Aalborg Universitet
AALBORG UNIVERSITY

DENMARK

Could mandatory open access to sound insulation performance in housing promote
"visibility" of acoustic quality?

Rasmussen, Birgit

Published in:
Proceedings InterNoise 2024

DOl (link to publication from Publisher):
10.3397/IN_2024_4470

Publication date:
2024

Document Version
Accepted author manuscript, peer reviewed version

Link to publication from Aalborg University

Citation for published version (APA):

Rasmussen, B. (2024). Could mandatory open access to sound insulation performance in housing promote
"visibility" of acoustic quality? In Proceedings InterNoise 2024: International Congress and Exposition of Noise
Control Engineering 2024 (pp. 10238-10245). Article 4470 Institute of Noise Control Engineering.
https://doi.org/10.3397/IN_2024 4470

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

- Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
- You may not further distribute the material or use it for any profit-making activity or commercial gain
- You may freely distribute the URL identifying the publication in the public portal -

Take down policy
If you believe that this document breaches copyright please contact us at vbn@aub.aau.dk providing details, and we will remove access to
the work immediately and investigate your claim.


https://doi.org/10.3397/IN_2024_4470
https://vbn.aau.dk/en/publications/a98cb70b-6883-4611-8f23-f2149429ea84
https://doi.org/10.3397/IN_2024_4470

Downloaded from vbn.aau.dk on: February 07, 2025



Rasmussen - Paper #4470 Preprint

o,

.
Tl NS 25-29 August 2024

inter.noise

NANTES FRANCE

Could mandatory open access to sound insulation performance in
housing promote “visibility” of acoustic quality?

Birgit RASMUSSEN 1
BUILD - Department of the Built Environment, Aalborg University
A.C. Meyers Vaenge 15, 2450 Copenhagen SV, Denmark

ABSTRACT

Danish Health and Morbidity Surveys representing the population.show that ~36% of people in
multi-storey housing are annoyed by neighbour noise. National building regulations have existed
since 1961 and included sound insulation limits, but complaints to housing organizations and
builders appear for both old and new housing. A detailed analysis of national survey results shows
that for occupants in multi-storey housing, a strong asseciation exists between self-reported
neighbour noise annoyance and various health issues. Building.constructions have changed over
time and consequently acoustic performance. The Danishstandard DS 490 has six acoustic quality
classes A-F representing housing built from beforeyear 1900 until now, class C being minimum
for new housing. Acoustic quality is invisible. However, the purpose of classification is enabling
“visibility”, but such information is typically sinavailable. With mandatory acoustic classification
for new and renovated dwellings, negative “surprises”, when moving into new/renovated
apartments could be foreseen. While prospective buyers and tenant organizations support
acoustic labelling, strong resistance appears from e.g. real estate agents, and contractors. The
paper presents advantages of .acoustic quality transparency as well as resistance and also
provides suggested steps towards implementation to the benefit of people moving to new places
or understanding their cirrent situation.

1. INTRODUCTION

Most countries in Europe - and several countries globally - have acoustic regulations for housing and
other building/categoriess This paper focuses on housing and more specifically on airborne and impact
sound insulation between apartments in multi-storey housing, where neighbour noise annoyance and
complaintsare more dominant than in other types of housing. Several countries in Europe also
have national acoustic classification schemes (ACS). In Europe, limit values are included in building
regulations.in more than 30 countries, cf. [1]. More information about sound insulation descriptors and
some updates for ACS are found in [2]. Descriptors and limits vary considerably between countries,
which reduce the potential benefit of exchanging specific information about acoustic construction
performance. However, a joint problem is that many people are annoyed by neighbour noise without
knowing, if the roots of the problem are own expectations, the neighbours or the building. With open access
to the acoustic performance of the building, communication and actions could be more efficient. The
paper will present advantages of transparency of acoustic performance as well as resistance from some
parties and some potential steps will be discussed towards implementation of such information to the
benefit of people considering moving to a new place or understanding their current situation. To a wide
extent examples from Denmark will be used, although a formal acoustic labelling process has not been
established. Needed are e.g. regulations and constructions over time and related acoustic performance.
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2. REASONS FORINTRODUCING AN ACOUSTIC QUALITY LABEL FOR HOUSING
The acoustic quality of a dwelling is invisible, although it is an important quality in everyday
life. If prospective buyers or tenants ask a builder, real estate agent or housing association
about the acoustic performance, they would most often not get an answer. However,
considering all resources in time and money to move to a new place, a dwelling is typically one
of the largest investments in life for most people, and for that reason and due to the importance
for everyday quality of life, such request is relevant

An interesting comparison could be to compare with buying other products or with
studying other information available for dwellings. For example, for several household
products, energy labelling is mandatory according to EU directives and the label also.includes
noise emission, cf. e.g. the directive [3] for washing machines. Consider buying an apartment -
as an example with a price approx. 6000 EUR/m? - that could correspond to buying ~5washing
machines for the same price as one m? of the apartment. For a 60 m2 apartment the price would
match 300 washing machines! - and each washing machines would have an energy label with
various information, including noise emission. For apartments (and other dwellings), there is
another directive [4] stating that an energy label must be included in the advertisements for the
dwellings, also if the apartments are just for rent, but no acoustic quality marking is included ®

Thus, what could be done? It’s definitely a huge task torimplement an acoustic quality
label for dwellings, but the same must have been the case for energy labelling of household
products and dwellings! Thus, benefit from previous experiences could help. In the following
some topics relevant to the process are being discussed.

3. ACOUSTIC REGULATIONS AND CLASSIFICATION SCHEMES

Acoustic regulations and acoustic classification”criteria are typically about the following
performances for the finished building: Airborne and impact sound insulation; traffic noise
(airborne sound insulation of facades); seryviceé.equipment noise; reverberation time or sound
absorption. In Europe, limits typicallyrefer to the ISO field test methods in [5],[6],[7],[8], [9],
which are all implemented as EN §tandards and as national standards in CEN countries. In
Table 1 is found the history of airborne and impact sound insulation limits, cf. [10]. The current
Danish limit values for housing and other are found in [11] and some specific field test
conditions in [12]. The limit values for housing are from the Danish classification standard for
dwellings, DS 490 [13], Class C. Administration and enforcement of regulations is important, and
[10] Ch.1 has a guideline [14] explaining documentation (completion notification) to be provided
by the builder before réceiving a permit for use.

Table 1sSound insulation main requirements (1) in the Danish building regulations
for walls /floors between dwellings constructed in the period from 1961 until now [10].

. . Airborne sound Impact sound
Period Housing type insulation (1) insulation (1)
) R’'w 252 dB (horizontal)
@- - @) Y <
1961(2-2008 Multi-storey R > 53 dB (vertical) L'nw <58dB
Since 2008 Multi-storey and - p. ', 55 4p L'nw <53 dB

row housing

Note 1: Limit values until 1982 are estimated by converting to the descriptors, R'w and L'nw
applied in the current Danish building regulations.

Note 2: Before 1961, there were no general national building regulations.

Note 3: For terraced housing (row housing), the limit values were:
R'w =55 dB from 1966 and L'ww < 53 dB from 1977.

The sound insulation limit values for all DS 490 classes A-F are found in Table 2, which also
includes qualitative class descriptions that are useful for communication purposes and for
making a qualified choice of class. Related to the topic of this paper, the classes and the
descriptions could be considered applied for labelling purposes - similar to energy labelling.
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Table 2: Occupants' expected satisfaction for different sound classes
according to DS 490:2018 [13]. Summary based on information in DS 490.

. . . Characteristics of DS 490 sound classes for
Sound insulation between dwellings . . .
Main class criteria A-F in DS 490:2018 dwellings and occupants’ expected evaluation
' Information from DS 490:2018
Class Airborne Impact Sound class descriptions Gaod or Poor
P P very good
L’ <43 dB and Excellent acoustic conditions.
A |R,+C. 263dB|;, "W Occupants will be disturbed only >90 %
w HED L nw ¥ C|,50-2500 £43dB occasionally by sound or noise.
L’ <48 dB and Significant improvement compared to
B |R’, +C. >58dB|;: "W minimum in class C. Occupants may be | 70-85 % | <10 %
w 50-3150 L nw ¥ C|,50-2500 =48 dB disturbed sometimes.
Sound cl intended as the mini fe
c R’,255dB L', $53dB o s e o ™ | 50-65 % | <20 %
Sound class intended for older buildings
D R’,250dB L' <58dB with less saftisfactoryacdc:;stiﬁ conditions, | 30-45 % | 25-40 %
’ e.g. for renovated dwellings.
3 3 Sound class intended for older buildings 0 0,
E R,245dB L nw =63dB with unsatisfactory acoustic conditions. 10-25 % | 45-60 %
Sound class intended for older buildings 5% 65-80 %
F R’>.240dB L’ <68 dB with clearly unsatisfactory < -
w nw acoustic conditions.
. . . Note: Within each sound class, the percentage of satisfiéd or
Reference: DS 490:2018 “Lydklassmkatlon af b0|lgel’” dissatisfied occupants may depend on the type of criterion.
(Sound classification of dwe"ings) The grouping is mainly based on the subjective asséssments
of airborne and impact sound from adjacent dwellings.

An overview of acoustic classification schemes in Europe is found in Table 3. Data are from
2022.Finland and Sweden and maybe others have changed their schemes since then. However,
the point is to look at the columns in the right part of the table with the total number of classes
and how many above and below the regulatory limits. These classes are potentially applicable
for acoustic quality labelling of dwellings. Unfortunately, some acoustic classification schemes
follow the original idea about having only classes for specification of better classes than the
regulations, which is not enough for labelling in the real world with old housing or new housing
with construction faults, where it could be convenient to explain what the actual label and how
much improvement is needed.

Table 3: European schemes for acoustic classification (ACS) of dwellings, relation to building
regulations (BR) and class informatien. ISO/TS 19488 (2021), included for comparison.
Table from [2]. The notes and references [5-20] belonging to the table are found in [2].

Acoustic classification of dwellings - Schemes in Europe and relation to building regulations — Status May 2022
Coun- Year of CS Reference Class BRInk| BRref. to CS | No.of | No.of | No.of
try publication (latest version) denotations™ toCS | & Comments |classes leséﬁ-f,s CIESBSES
DK 2001/ 2007/ 2018 DS 490 (2018) AIBICIDIEIF + Class C 6 2 3
Fl 2004 SFS 5907 (2004) A/BICID - N/A (BR~Class C) 4 2 1
IS 2003/ 201112016 IST 45 (2016) A/BICID + Class C 4 2 1
NO | 1997-2019 (5 versions) NS 8175 (2019) ® A/BICID +@ [ClassC® 4 ~2 ~1
SE 19962015 (4 versions) S8 25267 (2015) A/BIC@/D - N/A (See note ) 4 2 1
LT 2003 STR 2.01.07 (2003) AIBICIDIE + Class C 5 2 2+npd
LV 2011/2015 LBN 016-15 (2015) A/BICID + Class C 4 2 ~0
IT 2010 UNI 11367 (2010) Hrmrw - N/A (BR~Class lll 4 2 1
DE 1994 /2007 / 2012 VDI 4100 (2012)® H/nsl - N/A (BR~Class 112)) 3 3 ~0
DEGA 200972018 DEGAEmpfehlung103(2018)® | AYAIB/CID/E/(F) | — |NA(BR-ClassD®) |6+npd| 4 |1+npd
ATH 2012/ 2021 GNORMB8115-5(2021) A/BICIDI/(E) - N/A (BR ~ Class C®) 5 ~2 ~2
ES 2021 UNE 74201 (2021) A/B/C/D/E/[F andnpd] — |NA(BR-ClassD) |6+npd| 3 |2+npd
NL 1999 NEN 1070 (1999) IV — N/A (BR~Class Ill) 5 2 2
PL 2017 PN-B-02151-5 (2017) AQ-4/AQ-3/AQ-2/AQ1/AQO[ -— N/A (BR ~ Class AQ-0) 5 4 0
R 2017 coun ise Protection and. gso| AIBICIDIEIF + |classc 6 2 3
ISOMTS 2021 | ISOITS 19488 (2021) @ A/B/C/D/E/Fandnpd| N/A |N/A 6+npd| N/A N/A

In [15] (1994) is found information about acoustic conditions in housing in Denmark, including
a brief summary of legislation over time and enforcement. Information from Austria (1994)
about enforcement in different regions showed various strategies and policies. A recent survey
in Spain [16] about compliance procedures in different regions also showed large variations.

3/8



Rasmussen - Paper #4470 Preprint
Proceedings of INTER-NOISE 2024

4. HOUSING STOCKAND CONSTRUCTION YEAR

Knowledge about the national housing stock, constructions and acoustic performance is
important when preparing acoustic quality labelling. In Figures 1 and 2 are found overviews
of the Danish multi-storey housing stock with construction types in different time periods,
number of dwellings and estimated acoustic performance. More information is found in [17]-[21].

/Building type E]\ Building type E2 Building type E3 fBuiIding type NEW\
0Old brick-built buildings Brick-built buildings with Concrete elements Concrete elements
with timber floor thin in-situ concrete slabs with wooden floors with wooden floors
constructions and wooden floors
Period: ~ 1850 to 1930/1950 Period: ~ 1930 to 1960 Period: ~ 1960 to 2009 Period: ~ 2010 to (2022)
No. of dwellings in Danmark: || No. of dwellings in Danmark:| No. of dwellings in Danmark: No. of dwellings in Danmark:
~ 500.000 Up to ~ 100.000 ~ 400.000 ~ 115.000 (incl. 2022)

: i
. ’//
Regulations: None Regulations: None Regulations: BR1961-BR1995|Regulations: From BR2008
Estimated performance: | Estimated performance: Estimated performance: Estimated performance:
R’y ~42-50 dB R’ ~ 45-53 dB R’ 2 52-53 dB R’,255dB
L'yw~63-75 dB L’y w~ 58-67 dB L'hws58dB L'hws53dB
Acoustic classification Acoustic classification Acoustic classification Acoustic classification
DS 490:2007: None DS 490:2007: None DS 490:2007: Class D DS 490:2007: Class C
DS 490:2018: Class F DS 490:2018: Class E DS 490:2018: Class D DS 490:2018: Class C

Figure 1: Overview multi-storey housing stock inlDenmark, number of dwellings and construction
types in various time periods. Building regulations, estimated acoustic performance and expected
acoustic classes indicated. More information about constructions is found in [17]-[21].

250000 | :
~45 % ~9% ~ 36 % ~10%
200000 . / )
:i‘->/
150000 - : C
100000 /
50000
0 T T - T
»
& § '@»‘” q’@')’
& F Y Y S
PO

Figure 2: No. of Danish dwellings 1900-2022 in multi-storey housing according to construction

year [22]. Estimated acoustic classes F, E, D, C according to DS 490:2018 are indicated.
Note: Time periods 10 years, except the first & last column. The dashed line indicates year 1961 with the
first national building regulations. The dotted line indicates year 2008 with stricter sound insulation limit values.

In the COST TU0901 book 1 [23], general information is found about the housing stock in Europe,
regulations, classification schemes, field monitoring, testing, common errors etc. Book 2 [24]
provides information about individual countries (29 in Europe and 2 overseas) about regulations,
housing stock, typical constructions and typical construction faults in design and workmanship.
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5. DOES NEIGHBOUR NOISE INFLUENCE HEALTH?
While health implications of traffic noise have been recognized for decades and quite
thoroughly investigated, neighbour noise has mainly been considered a “social” problem.
Unfortunately, WHO and EAA also still on traffic noise and did seemingly not until now consider
neighbour noise as a health problem. Nevertheless, sleep disturbances and other activity
disturbances by neighbours may be unhealthier than those caused by traffic, since the
information contents in neighbour noise is high, implying a high annoyance potential.
Complaints typically point to specific noise sources like e.g. footsteps, playing children, music,
parties and disturbed activity, e.g. severe sleeping problems, see Table 4. Danish Health and
Morbidity Surveys performed for a representative part of the Danish population show.that 36%
of people living in multi-storey (MS) housing are disturbed/annoyed by neighbour noise. A
detailed statistical analysis of the national survey results shows that for occupants in multi-
storey housing, there is a strong association between self-reported neighbour'noise annoyance
and perceived stress, poor mental health, fatigue, sleeping problems and various physical
health symptoms. For more information about the Danish studies, cf. [25], [26],]27], [28], [29].
For % annoyed in other types of housing than MS, see e.g. [27], also for traffic noise.

A German study [30] states that neighbour noise annoyance is the sécond most annoying
noise source in Germany [31]. Recommendations for future studies mainly relate to social issues.

The only known noise policy that includes neighbour noise is “Paolicy Statement for England ”
(NPSE), [32]. In UK, there is a long tradition for doing research and surveys about neighbour
noise and for registering noise complaints [33]. A coordinated approach for improving sound
insulation in new housing is found in “Robust Details”[34] leading to ~98% compliance with
limits and noise complaints reduced to 1/3 for new build attached housing, see [35] and [36].

In Figure 3 is illustrated the idea of quality€lasses'and the implication for the residents’
protection and privacy in relation to neighbout noises. To be useful, it is important that that
quality classes are relevant for the nationalhiousing stock.

Table 4: Examples of disturbing/annoying neighbour sounds and own activities being disturbed.

Annoying/disturbing neighbour noises Own activities disturbed, e.g.:
¢ Neighbours’ footsteps ¢ Sleeping
¢ Children jumping/playing ¢ Using every room in the house
¢ Voices/shouting/arguments ¢ Listening to TV, radio, music
¢ Dogs ¢ Quiet activities: Reading, resting
¢ Radio, TV, music ¢ Having a conversation
¢ Parties ¢ Studying
¢ Neighbours’ DYI] ¢ Activities that involve making noise
¢ Doors banging (i.e. restrictions on own activities)
¢ Various “toilet sounds”
¢ (Washing machines etc.
YY) “\| Acoustic quality class |#~ o
\| Acoustic quality class \
TEER ®B®
: HIGH acoustic | A |B|C|D|EF : LOW acoustic
I PROTECTION i PROTECTION |
: and PRIVACY : I nmviE  andPRIVACY :
! Improved quietness | 1 Disturbance/annoyance, 1
I and comfort el i e.g. from: :
| Improved freedomfor ||| [T Footfall noise |
y  own activities without | a b|lc|dy Playing children |
: d'St“rb.'"ﬁ"ba"”OV'“g 1 iy Music, radio, speech :
\ neighbours y A|lB|C|D: { Barking dogs ’
o P ——— -~ kPP b R g—— L4

Figure 3: [llustration acoustic quality classes using various, partly FICTIVE ranges and denotations. Note:
The yellow cells indicate that no acoustic class is available for old dwellings with low acoustic quality.
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6. STEPS TOWARDS INTRODUCING ACOUSTIC QUALITY AS OPEN ACCESS
Considering facts about mandatory labelling of household equipment with energy and noise
emission information according to the EU directive [3] (example for washing machines) and
mandatory energy labelling for dwellings [4], it seems reasonable to expect that a similar label
with acoustic quality included could be introduced for apartments. - To upgrade information
level and awareness, examples of tasks to consider are found below:

¢ Overview history acoustic regulations.
Housing stock - dwellings according to construction types and/or construction year.
Housing stock - acoustic performance for dwellings in various time periods.
If a national acoustic classification scheme exists, does it cover the housing stock?

Verbal descriptions of classes in classification schemes.
- or alternatively for typical houses/constructions for various time periods.

Include neighbour noise in national surveys for housing and split up into variotis housingtypes.
(Multi-Storey; Row houses; One-family houses; Other)

Procedures for verification of compliance with limits in acoustic regulations-and classes.
Qualification/approval of persons making field tests.

Construction guidelines for new housing.

Construction guidelines for sound insulation improvement of existing housing.

< * & & o

* & & o

The points in the list are not ranked. Several countries already have information corresponding
to some points and could jump to any other points, maybe by learning from other countries.
Verbal descriptions of various sounds/noises and the perception in neighbour dwellings are found
in [37],[38], [39] with the most extensive tables in DAGA103[38] that has many classes and open
access. - ISO/TS 19488 [40] was published in 2021, and for aworking draft a similar verbal table
was discussed, but declined by the WG, so only a simpler, more general table was included (Annex
B Explanation of intent of classes). That table could be a starting point almost anywhere.

In France, related to discussion of a natienal grading system [41], the details of [40] were
considered, but e.g. the procedure for assignmentof class in ISO/TS 19488 was found too strict,
since just one poor result determinés the class: That procedure and some other issues will be
discussed, when revising the ISO/TS. «’/Another point in the list is qualifications of people doing
the field tests. In [16] about verification of compliance with Spanish regulations, it is mentioned
that some communities have a registry of competent entities for doing such tests.

7. DISCUSSION - CONCLUSIONS - RECOMMENDATIONS

While energy labelling is mandatory for apartments as well as noise emission for many
household products, many residents suffer from poor sound insulation in housing and don’t
have access to a label explaining the acoustic quality - likewise for prospective buyers and
tenants. For comparison, it's interesting to notice sound insulation appearing among other room
features at some hotel booking websites.

Some building contractors claim that sound insulation requirements are far too strict
and wantlower limits to reduce building costs and meet the climate targets. In [42] is described
the adequacy of current regulations in Germany, and the current minimum limits are
supported, although some viewpoints from e.g. architects suggest lower limits. The
discussion/fight has increased significantly due to focus on wood. The building industry wants
generic, simple, cost-effective construction solutions, but typically forget that product
development with new materials is necessary.

Sometimes the noise sensitivity of people is discussed - not meant as an appreciation.
But it might be fairer to discuss PREFERENCES - PROTECTION - PRIVACY?

The author of this paper recommends promoting “visibility” of acoustic quality for
housing by implementation of a label indicating the performance. It is suggested starting with
new-build and provide a simple short verbal statement and a one-page summary of documen-
tation probably already made available to building authorities to obtain a permit for use.
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