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Preface

This report presents the results of a study performed for the building companies Skanska and NCC
with support from SBUF The Development Fund of the Swedish Construction Industry and the
national Swedish project AkuLite - Acoustics and vibrations in light weight buildings.

The report is a slightly extended version of the report for SBUF project 12311 with a Swedish
summary and an annex with the questionnaire in English. The questionnaire will be further developed
within the European COST Action TU 0901 Integrating and Harmonizing Sound Insulation Aspects in
Sustainable Urban Housing Constructions. Please contact the authors for further information and
guidance on the use of the questionnaire.

September 2011
Christian Simmons Klas Hagberg Erik Backman
Simmons akustik och utveckling SP Tratek and WSP Acoustics AF Sound and vibration
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Summary

This study presents results from surveys made in 10 Swedish apartment buildings as well as field
measurements in those buildings. The buildings have been selected by the manufacturers participat-
ing in two research programs (SBUF and AkuLite), being typical for their current productions and cus-
tomers/ residents. The results of this study should be interpreted mainly with respect to these build-
ings since the selections of buildings and residents were not randomized. Bearing this limitation in
mind, a few general conclusions are suggested about the noise protection offered by these types of
building constructions. The results are complex and it is suggested to invite many parties to discuss
them and to contribute to a comprehensive analysis. A few findings are highlighted and discussed.

Residents in the buildings with concrete floors and walls (built by NCC) were slightly disturbed by air-
borne noise from the neighbours and somewhat more disturbed by impact noise. Noise from technical
equipments and traffic were more pronounced, taking compressor noise from the freezers and struc-
ture-borne sound from elevators and WC'’s as examples. The overall ratings by the residents may be
considered satisfying or good, but several improvements are suggested to reduce disturbing sources
of noise that were observed. The design goal was in most cases to fulfill sound class B according to
the national standard SS 25267 (4 dB better than the minimum requirements of class C). In most
cases the buildings did not fulfill this sound class (B) in all aspects, but after some minor improve-
ments the probability of reaching this goal and to get better ratings by the residents would increase.

Residents in buildings with timber joist floors and walls were slightly disturbed by airborne noise from
the neighbours and technical installations. However, a main finding, impact noise cause considerable
disturbance in all of the timber frame buildings, where about 25-30 % of the residents are very dis-
turbed, about 25 % are disturbed and about 10% are somewhat disturbed. The measurement results
indicated satisfying performance but this was not confirmed by the residents ratings. Further analyses
are needed of the measurements techniques and weighing procedures described by the international
standards EN ISO 140 and EN ISO 717, a research that is already in progress in the AkuLite program.

The results from these surveys were amended by data from previous studies to search for correla-
tions between subjective ratings (by residents) and objective measurement results. A reasonable cor-
relation was found between ratings and the calculated and/or the measured normalized impact sound
pressure level (L + Ciso.2500). From these results, it may be concluded that L', + Cis.2500 53 dB is
likely to serve as a minimum requirement. For airborne sound insulation (R’y, + Cso.3150), the correla-
tion between the ratings and the R, + Csp.3150 Was weak and no conclusion can be made with respect
to the meaning of changing the current requirement. However, it is observed that new houses have
better ratings than older with respect to airborne sound insulation in all buildings. Impact sound rating
is better in new concrete buildings. This is certainly a positive result for the developers.

The questionnaire seem to work satisfactory. About 70% residents filled in the form and returned it
properly. However, when a building is selected for a survey, it seems to be necessary to inform the
residents beforehand, to explain the purpose of the study and to allow the residents to respond to at
least one reminder. A few improvements have been made to the questionnaire after this survey was
completed as well as some surveys in other EU member states. The average of the ratings turned out
to be highly correlated to the fractions "% of residents rating = x”.

Listening tests and more detailed interviews with residents should be made to find out what reasons
there might be behind the worst ratings of impact sound, whether it is a matter of its sound level, its
frequency content or its time history. From our own impressions on site, it seems the speed of walking
has a substantial effect on the annoyance from the impact sound in the dwelling below this floor. Only
a slight increase of speed (impact force) changes the sound from barely audible to very unpleasant.
There are many details to improve on to achieve better ratings from the residents, especially better
workmanship and choices of technical equipment. Taking sounds from WC, air terminals, elevators as
examples, they may all be efficiently attenuated at low costs. The planning process (the design) could
be improved by small means.



Sammanfattning - Swedish summary

Denna rapport redovisar resultat fran enkatundersokningar i 10 svenska flerbostadshus samt faltmatningar som
utforts i dessa byggnader. Byggnaderna har valts ut av tillverkare som deltar i tva forskningsprogram (SBUF
och AkulLite), s& som representativa for deras nuvarande husproduktion och kunder/boende. Resultaten fran
denna studie bor tolkas framst med avseende pa dessa byggnadstyper eftersom urvalet av byggnader och bo-
ende inte varit slumpmassiga. Med denna begransning i atanke féreslas nagra mer allmanna slutsatser om
vilket bullerskydd som dessa typer av byggnadskonstruktioner ger. Resultaten av studien ar komplexa och det
foreslas darfor att manga parter bjuds in for att diskutera resultaten och bidra till en bredare analys.

Invanarna i bostadshus med golv och vaggar av betong (byggda av NCC) upplevde sig endast vara "nagot”
storda av luftburet buller fran grannar och "nagot mer” stérda av stegljud. Buller fran tekniska installationer och
trafik var daremot mer uttalade, till exempel kompressorljud fran frysar och stomljud fran hissar och toaletter.
Det 6vergripande betyget fran de boende kan anses tillfredsstallande eller bra, men flera forbattringar foreslas
for att minska stérningar fran de bullerkallor som observerades. Malet var i de flesta projekt att uppfylla ljudklass
B enligt den nationella standarden SS 25267 (4 dB battre an minimikraven i ljudklass C). | de flesta fall uppfyllde
man inte malet (ljudklass B) till alla delar, men efter ndgra mindre justeringar av byggnadernas utformning skulle
sannolikheten 0ka att na detta mal och mdjligen erhalla nagot battre betyg av de boende.

Boende i hus med trabjalklag och uppreglade vaggar upplevde sig vara endast vara "nagot” stérda av luftburet
buller fran grannar och tekniska installationer. Daremot orsakar stegljud stora stérningar i alla byggnader som
ingick i studien. Cirka 25-30% av de boende ar mycket storda, cirka 25% ar stérda och cirka 10% ar nagot stor-
da. Matresultaten indikerade tillfredsstéllande stegljudsisolering, men detta bekraftades inte av de boendes
betyg. Ytterligare analyser behdver goras av de matmetoder och vagda sammanfattningsvarden som beskrivs i
de internationella standarderna EN ISO 140 och EN ISO 717, en forskning som redan pagar inom AkuLite pro-
jektet.

Resultaten fran projektets egna undersokningar har kompletterats med data fran tidigare studier for att ge en
bredare bas for korrelationer mellan subjektiva betyg (fran boende) och objektiva matresultat. En nagorlunda
tillfredsstallande korrelation konstaterades mellan subjektiva betyg och den beraknade och/eller den uppmatta
normaliserade stegljudsnivan (L’ w + Ciso2500). Resultaten indikerar att L, + Cis0-2500 h6gst 53 dB skulle kunna
fungera bra som ett minimikrav (idag hdgst 56 dB). For luftljudsisoleringen (R’y, + Cso.3150) var korrelationen mel-
lan de boendes betyg och R',, + Csq.3150 Svag och ingen slutsats kunde dras om férvantad effekt av en andring
av det nuvarande kravet. Det konstaterades emellertid att nya hus har battre boendebetyg an aldre med avse-
ende pa luftljudsisolering i alla byggnader som studerats. Stegljudsbetyget ar ocksa battre i nya betongbyggna-
der.

Enkatmallen forefaller fungera tillfredsstallande. Cirka 70% av de boende har fyllt i formularet och returnerat det
i tid, eller efter en pastotning. Men nar en byggnad valts ut for en enkatundersékning, sa verkar det vara néd-
vandigt att informera de boende i férvag och forklara syftet med studien. Man bér rakna med att skicka ut minst
en paminnelse for att fa en bra svarsfrekvens. Nagra férbattringar har gjorts i frageformularet sedan denna un-
dersokning avslutades samt nagra undersoékningar har genomférts i andra EU-lander. Analyser av svaren visar,
att medelbetyg ar starkt korrelerade till andel stérda, berdknad som "% av svar med betyg = x".

Lyssningsprov och mer detaljerade intervjuer med boende boér utféras for att ta reda pa vilka orsaker som kan
finnas bakom de samsta betygen pa stegljudsisoleringen, vare sig det handlar om ljudnivan i sig, ljudets fre-
kvensfordelning eller dess tidsférdelning. Forfattarnas egna intryck i nagra av husen ar att det forefaller vara
ganghastigheten som har en betydande effekt pa hur stérande stegljudet blir i bostaden under bjélklaget. Aven
en liten 6kning av hastigheten (kraften i steget) andrar ljudet fran knappt hérbart till mycket obehagligt.

Det finns manga detaljer att forbattra for att uppna battre betyg fran de boende, framfor allt battre arbetsutféran-
de och battre teknisk utrustning. Dar kan ljud fran WC, luftdon och hissar tas som exempel pa dampande atgar-
der som kan erhallas till laga kostnader. Planeringsprocessen (utformningen) skulle kunna forbattras med sma
medel.



Introduction

The purpose of this investigation was to describe relationships between the objective data for some
apartment buildings and the subjective ratings of the sound climate given by their residents. The re-
sults may be used to study the effect of the current building regulations and to suggest new criteria for
these but such analyses are uncertain due to statistical limitations. Another goal has been to develop
the survey procedure.

The surveys are based on studies in occupied apartment buildings and they were made in parallel by
two research teams during the same time period. One study was made in buildings with concrete
floors and partition walls (the NCC/SBUF survey), the other in houses with timber joist floors and
walls (the AkuLite survey). Some earlier studies’ ? ** have been added as well in order to extend the
comparisons with surveys made in older buildings.

The objective descriptors for acoustic performance (both airborne and impact sound insulation) of the
buildings are taken from

¢ EN 12354-1 and 2 (calculations)
¢ EN-ISO 140-4 and 7 (field measurements)

The values are either calculated or measured standardized 1/3 octave band values in the 50-3150 Hz
frequency range. From these 1/3 octave values, various weighted single number values were calcu-
lated according to EN ISO 717. Other weighted single number values may be derived from the third
octave band values, with the aim to find a weighing or calculation procedure that gives equal objective
values for the same subjective ratings, i.e. weighed single numbers for the sound insulation that are
independent of type of structural elements (whether they are made of light or heavy materials).

The subjective descriptors are taken as the ratings made by the residents, who received a specially
designed questionnaire for this purpose (figure 1).° In the first place, airborne sound insulation and
impact sound insulation between apartments are investigated, but the questionnaire also includes
other types of noise that may occur in apartments. This makes it possible to extend the analyses to
such sources later on.
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Survey — subjective rating of sound insulation by residents

The surveys among the residents were made by mail or by direct distribution in the buildings, where
all residents in the selected blocks of houses received a letter and a questionnaire. Figures 1a and 1b
show the two pages of the form used in the concrete houses. In the houses with wooden frames, a
similar front page (referring to AF as responsible part for the survey) and an identical second page
were used. The front page of the form gives an introduction and explanation to the questionnaire that
followed on the back page. Thus, only one page comprised the questions, for the ease of the respon-
dents. To collect the answers different types of methods were applied:

¢ A response envelope with address and stamp attached simplified the return of the form.
¢ A temporary postbox were mounted in the bottom floor close to entrance of the building

One reminding mail / form was posted or distributed about 2 weeks after the first mail in the
NCC/SBUF buildings and in one of the AkuLite buildings, else no further contacts were taken with the
residents.

The willingness to respond to the survey was acceptable. In the NCC/SBUF survey (in concrete
houses), about 70% out of 30-90 residents returned the form filled in more or less adequately. Occa-
sionally, some questions were not answered at all or the 'don’t know’ option was chosen, but the
overall response rate was satisfying. In one building, with rented apartments, the response rate was
60% out of 150. In one building where the apartments are owned by the habitants association, up to
90% out of 80 returned the form. The blank and 'don’t know’ answers were not counted in the statis-
tical analyses below.

In the AkulLite buildings where the “postbox method (no 2 above)” was used, the response rate was
better than 70% in 3 objects, but in 2 objects only 50 and 35% responded and in these latter two cas-
es no extra distribution of questionnaire were made, due to access problems. The number of residen-
tial units(apartments) in these objects were small compared to the other buildings.

A response of 70% may be considered rather typical and allows for a statistical analysis of the results
for the buildings examined with a reasonable accuracy. The results in this report may also be repre-
sentative for similar types of building and so be of interest to their developers. However, the results
cannot be interpreted as representative to all kind of multifamily buildings in Sweden since the
sampling of buildings and residents were not made for this purpose. Comprehensive results on the
national level are presented in the national survey “BETSI” made in 2007°, where the sampling of
buildings and residents was made by Statistics Sweden (SCB) in order to make the results represent-
ative for the whole country.

The questionnaire in Figure 1b has been translated by Christian Simmons and Pontus Thorson
(Chalmers university of technology) from an English original version, developed in September 2010
by a working group of European researchers within the EU network COST TU 0901, convened by
Simmons. This work has been described in a separate report” (in English) as well as a conference
paper (in English) presented at Forum Acusticum (Aalborg 2011, www.fa2011.org).

The questions are expressed as a degree of annoyance; "how bothered, disturbed or annoyed are
you in your apartment by noise from xxx” and the rating is expressed as a digit between 0 and 10 (i.e.
11-alternatives). The first question in the questionnaire gives an overview of the customer satisfaction
with the noise protection of their building and the questions 2-13 give more detailed information about
the performance of walls, floors and technical equipment.

® God bebyggd miljo[] — folirslag till nytt delma(ll folr buller inomhus — resultat fral(In projektet BETSI. Boverket juni 2010.
www.boverket.se. ISBN pdf: 978-91-86342-57-9

7 SAURa-1276C_Skanska_SBUF-12311_Enkalltmallar.pdf. The questionnaire in the report C has been revised slightly
compared to the version used in this survey, as presented in figure 1 above.



Questionnaire in Swedish as used in practice. English version in Annex.

Stors du av buller i din bostad?

Ncc”™~

Investigation - purpose

Hej,

NCC gér en undersokning pa uppdrag av SBUF (Svenska Byggbranschens Utvecklingsfond) om ljudférhallandena &r
tillfredsstéllande i bostadshus. Flera byggnader har valts ut for en enkatundersdkning och denna byggnad ingar.

Era svar hjalper oss att avgdra vilka ljudkrav som behéver finnas i byggreglerna. Ljudkraven maste utformas sa att
olampliga konstruktioner inte kommer till anvandning, men samtidigt maste man fa lov att anvanda kostnadseffektiva
konstruktioner. Alltfér harda krav skulle driva upp byggkostnaderna. Darfor ar det viktigt att frdga boende om deras
uppfattningar och om bullerférhallandena ér tillfredsstallande.

Vi tackar er for att ni tar er tid att fylla i enkaten. Era svar behandlas statistiskt och konfidentiellt. Resultaten och era
personuppgifter anvands bara i denna undersokning och kommer inte att anvandas pa nagot annat sétt.

Om ni har nagra fragor gar det bra att sénda e-mail till: frida.haglund@ncc.se

Tack for er medverkan!

Jan Berggren
NCC

DINA PERSONLIGA UPPGIFTER. OBS! [DESSA DATA AR ENBART FOR ENKATEN OCH MASTE FORSTORAS EFTER ANALYSEN]

Du ar: | Kvinma [ (0 | Man [ OJ ] Lagenhetsnummer;
Ader: | 1825[ [J] 2639 [ [J [4064] (O [>65 [ ]
Arbetstider: | Dagtid | [J | Kvéll eller Natt | [ | Vaxtar [ [J [ Inte aktvelt | (]
Hur mangaarhardubotthir: [ 01 [[J [ 25[[J] 6 [[J]
Antalpersonerihushallet: [ 1 [[J [ 2[CJ] 3 [OO] 46 OJ[ 6 [ OJ]
HUR MAN BESVARAR ENKATEN: Huvudfriga

Svarsalternativ

Hur mycket har du stérts i din bostad under de senaste 12
manaderna pa grund av féljande bullerkéllor Inte alls Qerhért mycket | Vet

0 1 2 3 4 5 6 7 8 9 10] ¢

- Grannar; vardagliga ljud fran samtal, telefon, radio, TV Oo0DOo0OD0DOoOo0O0OO0O0DoOolo

genom tak eller golv

—  Grannar; musik med bas och trummor Oo0O0O0OXmEDOOD0OO0OOoo

- Markera svaret med ett tydligt X / / /

- Om du vill dndra ditt svar, stryk Om du inte k‘f" hora ”‘3.801
over hela kryssrutan och sdtt ett buller alls, ljudkillan inte

nytt X for det nya svaret finns, eller du inte kan svara,
sditt ett X ldngst ute till hoger.

Figure 1a. The questionnaire, explanatory front page. For the AkuLite survey, the responsible institute
(AF) replaced the NCC-signature. The questionnaire is described in report SBUF 12311-C.
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Instruktioner:

Valj en siffra pa skalan 0-10 for hur mycket du besvaras, stors eller irriteras av buller i din bostad:

Om du hér bullret men Om du upplever att bullret Om du stérs till viss del Om du inte hér nagot buller,
inte alls stérs av det, stor oerhért mycket, av bullret, svara med eller bullerkéllan inte finns,
svara 0 svara 10 en siffra mellan 1 och 9 eller du inte kan svara pa
fragan, svara “Vet ej”

Hur mycket har du stérts i din bostad under de senaste 12 <:’;> Fa
e grund av Iﬁe‘élls Oerhort mycket | Vet
0 1 2 3 4 5 6 7 8 9 10| ¢
- Buller fran grannar, tekniska installationer med mera Oo00O0O0000o0o0olo
1 Hur mycket har du stérts i din bostad under de senaste 12 @
ménaderna pé grund av féljande bullerkéllor Inte alls Oerhért mycket | Vet
0 1 2 3 4 5 6 7 8 9 10| ¢
- Grannar; vardagliga ljud fran samtal, telefon, radio, TV
Genom viggama ODO0O0O0O0D0DO000oo|o
- Grannar; vardagliga ljud frdn samtal, telefon, radio, TV
) genom tak eller golv Doooooboodonn
—  Grannar; musik med bas och trummor O0000O00000gaod
3
- Grannar; stegljud, dvs. du hdr nar de gar pa golvet O0000O00000gaod
4 Grannar; det skallrar eller klingar i di 0 a
- : gar i dina mébler nér folk
5 ror sig i lagenheten ovanfor boooobuooopoo
- Trapphus, loftgangar; samtal, dérrar som stangs O0000O00000gaod
6
- Trapphus, loftgangar; stegljud, slag mot trapprécke Jdoobo0ooo0oddaogno
7 — - — —
Xs;t;? och avloppsror; anvandande eller spolning i WC, Oo00o0O00000o0olo
8 Vérme, k ing; radi itioneri
- , kyla och luftbehandling; radiatorer, luftkonditionering,
9 till- och franluftsdon Doooooboodonn
—  Maskiner; hissar, tvattmaskiner, varmepumpar, flaktar OO0O00OO0O0O00o0oQgaogo
10 Lokaler; Z)
- ; garage, affarer, kontor, pubar, restauranger,
11 tvattstugor o dyl, som hérs inomhus med stingda fonster Dooboboobodbg
I _ Trafik; bilar, bussar, lastbilar, tag eller flyg, som hors inomhus
12 med sténgda fonster poodobboodgin

13 Innan du flyttade till din nuvarande bostad, hur viktig
ansdg du da att ljudisoleringen var mot

Inte alls viktig Qerhart viktig
K 2 3 4 5 6 7 8 9 10
- Buller fran grannar, tekniska installationer med mera o000 O0O0O0o00o0ao

14 Hur kénslig anser du dig vara mot

Inte alls kénslig Oerhort kénslig
o 1 2 3 4 5 6 7 8 9 10

- Buller fran grannar, tekniska installationer med mera
g o O O O

ks Kommentarer:

Figure 1b. The one-page questionnaire was copied on the back page. Note: This version of the ques-
tionnaire is slightly different from the final version in English, c.f. SBUF 12311 report C.
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In Swedish, the wording "hur mycket har du stérts av buller frén...” has been judged satisfactory for
this purpose and it conforms to earlier surveys on traffic noise in Sweden®. Each question focuses on
one type of source. This procedure is based on the technical specification ISO/TS 15666°.

The ratings have been evaluated by different means to enable comparisons to the building perfor-
mances (airborne- and impact sound insulation):

¢ Average rating (A50) may be taken as a descriptor for the average (typical) annoyance among
the residents in a building, considered as one group. It may be correlated (compared) with the
measured or calculated sound insulation

e Average rating increased by one standard deviation (A16) may be a descriptor for the rating
given by about 16% of the (N) residents'® being more disturbed than the average

e The standard deviation (S) may also be used to estimate the reliability of the average. The
95% confidence interval of A50 (CI-95) is then calculated as +25/4/ N. The interpretation of “re-

liability” is not quite clear in this context since the variations of ratings are not randomly distri-
buted, but it may help judge which differences are significant.

After consulting researchers at Chalmers university of technology, dep. of mathematical statistics,
three fractional parameters were added to the evaluation, with some provisional goals

e The fraction of residents responding 3 or higher (Fract 3) may be a descriptor for residents
considering the source of noise as "somewhat disturbing, disturbing or very disturbing”, indicat-
ing a lack of quality.

A goal could be to reduce this figure to < 20%, at least 50% in minimum requirements. A sub-
stantial part of the residents may then be considered "satisfied”

e The fraction of residents responding 5 or higher (Fract 5) may be a descriptor for residents
considering the source of noise as "disturbing or very disturbing”, indicating a lack of quality.

A goal could be to reduce this figure to = 10%, at least <20% in minimum requirements of build-
ing codes etcetera

e The fraction of residents responding 8 or higher (Fract 8) may be a descriptor for residents
considering the source of noise as "very disturbing”, indicating dysfunction of the separating
constructions.

A goal could be to reduce this figure to £ 5% in minimum requirements, building codes etcetera.

These three fractional parameters are considered easier to interpret from a subjective point of view
(‘% xx annoyed’) than the averaged ratings. It may then be easier to adopt goals for the ratings.

Ratings —responses by residents to the questionnaire

The results of the surveys are presented in Tables 1 and 2 below.

® Ljudlandskap for battre halsa, www.ljudlandskap.acoustics.nu

° Both pages of the questionnaire have been slightly updated during a COST TU 0901 meeting 2011-05-10, to reflect expe-
riences made in our surveys and comments from the working group members. An updated version 1.0 of the questionnaire
is published in enclosures 2 and 3 to our report 12311-C, in English (encl 2) as well as in Swedish (encl 3).

1% 16% is an approximate fraction, based on the assumption of Gaussian distribution of ratings, taking the single sided frac-
tion of the most annoyed residents.

12



As can be observed in table 3 below, the fractional parameters seem to be highly correlated to the
average parameters. The choice of descriptor could possibly be less sensitive than was suggested
during the design of the questionnaire.
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Ratings — NCC/SBUF survey in concrete houses

Table 1. Summary of NCC/SBUF-results. Yellow indicates >20% of fract 3, >10% of fract 5 or >56% of fract 8. Red indicates exceeded >2x.

NCC/SBUF Question (see fig 1b): 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Building info: Parameter General Walls Floor Bass Footfall Rattle | Stairwell Stairs | Wat,San | Heater | Equipm | Premise | Traffic Import Sensit
Orebro A50_Average 0,9 0,3 0,3 0,1 0,7 0,1 0,5 0,3 0,5 1,1 1,1 0,1 2,2 7,0 3,8
N=36 A50_CI-95 (£25/4/ N): +0,5 *0,2 +0,3 *0,1 +0,5 +0,1 +0,3 +0,3 0,4 +0,7 +0,6 0,1 +0,9 +1,0 +1,1
Age 18-25:0 % A16_Avg+StdDev 2,6 0,8 1,2 0,4 2,1 0,5 1,5 1,2 1,8 3,1 3,0 0,5 4,8 10,0 7,2
Age 26-39: 0 % Fract >=3 Some Disturb 11,8% 0,0% 2,6% 0,0% 8,3% 0,0% 5,3% 2,8% 8,6% 13,5% 13,9% 0,0% 38,5% 86,8% 59,0%
Age 40-64: 7 % Fract >=5 Disturbed 5,9% 0,0% 2,6% 0,0% 2,8% 0,0% 2,6% 2,8% 5,7% 8,1% 11,1% 0,0% 15,4% 81,6% 46,2%
Age 65 -: 93 % Fract >=8 Very Disturb 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 2,7% 0,0% 0,0% 7,7% 57,9% 25,6%
Vasteras A50_Average 1,50 0,49 0,76 1,38 1,20 0,13 1,17 1,28 1,20 1,04 1,09 0,33 1,40 6,75 3,94
N=86 A50_CI-95 (£25/4 N): +0,3 +0,1 +0,2 +0,3 +0,3 +0,0 +0,3 0,3 10,3 +0,2 0,2 +0,1 0,3 +1,5 0,9
Age 18-25:0 % A16_Avg+StdDev 3,53 1,43 2,53 3,45 3,31 0,51 3,39 3,48 3,36 3,25 3,13 1,31 3,54 10,00 6,70
Age 26-39: 14% | Fract >=3 Some Disturb 21,4% 4,8% 9,4% 20,7% 15,9% 0,0% 14,0% 15,1% 15,3% 11,8% 14,8% 3,6% 20,9% 85,4% 61,8%
Age 40-64: 37% | Fract >=5 Disturbed 10,7% 1,2% 3,5% 11,5% 9,1% 0,0% 8,1% 9,3% 10,6% 9,4% 9,1% 1,2% 9,3% 77,5% 41,6%
Age 65-:49 % Fract >=8 Very Disturb 2,4% 0,0% 3,5% 2,3% 3,4% 0,0% 4,7% 7,0% 4,7% 7,1% 3,4% 0,0% 4,7% 65,2% 19,1%
Umea-D A50_Average 2,8 0,8 1,2 1,7 1,2 04 1,4 1,3 1,1 1,4 1,8 0,1 1,1 6,2 3,2
N=79 A50_CI-95 (£25/4/ N): +0,6 +0,4 +0,5 +0,6 +0,5 +0,2 +0,4 +0,5 +0,4 +0,5 +0,6 +0,1 +0,3 +0,7 +0,6
Age 18-25:25% | A16_Avg+StdDev 55 2,4 3,4 4,3 3,3 1,3 3,3 3,5 2,9 3,6 4,6 0,7 2,6 9,4 5,8
Age 26-39: 30% | Fract >=3 Some Disturb 8,6% 17,7% 24,1% 14,3% 1,4% 18,8% 17,5% 17,1% 20,3% 26,9% 1,4% 12,3% 81,4% 52,3%
Age 40-64: 20% | Fract >=5 Disturbed 4,9% 10,1% 12,7% 9,1% 1,4% 6,3% 11,3% 4,9% 16,2% 16,7% 0,0% 4,9% 72,1% 34,9%
Age 65-:25 % Fract >=8 Very Disturb 7,9% 1,2% 2,5% 5,1% 3,9% 0,0% 2,5% 2,5% 1,2% 1,4% 6,4% 0,0% 0,0% 45,3% 5,8%
Umea-S A50_Average 1,4 0,3 0,8 0,7 1,8 0,3 1,1 0,6 1,8 1,6 1,2 0,0 3,3 7,3 3,2
N=71 A50_CI-95 (+25/4 N): +0,5 +0,2 +0,4 +0,4 +0,6 +0,3 +0,5 +0,4 +0,6 +0,5 +0,5 10,1 0,8 0,7 0,6
Age 18-25:0 % A16_Avg+StdDev 34 1,1 2,6 2,5 4,5 1,5 3,3 2,2 4,5 3,8 34 0,3 6,5 10,3 5,6
Age 26-39: 8 % Fract >=3 Some Disturb 17,7% 2,8% 8,5% 5,6% 21,1% 2,9% 14,9% 6,9% 20,5% 21,1% 16,9% 0,0% 84,0% 53,3%
Age 40-64: 42% | Fract >=5 Disturbed 6,5% 1,4% 4,2% 2,8% 12,7% 1,5% 9,5% 2,8% 13,7% 9,9% 9,9% 0,0% 78,7% 36,0%
Age 65-:50 % Fract >=8 Very Disturb 3,2% 0,0% 2,8% 2,8% 8,5% 1,5% 4,1% 1,4% 6,8% 4,2% 2,8% 0,0% 60,0% 5,3%
Goteborg-U A50_Average 1,7 0,4 1,4 1,7 2,4 0,3 1,2 0,9 1,6 1,9 2,3 0,9 1,8 7,0 3,8
N=32 A50_CI-95 (iZS/J—N)Z +0,8 +0,3 +0,8 +0,9 +1,2 +0,2 +0,7 +0,6 +0,8 +1,0 +1,1 +0,6 +1,0 *+1,0 +0,9
Age 18-25:0 % A16_Avg+StdDev 4.1 1,4 3,7 4,3 5,8 1,0 3,1 2,7 4,0 4,8 5,4 2,7 4,6 9,9 6,3
Age 26-39: 15% | Fract >=3 Some Disturb 25,8% 6,3% 27,3% 31,3% 27,3% 3,1% 15,6% 9,1% 21,2% 22,6% 38,7% 14,3% 29,0% 88,9% 69,4%
Age 40-64: 56% | Fract >=5 Disturbed 19,4% 0,0% 9,1% 0,0% 6,3% 6,1% 18,2% 12,9% - 10,7% 16,1% 80,6% 30,6%
Age 65-:29 % Fract >=8 Very Disturb 3,.2% 0,0% 3,0% 3,1% 0,0% 0,0% 0,0% 3,0% 9,7% 9,7% 0,0% 6,5% 55,6% 11,1%
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Ratings — AkulLite survey in wooden houses

Table 2. Summary of AkuLite-results. Yellow indicates >20% of fract 3, >10% of fract 5 or >5% of fract 8. Red indicates exceeded >2x.

AkuLite Question (see fig 1b): 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Building info: Parameter General Walls Floor Bass Footfall Rattle | Stairwell Stairs | Wat,San | Heater | Equipm | Premise | Traffic Import Sensit
Goteborg K A50_Average 1,0 0,2 1,2 0,9 3,6 1,1 2,1 2,1 0,3 1,0 0,9 0,2 1,9 7,0 4,6
N=24 A50_CI-95 (£25/4/ N): +0,7 10,2 +1,0 0,7 +1,4 +0,8 +1,2 +1,0 0,3 +0,9 +0,6 +0,2 +0,9 +1,2 +1,1
Age 18-25:0 % A16_Avg+StdDev 2,6 0,7 3,6 2,5 7,0 2,9 5,1 4,6 1,0 3,1 2,3 0,8 4,0 10,0 7,3
Age 26-39: 22% | Fract >=3 Some Disturb 9,1% 0,0% 16,7% 18,2% 25,0% 28,0% 0,0% 8,7% 12,0% 0,0% 30,8% 88,9% 80,8%
Age 40-64: 26% | Fract >=5 Disturbed 4,5% 0,0% 12,5% 4,5% 0,0% 8,7% 4,0% 0,0% 15,4% 81,5% 57,7%
Age 65 -:52 % Fract >=8 Very Disturb 0,0% 0,0% 8,3% 0,0% 4,0% 0,0% 4,3% 0,0% 0,0% 3,8% 55,6% 11,5%
Vaxjo L A50_Average 1,59 0,32 0,61 1,39 2,38 0,56 1,00 0,76 1,18 1,78 1,43 0,18 1,20 6,88 4,26
N=64 A50_CI-95 (£25/4 N): 10,6 +0,2 0,3 +0,6 +0,7 10,3 +0,4 %3 +0,6 +0,6 +0,5 +0,1 +0,5 +0,8 +0,7
Age 18-25:7 % A16_Avg+StdDev 3,87 1,03 1,78 3,74 5,16 1,82 2,48 2,16 3,43 4,05 3,30 0,65 3,05 10,01 7,01
Age 26-39: 15% | Fract >=3 Some Disturb 18,8% | 1,8% 8,1% 16,1% 324% | 7,3% 13,8% 11,3% 8,5% 26,2% 20,3% | 0,0% 18,8% | 83,8% 69,9%
Age 40-64: 49% | Fract >=5 Disturbed 10,9% | 0,0% 1,6% 11,3% 1,8% 6,2% | 4,8% 85% | 9,2% 8,7% 0,0% 6,3% 78,4% 54,8%
Age 65-:29 % Fract >=8 Very Disturb 4,7% 0,0% 0,0% 4,8% 8,8% 0,0% 0,0% 0,0% 5,6% 4,6% 2,9% 0,0% 3,1% 59,5% 12,3%
Linkoping O A50_Average 2,1 0,7 1,3 2,1 47 2,3 1,1 2,2 2,2 1,2 0,1 1,3 0,9 5,5 3,7
N=16 A50_CI-95 (£25/4/ N): +1,2 0,8 +1,0 1,7 +1,9 +1,7 +0,9 +1,7 1,2 +0,8 +0,1 +1,3 +0,7 +1,9 +1,3
Age 18-25:6 % A16_Avg+StdDev 4,4 2,3 3,3 5,6 57 3,0 5,5 4,7 2,9 0,4 3,9 2,2 9,3 6,4
Age 26-39: 29% | Fract >=3 Some Disturb 33,3% 11,1% 27,8% 25,0% 23,5% 33,3% 20,0% 0,0% 21,4% 11,8% 70,6% 61,1%
Age 40-64: 29% | Fract >=5 Disturbed 13,3% 11,1% 11,1% 6,7% 0,0% 5,9% 70,6% 44,4%
Age 65 -: 36 % Fract >=8 Very Disturb 0,0% 0,0% 0,0% 5,6% 0,0% 0,0% 7,1% 0,0% 41,2% 11,1%
Vaxjo P A50_Average 2,0 0,2 1,1 1,5 2,9 0,6 1,0 0,6 1,4 0,4 1,4 0,2 1,4 7,9 5,1
N=21 A50_CI-95 (+25/4 N): +1,0 +0,2 +1,0 +1,2 +1,2 +0,6 +0,7 +0,5 +1,0 +0,3 0,8 10,2 +0,9 10,8 +1,2
Age 18-25:5% A16_Avg+StdDev 4,2 0,8 34 4,3 5,7 2,0 2,5 1,8 3,6 1,1 3,2 0,6 3,5 9,7 7,9
Age 26-39: 32% | Fract >=3 Some Disturb 35,0% 0,0% 19,0% 20,0% 5,0% 13,0% 13,6% 22,7% 0,0% 17,4% 0,0% 17,4% 100% 78,3%
Age 40-64: 27% | Fract >=5 Disturbed 0,0% 9,5% 5,0% 8,7% 0,0% 13,6% 0,0% 4,3% 0,0% 8,7% 95,7% 56,5%
Age 65-:36 % Fract >=8 Very Disturb 0,0% 0,0% 0,0% 5,0% 9,1% 0,0% 0,0% 0,0% 4,5% 0,0% 0,0% 0,0% 4,3% 65,2% 21,7%
Vaxjo W A50_Average 2,1 1,0 1,7 1,8 4,4 1,3 2,4 1,5 2,0 1,5 1,8 0,6 1,5 5,3 3,2
N=24 A50_CI-95 (iZS/J—N)Z +0,8 +0,7 +1,1 +1,0 +1,3 +1,0 +1,0 +0,9 +0,8 +0,8 +1,1 +0,5 +1,0 +1,4 +1,1
Age 18-25:17% | A16_Avg+StdDev 4.1 2,7 4,4 4,2 7,6 3,7 3,9 3,4 4,5 1,8 4,1 8,8 5,9
Age 26-39: 39% | Fract >=3 Some Disturb 30,0% 16,0% 20,8% 28,0% 25,0% 32,0% 24,0% 16,7% 5,0% 16,7% 68,0% 44,0%
Age 40-64: 30% | Fract >=5 Disturbed 15,0% 8,0% 12,5% 12,5% 12,0% 12,0% 12,5% 5,0% 8,3% 56,0% 32,0%
Age 65-: 14 % Fract >=8 Very Disturb 0,0% 0,0% 8,3% 0,0% 0,0% 0,0% 8,3% 0,0% 8,3% 36,0% 4,0%
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Table 3. Correlation coefficients between the averages A50 and the fractions R3, R5 and R7. Also for the averages minus one standard deviation (A16)

Question Fraction 2 3 Fraction 25 Fraction 28 Fraction 23 Fraction 25 Fraction 28
1 0,98 0,88 0,48 0,96 0,91 0,58
2 0,96 0,83 0,42 0,97 0,87 0,45
3 0,88 0,90 0,56 0,82 0,91 0,62
4 0,91 0,92 0,61 0,85 0,91 0,70
5 0,99 0,98 0,89 0,95 0,96 0,92
6 0,99 0,95 0,89 0,98 0,94 0,87
7 0,95 0,94 0,69 0,89 0,91 0,82
8 0,92 0,97 0,73 0,87 0,95 0,79
9 0,93 0,85 0,52 0,84 0,85 0,70
10 0,94 0,74 0,47 0,82 0,81 0,66
11 0,93 0,88 0,82 0,91 0,91 0,83
12 0,97 0,97 0,76 0,98 0,97 0,78
13 0,93 0,98 0,90 0,90 0,94 0,96
14 0,95 0,93 0,91 0,66 0,69 0,85
15 0,92 0,86 0,62 0,80 0,86 0,80
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Measurements and calculations of sound insulation

Each building included in the survey has been analyzed by means of

¢ field measurements and calculations, or
¢ field measurements only, or
e calculations only

Their building constructions are described in a separate paragraph below.

In the houses with timber floors and walls (AkuLite), sample measurements were made in 4-12
apartments. In each case, the sound reduction indicies (EN ISO 717-1) and impact sound indices (EN
ISO 717-2) were derived from third-octave band data in the frequency range 50-3150 Hz'".

The values used for the analyses are the arithmetic averages of the small and large rooms of a typical
floor plan for each building. Separate analyses have been made in the vertical and horizontal direc-
tions. The correlations have been calculated only in the vertical direction.

The variation of measured sound insulation in the apartments are typically 3 dB in the Géteborg K
and Linképing O buildings, but considerably higher in Vaxjo P, Vaxjé W and Vaxj6 L buildings. These
variations may affect the subjective rating given by the residents in various apartments. Hence, they
may reduce the correlation of the average rating to the measured average sound insulation in these
buildings (see figures 7).

In some concrete houses (NCC/SBUF), the sound reduction indicies (EN ISO 717-1) and impact
sound indices (EN ISO 717-2) were calculated in third-octave bands 50-3150 Hz according to SS-EN
12354 parts 1 and 2. The reasons for this choice were two-fold

¢ the subjective ratings indicated satisfactory sound insulation in most buildings but higher an-
noyance with noise from service equipment and traffic. Hence, it was more important to focus
on these sources in the field measurements.

o earlier studies show a high correlation between calculated and measured sound insulation in
buildings with concrete floors'?. Calculated values are estimated to be as reliable as measured
values in buildings with concrete floors and walls.*

Sample measurements have been taken in 3 buildings (supported by Boverket). In the Umea D and S
buildings the results agreed well with the calculated. In the Géteborg U building, the impact sound
agreed well but the airborne sound insulation was 2 dB lower than calculated. The values in third oc-
tave band suggest that unforeseen flanking transmission has occurred, but this has not yet been con-
firmed. The data used for correlation with the questionnaire ratings have been adjusted to the meas-
ured insulation values in the Goteborg U and Umea D buildings. For the Umea S building, the meas-
ured impact sound insulation was used instead of the calculated.

The variation of sound insulation within the apartments are typically within 3 dB in the concrete build-
ings studied (the standard deviation was less than 1 dB).

" Several buildings with timber floors are currently measured in a very wide frequency range (20-3150 Hz) to enable further
analyses in the AkuLite project. Vibrations are measured as well. However, these results will be published separately.

'2 Managing uncertainty in building acoustics. Simmons C. Doctoral thesis at Luled university of technology 2009. ISSN:
1402-1544. www.ltu.se, www.dissertations.se.
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Weighed single number values, e.g. the R, + Csp.3150 as well as L', + C; 502500, have been calculated
from third octave band values according to EN ISO 717 (1996) parts 1 and 2.

Some variations of weighings or recalculations (compared to the EN ISO 717) may be made later on
the basis of the data collected. This allows to further investigate newer procedures either already pro-
posed or that will be proposed later this year or in 2012, to ISO TC 43/SC 2/WG 18 (working with the
future version of EN ISO 717 (that will be denoted EN ISO 16717. This new standard will be available
in parallel to current EN ISO ISO 717 and probably, after a transition period replace the current stan-
dards. Furthermore, other frequency ranges and sound absorption areas used for normalization of the
receiving room sound pressure levels may then be analyzed. This work is coordinated with the COST
actions TU 0901 and FP 0702, comprising a number of members from the ISO working groups as
well.

The overall goal of the AkuLite project (and also the European AcuWood project) project is to develop
single numbers with high degree of correlation to the subjective rating of the sound insulation, being
independent of the type of structural materials that are used in the building.

The findings from these projects could be used to verify the choice for ISO and COST activities, which
both have the mission to find agreement regarding use of common single numbers™. The results can
be expressed as the coefficient of correlation (r) that is preferred to have >0,8. In the data presented
in tables 1 and 2 as well as in the figures below, the correlation is unfortunately below this goal.

The correlation for airborne sound insulation was considerably weaker than the goal, in particular in
the wooden frame buildings, which calls for more analyses to be made. This discrepancy is discussed
further below.

However, regarding the buildings as a group with similar acoustic performances, some interesting
results can still be concluded.

Figures 2 — 5 show the subjective ratings given as answers to questions 2 and 3 about airborne
sound through walls and floors, as well as for question 5 on impact sounds. The ratings are plotted on
the x-axis, where the y-axis are the measured or calculated R’,, + Csq.3150 for airborne sound insulation
as well as L',y + Ci 502500 fOr impact sound insulation.

¥ The COST TU 0901 also works with a common European sound classification scheme. www.costtu0901.eu
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Ratings vs sound insulation: NCC/SBUF — concrete houses
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Figures 2a — 2c. The measured or calculated airborne sound insulation R’, + Csg.3150 plotted versus
different subjective ratings, according to question 2 and 3. a) somewhat disturbed, disturbed or very
disturbed (rating = 3), disturbed or very disturbed (25), very disturbed only (=8).
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Figures 3a — 3c. The impact sound insulation L, ,, + C;s0-2500 plotted versus different subjective ratings,
according to question 5. a) somewhat disturbed or disturbed or very disturbed (rating = 3), disturbed
or very disturbed (25), very disturbed only (28).
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The concrete frame buildings in this study have been designed by NCC to have higher performance
than required by the building regulations (R'y, + Csp3150 2 53 dB, L’,w and L’ + C50.2500 < 56 dB) by 2-
4 dB and they actually meet this goal.

It may be concluded from figures 2a-2c that the residents in the NCC houses were disturbed to some
extent by airborne noise from the neighbours in more than one of the buildings (included in the
NCC/SBUF study):

about 5 % of the residents may be very disturbed

about 10 % may be disturbed or very disturbed

about 20 % are at least somewhat disturbed, disturbed or very disturbed
these ratings agree with the provisional goals stated above.

For impact sound insulation, the results indicate
e about 10 % may be very disturbed

about 15 % may be disturbed or very disturbed
about 20 % may be somewhat disturbed, disturbed or very disturbed
these first two ratings are somewhat higher the goals stated above
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Ratings vs sound insulation: AkuLite —wooden houses
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EEG T T T T T T T T T
E : : : . : : . . .
= . . . - : . : . :
= BOE - Lo T PR D L e TR Lo R L 4
E i : : : : : : : : :
o N
o
L] .
+ : . . : : : .
- == R T R RN S DD S B PETRR e P -
T : : : : : : : : :
%—_. g0k ........ ......... ........ ........ ......... ........ ....... i
c : : : : : : : : :
=
45 | i i ] | | | i |
0 10 20 a0 40 i B0 70 al a0 100

Froportion of habitants giving a subjective score »>= 3, [%]
@ Light structure, horisontal measuremnet
2 Light structure, vertical measurement

Figures 4a — 4c. The airborne sound insulation R’,, + Cs.3150 plotted versus different subjective ratings,
responses to question 2 and 3.
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Figures 5a — 5c. The impact sound insulation L, ,, + C;s0-2500 plotted versus different subjective ratings,
according to question 5.
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The wooden frame buildings have been designed to exceed the building regulations (R’y, + Cso-3150 =
53 dB, Lhwand L, + C 502500 < 56 dB). Residents in these houses are disturbed at least to some
extent by airborne and impact noise from the neighbours in more than one of the buildings:

about 5-10 % of the residents are very disturbed

about 10-12 % are disturbed or very disturbed by airborne noise
about 20 % are at least somewhat disturbed

these results almost agree with the provisional goals stated above

For impact sound insulation, the results are

e about 25-30 % of the residents are very disturbed

e about 50-55 % are disturbed or very disturbed

e about 60 % are at least somewhat disturbed

o these results do not agree with the provisional goals stated above

o the results call for revision of the sound requirements, since the measured insulations
are considerably better than required but large fractions of residents are disturbed.
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Ratings vs Sound insulation: All buildings, including previous studies

In the figures 7 and 8 below, data from both surveys are combined. Data from previous surveys made
by Bodlund, Hagberg and others'?3* have also been added to enable a comparison with older build-
ings, typically built with thinner concrete floors and walls or less well designed timber joist floors and
walls (compared to the modern constructions discussed above).

However, such comparisons are uncertain, since the questionnaires used in those studies were
based on a different rating scale, according to figure 6:

Table 1. Rating scale for quantifying subjective judgements

Quite unsatisfactory Quite satisfactory

1 2 3 4 5 6 7
Figure 6. The 7 degree subjective rating scale used by Hagberg' and others. It has a reversed direc-

tion compared to the questionnaire in Figure 1b, i.e. higher rating indicates more satisfactory condi-
tions and less disturbance by noise.

Since the scale had a reversed direction and contained fewer steps, a simple conversion was made
according to table 4 to enable comparisons:

Table 4. Conversion of the 7-th nominal positive scale to the 10th nominal negative scale

Fraction being annoyed The 0-11 scale (Figure 1) The 1-7 scale (Figure 6)
Very disturbed 2 8 (i.e. 8+9+10) <2 (i.e. 1+2)

Disturbed 25 <4

At least somewhat disturbed >3 <6

The figures 7 and 8 below summarize all results, including the NCC/SBUF study (square symbols),
the AkuLite study (circle symbols) and the previous studies (squares with + or x signs for concrete
buildings as well as circles with + or x signs for wooden buildings). Symbols with green colour denote
horizontal measurements and symbols with yellow colour denote vertical measurements. The clus-
tered data allow for a more general overview of the relations between sound insulation and subjective
ratings, albeit it may be uncertain because of the differences in the subjective scales and the conver-
sions described in figure 6 and table 4.
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7a — 7b. The airborne sound insulation R’,, + Cs¢.3150 for all objects plotted versus different

subjective ratings, according to table 1, 2 and from previous studies (ref 1-4).
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Looking at heavy and light weight constructions separately; figures 7c-7f give an overview:

NCC/SBUF, previous studies Akulite, previous studies
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Figures 7c — 7f. The airborne sound insulation R’,, + Cs.3150 for heavy objects (left) and light weight
objects (right) plotted versus different subjective ratings (23 top, 25 bottom), according to table 1, 2
and from previous studies (ref 1-4). NB! The regressions are very uncertain or even erroneous, es-
pecially for the light weight objects, because of too few data points along the x-axis.
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Figures 7g — 7h. The airborne sound insulation R’,, (without C-term) light weight objects plotted versus
different subjective ratings (23 left, =25 right), according to table 1, 2 and from previous studies (ref 1-4).
NB! The regressions are very uncertain or even erroneous, especially for the vertical direction in the light
weight objects, where the data points are not distributed along the x-axis.
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Figures 8 show the results for impact sound insulation.

MCC/SBUF, Akulite, previous studies
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Figures 8a — 8b. The impact sound insulation L', ,, + C,s0.2500 plotted versus different subjective ratings,
according to table 1, 2 and from previous studies (ref 1-4).
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Figures 8c — 8f. The impact sound insulation L’,,, + C; 502500 for heavy objects (left) and light weight
objects (right) plotted versus different subjective ratings, according to table 1, 2 and from previous
studies (ref 1-4).

It may be concluded, that for all buildings studied, including the previous studies (ref 1-4), that when
the current building regulations are fulfilled (R’\, + Cso.3150 = 53 dB, L’y and L’ w + Ci50.2500 < 56 dB),
people are disturbed to some extent by airborne noise from the neighbours in more than one of the
buildings:

about 65 % are at least somewhat disturbed

about 40-50 % are disturbed

these figures are determined by data from the previous studies that are more uncertain due to
translation from the 7-scale to the 11-scale

the correlation is about the same for heavy buildings and light weight

In newer buildings where the building regulations are exceed by 4 dB or more (R'\, + Cs.3150 2 53+4
dB), people are less disturbed by airborne noise from the neighbours in more than one of the build-
ings:

e about 45 % are at least somewhat disturbed

e about 35 % are disturbed

¢ these figures are determined by data from the previous studies that are more uncertain due to
translation from the 7-scale to the 11-scale

The reason for poor correlation, in particular of the wooden frame buildings, has not been examined.
A few reasons may be considered in further analyses:
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¢ the variation of the sound insulation may be large within each apartment, whereas noise in the
bedrooms could be more disturbing than in the living room

¢ the variation of sound insulation between different apartments is large in some buildings, thus
the average value may be less relevant for the individual resident.

¢ a subjectively poor impact sound insulation could cause a bias error in the airborne sound rating
if the residents do not differ between airborne and impact sources of noise.

¢ excitation of the structure by sounds depend on the behaviour of the neighbours. Airborne
sounds (e.g. TV, voices, music playing) may possibly vary in a more random way than impact
sounds (e.g. walking, moving furniture, children playing etc), which calls for larger data sets to
be analyzed.

o the sampling of buildings as well as residents in this study were not randomized. The selection
may be too narrow to allow for regression analyses. The results could be regarded as repre-
sentative for the type of buildings studied, but they do not allow for extrapolation to other build-
ing constructions nor residents in other areas

¢ it was suggested that R’,, + Cs0.3150 could be a less relevant descriptor for insulation against typ-
ical airborne sound sources (speech) in the wooden frame buildings, where the sound insulation
is very high in the frequency range being more relevant for speech. Figures 7g and 7h were
added to test the correlation when the subjective ratings are plotted versus R’,, (without the C-
term). The correlation was not improved significantly — in fact, the data set does not permit cor-
relation analyses since the vertical data points are not distributed along the x-axis. One single
point appears to improve the correlation and determine the slope of the regression line, but this
is an artifact, not relevant for the purpose of this study.

For impact sound insulation, when the requirements are fulfilled (L', + C, 50.2500 < 56 dB),
e about 70 % may be at least somewhat disturbed

e about 60 % may be disturbed

With 4 dB margin to the requirements (L}, w *+ Ci 502500 < 56-4 dB),
e about 55 % may be at least somewhat disturbed

e about 50 % may be disturbed

Looking at groups of impact sound data, there seem to be 3 groups, where the best contains the new
houses. Some older houses seem to perform moderately but others are poor. This observation sup-
ports the meaning of the inclination of the regression curve, even if individual buildings deviate from
the general trend and thus reduce the correlation.

Various regression tests have been made, where the spectrum adaptation term C, for traffic noise
was used for the airborne sound insulation (R’\, + Ci 100-3150), @s well as L’,,, (without the C-term) and
the maximal value of L’,,, + C, 502500 in €ach building. These parameters did not improve the correla-
tion compared to the standardized parameters used in the above figures.

Measurements and observations of noise from traffic and
equipments

Three buildings with concrete floors and walls (NCC/SBUF study) were examined briefly with respect
to noise from traffic and building service equipments (technical installations). It was not possible to
make fully standardized measurements at the sites but some sample measurements and visual in-
spections gave an overall impression of the conditions in the Umea D, Umea S and Géteborg U build-
ings.

32



Umea D
The subjective ratings in these buildings (table 1) indicate there may be noise from the stairs, waste
water and heating installations. Staff from AF Sound & Vibration went to the site and observed:

Noise from supply air inlets Lpaeq <26 dB but contain some tones (whistling noise). Air outlet in
kitchen makes audible noise in the living room but sound class C is fulfilled

Noise from freezer audible in the kitchen and living room, sound class C fulfilled
No noise from heaters observed, only audible being close to a heater

Noise from WC (pouring water from 1 m height into the WC as well as flushing) is clearly dis-
turbing, sound pressure levels exceed sound class C (Lypeq 29-30 dB, Lparmax 31-33 dB, 4-5 and
1-3 dB above the limits). The method of measurement is not standardized.

Shower and sink, running water, just about audible sounds

Drying spinner clearly heard, sound pressure levels (Lpaeq 33 dB, does not fulfill sound class C).
Outlet duct from spinner through bedroom covered by plasterboards. Washing machine at high
speed is audible but fulfills the sound class

Noise from the elevator has been annoying but has improved after adjustments have been
made. Lyarmax 33-39 dB does still not fulfill sound class C, is perceived disturbing. Brakes cause
the high levels. Lpeq 28-30 dB with a constant tone at 400 Hz during movements

Noise from the mechanical room (containing the air handling unit) is sometimes disturbing in
one apartment

Speech from apartments may be heard in the stairwell which may be disturbing. The doors are
classified R'w 35 dB which is 5 dB lower than typically used. The seals seem to work as in-
tended. Sound absorbing materials in the stairwell reduce reverberation and noise but also im-
proves speech intelligibility from inside the apartments which is not desirable for privacy.

Noise from car traffic is low. An ambulance helicopter is clearly heard (Loarmax < 45 dB, sound
class C) but is not perceived as disturbing according to some residents opinions. It may be
heard also when preparing for take-off from the roof of the nearby hospital. Heavy vehicles pass
the houses on the local street which is disturbing, they are not supposed to drive on this street.

From these observations, suggestions for improvements of the equipments may be

The supply air inlets seem to be correctly designed with respect to air flows, but there may be
sharp edges causing the tones. Air pressure may vary between the inlets, some of them may
then turn out to have too high air speeds. This may be corrected by appropriate adjustments.
Low noise air handling requires good workmanship.

Kitchen equipment, e.g. freezers, are available in low noise designs at very moderate additional
costs. These should be offered to the residents, at least as optional choices

Noise from WC may be attenuated efficiently by a resilient layer under the WC

Equipment such as dry spinners and washing machines may be placed on concrete and rubber
footings that attenuate structure borne sound transmission. Ceiling tiles should be heavy and
sound absorbing. Floor with impact sound reduction reduces noise from laundry handling, trol-
leys etcetera as well as footfall noise with hard heeled shoes.

Elevator noise may be reduced by appropriate adjustments (particularly of the breaks) and resi-
lient mounting washers between the rails and the shaft walls

Air handling units must be insulated both with respect to airborne sound and structure borne
sound

Entrance doors could be R'w 40 dB instead of 35 dB

Heavy traffic close to the building may often be avoided by appropriate street design and restric-
tions (communicate responsibility to the urban planners of the municipality)
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Umead S
The subjective ratings in these buildings (table 1) indicate there may be some noise from the waste
water and heating installations and traffic, but the ratings are fair with respect to the provisional goals.
Staff from AF Sound & Vibration as well as Lulea technical university went to the site and observed:
¢ Heater noise from hot water circulation circuit has been reported by residents. At the time for
the visit, the circulation system was not as hot as during cold periods and only low sound pres-
sure levels could be observed (Lyaeq 29 dB in one apartment, including noise from air inlets and
outlets as well as noise from remote traffic). The noise generation is known to vary with the
amount of air resolved in the water, this is reduced with increasing temperature and noise may
then increase

e WC noise at low levels, L armax below 30 dB, fulfills the sound class C

¢ Washing machine (in common laundry room) gives audible structure-borne sound Lpaeq 27 dB,
Loarmax 29 dBA). Other equipments did not create audible sounds

e Sound pressure level differences from the outside to the inside was 37-40 dB. Indoor max levels
below 30 dB which gives a good margin to the requirements for class C.

There are no obvious conclusions to draw from these observations. No traffic noise could be found
that explain the relatively poor ratings. It may be valuable to interview the residents.

Goteborg U
The subjective ratings in these buildings (table 1) indicate there may be noise from neighbours
through the floor, impact sounds, waste water, heating and technical equipments (installations). Staff
from AF Sound & Vibration went to the site and measured sound insulation (to fill in missing mea-
surement results from a WSP measurement in 2008).
¢ Both the AF and the WSP measurements resulted in R\, + Cso.3150 56 dB between the living
rooms, which is 1 dB short from the goal 57 dB, but gives 3 dB margin to the minimum require-
ments. This is 2 dB from the calculated sound insulation and there is likely to be some flanking
transmission that was not foreseen during the design stage. Between the bedrooms, AF measu-
red 2-3 dB higher sound insulation.

o There are practically no partition walls between apartments, the stairwell and technical rooms
are inbetween.

e The impact sound insulation meets the sound class B (L'ytw + Ci 502500 < 52 dB). There are some
families with small children in the house, playing with toys could cause some disturbing noise
but this has not been confirmed.

¢ The living rooms are large and the reverberation could be longer than 0,5 seconds. It may be of
interest to find out whether this is a room acoustics problem or a sound insulation problem

We made observations and measurements on other noise sources.
¢ Low reverberation in stairwell, sound absorbers in the ceilings

o The WSP measurements showed the sound insulation of the entrance doors did not comply
with the sound class B (stated for this building), the shortage was 2 dB. WSP concluded the wall
construction was not sufficient. We found several doors with leaking rubber seals, partly caused
by a non-planar mounting of the doorset. According to the residents, there are no real problems
with loud sounds in the stairwell

¢ According to the residents, the balcony doors had been leaking which increased the traffic noise
from the local street, the remote high-way and the remote railway, but this problem had been
solved by adjusting the doors. Since then, this traffic noise is only audible occasionally. There
are some heavy vehicles during the morning (delivery to grocery shops nearby) but the traffic in-
tensity is low. Loarmax < 43 dB was measured during some passages of heavy trucks. Once a
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week, garbage bins are emptied with a vacuum blower truck, which causes high noise levels
during day time. The reason for the moderate ratings were not found

¢ Fridges are placed in the middle of the combined kitchen and living room. The compressor
makes annoying noise which has been discussed by the residents and may explain the ratings
given for equipment noise. Measured in 3 apartments, Lyaeq 32-33 dB at the dinner table and
about 5 dB less in the living room is acceptable according to sound class C but not for B-class.
The character is tonal which calls for lower levels to be acceptable. Without traffic and freezer,
the background level was in the order of 20 dB, which makes the other noise sources more pro-
nounced

¢ Flushing WC gave an audible sound at a low level. Using the WC gave Lypeq 30 and Lparmax 35-
38 dB which is not acceptable according to sound class C

o Elevator is placed between the stairs, no common part with the partition walls. Very low sounds
from the brakes could be perceived but not measured

¢ The air handling is based on active outlets (fan driven) and passive inlets (under windows). No
disturbing sounds from the outlets were detected

Some recommendations may be made from these observations:
¢ Sounds from the WC may be efficiently isolated with a resilient strip

o Entrance doors may be adjusted or mounted with better air seals to avoid leakages
¢ Kitchen equipment should be low-noise when placed in an open-space apartment
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Discussion

The results of this study are discussed to some detail in the above sections. A few general results
may be highlighted and discussed further in the working groups of AkulLite, ISO, COST and others.

¢ The questionnaire seem to work satisfactory. However, when a building is selected for a survey,
it is necessary to inform the residents beforehand, to explain the purpose of the study and to al-
low the residents to respond to at least one reminder.

* Residents do not appear to take the opportunity to complain when they get the questionnaire
(taking the Orebro building as an example). This is a common believe on the effect of subjective
surveys which we do not find any evidence for.

e Measurements in buildings included in a survey should be extensive, to allow for determination
not only of the average insulation but also for the variation inside the building.

¢ |t remains to study whether another measurand than the average sound insulation would im-
prove correlation to the subjective ratings, e.g. using the lower fraction of insulation within a se-
ries of measurements rather than their averages.

o New houses seem to have better ratings than older, especially with respect to airborne sound
insulations. This is certainly a positive result for the developers.

e The correlation to the weighed single numbers should be improved to enable better predictions
of the subjective acoustic comfort, in particular for airborne sound insulation.

¢ For impact sound insulation in buildings with light floors (timber joist floors), improvements are
still needed to obtain better subjective ratings from the residents. The subjective ratings are
poor in both old and new houses.

¢ Listening tests and more detailed interviews with residents should be made to find out what rea-
sons there might be behind the worst ratings of impact sound, whether it is a matter of its sound
level, its frequency content or its time history. From our own impressions on site, it seems the
speed of walking has a substantial effect on the annoyance from the impact sound in the dwel-
ling below this floor

¢ There are many details to improve on to achieve better ratings from the residents, especially
better workmanship, better choices of technical equipment etcetera. Taking sounds from WC,
air terminals, elevators as examples, they may all be efficiently attenuated at low costs. The
planning process (the design) could be improved by small means.

Building descriptions

For the purpose of documentation and for future studies, some brief descriptions of the building con-
structions are given in this clause. However, the floor plans are only given as typical examples, since
they may vary within the same building as well as between the block of buildings included in each
object included in the survey.
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The NCC/SBUF buildings — concrete floors and walls

Orebro

The sound insulation has been calculated according to EN 12354.

Floors: Concrete, 240 mm (180-200 cast in situ on
60 mm prefabricated reinforced slab)

Parquet 14-15 mm on polyethene foam 2 mm

Partitions: Concrete, 200 mm, prefabricated
Facades: Light weight, plasterboard on inside
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Vasteras
The sound insulation has been calculated according to EN 12354.

Floors: Concrete, 240 mm (180-200 cast in situ on Vertical  Horisontal Vertical
60 mm prefabricated reinforced slab) f [Hz] L' [dB] R’ [dB] R’ [dB]
Parquet 14-15 mm on polyethene foam 2 mm 50 45,4 38,9 42,4
63 50,4 38,7 40,6
80 53,3 38,6 40,9
Partitions: Concrete, 200 mm, prefabricated 100 53.9 39,7 424
Facades: Light weight, plasterboard on inside
- X 125 55,0 41,9 44,6
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TN 9 250 58,0 49,1 50,8
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400 57,9 52,0 51,7
500 52,1 55,4 55,3
630 44,4 59,3 61,6
800 40,0 62,0 65,6
1000 34,3 64,5 69,1
1250 29,0 66,9 71,4
1600 25,0 69,1 73,5
2000 20,4 71,3 75,5
2500 17,5 72,4 75,3
3150 15,1 74,8 76,5
L'n,w 51
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R’w+C50-3150 58 59
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Umed D

Measurements in the vertical direction have been made in these buildings according to EN ISO 140 -

4, -7. Horizontal airborne insulation is calculated according to EN 12354.

Floors: Concrete, 220 mm (160-180 cast in situ on Vertical  Horisontal Vertical
60 mm prefabricated reinforced slab) f [Hz] L' [dB] R’ [dB] R’ [dB]
Parquet 14-15 mm on polyethene foam 2 mm 50 54,0 40,0 46,8
63 52,8 39,8 40,5
- . 80 51,1 39,9 40,3
Partitions: (?oncret.e, 200 mm, prefabrlcai\te_d 100 496 403 38,5
Facades: Light weight, plasterboard on inside
125 53,2 42,3 40,8
T P f - 160 58,8 44,5 40,9
| . =~ at -~ 200 58,4 47,0 452
T R B 250 58,9 49,4 46,9
) ) 315 61,5 51,2 47,0
400 60,6 52,4 50,8
500 59,3 55,7 52,5
630 55,1 59,5 56,2
800 49,1 62,2 60,1
1000 42,4 64,6 63,2
1250 37,0 67,0 65,1
1600 31,3 69,3 67,7
2000 29,7 71,3 67,3
2500 26,1 71,5 68,0
3150 23,7 74,0 68,9
L'n,w 54
L'n,w+Cl,50-2500 53
R'w+C50-3150 58 56
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Umead S

Measurements of impact sound insulation in the vertical direction have been made in these buildings
according to EN ISO 140-7. Horizontal and vertical airborne insulations are calculated according to
EN 12354.

Floors: Concrete, 220 mm (160-180 cast in situ on Vertical  Horisontal Vertical
60 mm prefabricated reinforced slab) f [Hz] L’ [dB] R’ [dB] R’ [dB]
Parquet 14-15 mm on polyethene foam 2 mm 50 48,2 35,6 43,4
63 52,1 35,4 41,3
— . 80 57,4 35,4 41,8
Partitions: .Concret.e, 200 mm, prefabrlc?te.d 100 55.9 363 42,2
Facades: Light weight, plasterboard on inside
Y ) T 125 59,3 38,4 45,2
160 60,7 40,7 46,3
200 59,1 43,3 48,8
250 60,3 45,8 51,1
315 61,5 47,8 51,4
400 63,5 49,1 51,6
500 57,2 52,4 55,4
630 44,5 56,0 61,9
800 39,3 58,6 66,3
1000 35,5 61,2 70,1
1250 32,7 63,6 72,4
1600 30 66,0 74,4
2000 27,2 68,2 76,0
2500 24,9 70,5 74,2
3150 22,2 72,7 75,8
L'n,w 55
L'n,w+Cl,50-2500 55
R'w+C50-3150 55 59
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Goteborg U

Measurements in the vertical direction have been made in these buildings according to EN ISO 140 -

4, -7. Horizontal airborne insulation is calculated according to EN 12354.

Floors: Concrete, 240 mm (160-180 cast in situ on Vertical  Horisontal Vertical
60 mm prefabricated reinforced slab) f [Hz] L' [dB] R’ [dB] R’ [dB]
Parquet 14-15 mm on polyethene foam 2 mm 50 54,1 37,5 371
63 55,5 37,8 35,3
80 53,2 37,7 40,7
Partitions: Concrete, 240 mm, prefabricated 100 53,7 38,4 404
Facades: Light weight, plasterboard on inside
- - 125 54,1 40,5 42,9
e, : - 160 56,1 42,9 44,0
| e ar - 200 58,1 45,5 46,9
Lo s a3 250 58,7 48,1 493
315 59,5 50,6 50,1
400 59,8 53,1 52,7
500 56,1 55,5 55,4
630 47,7 58,0 57,9
800 42,1 60,6 63,2
1000 36,4 63,0 68,1
1250 31,3 65,3 72,1
1600 28,6 67,6 74,1
2000 25,3 69,9 74,2
2500 22,8 72,0 71,5
3150 19,4 74,2 73,4
L'n,w 52
L'n,w+Cl,50-2500 52
R'w+C50-3150 57 58
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The AkuLite buildings —timber joist floors and walls

Goteborg K

The sound insulation has been measured according to EN ISO 140 -4,-7.

Floors: Wooden studs with wood particleboard and Vertical  Horisontal  Vertical
gypsum board, separately mounted ceiling f[Hz] L’ [dB] R’ [dB] R’ [dB]
Parquet 14 mm on foam 50 571 259 372
- 63 57,2 31,9 37,9
1 1 15 PROTECT -F
= 13 GIPS 80 61,2 38,5 39,8
| =1 45x35 VERT. REGLAR € 450 + MMULL
= 40 LUFTHELLANRUM 100 59,9 41,1 40,7
| = 4595 VERT. REGLAR ¢ 459 « MM.ULL
= 13 GIPS 125 58,8 42,3 44,4
= 15 PROTECT-F
| I 160 59,1 48,3 47,3
16 PARKETT 200 57,5 52,9 50,4
;%st 250 58,3 58,1 53,6
Fi A
MBS0 ¢ 644 P4 HIUAL 315 59,0 61,4 55,5
&5x45 ¢ 600
ADARMA L JUDREGEL PROFILTYP 10 ¢ 300 400 58,4 64,2 57,8
B 6IPS
15 PROTECT-F 500 57,7 67,0 59,1
= 630 59,6 70,7 59,8
800 56,2 71,2 62,7
1000 55,1 72,4 64,4
1250 55,9 70,4 64,3
1600 53,5 65,5 64,5
SE AVEN SEXTION 2000 51,6 63,8 63,9
sl 2500 47,8 66,5 64,9
3150 42,1 69,8 66,6
Partitions: gypsum boards / studs + mineral wool / L'n,w 55
air gap / studs + mineral wool / gypsum boards L'n.w+Cl.50-2500 52
. + H
Fagades: gypsum board + mineral wool / studs R'W+C50-3150 60 60
Lgh706
2Rk 3
727 m?
Part of floor 4
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Vaxjo P

The sound insulation has been measured according to EN ISO 140 -4,-7.

Floors: Massive wood elements, separate ceiling, Vertical Horisontal Vertical
parquet f [Hz] L’ [dB] R’ [dB] R’ [dB]
50 53,7 38,9 40,2
2400
55 63 54,8 35,3 39,8
80 55,1 38,4 41,5
100 53,8 47,5 46,0
125 55,7 50,3 47,6
{ 1 |
A VO Ay | | Gy 1 7 1) } 160 57,9 55,8 45,4
A\ 4 200 59,5 57,4 46,7
250 60,0 60,7 48,5
315 59,5 62,4 50,7
Partitions: Wooden frames, plasterboards 400 58,7 67,1 52,8
Facades: Wooden frames, plasterboards, rendered 500 55,1 67,3 55,1
630 47,6 69,7 59,1
800 41,3 72,5 63,3
1000 36,3 77,9 66,6
1250 32,8 79,3 69,3
1600 29,1 79,8 70,0
2000 26,1 81,3 68,7
2500 21,0 85,8 71,5
3150 15,4 90,1 76,6
L'n,w 52
L'n,w+Cl,50-2500 53
R'w+C50-3150 65 59
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Vixjo W

The sound insulation has been measured according to EN ISO 140 -4,-7.

Floors: From above: carpet or gypsum / gypsum
board / TRP 45 / wooden studs and mineral wool /
resilent channels / gypsum boards

Partitions: Plaster boards 3+3 on 95+95 wooden
studs, 190 mineral wool
Facades: light weight

f [Hz]
50
63
80
100
125
160
200
250
315
400
500
630
800

1000

1250

1600

2000

2500

3150

L'n,w

L'n,w+Cl,50-2500
R'w+C50-3150

Vertical
L’ [dB]
58,7
59,0
58,9
57,4
56,7
58,4
58,9
57,3
54,9
53,4
50,5
47,1
44,0
42,3
38,6
36,4
32,6
30,2
24,2
51
53

Horisontal
R" [dB]
30,3
30,5
34,4
41,2
40,3
42,6
49,6
50,3
51,5
52,4
57,6
57,5
58,8
60,2
61,5
59,0
56,2
56,9
58,3

55

Vertical
R’ [dB]
29,2
27,7
33,6
39,6
41,8
42,6
43,6
45,6
47,3
47,8
54,5
56,3
60,5
63,9
66,1
66,8
67,7
68,3
72,1

55

o
daw % gy

T um  ase. vne g 1pq

L1

Part of floor 2
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Linképing O

The sound insulation has been measured according to EN ISO 140 -4,-7.

Floors: from above: carpet or gypsum / gypsum Vertical Horisontal Vertical
board / anhydrit / truss beams and mineral wool / f [Hz] L’ [dB] R’ [dB] R’ [dB]
resilent channels / gypsum boards 50 538 326 347
63 55,2 32,0 40,0
80 55,5 30,7 38,6
! J 100 54,2 40,3 41,5
L/’ﬁ /’_‘*\1 125 51,8 49,0 50,3
.-':' ' 160 54,9 47,7 46,9
X / ,f 200 55,1 50,0 47,8
/ / % 250 56,0 53,6 50,0
/ N/ \ 315 55,8 54,1 51,5
. 'y
}\ 400 56,2 55,6 51,1
I \ P, A M_//J' 500 52,4 58,6 53,5
630 44,7 60,6 57,4
800 38,6 63,8 61,1
1000 344 69,3 65,3
Partitions: light weight (3 layers of plaster boards on 1250 31,4 70,5 66,7
each side. 1600 28,8 70,1 66,8
Fagades: 2000 25,7 69,9 67,4
2500 22,2 71,5 70,2
3150 21,1 72,3 71,8
L'n,w 49
L'n,w+Cl,50-2500 51
R’w+C50-3150 59 58
w2 ;
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Vixjo L
The sound insulation has been measured according to EN ISO 140 -4,-7 but only weighted single
numbers were available for our analysis.

Floors: Massive wood elements, separate ceiling, Vertical Horisontal  Vertical
parquet f [Hz] L’ [dB] R’ [dB] R’ [dB]

50 - - -

| 63 - - -

1200 80 - - -
| Inq 2 2 ‘ 100 - - -

il

r

| e i et i S o i o 125 - - -
C ):\

s et i

DI mwmww;wmmm IBv v 200 - - -

/ \* I ‘ 250 - - -

TIIT
TIIT

Iffl

-

315 - - -

Partitions: layers of massive wood in between gyp- 400 - - -
sum boards 500 - - -
Fagades: 630 - - -

800 - - -
1000 - - -
1250 - - -
1600 - - -
2000 - - -
2500 - - -
3150 - - -
Ln,w 50

Ln,w+Cl,50-2500 52

R'w+C50-3150 - 59

f.mTlUNS_NJE
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Annex

Questionnaire in English
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Are you disturbed by noise in your house?

[LOGO OF INSTITUTE]

[THE INSTITUTE] has been commissioned by [THE COMMISSIONER / AUTHORITY] to research whether residential
buildings in [THE COUNTRY] have satisfactory noise conditions. Several buildings have been selected randomly for a
survey and this one was included.

Your answers to the attached questionnaire help us define appropriate requirements [in the building regulations. The
requirements must prevent poor constructions being adopted but also enable cost efficient constructions to be used.
Too high requirements would lead to unnecessary building costs]. For this reason, it is important to ask habitants
about their opinions and check whether the noise conditions are satisfactory.

We thank you for taking your time. Your responses will be treated statistically and confidentially. The results and your
personal data are only used for this research and will not be used for any other purpose.

Please leave the completed questionnaire in the [DELIVERY PLACE IN HOUSE XXX].
In case you would like to submit your answers on the internet,
- visit our information site www.[SURVEY-WEBSITE.cc]
If you have any questions or prefer to leave your answers by a telephone call
- call our Help Desk: [+cc xxx yyy zzzZ]
- e-mail to [enquiry@INSTITUTE-CONTACT.cc]
- visit www.[SURVEY-INFO-WEBSITE.cc]
Thank you for your cooperation!
[NAME of responsible part for the enquiry]

[INSTITUTE]
YOUR PERSONAL DATA [Filled in by the respondent] . N.B! [THESE DATA ARE ONLY FOR THIS SURVEY AND MUST BE DELETED AFTER ITS ANALYSIS]
You are: | Female [ (1 | Male | [ | Apartment ID]
Age: | 1825 [ [ [ 26-39] [1 [ 40-64] [1[>65 [ L[]
Working schedule: | Day | [ | Evening /night [ [] [ Mixed [ [] | Notapplicable| []

Years ofresidence: | 01 [[1 [ 25 1] 6 [[J]

N°of personinthehousehold: | 1 [ ] 2[00 3 [O] 46 OO 6 [ Ol

HOW TO FILL IN THE ENQUIRY: Main question Answer Scale

Thinking about the last 12 months in your house, what
number from 0 to 10 best shows how much you are
bothered, disturbed or annoyed by these sources of @
noise? Not at all Extremely| Don’t
0 1 2 3 4 5 6 7 8 9 10 | know
1. Neighbours; daily living, e.g. people talking, audio, TV OO0 0O XRBOODODNO
through the walls

- Make an X in the box with your answer / / /

o Ifyou already marked out one box but you want to change your answer,
fill the box in black and mark a new X in the new box
= [n case you do not hear anything at all, the source does not exist
or it is not possible to answer mark this box.




Instructions:

Choose an answer on the 0-to-10 scale for how much noise bothers, disturbs or annoys you when you are in your house.

if you hear the noise but you if you are extremely if you are somewhere if you do not hear anything at

are not at all disturbed by it, bothered, disturbed or in between, all, the source does not exist
choose 0 annoyed by it, choose a number or if you cannot answer,
choose 10 from1to9 choose “Don’t know”

Thinking about the last 12 months in your house,
how much are you bothered, disturbed or annoyed by
Not at all Extremely| Don’t
0 1 2 3 4 5 6 7 8 9 10 | know
1. Noise in general e.g. from neighbours, technical installations OO0O0000O000oOoolo
etcetera
Thinking about the last 12 months in your house,
how much are you bothered, disturbed or annoyed by
these sources of noise? Not at all Extremely |Don’t
0 1 2 3 4 5 6 7 8 9 10 know
2. Neighbours; daily living, e.g. people talking, audio, TV OO0O000O0000o0olg
through the walls
3. Neighbours; daily living, e.g. people talking, audio, TV OO0O000O0000o0olg
through the floors / ceilings
4. Neighbours; Music with bass and drums I I I O A R N O O R
5. Neighbours; footstep noise, i.e. you hear when they walk on
the floor 1 I I 0 I O A O R R I R
6. Neighbours; rattling or tinkling noise from your own furniture Oo00O0O00O0O0O00Oo0o0aolo
when neighbours move on the floor above you
7. Staircases, access balconies etc; people talking, doors being Oo00O0O00O0O0O00Oo0o0aolo
closed
8. Staircases, access balconies etc; footsteps or other impact OO0 O0O0OO0OO0O00Oo0aolo
sounds
9. Water installations; plumbing, using or flushingWC,shower [ O O O O O O O O O OO
10. Climate installations; heaters, air condition, air terminal Oo00O0O00O0O0O00Oo0o0aolo
devices
11. Service installations; elevators, laundry machinery, ventilation Oo00O0O00O0O0O00Oo0o0aolo
machinery
12. Premises; garages, shops, offices, pubs, restaurants, laundry Oo00O0O00O0O0O00Oo0o0aolo
rooms or other, heard indoors with windows closed
13. Traffic (cars, buses, trucks, trains or aircraft); heard indoors
with windows closed bobodbboddbibd

Before moving to the apartment, how important was the

sound insulation to you, with respect to Not at all Extremely
important important
0 1 2 3 4 5 6 7 8 9 10

14. Noise in general e.g. from neighbours, technical installations OO0 O0O0O0O0O0o0o0ao0aoO

etcetera
|
How sensitive are you to Not at all Extremely
sensitive sensitive
0 1 2 3 4 5 6 7 8 9 10
15. Noise in general e.g. from neighbours, technical installations
teotorn OO0oo0Do0DOo0DO0O0O0O00aO0

Comments:




Questionnaire application Notes to the Institute

When you use this questionnaire template in your survey, please consider:

- It is intended for socio-acoustic surveys, where objective (physical) data on the acoustic
performance of buildings and service equipments are correlated to the subjective evaluation by
the habitants, in order to establish dose-response relationships. Annoyance is chosen as the
measurand according to ISO/TS 15666 (1* ed. 2003) since it has proved to reduce the scatter
of responses, although the type of direct question may lead to an apparent over-estimation of
the general annoyance. In the course of developing this questionnaire, less inducing types of
question were considered, but the ISO/TS 15666 question was finally thought to be the best
choice for this purpose.

- It is not intended for broad prevalence surveys to characterize the general degree of annoyance
from noise in the population of a city or a country, nor its causes, nor its effects on health, nor
to assess the neighbours behaviour etcetera.

- It is not intended for research on annoyance from traffic noise outdoors. There are other
questionnaires designed for this purpose. The question on facade insulation is only included to
assess whether the habitant judge the building elements (wall, window, air inlet etc.)
appropriate with respect to their sound insulations.

- Translations into other languages should be ‘blind tested’ such that groups of bilingual persons
give similar answers to both versions. ISO/TS 15666 give advice and examples. The
numbering and order of questions shall not be changed and the layout shall be maintained as
close as possible. Only changes necessary for the translated texts to fit should be made.

The institute shall collect data on the building constructions and service equipment prior to the enquiry.
All questions that are not relevant for the buildings shall be blocked and painted with a grey shadow. This is
to show that such questions are considered in other cases but the institute considers them irrelevant in this
specific building.

Survey procedure:

Step 1: Inform all habitants about a survey being made soon in the house, e.g. according to the first page.
Explain the purpose of this survey is research on the building regulations only. Our company [THE
HOUSING COMPANY] participates in this survey. You will receive a questionnaire and an envelope.
Please fill in and leave the envelope according to the instructions, see page 1.

Step 2: Distribute the questionnaires to all habitants.

Step 3: Collect the questionnaires.

Step 4: Remind habitants (who did not yet answer) twice by post or by one telephone call, not more.

The institute shall provide instructions to the habitants, including answers to frequently asked questions to
the extent judged to be necessary in each case (FAQ).

If the survey is made by telephone the institute shall also provide guidelines for telephone interviewers etc in
order to facilitate a smooth and uniform interview. See ISO/TS 15666.



(This page is for the institute only. Do not include in the survey)

Building data — to be collected prior to the enquiry.

The purpose of collecting building data is to allow an acoustician to estimate the sound pressure levels from
technical equipment and sound insulations to neighbouring apartments.

Note on the application of these building data: The data facilitate comparisons to other buildings and
theoretical calculation of sound insulation between rooms and to the outside (wall, window, air inlet etc.).
When building information indicates a question in the questionnaire be irrelevant, ‘block’ this question.

Form Number |
Building ID:
Country:
Address:

BUILDING SITE PLAN AND INFORMATION Filled in by Survey Institute (for outdoor noise calculations)

Wide site plan: shows the situation of the building with respect to the traffic or other sources of noise. (Urban Plan scale1:5.000 or 1:10.000)

| | City | | Postal Code | |

Street building plan situation: shows the relation with the next buildings and the street. (Plan scale 1:500 or 1:200)

Street building cross section: shows the size and position of the windows facing the road

Distance to (km) Highways Roads Train / Trams Bus Airport Pub, Disco, Music Area| sR:c?rrtzaa:iana’
Individual heater/cooler |  Special heater* | [] [ Water Heater | []] Electric Heater | [[] | Airconditioner | [] | Coolingunit | [] [ None | []
Central heating /cooling |  Special heater * | [[] [Water Heater | [[] | Electric Heater | [[] [ Airconditioner | [] |  Coolingunit | [] [ None | []
Machinery room/outside | Airhandlingunit [ ][ Compressor unit (exterior) | [] | Compressor unit (interior) | [] [ Other | []
Central equipment | Laundry [ [] Spin Dryer | [ | [ T Jother | [T
Floor premises: | [ Gym [ ] offices | [] | Schools | [ [ Clinic | [ | Other | [T ]

Ground floor premises |  Laundryrooms | []]  Garages | [] [Shops | [ 1]  Offices/Clinic | [] | Restaurants /Pub/Discos| [] | Othef []

DWELLING PLAN INFORMATION Filled in by Survey Institute (to estimate airborne and impact sound insulation)

Building floor plan: shows whole floor including the dwelling of the survey and its neighbouring apartments (Scale from 1:100 or 1:200)

Dwelling cross section: shows the rooms’ position with respect to the rooms above and below. Indicate heavy and light walls. (Scale from 1:50 to 1:100)

Floor detail: shows the materials and the layers used, from top-bottom. State the thicknesses and surface weights (Scale from 1:5 to 1:50)

Ceiling detail: shows the materials and the layers used, from bottom-top. State the thicknesses and surface weights (Scale from 1:5 to 1:50)

Exterior Walls detail: shows the materials and the layers used, outside to inside. State the thicknesses and surface weights (Scale from 1:5 to 1:50)

Partition wall detail (separating apartments): shows the materials and the layers, thicknesses and surface weights. (Scale from 1:5 to 1:50)

Partition wall detail (facing staircases or corridors): shows the materials and the layers. (Scale from 1:5 to 1:50)

Window glass type: | Describe the glass panes, from outside to the inside: e.g. 4 float, 36 air, 4 float-9 gas-laminate 4/0,76/4. | Gross surface: m2
Window frame type: | Wood or Wood/Aluminium | [ | Steel/Aluminium] [T [ PVC [ [J] Window seals ok? [Yes [ [ 1] No | []
Elevators nexttoroom:] Yes | [1] No| [ |

Central Staircases: | Yes | [J] No| [ | Staircase structure: | Light (steel, wood...) [ [ | Heavy (Concrete) | [ |
House type: |  Highrise | [J |  Detached,>1apts | [] |  Detached, 1apt | [J] Terraced house | [ | Villa | []
Apartment / Loft Floor: | Basement | [ | Intermediate | (1]  Floor N° | | Nofrooms:___
Type of Ownership: | Rental [ [ | Membership or Self owned | []]

Extras: | Quiet balcony | [T | Access to quiet Outdoor area | []] Owngarden [ [1 |

N° Apartments per floor: | |
Apartments abovefloor: | Yes [ [J] No| [1 |

*) Note: Specifications to the categories may be given on a separate sheet.







Acoustical Performance of Apart-
ment Buildings — Resident’s Survey
and Field Measurements

Results from surveys in ten Swedish apartment
buildings and field measurements are presented. The
buildings have been selected by the manufacturers
participating in two research program (AkuL.ite and

SBUF 12311), being typical for their current pro-
ductions and customers/residents.
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