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ABSTRACT

Before creating a new activity-based
design in retrofit buildings projects
the existing acoustic environment is
carefully measured. Not only the
acoustical qualities of the existing
building and facilities are measured
(according to NEN 5077 for sound
insulation, ISO 3382 for room acoustics
and ISO 3382-3:2012 for room acoustics
in open plan offices), but also the actual
behaviour of people is measured as well
as this is a very important input for
defining the acoustic environment.
During a representative week of working
hours, the sound levels are monitored
at different locations in the open plan
office. To gather information about
the character of the sound, sound
fragments are also recorded based
on a trigger level.

Defining the acoustic environment
of (semi-) open plan offices based on
building measurements and noise level
measurements provides a good starting
point for redesigning a diversity of office
environments. Often the new design
leads to activity-based office plans,
where the different activities are
carefully projected in a (semi-) open
plan office. Practical measurement
data of office noise levels are presented

and analysed.
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1. INTRODUCTION

Working in an office environment includes many different activities.
Communication on the phone, social interaction and meetings
produce not only sound, but are also require good speech
intelligibility and therefore need good room acoustics. Difficult
performance tasks require different acoustic conditions. Areas with
a quieter environment are needed so the level of distraction from
surrounding activities is minimised. In the same office environment
there is also a need for areas with a high level of interaction for the
purpose of teamwork. Because the different activities ask for
specific acoustic conditions, the existing acoustic environment is
first mapped before creating a new office environment in an existing
retrofit building.

2. NORMS AND RESEARCH

The ISO 3382-3 [1] norm provides guidelines for measuring building
characteristics for open plan offices. An important statement is that
concentration and privacy start to improve rapidly where the speech
transmission index falls below 0,50. This statement is reinforced by
Jahncke, Hongisto and Virjonen [2] where the effects of speech
intelligibility have been studied for different office tasks. This work
demonstrates that attempts to minimize speech intelligibility will
yield increases in cognitive performance with a varying degree,
depending on the type of focus task.

The corresponding distance for an STI below 0,50 is defined as the
distraction distance r,. This is the distance between the receiver
and the speaker. The distraction distance is defined based on STI
measurements combining the receiver levels of speech L_, i and
the levels of background noise levels Lp,A,B' The built environment of
the office without the existing background noise levels can be
defined by the spatial decay rate of A-weighted SPL of speech D, ..
The room acoustics can be defined by measurements as well as by
predictions using computer modelling [3], [4]. Keranen and Hongisto
[5] present a regression model for predicting the spatial decay. Their
research has shown an acceptable prediction accuracy for most
practical purposes.

However, the actual behaviour of people and how many people are

talking at the same time is often not taken into account in defining
the acoustic environment. The effects of unattended speech on
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Figure 1. Open plan office (source www.bbc.com/news/magazine-23502251
“The decline of privacy in open-plan offices”).

performance and subjective distraction have recently
been studied by the Finnish Institute of Occupational
Health and the University of Turku [6]. The speech
conditions differed in terms of the degree of absorption,
screen height, desk isolation and the level of masking
sound. The actual sound level of the unattended
speech is not taken in account as such, but can be
regarded as varied in the distance to the receiver (2 to
6 metres). For all situations the distraction was rated
higher for the nearby speech as opposed to the speech
heard from a further distance. However, this result has
to be seen as a combination of a level increase and an
increase of intelligibility and cannot be used as an
evaluation of purely the effect of the sound levels. In
2005 Chigot presented an overview of 11 abstracts on
the topic of effects of sound in offices - subjective
experience versus objective assessment [7]. Besides
parameters as ‘satisfaction with privacy’ the sound
level is often mentioned in relation to an increase of

subjective workload [8] and a decrease of cognitive
performance in memory tasks [9]. As an important
comment on the research of Tang [10], Chigot mentions
that L correlates the best with human auditory

A_,eq, 5 min
sensation.

3. OFFICE NOISE LEVELS

In 1978, some interesting information was published
about office noise levels in the Acoustical Designing in
Architecture [12]. A comprehensive survey of the noise
in several thousand locations was conducted by the
Bell Telephone Laboratories in order to determine
typical noise conditions indoors and outdoors. The
noise levels are a combination of three broad
classifications: people, machinery and outdoor sources.
For 45 per cent of the business locations people were
the predominant source of noise, followed by machinery
in 25 per cent of the locations and outdoor sources in
30 per cent of the locations.

We have collected a lot of data of noise levels in our
measurements in open plan offices floors. During a
representative week of working hours, the noise levels
have been measured in different buildings with different
types of workplaces. All measurements were conducted
in open plan offices (> 10 desks).Measured data are
presented in Figure 2 that show a comparison of office
sound levels through history We conclude that the
noise levels of modern day offices are substantially
lower compared with those in the seventies of the
twentieth century. The old fashioned loud typewriters
and hard acoustic environments will probably have
been a cause of this.

1978 - small office (1 to 5 desks)

1978 - medium office (3 to 10 desks)

1978 - large office (more than 10 desks)

1978 - factory office

2014 - office mixed tasks

2014 - office specific task (engineers)

2014 - office specific task (programmers)

2014 - office mixed tasks (governmental advisors)

30 35 40

60 65 70 75 80 85
noise levels in dB (A)

45 50

U‘I_. - II
()]

Figure 2. Noise level data (mean value -/+ standard deviation), comparison data 1978, United States of America, D.F. Seacord [1] and data 2014, The Netherlands, M+P.
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4. STATISTICS OF MODERN DAY NOISE
LEVELS

In Figure 3 the noise levels in modern day offices in The
Netherlands measured by M+P are presented in a
histogram. The data for offices with mixed tasks were
collected for one working week from 9 to 5 for 8 offices
with 2 or 3 monitoring positions per office. The curve of
the histogram shows the curve of a normal distribution.
The remaining data in the histogram were collected from 1
or 2 buildings for the specific office tasks (engineering,
programming, governmental advisors). The main
characteristic is that all measurements have a mean value
of 50 to 51 dB(A). The difference is especially noticed in
the standard deviation. Specific office tasks like computer
programming and engineering tasks show a smaller
standard deviation (3-4 dB) compared with the mixed tasks
(5 dB) as shown in figure 2 and 3 for modern day offices.

4. OFFICES TYPES AND DIMENSIONS
AND PERFORMANCE

Modern day offices do not conform to a standard
format with fixed workplaces in cellular offices.
Because of new ways of working, based on more
flexibility, new office environments are being realised in
existing buildings as retrofit projects. These days it is
seldom found that new offices are being built, so new
office environments can seldom be created from
scratch. In The Netherlands a lot of the existing office
buildings are made ready for refurbishment within the
retrofit building project. The pattern of the office lay-out
and the use of workspaces is no longer set as a regular
pattern with fixed working spaces within cellular offices.

De Croon, Sluiter, Kuijer and Frings-Dresen state in [13]
that conventional and innovative office concepts can be
described using three parameters: 1. the office location
(e.g. telework office versus conventional office), 2. the

office lay-out (e.g. open lay-out versus cellular office), 3.
the office use (e.g. fixed versus shared workplaces). A
systematic review of literature between 1972 and 2004
provides strong evidence that working in open
workplaces reduces privacy and job satisfaction. Limited
evidence is available that working in open workplaces
intensifies cognitive workload and worsens interpersonal
relations. Close distances between workstations
intensifies cognitive workload and reduces privacy and
desk-sharing improves communication.

In 2009 the Finnish Institute of Occupational Health and
the University of Turku in Finland performed a longitudinal
study during relocation on the effects of the acoustic
environment on work in private office rooms and open
plan offices [13]. The aim was to determine how the
perceived work environment —especially acoustic
environment— and its effects differed in private office
rooms as opposed to open-plan offices. Room descriptors
showed a significant reduction in speech privacy after
relocation. The noise level averaged over the whole
working day did not change, but the variability of noise
levels reduced significantly. Negative effects of the
acoustic environment increased significantly, including
increased distraction, reduced privacy, increased
concentration difficulties and increased use of coping
strategies. Self-rated loss of work performance because
of noise doubled and cognitively demanding work and
phone conversations were most distracted by noise. The
article states that the results suggest that the open plan
office is not recommended for professional workers.

5. (SEMI-)OPEN PLAN OFFICES
AND ACTIVITY BASED DESIGN

It is important to define the existing office environment
before starting a new office floor design. The variation
can be found in office design, building acoustics and
the activities of the workers. In Table 1 variations with

30 and less

Equivalent Noise Levels L A, eq, 5min in dB

[ Office mixed tasks
| Office specific tasks (engineers)
Office specific tasks (programmers)
Office mixed tasks (governmental advisors)

70 and more |

Figure 3. Histogram noise level in modern day offices measurement data M+P.
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Table 1. Defining the variations with associated parameters for defining the (acoustical) environment

Variation Choices Acoustical parameters
Office design LAY-OUT open / semi-open / closed -
USE permanent versus flexible (desk-sharing) -
TYPE mixed or activity based -
Measurements building ABSORPTION/ ceilings, wall panels, furniture, interior reverberation time T spatial
acoustics AVOID REFLECTIONS elements decay D, ; STI

walls, ceilings, floors, facades, doors,

ROOM INSULATION sound insulation DnT’A

windows
SCREENS screens, walls, rooms, cabinets spatial decay Dz’s STI
INSTALLATIONS ventilation principles, masking systems background noise L,

STI/SNR

sound level (L L )
Measurement - - recording wave-files (crinfaaxfinﬁ sound
behavioural Acoustics g g

source, type of sound)

associated parameters and choices are stated for
defining the (acoustic) environment.

Based on the measured noise levels in modern day
office buildings, the required distances have been
calculated for the design of new office environments.
The assumptions are a background noise level of 40
dB(A), a signal to noise ratio for speech of 3 dB and a
spatial decay of 8 dB. These values are set as quite
representative for modern Dutch office design as seen
as in Figure 4.

6. RECOMMENDATIONS

For open plan office environments we recommend a
semi-open structure which provides some screening Figure 4. Modern modern day office in The Netherlands (semi-open, activity based).

_ Office mixeditasks (governmenta{l)
_ Office specific tasks (programmers)

_ Office specific tasks (engineers)
T

T T 3 T
0 5 10 15 20 25 30 35
needed distance to drop below STI = 0,50 (with assumption D2S = 8 dB, LpA, B = 40, SNR = 3 dB)

Figure 5. Required distance for STI to drop below 0,50 (distraction distance r,) for different design criteria (98% of time corresponding to mean value+2*st.dev.. 85% of time
corresponding to mean value+1*st.dev. or 50% of time corresponding to the mean value of measured noise levels).
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and divides different areas in the working space. This
results in a corresponding spatial decay of about 8 dB
assuming that acoustic absorption is provided in ceiling
and/or wall absorption. Another possibility is to create
zones varying from silent to more interactive. Activity-
based work provides the possibility of reducing the
design distance between work departments (working
groups) as seen in Figure 5. The bars corresponding to
specific office tasks show a smaller standard deviation.
Because of this a much smaller design distance is
required. To achieve a distraction distance r, (STl <
0.50 for 98% in time, a design distance is needed of
about 23 metres in a mixed tasks office. In a specific
task office this distance decreases to about 17 metres.
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The members of the initial editorial board are shown in the table below.
New members will be added to the board to provide expertise in topic
areas not sufficiently represented by the current members of the board.
It is also hoped to widen the geographical spread of the board to include
members form more EAA societies.

Editorial board

Name Country Topic

Colin English (Editor in Chief) UK Environmental noise and nuisance
Miguel Ausejo Spain Noise mapping

Arild Brekke Norway Building acoustics and railways
Jean-Pierre Clairbois Belgium Noise barriers

Victor Desarnaulds Switzerland Building and room acoustics
Klaus Genuit Germany Vehicle design

Laurent Gagliardini France Automotive vehicle NVH

Bart Ingelaere Belgium Standards for buildings

Janusz Kompala Poland Noise and vibration control
Maria Machimbarrena Spain Standards for buildings

Andrew McKenzie UK Environmental noise: Wind farms
Henrik Moller Finland Auditorium acoustics

Tennes A. Ognedal Norway Offshore oil/HSE

Alexander Peiffer Germany Aircraft design

Patrick Van de Ponseele Belgium Product design and testing
Seren Rasmussen Denmark Environmental noise

Monika Rychtarikova Slovakia Building acoustics

Rui Riberio Portugal Industrial noise
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European Acoustics Association — EAA

Comprising 33 national acoustical associations:

* Austria (AAA) « Belgium (ABAV) « Bulgaria (NSA) « Croatia (HAD) « Czech Republic (CAS)

* Denmark (DAS) * Finland (ASF) * France (SFA) « FYROM (MAA) « Germany (DEGA)

* Greece (HELINA) « Hungary (OPAKFI) « Iceland (IAA) ¢ Israel (IAA) ¢ ltaly (AIA) ¢ Latvia (LAA)

+ Lithuania (LAS) « Morocco (MSA) « Norway (NAS) « Poland (PTA) « Portugal (SPA) * Romania (SRA)
* Russia (PAO) « Serbia (ASY) « Slovakia (SKAS) * Slovenia (SDA) « Spain (SEA) « Sweden (SAS)

* Switzerland (SGA-SSA) » The Netherlands (NAG) ¢ Turkey (TAS) ¢ Ukraine (UGA) * United Kingdom (loA)
Serving more than 8500 individual members in Europe and beyond

The European Acoustics Association (EAA) is a non-
profit entity established in 1992 that includes in its
membership national acoustical societies interested in
to promote development and progress of acoustics in
its different aspects, its technologies and applications.
The main objectives of the EAA are to:

« promote and spread the science of acoustics, its
technologies and applications, throughout Europe and the
entire world

« interface with associations whose activities are related to
acoustics

« establish contacts across member associations and other
public and private bodies

« promote the formation of national acoustical societies in
European countries where these do not exist, and to
support and strengthen activities of existing national
associations, respecting the principle of subsidiarity

« publish a European journal on acoustics, in printed as well
as in electronic format

organize and promote congresses, publish books and
monographs, and engage in all those activities that are
connected with the diffusion, promotion and development
of acoustics

establish agreements for collaboration with European and
international entities in order to better serve the objectives
of EAA

stimulate education activities and platforms in acoustics at
all educational levels, both academic and professional
promote and divulge the establishment and
implementation of norms and recommendations in the
various fields of acoustics

EAA is democratically organized (one vote per country) with
a general assembly, a board and an executive council.

EAA web

www.euracoustics.org

EAA contact (General Secretary)

secretary@european-acoustics.net

EAA Board 2013-2016
President: Michael Taroudakis
Vice President: Jean Kergomard
Vice President: Mats Abom
General Secretary: Tapio Lokki
Treasurer: J. Salvador Santiago

EAA Office

Antonio Perez-Lopez

c/o: Spanish Acoustical Society (SEA)
Serrano 144, ES-28006 Madrid, Spain
office@european-acoustics.net

Technical Committees

EAA has 7 technical committees which, at different level, are in
charge of organizing specific activities (technical reports, round
robin tests, structured session organization at congresses,
symposia, etc.). They are open to all individual members of
EAA member societies and are coordinated by a Chairman:

* CA, Computational Acoustics « HYD, Hydroacoustics « MUS,
Musical Acoustics « NOI, Noise ¢ PPA, Psychological and
Physiological Acoustics * RBA, Room and Building Acoustics

« ULT, Ultrasound

EAA is an Affiliate Member of the International Commission
for Acoustics (ICA)

INTERNATIONAL COMMISSION FOR ACOUSTICS

EAA Products

ACTA ACUSTICA united with ACUSTICA

Product Manager and Editor in chief: Jean Kergomard
Acta Acustica united with Acustica is an international,
peer-reviewed journal on acoustics. It is the journal of the
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EAA. It is published by S. Hirzel Verlag ¢ Stuttgart.

See www.acta-acustica-united-with-acustica.com for
more information.

EAA members receive Acta Acustica united with Acustica
online as part of their membership.

NUNTIUS ACUSTICUS-EAA NEWSLETTER

Product Manager: Kristian Jambrosi¢

Nuntius Acusticus is the “acoustic messenger” of EAA to
vitalize communication between and in the European
acoustical societies on a variety of topics. It is published
monthly in electronic format and distributed via e-mail to all
EAA members.

DOCUMENTA ACUSTICA

Product Manager: Sergio Luzzi

Documenta Acustica is the literature distribution system of
the EAA. It distributes conference and symposia
proceedings as well as books, reports and theses.

FENESTRA

Product Manager: Olivier Dazel

Fenestra Acustica is the website of EAA. Fenestra provides
information on the association and its members (products,
technical committees, organisational structure and policies,
contact information), up-to-date news, upcoming events,
links to other no-profit organisations in acoustics, a job
market and much more.

SCHOLA

Product manager: Malte Kob

Schola is an online platform for education in acoustics in
Europe: https://www.euracoustics.org/activities/schola.
Through Fenestra, it offers information on university
acoustics courses in Europe at different levels (Bachelor,
Master, Ph.D.).

ACOUSTICS IN PRACTICE

Product manager: Colin English

This new technical journal will be written by practitioners for
practitioners and other professions: a new link between all
members of all EAA societies. The journal will be published
four times a year in electronic form only.

YOUNG ACOUSTICIANS NETWORK

Contact person: Xavier Valero

This network is a non-profit initiative within the European
Acoustics Association (EAA) with the primary goal is to

establish acommunity for young researchers and young
professionals in the field of Acoustics; to connect them and
to provide support. It organises events at conferences and
provide services that contribute to the community, such as a
monthly newsletter and many communication channels to
enable networking.

FORUM ACUSTICUM

Forum Acusticum is the triennial international convention
organised by a national acoustical society on behalf of EAA.
Itis, in effect, a forum comprising a variety of different
activities: high-quality scientific congress with invited plenary
lectures, structured sessions, invited and contributed papers,
an exhibition that includes commercial firms, laboratories
and agencies, social meetings of acousticians with
receptions, visits and awards.

EURONOISE

Euronoise is the European Conference and Exhibition on
Noise Control, coordinated by the EAA Technical Committee
Noise and organised by a national acoustical society on
behalf of EAA.

EUROREGIO

Euroregio is an expression of EAA support for

traditional regional events organized by groups of countries.
Where and when appropriate, the regional events can be
extended towards a full European and international scale.

EAA SYMPOSIA

EAA symposia are scientific meetings under the aegis
of the EAA with a focus on specialised fields. They
are typically organized by one or more member
societies of EAA in conjunction with the Technical
Committee of EAA.

YOUNG RESEARCHER AND STUDENT PROGRAM
EAA supports with grants and best paper and presentation
awards the active participation of students and young
researchers at EAA major events (Forum Acusticum,
Euronoise, Euroregio).

EAA SUMMER AND WINTER SCHOOLS

The EAA Summer and Winter Schools are conceptualized
as events where Master and PhD students of acoustics, as
well as other young acousticians, can learn about a variety
of new accomplishments in the field of acoustics in half day
or full day courses.
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