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Opinnaytetyon tavoitteena oli laatia vertailutaulukko desibeliviemareiden akustisista
ominaisuuksista. Vertailutaulukkoon tarvittavat mittauspoytakirjat hankittiin tuotteiden
valmistajilta. Vertailutaulukkoa tarvitaan rakennusteollisuudessa puuttuvien ja
monitulkinnallisten standardien seka julkaisemattomien tutkimustulosten vuoksi.

Mittaukset on tehty Fraunhofer-instituutin mittauslaboratoriossa ja tulokset on esitetty
akustiikkamittausraporteissa. Raportit esittivat desibeliputkien akustiset ominaisuudet
laboratorio-olosuhteissa vertailukelpoisessa muodossa. Vertailutaulukon laatimiseen
osallistui vapaaehtoisesti suurimpia alan toimijoita. Taulukosta puuttuvilla valmistajilla ei
ollut vastaavaa vertailukelpoista akustiikkamittausraporttia tai valmistaja kieltaytyi
yhteistydsta.

Raportin teoriaosuudessa on kasitelty aanen peruskasitteita ja esitetty desibeliputken
kannatuksen metodeja seka merkitysta rakennuksen ilma- ja runkodaneen. Mittaukset on
tehty virtaamilla 0,5 I/s, 1,0 I/s, 2,0 I/s ja 4,0 I/s, joista tarkein virtaama on 2,0 I/s, joka
vastaa normaalia WC-istuimen tuottamaa virtaamaa.

Raportin mittaustuloksista ilmeni, ettd kannakkeilla ja niiden oikealla asennuksella voidaan
vaikuttaa desibeliviemarin aanen tuottoon. Oikein asennettuna aanta eristavalla
kannakkeella voidaan saada useiden desibeleiden vaimennus. Mikali viemarit on
asennettu eristettyyn kuiluun, pelkastaan oikealla kannakoinnilla voidaan teoriassa saada
sama aanen vaimennus kuin kayttamalla desibeliputkea.

Avainsanat desibeliputki, akustiikka, vertailutaulukko, Fraunhofer-instituutti
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The purpose of this thesis was to create a comparison table of the acoustic properties of
decibel sewage pipes. The data used in the comparison table were obtained from the
manufacturers of the products. A comparison table was needed in the constuction industry,
because of missing and unclear standards, and unpublished testing reports of many of the
products studied in this thesis.

To ensure that the results would be compareable, the data used in this thesis were
acquired from acoustic test reports from the Fraunhofer institute produced in laboratory
conditions, and conducted under supervision. Many of the largest manufacturers have
participated in the comparison table voluntarily by providing the necessary information.

The thesis also discussed basic concepts of sound, the methods of supporting decibel
pipes, and their impact on air and structure-born noise in buildings and structures.

The results of this thesis showed that in most cases, a correctly made supporting system
can be used to affect the sound made by the decibel sewage installation as a properly
installed support system can have damp the sound by several decibels. The effect of
proper supporting system was calculated to be the same as that of decibel sewage pipes
in an insulated shaft.

Keywords decibel pipe, acoustic, comparison table, Fraunhofer
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Lyhenteet ja kasitteet

A-painotettu danenpainetaso
Loa on aanitasomittarin painotussuodattimella A mitattu danenpainetaso,

joka jaljittelee kuulon herkkyyden taajuusriippuvuutta dB(A)).

desibeli aanenvoimakkuutta kuvaava suhdeluku (dB).

desibeliasteikko
logaritminen asteikko, joka yhdistaa aanenpaineen suhteelliset muutokset

kuulon vasteeseen.

desibeliviemari
viemari, joka rakenteeltaan tai materiaaleiltaan vaimentaa kaytosta

syntyvaa tai johtuvaa ilma- tai rakennedanta.

ekvivalenttidanitaso
Keskidanitaso, Laeqt ON jatkuva vakiodanitaso, jonka tehollisarvo on sama
kuin vaihtelevan aanitason keskimaarainen tehollisarvo maaritellylla

ajanjaksolla. (dB)
iimaaani aanilahteesta ymparistoon ilman valityksella leviava aani.
iimaaaneneristavyys
Rakenteen ilmaaanien vaimennuskyvyn yksikkd. Riippuvainen mitattavien
kohteiden aanenpainetasoista, rakenteen alasta seka absorptioalasta.
jalkikaiunta-aika
Aika, jonka kuluessa &anilahteen tilaan tuottama &anenpainetaso
aanilahteen vaiettua alenee 60 dB (s).

runkodani  kiintedn kappaleen johtama varahtely.

aanenpainetaso

aanen voimakkuuden suure, yksikkdna desibeli (dB).
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aanitaso taajuudesta riippuvainen, havaittava danen voimakkuus (dB).

aanitehotaso

aanilahteesta sateileva aanienergian mitta suhteutettuna aikaan (dB).

aanta vaimentava kannake
rakenteeltaan tai materiaaliltaan runkoaanen johtumista vaimentava

vksiosainen kannake.

aanta vaimentava tuplakannake
rakenteeltaan tai materiaaliltaan runkodanen johtumista vaimentava kaksi-

tai useampiosainen kannake.
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1 Johdanto

Taman opinnaytetydn tarkoituksena oli laatia vertailukelpoinen taulukko
desibeliviemareiden akustisista ominaisuuksista eri valmistajien valilla. Tarve
vertailutaulukolle on ollut olemassa jo pitkdan, mutta vertailukelpoisen taulukon
laatiminen on osoittautunut haastavaksi tehtdvaksi saatavilla olevan datan seka
yhteensopimattomien testimenetelmien vuoksi. Tama opinnaytetyé on tehty REHAU
Oy:n toimeksiantona, ja tarkoituksena oli tuottaa selked vertailutaulukko alan
suunnittelijoille ja urakoitsijoille kaytettdvaksi desibeliputkien vertailussa. Tassa
opinnaytetydssa kaytetyt akustiikkaraportit ovat testiraportteja Fraunhofer-instituutista.
Mittauspodytakirjat on saatu suoraan tuotteiden valmistajilta tai tuotteiden jalleenmyyjilta.
Tutkimusraportit ovat edelleenkin salassa pidettavia dokumentteja. Naiden julkaisuun
kuitenkin saatiin lupa osallistuvilta valmistajilta seka Fraunhofer-instituutilta silla ehdolla,
ettd mittausraportteja lahettavat tahot ovat tietoisia ehdoista, joilla mittausraportteja

hyddynnetaan tassa opinnaytetydssa.

2 Desibeliputket Suomessa

2.1 Desibeliputki

Desibeliputkeksi kutsutaan putkea, joka rakenteeltaan vaimentaa ilmaaanta tai aanen
siirtymista rakenteisiin. Suomessa desibeliputken kaytto on yleistynyt vasta noin 5 vuotta
sitten rakennuksien kasvaneiden tarpeiden ja akustisten vaatimusten vuoksi.
Desibeliputkia on eniten kaytdssd sairaaloissa, uusissa kerrostaloissa, julkisissa
rakennuksissa ja kauppakeskuksissa. Rakennuksissa, joissa akustiselle suunnittelulle
on asetettu tavanomaista korkeammat tavoitearvot, panostetaan myds enemman
viemareiden aiheuttamien aanien vaimennukseen. Pientaloissa desibeliputkien kaytté ja

tarve on vahaisempaa.
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Ennen desibeliputkien yleistymistd Suomessa on kaytetty laajasti valurautaista viemaria,
joka massiivisen rakenteensa vuoksi on toiminut dantd vaimentavana ratkaisuna
verrattuna tavalliseen muoviviemariin. Desibeliputket muistuttavat ulkomuodoltaan
muoviviemaria. Kaytetyt materiaalit ovat raskaampia, ja absorboivat hyvin syntyvaa

aanta.

Viemareista peraisin oleva aani syntyy paaasiassa putkessa virtaavan materiaalin
aiheuttamasta paineenmuutoksesta sekd mekaanisesta varinasta, joka siirtyy ilma- ja
rakenneaanena viereisiin tiloihin. Desibeliputken materiaali vaimentaa ilmadanta ja
muoviviemarid raskaamman rakenteensa vuoksi myds vahentaa varinaa.
Tarkoituksenmukaiset putkiston kannakkeet myds vahentdvat huomattavasti

rakenteisiin siirtyvaad mekaanista varinaa.

Suomessa seurataan eurooppalaista standardia SFS-EN 14366:2005+A1:2019
akustisten ominaisuuksien selvittamiseksi laboratorio-olosuhteissa. Valmistajat
kayttavat laajasti eurooppalaista DIN EN 14366 -testausstandardia, joka maarittaa tavat

jatevesiviemareiden tuottaman aanen mittaamiseen laboratorio-olosuhteissa. [1]

2.2 Standardit

Desibeliviemareiden testaukseen ja aanieritykseen kaytetdadn standardeja DIN EN
14366, DIN 4109 ja VDI 4100. Standardit eroavat toisistaan monin tavoin. DIN EN
14366:n mukaan testattavan viemarijarjestelman rakennetta ei maaritella, eika standardi
tarjoa menetelmia kiinteistdn ja sen varustuksen akustisten ominaisuuksien laskentaan.
DIN 4109 ei sisalla rakennetta koskevia maarityksia, jolloin mittaukset on suoritettava
todellisuutta vastaavissa olosuhteissa realististen tulosten varmistamiseksi. VDI
4100 -standardissa esitetdan arviointeja ja ehdotuksia tilojen valisen aanieristyksen pa-

rantamiseksi. [2] Testausmenetelmien eroavuuksia on esitetty kuvassa 1.

metropolia fi ﬁr MEtI"OpOIia



Kuva 1.

3

3.1

DIN EN 14366 -testistandardi

DIN EN 14366 -standardi maarittaa tavat, joi
aanta i i Testattava
tarkemmin. Standardi ei tarjoa menetelmia
‘ominaisuuksien laskentaan

jatevesijarjestelmien tuottamaa
ijarj E ei maaritella
ja sen varustuksen akustisten

Alla esitetaan DIN EN 14366 -standardin mukaisissa mittauksissa yleisesti kiytettiva rakenne:

Saniteetti
. Poistoputken aanenmittaus - ilman WC-
emes 3 kalustoa tai lissasennuksia
2 kerros p
=]

Sydttoyhde S8nenmittausta varten
Virtaussasdelty systtoyhde kaksi kerrosta
mittauspaikan ylspuolella

—————————————————— SyBtdnvirtaus
Tasainen pytrteetén veden virtaus ilman
turbulenssia

| Putkissa kiytetdan korkealaatuisia kannakkeita
- esimerkiksi Bismat 1000. Putkikannakkeet ovat
osittain auki mittauksen aikana

i
=

-~ Mittaus hucneesta, joka on viistosuunnassa
kaksi kerrosta syéton alapuolella

s
T
| o Miaspassa

Pohjakerros =]

Seinarakenne
Massiiviseing, jonka neliémetripaino on
220kgim?, esimerkiksi 17,5 cmin paksuinen tilli

-

g

Kellarin akustiikka
Taysin aanieristetty kellari

Aani

Aanen maaritelma

DIN 4109 -Aanieristysstandardi

DIN 4108 -standardi koskee rakentamisen d3nieristystd ja tilojen akustiikkaa.
Se asettaateknisten rakennusjirjestelmien a3nitasolle raja-arvot, joilla voidaan taata

hyva ei kui

sisalla

koskevia madrityksia.

Tasta johtuen danieristyksen riittdvyys voidaan osoittaa ainoastaan todellisuutta

tehdyilla danimi
rakenne todellisissa tilanteissa:

illa. Alla esitetdan mittausten tyypillinen

=======
Aanimittaus kokonaisissa
saniteettiasennuksissa

Systtéyhde S3nenmittausta varten
Sybttéyhde sijaitsee yhden kerroksen

alapuolella - kdy
huuhtelemalla WC

7:.)«

Mttauspai
viaraine

ybtnvirta

‘WC:n huuhtelun aiheuttama turbulentti virtaus

Putki

i
=

Jair p
Jotka kiinnitet3sn asennusohjeen

Mittaukset viereisestd huoneesta seka
viistosuunnassa alapuolella olevasta
huoneesta

Seindrakenne

Mtz s

\tﬁ

uona vistasmn:
s slapualel

Mittaus erilaisilla todellisuutta vastaavilla
seinarakenteilla - esimerkiksi kipsilevysta
valmistettu viliseins, joka koostuu kahdesta
12,5 mm:n paneelista ja 4 cmin
mineraalivillalevysts

Kellarin akustiikka
Aanieristamaton kellari

-

DIN EN 14366- ja DIN 4109 -standardin mukaiset aanen mittaustavat.

Aani on kaasuissa ja nesteissa pitkittain eteneva ja kiintedssa valiaineessa pitkittainen

tai poikittainen eteneva aaltoliike. llmaaani syntyy varahtelyn edetessa ilmassa ja

runkoaani varahtelyn edetessa rakennuksen runko-osassa.

Aani syntyy ilmanpaineen muutoksesta, aiheuttaen liikettd danen lahtokohdasta alkaen.

Aaniaallot varahtelevat eri taajuuksilla, jolloin niitd voidaan mitata taajuutena (Hz, 1/s).

Mita lyhyempi on aallonpituus, sitd korkeampi on taajuus. Aanivarahtelyn laajuus eli

amplitudi maarittda danen voimakkuuden. Mitd suurempi on danivarahtelyn laajuus, sita

suurempia ovat amplitudi ja danen voimakkuus. [3]
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3.2 Aanen mittaaminen

Aanimittauksessa kaytetdan tata tarkoitusta varten suunniteltuja mittalaitteita, joiden
tarkkuus on osoitettu luotettavaksi. Mittalaitteiden taytyy olla kalibroituja ja tarkastettuja
ennen aanimittauksia. Mittalaitteen tulee olla tarkoitettu kaytettavaksi &anen

mittauksessa vallitsevissa olosuhteissa.

Aanimittausmenetelma riippuu  mittauskohteesta ja tarkoituksesta. Meluhaittaa
mitatessa aanta mitataan alueelta, jossa melu kohdistuu. Tutkimustarkoituksissa aanta
mitataan tutkittavana olevalta alueelta. [4] Mittausmenetelmista ja -laitteista on selostettu
laajasti muun muassa Valviran asumisterveysasetuksen soveltamisohjeen osassa 2,

pykalissa 11-13.

Aznen voimakkuutta mitataan desibeleissd. Ihmisen korva kuulee taajuudet
20-20 000 Hz, mutta herkimmin taajuudet 3 000—4 000 Hz. Ihmisen danen herkkyydessa
on suuria eroja henkildiden valilla. Meluksi kutsutaan aanta, joka koetaan

epamiellyttavaksi daneksi. [5]

4 Kannatukset ja kiinnitykset

4.1 Kannatuksen asetus

Viemareiden kannatus tulee olla kiinnitetty rakenteisiin siten, etteivat mekaanisesti
vaikuttavat tekijat tai mahdollinen lampdlaajeneminen, paase aiheuttamaan haitallisia
muutoksia viemareihin tai niiden rakenteeseen. Mikali viemarin kuljettaman materiaalin
aiheuttama voima viemariin on suurempi kuin viemarin kannatuksen kannatuskyky, tulee
viemari ankkuroida rakenteeseen. Kaikkien viemarin kannattamisessa kaytettavien
komponenttien tulee olla tarpeenmukaiset ymparistddénsa nahden seka sailya ilman

korroosiovaurioita. [6]

Kannatuksen on oltava tarpeeksi kestava kestaakseen putkien, venttiilien, kanavien,

nesteiden, eristeiden sekd mahdollisten muiden sisaisten ja ulkoisten kuormituksien
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tuoma rasite. Adniteknisesti huomioitavissa kannatuksissa on otettava huomioon putkien
ja kanavien eristdminen rakenteista ja kannakkeista. [7] Kannatusmenetelmia on kuvattu
laajemmin LVI-kortissa 12 - 10370

4.2 Kannatusmenetelmat

Fraunhofer-instituutin  tutkimusraporteissa mainittu  referenssikannake koostuu
kiristettdvasta terdskannakkeesta kumisella sisdkkeella [1]. Eri valmistajilla on omat tuot-

teensa, jotka ovat usein variaatioita referenssikannakkeesta.

Tuplakannake koostuu kahdesta kannakkeesta, joista toinen kannake on kiristetty
putkeen mutta ei ole fyysisesti kiinnitetty seindan. Tama kannake on toisen kannakkeen
varassa, joka on fyysisesti Kkiinnitetty kiintopisteeseen, mutta on osittain irti
kannatettavasta putkesta. Tama vahentaa huomattavasti rakenteisiin aiheutuvaa tarinaa

putken kayton aikana. [1] Esimerkki tuplakannakkeesta on esitetty kuvassa 2.

Kuva 2. Aanta vaimentava tuplakannake
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Referenssikannakkeen kaltainen erikoiskannake koostuu kiristettavasta ulkoreunasta ja

putkea ymparoivastd tarinda absorboivasta pehmokumisisdkkeesta [4]. Esimerkki

tallaisesta kannakkeesta on esitetty kuvassa 3.

Kuva 3. POLlIclamp-erikoiskannake.

4.3 Kannatuksen vaikutus ja erot mittauksissa

Desibeliviemareissa kannatuksella on suuri merkitys. Referenssikannakkeella mitattuna
desibeliarvot ovat suurimmilta osin 3 dB:n epavarmuuskertoimen sisapuolella.
Valmistajien kehittamilla kannakkeilla on huomattava osuus desibeliviemarin tuottaman

aanen vaimentamisessa. [7]
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5 Fraunhofer-instituutti

Fraunhofer-instituutti on saksalainen tekniikan tutkimusyhteisd. Fraunhofer-instituutissa
suoritetaan useita standardien mukaisia mittauksia ja tutkimuksia lahes 70

tutkimuslaitoksessa. [9]

5.1 Testausstandardit

Fraunhofer-instituutti noudattaa akustiikkamittauksissa DIN EN 14366 -standardia
mittausten ja laboratorio-olosuhteiden osalta seka DIN 4109 -standardia yksiosaisten
kiinteiden seinien massan 220 kg/m? osalta [1]. Standardin EN 14366 mukaisesti
toteutetut mittaukset soveltuvat ainoastaan pystykokoojaviemarille. Muita, esimerkiksi

W(C-tilasta syntyvaa melua ei oteta mittauksissa huomioon. [8]

5.2 Mittausten luotettavuus

Fraunhofer-instituutti on akkreditoitu DIN EN ISO/IEC 17025:2005 mukaan DAKkS:n

toimesta [9]. Mittauspdytakirjat ovat taman opinnaytetyon liitteina.

Fraunhofer-instituutti on julkaissut huomiokirjeen koskien ennen vuotta 2013 suorittuja
akustiikkamittauksia. Valmistajat ovat voineet antaa erilaisia vaatimuksia mittausten
suorittamiseen, kuten kannakkeiden sijaintien ja asennustapojen muutoksia. Tasta
syystd Fraunhofer-instituutti on ottanut kayttédén uusia kaytantdja testirakenteisiin

poiketen EN 14366 -standardista parantaakseen tulosten vertailukelpoisuutta. [8]

Vuodesta 2014 Fraunhofer-instituutti on tarjonnut ylimaaraistd mittausta IBP:n
maarittelemalla referenssikannakkeella. Referenssikannake on normaali terdskannake
kumisisakkeelld. Referenssikannakkeiden asennustapa pysyy vakiona, ja kannakkeille
suoritetaan vertailumittauksia mahdollisten &aniteknisten ominaisuuksien muutoksen

varalta. [8]
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Fraunhofer-instituutti on todennut ennen vuotta 2013 tehtyjen mittausten tulokset
vertailukelvottomiksi suurien poikkeamien ja vaarinkaytoén vuoksi. Jos kuitenkin ennen
vuotta 2013 tehtyja poytakirjoja on tarpeellista kayttaa, tulee niissa kiinnittdad huomiota

kannakkeisiin ja niiden asennustapaan. [8]

Ennen vuotta 2013 tehtyja testeja, joissa on maininta valmistajan suorasta
osallistumisesta akustiikkamittausten suorituksen kannalta oleellisiin osa-alueisiin, ei

esiteta vertailutaulukossa tulosten mahdollisen manipuloinnin vuoksi. [8]

5.3 Testausolosuhteet

Fraunhofer-instituutin  akustiikkatestauslaboratorio koostuu kahdesta paallekkain
olevasta huoneesta seka pohjakerroksesta. Useamman kerroksen lavistavia asennuksia
voidaan testata kellarin ja ylimman kerroksen valilla. [1] Kuvassa 4 on esitetty

leikkauskuva rakenteesta.

Mittauspisteet on sijoitettu kerroksien valissd olevan seindn taakse runkoaanen
mittausta varten (DG, EG rear, UG rear, KG) seka avoimeen tilaan pystykokoojaviemarin
eteen ilmaaanta varten (EG front, UG front). Mittauksilla saadaan tarkka tulos kerrosten

sisdisesta seka valisestd aanen tuotosta. Mittauspisteet on esitetty kuvassa 5.

Mittaukset suoritetaan neljalld virtaamalla (0.5 I/s, 1.0 l/s, 2.0 l/s ja 4.0 I/s)
Mittausolosuhteet ja mittauspisteet sailyvat eri mittauksissa vakiona. Mittauksen
kohteena oleva jarjestelma ja kannakointi saattavat muuttua valmistajan ja mitattavan

kohteen mukaan.
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Kuva 4. Havaintokuva mittauslaboratoriosta. Mitat millimetreina.

5.4 Mittauksen kohteena olevan putkiston rakenne

145 . 270 Top

NGNS \_/\M\/ﬁ\/\/x/m

Ground floor, rear Ground floor, front
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rear ||
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Pystyviemari kootaan mittausta varten identtisesti testien valissa. Viemarin ylapaassa on

vaakatasossa saadettava veden syotto, kellarikerroksessa veden ulostulo. [1] Esimerkki

rakennelmasta on esitetty kuvassa 5.
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Kuva 5. Esimerkki putkiston aiheuttaman aanen mittauksesta. Mitat millimetreina.

5.5 Raportin tulkinta

Uudemmissa, vuoden 2013 jalkeisissa mittauspdytakirjoissa on ilmoitettu 4anen taso EN
14366:n, DIN 4109:n ja VDI 4100:n mukaan virtaamilla 0,5 I/s, 1,0 I/s, 2,0 I/s, 4,0 I/s.
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Ennen vuotta 2013 tehdyissa tutkimuksissa aanen taso on ilmoitettu vain EN 14366:n
mukaisesti. Poikkeuksena on mittauspiste UG rear, joka on rakenteeltaan DIN 4109:n

mukainen. [1]

6 Vertailukohteet

6.1 Yritykset

Tassa opinnadytetyossa esitetdan Fraunhofer-instituutin tulokset alan suurimmista
toimijoista, jotka ovat suostuneet luovuttamaan mittauspoytakirjansa vertailtavaksi.
Vertailusta puuttuvilla toimijoilla ei ole ollut luovutettavaa vertailukelpoista aineistoa tai

aineistoa ei ole haluttu luovuttaa vertailutaulukkoon.

6.2 Vertailukohteiden tasavertaisuus

Vertailussa on tarkasteltu Fraunhofer-instituutin tuloksia desibelien ja virtaaman osalta.
Tarkein vertailukohta on 2 I/s, joka vastaa normaalia WC-istuimen tuottamaa virtaamaa.
Suurimman aanentuoton vuoksi myos virtaama 4 I/s on suunnittelijoita ja urakoitsijoita
kiinnostava tieto. [1] Vertailutaulukkoon on merkattu tuotteen valmistaja, tuotteen nimi
seka mittauksessa kaytetty kannake. Taulukossa on mukana valmistajia, joiden testit on
suoritettu ennen vuotta 2013. Naissa tuloksissa on jatetty kirjaamatta ne testien osat,
joissa on ilmoitettu valmistajan itse asentaneen tai muutoin suorasti vaikuttaneen
testattavan putkiston kannakointiin tai asentamiseen. Paatds perustuu Fraunhofer-

instituutin ilmoitukseen mahdollisesta manipulaatiosta akustiikkamittausten tuloksiin. [8]

Mittausten tulokset ovat riippuvaisia kaytetyistd kannakkeista ja asennusolosuhteista.
Pystyrungon vertikaalinen suoruus, kulmien asema ja muhvien oikea asennus voivat
vaikuttaa tuloksiin usean desibelin verran. [1] Vertailussa ilmoitetuista tuloksista edella
mainitut osuudet oli tarkastettu Fraunhofer-instituutin toimesta. Mittaukseen kaytetyt
laitteet on eritelty Fraunhofer-instituutin raportissa liitteessa 1. Mittauslaitteisto on myds

esitetty taulukossa 1.
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Taulukko 1.  Fraunhofer-instituutin mittauslaitteisto

Fraunhotfer-institut fir Bauphysik Annex P

Measurement equipment

Following measurement equiprment was used for the measurments in the installation test facility P12 of the
Fraunhofer-Institute for Building Physics:

Device Type hanufacturer
| Analpser Soundbock_RMEZ_BL Sanies Messtechnik
3" -microphone-Set 46 AF (Kapsel Typ 40 AF-Free | GRAS
Field; Vorverstarker: Typ 26 TK)
1 *-meCrophane-Set 40HF (Kapsel: Typ 40EH-LowNoise, | GRAS

orverstarker; Typ 26HF, Power
Modube: Typ 12HF)

1" - rosphone 4179 Brised B Kjaar

1 = -pregnnplifier bl - - - Brued & K janr ]
Microphone-Calibrator 4231 LL} Brusd & Kiaar

Accelerometer 4371 und 4370

Conditioning amplifier Mexus 2602-A-014 Bruel & Kjaer
Sccelerometer-calibrator W11 ARAF

Amplifier LBB 193520 Bosch Plena

Laudspeaker MLS B2 Laniny

Reterence sound source 382 Ao

Standard tapping machine 211 Marsonic

All measurement devices are tested freguently by internal and external testing labaratories and, it possible and
necessary, are callbrated and gauged

7 Tulokset

7.1 Vertailutaulukko

Tuloksista johdettu vertailutaulukko on esitetty alla taulukossa 2. Taulukon osiot ovat
virtaamakohtaiset. Vertailutaulukossa kaytettdva putkikoko on 110. Mittapisteiden
sijainnit on esitetty kuvassa 5. Tuloksista johdetut standardi- ja mittapistesijaintikohtaiset
kayrastot aantd eristavillda kannatuksilla on esitetty seuraavissa kuvissa 6-11

vakiokannakkein.
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Taulukko 2.  Desibeliputkien akustinen vertailutaulukko

Virtaama 0.5 Ifs DN 110

Sijainti ja standardi I REHAU Wavin Wavin Wavin Uponor Poliplast

Tuote -» Raupiano Plus AS+ AS+ SiTech Decibel dBlue

Kannake - Aantavaimentava  |Aantivaimentava |Aantdvaimentava |Aantavaimentava |Aantdvaimentava |Aantd vaimentava

tuplakannake tuplakannake kannake kannake kannake kannake

EN 14366

UG front ilma&ani 41d8 41dB 41d8 46dB 44de 43 dB

UG rear rakennedani <10dB <10 dB <10 dB <10dB <10 dB 15dB

DIN 4109

UG front runkodani 41d8 41dB 41d8 46dB 44 dB 49 dB

UG rear runkodgni <10 dB <10 dB <10 dB <10 dB <10 dB 13dB

VDI 4100

UG front runko&ani 39dB 38dB 39dB 44ds 42dB -

UG rear runkoaani <10dB <10 dB <10dB <10dB <10dB -

Virtaama 1.0 /s DN 110

Sijainti ja standardi I REHAU OY | Wavin Wavin Wavin Uponor Poliplast
Raupiano Plus AS+ AS+H SiTech Decibel dBlue

Aantd vaimentava

Adntd vaimentava

A#ntd vaimentava

Adntsd vaimentava

Adntd vaimentava

Adntd vaimentava

Kannake ->
tuplakannake tuplakannake kannake kannake kannake kannake

EN 14366
UG front ilmaaani 47 dB 45dB 46 dB 50dB 47dB 43dB
UG rear rakennedani <10dB <10 dB <10dB 11d8 <10dB 14dB
DIN 4109
UG front runko&ani 47 dB 45 dB 46 dB 50 dB 47 dB 49 dB
UG rear runkoaani <10dB 10d8 <10dB 15dB <10dB 11dB
VDI 4100
UG front runko&ani 45 dB 43dB 43 dB 47dB 45 dB -
UG rear runkoaani <10 dB <10 dB <10 dB 11dB <10 dB -
Virtaama 2.0 /s DN 110
Sijainti ja standardi I REHAU OY | Wavin Wavin Wavin Uponor Poliplast

Raupiano Plus AS+ AS+ SiTech Decibel dBlue

Aants vaimentava

Adnts vaimentava

A#Ents vaimentava

Adnts vaimentava

Adnts vaimentava

Asntd vaimentava

Kannake ->
tuplakannake tuplakannake kannake kannake kannake kannake

EN 14366
UG front ilmadani 49 dB 48 dB 48 dB 52dB 50dB 52dB
UG rear rakennedani <10dB 12dB <10dB 12d8 <10dB 17dB
DIN 4109
UG front runko&ani 45 dB 43 dB 43 dB 52dB 50 dB 52dB
UG rear runkoaani 13 dB 14 dB <10 dB 15dB 13 dB 15 dB
VDI 4100
UG front runkodani 47dB 45dB 45 dB 49dB 43 dB -
UG rear runkodgni 10dB 11dB <10 dB 12dB 10dB -
Virtaama 4.0 Ifs DN 110
Sijainti ja standardi I REHAU OY Wavin Wavin Wavin Uponor Poliplast

Raupiano Plus AS+ AS+ SiTech Decibel dBlue

Agnts vaimentava

Aants vaimentava

A#nts vaimentava

Aants vaimentava

Aantd vaimentava

Azntd vaimentava

Kannake ->

tuplakannake tuplakannake kannake kannake kannake kannake
EN 14366
UG front ilmaaani 52dB 50 dB 50 dB 55dB 53 dB 56 dB
UG rear rakennedani 13dB 10d8 17dB 15dB 14dB 21dB
DIN 4109
UG front runko&ani 52dB 50dB 50 dB 55dB 53 dB 56 dB
UG rear runkodini 17dB 13 dB 19dB 19dB 19dB 19 dB
VDI 4100
UG front runkoaani 49 dB 43dB 43 dB 53dB 50dB -
UG rear runkoazni 14dB 10dB 16dB 15dB 15dB -

13
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EN 14366 UG Front-ilmaaani
58
56
54
52
50
48
46
44
42
40
dB 0,51s 115 Virtaama oy 4/s
e Rapiano Plus — AS+ e SiTech e Decibel

Kuva 6. Standardin EN 14366 mukainen aanenpainetaso mittauspisteestd UG-Front aanta
vaimentavalla kannatuksella.

EN 14366 UG Rear-runkodani

23

21

19

17

15

13

11

9 .

dB 0,51/s 1l/s  Virtaama 21/s 41/s

= Rapiano Plus AS+ SiTech Decibel dBlue

Kuva 7. Standardin EN 14366 mukainen aanenpainetaso mittauspisteestda UG-Rear aanta
vaimentavalla kannatuksella.
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58
56
54
52
50
48
46
44
42

40
dB

DIN 4109 UG Front-ilmaaani

Virtaama

0,51/s 11/s 21/s 41/s

e Rapiano Plus e A S+ e SiTech

Kuva 8.

21

19

17

15

13

11

dB

Standardin DIN 4109 mukainen aanenpainetaso mittauspisteestda UG-Front aanta
vaimentavalla kannatuksella.

DIN 4109 UG Rear-runkoaani

Virtaama

0,51/s 11/s 21/s 41/s

AS+ SiTech Decibel dBlue

e« Rapiano Plus

Kuva 9.

Standardin DIN 4109 mukainen aanenpainetaso mittauspisteestda UG-Rear aanta
vaimentavalla kannatuksella.
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VDI 4100 UG Front-ilmaaani
54

52
50
48
46
44
42

40 :
dB 0,51/s 115  Vitaama 2 yg 41s

e Rapiano Plus e===AS+ e=SjTech == Decibel

Kuva 10. Standardin VDI 4100 mukainen aanenpainetaso mittauspisteestda UG-Front aanta
vaimentavalla kannatuksella.

VDI 4100 UG Rear-runkoaani

17

15

13

11

9 .

dB 0,51/s 1l/s  Virtaama 21/s 41/s

e Rapiano Plus AS+  =—SiTech Decibel

Kuva 11. Standardin VDI 4100 mukainen aanenpainetaso mittauspisteestd UG-Rear aanta
vaimentavalla kannatuksella.
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7.2 Tulosten tulkinta

Tuloksista on nahtavissa desibelierot tuotteiden ja virtaamien valilla. Suurin merkitys
tuotetun &anen vahentamisessd on kannatuksella sekd oikealla asennustavalla.
Fraunhofer-instituutin ~ asiantuntijalausunnon mukaan useimmiten, valmistajasta
riippumatta, tulosten daniarvot ovat 3 desibelin epavarmuuskertoimen sisalla toisistaan.
[8] Akustiikkamittausraportit, joista tulokset on tehty, on liitetty liiteluetteloon.
Akustiikkamittauksissa  kaytetyt valmistajan omat  erikoiskannakkeet seka
testilaboratorion omat kannakkeet Iluokitellaan molemmat aanta vaimentaviksi

kannakkeiksi.

Taulukossa mainitut standardin EN 14366 UG-Front mukaiset mittaustulokset ovat
mitatut iimaaanet. EN 14366 UG-Rearin mukaiset mittaustulokset ovat rakenneaania
pystykokoojaviemarin kannatusseinan takaa. Muut standardit sisallyttavat ilma- ja
rakenneaanet samaan mittaustulokseen, mittauspistekohtaisesti. Mittauspisteet sailyvat

vakiona standardeista riippumatta. Mittaustapa nakyy taulukossa 2, sarakkeessa 1.

Virtauksen aiheuttama aanentuotto nakyy selvimmin ilmadanena standardin EN 14366
mukaisesti, mittauspisteestd UG/EG-Front. Kannakkeen tai rakenteen lapi johtuvaa
varahtelyd on havaittavissa selvimmin standardin EN 14366 mittauspisteesta UG/EG-

Rear.

8 Paatelma

Suomessa noudatetaan ymparistoministerion asetusta 796/2017 melun ja tarinan
torjumisessa rakennuksissa, mikd antaa taloteknisille laitteistoille asetuksen &anen
tuotosta. Suomessa kaytetdaan eurooppalaisia SFS EN -standardeja seka kansallisia
VDI-standardeja. Yritykset tuottavat tuotteilleen akustiikkamittaukset ulkomailla, mika
mahdollistaa ilmoitettavien tulosten eparelevanttisuuden kaupallisessa tarkoituksessa,
tarkoittaen ettd markkinoinnissa ollaan harmaalla alueella. Markkinoitavasta tuotteesta
voidaan ilmoittaa tutkimustuloksia, jotka eivat ole relevantteja myytavaan tarkoitukseen

nahden. Fraunhofer-instituutti on myoéntanyt akustiikkatestauksiin liittyvien testien
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tulosten manipuloinnin olleen mahdollista Fraunhoferin testilaboratoriossa ennen vuotta
2013.

Desibeliviemaria valitessa tulee kiinnittdd huomiota oikeaan asennukseen. Materiaalilla
on merkitysta tiettyyn pisteeseen asti, minka jalkeen oikealla asennuksella voidaan
vaikuttaa lopulliseen tulokseen. A&ntd vaimentavalla kannakkeella voidaan saada
useiden desibelien vaimennus oikein asennettuna. Mikali viemarit on asennettu
eristettyyn kuiluun, pelkastaan oikealla kannakoinnilla voidaan teoriassa saavuttaa sama

aanen vaimennus kuin kayttamalla desibeliputkea.
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Raupiano

Rehau Raupiano Plus
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Test Report P-BA 274/2016e

Determination of the Acoustic
Performance of a Wastewater
Installation System in the
Laboratory according to EN 14366
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Irstitution far testing, superision
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Director
Prof, Dr. Philip Leistrer
Frod. D, Klaus Peter Sedlbauer

Client:  Rehau AG + CO
Rheniumhaus
Otte-Hahn-5tr. 2
95111 Rehau
Germany
Test object: Wastewater installation system consisting of plastic pipes and fittings
"Rehau Raupiarno Flus® (0D 110 x 2.7, manufacturer; Rehau
AG + CO) with the comesponding fxing system " Saund-dampening
bracket”.
Content: Results sheet 1: Surmamary of test results
Figures 1 to 3: Detailed results
Figures 4 and 5: - Test set-up
Annex A Measurement set-up, naise excitation, acoustic
parameters
Annex F: Evaluation of measurements
Annex P: Description of the test facility
Annex W Assessment according to VDI 4100
Test date: The measurement was carried out on December 7, 2016 in the test

facilities of the Fraunhafer Institute for Building Physics in Swuttgart

Stuttgart, July 4, 2017
Responable Test En

- .

M5 B Ka!r%

Thee test was carried out in a laboratory, accredited acoor
accreditation certificate is D-PL=-11140-11-01.

Head of Laboratory:

[ R S

OAEC 17025:2005 by DAKKS. The

Any publication of this document in part is subject to written permission by the Fraunhofer Institute for

Building Physics {IBF)

Fraunholer-institut fir Bauphysik
Mobelstrafie 12 - D-70569 Stuligan
Telefon +43 () 71197000

Telefax +49 [0} T11/470-3395
weaive, ibp fraunhafer de

Nobalstrafe 12 D-70568 Stuttgsn
Telefan +4%00) 711/970-3314; Fax -3406
akuatik@iph. fraunbofer de

Prifstelle Bauakustik und Schallimmissionsschute

e ibp fraunhieder. deddeforuebitelle nbaosk ustik btml
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Determination of the Acoustic Performance of a Wastewater | P-BA 274/2016e
Installation System in the Laboratory Results sheet 1
Client: Rehau AG + CO, Rheniumbaus, Otto-Hahn-5tr. 2, 95111 Rehau, Germany

Test specimen:  Wastewater installation system conssting of plastic pipes and fittings " Rehau Raupiana Plus® (OD
110 x 2.7, manufacturer: Rehau AG + CO) with the corresponding fixing system " Saund-dampening
bracket”, (test object mo.: 11035-02)

Test set-up: The pipe system was mounted according to figure 4 and 5 (see also Annex A).

- The pipe system “Rehau Raupiane Plus" consisted of straight wastewater pipes with the nominal
size OO0 110 x 2.7, with three layers of PP-MD (inner and outer leyer) and PP mineral reinfarced
{middle layer), wall thickness 3.0 mm, density 1.8 gfom?, weight 1.9 ka/m imeasured by IBP).
Single layer fittings size OO 110 (three inlet tees 87.5°, arched, two 45°-basement bends), material
PP mineral reinforced, wall thickness 3.1 mm, density 1.9 giom? imeasured by IBP).

The inlet tees in the basement and in the ground floor were closed by lids.
Plug connection of the pipes and fittings {shaped pipe sockets).

- Correspanding fixing system: *Sound-dampening bracket”, consisting of a supporting/guidance
clamp with a sacket clamp and a single guidance clamp {all with quick-locking mechanism). In
every storey (EG and LIG) two pipe Clamps were mounted: In the upper wall area a “Sound-
dampening bracket" consisting of a supporting/guedance clamp and a socket clamp and in the
loweer wall area a single guidance clamg. The supporting and guidance clamps were fixed (without
contact to the pipel to the installation wall with dowels and thread rods.

The wastewater installation system was mounted by a technician under the authority of Fraunhofer
IBF.

Test facility: Installation test facilty P12, mass per unit area of the installation wall: 220 kgfm?2, mass per unit area
of the ceiling: 440 kg/m?. Installation rooms: sub-basement (KG), basement (UG) frant, ground floor
{EG) front and top floor (DG), measuring reoms: UG front, UG rear (details in Annex P and EN
14366: 2005-02)

Test method:  The measurements were performed aocording to EM 14366; noise excitation by steady water flow with
0.5V, 1.0 2.0 Vs and 4.0 s, Additional evabuation for companson with requirements following
German standards DIN 4109-1:2016-07 and VDI 4100:2012-10 (details in Annexes A, F and V).

Result: f f - g
i astewater installation system consisting of plastic pipes and Flowy rate [lfs]

fittings "Rehau Raupiano Plus® (O0 110 x 2.7, manufacturer: Rehau
AG + CO) with the corresponding fixing system “Sound-dampening | o5 | 10 | 2.0 | 40
bracket™.

Aarbarne sound pressure level L, . [dBA)]
paccording to EN 14366 for the basement test-room

UGfront | 41 | 47 [ 49 | &2

A barne sound characteriste level Lo . [dB{A)]
AL to EN 14366 for the basernent test-room

ErF‘j‘;ﬁuf‘liE i
A

UG rear =10 <10 <10 | 13

i sound level Lu- [dBiA)] WGfront | 41 | 47 | 49 | 52

DIN 4109 in the basement test-room

UG rear <10 =101 13 17

Installation sound bevel [, r [dB{A)] il | BTl Sl e
following VDI 4100 in the basernent test-room U rear <10l<10] 10 | 14

Test date: December 7, 2016

Motes: - For comparirsg test results with reguirements note Annex A

- Sound levels below 10 dBiA) are not mentioned in the test report, since they are subject 1o an
increased measurement uncertainty and moreover are not noticeable in 3 noemal lving
ermarcnment.

- Thi tost results require an accurate installation of the pipe clamps (see test set-up)

Thie test was carried out in a laboratory, accredited accordang to DIN EN ISOAEC
170252005 by DAkKS, The accreditation certificate is D-PL-11140-11-01.

= Fraunhofer

e | Stuttgert, July 4, 2017

Head of Laboratory: - —
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Detailed results P-BA 274/2016e
Client: Rehau AG + CO, Rheniurhaus, Otto-Hahn-5tr, 2, 95111 Rehau, Germany figure 1
S0

= 40
&
=
F s~ Y~
@ 30
s _/
g
ERL
[=]
(]
£
£ —==4015 52 dB(A)  _|
- — 1“ -
by =7 015 49 dBIA)
=] 0 s A7 dB(A)
——()5 s 41 dBA
o L2 nlluci it
20 - - .
=] ()5 13 cdBA)
§ =2 05 < 10 dBiA)
a == 1 0 |f5: < 10 dBiA)
E’ 10 (5 If5 < 10 dBA) 7]
B
ﬁ 0
]
5
=
§ 10
% (a‘\
g -20 N
g
-30

E] 125 250 500 1000 2000 4000  BOOO

one-third octave center frequency [Hz]

Frequency spectrum of the airbarne sound pressure level L, . (above} and structure-borne sounid
characterstic level Ly » (below) measured at various Tl rates au:mrﬂing 1o EN 14366,

Test specimen: Wastewater installation systemn consisting of plastic pipes and fittings "Rehau Raupiano
Plus® (OD 110 x 2.7, manufacturer: Rehau AG + CO) with the comresponding fixing system * Sound-
dampening bracket .

a Fraun h'l:lfer The test was carried out in a laboratory, accredited according to DIN EN BOAEC
17025:2005 by DAakks. The accreditation certificate is D-PL-11140-11-01,
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Detailed results P-BA 274/2016e
Client: Rehau AG + €0, Rheniumhaus, Otto-Hahn-5tr. 2, 95111 Rehau, Germany figure 2
50
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% y/ /"" N
E 30 F /
2 /\ -J{
: /
o e 1 e
- / .n,_./
g e |1 front: 4.0 fs: 52 dB(A)
L —e=UG front: 2,0 ¥s; 49 dB(A)
=G front: 1.0 Vs: 47 dBia)
v |G front: 0.5 s 41 dBia)
o : g .

m T L] LI
—o=UG rear: 4,0 s 17 dBa)
=G rear: 2.0 Ws: 13 dB(A)
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E =G rear: 0.5 Ws: = 10 dB(A)
=]
? 10 3
T
L
(7] " J e
1]
§ v
o
=
£ 10 ) A~
=20

63 125 250 500 1000 2000 4000  BOOOD
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Frequency spectrum of the installation sound level Luy» measured at varicus flow rates in the test rooms
G front {above) and WG rear (below). The installation sound |evels L. in dBlA) following to DIN 4109,
far the reproduced frequency range from 100 1o 5000 Hz, are represented in the legend.

Test specimen: Wastewater mstallation systerm consisting of plastic pipes and fittings "Rehau Raupiano
Plgs® (O 110 % 2.7, manufacturer: Rehau AG + CO) wath the correspandng fiang systern * Sound-
dampening bracket ™,

The test was carried out in a laboratory, accredited according to DIN EN IS0AEC
= Frﬂunhﬂ{ﬁ: 17025:2005 by DAkKS. The accreditation certificate is D-#L-11140-11-01.
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Detailed results P-BA 274/2016e
Client: Rehau AG + CO, Rheniumhaus, Otto-Hahn-5tr. 2, 95111 Rehau, Germary figure 3
-30
-40

-50

\
N

wall structural sensitivity level [dB]

B0 |— =ominstallation wall

=—reference wall

| | |
63 125 230 200 1000 2000 4000 BOOO
one-third octave center frequency [Hz]

Wall structural sensitivity kevel Lss of the installation wall between the test rooms UG front and UG rear
in the installation test facility in the Fraunhofer-Institute of Building Physics. The installation wall
conssts of calcium silicate Blocks (thickness 115 mm, ceiled on bath sides) with a mass per unit area
of 220 kgfm?, The indicated structural sensitivity level Ls refers to the mounting position of the waste
wiater system accarding to figure 4. For comparison the wall structural sensitivity level L of the
reference wall is also indicated (evaluation according to DIN EM 14366).

Test sPecimen: Wastewater installation system consisting of plastic pipes and fittings " Rehau Raupiano
Plus™ {QD 110 x 2.7, manufacturer; Rehau AG + CO) with the corresponding fixing system = Sound-
dampening bracket®

The test was carried out in a laboratory, accredited according to DIN EM ISQVEC
Z Fraunhofer 17025:2005 by DAKKS. The accreditation certificate i D-PL-11140-11-01,
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Detailed results P-BA 274/2016e
Client: Rehau AG + CO, Rheniumhaus, Ofto-Hahn-Str. 2, 95111 Rehau, Germary figure 4
C i water supply
4 E

inlet tee = 8
op 11ort1oer @ 189
i i
oG 7 ]

i s s
guidance clamp (@—— g
@ i
EG rear L
& i
installation wall
220 kgim® 2
@ ¥
UG rear UG front
3
! . £ =]
wmﬁmmmr _ =
KG  fixing E—
clamp
basement bend (6) to the water tank

(2 x 45°)

section rotaled by
80° in this view

Enstallation plan of the test set-up in the test faciity. lllustration simplified, schematically drawn and
ot to scale.

Test specimen: Wastewater installation system consisting of plastic pipes and fittings * Rehau Raupiano
Plus” (0D 110 x 2.7, manufacturer: Rehau AG + CO) with the corresponding fixing system *Sound-
dampening bracket” .

17025: 2005 by DAKKS, The accreditation certificate is D-PL-11140-11-01,

The test was carried aut in a laborgtory, accredited according to DIN EN IS00EC
Za Fraunhofer 44 y
18P
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Detailed results P-BA 274/2016e
Client: Rehau AG + CO, Rheniumhaus, Otto-Hahn-Str. 2, 95111 Rehau, Garmany figure 5

Upper picture: Waste water system with " Sound-dampensng bracket” in the upper wall area.
Lowver picture: Waste water system with guidance clamp in the lower wall area.
Test spedimern: Wastewater installation system consisting of plastic pipes and fittings *Rehau Raupiaro

Flus® (0D 110 & 2.7, manutacturer; Rehau AG + CO) with the comespanding fiking system *Sound-
dampening bracket”,

Thie test was carried aut in a laboratory, accredited acoording to DIN EM ISOWEC
Z Fraunhofg.:: 17025:2005 by DAKKS. The accreditation certificate is D-PL-11140-11-01.
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Fraunhofer-institut fiir Bauphysik Annex &
pg 1ot

Measurement set-up, noise excitation and evaluation parameters, comparison of measurement results
with the requirements, comparability and reproducibility of measurement results

Measyrement set-up standard set-up)

In the water-instaliation tesi-facility run by the Fraunhofer Institute of Budding Physics, a down pipe is installed
lesding fremm the top floor (DG) down to the sub-basement (KG) (for further details, please sse Annex PI, This
down pipe is connected to a (OD 110} water inlet pipe on the top-floor level, The water & introduced theough an
Seshaped bend according to the standard EN 14366, In the sub-basement, the down pipe & connected 1o a bend
(2 x 45 degree, usually) and merges into & harizontal discharge section, which in tum is joined to & water
receptacle. The wasie-water pipe on the ground floar (EG) and in the basement (UG} is fitted with conventional
branches from main lines {usually, OD 1100, Pipes and fittings are mounted according 1o the instructions given
by the manufacturer. The air gaps between the tebe and floor in the entrance and exit openings are stuffed with
porous absorber in order to prevent any structure-borme sound bridges influencing the building, The waste-
water piping is fastened 1o the installation wall (mass per unit suface m™ = 220 kgfm) by means of pipe damps
supplied by the Chent, which are adapted to the external diameter of the pipes. The locations of the fation
paoints and further dirmensions are specfied in the installation plan that & incleded in the (st repar.

Any defined and metrological reproducble nose excitation requires steady state flow conditions inside the
waste-water pipes. As the noise generation in waste water systems depends on the flow rate, noise
measurements are performed at several flow rates O which are typecally encountered m practice:

(1 =05 comesponding to Q= 30 Kmin,
(20 Q=1.00Us coresponding to Q = &0 lYmin,
{2 §=2.01U5 cormesponding to O = 120 lmin,
4 O =40k coresponding to 0 = 240 Umn.

Here, a flow rate of Q=200 roughly corresponds to the average flow rate required for flushing a toilet.
According to Prandt-Colebrook, the highest flowe rate wsed results from the admissible hydraubc charge of the
horizontal pipe secticns, which is Gmax = 4 15 for 0D 110 pipes.

Thie measurements take place in the installation room (UG front) and in the room behind the installatan wall
(UG rear). The water flow generates vibrations of the wastewater pipe. These vibrations are fransmitted to the
installation wall throwgh pipe damps andfor other structure-borne sourd badges {e.g. fire protection sheeves),
and then radiated by the wall {and 10 4 lesser extent, also by the adjcining building parts) as airborne sound into
the test reom behind the installation wall. In the test room UG frant additionally the zirborne sound which is
radiated from the waste water system is measured, According to DIN EN 150 10 140-4 the sound pressure leval
& picked up at six poants in the room, to be space and time-averaged and corrected for the background noise,
With this value the girborne sound pressure level Los and the strecture-bome sound charactenstic level Lea 5
calculated according to EN 14366, The installaton sound bewvel is cetermined fallowing Annex F or following to
VDI 4100 per Annex V.

With statonary signals (e.g. waste water noise with a constant flow ratel, in deviation from DI 4109-4 and DIN

EM 150 10052 or VDM 4100 it is not the maximum value (Lapmss, OF Lipmaenr } DUt rather the temparally and
spatially averaged level (Larmn OF Lagegor ) that iz measured. This guarantees compliance with the reproducibility

Sabus: Auguit 2, 2016
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and accuracy requirements that ase mandatory for et bench measurements (e.g. thvough the possibility of
background noise comection), which wiould not be realisable with use of the maximum level that is determined
according o the aforementoned standards for measurements on the building, On the basis of extensive
experience, it is necessary 1o assume that the difference between Lapmes 200 Lie., or between wa_rrm.rT ard
Laren or 15 @ mdximiam 2-3 dB under normal circumstances

Comparisen of messurement results with the regquirements

The measurement results facilitate the comparison of products, materals and systerm companents of waste
water installations in terms of their nose insulation properties (component testing). Furthermore, it 5 also
postable 1o compare the noise presure levels Gnstallation nose bevel) detected during the tests with the
requirements in DIN 4109 and VDI 4100, A precondition for this is that the strectural canditians in the real
constructsan stuaton are camparable with or acoustically more favourable than those on the test bench at the
Fraunhafer Institute for Building Physics. Furthermore, when comparing with the requirements, it s necessary to
nate that simultanecus operation of sanitary installations and possible interactions between the sanitary
components could lesd to other results. The measured value at a volumetric flow of 2 15 should be wed & a
comparable value with the requirements, becawss this roughly equates to the mean solumetric flow when a WC
15 flushed.

With the standard DIM EM 12354-5, it is also possible to predict the naise pressure level in other rooms requiring
sgund insulation, also for deviating building situations and with condderation to additional values for the
installation noise from further domestic systems, such as WC systems, shower cubicles, baths, etc. Altermnatively,
it is possible 1o perform so-called design model tests, in which waste water systems can be lested on our test
benches in conjunction with further sanitary installations connected in ecoordance with practice (system
measurement). The measured values can be subsequently compared directly with the noise insulation
requirements.

c L hility of

For noise measurements of waste water systems, the results are dependent not only on the pipe damps used,
bt to a large extent on the installaton conditions, such as the precise vertical alignment of the pipes, the de-
burring of the pipe ends, and the insertion depth of the pipes in the sleeves. By optimisng these influences,
experience shows that itis possible to rediece the noise level by multiple dB

A comparisan between different waste water sysiems therefore requires that all systems be fitted with the same
degree of care and attention.

Stats: August 1, 2016
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Evaluation of Measurements
Statignary nose
The measured =ourd pressure level is given as time and space averaged ane-third octave spactrum in the

frequency range betwesn 100 Hz and 5 kHz, First, the measured value is comected for background noise,
Subsaguently, it is normalized 1o an equivalent sound absorption area of As = 10 m? and A-weighted:

Ly Lirps A
) L spegn =10-1g 10 =10 ™ +1{]-Ig€+k{ﬂ.], [dBia)]
Ly space and time averaged sound pressure level i ane-third octave band i
itime constant: fast) [B]
Lirae background noese level in one-third octave band | dB)
0.16-V
A = f sound absorption area of test room for one-third cctave band @ [n]
W volume of test raom [m?]
Ti reverberation time of test room in one-third octave band i Isl
kidh A-weighting for one-third octave band | [dg]

If the difference between the measured one-third octave level and the background noise level is less than
3 dB, the carrection for background noise will not be performed, Instead, the measured background noise
It will e used as test result (a5 largest possible valug). The total sound pressure level is obtained by
energetically adding the one-third octave values.

2 Lyl = m-lg{im o ] (8]

where i indicates the number of ane-third octave bands from 100 Hz to 5 kHz. The calouated level Lagsg n
carrespands to the sound pressure level that would arise in a sparsely furmished reception room wunder
otherwise equal conditions, The value represents the installation sound level in the test faclity,

Time- "
Irs this case, the measurement signal consists of a series of one-third octave spectra (frequency range from
100 Hz through 5 kHzk which are consecutively measured at the same place with a time interval of 0.125 s
Thie evaluation is performed in the same way as in the case of stationary noise, with the exception that
background noise carrection is not performed. After evaluation the mazimum value (L) 5 determined
from the measured fime response.

Status: Awgust 31, 2016
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Test facility

Alavra = 44 dB
Do bomumaid ™ 45 2

UG front
V=526 m"

Sectional drawing of the installation test facility in the Fraunhofer-institute of Budding Physcs (dimensions given
in mmy). The test facility comprises two couples of rooms in the ground floor (EG) and in the basement (UG) that
are located above each other. Due 1o this construction, induding the top floor (RG) and the sub-basement (KG),
it is possible 10 |.'IEI'1(':Ifr'I"| Lests an installation systernms winich extend across several flears, 2.0, waste-water nstalla-
tion systems. The instaltation walls in the ground floor and in the basement can be substituted according to
actual requiremnents. In the standard case, single-leaf solid walls with a mass per unit area of 220 kg (acoord-
ing to Germarn standacd DIM 4109) are wsed, Since the sound insuation of these walls do nat mest the reguine-
ients 1o be fulfilled by a wall separating different occupancies wathin the same building (R, = 53 4B}, the rnext
adjacent rooms to be protected from noise are located diagonally above or belowy the installation room (in case
of a wsual design of the ground plan). Due to its double-leaf construction with an additional structure-borne
sound insulation, the installaton test faciity is particularly suited for measuring low sound pressure levels. The
measuring rooms are designed in such & way that the reverberation timas are between 1 5 and 2 s within the
examined frequency range, The flanking walls, with an average mass per unit area of approsimately 440 kg/m?,
are made of concrete

Status: March 2, 2007
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Annex P

Following measurement equipment was wsed for the measurments in the installation test facility P12 of the
Fraunhofer-Institute for Building Physics:

Device Type hanufacturer
Analyser Soundbook_MK2_BL Sinus Messtechnik
¥3" -microphone-5et 46 AF (Kapsel: Typ 40 AF-Free | GRAS
Field; Vorverstarker: Typ 26 TK)}
1 *-meCraphone-Set A0HF (Kapsel: Typ 40EH-LowNose, | GRAS
Vorverstirker: Typ 26HF, Power
Medulbe: Typ 12HF
| 1" -miCrophone 4179 Brused B Kjaar
1 * -pregmplifier 2660 Brussd & Kjaor
hicrophone-calibrator 4231 Bruel & Kjaer
Accelerometer 4371 und 4370
Conditioning amiplifier Mexus 2682-A-014 Bruel & Kjaer
Accelerometer-calibrator W11 bAAF
Amplifier LEB 193520 Bosch Plena
Loudspeaker LS B2 Laniny
Reference sound source 382 Rk
Standard tapping machine 211 Marsonic

All measurement devices are tested frequently by internal and external testing laboratories and, if possible and

necessary, ane calbrated and gauged

metropolia fi
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Page 1 of 4

Assessment of increased nolse protection according to VDI 4100

The directive VDI 4100 contains suggestions for increased sound insulation in apartments. These suggestions
outreach the minirmum requirements of DIN 4109, and in additian, can be agreed by the dient and the
responsible company.

The rmeasurement of molse of sanitary installations s egually carmed out in accerdance with VDI 4100 and DIN
4109, Details of the method and the evaluation of the results are described in Annex F, The only difference
between the twa standards is that the measured sound levels in DIM 4109 are related to the equivalent sound
absorption area of A: = 10 m*, whereas in VDI 4100 the reverberation time of T; = 0.5 5 is used a5 a reference
value. The refation beheeen the two sound levels is as follows:

Larnr = Laza - 10 Igivh +15

with  Luws = standardized sound level of noise of sanitary installations according 1o YD 4100 [dBiAY]
Lagn narmalized sound level of nose of sanitary installations according 1o DIN 4109 [aB(A)]
v volume of the receiving room [m?]

The indices A and F describe the frequency weighting “A" and the time weighting "Fast*. Depending an
whether a time-averaged value or a masimum bevel is measwed, the index "eq” or “max” is added Lo theses
indices. This equally applies for the standardized and noemalized sound level, for example i i 0F Lismasn

The standardized sound level according 1o VDI 4100 and the nomalized sound level according 1o DIN 4709
differ i a constant vabue which is anly dependent on the volume of the receiving room. Whereas the normalized
sound bevel (DN 2105 is independent of the rocm volume, the standardized scund bevel (VD 4700) is reduced
by an increasirg room volume. Since the reguirements of seund insulation of VDI 4100 are related to the
standardized sourd level, the values measured in the test facilites of noise of sanitary installations of the IBF
muist be converted 1o the volume of the in-situ rooms in need of protection as verification of the requirements.
Conversion is carmied out according to the following relation:

Lﬁ'.-nT.BJHm = LAfnTLth +10 |?:"«'rw"'l"mu rq:'

With  Lastauseg = standardized sound level of the tested installation &t the building
Le-ne =  standardized sound level of the tested irstallation in the test faclity
Wias = wolume of the receiving room in the test facility
Vuideg = wolume of the reom in the building in need of protectian

The volurmes of the three receivimg rooms in the sanitary installation noiss test facility of the 1IBP and diagrams of
the previous calculation formala for direct reading of the results can be found in the followang
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=—muikuing roesac graund flaad
raar (G rear)
| Ltk =

Installation room:
ground floor front (EG front)

changs of sound kevel [d8]

dhods bhode i > 8 omwa @@

0 B0 T8 B0 118 130 160 179 180
room volurmss (m?]
Ropm volume ground flooe rear (EG reard = 204 [

| =i oo Dasement oor
rear (UG ’

N

0 30 S0 TO 8O 110 130 150 170 180 § 16 30 & TO 85 910 13D 150 170 190
Foc volume [m) oo velume [m)

Roorn walume basermert Boor Tront (UG Inort) = 5206 ] Raom wolame basement floor near {UG rear) = 704 [md]

N -

change of sound level [@]

N T R .

E
H e
B
£k
'E

[
5
"
3
H
1
]
A
2
-1
-4
5
]

Fig. 1: Modification of the standardized scund level measared in the installation test facility P12 for roams with
deviating volume. The resulting change of sound level in comparisan 1o the measured value indicated in
the test repoet in dependence of the new room wolume is specified in the diagrams for the three
measuring rooms basernent floor frant (UG front), basermnent floce rear (LG rear), and ground floor rear
(EG rear). I the wolurmes of the new room comply with the respectve measuring room, the sound level
will remain unchanged {maodification of level AL = 0 dB}. If the new room is larger than the respective
measuring room, the sound level will be reduced (AL < O}, I it is smaller, the sound level will increase
(AL = Q).

Requirements

Accardeng 1o VDI 4100 all rooms in an apartrrsent with a ground area = 8 m? are Conssdered as rooms in need of
protection. Kitchers, bathrooms, WCs, halls and side rooms, however, are explicithy exermpted freem building
installation noise and from impact sound. For comman floor plan configuration (bathroom above bathroom)
nicwmally the room in the basement floor rear (UG rear) is for the values measured in the test facility the one ta
b grimarily considered as roam in need of protection.

Status: Decemiber 10, 2013
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The required values are divided according to the sound insulation levels (551) in VDI 4100 complying with various
comtort levels:
Table 1:  Comfort level and acoustic situation for the sound insulation levels | to Il according ta VDI 4100,
55t1 Jraised in the design and constrection compared 1o a simple one
regarding design and construction features”
Junreasonable annoyance are in general avoided *
S5tl | .average requirements of comfort™
.im general rat disturting
55t | .special comfart requirements”
LNt or only seléom disturbing

Ditterent reguirements are indicated respectively for the three sound protection levels in VDI 4100. Since sound
insulation level Nl represents the highest comfort level the strictest requirernents must be applied, i.e sound
levels allowable for naise of sanitary installations are lowest in this case, The required values for apariment
houses or one-family terrace houses and one-family semi-detached houses are represented in the folloeing
tahle:
Table 2: The requirements of sound insulatian of bailding service eguipment in for apartment houses or
ane-family terrace houses and ane-family semi-detached houses accarding 1o VDI 4100 for souwnd
protection levels | to il The reguirernents apply for sound transmission between separated
apartments. Naise from water supply installations and sewage systems are considered together

Building Acoustic Sound Sound Sound
parameter protection | protection | protection
[dB{A)] level | level Il level 1NN
[Hm!,n'l'
Apartment houses | or = 30 < 27 = 24
=L
— — |
One-famly tarrace e
houses and ane- T
- " ar =30 =125 =522
family semi- I aw
detached houses

a) Individual short-term noise peaks during actuation {opening, cdosing, adjusting, interrupting,
et} the fittings and eguiprment of the plumbing system shoukd not exceed the characteris-
tic valuis of 551 11 and 55t I by rmare than 10 dB. Here, the intended use is required

bl

Since nose of sanitary installations are frequently temporary changing sgnals, WOl 4100

pronides. for the measurament the mamimum level Lypp, pr. For stationary signals such as
impacy roise fromm water jets, however, it is more efficient 1o determine the avarage naoise
lerwed D r insiead, since only in this way it is possible 1o cbserve the requirements for
reproducizility and acouracy chligatory for measurements in the test facility. The measured
average noise level 5 generally sghtly lowar than the maximum kvel, however, tha
differgnce & net more than 3 maximum of 2 1o 3 dB according to exfensive experiance.

Status: Descember 10, 2013
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Page 4 of 4

Besides the previously described requirements for sound transmission between separate aparimenits, YOI 4100
also contains recommendations for sound protection in one'’s awn lving space. The effective required values and
the importance of the respective sound protection levels can be found in VDI 4100,

For user noises, which often result in complaints { e.q. putting down a toothbrush tumbler an 2 storage board,
apening and closing the todet cover, use of toilets, sliding in the bath tub, striking the doors - also of wall
cabinets and built-in cabinets, etc.) neither to the noise control classes 55t Il and 55t Wl no characteristic values
were specified, since these noises are very difficult to reproduce and depend an the specific building situation. |t
5 assumed, however, that these noses = by mtended use - are reduced as much as possible by application of
comentianal arrargements for thie impact sound insulation when mounting the sanitary equipment.
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Do you know the difference between
structure-born and airborn sound?

Ave you looking &t the right data when choosing low-noise ol
and waste pipes? To help you chooss the right produc, here we

Why is the difference i
Frauschofer reports oive boo fest resuis: structure-bomn and

exgici between dferent

What are ‘structure-born' and ‘airborn’ sound?

When choosing sof and waste pipes, you need 1o b surm they

wil mest noise and technical installtion tequirements acoording

10 the thieshoid valugs n the Bulding Rues and 05 400, But

haw Gan you be sure you sre lacking at he ight noiss data when
pie? Should you

The wal thickness and density of the pipes determine how
low-noise a soil and waste pipe is. The thicker and heavier the

We know that rot between
Instsad they
reading, which is structure-bom sound. In many cases. this
But because the resuts
repons are taken from a test emvonment with speciic materids
rom the buiding's construction, strueture-bom sound cannot be
wsed as a directindicator of structure-bom sound in any buling
Depending on the choice of materias, structure-bor sound in an
actual buding wil ifer from the-test results.

Following is an expianation of the two types of readings and the
consequence of basing your choice of pipe on the wrong deta.
in

mo test enion-

are tested in impartial test lsborstonss - in many cases at the
Frausnoler Instinste in Germany. The pipes ere installed in a test
bulding to ensur Lrifor testing methods for &l types of pipe.

ment, and where the twe resus &re read,

Did you know?

WHAT A FRAUENHOFER REPORT REVEALS

Alrborn seund is used during instaliation
sed

itisa

wil be the seme, regardess of how it is inetalled. But you
an only use asbomsound on the installstion side f the pipe.
funs in a shaft. o ks enclosed n some other way: However,
what you can do, is calculate haw and wih what you can

of noise that enciose it 1o meet the bulkdng néé requiements.
the stalied.
viathe net weight of the material or results.
from . you ]
the pipe after the noise from water passing through It hes permester  solutionthat cannot meet the bulding ne requirements nll
rts, brackets). Struch rcms. Howener, i you use the arbom sound reeding, you
va nthe  have a cenain mount of control over the project yoursell.

pipe supports and pensirations.

Structure-born sound is not a certainty
Resdings for structure-bom scund chten ook good on pepe, &5 they
are often much lower then airbom scund. and lower than the requre-
ment for noise from technical installaions. But they offer no guarantee
thet you ere complying with noise requirements overall toughaut &
given bulding project. Firsty, the pipe supports, wall brackets and wall

Is reduced. Stuctue-bom sound can only be used in those rooms
whese it permesies through the bulding constauction. and nat on the
actual instaliation side of the pipes. Sacondy, the test result can rly

.a
the materisk 10 b used for a given project wil e the best
way of ensuring noise requirements are met.

The risk of simely accepting test results s thet atest perioamed
at an inspection mey resut in you being requied 10 repl-
e the pipes, or provide addonal noise insulation around
them — which takes time and maney. Using aifbom sound
from the pipe as benchmerk means tht the reduction value
for the buldng materisls s deducted I, for instance,
the: pipe s nstalled behind plasterboerd, & wall or & celing.

be used if the pi G profect
metierials & in Frauenhofer’s tast facilty.

The naromon
the Installstion sice.

How does noise occur?

be

ariaton in &, water or bUiding slemants.

How does noise oceur?

* When water and ar pass each other

o WWhen waste water canges Grection &t branch pipes.
‘and i1 bencis, ar passens a reduction
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Technische Stellungnahme liber die Messung der Geriusche von Abwasserinstallationen im Prifstand
nach DIN EN 14366: 2005. Vergleichbarkeit und Ubertragbarkeit von Messergebnissen.

Sehr geehrte Damen und Herren,

Seit dem Jahr 2005 gibt es mit der DIN EN 14366 eine eurapdische Norm in der die Messung der Gerdusche van
Abwasserinstallationen im Prifstand geregelt ist. Ein GroBteil der Messungen nach dieser Norm erfolgt im Installa-
tions-Friifstand des Fraunhofer-Instituts fiir Bauphysik in Stuttgart (8ild 1), Die daraus hervorgehenden Messer-
gebnisse werden weltweit in Produktunterlagen dargestelit und bei Ausschreibungen in Form unserer Prifberichte
vargelegt. Basierend auf der jahrelangen Erfahrung mit Gerduschmessungen an Abwasserinstallationen werden in
dieser Stellungnahme die Probleme und zukiinftigen VerbesserungsmaBnahmen bei der Vergleichbarkeit und
Ubertragbarkeit von Messergebnissen erliutert,

1. Messung der Gerdusche von Abwasserinstallationen im Priifstand nach DIN EN 14366

Die Norm beschreibt ein Messverfahren fiir Abwasserinstallationen im Priifstand und erméglicht den Vergleich van
Messergebinissen aus unterschiedlichen Priiflaboratorien. Die Norm ist anwendbar auf Abwasser Rohrleitungssys-
teme und deren Teile, jedoch nicht auf die eigentlichen Abwasserguellen, 2. B. Waschriume, Toiletten und Bade-
wannen oder alle aktiven Elemente. In der Norm werden Anforderungen an die Priflaboratorien und an die Mess-
technik beschrieben. Der Aufbau des gepritften Abwassersystems bleibt hingegen weitgehend offen. Selbst bei
der in der Morm informativ beschriebenen Standardkonfiguration werden (ber Art und Position der verwendeten
Rehrschelien keine Aussagen gemacht. Die erhaltenen Ergebnisse kénnen fir den Wergleich von Produkten und
Werkstoffen venvendet werden. Er kann zur Einschiitzung des Verhaltens von Abwassersystemen in einem Ge-
baude unter bestimmten Bedingungen dienen. Diese Morm liefert jedoch kein normiertes Verfakbren zur Berech-
nung der akustischen Eigenschaften solcher Installationen in einem Gebaude, Weiterhin sind die nach dieser Norm
resultierenden Messwerte (Luftschalldruckpege! Ly und charakieristischer Kérperschallpegel Le.s) nur nach kom-
plizierten Berechrungen mit den giiltigen Anforderungen fir Gerdusche aus haustechnischen Anlagen vergleich-

bar,
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2. EinflussgraBen auf das Gerduschverhalten von Abwassersystemen

Der Versuchsaufbau nach DIN EN 14366 (vgl. Bild 2) besteht also aus mehreren Komponenten die zu einer Ab-
wasser-Fallleitung zusammengefiigt werden, Die Anregung des Versuchsaufbaus erfolgt durch Wasserstrémung in
den Fallrabren, Hierdurch wird das Abwassersystem zu Schwingungen angeregt, die dann (ber die Rohrschellen
auf die Installationswand (ibertragen werden. Die Schwingungen werden in Form von Kérperschall in die Gebéu-
destruktur eingeleitet und in den angrenzenden Riumen von Decken und Winden als hirbarer Luftschall wisder
abgestrahlt. Neben der Kérperschallibertragung (ber die Rohrschellen liefert auch die direkte Schallabstrahlung
des Abwasserrohrs einen - wenn auch im allgemeinen kleinen - Beitrag zu dem im Empfangsraum erzeugten In-
stallations-Schallpegel,

2.1 Einfluss der Wasserstrdmung

Die Wasserstrdmung innerhalb der Fallrohre wird beeinflusst durch Unstetigkeitsstellen innerhiall der Alwasser-
rohre, wie 2 B. Umlenkungen und Geschossabzweige, sawie durch Spalten und Versatz beim Ubergang zwischen
den einzelnen Rohrstiicken. Betrachtet man die Wasserstridmung innerhalb eines transparenten Abwwassersystems,
erkennt man, dass sich die Strémungsbilder standig verdndern, Wobei es durchaus verkammen karn, dass sich ein
bestimmtes Stramungshild Gber eine gewisse Zeit einstellt und dann ohne ersichtlichen Grund zu einem véillig
anderen Strémungsbild wechselt. Durch das wechseinde Strémungshild kommt es zu einer ungleichméBigen An-
regung des Rohrsystems. Dies hat wiederum Einfluss auf die Luftschallabstrahlung des Rohrs in den Installations-
raum und die Kiirperschalleinleitung in die Installationswand. Bei ungiinstigen Verhaltnissen {verzogene Rohre,
grofier Spalt zwischen den Rohrstiicken) kann es so zu erheblichen Unterschieden bei den Messwerten fiir ver-
meintlich gleiche Abwassersysterne kommen.

Durch den stindigen Wechsel der Stromungsverhiltnisse ist die akustische Anregung des Rohrsystems in der Pra-
¥is nicht genau vornersehbar. Der Einfluss der Rohrbeschaffenheit mit allen Komponenten (hMuffen, Abzweige,
etc.} auf das Strémungsverhiltnis im Rohr bildet somit eine grundiegende Unsicherheit bezhglich der Wiederhol-
genauigkeit.

2.2 Einfluss der Rehrschellen

Neben der Wasserstrémung filhren die verwendeten Rohrschellen und im Wesentlichen deren Montagebedingun-
gen zu groBen Abweichungen beim Gerduschverhalten von Abwassersystemen. Hierbei reicht die Bandbreite van
sagenannten Gleit- oder Losschellen, welche im Extremfall nahezu keinen Kontakt zum Rohr haben, bis zu Stan-
dardschellen die bei der Mantage in der Praxis haufig so stark gepresst werden, dass eine Verformung des Stahl-
korpers der Schelle und eine Verformung des Abwasserrohres erfolgen kann, In direkter Abhangigkeit van der
Befestigungsart des Rohres, kdnnen fiir den in die Installationswand eingeleiteten Kérperschall und anschlieBend
in den Empfangsraum hinter der Installationswand (schutzbeddrftiger Nachbarraum) abgastrahlten Luftschallpegel,
die Unterschiede in den Messwerten bis zu 20 dB betragen, Im Gegensatz zu der oben beschriebenen \Was-
serstrémung sind diese Einflisse jedoch steverbar und dadurch auch manipulierbar. So wurden bei Priifstands-
messungen in der Vergangenheit die Rohrschellen hiufig so montiert, dass zwar sehr gute Werte erzielt wurden,
jedoch keineswegs mehr eine praxisgerechte Befestigung des Rohres gegeben war,

Da es nach DIN EN 14366 derzeit noch keine Varschriften fir die Art und die Montage der Rohrschellen gibt, stel-
len diese Abweichungen derzeit die grélite Unsicherheit beim Vergleich von Abwassermessungen dar, Im Prinzip
kiinnen Messungen nur dann miteinander verglichen werden, wenn die Art und die Montage der Rohrschellen
exakt Obereinstimmt, Fir die Praxis am Bau stellt dies ein erhebliches Froblem dar, vor allem wenn man bedenkt
dass auf der Baustelle die Abwassersystemne oft mit anderen {kostenglnstigeren) Rohrschellen montiert werden,
als bei der Messung im Priflabor,
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2.3. Einfluss des Rohraufbaus

Der Aufbau des untersuchten Rohrs {Steifigkeit, Rohdichte, sowie Dicke der Rohnwand) hat einen wichtigen Ein-
fluss auf das Gerduschverhalten der Abwassersysteme. Jedoch ist dieser Einfluss dem oben beschriebenen Einfluss
von Art und Montage der verwendeten Rohrschellen untergeordnet und relativ einfach beschreibbar, Stark verein-
facht gilt: je schwerer das Rohr, umso besser sein akustisches Verhalten. ErfahrungsgernaB ergeben sich fiir die
derzeit auf dem Markt verfligbaren Abwassersysteme im Installations-Schallpegel maximale Abweichungen durch
den Rohraufbau von ca. 10 d8, Die durch den unterschiedlichen Rohraufbau hervor-gerufenen Pegelunterschiede
subern sich besenders deutlich in dem bei offenen Schellen gemessenen Luftschallpegel Ly.s, da hier der Einfluss
der Rohrschellen auf das Messergebnis entfallt, Im Marktsegment der derzeitig hauptsdchlich verwendeten leich-
ten Abwassersysteme aus Kunststoff {nahezu gleiches Rohrgewicht und gleiche Rohrwanddicke), betragen die
Abweichungen wenn Gberhaupt nur wenige Dezibel. Dies gilt natiirlich nur dann, wenn die Abwassersysteme mit
Rohrschellen montiert werden, deren Art und Montage vergleichbar sind.

3. Vergleichbarkeit von Messungen an Abwassersystemen im Priifstand nach DIN EN 14366

Grundsatzlich sollte bewusst sein, dass die dargesteliten Messergebnisse nicht fiir ein spezielles Abwasserrohr
gelten, sondern fiir die Kombination aus Abwasserrohr und verwendeter Rohrschelle, Auch bei sehr genater Be-
schreibung der verwendeten Rohrschellen und deren Montage sind diese Einflussparameter nur mit erheblichem
Aufwand exakt reproduzierbar. Eine Vergleichbarkeit von verschiedenen Messungen an Abwassersystemen kann
nur dann gewahrleistet werden, wenn die Art der verwendeten Rohrschellen une deren Montagembglichkeiten
vereinheitlicht werden. Um trotzdem einen Vergleich van verschiedenen Prifaufbauten zu ermaglichen, wird emp-
fohlen zusdtzlich zu dem Kérperschalldruckpegel (Lys, gemessen im Raurn hinter der Installationswand) auch den
Luftschalldruckpegel (L, «, gemessen im Installationsraum) in die Betrachtungen mit einzubeziehen. Der Kérper-
schallpegel wird hauptsachlich durch die Art und die Montage der Rehrschelle beeinflusst, wihrend der Lut-
schallpegel - bei gleicher Geometrie des Abwassersystems - hauptsachlich die akustischen Eigenschaften des
Rohrmaterials wiedergibt,

Bei Messergebnissen mit auBergewdhnlich niedrigen Schallpegeln liegt die Vermutung nahe, dass die Rohrschellen
nicht prasisgerecht montiert wurden, oder dass spezielle Rohrschellen (z.B. Stiftz- und Fixierschellen) verwendat
wurden, die nur nach aufwendiger Justierung niedrige Schallpegel erméglichen, In der Praxis werden diese Spezi-
alscheller aufgrund ihres hohen Preises nur sehr seften eingesetzt und leider im Normalfall am Bau oft falsch men-
tiert, Beim Vergleich von unterschiedlichen Abwassersystemen solite bei diesen Messergebnissen zusatzlich der
Luftschallpegel betrachtet werden,

Das Fraunhofer-Institut fiir Bauphysik hat hierzu bereits neue Vorgaben fir den Versuchsaufbau bei Abwassermes-
sungen umgeselzt, um einen besseren Vergleich der Messergebnisse 2u erméglichen. Derzeit werden weitere Yor-
schldge entwickelt, um die Priifbedingungen an Abwassersystemen weiter zu vereinheitlichen (sishe Abschnitt 6).

4. Vergleichbarkeit von Messergebnissen nach DIN EM 14366 mit den Anforderungen (Mormen und
Richtlinien)

Die nach DIM EN 14366 erhaltenen Messergebnisse gelten nur fir reine Abwassergerausche in Fallleitun gen. Zu-
sateliche Gerduschanteile von z.B. WC-Anlagen werden nicht erfasst. Fiir gine Gesamtbetrachtung einer Hasin-
stallation solite daher eine komplette Musterinstallation bestehend aus den unterschiedlichen Komponenten (Zu-
und Abwasserfihrung, Sanitarobjekte, etc.) geprift werden, da diese Ergebnisse direkt mit den Anforderungen
verglichen werden kénnen. Ansonsten miissen die Schallanteile der einzelnen Komponenten aufaddiert werden,
wias wegen der Zeitabhdngigkeit der Gerdusche nur schwer maglich ist. Altemativ kann mit Hilfe einer Maximal-
wertabschitzung der einzelnen schallschutztechnisch beurteilten Sanitarkamponenten der akustisch maBgebliche
Gerduschanteil als Vergleichswert herangezogen werden. Allerdings gibt es auch Konstellationen bei denen in
Gebduden reine Abwassergerdusche auftreten oder die Abwassergerdusche maBgeblich fiir stérende Installations-
gerdusche sind.
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Die nach DIN EN 14366 resultierenden Messwerte (Luftschalldruckpegel Ly und charakteristischer Karperschallpe-
gel L} sind nur nach aufwendigen Berechnungen mit den giiltigen Anforderungen fir Gerdusche aus haustech-
nischen Anlagen vergleichbar. Der vom IBP zusétzlich angegebene Installations-Schallpegel kann zwar (unter Be-
ricksichtigung der oben genannten Einschrinkungen) direkt mit den Anforderungen verglichen werden, gilt aber
nur fir die baulichen Gegebenheiten im Installationsprifstand des Fraunhafer-Instituts fir Bauphysik, mit einer
flichenbezogenen Masse der Installationswand von 220 kg/m?. Als Vergleichswert mit den Arforderungen sallte
der im Priifstand bei einern Valumenstrom von 2 Ifs gemessene Wert herangezogen werden, da dieser Volumen-
strom in etwa der Gerauschentwicklung bei einem Gblichen WC-Spiilvorgang gleichzusetzen ist,

5. Ubertragbarkeit von Messergebnissen nach DIN EN 14366 auf die Praxis

Die auf dem Markt kursierenden sehr niedrigen Messergebnisse bei schalltechnischen Untersuchungen an Abwas-
sersystemen sind in der Praxis aus verschiedenen Griinden nicht erreichbar. Zum einen liegt der normale Grundge-
rauschpegel in einem aligemein als sehr leise empfundenen Wohngebiude schon Ober 20 dB{A), Weiterhin muss
zur Erreichung sehr niedriger Schallpegel eine aufwendige Justierung der Rohrschellen und des Abwassersystemns
erfakgen, was in der Praxis am Bau, aufgrund von Zeitdruck und vor Allem der fehlenden Rick meldung dber den
gemessenen Schallpegel, im Normalfall nicht méglich ist. Da die Abwassersysteme zudem in der Praxis aus Kos-
tengrinden meist mit glinstigen Standard-Rohrschellen anstelle der fiir die Prifu ngen verwendeten Spezialschel-
ler montiert werden, waren fir die praktische Beurteilung eigentlich Messungen mit diesen Rohrschellen sinnvoll,
Hierbei sollten die Rohrschellen, wie in der Praxis Gblich, auch bei der Messung im Labor vollstandig geschlossen
werden.

Bei baudblicher Montage kann davon ausgegangen werden, dass mit herkémmlichen Abwassersysternen (z.B. HT-
Rohre) und Standard-Rohrschellen mit Elastomereinlage lediglich die Mindestanforderungen nach DIN 4109 und
VDI 4100 eingehalten werden kannen, Bei erhdhten Anforderungen an den Schallsehutz sollten, im Verbund mit
aufeinander abgestimmiten schalitechnisch gepriften Sanitar-Installationssystemen, Abwassersysteme mit hohem
Gewicht und mit speziell auf das Rohr abgestimmten Rohrschellen eingesetzt werden. Die Spannweite der Rohr-
scheflen muss dabei so ausgewshlt werden, dass bei vallstandig geschiossenen Rohrschellen die Elastomereinlage
nicht zu stark gepresst wird. Spezialle zweiteilige Schallschutzschellen (Stitz- und Fixierschellen) sollten nur in
Kombination mit schweren Rohren eingesetzt werden (Masse-Feder-System) und miissen genau nach Mantagean-
leitung installiert werden. Um einen noch besseren Schallschutz zu erreichen, kénnen die Abwasserrohre und
Formteile zusdtzlich mit einer luftschalidimmenden Rohrummantelung {mit Schwermatte) versehen werden, Cp-
timal sind die Ergebnisse, wenn die Rohrschellen Gber der Rohrurmmantelung angebracht werden, Grundsatzlich
missen bei der Montage der Abwassersysteme Karperschallbriicken zum Bauwerk (2.8, in Installationsschichten
und Deckendurchbrichen) vermieden werden,

Bei der Obertragung der Messwerte auf die Praxis (individuelles Bauwerk) muss die vom Prifflabor abweichende
Bauweise beriicksichtigt wesden, Hierzu steht mit der DIN EN 12354-5 ein Berechnungsverfahren zur Verfligung,
mit Hilfe dessen aus den nach EM 14366 ermittelten Messwertan (Luftschalldruckpegel und charakteristischer
Korperschallpeged) ein Raumschallpegel fiir die jeweiligen schutzbediirftigen Riume im geplanten Gebaude ermit-
telt werden kann, Die Berechnungen sind allerdings sehr aufwandig und die Berechnungsunsicherhait ist derzeit
noch grob.

Alternativ kann mit dem vom Fraunhofer-Institut fir Bauphysik entwickelten vereinfachten Berechnungsverfahren
der Raumschallpegel im geplanten Gebaude hinter der Installationswand abgeschitzt werden. Hierbei wird der in
den Prifberichten angegebene Installations-Schallpegel, in Abhiingigkeit von der Fiachenmasse der Installations-
wand, an der das Abwassersystern angebracht ist, auf die tatsdchlich vorhandene Bausituation umgerechnet. Bei-
de Berechnungsverfahren sind derzeit nur fir den Massivbau amwendbar,
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6. Vorschlige zur Verbesserung der Vergleichbarkeit von Abwassermessungen nach DIN EN 14366

Das Fraunhofer-Institut fiir Bauphysik forscht seit einiger Zeit an Verfahren und Moglichkeiten, um die Vergleichbar-
keit von Abwassermessungen zu verbessern und bei den Labormessungen pragisnabe Messergebnisse zu erreichien.
Falgende Vargaben fir die Durchilihrung von schalltechnischen Untersuchungen an abwassersystemen wurdsan
bereits eingeflhrt;

- Messergebnisse unter 10 dB{A) werden im Priifbericht nicht mehr angegeben, da sie eine erhihte Messunsicher-
heil aufweisen und auBerdem in normaler Wohnumgebung nicht wahmehmbar sind.

- Der Versuchsaufbau fiir Abnahmemessungen darf ausschlieBlich durch [BP-gigenes Handwerkspersonal erfalgen.
Direkt nach dem Versuchsaufbau erfolgt die Abnahmemessung. Machtragliche Werdnderungen am Abwassersys-
temn und an den Rohrschellen zur Verbesserung der Messergebnisse sind nicht mehr maglich.

Die verwendeten Rohrschellen in den fir die Schallibertragung relevanten Installations- und hMessriumen
(EG vorne und UG varne) miissen so gestaltet und montiert sein, dass beim Offnen der Rafirschellen im Keflerge-
schioss kein Abrutschen der Rohre nach unten erfalgt,

Ab 2014 wird bei jeder Abnahmemessung eine zusitzliche Messung mit einer vorn [BP vorgegebenen Referenzschel-
le angeboten. Bei der Referenzschelle handelt es sich um eine baudbliche Standard-Stahirehrschellen mit Elastomer-
einfage. Die Montage der Referenzschellen erfolgt immer an der gleichen Stelle und auf die gleiche Art und Weise
lvolistindig geschiossen). Durch Vergleichsmessungen an einem Referenz Abwassersystern wird in bestimrten Zeitin-
tervallen gepriift, ob sich das Gerduschverhalten der Referenzschellen veriindert. Zusétzlich wird das akustische Lang-
zeitverhalten der Referenzschellen regelmBig an einem Kleinpriifstand dberwacht,

7. Zusammenfassung

Gerduschmessungen an Abwassersystemen erfolgen seit dem Jahre 2005 nach DIN EN 14366, Die Norm enthgl
awar Yarschldge fir den Aufbau des Abwassersystemns im Prijfstand, jedoch wird die Art und Montage der verwen-
deten Rofrschellen weitgehend offen gelassen, Dies fihrte in der Vergangenheit dazu, dass die Rohrschellen im
Priifstand so montiert wurden, dass immer niedrigere Messergebnisse erreicht wurden. Die dabei verwendete Befes-
tigungsart des Abwasserrahres war jedoch haufig vbliig praxistern, da z.B. das Atweasserrohr nicht durch die Rohr-
schellen in den Stockwerken gehalten wurde, Zudem sind die auf diese Art und Weise erreichien Messwerts nur in
enem akustischen Labor mit wiederhalter Gerduschmessung und anschlieBender Machjustierung des Rohrsystems
realisierbar,

Die ermittelten Messergebnisse gelten nicht fiir das jeweilige Abwasserrohr alleing, sondern fiir die Kombinatian aus
Abwasserrohr und Rohrschelle, Die Art und die Montage der verwendeten Rohrschellen haben dabel einen wesent-
lich hisheren Einfluss auf die in die benachbarten Raume lbertragenen Abwassergerdusche als der Robraufbau (Stei-
figkeit, Rohdichte und Rohrwanddicke). Ein Vergleich von Messungen an Abwasserrohren ist nur méglich, wenn die
Art und die Montage der verwendeten Rohrschellen exakt gleich sind. Durch dlie bis Encle 2013 geduldeta Praxs bei
der Monitage von Prifaufbauten und den damit verbundenen hohen Abweichungen der Messergebnisse war dieser
Wergleich nicht méglich. Ab 2014 bietet das Fraunhofer-Institut flir Bauphysik deshalb zuséitzliche Messungen mit
einer Referenz-Rohrschelle {vollstandig geschiossene Standard-Rohrschelle mit Elastomereinlage) an, wodureh gine
bessere Vergleichbarkeit unterschiedlicher Abwasserrohre und praxisnahe Ergebnisse erreicht werden sollen,

Beim Vergleich bereits verbifentlichter Messergebnisse {vor 2014) an Abwassersystemen sallte, vor allem bei niedri-
gen Werten, genauestens auf die Beschreibung der Art und Montage der verwendeten Rohrschellen geachtet wer-
den. Zusdtzlich 2u dem angegebenen Kérperschallpegel solite immer auch der von der Rohrschelle weitestgehend

unabhingjpe LWQ@I im Installationsraum fiir einen Vergleich von Abwasserrohren herangezogen werden.

A D&\ ——

H} Joachim Maohr Dr, rer, nat. Lutz Weber
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schoss (EG und UG), so dass in Verbindung mit Dach- und Kellergeschoss (DG und KG) auch
lber mehrere Stockwerke reichende Installationen, wie z. B. Abwassersysteme, gepriift werden
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Fraunhofer-instituutti Poliplast dBlue, akustiikkamittausraportti

Fraunhofer-instituutin suorittama akustiikkamittausraportti Poliplast dBlue

-desibeliviermarille 4anta vaimentavilla POLIclamp-kannakkeilla.
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Test report P-BA 74-3/2010e

Determination of the Acoustic Performance
of a Wastewater Installation System in the Laboratory

Client: Poliplast Sp, z oo,
ul. Enargetyczna &
FL SE-4:00 CLESMICA
FOLAND

Test specimen: Wastewater installation system consisting of "dBhee” plaste pipes
{manufacturer: Poliplast) mounted wath pipe damgs “POLIClamp*.

Contants; Tatle 1 Sumimary of test results
Figures 1 to 3: Dratailed results
Figures 4 and 5 Test set-up
Annes A Pleasurement set-up, noise excitation,
acoustic parameters
Annes F Evaluation of measurements
Anrex P Description of test fauli'_!,-

The tests were performed in a lsboratory accredited by the
German Accreditation System for Testing (DAR, file no. PL-
3743.28) according 1o standard EM ISOAEC 17025,
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in test report P-BA 420108
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Determination of the installation sound level
Lin in the laboratory Table 1

P-BA 74-3720108

Client:

Test set-up:

Tast facility:

Test method:

Results:

Date of tests:

Commants:

Test specimen:

Pofiplast Sp. z oo, ul. Energetycrna &, PL 56-400 QUESMIC A, POLAND

Wastewater installabion systern itest spedimen § 10255-01) corsisting of “dBlue” plastic pipes
[rrenufacturer: Poliplast) mounted with pipe damps *POUclamp® (manufacturer: Poliplast)

- The pipe systerm was mounted according to figure 4 {see also Annex Al

- The systern consisted of wastewater pipes (nominal size OO0 1100, three inlet tess (90°), twa
45°-basernent bends with intermediate calming saction (250 mm) and a herizantal drain
sechion, The mlet tees in the basernent and in the ground floar were dosed by lids supplied by
the manufacturer. The pipe system was maunted by the diant.

- Pipe system "dBlue " size 00 110, throe-layer pipe with attached deeve, Internal layer: PP
copo; medial layer: PP MO, external layer: pp copa. Wall thickness 3.4 mim, weight 1.4 kg,
density 1.5 giorn?. One-layer fittings: pp MD, wall thickness 3.4 mm, density 1.12 -

1.3 gfom®. Connection of the pioes by plug-on socket connection,

Fipe clamps *FOUdamp” {figure 51 Mastic damgs with three elastomer inlays. The damps
were completely closed and they were fixed ta the installation wall with dowels and thread
roks,

Installation test fadlity F1Z, mass per unit area of the installation wall: 220 ka'm?, nstallation
rooms. sub-basesment (KG), baserment (UG) front, ground floor EG) frent and top floor {D4G),
masairing rooms: LIG front, UG rear (detals in Annes P and EN 142366 2005-02)

The measurements were performed following German standard DN 52 219; 1993-07 and EN
14365; naise excitation by stationany water flow with 0.5 15, 1.0 I, 2.0 Ifs and 4,0 Us {details in
Annaaes A and F).

Waste water systern “dBlue” with pipe damps “POLIclamp*

Fow rate I 05 | 10| 20 | 40

Installation sound leved L, [HE(&)] measured in the basement test- | a0 | 49 | 52 | 56
room UG fromt

Installation sound level L, [9804)] measured in the basement test- | 15 | 14 | 17 | 21
foom UG rear

Airberne sound pressure level L, o [dB{a)] 1 4% | 4% | 52 | 56
Structure-borne sound characteristic bevel L 4 [dBIAY) ") 13 1 15 k]

'} Evaluation according to DM EM 14366,
March &, 2010

Thie requirernerits of DIM 4109 anly apply for the test room UG rear.

4 Fraunhofer)| for Testing (DAP, file no, FL-3743.26) according 15t

The tests weare prr*r_'rrr-.-.d na Iﬂhuramq,- accredibed Ly | A reditation Systern

%- 7075,

188 | Shuttgart, May 27, 2011 -

Head of Laboratery

Liite 4
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Figure 1 ‘Wastewater pipe system “d8lue” mounted in sub-basement (KG), basement (UG front),
greund floor (EG front) and tep fleer (DG} using pipe clamps *FOLUclamp”. The installation
sound level L, was measured at various flow rates in the test reorms UG frant {above) and UG
rear (below)

The tests were perfarmed in a laboratory acoredited by the German Accreditation Systern for Testing (AR,
file no. PL-374326) according o standard EN ISOEC 17025,

Fraunhofer-institute of Building Physics P-B2 T4-3520 10
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Figure 2 Wastewater pipe system “dBlue” mounded in sub-basement (KG), basement (UG front)
grourd flear EG front) and tep flopr (DG) using pipe damps "POLIdamp®. aitborme sound
pressure level [above) and structure-bome sound charactenstic level (below) measured at
various flow rates according to DIN EN 14366,

The tests were perfaimed m a laborateny accredited by the German Accreditation System for Testing [DAP,
file no. FL-3743.26) according fo standard EN 1S0AEC 17025,

Fraurhofer-Institute of Building Physics P-BA 74-312010e
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wall structural sensitivity level [dB]

— reference wall
100 1 | ]

63 125 250 500 1000 2000 4000  BOOD
one-third octave enter frequency [Hz]

Flgure 3 Wall structural sensitivity level Ly, of the installation wall betwesn the test rooms UG front and
UG rear in the installaticn test facikty in the Fraunhofer-institute of Building Physics. The
mnstallation wall consists of bne stones (thickness 115 men, ceiled on both sides) with a mass
per unit area of 220 kgim?. The indicatad structural senstivity level Ly refars fo the mounting
position of the washe water system according to figure 4. For comparisen the wall structural
senstraty bevel L of the reference wall i also indicated {evaluation according to DN EN
14366}

The tests were performed in a laboratory acoredited by the German Accreditation System for Testing (DAF,
file e, PL-3743.26) according to standard EN ISCWIES 17025,

Fraunhathar-Institute of Bulding Fhysics P-BA 74-372010e
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- _ﬂJ_rJ.;H.i'.I'J.' s
Helir

3050

with intermediate
calming section (250 mm) to the water

sechion rotated 850° in receptacle
this representation

Figure 4 Installation plan of the pipe systern “dBlue” {manufacturer: Polplast), mounted with damps
“PlLiclamp® {drawing not to scale, dmensions n mm)

Fraunhafer-Institute of Buikdng Physics F-BA 74-3720100
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Figurs &  Fipe damp "FOLdamp” manufactured by Poliplast,

Fraunhoder-institute of Building Physics P-BA 74-3/2010e
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Fraunhafer-lnstdot T Ba upiysik Annex A

Measurement set-up, noise excitation and evaluation paramaters

Meaiyrement set-up

In the watar-irstallation test-facility run by the Fraunhofer institute of Building Physics, a down pipe & installed
leading fram the top floor SDG) down to the sub-basement (5] for further details, please see Annex P This
denwn e s connected to a {00 110) water snlat pipe on the top-floor bevel. The water is intraduced thraugh
an S-shaped bend according 1o the standard EN 14366, In the sub-basement, the down pipe is cannected to a
bend {2 x 45 degres, usually) end merges into a horizontal discharge section, which in turn is joined o a water
receptacke, Thi waste-water pipe on the ground floor (EG) and in the aserrent {UG) is fitted with conventional
branchas from main lines (usually, O 1100 Apes and fithngs are moumted adconding 1o The instruclions given
by the manufacturer. The air gaps between the tube and floor in the entrance and exit openings are stuffed
with povous absorber in eader 1o prevent any structura-borne sound brigges influercing the building. The waste-
weatir piping & fastened to the installation wall (mass per unit surface m™ = 220 koin®) by means of pips clamps
suppiied by the Client, which are adapted to the external diameter of the pipes. The kaations of the fiation
points and furthis diménsions are specified in the installation plan that is induded in the test repart.

. ) | . -
Arty gafined and rmetrological reproducble noise excitation requires steady state flow condiiens inside the
waste-water pipes. As the noise generation in waste water systerns depends on the flow rate, noise
measurements e perfarmed at several flow rates Q which are typecally encountered in practice:

(1} Q=05 coresponding to Q = 30 Kmin,
(2 Q= 1.0, coraponding to O = 60 KFmin,
(31 O =204 comesponding to G = 120 l¥min,
4 Q=400 comesponding 10 0w 340 [fimin,

Here, & flow rate of Q= 2.0 Us roughly corresponds i the average flow rate required for fhshing a toilet
Acconding to Prandt-Colebrock, the highest flowy rate used results from the admissible hydraulic charge of the
ronzontal pice sections, which is Qrae = 4 s for Q0 110 pipes.

The measurements take place in the mstallation reorm (UG fronth and e the mom behind the installation wak
(LK rear), The weates flony genarates visrations of the wastewater pipe. These viorations are transmitted to the
installation well through pipe clamps andfor other structure-borme sound brodges (e.g. fire protection deeves),
and then radiated by the wall (and 1o & lesser extent, alsa by the adjoining buikding parts) as airborne sound into
the et room behing the installation wall. In the test room UG front add tionally the airborne sound which i
radiated from the waste water system is measured. According o EN 150 140-3 the soand pressure bavel is
pocked wp at six poants in the roorm, to be space and time-averaged and corrected for the background noise.
With this walug the girbome sound pressure level Ly, and the struciure-borme sound characteristic kevel Lya is
caloulated according to EM 14366, The mnstallation sound level s determined followng Annex F, Thereby the
rounded L 5 equivalent to the installation sound leved Le 00 Liread according to DN 5221%, DIN EN 50
10052, DIM 410511 and DIN 4109,

Stetue as of 23 June 2000
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Frapnhofar-Institut for Bauphysik Asney |

Evaluation of Maasurements

tafionary noise

Thie measured scund pressure level s given as time and space averaged one-thind octave spectrum in the
frequency range between 100 Hz and 5 kHz. Fast, the mesured value is corrected for badkground nose.
subseguently, i 5 rormalized 1o an equivalent sound absorption area of A= 10 m’ and A-welghtad:

by by A

i Lo appe = 10:0g| 100 00 +1D-IgE:‘+k'[."L:I,. [dB(a)

Loy space and tirre averaged sound pressure level in one-third octave band n
{time constant: fast) [l
Lo background nose level in ane-thed octave band n [dB]|

016N

A==3 sound absorption area of est «gom for ene-thind octave band n [
W volurme of test room ]
Tn reverberation time of test room in one-third octave band n sl
kA, A-weighting for ane-third octave band n [E]

It the differerce batween the measured ane-third octave level aad the backgrowsd noise level & less than
3 o, the correction for background noise will not be performed. Instead, the measured background noise
level will be used as test result {2s largest possible value). The total sound pressure level & obtained oy
enargatically adding the ane-thirg octave vahsas

(@ basiin )
@ L,,_.I,,,=1-:J-|q\ g 10 J Idista)

n=1

wihiera nindcates the numiber of one-third octave bands from 100 Hz ta 5 kHz, The cakulated lewel Lu g
CoTesponds 10 the sound pressure level thal would arse in a sparsely furmished recaption room undar
otherwise egual consitions, The value (L ol represents the installation sound kvel Ly (00 Lamend In the test
taciity.

In this casa, the measwerment signal comsists of & series of one-third octave spectra frequency range from
10 Mz throwgh 5 kHzh which are corsecutively measured at the same place with a time interal of © 138 <
The evaluaton i performed in the same way &5 in the case of statianary noise, with the exoeption that
backgrownd nobBe cormecticn is nol performed, After avaluation the maximum value (La e i5 detarmined
from the messured time response.

Stalus: June 13, 2000
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Annex P

-

Sectional drawing of the installation test facility m the Fraunhofer-institute of Building Prysics {dimersions given
n m). The test facility comprises two couples of rooms in the grownd floor (B4G) and in the basement (UG) that
arg located above gach other. Due to this constrection, incuding the top floor (DG} and the sub-basement (1G],
itis possible to perform tests on installation systerns which extend across several floors, .. wastewwater instal-
lation systems, Thie installation walls in the ground floor and in the basement can be substituted accorgding to
actuad requirements. In the standard case, single-leaf solig walls with @ mass per unil area of 220 kpdmd {accond-
ing to Garrman standard DIM 4100) are used. Since the sound insulation of these walls do not meat the require-

mienits to be fulfilled by a wall separating different cooupancies within the same building (R

2 53 di), the nexi

adjacent rooms to be protected from noise are located diagonally above or below the irstallation roam {in cass
of a usual dessgn of the grownd plan], Due to Hs double-leal cormstruction with an additional structure-borne
stund indulatcn, the installation test fadfity is particularly swited for measuring low sound pressure leves. The
mieasuring rooms are designied in such a way that the reverberation times are between 15 and 2 5 within the
emamined frequency range. The flanking walls, with an average mass per unit area of approximately 240 ko,

ate macde of concrete

Statug 33 hase 2000
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Fraunhofer-instituutti Wavin AS+, akustiikkamittausraportti P-BA 63/2019e

Fraunhofer-instituutin suorittama akustiikkamittausraportti Wavin AS+

-desibeliviermarille Aanta vaimentavilla Wavin Low Noise liuku- ja kiinteilld kannakkeilla.

Determination of the Acoustic Performance of a Wastewater | P-BA 63/2019
Installation System in the Laboratory according to EN 14366 | pesuits sheet 1

Client: Wawin T&I, Rollepaal 20, 7701 BS Dedemsvaart, Netherlands

Test specimen:  Wastewater systern “Wavin AS+, DNAOD 110 % 5.3, 05.11.2018" {manufacturer: Wavin). The
wastewater system consisted of straight plastic pipes and fittings and pipe clamps *Wavin Low
Maise bracket® with elastic inlay and spacers (manufactured by Walraven) mounted as sliding and
fizing clarnps. Test ohject po.: 11065-10; see figure 4 and 5.

Test set-up: - The pipe system was mounted according to figure 4 {see also Annax A).

- The system consisted of wastewater pipes (nominal size 00 1100, three inlet tess {87), bwo 45°-
basement bends and a hovizontal drain section. The inlet tees in the baserment and in the ground
floor were dosed by plugs supplied by the manufacturer,

- Bipe system; “Wavin AS<+, DWOD 1102 5.3, 05.11.2018": Three-layer pipes: Material PP, wall
thickness 5.7 rm, waight 3.45 kg'm, density 1.87 g/om?, values measured by IBP One-layer
fittings: Material PP, wall thickness 4.8 mm, densty 1.85 gicm?, values measured by |BP, Plug
connection of the pipes and fittings (shaped pipe sockets)

- Pipe clamps; Steel pipe clamps *Wavin Low Moise bracket® with elastic inlay and with spacers
(manufactured by Walraven) mounted as shiding and fixing clamps. In every starey (EG and UG}
two pipe clamps were installed. In the upper wall area one clamp was mounted as a sliding
clamp with one white spacer (15.3 mm) on bath sides of the damp. In the lower wall area ana
clamp was maunted as a fixing clamp with one black spacer (10 mim) on both sides of the
clamp. The clamps were fixed to the installation wall with dowels and thread rods (figure 5).

The wastewater installation systam was mounted by a technician under the authority of Fraunhafer

1B,

Test facility:  Installation test facility P12, mass per unit area of the installation wall: 220 kg/m?, mass per unit
area of the ceiling: 440 kg/m?, Installation rooms: sub-basement (KG), basement [UG) frant, ground
fioor (EG) front and top tooe (DG), measuring rooms: UG front, UG rear {details in Annex P and EN
14366: 2005-02).

Testmethod:  The measurements were performed according Lo EN 14366:2005-02; naise excitation by steady
water flow with 0.5 s, 1.0 ks, 2.0 s and 4.0 ¥s. Additional evaluation for comparisen with
requirernents following German standards DM 4109:2018-01 and VDI 4100: 201 2-10 {detads in
Annexes A, F and )

A Wastewater systermn “Wavin A5+, DN/OD 110 % 5.3, 05.11.2018" Flow rate (1]
(manufacturer: Wavin). The wastewater system consisted of straight
plastic pipes and fittings and pipe clamps *Wavin Low Nose ;
bracket” with elastic inlay and spacers (manufactured by Walraven) | 0.3 | 1.0 | 20 | 40
maunted as sliding and fixing clamps.
Airborne sound pressure level Ly [dB(A)) "
according to EN 14366 for the basement test-room UGtront | 41 | 46 | 48 | 50
Structure-borne sound characteristic lavel Ly [dB(A)]
according to EN 14366 for the basement test-room Ubsrear: | etol1es| 7820) 17
Installatian sound level Lisg, [HBIAY] UG fromt G 46 | 48 | 50
following DIN 4108 in the basement test-room UGrear | <10 10 | 1a | 19
Installation sound fevel Ty (dB(4)] UGfront | 39 | 43 | a5 | 48
following VDI 4100 in the basament test-raom UG rear <ol <ol 11 16
Test date: April 17, 2019
Naotes: - For comparing test results with requirements nate Annex A,

2 Fraunhofer

T Stuttgart, May 14, 2019
Head of Laboratone:
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Fraunhofer-instituutti Wavin AS+, akustiikkamittausraportti P-BA 64/2019e

Fraunhofer-instituutin

suorittama akustiikkamittausraportti

Wavin AS+

-desibeliviermarille danta vaimentavilla Wavin Low Noise tuplakannakkeilla.

Determination of the Acoustic Performance of a Wastewater
Installation System in the Laboratory according to EN 14366

Results sheet 1

P-BA 64/201%

Client:

Test specimen:

Test set-up:

Test facility:

Test method:

Result:

Tast date:
Mabis:

Winirs T&|, Rollepaal 20, 7701 BS Dedemsvaart, Metherlands

Wastewater system “Wavin AS+, DNAOD 110 £ 5.3, 05.11.2018" (manufacturer; Wavin), The
wiastewater system consisted of straight plastic pipes and fittings and pipe clamps “Wavin Low
hoise bracket” with elastic inlay and spacers (manufactured by Walraven) mounted as acoustic
double clamps. Test object no.: 11065-11; see figure 4 and 5,

- The pipe system was mounted according to figure 4 (see also Annex A).

The system consested of wastewater pipes (norminal size OD 110), three inlel tees (87°), two 45°-
basement bends and & horizontal drain section, The inlet tees in the basement and in the ground

floor were closed by plugs supplied by the manufacturer,

- Bipe system: “Wavin A5+, DWNAOD 110 2 5.3, 05.11.2018°: Three-layer pipes; Material PP, wall

thickness 5.7 mm, weight 3.45 kg/m, density 1.87 o/cm?, values measured by IBP. One-layer
fittings: Material PP, wall thickness 4.8 mm, density 1.85 g/em?, values measured by IBP, Plug
connection of the pipes and fittings (shaped pipe sockets),

- Bipe clamps: Steel pipe clamps “Wavin Low Moise brackel® with elastic inlay and with spacers
(manufactured by Walraven) mounted as acoustic dowble clamps. In every starey (EG and UG)

twio pipe clamps were mounted: In the upper wall area a single guidance clamp with ane white
spacer (15.3 mm) on both sides of the damp. In the kower wall area a double damp consisting

of a suppartingfguidance clamp with one white spacer (15.3 mm) on both sides of the damp
and above a fixing clamp with ome black spacer (10 mm) on both sides of the clamp, The

supparting and guidance clamps were fixed to the installation wall with dewels and thread rods,

The fixing clamg had no contact to the wall (figure 5)

The wastewater installation system was mounted by a technician under the authority of Fraunhofer

[BF.
Installation test facility P12, mass per unit area of the installation wall: 220 kg/m?, mass per unit

area of the ceiling: 440 kg/m?. Installation rooms: sub-basement (KG), basernent (UG) frant, ground
fleor {EG) front and top floor (G), measuring rocms: UG front, UG rear (details in Annex P and EN

14366: 2005-02).

The measurements were performed according to EN 14366:2005-02; noise exciiation by steady
water flow with 0.5 Ks, 1,0 Us, 2.0 s and 4.0 Vs, Additional evaluation for comparisan with
requirements following German standards DIN 4109:2018-01 and VDI 4100:2072-10 {details in
Annexes &, F and V),

Wastewsaler systern *Wavin A5+, DMNOD 110 2 5.3, 05.11.2018"
(manufacturer; Wavin}. The wastewater system consisted of straight
plastic pipes and fittings and pipe clamgs “Wavin Low Noise
bracket® with elastic inlay and spacers (manufactured by Walraver) | 0.5 [ 1.0 ] 2.0 | 4.0
as acoustic double

Flew rate [Vs]

Airbeone sound pressure kevel L, . [d8(a)]

according to EM 14366 for the basement test-raom UGHant | 41 | 45 | 48 | SO

Structure-barne saurd characteristic level L [dBUAY]

according to EN 14366 for the basement test-room UG rear <10 | <10 | <H | 10

Installation scund level Lapga [dB{AY] UGfront | 41 | 45 | 48 | 50

following DIN 4109 in the basement test-room UG rear <10 | <10 | <10 12

Installation sound level Ly, o7 [d8(]] UGfrant | 38 | 43 | 45 | 48

following VDI 4100 in the bassment test-room UG rear <10 | <10 | <10 10

Agril 17, 2019
- For comparing test results with requirements note Annex A

- The above-menticned measurernent results require careful assembly of the ppe damps (see test set-up).

22 Fraunhofer C

The test was carried cut in a labaratory, acored
17025:2005 by DAKKS, The a itation g

1BF Stuttgart, May 14, 2019
Head of Laboratory: e
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Fraunhofer-instituutti Wavin SiTech+, akustiikkamittausraportti

Fraunhofer-instituutin

suorittama

akustiikkamittausraportti Wavin

-desibeliviermarille aanta vaimentavilla Bismat 1000-kannakkeilla.

Test Report P-BA 24/20166
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SiTech+
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Determination of Installation Sound Level L. PoEA 24420760
in the Laboratory Resuains sheat 1

iank

Teat sE9-Up

Tiast facility;

Tt method:

L

Test spisdivian:

retaatiars sound vl Lag, L) fB1AY
B Fraun

Wawin GmbH, Indusinesinlae 2, ATTE7 Tert

‘Wastewaler imtalation sysbem comiting ol pltc pipes and liniegs *S@Taghe, O 1107
manulacture: Wean with mpe camps "Bemat 1000° mads by Waltsan (i % 15085

The wasie water pige spsbam "5 Tachs, 00 1107, manufeciures: Wean, condvied of
siaght Eiger with rommel sipe (0 170, matenal: three bpers of polyanopybers iminenal ],
wl thickness 3.4 mm [medsusal: 3.7 s, density: 1.3 gimd,

liztings wath nomina sice 0D 110 (three niet ees @110, £7.5%, # » 45"t bend and &
Feneontal dran ssction), matdnat snghe bges polprogdene mmeral hled), wal ibckness

Z4 mm jrmasored: 3,6 mmil densty: 1.5 phom?. The infel s 0 e Basemen| sl in Be
grourd flioor veere doesd by ks suppiiad by the rmamafaciuns, Phg connection of the pipes
and fittifegs. ‘Wabas ae manufactieens’ nfomation.

Fpe clamps "Btsmat 1000° mada By Waltneen G figuee S Stucture-bome sound irwilaiing
suppofl allachmenl coraiting of Bsmat "5L" guidance chamis and Brinal “5X° socket
clamgs. The clames veena Tesed o the rstalaticn well with an sdusiable wal plate wits dorssk
il thresacd rods. In mech shoney G and LKG) v clamps weero imtalod, in the upper wal areg
ore "Biamiat D0D0" e i bad 4 loose clamp igoidance clamg "5, DM D0 i this ke
wall area one “fiamat 10007 doubk: clamp consisting of Biemat “SL° quadance clamp and
Besma " 53" sncke clmp i nstalind, To prevent contact to the pipe, al gudance clamgs
*3L° veere mounted with: spacers etsoen boih ke of e leking tab of the clamp

2w 7.5 mmn, hlack)
The weastesvater imballation spstem was mounted aooendisg 1o ligure 4 snd % [see sl o e A,
by a technician wider the authanty of fepunbole BP.

insiallation iest fackty P12, s ger unil ares ol the insteliation walt 220 ki, miss per yni
red of 1he ceikncy G40 kgim®, inslallaton room: BG front; mesaning rooms: UG boee, UG msr
and EG redr. (For further dhetak, pleeee reler to Sone P and BN 14366: 200503 )

This miscunaments were perfomed folwing German standard D100 and EN 165 noks
ERctEson by Sonstant vaabe® B veith 005 b, 100y, 2.0 s and 4.0 bs (detaks in Anesear &, F)
Agchional cabouations ol the messurement vk sooondieg VDN 2100 JAnms Vi

st Dk pipd BStan “SiTechs, 00 1907 meade by Wasn Flives rata J45]
with pipe clamps " Eeman 1000° mads by Wakaven, 65 | 1ol 3nl as

g LG Tigen 45 | 50 | 52 gL

soc. DIN 109 for the hasamsnt 165l ¢
ter [ Bz UG e =015 § 15 | 15

g
. sound level Toowy [dBUAT] LG T a1 | a7 [ 48 | 53

VAN 4100 [ the besement test room I._,.;,,ﬂ, o 11|12 | 18

Al horrm spund pressune bese Lo [dE08]] acc. EN 14368 ab | =0 | =2 | 55
Stnucine:borr wound charadir s bevel Lo (A s EN 14368] <10 | 17 | 12 | 1%

2B Cutodier 2045

- Thiz reguiriments al Cevman standard O 4709 apply 0 the present buiding sty stion only Tos
e D Poalime UG s

- Sourd krests hidora 10 dBA) are not mersoned in the it nepon, sinos Teyp am spbiact o an
ncreased masaremen] oncerlsinty and moneoer ane not nedoea i a nrmal lng
AT Vel

-+ For e espeimenial siup reestigated i de ses) acility the ussd supporting and feadina) g
Biamat 1000 noeina by doesn't guarenbee 2 reaksic kad rensmision. Corsaquent y, inocee ol
pracical sppboation in a real bicklng, fegfear keets ol natallabion noise may be cpected

l F 125 005 by Dotk . Thie accrodklatisn camilicals mel-PL- 101
HFI'H'I.II'I .l: Shyiigart, 05 February 2016 II_- Fﬁm

The tasi wes Camed oul in a bboratory, aocrecileg mrpadicg o DI EN |1509BC

Fead of Laboraton:
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Dretailed results P-mA 24/ 3016p
Chenl: Wawn GinleH, Indy sinevieplle 20, 49767 Tt ligure 1

50 T ! I
] 0 Ly 55 dHGA)
7 [} Lis: 52 dB(A}
1.0 U5- 50 dBiA}
=15 15 A6 dBLA]

o

installation soure lewed [dBIA]]

20

10 .{f -
a

an

T |
=o=a. 5 19 dalA)
e 015 15 B
=1 0 b 15 dB{A)

= =15 b 11 dBCAY
z
=
z ji[E]
B
3
E o
B
-
=10
. I

&2 125 250 0D 8 2000 4000 B0DD0
one-third octave center frequaency [Hz]

Frempuensy respores of the irstalbyton sound Bvid Lusgs (el misssaniad @ s o rates i ihe
tesil o LKs ront | sbaee; snd UG resr oo, The: installanicn won i beavds Lie, . (Le n d248)
act, [l 910, for the freguency range dom 100 to 5000 B, are tepesssied in 1he legerd.
Il specanen: WWestesaber pamtic ol pe #3iom " STech+, D0 110° fadks ke Wirem wih pipe
clampe " Ramat 1000 o guedence clamps "S0° with Spacan 2 o 75 mind " i by Walrasen

The test was carviad out i a liboraleny, mredied scoording to DIN BN IEDAEC
TPO3E: 2005 by DAkES The aered Balen torlfcse = D-PL-01140-1 101

£2 Fraunhofer
1EF
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Detalled results

Cliend: Woran GmibH, indkrtriestiralia 20 457067 Tvast

P-BA 2430 Gi=
fogure: 2

sl

-D-I-i 0 b é‘:- -:"J?l:.l?'ill |
=i—1 0 Ifs: 52 dELn)
—a= 1.0 U's: 50 oA
e 0.5 U5 G GRS

1y

20

1}

airborme sound pressione kevel [dB(A)]

L= ]

i | |
=20 I 15 dBjAl
e 501 1T B
=00 e 17 dBA)

=05 5 <140 d81A]

m

\

structisne-bormse soand charscteristic lewel [dBA)N

K

LE

Frospars N TSR iof B artome sound prasLTe M Ly s Galaail ared strucioes-bome sound
charas lertic bl Lo (bebond messunsd ot vaicais Dhee ralis acconing i EW 14366, The sirghs
widisrh g, EH 12568, for the freguency mnge from 100 e 5000 He, ene represenied in thi lgend
Tixsd djesiimery Wasiewaier plastc pipe sadam “STecks, 0D 119° made by Wimar wAth pags
clasps “Armat 10 & quitance damge " SL° st spaded |7 x 9.5 mm) o made by \Wakaven

15 250 500 1000 3000 4030 BOOO

gre-third octave center frequanty [Hel

5 Fraunhofer

The best was carmiid it in a labdepliony, acorediied according do O EM S0AES
170252005 brp DARES. TFe addridiiabon oot cate s O-PL-1 0 1400 1-01
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Detadled results

Chent: W GmbH, Indusinesiialle 20, 49767 Tard

P-BA 24030160
figure 3

wiall structural gensitivity bevel [dE]

Wall structural sensbwtty lesa! Ly, o the nstallation veell betwesn the best oo LG fremt and UG
gy i the insta Bebon e 1aciiny in e Fraunhofarnebiute of Buld ng Pragics. The mylslaion wal
torants ol caloum siicaie blecks {thakrigry 105 e=m, oeded on boih sk with & mima pET LN anea
al 320 kiR, The ndicaied Slrugiusal sorsint (el Lo, relers o ihe kil geesition of the
wrste yaber gystem aoconding 1o Tiguie A, For comparison the wall stractu il serilaity el Lo of
The: rederance val | i also indica tid [vaislion scoording o DIM BN 1436E6) ]

Tesl specimen: Wasiowates plasts g wslin “Silech+, D0 110" mada by Weran with ppe
clampe *Bsmat 1000- 2 gud.il'r:'-i- clafps “SL° wath wacers O K TS )" e |;.!, W'l reren

IRl

\\\

i wil

I AN
O

i3 1% %0 =00

orw-hird orkoye cen

& Fraunhofer
(1

1000 2000 4000 H000

ter frequency [Hz]

Thir tesd vass camied o in 3 aborary, a0 il ) rordng io O EM IS04ES

1702 5 2041 by Dy kS, Thee 2ccrod

e an Cormileate iy C-PL-111480=-0 101
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Test set-up P-BA 2 H G
Chenl: 'Wavn GmbH, hdustredrabe 50, 39067 Tl figure 4

-'E:I-——a.h‘)'z'-‘ walier inlrockiction $
. Y :
iniet tee By a3
|;!||:|.l11|]r33- w §+ $¥
DG H il
i =1
| al
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Biemal 1000 5L i ]
1
idance and sockel o
g s e @_:ﬁ — :
&
o 1ef |
EG raar i Y4 1 EGfont
|
|11 e
ingtaflalion wall i
220 kgim® s | |
R 2
@ fe®
UG rear , UG front
1

T,

(L PR

"I

_—

= e o T

12 % 457 I N o the walor
sclion miabad G0° i receplade

thiz represeniaban
Inatal lathon plan ol thie pest wt-up in $ae s Lkt

Tk SRALimTs Wattawianier planic pige petasm “SilTechs, OB 1107 made by 'Wawn with pioe
Clamps "Bemat T0E- all guidarce damge “5L° with sgaten {7 x 7.5 mml® made by Waksseen,

The st was camied out in @ leboratony, socredied sccovding 4o DI EY EOAEC
1P0FS 20605 by DAEKS. The acored ation cerif caie s DsPL-11140-11-08,

=4 Fraunhofer
154
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Test set-up

Llsnk: Waan GanbH, indusinesirale 20, 49767 Tvas Tigure 5

P-BA 2420180

O Upper veal ares with Pipe clame * Biamat 10007 made by Wslimen Loose clamgs paidines
clamg "5, [ 100, it Dvan spacers o each sake 02 2 75 mm, black]
Liofen: Losver wall area with Pipe clamp ®Bramnar 10007 rrachs by Wakaven, Doubde Clae P CornERting

ol fmet "5 quidance chymp (DM 1000 with ke soacers on ssch side (2 % 7.5 mm, black] and
Bt "5K " socket clamip (DM 100 il i

Lot s imen: Wasteswater plastic fipe wslin “SiTech+, (X0 1107 made by Wiardn with pipe
clamps "Hemat 1000 all guidance rlangs. “51° with spacen O 5 7.5 mim)" mack by Wl e,

23 Fraunhofer

Thee linid, woars carviend cart in @ Laboratony, accredied sooonding o [ EN SO0
TP035: 2006 by DAKES. The accred tation conlicata & DFL-11 540-1 143
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Fraunh ol e bt Tir Bauginesik AN A,

M e surisa il s6%-up, roiie mxcitation and eval i paensale s

N AT T H T T

In the waler-irsialiaion wea-lckny run by S fraunboler e of Bulding Prasics, 3 doan pige i el
Veaadineg szt the fep flonr (DGF down vo the subebasarment (061 llor Turther detaib, peme e annes B, This
ooean ppe B conmeecied 100 (00 1900 water inket pipe on the op-fioor lesel The watir is ninoduced trough
an E-sheperd bend soroeding o the slzndand BN 14386 In P subsbasement, the down pips & connacied 10 a
berd {2 845 dogecad, el bl and merges inio 4 honzomizl decharpe section, which in tam & joired in 8 s
tecepiache. The wasie-wainy pipe on e grownd Ao (TG] and in the besemant (G B fied vwith comastianal
branchees f=om main fnes (usaely, D0 1100 Pipes and linings e sounbed acconding m the intnicions geen
by the manulaciuser. The sn gagd beeteeen $oe tube end Tloor in the enirance and ekl opening. are shrtied
with proegus shsorber N onder w0 prawanl any Slrucunsbosre sound brdges nflenong the B ding. Tha walis-
wealer pipng & Lastened o the imstaliion wall Imass per whil surlace o = 200 bghr?] by moams of ppe damgs
supplied oy the Chenl, which are adepted fo the edernal dismeter of the ploes. Thie bcaticons of the wation
painti and lurther dimensions ane specified in te nnalaksn ple that s indude in the =t epor

ot eactaton pnd el o paramELs

Any debinad and imeiiingical reproduchds nole eecilaton rogunes Saarty st fow mordsons iresde the
WAL s A the nose genesltion bn wardo walin Seass depends on the Tl rade, rose
MRS TenS A ot oeeid ar wnseral Sove rales Qeahich e hypcally ENOCUAIE in PR

(1 Qe=d51E cxvnponding 1o G = 30 Limin,
W Qe 0L, oomespon dineg 1o G = E0 Lisin,
Al Qa0 onresponding io G 830 Brin,
M Qe DL, omempending to 0= 2400 Bmin

Hase, a T rede of 0= 2,005 mughly conependh. 1o she sverage Trw ceie requined for Tehing 4 kb
According 1o FrandibColebenot, the highas (e rane weed resulls fiom the admimible rpdraulc charga of #e
heripamal pipe soctions, which is Qe = 4 I for G0 110 pioes.

The MaISUNANEE ke plate in the imstallation moom (UG rant) and in th isain Behind the irstelfston wall
LI reer). The waler firw parera es. sibraloss ol the wetmysisr ppe. Thess sibratores g rnemised s the
incalabiory weall thrragh pipe clamps andioe aiber struciune-Toime sound bridge (eg fiee prosecton dose,
ol e rod inied by thed vl Gasud 1o @ e ecient, also by the adjoining bulkiing pamsd as & ibome sond inig
ther tex] mom behind 1he nstaliaion wall. in dwe es] mam LG font scdtionally The srbama sound which i
rachaied 1rm 1he wasle weler wsiem is messored. According 1o BN B0 1403 the sound presuie ke &
pried up &t e point in e nom, 0 e space and Sme-reeraged and conected K e ek ioend ross.
Wit this walue e pirbome sound pressis level Les and (e shiugiure-bome sound charsciensic kel Lo, is
caloulned according to BN 14068, The insiallion sound keesl & detarmined lolloaing Annes F. TRomoby Tha
voned L 5 equivalen wo the irldletion murd el Le (07 Ligs) a0oeding 10 BN 52100, DN BN 5D
T005F, DAW 00501 and O 4108,

St o 5 e 1050
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Fraunholerdnsting G0 Bauphysit Arnn F

Evalartion o MEasiingivents

SN T

T M2 st prissace kvl o given a5 dme and 5oace svenagoed o Find oobnee spacinm n he
Ireapeonecy N tefwsen TG Hr and 5 kH2. First, Tha imaasuniad wabe & eomecied for keckgimund nose.
Subrsenuenily, if B nonmakzed (o an sk sousd absarpticn area of S e 10 m and A-we phiod:

| Ly by A
n l.-._....=.='ll.‘.--|l;|l1il":' =108 e Mg kA, BT
; g
Lea i annd b e agesd ound PEELeE kel i coe-tied ccles band n
{lime comdant: ey [dE]
Lag hackground noise leved in ore-Traed 0 Lree band n [dEg
.ah_l:l1::--'-' sound sbacipiion aradof Wl rodm for one-fhed oclaee bend n =]
T
W sl o fey] room im'l
Ta rireriEmeption 1ime of 1051 A0 i onie-gtrd octres band n ki
kA Aoy ring [oe o thind o tases band n ||

i the skHerence between the missuned or-thisd ool fevel and the backgran ot ksl ks than
b, the comextion tor backgioand s will not be perbormed. inskai, s nisrused background nose
vl vl b i i Ll il s Lyt possinds valual. Thie 1oka ] soured geirs,ms beeel i pbiainesd by
erivgetialy adifng the onethisgd ooee wilies

! Lusi i
(r ] Liga =10- im L] ] e
ral

whese n indicatis 1h rumber of ore-thind oot bands from B0 HE o 5 kb The caloulsied fevd Lo
coarapofichi 1 e sound pressure besed that winskd s in @ spanely fumithed secepiian room wnds
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Fraunhgier-anstitiie {or Buikdng Phepsas Anree Y

Fage 1ol 4
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Frauchofer-Institute for Buildieg Mhysic Anne ¥
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Fraunhofer-instituutti Uponor Decibel, akustiikkamittausraportti

Fraunhofer-instituutin ~ suorittama  akustiikkamittausraportti Uponor  Decibel

-desibeliviermarille 4anta vaimentavilla Bismat 1000-kannakkeilla.

ZZ Fraunhofer

IBP

natibutaon Tof Besting, supereian
ardd cariificasion, cfficaly
= recognized by the building superedany
Test Report P-BA 158/2015e recogrized by the ulding penisn
matenals, comporents and types of

Determination of the Acoustic ot
Performance of a Wastewater e A—
Installation System in the

Laboratory

Client:  UPOMOR Infra
Kouvalantie 365
15521 Mastola
FMLAND

Test abject: ‘Wastewatear installation system consisting of plastic pipes and fittings
"Uponor Decibel™ [manufacturer: LPONOR Infra) with pipe clamps
"Bisrmat 1000° made by Walraven

Contant: Resultssheet 10 Summary of 1est results

Figures 1 to 3: Detailed results

Figuesd and 5 Test set-up

Arini B Measurernent set-up, noise excitation, acoustic
parameters

Annex F Evaluation of measuremenits

Annex P Dascription of the test fac'|||1‘:,l

Arirea Aagessment according to VDI 4100

Test date: The measurement was carmied cut on July 14, 2015 in the st
facdlities of the Fraunhofer Institwte for Building Physics n Stutigart.

Stuttgart, Decernber 23, 2015
Resparsible Test Enginear: Head of Laboratony:

PR B':Ka!ﬂt%?rau:iwfur MEBP. Dipl.-Ing.(FH) 5. Ohler
L o 45
‘\,\‘:---. .’)

i ——a

o .

%,

The terst was carmied out in a laboratory, acredited according to [N EN 1SOMEC 17025:2005 by DAkKS. The
accreditation certificate is D-PL-11140-11-01.

Any publication of this document in part is subject to written permission by the Fraunhaotber Institute for
Building Physics (IBF)

Fraunhafer-institut filr Baaphysik Friifstelle Busshustik urd Schallimmissionsachuts

MobeistraBe 12 - 3-FI569 Stngart Mobelstala 17 D-TOSE9 Stutigart

Telefon +28 40 711470-00 Telelon =490 711/970-3314; Fai -3406 lI DAkkS

Telels =£% (00 711470-3335 akustk@ pb-fraunhaofer.de i S aare
wanw bp Frauroder de wwew, Ip fraunkcder deddedproefsiellendbeuskutic biml P
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Determination of the Installation Sound Level L, in the P-BA 158/2015e
Laboratory Resufts sheet 1
Client: LUPONOR Infra, Kouvolantie 365, F-15521 Mastola, FINLAND

Test spacimen: 'Wastewater installation system consisting of plastic pipes and fittings *Uponor Decibel®
{manufacturer: Uponor nfral with pipe clamps “Bismat 1000" made by Walraven. (et object no.
10834-2; see figure 4 and 5)
Tast set-up: - The pipe systern was mounted socondmg to figure 4 (see also Annex A).
. The system consisted of wastewater pipes inominal sze Q0 1100, three inlet tees (457, two 45%
basernent bends and & horizontal drain section. The inket teos in the basement and in the ground
floor were ciosed by lids suoolied by the manufacturer.

- P clamps " Bisrnat 1000° {figure S Structura-bome sowssd insulating support attachment
corsisting of Bismat 5L guidance clarnps and Bsmat SX socket clamps. In each storey [EG and
Ui3) respectively ore doubile clarmp was installed at the kwer wall area. To prevent contact to the
pipe, the guidance clamg (5L} was mounted with 14 mm space between the loding tabs of the
clamp [hee 7.0 mm spacers on each side), At the upper wall area one *Bismat 5L° was mounted
as loose camp [bwo 7.0 mm spacers on each scde) without contact to the pipe (figune 5. The
Bisniat 1000 clasnps were fag 1o the installation wal with an adjustanle wall plate with dowels
and theead rods.
The wastewstar installation system was mounted by a technician under the authority of
Fraunhoter IBP
Test facility: Irstalation tesy facilicy P12, mass per unit area of the installation wall: 220 kg/m?, mass par unit
area of the ceiling: &40 kgim?. Installation rooms: sut-basement (LG, basement (LG) front,
ground floor (EG) front and top fleor (DG), measuring rooms: UG front, UG res [cetails in
Arnex P and EM 14366: 2005-02)
Test method:  The measurements were parformed folowing German standard DIN 4109 and EN 14366: naoise
eacitation by constant weatar flow with 0.5 1&, 1.0 6%, 2.0 Us and 4.0 U's {details in Annexas A and Fl

Result " Uponar Decibel” (manufacturer: UPOMNOR Infra) with pipe clamps *Bismat 1000 made by
[Waikraven.
Fleves rate [|.I'S|I ns|10]20) 40
Installation sound kevel Lisga (La) [dB(AY) eccording to DIN 4109 a4 | 47 [ 50| 53
ffﬂ—"—— tmpasured in the basement tast-room UG front
i | ion sound 1evel Lisa (Lad [dB(5)] according to DIN 4108 <10|<10] 13 | 19
f.* ..';’___ m in the basemenit test-room LG rear
[ . =50 Freun hipihsislation sound leval T, 7 (L) [dBi&)] according to VDI 4100 47 | 45 |48 | 50
\ IL\\ m in the basement test-roadm UG front
o Instaation saund level Lafe o (Ll [dBLAT] according to VDA 4100 <10 <0 10 15
- red in the basement test-room LG rear
Airbarne sound pressure el L« [dBiA)) sccording to EN 14366 44 | 47 | 50| 53
in the basement test-room UG front
Siructufe-bome sound characteristic kel Lo [dB{A)] acconding to EN 14366 | 10| <10|<10] 14
in the basement test-room U rear
Test date: July 14, 2015
Motes: The requiremants of D 41009 and VDI 4100 anly apply for the test roam LG rear.

- For the experimental setup nvestigated in the test fadlity the used suppaorting and fixing dips
Bisrmat 1000 normaly doesn't guarantee a realstic koad transmission. Consequently, in case of
practical application in a real buliding, higher levels of installation noise may be expectid.

. Sound levels below 10 dB{A) are not mentioned in the test repaort, since they & subject 12 an
nereasad measurement uncertainty and morecwver are not notceable in a normal living
arvironrment

Thee test wias carried out in a laboratary, accredited according to DIM EM IBOMEC
17025: 2005 by DAkKS, The accreditation certificate is D-PL-11140-11-01.

4 Fraunhofer \
Stuttgart, December 23, 2015
- (o

Head of Laboratory:
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Detailed results
Clhient: UPOMOR r-‘ra. Kouvolantie 365, F-15521 Mastola, FlLARND

P-BA 158/2015&
figure 4

water inlet

i
inlat bee )
100/100/88° (), ) § g
@ 2 T
DG | ey
i
i &
installation wall pipe for testing T
220 kglm® 2
=
EG rear EG front
2
upper clamp (43—
installation wall
220 kgim? =
lower clamp (31— §
inlet bee
100100 F 88

UG rear

2 x 45° basement bends

Installation plan of the test set-ug in the 1est facility. Upper clamps@)"ﬂismat SL7, lower ;Ialnuﬁ}
“Bisrnat 1000", cormisting of Bisrnat 5L guidance damp and Bismat 5X socket clamp

Test specimen: Wastewater installation systermn consisting of plastic pipes and fitings * Uponor
Decbel” {manufacturer: Uponor Infral with pipe cdlarnps " Bismat 1000° made oy Walaven.

section ratated in
this representation

—

b the water
receptacle

=4 Fraunhofer

The test was caried out in & laboratory, accredited according to DIN BN ISOAEC
17025:2005 by DAkkS. The accreditation certificate is D-PL-11140-11-01,
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Detailed results P-BA 158/2015e
Client: UPOMOR Infra, Kowvolantie 365, F-15521 Mastola, AMLAND figure 5

Upper picture: Fipe clamg *Bismat 5L, loose clamp* {twa 7.0 rmm spacers an each side}

at the upper wall area,

Lower picture: *Bismat 1000°, consisting of Bismat 5L gusdance darng wath two 7.0 mm spacers on
each side and Bisrnat X socket clamp without spacer at the lower wall area.

Mounting details see test set-up.

Tesl specimen: Wastawater installation system consistng of plastic pipes and fittings " Uponor
Decbel® {manutacturer: Upanoe Infra) with pipe damps “Bismat 1000° made by Walrawen,

The test was carred cut in @ laboratory, accredited according to DM EN ISOAEC
H 170252005 by DAkkS. The acoreditation certificate is D-PL-11140-11-01
Fraunhofer

(].1L3

metropolia fi ﬁr MEtI"OpOIia



Liite 8
5 (6)

Fraunhofer-Irstitut fir Bavphysk Annex A

Measuremant set-up, noise excitation and eveluation paramelers

Idegsurerment set-up

In the water-installation test-facility run by the Fraunbofer Institute of Bulding Physics, & down pipe & instabsd
leading from the top floor (DG} down to the sub-basement (KG) (lor further details, please see Annex P, This
down pige i connected to a {00 1100 water mlet pipe on the top-floor level. The water s introduced through
an S-shaped bend according o the standard EM 14368 In 1he sub-basement, the down pipe & connected to a
bend (2 x 45 degres, uswally) and merges into a horizonial discharge section, which in turn is joined 10 a warter
receptache. The waste-water pipe on the ground floor (EG) and in the basement (LG) is fitted with conventional
branches frorm main lines (usually, OD 1100 Pipes and fittings are mounted according 1o the instructions given
by the manufacturer. The air gaps between the tube and floor in the entrance and exit openings ane suffed
with porous absorer in order to prevent any structure-barne sound bridges influencing the buildng, The waste-
water piping is fastened to the irstallation wall imass per unit surface m" = 220 kgim’) by means of pipe damas
supplied by the Clent, which are adapted 1o the extemal derneter of the pipes. The locations of the fisation
points and further dmensions ane specified in the installation plan that Is included in the test report.

Ay defined and metrological reproducible noise excitation requires steady state flow conditions irside the
waslewater plpes A5 the nolse generation in waste water systerns depends on the flow rate, noise
rreasurements are performed at several flow rates O which are typically encountered in practice

(11 Q=05 ls, comesponding to & = 30 Vmin,
(21 Q=105 comesponding to 0 = &0 Wimin,
(31 Q=205 comesponding to § = 120 lnin,
@ Q=4.0U% coresponding b G = 240 ¥min

Here, a flow rate of Q= 2.01% reughly comesponds o the average flow rate required for flushing a todet.
According o Prandi-Colebrook, the highest flow rate used results from the admissible bydrauiic charge of the
haripontal plpe sections, which is Qmay =4 Us for 00 110 pipes.

The measurements take place in the installation room (UG front) and in the room belmd the installation wall
(UG rear). The water flow generates vibrations of the wastewater pipe. These vibrations are trarsmitted to the
installation wall through pipe clamps andfor cther structure-borme sound bridges (&g fire protection seeves),
and then radiated by the wall (and to a lesser extent, also by the-adjoining building parts) as arorne sound into
the test roam behind the installation wall. In the test room LG front addtienally the asbome sound which is
ramhated fram the waste water system is measured. According 1o EN 50 140-3 the sound pressure level is
picked up at sk points in the rcom, to be space and time-sveraged and correcied for the badkground roise.
With this value the airbome soured pressure leval L. and the sructure-borne sound charactenistic beval Lea is
cakulated according to EM 14366, The mstallation seund level & detenmanad following Annex F. Therely the
rounded Le 1o is equivalent to the installation sound level Lo (0 Laswan) @ocording to DIN 52219, DI EN 150
10052, DIN 410911 and DN 4109,

Status & of 23 Jure 2010
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Fraunhofer-Institut Tir Bauphysik Annex P

Measurement equipment

Foliowing measurement equipment was used for the measurments in the installation test faclity P12 of the
Fraunhofer=Institute for Building Physics:

| Denvice Type arudaciunes
Analysar Soungbook _MKZ_BL Sinis Messtechnik
¥a"-micraphaone-5et 46 AF (Rapsel: Typ 40 AF-Free Field; | GRAS
‘orverstarker: Typ 26 TE)

1" -microphone 4179 Brual & Kjaer
| 1 -preamplifies 266D Brual & Kjzr
Microphone-calibrator 4231 . | Bruel & Kjar
Accelerometer 431 und 4370

Conditioning amplfier Miais 2E92-A-014 Brual & Kizer
Accelercmeter-calibrator WETT AN
Arnglifier LBE 1935720 Bosch Flena
Loudspeaker MILE 82 Lanry
| Reference sound sourde 3z ez

Standard tapping machine 211 harsanic

All measuremeant devices are tested frequantly by internal and external testing laboratories and, il possiole and
necessary, are calibrated and gauged,

Status: 1% October 2014
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