors’. Some of the most advanced work to
describe and document non-acoustic factors is currently
taking place for aviation noise®. In this field, researchers
have determined that one-third of the variance in
annoyance reactions is due to acoustic factors, another
third of the variance in annoyance can be explained with
non-acoustic factors, with the final third currently
unexplained. As it cannot be explained with the acoustic
factors, this means that there are non-acoustic factors
that are yet to be accounted for.

Personal factors are things like noise sensitivity,
capacity to cope, perceived control and perceived fear.
These are associated with an individual and are
relatively stable over time. Tangible factors (sometimes
called environmental factors) are factors relating to the
environment rather than the individual. For example;
‘visual modifiers’ — looking at foliage or trees rather than
looking at a road, the road traffic noise is perceived as
less annoying. It is also established that road traffic noise

Sound
sources Canvert
2 Non-acoustic factors: Personal, Tangible, Psychosocial

Room acoustics

|

Acoustic space planning U

V v

3 2 Interpretation I
Acoustic . Audlt;).ry of auditory Responses -
environmen sensation sensation J

Above: Figure 4: Soundscape conceptual framework, with red boxes overlaid

v

Outcomes
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7. Development of a new ISO Technical Specification on non-acoustic factors to improve the interpretation of socio-acoustic surveys Benjamin Fenech, Lisa Lavia, Georgia
Rodgers, Hilary Notley. ICBEN 2021.
8. Coping with Aviation Noise: Non-Acoustic Factors Influencing Annoyance and Sleep Disturbance from Noise. Susanne Bartels et al. (2022) Aviation Noise
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is less annoying if there is access to green space within
a five minute walk of the home.

Psycho-social factors are described in acoustics
literature as factors which are shared between members
of a community — qualities such as perceived fairness,
perceived community benefit from the sounds and
attitudes towards noise authorities. A new ISO Technical
Specification (ISO/TS) on non-acoustic factors has been
proposed to improve the interpretation consistency of
socio acoustic surveyss.

Non-acoustic factors in open plan offices

It might seem as if a whole new branch of science is
required to investigate non-acoustic factors in open plan
offices, but in fact much of this work has already been
carried out in this area — just not described in this way.

The response to noise distraction by different
personality types has been investigatedg, demonstrating
that extroverted people are more satisfied with noise in
open plan offices in both allocated and unallocated
settings and that both introverted and extroverted
people are less satisfied at allocated desks compared to
unallocated desks. Perhaps that’s the control factor
coming in there as well.

Another study1° looks at the personal need for
privacy and how that affects people’s perception of
how well an activity is perceived to fit in a particular
work setting. The personal need for privacy affects
both satisfaction with the work environment and
task performance.

This isn’t about the need for acoustic privacy — it's
about people’s personal needs and how well they are
suited to different tasks in different settings. We can’t
necessarily understand an individual’s personal factors
when they are moving into a new office but we can
design for a range of sensitivities and personal needs.
Or we can be explicit about the fact that an office may
be designed for a limited range of personal needs. We
need to understand that two people doing the same
task in the same environment will have a different
experience of comfort in that place; they will have
different needs even when they are performing the
same activities, because of their personal factors.

Other personal factors which are important in open
plan offices are people’s experience and their
expectations. A new office implies a change. The study
of personal office preferences" and other studies have
demonstrated that people prefer the work setting that
they are already in. People in private offices rate private
offices more highly than other types of work settings,

whereas people in other types of work settings (open
plan, ABW) rate private offices less highly. When people
move from private offices to open plan offices, then on
to ABW offices, they generally don’t want to move back
down that path.

We are creatures of habit and we don’t like change.
Change invokes fear. People’s expectations about a
new office are very important, as are the way in which
people’s expectations are managed. A study of a
workplace change process and satisfaction with ABW'?
showed that the strongest predictor of the change in
environmental satisfaction, a year after the move, was
the degree of agreement with the management’s
reasons for the change.

This can be understood as a psycho-social factor: if
you believed your manager’s reasons for the change,
you felt more comfortable in the new office, and vice
versa. We should not underestimate the importance of
change management and the way in which that process
is carried out. Another study showed that where people
thought they were going to have more impact on the
design than they did, they felt disappointed with the
new office and consequently felt less comfortable in it.

Can you improve our acoustics?

In another case study that we carried out, our client
asked how can we improve the acoustics in their office
and we threw everything at it. We visited when the office
was unoccupied, and we measured the ISO 3382-3
room acoustic indicators. We visited when it was
occupied and measured ambient noise and liveliness?;
and we used a noise comfort questionnaire to ask
people about their experience.

The data that was most useful to us were the
observations we made when we were taking the
attended measurements and talking to people about
their experiences in this office.

The people that sit at the middle table simply like to
chat more— they are doing the same type of work as
people in other parts of the office but they’re more
sociable or extroverted perhaps. This was demonstrated
in the measured results for liveliness, as shown in
Figure 5. On the left hand side of the office it was
tranquil most of the time, whereas on the right hand side
of the office, it was much more lively for most of the time.
The table seating people who prefer to talk while they
work impacts on the people sitting around them.
Talkative people need a protected area of the office
without disturbing others around them; which requires
specific acoustic space planning.

Footnotes

2. Proposed Method For Measuring ‘liveliness’ In Open Plan Offices. Sara Vellenga, Tom Bouwhuis, Theodoor Hongens. ICSV24, 2017.

8. Coping with Aviation Noise: Non-Acoustic Factors Influencing Annoyance and Sleep Disturbance from Noise. Susanne Bartels et al. (2022) Aviation Noise Impact Management.
9. The response to noise distraction by different personality types: An extended psychoacoustics study. Nigel Oseland & Paige Hodsman. Corporate Real Estate Journal, 2020
10. Perceived fit in activity-based work environments and its impact on satisfaction and performance, Hoendervanger et al, J. Environmental Psychology 2019
1. Personal office preferences, Nigel Oseland, 2019.

12. Workplace change process and satisfaction with activity-based office. Pia Sirola et al, Facilities, 2020
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Could this situation have been predicted during the
planning of this office? We don’t think so. This is a type
of insight and intervention that can only be revealed in
an operating office to improve the acoustic conditions.
This demonstrates that the acoustic design should not
be considered ‘complete’ when an office is handed over;
as people learn to use the office, there are always
interventions and changes that can be made to improve
the acoustic conditions.

The noise comfort questionnaire revealed that the
sound of telephones ringing was a significant problem.
Further investigation indicated that the six desks on the
far right hand side are sometimes used as a contact
centre. Telephones don’t need to ring these days —
operators can use light indicators and turn the volume
right down. A few simple changes that were indicated
and led by the occupants, improved acoustic conditions
without changing the room acoustic indicators
measureable with ISO 3382-3.

Change the narrative

So we need to change the narrative — acoustic
satisfaction does not exist in the room, it’s in people’s
minds. To design for acoustic satisfaction we need to

IOA BUILDING ACOUSTICS
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Above: Figure 5: Measurements of liveliness in an occupied office

take room acoustics out of the equation and address the
people who are using the office. We need to understand
their range of needs, and design the accommodation so
that they enjoy a degree of agency in controlling their
choice of space that suits their needs.

We need participatory design processes and to find
out what people need. Acoustic design should not stop
when the building is handed over. A new office is like a
tool — it takes time to learn how to use it. Not many
engineers would design a bespoke new tool without
engaging with the users. Each one is like a prototype —
its use can always be improved by reflecting on how it’s
used, observing and understanding from the users what
the issues are, and improving those places where
there’s acoustic conflict.

Everything we do must be in the context of our
sustainability crisis. We can’t afford to keep designing
workplaces that don’t work for people: it's a huge waste
of our resources.

Conclusion

The science of acoustics in open plan offices has made
great advances with the room acoustic indicators in ISO
3382-3. These are necessary but not sufficient to



explain occupants’ acoustic satisfaction. We need to
take account of the diversity of people who will use an
open plan office, and the activities that they will
perform. We need to take their experience and
expectations seriously if we want them to be more
comfortable in a new office. We need to give people a
genuine sense of control over their environment, so that
they can be confident of finding a suitable place for the

variety of tasks that they perform. If we don’t do this,
people will attend the office reluctantly; both the
organisation and the individuals will lose the benefits
that can be gained by collaborative working with
colleagues. Human-centric design already exists; this
needn’t be reinvented; we just need to include
acoustics in those processes as much as a human factor
as a technical factor.

Above: Many people find the acoustic environment in open plan offices can significantly impair their ability to work; so they use a range of coping mechanisms,

or avoid the office as much as possible

@ Institute of

) Acoustics
www.ioa.org.uk Sound-Noise-Vibration


http://www.ioa.org.uk

76

—xploring the cultural heritage
and restoration of
Cathedral through acoustic

Notre-Dame

digital reconstructions

The acoustics of a place are ephemeral, but they are intrinsically connected to
the physical environment. With acoustic measurements, acoustic models, and
extensive archival research, acousticians are reconstructing the sounds of
Notre-Dame through the ages after it was damaged by fire on 15 April 2019.

By Sarabeth S. Mullins, Elliot K. Canfield-Dafilou and Brian F.G. Katz

The modern experience of profound historical
architectural achievements such as Etruscan tombs or
Gothic cathedrals is strongly linked to each site’s
acoustic environment. The acoustics of an ephemeral
heritage site are an intangible consequence of the
tangible construction and furnishing of the space.

The echo of the cathedral
With the recent adoption of the UNESCO resolution on
the importance of sound, in addition to the Convention for
the Safeguarding of the Intangible Cultural Heritage,
awareness is now growing of the importance of
preserving, studying, and recreating the soundscapes and
acoustics of historical sites. At the same time, the rapid
development of available computing power has allowed
for acoustic simulations capable of modelling vast and
complex buildings in which acoustics often play a crucial
role, such as theatres, concert halls and cathedrals.

While Notre-Dame has burned before, the 2019 fire is
a reminder of the fragile nature of our cultural heritage.
Fortunately, acoustic measurements made prior to the
fire preserved the sound of this grand cathedral — and to
a certain extent, preserved it. What’s more, the
application of these measurements creates tools

IOA BUILDING ACOUSTICS

allowing archaeologists, historians, musicologists, and
the general public to discover the lost acoustics of the
damaged site. As part of the European Past Has Ears
(PHE) and the French Past Has Ears at Notre-Dame
(PHEND) research projects, and in conjunction with the
acoustics working group of the Chantier Scientifique de
Notre-Dame, we have been investigating the acoustic
heritage of the cathedral over the centuries.

The contemporary acoustics of Notre-Dame
Despite the notoriety of the cathedral, there are few
examples of published data on the acoustical parameters
of this space. While some previous studies had been
published in the early 21st century [Hamayon, 1996,
Mercier, 2002], these reported varying reverberation times
for the modern cathedral (e.g. 7.5 s and 6.5 s at 500 Hz,
respectively), and did not fully explain the measurement
protocols used. However, members of our laboratory
carried out two previous measurement campaigns before
the 2019 fire. After the fire, we were also able to make
further measurements to document changes to the
building’s acoustic state. The plans from these three
measurement campaigns are shown in Figure. 1. The first
of these, from 1987, was recovered from an acoustic study



conducted about a potential organ. While a variety of
stimuli were employed, only a few balloon-burst sources
were exploitable due to a lack of excitation stimuli details
(e.g. anechoic signals, sweep stimuli parameters). While
not an ideal omnidirectional source, balloon bursts are
valuable in certain situations, offering a portable impulsive
source [Patynen et al., 2011]. The recorded bursts were
digitised from the original analogue tape and analysed.

Later, as part of a French research project on Binaural
Listening (BiLi), we made a series of acoustic
measurements in 2015 almost four years to the day before
the 2019 fire. These detailed measurements were made
with the modern sine-sweep technique Farina [2000], with
multiple receiver positions spread over a large portion of
the floor area, including binaural and ambisonic
microphones at select positions (see Figure 2a).

After the 2019 fire, access was granted to the
construction site for the third measurement campaign,
carried out in June 2020. The spire had damaged the

central part of the transept/altar marble floor as it fell. Due
to the risk of further falling debris and structural instability,
the central nave and transept were off-limits to people, as
highlighted in Figure 1c. The choir area was likewise
cluttered with debris, and therefore inaccessible. Many of
the side altars had been used to store objects. There was
also scaffolding installed for the removal of the organ and
a protection barrier (construction fencing and waist-height
perforated metal panels) surrounding the central nave.
See photos in Figure 2b; a short video documenting the
measurement session is available online' .

Comparisons between the results of the two pre-fire
sessions (1987 and 2015) show a slight, but significant,
reduction in reverberation time (8%), which is likely
attributed to the installation of a carpet runner in the
1990s to reduce the footfall noise of circulating tourists.
Compared with the 2015 data, the reverberation time
after the fire has decreased significantly (20%) [Katz and
Weber, 2020].

Below: Figure 1: Measurement plans for the three sessions at the Cathédrale Notre-Dame de Paris

Below: (a) 1987

Below: (b) 2015

Below: (c) 2020
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labels or at points when the measured grid is too dense. The 2020 plan (c) also indicates in
shaded regions the scaffolding (yellow), people exclusion (red), and encumbered/damaged 1
ground (blue) exclusion zones where it was not possible to place measurement equipment

https://youtu.be/YLi7ASosKvw
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Figure 2: Images highlighting conditions for the (a) 2015 and (b) 2020 measurement sessions

Right:

Figure 2:

(a) 2015,
highlighting
measurement
equipment in the
central aisle of the
nave and carpet
runner in a side
aisle during the
measurement
session

Right:

Figure 2:

(b) 2020,
highlighting the
remote-controlled
robot-pulled
microphone tripods
and the general
empty state of the
nave during the
measurements
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Figure 3: Summary of (a) mean reverberation time over receivers, (b) example RICs, and (c) coupled volume analysis
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Above: (c) Double-slope decay 500 Hz-octave band analysis distributions showing Early and Late reverberation times and the relative time (BPt) of the identified
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@ Institute of

) X Acoustics
www.ioa.org.uk Sound-Noise-Vibration


http://www.ioa.org.uk

building over centuries have all left their marks on the
cathedral, from architectural renovations to politically-
motivated redecorations, re-purposings, and damages. To
modify the cathedral is to participate in a cultural legacy of
continuous change.

While physical and digital simulations have been used
for decades, digital approaches used in the 20th century
were initially limited in their utility. As recent studies have
shown the improved reliability of numerical simulations for
studying complex, coupled acoustic conditions [Weber
and Katz, 2019], we can expect such analytical efforts to
be credible for Notre-Dame. We have shown in previous
studies that geometrical acoustic simulations (CATT-
Acoustic/TUCT) can be perceptually comparable to in-situ
recordings [Postma and Katz, 2016b].

A geometric acoustic model of the cathedral was thus
created and calibrated on the basis of measurements
taken in 2015. Subsequent work on the historical
acoustics of Notre-Dame has refined this computer
model, featuring alterations in interior geometry, closure
of lateral chapels, inclusion of the cléture and rood
screen, reshaping of choir stalls, and other details.
Additional measurements of historical materials and

supporting archival documentation are used to modify the
simulations, adapting the model to the cathedral’s
historical or future states. To date, 13 acoustic models
spanning the time period from before Notre-Dame was
built in ca. 1163 CE to ca. 1712 CE have been created using
this same software (CATT-Acoustic v9.1, TUCT v2.0, see
Figure 5a).

The ca. 1163 model is a speculative one based on the
foundations of a massive basilica found in archaeological
digs in 1847 CE [Hubert, 1964, Barbier et al., 2019,
Sandron, 2021]. Acoustic measurements and architectural
plans of an extant and contemporaneous building of a
similar architectural style [Cirillo and Martellotta, 2005]
were used to create a calibrated model of the stand-in
church, which was then modified to match the
architecture of the ruins below Notre-Dame. All models
after ca. 1163 CE are based on the GA model reported in
Postma and Katz [2016a] and subsequently modified to
match the historical states as discussed in Mullins et al.
[2022], Canfield-Dafilou et al. [2022, 2023]. These models
allow us to examine the acoustic evolution of the
cathedral over generations, yielding insights into the
experience of previous societies at the church.

Figure 4: Several acoustic simulation models and overview of reverberation time results
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Above: Geometrical acoustic model of Notre-Dame de Paris



Figure 5: Overview of several simulation models and associated reverberation time results
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Listening to the past

This type of historically-informed simulation can be a
powerful tool for historical studies, providing researchers
with a sensory presentation of sound that was previously
only available through description and supposition.

In parallel with the construction of the cathedral, a new
genre of music developed among the musicians of
Notre-Dame. Known as the Ecole de Notre-Dame, these
composers and musicians pioneered a virtuoso style of
singing that embellished established melodies with
prescribed and notated polyphonic ornamentation.

Working with musicologists, acoustic simulations are
used to study the potential relationship between these
musicians and the reconstructed acoustics of Notre-Dame
and its predecessor. These experiments use real-time,
immersive virtual acoustic environments to allow singers
to perform as an ensemble in the different simulated
acoustic conditions. A choir specialising in medieval
singing was studied as they sang Organum Purum and
Organum Notre-Dame in the varying acoustics.

Analysis of musical parameters extracted from their
recordings helps to examine what influence the different
architectures may have had on musicians’ performances.
Listening tests with specialists focus on the differences in
the suitability of music styles to the historical acoustic
conditions. In this way, we hope to provide a new level of
insight into the interconnected domains of culture and
acoustics at the cathedral in the past.

Footnotes

2. http://www.lam.jussieu.fr/Projets/GhostOrchestra
3. http://lavierge2020.pasthasears.eu

4. http://lookingfornotredame.pasthasears.eu

5. https://youtu.be/i8AE-u9JIUO
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Above: (b) Summary of mean reverberation time

In addition to the scientific aims, the acoustic model of
Notre-Dame has been used to draw awareness to the
cultural significance of the aural history of the cathedral.
This includes a virtual ‘magic carpet’ tour of the
cathedral while listening to an extract from a
performance of Massenet’s oratorio La Vierge. The
intention of this production (entitled ‘Ghost Orchestra’z)
was to capture the acoustics of the cathedral and how
they vary according to the position of the sound source
and the listener. An extended version, offering the entire
concert from several fixed positions, was produced
during the COVID lockdown in the form of a virtual
sound-only experience3.

The selected piece of music, actually performed at
Notre-Dame for its 850th anniversary, offers a unique
experience with musicians positioned both in the transept
and in the liturgical choir, in addition to several movements
where soloists are positioned high up in the galleries,
offering spatially variable sources and a truly immersive
experience. These efforts have produced a short series of
audio dramas, placing the efforts of the scientific team in
an easily accessible format. Looking for Notre-Dame®*
plunges us into the mind of the young Victor Hugo as he
begins work on his future ‘cathedral novel’ Notre-Dame
de Paris. Another public work, is the production of a
geolocalised audio-guide, Whispers of the Past at
Notre-Dame® , an immersive experience in the aural
memories of the cathedral Notre-Dame de Paris. 2
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Concluding remarks

Exploring acoustic cultural heritage through digital
reconstruction brings an additional perspective and
tool-set to researchers in the arts and humanities.
Furthermore, it brings a powerful means of
communicating and delivering memorable, meaningful
and, most importantly, informed multi-sensory
experiences. This is evident by the range of projects of
this type across Europe. Despite its potential, auralisation
is a static representation of how an environment sounds,
a snapshot in time, and the final result depends greatly on
the limitations of the systems and techniques used to
create it. When developing a model of any heritage
space, the auralisation is only as good as the groundwork
research into the source material documenting its history.
Perhaps most importantly, our judgements on the
auralisation reflect our selves, our experiences, and our
expectations. As with many historical conceptualisations,
the final results are created from and perceived through

our modern state of mind. Despite these caveats, we
believe that Notre-Dame is the perfect opportunity to
showcase the opportunities of interdisciplinary
partnerships. It is our hope that this work contributes to an
appreciation of the cathedral’s legacy as it moves towards
full restoration.
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Glossary

All industries have their own technical terms or abbreviations that don’t
immediately make sense to lay people. This glossary will help to de-mystify
some common terms used in acoustics

<t Less than
>: More than

Acoustic indicator — a series of agreed metrics for describing or
measuring sound.

Acoustic narrative — the perception of sound and how that might
tell a story of a location.

Amplitude modulation — amplitude (the maximum extent of a
vibration or oscillation) varying over time.

Anthropocene — the current geological age, viewed as the period
during which human activity has been the dominant influence on
climate and the environment.

Attenuator - device used to reduce the strength of an
audio signal.

Auralisation — a simulation of an acoustic phenomena.
Binaural measurements — a sound is recorded using two
microphones mimicking the placement of human ears

(often using a dummy head).

dB - decibel - a unit based on a logarithmic scale used to
measure the intensity of a sound.

Hyperacusis — intolerance to common sounds that causes
significant distress.

Life Cycle Assessment — (or LCA) a framework for\assessing the
environmental impacts of product systems and decisions.

Mechanical ventilation — the use of powered fans to provide
fresh air to rooms.

Meta analysis — the objective examination of published
information to determine overall trends.

Misophonia — a condition where a person has a severe sensitivity
to specific sounds and visual images.

Net zero - the target of completely negating the amount of
greenhouse gases produced by human activity.

Noise distraction — noise that redirects a listener’s attention.

Noise rating (NR) — often used in the measurement of noise from
mechanical sources such as air conditioning systems in environments
such hotels, cinemas and schools.

Pre-completion testing — pre-completion sound testing places
the responsibility for testing on the owner or builder to prove that
the sound rating is accurate and complies with modern regulations
regarding noise control.

Psycho-social — the psychological development of the individual
in relation to his or her social environment.

Reverberation — the reflections of sound that cause a continuation
of audible sound beyond an initial event.

Robust detail — a robust detail (RD) is a separating wall or floor
construction which has been assessed and approved by Robust
Details Limited. In order to be approved, each robust detail (RD)
must be capable of consistently exceeding the relevant regulatory
performance standards and be practical to build on site).

Sound transmission — how sound energy is transferred from one
material to another.

Soundscape - the acoustic environment as perceived by humans,
in context.

Soundwalk — a walk that focuses on hearing and listening to the
environment. Often linked with soundscape.

Spectrum adaptation terms — the value (in decibels) to be
added to the single-number quantity to take account of the
unweighted impact sound level, thereby representing the
characteristics of typical walking noise spectra.

Speech Transmission Index — a measure of speech
transmission quality.

Virtualisation — to produce a virtual version of a real object
or sound.
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