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ABSTRACT

Many European countries have a sound classification standard connected to the building
regulations in order to specify minimum requirements. The various national standards
have a lot of similarities, however the acoustic descriptors differ more than what is
obvious by a quick comparison of current classification standards. The different
descriptors in each country are to some extent a heritage from the past, successively
adapted to the building industry in each country and their certain traditions in building
technique. The descriptors and the requirements are necessarily not based subjective
experience. Furthermore, to fulfil national interests and to fit to new design trends of
housing units etc, the descriptors involve small local adaptations to each country. These
local adaptations are not easy to find unless the standards are read carefully. This causes
problem since the building industry is not restricted to national boundaries anymore.
Many companies have activity in countries adjacent to each other and in future the
probability for increased activity all across Europe and also outside Europe is to be
expected, unless regulations restrict this development. Combining national special rules
and some severe uncertainties in the measurement and evaluation procedures of sound
insulation, the situation is more critical for lightweight structures. This is partly due to the
fact that the development of building systems are made in one country, the production
takes place in production plants, i.e. the production and the process are fitted to local
regulations and are “standardized”. The standardized process is fast and dry but also
needed due to lack of prediction models. And once the light weight system and the system
process are established in one country it is complicated and expensive to adapt them to
other countries. In this paper an overview of special national rules in some European
countries and major problems connected to lightweight construction are presented.

INTRODUCTION

This paper considers sound insulation descriptors, requirements and special rules in
some European countries. The paper focuses on multi-storey housing and briefly
describe the differences between building codes in different European countries and
their effect on the lightweight building industry, see also [1, 2, 22, 23]. It is partly based
on a work within Building With Wood BWW with the acronym “LowFreCon”,
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All European countries have sound insulation requirements specified either in the
building regulations and/or in sound classification schemes. In some countries the sound
classification schemes and the regulations are closely connected since the regulations
referre to national standards (classification schemes). The schemes and the regulations
are normally based on similar descriptors, originating from the international standards
ISO 140 and ISO 717 [18,19]. However, the descriptor in the regulations are completed
with additional national rules and consequently they differ more than what is obvious at
the first glance. The details and differences from seven European countries will be
described more in detail further on in this article. A summary of current legislation in
these particular seven European countries is given in table 1.

During different periods in history attempts have been made to coordinate the sound
insulation requirements in some countries. In the Nordic countries a far-reaching
attempt was made during the mid 90’s. The work was partly funded by a joint
governmental organization called “the Nordic Committee on Building Regulations”,
see reports and by a Nordic standardization organization, Inter Nordic
STAndardization—Building (INSTA-B). However, the work did not fully succeed even
though an equal basic system for sound classification was presented. All Nordic
countries agreed upon four classes (A, B, C and D) and that sound class C should
correspond to the minimum requirement according to national building regulations.
Nevertheless, today there are huge differences between the requirements in each
country, both regarding descriptors and their evaluations but also values for different
classes. Furthermore, even if the figures or the descriptors, really appears to be equal at
a glance, they might actually be rather different due to national special rules.

Analyzing all differences, a coordination of National regulations across all Europe
would be a huge challenge and probably not exhaustively possible. However it would
be of great benefit, if at least the descriptors could be similar, which is also one of the
main goals within the ongoing COST action (European Organization of Scientific and
Technical Research), COST TU 0901. In parallel, there is some ongoing, simplification
work within ISO/TC 43/WG 18, revision of ISO 717 [18]. If successful, this would be
very helpful for the industry and their future development and trade, in particular for the
lightweight industry. With regard to building regulations, the market is indistinct today,
thus impeding exchange of building systems and products. It is an important task for
acousticians working in the field of building acoustics today to overcome national
protectionism and politics in order to encourage and simplify the trade between the
countries in an “open Europe”. Unfortunately, the unnecessary differences in acoustic
regulations create a trade barrier which is more extensive and expensive than necessary
with regard to cultural differences between countries.

Instead of cooperation and coordination and strict use of current standards based on
knowledge, revisions of the building codes have been adapted to current building
tradition and to former requirements due to national experiences solely, i.e. changes
have been made by adding special rules to the international standards [18, 19], to fit to
national regulations or classification standards. Additional special rules were
introduced and included, for example as notes or rules explained somewhere in the
document-not necessarily in the tables with limit values-or even in other documents like
e.g. guidelines. The reason is, in many cases, that no one wants to make changes that
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can affect the local industry negatively even if the best would to encourage improved
constructions and to simplify trade. Today, the industry put a lot of energy to adapt
building systems to various regulations without any scientific reason.

BUILDING REGULATIONS REGARDING LIGHTWEIGHT STRUCTURES
The use of the extended frequency range down to 50 Hz is a topic which is currently
frequently discussed all across Europe. In, Sweden it has been mandatory to apply
spectrum adaptation terms (Cso-3150 and Cy 50-2500) from 50 Hz in the building code since
1999. The main reason for the revision at that time was to secure the development of an
increasing amount of lightweight structures, primarily in wood.

It should be favourable for the lightweight structural development if the rest of
Europe introduces frequencies down to 50 Hz according to current standard.
Nevertheless, in the mean time several issues might require further analysis and
discussion especially concerning

1. the predicting performance methods
2. reproducibility problems of the laboratory and field measurement methods
3. Transfer the results from theory to practice (the process [27])

in order to improve accuracy of measurements, calculations and evaluation of single
numbers [20, 21, 24]. But still it is necessary to include low frequencies for lightweight
structures since they are prevailing regarding subjective experience [25].

Hence, even if there are practical problem such as measurement uncertainties, it is
of importance that current legislation is adapted to the future development of building
technique. Building technique that includes very light structures. If not, the
development will not go in the right direction, Today, the evaluation principles are
certainly not adapted to these new structures and there is a potential risk for failure and
product development towards “old fashioned” measures which might cause big
problems for the industry in future [26]. Hence, there is a need for fast implementation
of new regulations but also a need for extended research directed to lightweight
structures. The acoustic research has to be more oriented to solutions for lightweight
industry rather than problems.

The quantity of buildings using lightweight structures for multi storey residential
buildings is increasing and it is going fast. For example, in Sweden more than 15% of all
new multi-storey residential buildings are built with lightweight structure (the main part
with wooden structural material). This is increasing due to several factors, for example

1. governmental support
2. its highly industrialized production
3. environmental issues et.c.

Furthermore the knowledge regarding fire resistant and stability is mainly solved. It
is possible to build rather high rise buildings (at least eight storeys) in wood today,
fulfilling current regulations. A lot of effort has been made in order to adapt the fire
resistance regulations to promote wooden structures in multi-storey family houses. This
has been necessary since no one wants the inhabitants to experience severe fire damage
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with high risk for human life. Furthermore, no one expect damage or structural break
emanating from lack of strength. Nevertheless, still the sound insulation requirements
are a remnant from the history and not adapted to current development of new systems.
The risk of failure during the process is also a big risk when introducing lightweight
structures adding yet another risk factor, see [28].

MAIN REASONS FOR INCLUDING LOW FREQUENCIES IN THE
EVALUATION PROCEDURE

Poor sound insulation is not a problem that is obvious to those who will buy an
apartment immediately. They will become aware of it after they have moved into their
new housing unit. In case the problem becomes severe and involves diffuse low
frequencies and perhaps also includes disturbing vibrations it might cause long term
effects on human beings. In case it is high frequency problems it might be irritating but
often these problems will be solved more easily even if the inhabitants have already
moved in. It could be some leakage problem, sound transmission through ducts high
frequency impact sound etc. As soon as the failure is detected it is easy to solve.

Unfortunately, lightweight structures normally exhibit behaviour involving diffuse
low frequency problems and in case of failure it is very difficult to accomplish
sufficient measures afterwards. Hence, in order to prevent an adverse development of
the lightweight building industry in general there is a need for quick action regarding
target values and evaluation principles for sound insulation, and then in particular low
frequency impact sound and vibrations caused by household activities.

In order to consolidate the future position of lightweight residential buildings
compared to heavy weight buildings there is a need for future development of the
acoustic evaluation methods and raised knowledge within the industry regarding
vibrations and material characteristics. As far as concerned, the most immediate needs
are also important in order to actually fulfil the essential requirement ‘“Protection
against noise” of the European Construction Productive Directive (CPD). First of all it
is absolutely necessary to establish well founded criteria for evaluation of impact sound
insulation in order to make minimum requirements and various sound classes in
classification schemes reasonably comparable to the corresponding requirements of
heavy building structures [26]. In this context it is important to consider the vibration
behaviour due to household activities and its effect on the experienced low frequency
impact sound. The lightweight industry is also in need of quick implementation of new
criteria in International and European standards (i.e. ISO 717) in order to facilitate the
trade of lightweight building systems. The systems complexity, the difficulties to
replace single products and the lack of calculation models make this issue even more
urgent. But still, there is a need for research in parallel in order to improve the figures
in future and to promote and support an advisable development of new lightweight
building systems.

CURRENT BUILDING REGULATIONS IN EUROPE
Within Europe, Sweden is the only country which has adopted the low frequency
spectrum adaptation term for sound insulation as a mandatory requirement in the
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national building regulations [7]. The sound insulation indices used in Sweden are
(some special rules should be applied additionally, see table 2 and 3):

1. Rw+ Cso3150
2. L'ywand L'y + Crs0-2500

The reason for this was to adapt the requirement as far as possible using current
international standards to new building technique for multi storey houses, with
lightweight structures. However, research work indicates that the introduction of the
low frequency spectrum adaptation terms is not harsh enough in order to prevent bad
constructions to enter the market [28], at least for impact sound. It is necessary to rather
quick create completely new measures or new evaluation curves for impact sound and
perhaps introduce some sort of requirement regarding vibrations from household
activities.

Current situation regarding sound insulation requirements in some other European
countries are presented in table 2 and table 3. Apart from different single numbers there
exist national special rules which are not immediately discovered in the regulations, see
next section. For those companies working in different European countries these
additional special rules further complicate the trade, quite contradictory to the aim of
European Union.

For vibrations, no strict minimum requirement exists, hence in case of annoying
vibrations there is no building code taking care of this except in parts of Austria, where OIB
Guideline V is introduced (OIB Guideline V - sub-clause 4) demands a protection against
vibrations. Due to these facts there is a need for a reconsideration of current evaluation of
impact sound but also to consider vibrations. This is of immediate interest since

»  The experienced sound insulation is normally worse than the objective value exhib-
it, perhaps reinforced due to combined low frequency noise and vibrations

*  The sound class for a lightweight construction do not correspond to the sound class
for a heavy weight construction even if the objective values are identical

»  The lightweight industry is rapidly increasing its market share. Hence, in case cur-
rent objective measures retain, the risk of increased numbers of bad constructions
entering the market grows

Perhaps, new evaluation principles are not necessary for all types of living
accommodations. For some certain types of housing units current evaluation principles
might work. However, there is certainly a need for raised knowledge regarding modern
living habits in order to state well founded criteria in those cases. Hence the results might
become different single numbers applicable to various multi storey residential building.

SPECIAL RULES

Compliance with Regulations

Apart from the differences stated above, some further additional differences might
confuse the market, and these differences and their effect on the national adaptations
for various systems is far from clarified. Typical users might think that each
measured value must fulfil the requirements. However, it is not always perfectly



283

BUILDING ACOUSTICS - Volume 17 - Number 4 - 2010

(ponuio))

(es10u 0] AJIADISUDS [BULIOU 8y = .7 NeqUOOH WI ZINYIS[[eYdS
JO 9seD UI) [00YDS (IST0U 0] AJADISUS [BULIOU JO ISBD UI) WOOIPI] mES = .7 9002:181 VIS HD
(L-0%1 OSI 01 paredwod so[nI [eUoNIppe) sani [eroads [euoneN €g =" 6017 NI a
(SJun [BIOIQWWOD YIm
s3urp[inqg ur sjuowainbar (surpepmon g1 pue
[eroads ‘g = “I¥ ;7 sasnoy mor) INIONOQ 03 Suriejar
- 8y = "1 $9Te1S [RI9P3)) DF v
juowaInbar woIy papnyox? are swoolyieg
(W09 = 'A UYM gp ¢+ T =T S (S Teonuspy)
~— w ()9 = "W ur T ownjop (D sseD) SO 10 DY |
"PIPN[OXA SI JOOP dUBNUS dY) SpIsul A[deIpatuwr (W )
JI0O[J OS]V "S}WI| UIelIad owos mofaq 1doy st juowdinbe ao1a10s
WOIJ [9AQ] 9y} ased Ul juowaiinbar woij papnjoxe are swoonjeyg 0G = 00ST0STH 4 U 7
(W [E = A udym MY 7= WU g
- g =" 96 ="M T (O ssed) $O as
[1] sonu1 [e123ds [euonRN-SYIBWIY [gp] punos 3eduy ul punoj syuduwdIIMbay

punos joedur sjudwdambay

Anuno)

‘0107 Anl—sd[nu [e1ads [euoneU JO SY.IBUIAL
Surpnpour saLuUNod ueddoand udIAIS Ul SSUI[[PMP UIM)IQ uone[nsul punos joedur 10j syudwdambaa £10jen3ay g dqel,



Sound Insulation Descriptors in Europe—Special Rules

284

Complicate Harmonization within Lightweight Industry

*qpP S¢S punoIe st gp S Jo [T & U T se passaidxe pue palIoAu0)) e— "005T-05 I "9 “Xopul Sy UI pauonjuawl
st pueq Aduanbaiy oy, “ZH 00$Z—0S 10 ZH 0S1€—001 Pueq Aouonbaiy oy 10y 1OYIIS USAIS dq Ued I “([-L1L OSI Ul S€) AD + 1D + L= Ty

00ST-0ST7) opN[OUT 0} POPUIWWOIAI ST J]

W01 < 'A UoyMm gp ¢+ 7 =17

~— W Q] =""A Iy Sumfop

og oy ur

0] PALIQJAI JOA JOU ST QWIAYDS UOIBOYISSE[D) *9p0d JuIp[Iing 3y} Jo
uoISTAQI JXoU oY) ul Jeaddestp 0] pejoadxa s3] *(§C = EPS™U 7)
oI xewr gp-g,, Jowroj ay) Sutkidde £q payernores st 4 7

surpoping ojeredas € Ul punoy ST UONEPUSWWOAI SIY], "gpP €S

= 00ST08'TH + »U 7 Fuikjdde ‘zg oG 01 umop aSuer Aouanbaiy

QU) PUSIXQ 0] PIPUIWODAI ST JI SUOIONIISUOD JYSTom-IyYSI] 10,
“soneA JWI M d[qeL, ay 2aoqe 1sal 06 SA

ur A[I0211p pajess ST SIy [, ‘sjuawaIinbar oy [1[nj 0 paau jou

Op ;W G'Z UBY) SSI] BAIR J0O[J YA SWOOI Ul SIOO[] PUB SITUOd[BE

€e =M (O sseD) SO

€C = MU 7 :3ursnoy moy
8¢ =""17 od

S (O sseD) SO

ON

SI

Ad

[1] soynu [e1oads [euonEN—SYJBWdY

[gp] punos joeduy

punos joeduwr sjuowaanbay

ur punoy syudwanbay

Anuno))

‘(ponunuo))) ‘0107 Anf—s9nu [eroads [euoneu Jo SyIewda
Surpnpour SaLUN0d ueddo.and udAIS Ul SGUI[[IMP UIIMIIQ uonensul punos JPedul 10§ sjuswanbaa £103eMm3aYy 7 dqe,



285

BUILDING ACOUSTICS - Volume 17 - Number 4 - 2010

(ponuio))

L1T PUe 9[ dUIOPIND IS UT punoy dre sa[ni [eroads oy,

qap ¢S = oﬂmémU

+ ™y K1dde pue zH ()G 03 umop d3uer Aouonbaiy Y puAIXd 03 PIPUIWOIAI
ST ((W/3Y (0GT > SI0O[J PUE W/ (O] > S[[EM) SUOTIINISUOD WTTOM-1YST|
J10¥ Jepnonred ur pue [9AQ] dwes dy) Je 0S1E0SH) apnjour 0} POPUSWIIOIAI ST ]
¥ Jo peadjsur pardde st U 90UAIHIP [9AS] pazZITeW

-I0U AU ‘BAIR UOWIWIOD OU ST I3} JT *G"/, AQ POPIAIP QWIN[OA WIOOT SUTATIAI
Sy} pue BaIe [enioe 3y JO san[eA dY) Jo 1sa3re| st pardde eare oy ‘w (] uey

SSO[ ST SWOO0I 0M] UMIaq uonmIed ay) Jo 1red uowuod ay) Jo vare oY) Jj sC="y (D sserd) SO da
(as1ou 0} AJNATIISUDS [BUWLIOU JO SED UI) [00YDS qap LS ='q neqUOOH wWI ZINyds
(estou 01 AJATIISUSS [BULIOU JO 9SED UT) WO0IPq wapP s ='a -IBYSS 900C- 181 VIS HDO
(#-0%1 OSI 03 paredwod so[nI [eUONIPpPE) sanI [e1dads [euoneN vS/eS = Y 6011 NId a
(surepmo
(09 = ""q 410 pue WIONQ
SASNOY MOI) 03 SuLLRjaI
SIIUN [RIOIQWIWOD 1M SSUIp[Ing Ul sjudwarrnbar reroads GG = Mg S9JeIS [RIOPI)) DY v
(S| reonuapy)
09 = XBW 4 ‘gOT)RN[RAS Q) UT UOTIR)TWI] SWN[OA WOOT SUTATOONY sc="Yy (D sse[D) SO 1o DY 1
e < S/A
uaym “LY7 01 SPUOdSaIIOd USPamG UT M Y ‘90Ul "(MLYq o1) * y
‘roquIinu 9[IUIS Y} SUIBN[BAS USUYM W [°¢ PIVOX JOU SN §/A UOIB[OY €G = 0SIE05H) + M or (O sseD) SO qS
[2] sanu [euoneu [RIds—SyIRUWIY [dp] uonemsul ul punoy £nuno)
punos auIoq.ary sjudwdImbay

uonB[NSUl puUNos AUIOQIe syudwaImbay

‘0102 An[—s3nu [e1dads [euonjeu Jo SyIeuwdL
Surpnpour SaLUN0) UBId0.INI UIAIS UI SSUI[[OMP UM UOIJB[NSUI PUNOS IUIOQIIR .10] Sjudwd.IInbaa £10jeN3ay °¢ d[qe],



Sound Insulation Descriptors in Europe—Special Rules

286

Complicate Harmonization within Lightweight Industry

dp LSS punore st gp ¢ Jo '(q & ™,y se passardxo pue popoauo) e— ((I-L1L OSI Ul sB) '3 — D + "1 ='a) 'd()

*% 3 1OJ 198 an[eA W[ oy} s paredwod uayy st 4 qg

Jo anfea Sunnsar oy, “(H-0r1 OSI NH-SN 995) PauILLIdldp ST jety) 7
‘90URIRIJIP [9AS] PISI[RULIOU 3y SI I ‘358D SIY] U] "W (] = § USY} ‘SWO01
3 u3aM12q UonHIRd UOWWOD OU ST 313y JT ;W ()] = § uay) ;W O] uey)
JIO[[eWS ST 90BLINS SUIPIAIP [€10) Y} pue I0Op © surejuod uonnred ay) J

TOAQ[ dwres Ay Je 0S1E70SH opnjour 03 POPUIWWOIAT

S W O0] = XeUT A “UOTIRN[BAS 9} UI UOTIBIIWI] SWN[OA WOOI JUIATIIY cC="Yy (O sseD) SO ON

SIsNOY-MOlI

10} gp GG on[ea ‘urw ‘sjuowiiede J0J gp GG PIPUIWWOIAI ‘gp TS

an[eA urjy "(UoIsIAdx 3xau oy ur Jeaddestp s siyl Jey) pa3oadxa SI Ir)
e[ = EP8™ 37 anfeA-*J plo Ul se J[NI XeW gp §,, P[0 M PAR[No[ed ST csles = od SI
[2] so[nu [euoneu [BIAdS—SyIewd Yy [gp] uonensul sjudwd.IInbay Anuno)

PUNoS dUI0qIy

uonensul punos duioq.are spudwdmbay

(ponunuo)) 0107 Anf—ssnu [erdads [euoneu Jo SHIBWIL

Surpnjour saLUN0d ULdIdoand UIAIS Ul SSUI[9MP UIIM}IQ UOHIB[NSUI PUNOS dUI0qJIe 10§ sjudwdambaua £103e[n3ay ¢ d[qe],



BUILDING ACQUSTICS - Volume 17 - Number 4 - 2010 287

clear, if each single measured value really must comply with the requirement. In
some countries, deviations in single values are accepted as long as the mean value
from a number of measurements, fulfil the requirement. The number of
measurements needed to fulfil the requirement in each country is - or should be -
stated in each national standard.

In addition to the issue of measurement uncertainty and related national compliance
rules, other factors might influence whether a building system fulfils the regulations or
complies with a specific limit or not. As earlier mentioned impact sound insulation and
airborne sound insulation, field results or rather the modified field results can depend
on the national special rules.

It would be a great advantage, if the rules and procedures could be minimized and/or
further clarified in the international standards and thus harmonized between countries.
In addition to the before-mentioned special rules, there might be other national special
rules related to limit values. Hence, it is of course also relevant and probably even more
important to review descriptors and limit values. Furthermore, there are differences in
requirements between countries depending on the type of living accommodation,
dwellings for elderly, normal dwellings etc.

In spite of different building practices, there seems to be no scientific reason for
various national requirements and special rules, since people in living in the countries
represented in this paper are considered to have approximately the same living habits
and equal expectations of their home environment. The reason for differences is rather
traditions in each country and lack of cooperation.

Complaints from residents in light-weight housing indicate a need to include lower
frequencies in the evaluation for such construction types. Low frequencies in
lightweight structures might cause new disturbances from vibrations, implying a need
to also developing regulations for vibrations. However, there is a lot of issues in need
for clarification in order to finally state proper and predictable procedure to measure,
evaluate and compare the results to a suitable value in the building code [26].

Benefits of Reviewing Sound Insulation Descriptors, Limits and Rules
More work on the findings stated in this paper, cooperation and implementation would
have the following benefits:

1. Increased exchange of knowledge—better understanding regarding the basis for
national special rules

2. Less complicated national adaptations—some adaptations might be unnecessary
with regard to subjective response

3. Facilitate and encourage more cross country trade between countries

Lower costs for the building industry

5. Less risk for mistakes due to the fact that some special rules may not be discovered
by consultants and other parties involved

&

The need for some of the special rules may be caused by a non-optimal choice of
descriptors. Thus, it is important to understand the reasons and to investigate if other
descriptors are more optimal.
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The building industry today is not national any more. Almost all building companies
and manufacturers are working all across Europe or at least in limited parts of Europe,
for instance on the Nordic market. Each company makes their own investigations and
expensive, national adaptations in order to enter new markets or to market new
products. Besides, if the national adaptations are not discovered when transferring
building systems or building products from one country to another, the costs will raise
even more afterwards. Often, it is necessary to involve consultants from each country
in order to understand and clarify the differences for the developer.

SUMMARY
This paper is summarizing national special rules for sound insulation requirements in
the building regulations in some European countries.

In terms of coordination the Nordic countries were rather close to meet an agreement
in the mid 90’s. However, lack of consensus and the asynchronous revisions of building
regulations led to stop of cooperation soon after. Since then, differences between the
Nordic countries have increased. Descriptors and other rules differ more than what is
obvious at the first glance, when comparing the regulations or classification standards.
When comparing the diversified requirements and standards existing now—
approximately fifteen years later—it seems to be time to reconsider the situation and
reopen cooperation to the benefit of the residents of dwellings, building industry and
development of building constructions. The largest differences in requirements
and classes are found for impact sound insulation. Adding potential national special rules
from the rest of Europe will probably make the picture even more complicated. The
present situation impedes development and creates trade barriers, and there seems to be
a high interest for all parties involved in the building process to change the situation.

It is concluded that more close cooperation could contribute to identify the most
important special rules, and it would be proper to prepare a document with an overview
of all national building acoustic requirements (including special rules) and classes in the
European countries, starting with dwellings. The document should state the reason for
special rules and identify which of the current rules are important to retain, if any. The
document would then include 1; proposals for change of descriptors to fit also to the
lightweight structures, 2; evaluation if there is a need for certain special rules for
lightweight structures to be included in ISO standards, 3; perhaps further work directed
to lightweight industry in particular. The results of such work is urgent and could provide
useful input for the revision of ISO 717, and for the work within the COST Action
TU 0901 aiming at harmonization of descriptors and classification schemes in Europe.
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