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Abstract: This study investigates the transmission of structure-borne noise generated by water
supply installations, with a particular focus on faucets. Laboratory experiments were conducted to
evaluate the effects of various pipe fixing methods, wall elbow supports, and faucet types on noise
levels. The measurements revealed that PPR clamps and rubber-lined clamps transmit varying de-
grees of noise depending on hydraulic shocks and water flow rates. Free-hanging pipes consistent-
ly demonstrated a significant noise reduction of up to 11.0 dB. The impact of wall elbow support and
its attachment to the partition wall also proved critical, with complete removal reducing noise by up
to 15.4 dB. The findings emphasize the role of minor construction details in noise transmission and
suggest practical strategies to mitigate noise from plumbing systems, particularly in new residen-
tial buildings where irregular layouts exacerbate the issue. These results offer valuable insights for
improving acoustic standards and minimizing noise complaints in modern housing developments.
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1. INTRODUCTION

Noise from the operation of building services,
such as sanitary installations, heating or ven-
tilation, is a frequent cause of complaints not
only from users of residential buildings, but
also from accommodation facilities or inpa-
tient areas of hospitals [1], [2], [3]. Although
protection against noise from these facilities is
enshrined in Czech legislation and standards
[4], [B], this phenomenon is often overlooked.

Noise from water supply systems can be con-
sidered particularly complicated. If appro-
priate design and implementation principles
are not used for these systems [6], additional
elimination is usually very difficult due to its
complex origin and propagation [7], [8], [9].

The noise propagates in combination through
the air directly into the surrounding space,
the water column and the mass of the pipe.
Additionally, the incorporation of the pipe into
the surrounding structures results in struc-
tural propagation —whether the pipe is routed
in wall grooves or fixed to the structure with
clamps [10].

1. UVOD

Hluk z provozu technickych zafizeni budoy,
jako jsou sanitarni instalace, vytapeéni Ci vét-
rani, byva frekventovanym ddivodem stiznos-
ti nejen u uzivatel( obytnych budov, ale také
ubytovacich zafizeni Ci IGzkovych ¢asti ne-
mocnic [1], [2], [3]. Pfestoze je ochrana pred
hlukem z téchto zafizeni zakotvena v Ceské
legislativé a normovych standardech [4], [5],
je tento fenomén cCasto prehlizen.

Zvlaste komplikovany Ize pak povazovat hluk
z vodovodnich instalaci. Pokud neni uzito
vhodnych principd ndvrhu a provadéni téchto
instalaci [6], byva dodateCna eliminace zpra-
vidla, vzhledem k jeho komplexnimu vzniku
a Sifeni [7], [8], [9], velmi ndrocCna.

Hluk se kombinované Sifi vzduchem pfimo
do okolniho prostoru, dale vodnim sloup-
cem a hmotou potrubi. Zabudovanim potrubi
do okolnich konstrukci pak navic dochazi ke
strukturdlnimu $ifeni — at uz je potrubi vede-
no v drazkach stén, Ci upevnéno na konstrukci
pomoci prichytek [10].
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Last but not least, the end fittings — connec-
tion valves, toilet flush tanks and faucets —are
also sources of noise from plumbing installa-
tions. Noise is emitted by water flowing and
falling into baths, washbasins, etc., during
the use of faucets. However, the opening and
closing of the faucets also generates hydrau-
lic shocks that propagate back into the pipes
and thus contribute significantly to the gener-
ation of structure-borne noise [10].

Noise from the operation of water installa-
tions has been investigated in several stud-
ies in the past [10], [11], [12], [13]. The work [14]
directly addresses the structure-borne noise
transmission from hydronic installations in
laboratory conditions and in areal building,
while the work [15] investigates the specific
processes that excite structure-borne noise
in faucets.

Based onthe noise measurementsin practice,
it can be concluded that the way the faucet is
mounted itself has a significant influence on
the transmission of structure-borne noise.
This can also be influenced, for example, by
the material used to mount wall elbows, or by
the use of dowels, screws, etc. In the exam-
ple of the measurements in the apartment
building (Fig. 1), complex adjustments can be
observed to prevent the propagation of struc-
ture-borne noise from the faucet, which ex-
ceeded the permissible level.

Fig. 1: Example of measurement of water installa-
tions in a residential building - original condition
(left), condition after acoustic modifications (right)

The aim of the ongoing research, based on
an assessment of the current state of knowl-
edge, is to determine the significance of the

V neposledni fadé jsou zdroji hluku z vodo-
vodnich instalaci i koncové prvky zafizova-
cich pfedmétl — pfipojovaci ventily, nadrzky
WC splachovacl a vodovodni baterie. Hluk je
pfi uzivani baterii emitovan vytékajici a dopa-
dajici vodou do van, umyvadel apod. Pfi ote-
virdni a uzavirani baterii dochazi vsak jesté
k hydraulickym raztm, které se Sifi zpétné do
potrubi a vyznamné tak prispivaji ke vzniku
strukturalniho hluku [10].

HIuk z provozu vodovodnich instalaci byl v mi-
nulosti sledovan v nékolika studiich [10], [11],
[12], [13]. Prace [14] se pfimo zabyva preno-
sem strukturalniho hluku z vodovodnich in-
stalaci v laboratornich podminkach a v realné
budové, v praci [15] jsou pak zkoumany kon-
krétni procesy budici strukturalni hluk ve vo-
dovodnich bateriich.

Na zakladé mereni hluku v praxi Ize konsta-
tovat, Ze vyznamny vliv na pfenos struktu-
ralnfho hluku md i samotny zpUsob uchyceni
vodovodni baterie. Ten Ize ovlivnit i napf. ma-
teridlem podkladu pro uchyceni nasténnych
kolen, pfipadné pouzitim hmozdinek, SroubU
apod. Na ukdzce z mérfeni v bytovém dome
(Obr. 1) Ize pozorovat slozité Upravy pro za-
mezeni Sifeni strukturalniho hluku z vodo-
vodni baterie, ktery pfekracoval pfipustnou
aroven.

Obr. 1: Ukdzka méteni vodovodnich instalaci
v bytovém domé - piivodni stav (vlevo), stav po
akustickych upravich (vpravo)

Cilem probihajiciho vyzkumu, na zaklade
zhodnoceni stavajiciho stavu poznani, je
zjisténi vyznamnosti vliva podilejicich se na
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effects involved in the transmission of struc-
ture-borne noise from the operation of water
installations, in particular water faucets. In-
fluences such as the method of pipe fixing,
the use of the installation support under the
faucet and its attachment to the subdivision
structure were investigated.

2. METODOLOGY
2.1. Premises and measurement system

The laboratory measurement rooms for the
investigation of the effects involved in the
propagation of structure-borne noise from
water supply installations were chosen in the
basement of the Faculty of Civil Engineering,
Brno University of Technology. The transmit-
ting room with dimensions of 3.170 m x 1.360
m x 3.0560 m (L x W x H), see Fig. 2, is sepa-
rated from the reception room measuring
3,200 m x 3,080 m x 3,050 m (L x W x H) by
a double-sided plastered ceramic block par-
tition 140 mm thick. The expected weighted
apparent sound reduction index of the parti-
tion structure R'w is 40 dB. The surrounding
adjacent vertical structures are made of solid
ceramic bricks.

Fig. 2: Transmitting room with measured system

Due to the large number of influences contrib-
uting to the overall noise from water installa-
tions, such as pipe material, pipe dimension,

prenosu strukturalniho hluku z provozu vodo-
vodnich instalaci, zejména pak vodovodnich
baterii. Byly zkoumany vlivy jako zplsob uchy-
ceni potrubi, uziti instalacniho podkladu pod
baterii a jeho pfichyceni do délici konstrukce.

2. METODOLOGIE
2.1. Prostory a soustava pro meéreni

Laboratorni meéfici prostory pro zkoumani
vlivl podilejicich se na Siteni strukturdlni-
ho hluku z vodovodnich instalaci byly zvo-
leny v suterénu Fakulty stavebni, Vysokého
uceni technického v Brné. Vysilaci mistnost
o rozmérech 3,170 m x 1,360 m x 3,050 m (d
x S x V), viz Obr. 2, je od pfijimaci mistnos-
ti o rozmérech 3,200 m x 3,080 m x 3,050 m
(d x S x v) oddélena oboustranné omitnutou
zdénou pfickou z keramickych blokd tl. 140
mm. O¢ekdvana stavebni vzduchova neprlz-
vucnost délici konstrukce R'w je 40 dB. Okol-
ni navazujici svislé konstrukce jsou zcihel
plnych palenych.

Obr. 2: Vysilaci mistnost s mérenou soustavou

Vzhledem k velkému mnozstvi vlivl podile-

jicich se na celkovém hluku z vodovodnich

instalaci, jako je material potrubi, dimenze
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type and class of faucet, water line pressure,
etc., uniform default conditions for these pa-
rameters were set for laboratory measure-
ments.

Water is brought into the transmitting room
from the remote outlet valve by a plastic hose,
which is then connected to the investigated
PPR 25x3.5 mm (PN16) plastic welded pipe
running along the dividing wall. This materi-
al is the most used in practice and, for exam-
ple, has a lower noise level compared to metal
pipes [16]. A PPR wall elbow is installed on the
pipe for fixing the faucet and two pressure
gauges for reference purposes. The water
pressure in the pipe ranged from 3.7 bar to 3.9
bar during the measurement. The piping is
terminated within the transmitting room with
a plug. A ceramic basinis fixed on the wall be-
low the wall elbow.

2.2. Measurement variables

The monitored variables that are expect-
ed to contribute significantly to the struc-
ture-borne noise transmission are the pipe
fixing method, the wall elbow fixing method
and the operating mode of the fitting. There-
fore, noise measurements were made using
a combination of the following settings of the
measured system:

Pipe fixing (see Fig. 3):

» PPRclamps anchored with screws into the
dividing wall,

» rubberlined clamps anchored with screws
into the dividing wall,

» free hanging pipe using rubber strips
without contact with the dividing wall.

Wall elbow fixing (see Fig. 4):

» through the wooden support with screws
into the dividing wall,

» through the wooden support without
SCrews,

» without wooden support and contact with
the dividing wall.

Flttlng (see Fig. 5):
free outlet without fitting,

« common wall-mounted lever mixer faucet
— outlet from the faucet into the basin,

« common wall-mounted lever mixer faucet —
outlet from the shower head into the basin.

potrubi, typ a tfida vodovodni baterie, tlak
vodovodu apod., byly pro laboratorni méreni
nastaveny jednotné vychozi podminky téchto
parametra.

Voda je do vysilaci mistnosti ze vzdaleného
vytokového ventilu pfivedena pomoci plas-
tové hadice, ktera je nasledné napojena na
zkoumané plastové svafované potrubi PPR
25x3,5 mm (PN16) vedené podél délici stény.
Tento materidl je v praxi pouzivan nejbéznegji
a napf. oproti kovovym potrubim vynika nizsi
hlu¢nosti [16]. Na potrubi je instalovano PPR
nasténné koleno pro upevnéni vytokové ar-
matury a dva manometry pro referencni tcely.
Hodnota tlaku vody v potrubi se béhem mére-
ni pohybovala v rozmezi 3,7 baru az 3,9 baru.
Potrubi je v ramci vysilaci mistnosti ukon¢eno
zaslepkou. Pod ndsténnym kolenem je na sté-
né upevneno keramické umyvadlo.

2.2. Proménné parametry méreni
Sledovanymi proménnymi, u nichz se predpo-
klada vyznamny prispévek k prenosu struk-
turdiniho hluku, je zpUsob upevnéni potrubi,
zpUsob zafixovani ndsténného kolena a pro-
vozovany rezim armatury. Proto bylo prove-
deno méreni hluku kombinaci nasledujicich
nastaveni méfené soustavy:

Upevnéni potrubi (viz Obr. 3):

« PPR pfichytky kotvené vruty do deélici ste-
ny;

« 0bjimky s gumovou vlozkou kotvené vruty
do délici steny;

« volné zavéSeneé potrubi pomoci pryzovych
paskl bez kontaktu s délici sténou.

Zafixovani nasténného kolena

(viz Obr. 4):

« presdrfevény podklad s vruty do délici ste-
ny;

« presdrevény podklad bez vruty;

« bez drevéného podkladu a kontaktu s de-
lici sténou.

Armatura (viz Obr. 5):

« volnyvytok bez armatury;

« béznandsténnd pakova smesovaci baterie
—vytok z baterie do umyvadla;

« béznandsténnd pakova smesovaci baterie
—vytok ze sprchové hlavice do umyvadla.
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Free outlet was allowed through the remote
valve when it was opened to 100% and 50%.
The mixing tap was always opened to 100% in
the cold-water position, i.e. full flow.

For free outlet without a fitting, a discharge
hose was attached to the wall elbow leading
to the water container to reduce the noise of
gurgling water.

To reduce the noise of the water falling into
the basin from the faucet, a spout was used,
routed along the edge of the basin. The outlet
from the basinis routed through a siphon and
hose to the water container below.

Fig. 3: Methods of pipe fixing — PPR clamps (left),
rubber lined clamps (centre), free hanging pipe
(right).

Fig. 4: Methods of the wall elbow fixing - wooden
support with screws (left), wooden support with-
out screws (centre), without fixing the wall elbow

(right).

Volny vytok byl umoznén pres vzdale-
ny ventil, a to pfi jeho otevieni na 100 %
a 50 %. SmésSovaci baterie byla vzdy otevfena
na 100 % v poloze na studenou vodu, tedy plny
pratok.

Pro volny vytok bez armatury byla na nastén-
ném koleni pfipevnéna vytokova hadice ve-
douci do nadoby s vodou tak, aby se omezil
hluk bublajici vody.

Pro omezeni hluku dopadajici vody do umy-
vadla z baterie bylo pouzito natrubku svede-
ného po hrané umyvadla. Vytok z umyvadla
sveden pres sifon a hadici do nddoby s vodou
pod nim.

Obr. 3: Zptisoby upevnéni potrubi — PPR pfichyt-
ky (vlevo), objimky s gumovou vloZkou (upro-
stted), volné zavésené potrubi (vpravo).

PR
Obr. 4: Zptisoby zafixovini ndsténného kolena —
drevény podklad s vruty (vlevo), dievény podklad
bez vruti (uprostted), bez uchyceni ndsténného
kolene (vpravo).
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Fig. 5: Fittings — free outlet without fittings (left),
outlet from the faucet (centre), outlet from the
shower (right).

2.3. Method of measurement

and evaluation

The measurement and evaluation of noise
from the operation of water supply installa-
tions for the combinations of the above pa-
rameters was carried out in accordance with
the international standards for noise mea-
surement and evaluation CSN ISO 1996-1:2017
[17], CSN ISO 1996-2:2018 [18] and CSN EN ISO
16032 [19], which specifies the conditions for
measuring noise from technical equipment in
buildings. At least 11 work cycles were per-
formed in each combination, including open-
ing the faucet, letting the water run, and clos-
ing the faucet.

The monitored noise indicator in each cycle is
the maximum sound pressure level A LA, max
in the reception room. The resulting values of
LA,max is determined as the average value of
all working cycles, which is corrected for re-
sidual background noise K. To these is then
added the expanded measurement uncer-
tainty U.

The monitored value represents the total
amount of noise from the water supply sys-
tem in operation, i.e. the sum of airborne and
structure-borne noise. Given the selected
variable parameters, which only minimally af-
fect the transmission of the airborne compo-
nent, differences in the structural component
can be determined by comparing the mea-
sured values.

Obr. 5: Armatury - volny vytok bez armatu-
ry (vlevo), vytok z baterie (uprostied), vytok ze
sprchy (vpravo).

2.3. ZpuUsob méfeniavyhodnoceni
Meérfeni a vyhodnoceni hluku z provozu vodo-
vodnich instalaci pro kombinace uvedenych
parametr bylo provedeno v souladu s mezi-
narodnimi normami pro méreni a hodnoceni
hluku CSN ISQ 1996-1:2017 [17], CSN ISO 1996-
2:2018 [18] a CSN EN IS0 16032 [19], ktera sta-
novuje podminky pro méfeni hluku z technic-
kych zafizeni budov. V kazdé kombinaci bylo
provedeno minimalné 11 pracovnich cykll za-
hrnujici otevieni baterie, vytok vody a uzavie-
ni baterie.

Sledovanym ukazatelem hluku v kazdém cyklu
je maximalni hladina akustického tlaku A LA, -
max Vv pfijimaci mistnosti. Vysledna hodnota
LA,max je stanovena jako stfedni hodnota ze
vSech pracovnich cyklU, jez je korigovdna na
zbytkovy hluk pozadi K. K ni je pak navic pfi-
poctena rozsirena nejistota méreni U.

Sledovand hodnota predstavuje celkovou
sumu hluku z provozované vodovodni instala-
ce, tzn. soucet vzduchem Sifeného a struktu-
ralné Sifeného hluku. Vzhledem ke zvolenym
proménnym parametrdm, které pouze mini-
malné ovlivhuji pfenos vzduchem sifené sloz-
ky, I1ze porovnanim namérenych hodnot urcit
rozdily ve strukturalni slozce.

K meérfeni bylo uzito zvukomeru s frekvenénim
analyzatorem a ¢asovym zdznamem Briel &
Kjeer 2250 a predpolarizovaného 1/2" mikro-
fonu Brlel & Kjeer 4189, jenz odpovidaji tfide
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For the measurements, a Bruel & Kjaer 2250
sound level meter with frequency analyser
and time recording and a Bruel & Kjeer 4189
pre-polarised 1/2" microphone were used,
which correspond to accuracy class 1accord-
ing to EN 61672-1. After familiarizing with the
acoustic field of the reception room, a critical
microphone position was selected at a height
of 1.5 m above the floor, see diagram in Fig. 6.

presnosti 1dle CSN EN 61672-1. Po sezndme-
ni se s akustickym polem pfijimaci mistnosti
byla zvolena kriticka poloha mikrofonu ve vys-
ce 1,5 m nad podlahou, viz nakres Obr. 6.
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Fig. 6: Measurement diagram

The following is stated in the Methodological
Guideline for the Measurement and Evaluation
of Noise in the Non-work Environment pub-
lished in the Bulletin of the Ministry of Health
of the Czech Republic 14-2023 [20]: ,Noise
from the use of technological equipment of
a building, such as plumbing pipes including
fittings, fixed or built into the building, is as-
sessed as noise from the normal use of the
dwelling. The nominal value of the hygiene
noise limit may be used for its assessment,
but any exceedance of these values in the
protected internal space of the same building
is a construction defect.

It follows from the above that noise from the
normal use of the dwelling includes the noise

Obr. 6: Schéma méreni.

V Metodickém navodu pro méfeni a hodnoce-
ni hluku v mimopracovnim prostiedi zverej-
néném ve Vestniku Ministerstva zdravotnic-
tvi Ceské republiky 14-2023 [20], je uvedeno
nasledujici: ,Hluk z uzivani technologickych
zarizeni stavby jako jsou instalacni potrubi
vCetneé armatur, pevné spojenych nebo za-
budovanych ve stavbé, se posuzuje jako hluk
z bézného uzivani bytu. K jeho posouzeni Ize
pouzit nominalni hodnotu hygienického limitu
hluku, avsak pfipadné prekroceni téchto hod-
not v chranéném vnitfnim prostoru téze stav-
by je stavebni zavadou.

Z vySe uvedeného vyplyva, ze hlukem z béz-
ného uzivani bytu je i hluk dopadajici vody
napousténé do nebo vypousténé z umyvadel,
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of water entering or leaving sinks, baths and
other fittings (e.g. flushing toilets) and the
noise arising from their use.”

Noise from the operation of sanitary installa-
tions is therefore not considered a stationary
noise source and is not directly subject to the
hygiene limits specified in Government Regu-
lation No. 272/2011 Coll., as amended [4]. How-
ever, in the binding standard CSN 73 0532 [5],
which specifies the requirements for acoustic
properties of building structures and prod-
ucts, the maximum permissible sound pres-
sure levels ALA,max in living rooms caused
by the operation of technical equipment, in-
cluding sanitary installations, are set.

However, the measured values have not been
assessed in the context of experimental mea-
surements and the determination of the sig-
nificance of the variable parameters.

3. RESULTS

The maximum sound pressure levels LA, max
of the free outlet from the wall elbow without
fitting (via a connected hose), the outlet from
the wall mixer faucet into the basin via the
spout and the outlet from the shower head
into the basin were measured. This refers to
the total noise from the water supply sys-
tem in operation, including noise transmitted
structurally and through the air.

The runs in each variable parameter setting
were approximately similar. The pipe fitting
selected for display was a PPR fitting, free dis-
charge at 100% flow, wall elbow fitted through
awooden base using screws into the dividing
wall.

The characteristic time courses of the maxi-
mum sound pressure level LA,max are shown
in Graph 1.

The pressure in the water pipe varied between
(8.7-3.8) bar during the measurements.

van a dalSich zafizovacich predmétd (napf.

splachovani WC) a hluk vznikajici pfi jejich po-
uzivani.”

Hluk z provozu sanitarnich instalaci, tudiz neni
povazovan za stacionarni zdroj hluku a pfimo
se na néj nevztahuji hygienické limity uvede-
né v Nafizeni vlady ¢. 272/2011 Sb., ve zneni
pozdejsich pfedpisu [4]. Nicméné, v zavazné
normeé CSN 73 0532 [5], kterd urCuje poza-
davky na akustické vlastnosti stavebnich kon-
strukci a vyrobkd, jsou stanoveny maximaln{
pfipustné hladiny akustického tlaku A LA, max
v obytnych mistnostech zplsobené ¢innosti
technickych zafizeni, v¢. sanitarnich instalaci.

Avsak v ramci experimentalnich mefeni a zjis-
tovani vyznamnosti promeénnych parametrd
nebyly naméfené hodnoty posuzovany.

3. VYSLEDKY

V rdmci vyzkumu byly méfeny maximalni hla-
diny akustického tlaku LA,max volného vyto-
ku z nasténného kolene bez armatury (pfes
napojenou hadici), dale vytoku z ndasténné
smeésovaci baterie do umyvadla pres natru-
bek a vytoku ze sprchové hlavice do umy-
vadla. Jedna se o celkovy hluk z provozova-
né vodovodni instalace zahrnujici hluk sSiteny
strukturalneé i vzduchem.

Prabéhy v jednotlivych nastaveni promén-
nych parametr( byly pfiblizné podobné. Pro
zobrazeni bylo vybrano uchyceni potrubi po-
moci PPR prichytek, volny vytok pfi 100% pru-
toku, nasténné koleno uchyceno pres dfeveny
podklad pomoci vrutd do délici stény.

Charakteristické Casové pribéhy maximalni
hladiny akustického tlaku LA,max zobrazeny
v Graf 1.

Tlak ve vodovodnim potrubi se béhem méreni
pohyboval mezi (3,7-3,8) bar.
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Graph 1: Characteristic time courses of maxi-
mum sound pressure levels L,

The free outlet was almost steady, but the
sound pressure level was very high. In the
case of the faucet to basin discharge, there
were only minor shocks when the faucet was
suddenly opened, and the subsequent flow
was steady. The minor fluctuations after the
closing the faucet were due to the noise of
the siphon at the basin outlet. For the shower
head, there was alarge hydraulic shock ini-
tially when the shower head was switched on,
the subsequent flow was quieter than the fau-
cet discharge, then the shock occurred again
when the faucet was closed, and the shower
automatically switched off.

The values of the maximum sound pressure
level LA,max for the free outlet without fitting
are given in Table 1, see Graph 2 for a graphi-
cal representation.

Baterie (faucet)

e Sprcha (shower)

Graf 1: Charakteristické priibéhy maximdlnich
hladin akustického tlaku L

A,max

U volného vytoku byl prabéh takika ustaleny,
ale hladina akustického tlaku velmi vysoka.
V pfipadé vytoku z baterie do umyvadla do-
chézelo pouze k drobnym razdm pfi ndhlém
otevieni baterie, nasledny proud byl ustale-
ny. Drobné fluktuace po uzavfeni baterie byly
zpUsobeny hlukem sifonu pfi vytoku z umy-
vadla. U sprchové hlavice dochdzelo na zacat-
ku pfi jejim prepnuti k velkym hydraulickym
razlm, nasledny prabéh byl tisSi nez u vytoku
z baterie, poté opét nastaval raz pfi uzavieni
baterie a automatickému pfepnuti sprchy.

Hodnoty maximalni hladiny akustického tlaku
LA ,max pro volny vytok bez armatury jsou uve-
deny v Tab. 1, grafické znazornéni viz Graf 2.

(Num.) (Pipe fixing) (Flow) L [d8]
Oznaceni Uchyceni potrubi Pritok A max
| (PPR clamps) 100 % b1.4
2 PPR pfichytky 50 % 46,7
3 (rubber lined clamps) 100 % 52,8
4 abjimky s gumovou vlozZkou 50 % 46,5
5 (free hanging pipe) 100 % 41,8
6 volné zavésene 50 % 35,8

Table 1: Maximum sound pressure levels LA,-
max - free outlet

Tab. 1: Maximdlni hladiny akustického tlaku
LA,max - volny vytok
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51.4

46.7

L;\,mux [dB]

30.0

1 2 3

Graph 1: Maximum sound pressure levels L,
- free outlet ’

From the measured data, it can be observed
that the highest noise values were achieved
at 100% flow rate by the pipe attached with
rubber lined clamps. Compared to the PPR
clamps, the difference was 1.4 dB higher. This
may be due to a combination of over tighten-
ing of the clamps and high pressure inthe pipe
causing the shock. The difference between
the free hanging pipe and the anchored pipe
ranges from 9.6 dB to 11.0 dB.

Due to the assumption of very high sound
pressure levels at full unregulated water flow,
even 50% flow was measured. Here, the PPR
clamps were slightly noisier, by 0.2 dB. The
difference between the free-hanging pipe
and the anchored pipe ranges from 10.7 dB to
10.9 dB.

Furthermore, the measured data shows that
when the flow rate is halved, the sound pres-
sure level drops by about 6 dB.

The values of the maximum sound pressure
level LA,max for the faucet outlet to the sink
are given in Table 2, see Graph 3 for a graphi-
cal representation.

46.5

41.8

- 5 6

Graf 2: Maximdlni hladiny akustického tlaku L,
- volny vytok

max

Z nameérfenych dat Ize pozorovat, Ze nejvys-
$ich hodnot hluku dosahovalo pfi 100% prto-
ku potrubi pripevnéné objimkami s gumovou
vloZzkou. V porovnani s PPR prichytkami byl
no kombinaci nadmérného dotazeni objimek
a vysokého tlaku v potrubi vyvolavajici raz.
Rozdil mezi volné zavésenym potrubim a kot-
venym potrubim se pohybuje vrozmezi 9,6 dB
az 11,0 dB.

Kvuli pfedpokladu velmi vysoké hladiny akus-
tického tlaku pfi pIném neregulovaném prdto-
ku vody byl méren i 50% prutok. Zde byly ne-
Rozdil mezi volné zavésSenym potrubim a ko-
tvenym potrubim se pohybuje v rozmezi 10,7
dB az 10,9 dB.

Dale z nameérenych dat vypliva, ze pfi snizeni
pratoku na polovinu, klesne hladina akustic-
kého tlaku o cca 6 dB.

Hodnoty maximalni hladiny akustického tlaku
LA, max pro vytok z baterie do umyvadla jsou
uvedeny v Tab. 2, grafické zndzornéni viz Graf
3.
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bez uchyceni

(Num.) (Pipe fixing) (Wall elbow fjxina)Uchyceni L [dB]
Oznaceni Uchyceni potrubi nasténného kolena Amax
; (woovderl sypport with screws) 449
drevény podklad s vruty
g (PPR clamps) (wooden support without screws) 139
PPR prichytky drevény podklad bez vruti '
ithout fixi
g (withou |X|n9) 387
bez uchyceni
0 (woovderl sypport with screws) 435
drevény podklad s vruty
(rubber lined clamps) (wooden support without screws)
n ) . . . 40,2
abjimky s gumovou vlozkou drevény podklad bez vrutu
1 (without f|xm9) 378
bez uchyceni
3 (woovderl Sl,Jppor'[ with screws) 128
drevény podklad s vruty
” (free hanging pipe) (wooden support without screws) 399
volné zavéSene drevény podklad bez vrutil '
5 (without fixing) 340

Table 2: Maximum sound pressure levels LA,-
max - outlet from the faucet to the basin

40.0

L;\,mu}: [dB]

30.0

Graph 3: Maximum sound pressure levels LA,-
max — outlet from the faucet to the basin

Inthe case of the faucet outlet, the PPR clamps
obviously transmit structure-borne noise to
the greatest extent. Compared to rubber lined
clamps, the differences are 0.7 dB to 3.0 dB.
This contrasts with the values at 100% free

442
43.2

38,7

Tab. 2: Maximdlni hladiny akustického tlaku

LA,max - vytok z baterie do umyvadla

43.5

42.8

40.2

10 11 12 13

39.2

14

34.0

Graf 3: Maximdlni hladiny akustického tlaku

LA,max - vytok z baterie do umyvadla

V pfipadé vytoku z baterie PPR pfichytky zjev-
neé prendsi strukturalni hluk v nejvétsi mire.
V porovnani s objimkami s gumovou vilozkou
jsou rozdily 0,7 dB az 3,0 dB. To je v rozporu
s hodnotami pfi volném 100% pratoku, coz
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flow, which may be due to the smaller hydrau-
lic shocks audible during the measurement.
When comparing the PPR clamps and free
hanging pipe, the differences are more no-
ticeable, 1.4 dB to 4.7 dB.

It is clear from the measurement results that
the method of attachment of the wall elbow
also has a large effect on the transmission of
structure-borne noise. The wooden support
anchored by screws into the partition wall
transmits the most structure-borne noise.
The noise level is 1,0 dB to 3,6 dB lower af-
ter the screws are removed and 5,5 dB to 8,8
dB lower after the support is completely re-
moved.

The largest difference was achieved be-
tween the pipe attachment using PPR clamps
with wooden support with screws and the
free-hanging pipe without wall elbow attach-
ment, 10.2 dB.

The values of the maximum sound pressure
level LA,max for the outlet from the show-
er head to the basin are given in Table 3, see
Graph 4 for a graphical representation.

muze byt zapfi¢inéno mensimi hydraulickymi
razy slysitelnymi béhem méreni. Pfi porovnani
uchyceni PPR pfichytkami a volného zavéseni
jsou rozdily znatelnéjsi, 1,4 dB az 4,7 dB.

Z vysledkl méreni je patrné, ze i zpUsob
uchyceni nasténného kolene ma velky vliv na
pfenos strukturalniho hluku. Nejvice prena-
Si strukturdlni hluk drevény podklad kotveny
vruty do délici stény. Po odmontovani vrutl je
uroven hluku o 1,0 dB az 3,6 dB nizsi, po kom-
pletnim odmontovani podkladu pak o 5,5 dB
az 8,8 dB.

Nejvetsiho rozdilu bylo dosazeno mezi uchy-
cenim potrubi pomoci PPR pfichytek s dfeve-
nym podkladem s vruty a volné zavéSenym
potrubim bez uchyceni nasténného kolene,
10,2 dB.

Hodnoty maximalni hladiny akustického tla-
ku LA,max pro vytok ze sprchové hlavice do
umyvadla jsou uvedeny v Tab. 3, grafické zna-
zornéni viz Graf 4.

(Num.) (Pipe fixing) (Wall elbow fixina)Uchyceni L [dB]
Oznaceni Uchyceni potrubi nasténného kolena A max
6 (woovdenv SEJppOFt with screws) 449
drevény podklad s vruty
7 (PPR clamps) (wooden support without screws) 439
PPR prichytky drevény podklad bez vruti '
8 (without fixinq) 387
bez uchyceni
9 (woovderl S%Jpport with screws) 135
drevény podklad s vruty
(rubber lined clamps) (wooden support without screws)
20 ) . — . 40,2
objimky s gumovou vlozkou drevény podklad bez vrutu
1 (without fixinq) 374
bez uchyceni

Table 3: Maximum sound pressure levels LA,max Tab. 3: Maximdlni hladiny akustického tlaku

— outlet from the shower to the basin

LA,max - vytok ze sprchy do umyvadla
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(Num.) (Pipe fixing) (Wall elbow fjxina)Uchyceni L [dB]
Oznaceni Uchyceni potrubi nasténného kolena A max
2 (woovderl sEJpport with screws) 108
drevény podklad s vruty
23 (free hanging pipe) (wooden support without screws) 399
voIné zavésene drevény podklad bez vrut( '
2% (without fixinq) 340
bez uchyceni
65.0 62.6
60.0 59,2 = 6o 57.5
— 550
22 50.1
= 500 48,4 47.3
_T_ 45.0 42,1
40.0
35.0
16 17 18 19 20 21 22 23 24

Graph 4: Maximum sound pressure levels LA,-
max - outlet from the shower to the basin

In the case of the shower head outlet, the rub-
ber lined clamps are the most significant con-
tributors to the transmission of structural noise.
This is again probably due to acombination
of over-tightened clamps and large hydraulic
shocks when switching the tap to the shower
head. The difference between these and the
PPR clamps is 0.7 dB to 3.4 dB. Between the
clamps and the free-hanging pipe, the differ-
ences are more dramatic, 5.1 dB to 8.9 dB.

Like the faucet outlet, the wood support an-
chored by screws into the partition wall trans-
mits the most structure-borne noise. The sup-
port without screws shows noise values 3.7
dB to 10.2 dB lower, and 9.1 dB to 15.4 dB lower
when the support is completely removed.

The largest difference was achieved be-
tween pipe attachment using rubber lined
clamps with wooden support with screws
and free-hanging pipe without wall elbow
attachment, 20.5 dB. Such large differences
are most likely due to the significant pressure
surges when switching from faucet to show-
erhead.

Graf 4: Maximdlni hladiny akustického tlaku
LA,max - vytok ze sprchy do umyvadla

V pfipadé vytoku ze sprchové hlavice se nej-
vyznamneéji na prenosu strukturalniho hluku
podileji objimky s gumovymi vlozkami. To je
pravdepodobné opét zapfic¢inéno kombinaci
prilis utazenych objimek a velkych hydraulic-
kych raz( pri prepnuti baterie na sprchovou
hlavici. Rozdil mezi nimi a PPR pfichytkami je
0,7 dB az 3,4 dB. Mezi objimkami a volné zave-

......

dB az 8,9 dB.

Obdobné jako u vytoku z baterie nejvice pre-
nasi strukturalni hluk drevény podklad kotve-
ny vruty do délici stény. Podklad bez vrutl vy-
kazuje hodnoty hluku o0 3,7 dB az 10,2 dB nizsi,
po kompletnim odmontovani podkladu pak
091dBaz 15,4 dB.

Nejvétsiho rozdilu bylo dosazeno mezi uchy-
cenim potrubi pomoci objimek s gumovou
vlozkou s dievénym podkladem s vruty a volné
zavésenym potrubim bez uchyceni nastéenné-
ho kolene, 20,5 dB. Takto velké rozdily jsou za-
pricinény nejspise vyraznymi tlakovymi razy pfi
prepinani baterie na sprchovou hlavici.
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4. DISCUSSION

As mentioned above, the level of noise from
the operation of water supply installations is
usually caused by a combination of many fac-
tors such as the pipe material, pipe dimen-
sion, water line pressure, the material of the
dividing wall, the weighted sound reduction
index of the dividing wall, the way the pipe is
built or fixed into the dividing wall, or the type
and class of fittings or fixtures. The present
research did not look at all of these variables,
but only at those that are expected to have
the greatest influence on structure-borne
noise transmission —i.e. the method of fixing
the pipe to the dividing wall, the method of fix-
ing the wall elbow and the fitting operated in
addition to this.

The method of attachment of the pipe was
chosen to be PPR clamps, rubber lined
clamps or free hanging, always on the face of
the separating masonry structure, because of
the ease of reconfiguring the system during
measurement. Therefore, the results ob-
tained cannot be applied, for example, in the
case of the pipe being embedded in a ma-
sonry groove, which would be another stan-
dard procedure for pipe fitting in solid walls.
Here, the structural noise does not propagate
through the individual anchorage points into
the dividing wall, but linearly along the length
of the pipe. However, similar results can be
expected in the case of drywalls where these
anchorages are used.

It should be noted that for bolted clamps it is
likely to depend on the size of the clamp and
its tightness relative to the pipe. It can be as-
sumed that by increasing its dimension or
tightening the bolts more loosely, the trans-
mission of structural noise will be reduced.

Another factor related to the pipe fitting that
could be investigated in a follow-up structural
noise study is, for example, the effect of the
spacing of the individual attachment points or
the type of bolts or dowels used.

The method of attachment of the wall elbow
proved to be very significant. Again, howev-
er, it depends on the specific situation; in the
case of installation in agroove, the results
cannot be applied, if only because of the prin-
ciple of implementation. However, the materi-
al of the bolts, dowels and the support under

4. DISKUSE

Jak jiz bylo zminéno vyse, mira hluku z pro-
vozu vodovodnich instalaci byva zplUsobena
kombinaci mnoha faktort jako je materidl po-
trubi, dimenze potrubi, tlak vodovodu, material
délici stény, vzduchové neprizvucénost délici
stény, zplUsob zabudovani ¢i uchyceni potrubf
do délici stény nebo druh a tfida zafizovaciho
pfedmeétu ¢i armatury. V ramci predlozeného
vyzkumu nebyly sledovany vsechny tyto pro-
menné, ale pouze ty, u kterych se pfedpoklada
nejvetsi vliv na prenos strukturalniho hluku —
tedy zpUsob uchyceni potrubi do délici stény,
zpUsob uchyceni ngsténného kolene a k tomu
provozovana armatura.

Byl zvolen zpUsob uchyceni potrubi pomoci
PPR pfichytek, objimek s gumovou vlozkou
nebo volného zavéseni, vzdy na lici délici zdé-
né konstrukce, a to z ddvodu snadné rekon-
figurace soustavy béhem meéfeni. Dosazené
vysledky proto nelze aplikovat napf. v pfipade
zaomitani Ci zasadrovani potrubi do drazky
zdiva, coz by byl dalsi standardni postup pro
osazeni potrubi v pfipadé masivnich sten.
Zde se strukturalni hluk nesifti pres jednotlivé
body kotveni do délici konstrukce, ale liniové
po délce potrubi. Lze vSak oCekavat obdobné
vysledky v pfipadé stén montovanych, kde se
téchto kotvicich prvkd vyuziva.

Nutno podotknout, Zze u Sroubovych objimek
pravdépodobneé zalezi na dimenzi objimky a je-
jim dotaZeni vUci potrubi. Lze predpokladat, Ze
zvétsenim jeji dimenze Ci volnéjsim pfitazenim
Sroubl se omezi prenos strukturalniho hluku.

Dalsim faktorem souvisejici s uchycenim
potrubi, ktery by se v navazujicim vyzkumu
strukturdlniho hluku mohl sledovat, je napf.
vliv vzdalenosti jednotlivych bod0 uchyceni
nebo druh pouzitych Sroubl ¢i hmozdinek.

ZpUsob uchyceni nasténného kolene se uka-
zal byt velmi vyznamny. Opét vSak zalezi na
konkrétni situaci, v pfipadeé instalace do draz-
ky nelze vysledky, uz jen z principu prova-
déni, aplikovat. Lze ovsem polemizovat nad
materidlem Sroubl, hmozdinek a samotného
podkladu pod ndsténné koleno, pres ktery se
zjevne strukturalni hluk prenasii bez pfimého
zakotveni.

Podklad je prfitom dUlezity, protoze drzi ba-
terii zafixovanou a brani tak jejimu uvolnéni
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the wall elbow itself can be questioned, as the
structure-borne noise is obviously transmit-
ted through it even without direct anchorage.

The supportis important because it holds the
faucet in place and prevents it from coming
loose from repeated handling. Consequent-
ly, it prevents, for example, the surrounding
tiles from cracking. It is highly questionable
whether a material is available that would
provide sufficient rigidity of the support while
transmitting structure-borne noise as little as
possible. For example, the possibility of com-
plex structures using additive technologies is
suggested, but this is a matter for further re-
search.

5. CONCLUSION

The subject of this paper was to investigate
the significance of the effects involved in the
transmission of structural noise from the op-
eration of water installations, in particular wa-
ter faucets.

The variables investigated included the meth-
od of attachment of the PPR piping system,
using PPR clamps, rubber lined clamps and
free hanging pipe without contact with the di-
viding wall. The effect of the use of a wooden
support under the installation wall elbow for
the faucet and its attachment to the parti-
tion was also investigated. Noise generating
processes included free outlet from the wall
elbow without fittings, outlet from the wall
mounted faucet and outlet from the shower
head.

The following conclusions can be drawn from

the results of the work:

« PPR clamps contribute more to struc-
ture-borne noise transmission than rub-
ber lined clamps in the absence of large
hydraulic shocks (faucet outlet),

» rubber lined clamps contribute to the
transmission of structure-borne noise
more than PPR clamps in the event of
large hydraulic shocks (free outlet under
high pressure, shower faucet outlet),

» in the case of rubber lined clamps and
high hydraulic shocks, the noise can prob-
ably be reduced by increasing the clamp
dimension or tightening the clamp bolts
less,

z opakované manipulace s baterii. V navaz-
nosti na to pak predchazi napf. pfipadnému
praskani okolniho obkladu. Je velmi diskuta-
bilni, zdali je k dispozici material, ktery by za-
jistil dostate¢nou tuhost podkladu a zaroven
v co nejmensi mife prenasel strukturdlni hluk.
Nabizi se napf. moznost komplexnich struktur
pomoci aditivnich technologii, coz je ovsem

otazkou navazujiciho vyzkumu.

5. ZAVER

Pfedmétem této prace byl vyzkum vyznam-
nosti vlivl podilejicich se na pfenosu struktu-
ralniho hluku z provozu vodovodnich instala-
ci, zejména pak vodovodnich baterii.

Mezi zkoumané proménné meéfici soustavy
z PPR potrubi byl zafazen zpUsob jeho uchy-
ceni, a to pomoci PPR pfichytek, objimek
S gumovou vlozkou a volného zavéseni po-
trubi bez kontaktu s delici sténou. Dale byl
sledovan vliv uziti difevéného podkladu pod
instalacni nasténné koleno pro baterii a jeho
prichyceni do delici konstrukce. Procesy ge-
nerujici hluk zahrnovaly volny vytok z nasten-
ného kolena bez armatury, vytok z nasténné
baterie a vytok ze sprchové hlavice.

Z vysledkl prace Ize vyvodit nasledujici zave-
ry:
« PPR prichytky se podili na pfenosu struk-
turalniho hluku vice nez objimky s gumo-
vou vlozkou v pfipadé absence velkych
hydraulickych rdz( (vytok z baterie);

« 0bjimky s gumovou vlozkou se podili na
pfenosu strukturalniho hluku vice nez PPR
prichytky v pfipadé vyskytu velkych hyd-
raulickych rézu (volny vytok za vysokého
tlaku, vytok ze sprchové baterie);

e Vv pfipadé uziti objimek s gumovou vloz-
kou a velkych hydraulickych razu, Ize hluk
pravdepodobneé snizit zvetSenim dimenze
objimky nebo mensim utazenim Sroubd
objimky;

« pfisnizeni pratoku na 50 % klesne hladina
akustického tlaku o cca 6,0 dB;

« snizeni hluku volnym zavesenim potrubi
se pohybuje vrozmezi 1,4 dB az 11dB, v za-
vislosti na zpUsobu uchyceni podkladu
nasténného kolene a typu vytoku;

« snizeni hluku odmontovanim vrutl kot-
vicich poklad a nasténné koleno do dé-
lici steny je v rozmezi 1,0 dB az 10,2 dB,
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« when the flow rate is reduced to 50%, the
sound pressure level drops by approx. 6.0
dB,

» noise reduction by free hanging of the
pipe ranges from 1.4 dB to 11 dB, depend-
ing on the way the wall elbow support is
attached and the type of outlet,

« the noise reduction by removing the
screws anchoring the support and wall el-
bow to the dividing wall is between 1.0 dB
and 10.2 dB, depending on the pipe fixing
method and the type of outlet,

» the noise reduction by removing the en-
tire wall elbow support (elbow without wall
contact) is between 5.5 dB and 15.4 dB,
depending on the pipe fixing method and
the type of outlet,

« the maximum difference in operation
of the wall-mounted faucet (basin) was
achieved between the pipe fixing with PPR
clamps with wooden support with screws
and the free-hanging pipe without wall el-
bow fixing — 10.2 dB,

« the maximum difference in shower-
head operation was achieved between
pipe fixing using rubber-lined clamps
with a wooden support with screws and
free-hanging pipe without wall elbow fix-
ing — 20.5 dB.

The objectives of the research were met. The
results show that even seemingly insignifi-
cant elements can contribute significantly to
the propagation of structural noise from wa-
ter supply installations. This may be crucial for
ensuring noise limits from these installations,
especially in new residential buildings. In
these, due to the irregular layout of the flats,
this phenomenon occurs very often and is of-
ten the cause of costly complaints.
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v zdvislosti na zpUsobu uchyceni potrubf
a typu vytoku;

« snizeni hluku odmontovanim celého po-
kladu nasténného kolena (koleno bez kon-
taktu se sténou) je vrozmezi 5,5 dB az 15,4
dB, v zavislosti na zpldsobu uchyceni po-
trubi a typu vytoku;

« maximalniho rozdilu pfi provozu nastén-
né baterie (umyvadla) bylo dosazeno mezi
uchycenim potrubi pomoci PPR pfichytek
s dfevenym podkladem s vruty a volné za-
vésenym potrubim bez uchyceni nastén-
ného kolene — 10,2 dB;

« maximalniho rozdilu pfi provozu sprcho-
vé hlavice bylo dosazeno mezi uchycenim
potrubi pomoci objimek s gumovou vloz-
kou s difevenym podkladem s vruty a vol-
ne zavésenym potrubim bez uchyceni na-
sténného kolene — 20,5 dB.

Cile vyzkumu byly naplnény. Z vysledk( vy-
plyva, ze ina prvni pohled zanedbatelné prvky
mohou vyznamnym zplsobem pfispivat k Si-
feni strukturalniho hluku z provozu vodovod-
nich instalaci. To maze byt klic¢ové pro zajisté-
ni hlukovych limit( z téchto instalaci zejména
pak v novostavbach bytovych domu. V téch
se diky nepravidelnému dispozi¢nimu uspo-
radani bytu tento jev vyskytuje velmi Casto
a byva i pficinou nakladnych reklamaci.
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