
Acoustic Environment in Wooden Offices

A Comparison of Perceived Sound Environment Between Wooden
and Concrete Office Buildings

Master’s thesis in Sound and Vibration

EMILIA NOBELIUS
ISABELLA STÅHL

DEPARTMENT OF ARCHITECTURE AND CIVIL ENGINEERING

CHALMERS UNIVERSITY OF TECHNOLOGY
Gothenburg, Sweden 2023
www.chalmers.se

www.chalmers.se




Master’s thesis ACEX30

Acoustic Environment in Wooden Offices
A Comparison of Perceived Sound Environment Between Wooden

and Concrete Office Buildings

EMILIA NOBELIUS
ISABELLA STÅHL

Department of Architecture and Civil Engineering
Division of Applied Acoustics

Chalmers University of Technology
Gothenburg, Sweden 2023



Acoustic Environment in Wooden Offices
A Comparison of Perceived Sound Environment Between Wooden and Concrete
Office Buildings

EMILIA NOBELIUS
ISABELLA STÅHL

© EMILIA NOBELIUS, 2023.
© ISABELLA STÅHL, 2023.

Supervisor: Krister Larsson, Efterklang Part of AFRY
Secondary Supervisor: Andreas Colebring, Efterklang Part of AFRY
Examiner: Professor Wolfgang Kropp, Division of Applied Acoustics

Department of Architecture and Civil Engineering
Division of Applied Acoustics
Chalmers University of Technology
SE-412 96 Gothenburg
Telephone +46 31 772 1000

Cover: Picture of wooden beams in the office building Nodi, Nya Hovås.

Department of Architecture and Civil Engineering
Gothenburg, Sweden 2023

iv



Acoustic Environment in Wooden Offices
A Comparison of Perceived Sound Environment Between Wooden and Concrete
Office Buildings
EMILIA NOBELIUS
ISABELLA STÅHL
Department of Architecture and Civil Engineering
Chalmers University of Technology

Abstract
Building in wood is becoming increasingly popular, and acousticians face new chal-
lenges regarding the indoor sound environment. The knowledge about the acoustic
environment in wooden offices is not meeting the increasing demand, hence more
studies on the subject are needed. Up till now, most office buildings are constructed
in concrete, but a shift in mindset within the building industry has created already
noticeable changes towards constructing larger buildings in wood. This thesis inves-
tigates the acoustic environment in wooden offices to identify differences in wooden
and concrete buildings, find correlations between the perceived acoustic quality and
the measured, as well as learn how the employees in the office perceive the acoustic
environment. The thesis is made in collaboration with Efterklang part of AFRY.

A total of eight offices located in different parts of Sweden have been investigated,
out of which four are wooden buildings. The methods used to investigate the prob-
lem formulation are a questionnaire survey, an analysis of collected available mea-
surement data for the buildings and a literature study. The questionnaire survey
was distributed to employees in the eight buildings, and aimed to learn how they
perceived the acoustic environment of their office. In the literature study differ-
ences between the acoustics in wooden and concrete constructions were identified.
For wooden constructions it is impact noise and low frequency sounds that are a
common problem, while the sound insulation at high frequencies usually is good.
For concrete buildings these problems are not as common due to a larger amount
of existing knowledge. In the results from the questionnaire and collected available
measurement data it was shown that the employees overall perceive their offices
to have a good acoustic environment. It was also found that the most disturbing
source, regardless of building type, are colleagues talking on the phone (including
Teams, Zoom etc.) and colleagues talking to each other. Impact noise was chosen
by a third of the respondents in the wooden offices as one of the more disturbing
sources, but a fourth of the respondents answered that they were not disturbed by
anything. Overall the responses show a positive view on the acoustics in wooden
offices.

Keywords: acoustic environment, wooden office buildings, concrete office buildings,
sound perception, questionnaire survey
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1
Introduction

The subject of this master thesis was suggested by Krister Larsson and Andreas
Colebring at Efterklang part of AFRY. The aim and method were decided in collab-
oration between the students performing this thesis and Efterklang. In this chapter
the subject of the thesis is presented along with the problem formulation. This is
followed by a description of the aim of the work and the decided demarcations.

1.1 Problem Description

Concrete have long played a big role as the most common building material, but
from a sustainability perspective, it is time to move on and start thinking about
constructing more wooden structures. This development sets new demands on the
acoustic environment inside wooden o�ces and more knowledge about the subject
is needed. Thereby it becomes important to investigate the acoustics and determine
how it di�ers from the more common o�ces built in concrete, as well as determine
the bene�ts or drawbacks of working in wooden buildings.

When regarding acoustics in wooden buildings most studies focus on residential
buildings while the knowledge in a working environment is limited. To fully un-
derstand the acoustic environment inside a wooden o�ce it becomes important to
investigate how the workers perceive the acoustic quality in the working space. This
can also give a better picture of which sounds that can be seen as disturbing and
how the sound environment is understood as a whole. This thesis work is carried
out to increase the knowledge regarding acoustics in wooden o�ces.

1.2 Problem Formulation

The problem description thus leads to the following questions:
ˆ What are the acoustic di�erences between wooden- and concrete o�ces?
ˆ What is the correlation between the perceived acoustic qualities and the mea-

sured acoustic parameters in a wooden o�ce?
ˆ How is the acoustic environment in wooden o�ces perceived by the people

working there?

1



1. Introduction

1.3 Aim

The aim of the thesis work is to investigate the acoustic environment in wooden
o�ces to identify di�erences between o�ces in wooden buildings compared to con-
crete buildings. It should also be investigated if there exists a correlation between
the perceived acoustic quality and the measured acoustic parameters in wooden of-
�ces. In addition it will be studied how employees in the o�ces perceive the acoustic
environment.

1.4 Demarcations

The thesis work includes studies of both wooden- and concrete buildings, but the
main focus is to investigate the acoustic environment in wooden o�ces. Hence the
results will be con�ned to wooden o�ces and the knowledge about the acoustic en-
vironment in concrete o�ces will only be used for comparison.

To keep the thesis at a feasible level, the work will be constricted to study the acous-
tic environment only in o�ces. The acoustic environment in residential wooden
buildings will not be considered, but will be studied in the literature study to gain
general knowledge of how acoustics in wooden buildings work and which regulations
that exists. The acoustic environment in other types of premises (schools, healthcare
facilities, industry etc.) is outside the scope of the thesis.

Another clear demarcation is that the thesis work only aims to �nd how the acoustic
environment in wooden o�ces is perceived, and increase the knowledge of how the
acoustic environment in wooden o�ces works. No suggestions of improvements will
be studied or proposed in this project, since this is beyond the scope of the work
and time limit.

The thesis will be limited to only study the parameters and aspects connected to the
area of sound and noise to reduce the size of the project. Vibrations will therefore
not be regarded in this report.

For the investigation of Tra�kverkets Headquarters in Borlänge the analysis of the
results is limited to the comparison only. This is due to the construction being a
mixture of old buildings in concrete and a newly built connection in wood.
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2
Theory

The theory chapter is based on a literature study that aims to give a background
to the studied subject. It will also give an understanding of the methods used to
obtain results from wooden and concrete o�ces that are in use today.

2.1 Building Acoustics

When referring to building acoustics one talks about the science of controlling noise
within a building. This includes reducing noise transmission from one room to
another and regulating the sound properties inside the space itself. In �gure 2.1
di�erent sound sources and transmission paths in a building is shown.

Figure 2.1: Illustration of sound sources and transmission paths in a building.

Sounds in a building are transmitted as both airborne- and structure borne noise
[1]. Airborne noise is sound transmitted through the air, for example speech or
music, and structure borne noise is sound transmitted through the structure of the

3



2. Theory

building in the form of vibrations [2]. Impact noise is a way to characterise struc-
ture borne noise that occurs when an object impacts on another, such as footsteps
on a �oor [2]. The impact results in sound being transmitted through the �oor
structure into the space below. In practice, airborne- and structure borne noise
are mostly considered separately, however, the two phenomena are closely related.
This is because airborne noise can become structure borne noise and contrariwise [1].

Sounds in a building can also be transmitted as �anking transmissions. This means
that sound is transmitted indirectly through construction elements rather than di-
rectly through the main separating element [2].

Installation or building service equipment noise are sounds caused by �xed instal-
lations within a building, which can generate both airborne- and structure borne
noise [3]. For example, noise from ventilation can be considered as airborne noise
while vibrations from a washing machine can cause structure borne noise.

Tra�c noise is sound generated by the movement of cars, trams, trains and busses,
etc.. The sound from these sources can propagate from the outside through the
facade or other construction elements into the building and cause disturbance [3].

An important property to take into account when studying the acoustic environment
inside a room is the reverberation time. This is de�ned by the time it takes for the
sound pressure level to decrease by 60 dB after the sound source have abruptly been
switched o� [4]. In other words it is a measurement of the "echo" within a room. For
example, a room with a long reverberation time can be perceived as loud and noisy
[4]. When regarding speech intelligibility a low reverberation time is recommended
for rooms designed for speech since a long reverberation time cause worse speech
recognition [5]. The preferred reverberation time for spaces designed for speech is 1.0
seconds, or less. Yet the ideal reverberation time for an o�ce space is between 0.4
to 0.6 seconds, since this range gives a su�cient speech intelligibility and reduction
of noise.

2.2 Acoustics in Wood and Concrete

Wooden buildings are lightweight constructions and concrete buildings are heavy-
weight constructions. Concrete buildings are usually also homogeneous construc-
tions, while wooden structures commonly are built up by several layers. This cre-
ates di�erences in the acoustical behavior of the two building types. It is important
to know these di�erences to understand how the acoustic environment in o�ces
can change when going from traditional concrete buildings to large wooden con-
structions. In this section a brief overview is given of the two materials and their
acoustic properties.

4



2. Theory

2.2.1 Wooden Buildings

Building multi-storey constructions of wood in Sweden has only been allowed since
the 1990s [6], why most of the o�ce buildings today are heavyweight constructions
made of concrete. It has since then been a shift in mindset within the building
industry towards using more sustainable building materials, which has led to an
increased interest in building larger constructions made out of wood [7]. The multi-
storey wooden buildings existing today can di�er a lot in the way they have been
constructed, which creates challenges regarding the acoustic design since the existing
prediction models are limited when applied in lightweight buildings [8].

2.2.1.1 Wood as Building Material

Wood is a renewable material which binds and stores carbon dioxide,CO2, through-
out its life cycle [9]. The growing trees in the forest binds theCO2 and as they are
cut down and transformed to wooden products the carbon dioxide is stored until
the products can no longer serve its purpose and are disposed. The amount of forest
in Sweden is continuously increasing [9] and today 68% of the land area is covered
by forest out of which 84% can be used for wooden products [10]. Using wood in
buildings, especially larger ones, means that theCO2 in the products will be stored
for a long time. This is one of the reasons why wood is a better alternative from a
climate perspective.

The wooden material is strong in relation to it being lightweight, and this has sev-
eral bene�ts during the buildings process. One example is an increased amount of
prefabrication, which in turn also leads to a reduced need for transportation [9].
A reduced need for transportation leads to less tra�c emissions and can be bene-
�cial from an economical and a sustainability perspective as well. Using wood as
building material also helps to reduce noise and dust at the construction site com-
pared to other materials, and the possibility to prefabricate the pieces allows for a
more ergonomic working environment during the process [9]. The construction of
the buildings at the site is also much quicker, which reduces the disturbance to the
surroundings.

A �nished wooden construction also have positive features due to the properties of
the material. One property of wooden constructions is their ability to even out the
humidity indoors which positively a�ects the comfort. The material is hygroscopic,
and can both absorb and release moisture depending on the relative humidity in the
room [11].

2.2.1.2 Social Values of Wood in Buildings

Wooden buildings are not only bene�cial from an environmental perspective, but
they also have positive e�ects on the social value. Wood is a natural material and
it has been found that this gives similar e�ects on humans as when we spend time
in nature [9]. A study conducted in a hospital environment found indications of
faster decreasing pain and stress levels in patient staying in wooden rooms [11].

5



2. Theory

Another study, conducted in Austria, has shown that wood in the interior increases
the learning of children in schools [9].

Having visible wood in a building can also give the perception of the building being
more environmentally friendly, and the material is generally perceived in a positive
way [11]. People usually experience wood to be a warm and pleasant material, and
thinks it is comfortable to the touch [9].

2.2.1.3 Acoustics in Wood

The acoustics in multi-storey wooden buildings is a challenge. The shift in mindset
towards building in a more sustainable way causes a shortage in experience and
knowledge from already existing projects, making every new building more like a
blank page. The majority of the research of acoustics in wooden buildings are in
addition made on residential buildings, which have di�erent regulations and require-
ments compared to o�ce buildings. Wooden buildings are lightweight constructions
which imposes certain di�culties regarding the acoustics, while at the same time
�nding acoustic advantages with the material. The most common noise problems
in lightweight wooden buildings are impact noise [8] and low frequency noise [12].
Regarding impact noise it is often the sound from foot steps that causes annoyance
[8]. The character of the sound is a�ected by body and foot weight of the person
walking, as well as the number of steps per second [13]. These properties are most
important at the low frequencies, while at the high frequencies it is instead the type
of shoe that matters the most. Another source of low frequency sound inside build-
ings is service equipment noise [8].

A challenge when doing measurements of low frequency noise indoors is the risk
of wavelengths being similar to the dimensions of the room [14]. If this happens,
the sound �eld can no longer be considered to be di�use and the modal response
in�uences the sound �eld. A way to improve the low frequency noise generated by
this phenomenon is to make the joists sti�er so the natural frequency of the joists
does not coincide with other building elements or rooms [3]. In many of the papers
written on the subject of acoustics in wooden buildings it has been suggested that
the measured frequency range of impact noise needs to be extended in the lower
frequency end. In Sweden it is already standard practice to measure impact sound
down to 50 Hz [15], but for wooden buildings it might be of interest to measure all
the way down to 20 Hz [14]. It was shown in the studied papers that doing this
would better correlate the measured results to the perceived sound experienced by
the occupants.

Although, it should not be forgotten that using wood as building material also have
some acoustical bene�ts due to its material characteristics. The wooden material
have sound absorptive properties which a�ect the acoustical parameters of a room
[16]. The reverberation time is one example of such a parameter and it can be
reduced in a room with visible wooden surfaces. A wooden construction usually
also have high damping at high frequencies [12] which can reduce problems with
structure borne noise. When it comes to airborne sound, the wooden construction
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can perform equally well as the heavyweight construction if double walls are used
[8].

2.2.2 Concrete Buildings

Building multi-storey constructions in concrete have been a possibility since the
development of reinforced concrete during the second half of the 19th century [17].
Since then a lot of developments have been made within the concrete industry where
new technology made it possible, both technically and economically, to produce con-
crete with suitable properties for tall buildings [17]. Due to its strength, durability,
�re resistance, sound insulation, and versatility, concrete has been preferred for
multi-storey buildings [18]. Therefore, the majority of o�ce buildings nowadays are
heavyweight constructions made of concrete.

2.2.2.1 Concrete as Building Material

Concrete is currently the most widely used building material in general in the con-
struction industry and has been for hundreds of years [19]. The composite material,
consisting mainly of cement, water, and aggregate, creates a sti�, heavy, and robust
construction material when mixed together [20].

When it comes to environmental factors, the concrete sector is a signi�cant source of
greenhouse gases that contribute to global warming [19]. When cement is burned a
large amount of carbon dioxide is released which impacts the environment negatively.
During demolition the concrete constructions can be reused and brought back to the
manufacturing chain, but it can never replace the rock that was broken in order to
make the cement [21]. To prevent climate change, it is essential to design buildings
that have a lower environmental e�ect, such as wooden ones [19].

2.2.2.2 Acoustics in Concrete

When regarding acoustic properties, heavyweight buildings such as concrete struc-
tures provide a predictable sound environment [8]. The sound insulation as well
as the sound levels within a concrete construction can be dimensioned with great
accuracy using calculation programs [22]. Thereby, the use of concrete is the safest
alternative when high sound requirements are demanded [23]. The material is not
sensitive to small deviations during the construction, but a critical aspect is to en-
sure air tightness and correct mounting between building elements [20]. Small cracks
and air gaps can impact the noise reduction and create a poor sound environment,
but when mounted properly concrete structures e�ectively isolate noise even at low
frequencies [20].

Concrete constructions provide satisfactory conditions for speech communication
since the heavy material reduces background noise from adjacent spaces and in-
stallations [20]. However, both impact- and structure borne noise propagates far
in concrete [24]. To achieve satisfactory sound insulation, both vertically and hor-
izontally, �oor coverings must be considered [20]. Floor coverings that dampens
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impact noise are usually installed to prevent this problem. If the �oor coverings
is constructed poorly resonances might appear and this reduces the airborne noise
insulation [24]. Additionally, insulation such as thin boards can be mounted on
walls, ceilings, and �oors to improve the noise insulation at high frequencies, since
the material does not do this on its own [20].

At the low frequency range a large di�erence between lightweight- and heavyweight
constructions can be found for the impact noise level, in some cases up to 20 dB
higher for the lightweight buildings [23]. Complaints about impact noises are thereby
more frequent in wooden buildings [23], and due to that the sound environment in
a heavyweight building can in many cases be perceived as better. The main reason
for this is that concrete is both heavier and sti�er, a combination which leads to
favorable conditions for acoustic comfort [25].

2.3 Survey Methods and Statistics

There are many di�erent ways of conducting a survey, and it is therefore important
to study the theory of the survey method intended to be used. In this section the
background theory of a questionnaire survey is presented, along with some basic
statistics that can be used to analyse the outcome of the questionnaire.

2.3.1 Survey Methods

A survey method is a technique used for gathering data from a predetermined group
of people by asking questions [26]. There are several types of survey methods, such
as interviews, questionnaire surveys, or observations. In this chapter only theory
about questionnaire surveys is presented since that is the method used for the thesis.

2.3.1.1 Questionnaire Survey

A questionnaire survey is a speci�c research method used for gathering statistical
data about a populations characteristics, beliefs, or behavior by a structured set of
questions [27]. Since a survey can be administrated through di�erent media, such
as by mail, over the telephone, or through the internet, the speci�c method will be
able to gather information from a broad group of selected respondents [28]. A digital
questionnaire survey is for example economical, fast, and easy. The digital survey
is often distributed by email where the respondent only needs to press a button to
answer the questions. At the same time, the data is being processed which makes
it easier for statistical analysis later on [29]. A questionnaire survey could also be
distributed on paper with mail and be completed by hand or online [27]. Generally,
it is important to protect the privacy of the respondents and ensure that all infor-
mation is con�dential [27].
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2.3.1.2 Designing a Questionnaire

When designing a questionnaire it can be in the form of a cross-sectional survey
design. This speci�c design looks at data at a single point in time with respondents
that are selected based on particular variables of interest [27]. Another design which
can be used is longitudinal survey designs. This form evaluates multiple measures
over an extended period to detect trends and changes [27].

The structure of the questions within a survey can be divided into four di�erent
categories depending on the research topic. Questions can either treat attributes
and properties, behavior and habits, opinions and values, or knowledge [29]. The
question and answers can be constructed in several di�erent ways. For example, the
questions can be constructed in either a closed or open-ended format [29]. Closed
questions contain several answer options that the respondent should choose between,
while open-ended questions require the respondent to state an answer in their own
words [27]. The answer options can as well be formulated in di�erent ways. The
answer options could be �xed, which means that the answer alternatives already
are given and that the options are limited [29]. When asking questions about the
respondents opinions it is preferred to use rating scales. The scale could either be
uniform or unequal. When using a uniform scale the respondent will not be able
to choose a neutral answer and must thereby take a stand on the issue of matter.
With an unequal scale, the respondent will be able to choose a neutral answer, the
value in the middle, and thereby does not need to take a stand on the matter [29].
The unequal scale can for example be rated on a scale from 0 to 10 [30]. Another
way to measure opinions is to use a Likert scale where the respondent often is given
a statement and needs to decide if they agree or not [29].

To achieve a high response rate the number of questions should be kept short enough
to �t within one page, this is for the ease of the respondents [30]. When there are
too many questions, there is a higher chance of exhausting the respondents, which
would raise the likelihood of random replies and lower the surveys reliability [31].
The survey should have a clear structure, with questions positioned in a natural
context with headings that explains the content of the question [31]. The purpose
of the survey as well as the chosen respondent group should be explained to the
respondent in a cover letter. The letter should provide information about the ques-
tionnaire survey, how to participate, how con�dentially will be handled, and how
to get in touch with the authors of the survey [32]. Regarding the question se-
quence, it is recommended to start the survey with something easy, enjoyable, and
non-controversial which makes the respondent interested in answering. The most
important and demanding questions should be placed in the middle. Questions that
might be perceived as easy, boring, or sensitive, such as personal information, should
be asked last [29].
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2.3.1.3 Conducting a Pilot Study

It is crucial to create questions that are simple, understandable, and straightforward
[33]. The respondent needs to be able to understand both questions and answers
without e�ort but as well feel respected. Thereby it becomes important to formu-
late the questions correctly [29]. By reviewing previous studies within the area of
interest and reusing questions the validity of the survey can be increased. This is
since the quality and design of the questions already have been examined and ver-
i�ed [32]. However, a pilot study can also be performed to control the quality of
the produced questionnaire. A pilot study is a test examination carried out before
the actual survey to determine whether respondents perceive questions and answer
options similar to the author of the questionnaire. In this way, the surveys validity
can be evaluated. It is common practice to conduct a pilot study by asking two
smaller groups of participants to respond and provide feedback [32].

2.3.2 Statistics

When conducting surveys it is common to use statistics to interpret the results. To
assume a certain accuracy of the statistical results, the response rate of the survey
should be 70% or above [30]. Among the most basic statistical analyses to perform
on the results are to calculate the average value, standard deviation and con�dence
interval. The standard deviation, � , show how much the collected answers on an
average deviates from the average value for each question investigated. It can be
calculated using equation 2.1, wherex is the observation value,x is the average
value andn is the number of observations.

� =

s
�( x � x)2

n
(2.1)

The con�dence interval is the range in which the true average value of the whole
population will lie with a certain probability [34]. It is used when analysing the
results of a survey which has investigated only a sample of the entire population,
since the average of this sample will deviate slightly from the average of the whole
population. The most commonly used probabilities for the con�dence interval is
95% and 99%. The con�dence interval,CI , can be calculated using equation 2.2,
wherex is the average value of the sample,z is a value based on what probability
that is used (for 95% it is 1.96 and for 99% it is 2.58),� is the standard deviation
and n is the sample size.

CI = x � z �
�

p
n

(2.2)

If the results are being compared, an analysis can be made to see if they have a
real di�erence or if the di�erence is random [35]. This can be made by looking at
the con�dence intervals and see if they overlap or not. If they do not, then there
is a statistical signi�cant di�erence between the results. If the con�dence intervals
overlap it can not be sure whether the di�erence between the compared results is real,
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or if it is just random or caused by uncertainties in the survey. Further statistical
computations are therefore needed to be able to say anything with certainty.

2.4 Acoustics and Regulations in O�ces

Since the majority of people spend a lot of time at the o�ce it becomes important
to regard the acoustic environment at the workspace. In this section, theory about
acoustics in o�ces will be presented, followed by regulations and requirements re-
garding sound levels within the o�ce environment.

2.4.1 Acoustics in O�ces

New ways of working contribute to the constant development of workspaces. Of-
�ce layouts used to be created with functionality of the work environment from an
employee perspective in mind, but these days the emphasis is on cooperation, cre-
ativity, and innovation. To achieve this a favorable design choice is the open plan
o�ce layout [36]. However, when open o�ce spaces are introduced the employees
will encounter drawbacks when working, such as loss of productivity as well as noise
problems [36].

2.4.1.1 O�ce Noise E�ect on Cognitive Performance

Compared to a private o�ce the acoustic environment in an open plan o�ce is per-
ceived as less satisfactory [37]. Employees are more likely to be disturbed when
working in a multi-person o�ce, especially when conducting tasks that require con-
centration [3]. A study shows that employees working in open o�ces perceive that
they need to make signi�cantly more cognitive e�orts, as well as experience more
stress-related symptoms compared to people working in private o�ces [37]. An Aus-
tralian study also indicates the same result where increased stress and lower mood
were found for employees in an open plan o�ce compared to a private o�ce [38].
O�ce noise is also proven to have a negative e�ect on cognitive performance, such
as performing a task that includes mental arithmetic, learning of words, and under-
standing or recalling text [37]. Furthermore, it appears that o�ce noise can impact
employees physical and mental health [37].

2.4.1.2 Di�erent Noise Sources in the O�ce

In o�ces, noise can be caused by various sources such as phones ringing, colleagues
talking on the phone and with each other, sounds from people working, o�ce equip-
ment, ventilation or air-conditioning systems as well as noise from outside the build-
ing [37]. O�ce noise can be bothersome, cause annoyance and disrupt the workers
concentration. Background speech is reported to be the most bothersome noise
source in the o�ce environment, while telephones ringing give the most disruption
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to concentration [37]. The background noise should not be too low or too high. If
the background noise is too low the speech con�dentiality can be lost since the o�ce
environment is too quiet [3]. However, if it is too high the o�ce environment can
be perceived as loud, and some masking of the speech can appear [3]. In the ideal
o�ce space, both good speech communication and good speech privacy co-exists
within the same space [39]. Another study found that the three most annoying
sound sources in the o�ce environment were conversations between colleagues, ring-
ing phones, and noise from machines (e.g. printers) [40]. Tra�c noise is reported to
give the least disruption to the workers concentration [39]. However, employees who
perform with low productivity can be more a�ected by background noise, closing
doors, noise from human activity as well as other non-speci�ed noises [40]. Another
thing to regard is that our tolerance for noise is di�erent. Some employees are more
sensitive to noise and need a quiet space to retain concentration while some need a
lively acoustic environment [41]. Thereby it becomes important to create working
environments that �t everyone, for example by adding focus rooms.

2.4.1.3 How O�ce Noise is Perceived

It is noted that noise sources that can be considered as manageable and functional
are perceived as less disturbing than sources considered unmanageable and non-
essential [37]. For example, a ventilation system that generates a continuous noise
can be perceived as less disturbing compared to a source with variable noise. Gen-
erally, it is easier to get used to a constant noise than a variable one since the brain
easier �lters out these kinds of sounds [37]. As mentioned before colleagues talking is
considered one of the most bothersome sound sources within the o�ce environment.
This is because our brain reacts to human speech and believe that we need to listen
to the information [41].

2.4.1.4 How to Improve the Acoustic Environment in the O�ce

Disturbing noise within the o�ce environment can not be completely avoided re-
gardless of how the o�ce space is designed, but sounds throughout the workspace
should be monitored regularly to ensure proper working conditions for the employees
[3]. It is important to regard room acoustics, sound propagation, and placement of
installations when designing o�ce spaces, and these things require careful planning
[3]. If the acoustic environment within the o�ce area is not su�cient, di�erent mea-
surements can be taken to improve the sound environment. This can for example be
to add boundaries between di�erent working groups, to add sound absorbers with
high absorption coe�cients, or to use high and dense screens [3]. Another thing
to regard is that the impact noise can be perceived as disturbing when insu�cient
�oor constructions are used. It is thereby important to provide �ooring that limits
impact noise [3].
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2.4.1.5 Too Quiet O�ce Environments

Another problem is that a lot of today's open plan o�ces are too quiet. Nowadays,
when designing o�ces, a lot of emphasis is put into creating heavily dampened work
environments where concentration is in focus. However, this can back�re since the
smallest noise becomes audible when the space is too quiet. A way to solve this is
by adding background noise, such as birdsong, rustling leaves, or whistling wind.
By adding noise masking of sound is created and employees will be less disturbed
by other sounds around them [41].

2.4.2 Regulations and Requirements for Acoustics in O�ces

The requirements regarding noise levels in an o�ce environment are described in the
Swedish standard SS 25268:2007+T1:2017 [42]. Arbetsmiljöverket presents some
indicative values for di�erent working conditions [43]. The indicated values sug-
gest a relatively low noise level of 40 dB(A) for working conditions where high-
concentration tasks or discussions are a regular component of the workday. How-
ever, the value does not include employee or corporate activities that contribute to
the noise [43]. Therefore the sound insulation requirements may need to be adapted
to �t the demands for cooperation or con�dentiality within the o�ce [3]. For tasks
requiring concentration or con�dentiality, there must be room for individual work
and conversations directly connected to the open workspace [42].

2.4.2.1 Swedish Standards Sound Classi�cations

The Swedish standard SS 25268:2007+T1:2017 [42] speci�es sound classi�cations
of spaces in buildings, where rooms for o�ce work are included. According to the
standard, rooms in buildings must be planned such that noise from example instal-
lations, adjacent rooms, and tra�c noise is dampened to prevent worker disruption
and preserve the appropriate level of privacy protection. When designing a work-
ing environment it must adhere to certain criteria, one of which being the Swedish
Standards sound classi�cations, de�ned as A, B, C, and D. The Swedish Housing
Authorities de�nes sound class C as the lowest level, what is thought to be necessary
for an acceptable sound environment, and class D as an exception [44]. As a result,
sound class A is considered the best. The di�erent classes set requirements for the
sound levels according to various parameters such as airborne noise, impact noise,
installation noise, tra�c noise, and reverberation time [3]. According to SS 25268
the minimum requirement for rooms used for o�ce work is sound class C, but the
developer could also choose to construct o�ces with a better sound environment,
such as sound class A or B [44]. To achieve sound class A or B workplaces must
be shielded from other areas with high passenger tra�c or noise-generating sources.
The design of the o�ce space should as well be adapted to the usage of the spaces
[42].
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2.4.2.2 Apparent Sound Reduction Index

SS 25268:2007+T1:2017 [42] gives values for the sound insulation between o�ces
and areas within the same workplace, in other words how much sound that is re-
duced from one room to another. The standard for example states a requirement
for the apparent sound reduction index,R0

w , between o�ce rooms for one person
and other spaces which is 35 dB [42]. This is due to the certain amount of privacy
which is expected in a single room with the door closed. The requirements for the
door is practically adapted so sound classi�ed doors, sliding doors as well as glass
sections can be used facing the corridors [3]. Between spaces that are united by
common open areas, e.g. di�erent workplaces within an o�ce landscape, require-
ments for reduction numbers do not apply [42]. However, from another space into
areas with demands on moderate privacy or seclusion, such as meeting rooms, the
standard states that theR0

w should be at least 44 dB [42]. Yet, for areas requiring
high demands of privacy the value forR0

w should be at least 48 dB [42].

2.4.2.3 Highest Weighted Standardized Levels for Impact Noise

Concerning the impact noise SS 25268:2007+T1:2017 [42] gives values for the high-
est weighted standardized level,L0

nT;w , recommended in o�ces. When considering
sound class C the standard states requirements for both larger conference rooms as
well as sound levels to and from other departments. The standard gives sound levels
for both low and high impact loads. Regarding conference rooms theL0

nT;w is given
as 60 dB for low loads and 56 dB for high loads [42]. TheL0

nT;w from and to other
departments is given as 68 dB in both cases [42]. For a low load of impact noise the
standard have no requirements for neither o�ce rooms nor smaller meeting rooms
or conference rooms. However for a high load of impact noise the standard gives
values for both spaces. TheL0

nT;w in o�ce rooms with high load is in that case 68
dB and in meeting or conference rooms 64 dB [42].

2.4.2.4 Reverberation Time and Installation Noise

SS 25268:2007+T1:2017 [42] gives indicative values for both the longest reverber-
ation time in an o�ce room, T20 (written T20;125Hz if measured down to 125 Hz),
as well as the highest A-weighted,LA;eq, and C-weighted,LC;eq, equivalent sound
level from installations. The requirements for the reverberation time ranges from
0.4 to 0.8 seconds depending on the function of the space. ForLA;eq the equivalent
sound level ranges from 30 to 40 dB depending on space while theLC;eq ranges from
50 to 60 dB [42]. In areas where vocal communication is essential it is important
that the installations do not produce disturbing background noise. For example can
noise from ventilation devices, which exceeds the indicative values for the equivalent
sound level in the standard, be perceived as disturbing for the workers [3].
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The method chapter describes the methods used to investigate the subject and
obtain the results. The chapter gives an overview of the o�ces participating in the
study, the creation and distribution of the questionnaire, the analysis process of
collected available measurement data and an explanation of the study visit.

3.1 Selection of O�ces

In this section the eight o�ces involved in the study are described. In total there
are four wooden o�ces, three concrete o�ces and one o�ce with both concrete and
wooden parts. All o�ces are located in Sweden and are relatively newly built. The
selection of o�ces for the study was made deliberately and not randomized, and the
main reason for choosing the buildings was the type of construction and the period
they were built in.

3.1.1 Nodi, Nya Hovås

Nodi is located in Nya Hovås, approximately 20 minutes outside of Gothenburg
city. The building is designed by White Arkitekter for Next Step Group, and the
construction entrepreneur was BRA-bygg [45]. The building started in 2019 and in
2021 the �rst tenants moved in [46]. The building hosts both shops at the ground
�oor and o�ces at the �oors above. At the top �oor there is also a common outdoor
terrace for the tenants to use [46]. The �ve storey building is constructed primarily
in glulam wood (wooden slats glued together to form a thicker piece of wood), with
a stairwell and basement made from concrete [45]. One of the key features with
the building is the increasing size of the �oors at each level [47]. The choice of a
wooden construction is partly due to the low impact the material has on climate
while it also helps to create a pleasant indoor environment [47]. The design of the
building is meant to enhance the feeling of being in a wooden building and this is
done for example by having a lot of visible wood elements both inside and outside
[46]. Using a lot of glass in the facade also show of the wooden structure [46]. The
o�ce parts of the building is a mixture of meeting spaces and some smaller working
rooms, but the majority of the spaces are open plan o�ces. The most tenants rents
a quarter of the �oor, but it is also possible to rent a whole �oor [46].
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Figure 3.1: The wooden o�ce building Nodi, Nya Hovås. Left picture shows the
outside of the building, right picture shows a part of the inside.

3.1.2 Magasin X, Uppsala

Magasin X in Uppsala is Swedens biggest o�ce building constructed in wood [48].
The construction started in September 2019 and the tenants started to move in
two years later in October 2021 [48]. It is White Arkitekter that have designed
the building for Vasakronan, and general contractor was in cooperation with NCC
Sverige AB [48]. The building is made out of glulam wood [49] and has joists of
cross laminated timber (CLT) [50]. It has a pillar structure that stretches vertically
through the whole building [50], and visible X-shaped wind crosses [49]. The main
focus of the project was sustainability and the framework is completely constructed
in wood [48], as well as the stairwell and elevator shaft [49]. Choosing wood as
material gave opportunities for a better indoor environment and fewer transports
during the building of the frame, while it at the same time gives the building a
smaller carbon footprint since the material is renewable [48]. Magasin X is certi�ed
with LEED Platinum and works with sustainable solutions in several di�erent ways
[48]. The building is seven stories high and contains an area of total 16 600m2 [49].
One of the challenges with the build was the acoustics due to the lightweight material
[48]. The building hosts several companies as tenants, as well as a co-working area
and a restaurant [48]. The layout on each �oor has been adapted depending on the
tenants needs [50].
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