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Determination of the Installation Sound Level L, in the P-BA 158/2015e
Laboratory Results sheet 1

Client: UPONOR Infra, Kouvolantie 365, FI-15521 Nastola, FINLAND

Test specimen: Wastewater installation system consisting of plastic pipes and fittings " Uponor Decibel "
(manufacturer: Uponor Infra) with pipe clamps "Bismat 1000" made by Walraven. (test object no.:
10834-2; see figure 4 and 5)

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

- The system consisted of wastewater pipes (nominal size OD 110), three inlet tees (45°), two 45°-
basement bends and a horizontal drain section. The inlet tees in the basement and in the ground
floor were closed by lids supplled by the manufacturer.

- Pipe system: three layer pipes "Uponor Decibel", material PP (outer), PP-MD (center), PP
(inner), mineral filled polypropylene, size OD 110, wall thickness 3.8 mm, weight 1.9 kg/m,
density 1.6 g/cm?3. Single layer fittings, material PP-MD, size OD 110, wall thickness 3.7 mm,
density 1.6 g/cm? (values are manufacturers' information). Plug connection of the pipes and
fittings.

- Pipe clamps "Bismat 1000" (figure 5): Structure-borne sound insulating support attachment
consisting of Bismat SL guidance clamps and Bismat SX socket clamps. In each storey (EG and
UG) respectively one double clamp was installed at the lower wall area. To prevent contact to the
pipe, the guidance clamp (SL) was mounted with 14 mm space between the locking tabs of the
clamp (two 7.0 mm spacers on each side). At the upper wall area one "Bismat SL" was mounted
as loose clamp (two 7.0 mm spacers on each side) without contact to the pipe (figure 5). The
Bismat 1000 clamps were fixed to the installation wall with an adjustable wall plate with dowels
and thread rods.

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

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

Test method:  The measurements were performed following German standard DIN 4109 and EN 14366; noise
excitation by constant water flow with 0.5 I/5, 1.0 I/s, 2.0 I/s and 4.0 I/s (details in Annexes A and F).

Result:
"Uponor Decibel" (manufacturer: UPONOR Infra) with pipe clamps "Bismat 1000" made by
fWalraven.
Flow rate [I/s]l 05(1.0(12.0]4.0
Installation sound level Lageqn (Lin) [dB(A)] according to DIN 4109 44 | 47 | 50| 53
e mgasured in the basement test-room UG front
taﬂa on sound level Lageq,n (Lin) [dB(A)] according to DIN 4109 <10|<10]13 | 19
measufed in the basement test-room UG rear
Jnstallah?}v sound level LAFeq a7 (Lin) [dB(A)] according to VDI 4100 42 | 45 | 48 | 50
measuted in the basement test-room UG front
Installation sound level Lareqor (L) [dB(A)] according to VDI 4100 <10|<10[ 10| 15
L(measured in the basement test-room UG rear
Airborne sound pressure level L, 1 [dB(A)] according to EN 14366 44 | 47 | 50 | 53

in the basement test-room UG front

Structure-borne sound characteristic level L4 [dB(A)] according to EN 14366 | <10 [<10(<10| 14
in the basement test-room UG rear

Test date: July 14, 2015

Notes: - The requirements of DIN 4109 and VDI 4100 only apply for the test room UG rear.

- For the experimental setup investigated in the test facility the used supporting and fixing clips
Bismat 1000 normally doesn't guarantee a realistic load transmission. Consequently, in case of
practical application in a real building, higher levels of installation noise may be expected.

- Sound levels below 10 dB(A) are not mentioned in the test report, since they are subject to an
increased measurement uncertainty and moreover are not noticeable in a normal living
environment,

The test was carried out in a laboratory, accredited according to DIN EN ISO/IEC
17025:2005 by DAkKKS. The accreditation certificate is D-PL-11140-11-01.

—
Z Fraunhofer \
gp | Stuttgart, December 23, 2015
Head of Laboratory: ~ G (r\/




Detailed results P-BA 158/2015e
Client: UPONOR infra, Kouvolantie 365, £-15521 Nastola, FINLAND figure 1
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Frequency response of the installation sound level Lagen (L) measured at various flow rates in the test
rooms UG front (above) and UG rear (below). The installation sound levels Lagegn (L) in dB(A) according
DIN 4109, for the reproduced frequency range from 100 to 5000 Hz, are represented in the legend.
Test specimen: Wastewater installation system consisting of plastic pipes and fittings "Uponor Decibel*
(manufacturer: Uponor Infra) with pipe clamps "Bismat 1000" made by Walraven.

% F unhofer The test was carried out in a laboratory, accredited according to DIN EN ISOAEC
ra 170252005 by DAKKS. The accreditation certificate is D-PL-171140-11-01.
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Detailed resulis P-BA 158/2015e
Client: UPONOR Infra, Kouvolantie 365, F-15521 Nastola, FINLAND figure 2
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Frequency response of the airborne sound pressure level L, 4 (above) and structure-borne sound
characteristic level L;. 1 (below) measured at various flow rates according to EN 14366.

lest specimen: Wastewater installation system consisting of plastic pipes and fittings "Uponor Decibel”
{manufacturer: Uponor Infra) with pipe clamps "Bismat 1000" made by Walraven.

% Fraunhofer The test was carried out in a laboratory, accredited according to DIN EN ISOAEC
17G25:2005 by DAKKS. The accreditation certificate is D-PL-11140-11-01.
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Detailed results P-BA 158/2015e

Client: UPONOR Infra, Kouvolantle 365, FI-1552 1 Nastola, FINLAND figure 3
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Wail structural sensitivity level Lss of the instaliation wall between the test rooms UG front and UG
rear in the instailation test facility in the Fraunhofer-institute of Building Physics. The instaflation wall
consists of calcium silicate blocks (thickness 115 mm, ceiled on both sides) with a mass per unit area
of 220 kg/m?. The indicated structural sensitivity level Lss refers to the mounting position of the
waste water system according to figure 4. For comparison the wall structural sensitivity leve! L of
the reference wal! is also indicated {evaluation according to DIN EN 143686).

Test specimen: Wastewater installation system consisting of plastic pipes and fittings " Uponor
Decibel” {manufacturer: Uponor Infra) with pipe clamps "Bismat 1000" made by Walraven.

The test was carried out in a laboratory, accredited according to DIN EN ISOAEC
17025:2005 by DAKKS. The accreditation certificate is D-PL-11140-11-01.
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Detailed results

Client: UPONOR Infra, Kouvolantie 365, FI-1552 1 Nastola, FINLAND

P-BA 158/2015e
figure 4
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Installation plan of the test set-up in the test facllity. Upper clamps@)’Bismat SL”, lower clamps(3)
“Bismat 1000", consisting of Bismat SL guidance clamp and Bismat SX socket clamp

Test specimen: Wastewater installation system consisting of plastic pipes and fittings " Uponor
Decibel” (manufacturer: Uponor Infra) with pipe clamps "Bismat 1000 made by Walraven.

i 17025:2005 by DAKKS. The accreditation certificate is D-PL-11140-1
Z Fraunhofer

IBP

The test was carried out in a laboratory, accredited according to DIN EN ISO/EC

1-01.




Detailed results

P-BA 158/2015e

Client: UPONOR Infra, Kouvolantie 365, FI-15521 Nastola, FINLAND figure 5

Ql‘imm W

Upper picture: Pipe clamp "Bismat SL, loose clamp" (two 7.0 mm spacers on each side)

at the upper wall area.

Lower picture: "Bismat 1000", consisting of Bismat SL guidance clamp with two 7.0 mm spacers on
each side and Bismat SX socket clamp without spacer at the lower wall area.

Mounting details see test set-up.

Test specimen: Wastewater installation system consisting of plastic pipes and fittings "Uponor
Decibel" (manufacturer: Uponor Infra) with pipe clamps "Bismat 1000" made by Walraven.

Z Fraunhofer

IBP

The test was carried out in a laboratory, accredited according to DIN EN ISOAEC
17025:2005 by DAKKS. The accreditation certificate is D-PL-11140-11-01.




Fraunhofer-institut flr Bauphysik Annex A

Measurement set-up, noise excitation and evaiuation parameters

Measurement set-up

In the water-installation test-facility run by the Fraunhofer Institute of Building Physics, a down pipe is instatied
leading from the top floor (DG) down to the sub-basement (KG) (for further details, please see Annex P). This
down pipe is connected to a (OD 110} water inlet pipe on the top-fioor level. The water is introduced through
an S-shaped bend according to the standard EN 14366. In the sub-basement, the down pipe is connected 1o a
bend (2 x 45 degree, usually) and merges into a horizontal discharge section, which in turn is ioined to a water
receptacle. The waste-water pipe on the ground floor (EG) and in the basement (UG) is fitted with conventional
branches from main lines (usually, OD 110). Pipes and fittings are mounted according to the instructions given
by the manufacturer. The air gaps between the wbe and floor in the entrance and exit openings are stuffed
with porous absorber in order to prevent any structure-borne sound bridges influencing the building. The waste-
water piping is fastened to the installation wall (mass per unit surface m" = 220 kg/m?) by means of pipe clamps
supplied by the Ciient, which are adapted to the external diameter of the pipes. The locations of the fixation
points and further dimensions are specified in the installation plan that is included in the test report.

Noise excitation and evaluation parameters

Any defined and metrological reproducible noise 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 fiow rates Q which are typically encountered in practice:

(1 Q=055 corresponding te Q = 30 i/min,
(2)  Q=1.0I5, corresponding to G = 60 I/min,
(3)  Q=2.0Vs, corresponding to Q = 120 ¥/min,
4y Q=405 correspending to Q = 240 I/min.

Here, a tlow rate of Q =2.0!/s roughly corresponds to the average flow rate required for flushing a toilet.
According to Prandt-Colebrook, the highest flow rate used results from the admissible hydraulic charge of the
horizontal pipe sections, which is Qmax = 4 I/s for OD 110 pipes.

The measurements take place in the installation rcom (UG front} and in the room behind the installation wali
(UG rear). The water flow generates vibrations of the wastewater pipe. These vibrations are transmitted 1o the
installation waii through pipe clamps and/or other structure-borne sound bridges (e.g. fire protection siceves),
and then radiated by the wall (and to a lesser extent, aiso by the adjoining buiiding parts) as airborne sound into
the test room behind the installation wall. In the test room UG front additionally the airborne sound which is
radiated from the waste waler system is measured. According to EN ISO 140-3 the sound pressure level is
picked up at six points in the room, to be space and time-averaged and corrected for the background noise.
With this value the airborne sound pressure level L, » and the structure-borne sound characteristic ievel Locs IS
calculated according to EN 14366. The installation sound level is determined following Annex F. Thereby the
rounded Las1o is equivalent 1o the installation sound level Ly, (0 Larmas) according to DIN 52219, DIN EN 1SO
10052, DIN 4108-11 and DIN 4109,

Status as of 23 June 2010



Fraunhofer-tnstitut for Bauphysik Annex [

Evaluation of Measurements

ionar IS

The measured sound pressure level is given as time and space averaged one-third octave spectrum in the
frequency range between 100 Hz and 5 kHz. First, the measured value is corrected for background noise,
Subsequently, it is normalized to an equivalent sound absorption area of Ag = 10 m? and A-weighted:

LE'.?J. ,':!1.3
{1) Lrasio z?0-19[1010 m1010]+?0vlg§~'l+§<(#\)n [dB(A)]
0

Log space and time averaged sound pressure level in one-third octave band n
{time constant: fast) [dB]
Lns background noise level in one-third octave band n [dB]

6-
A, = 0 T6\i sound absorption area of test room for one-third octave band n [m?]
n

v volume of test room im?]
Ta reverberation time of test room in one-third octave band n [s]
k{A), A-weighting for one-third octave band n [dB]

If the difference between the measured one-third octave fevel and the background noise level is iess than
3 dB, the correction for background noise will not be performed. Instead, the measured background noise
tevel will be used as test result (as largest possible value). The total sound pressure level is obtained by
energeticaily adding the one-third octave values.

18 baarg
@) LAF'm:iO-lg{zm 10 J [dB(A)}

n=%

where n indicates the number of one-third octave hands from 100 Hz to 5 kMz. The calculated jevel Lagio
corresponds to the sound pressure jevel that would arise in a sparsely furnished reception room under
otherwise equal conditions. The value {Lar,10) represents the instaliation sound leve! Ly, {Or Lagmas) in the test
facility.

Time-dependent noise

In this case, the measurement signal consists of a series of one-third octave spectra {frequency range from
100 Hz through 5 kHz) which are consecutively measured at the same place with a time interval of 0.128 s,
the evaluation is performed in the same way as in the case of stationary noise, with the exception that
background noise correction is not performed. After evaluation the maximum value {Lar10mas) 15 determined
from the measured time response.

Status: June 23, 2010



Fraunhofer-Institut fir Bauphysik Annex P

Test facility

installation wall

Riwwand = 44 ¢B
Do T honzantal = 45 dB

EG rear

EG front
Vv = 52,6 m®

R stont = 53 dB
Daw,tiagonal = 53 dB
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R'wpocke = 52 dB
Dn Twvertical = 52 dB

UG front
V= 52,6 m*

UG rear

Sectional drawing of the instaflation test facility in the Fraunhofer-Institute of Building Physics (dimensions given
in mm). 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 to this construction, including the top floor (DG) and the sub-basement (KG),
it is possible to perform tests on installation systems which extend across several floors, e.q. waste-water installa-
tion systemns, The installation walls in the ground floor and in the basement can be substituted according to

actual requirements. In the standard case, single-leaf solid walls with a mass per unit area of 220 kg/m? (accord-
ing to German standard DIN 4109) are used. Since the sound insuiation of these walls do not meet the require-
ments 1o be fuifilled by a wall separating different occupancies within the same building (R'w 2 53 dB), the next
adjacent rooms to be protected from noise are located diagonally above or below the instailation room (in case of
a usual design of the ground plan). Due to its double-leaf construction with an additional structure-borne sound
insulation, the installation test facility is particularly suited for measuring low sound pressure levels. The measuring
rooms are designed in such a way that the reverberation times are between 1 s and 2 s within the examined
frequency range. The flanking walis, with an average mass per unit area of approximately 440 kg/m?, are made of
concrete.

Status: 29 October 2014



Fraunhofer-Institut flir Bauphysik

Measurement equipment

Annex P

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

Device | Type | Manufacturer J

Analyser Soundbook_MK2_8L Sinus Messtechnik

¥2"-microphone-Set 46 AF (Kapsel: Typ 40 AF-Free Field; | G.R.AS
Vorverstarker: Typ 26 TK)

1"-microphone 4179 Bruel & Kjaer

1" -preamplifier 2660 Bruel & Kjaer

Microphone-calibrator 4231 Bruel & Kjeer

Accelerometer 4371 und 4370

Conditioning amplifier Nexts 2692-A-014 Bruel & Kjaer

Acceierometer-calibrator VT MMF

Amplifier LBB 1935/20 Bosch Plena

Loudspeaker MLS 82 Lanny

Reference sound source 382 Rox

Standard tapping machine 21 Norsonic

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

necessary, are calibrated and gauged.

Status: 29 Oclober 2014



Fraunhofer-institute for Building Physics Annex V

Page 1 of 4

Assessment of increased noise protection according to VDI 4100

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

The measurement of noise of sanitary installations is equally carried out in accordance with VDI 4100 and DIN
4109, Details of the method and the evaluation of the resuits are described in Annex F. The only difference
between the two standards is that the measured sound levels in DIN 4109 are related to the equivalent sound
absorption area of A = 10 m?, whereas in VDI 4100 the reverberation time of Te = 0.5 s is used as a reference
value. The refation between the two sound levels is as follows:

LAF:,n‘I' - LAF,n - 10 IQ(V) +1 5

with  Laar = standardized sound level of noise of sanitary installations according to VDI 4100 [dB(A)]
normalized sound level of noise of sanitary installations according to DIN 4109 [dB(A)]
volume of the receiving room [m?)

i

LA f.n

V

The indices A and F describe the frequency weighting " A" and the time weighting “Fast". Depending on
whether a time-averaged value or a maximum level is measured, the index "eq” or "max" is added to theses
indices. This equally applies for the standardized and normalized sound level, for example Lacegnt OF Larmacn.

The standardized sound leve! according to VDI 4100 and the normalized sound level according to DIN 4109
differ in a constant value which is only dependent on the volume of the receiving room. Whereas the normalized
sound level (DIN 4109) is independent of the room volume, the standardized sound leve! (VDI 4100) is reduced
by an increasing room volume. Since the requirements of sound insulation of VDI 4100 are related to the
standardized sound level, the values measured in the test facilities of noise of sanitary installations of the IBP
must be converted to the volume of the in-situ rooms in need of protection as verification of the requirements.
Conversion is carried out according to the folfowing relation:

LAF,nT.BuiIciing = Lagnria + 10 ’g(VLa[]NBm[ding)

with  Larersuisns =  Standardized sound fevel of the tested instaffation at the building
Larnrias = standardized sound leve! of the tested instaliation in the test facility
Viab = volume of the receiving room in the test facility
Vauilding = volume of the room in the building in need of protection

The volumes of the three receiving rooms in the sanitary installation noise test facility of the IBP and diagrams of
the previous calculation formula for direct reading of the results can be found in the following:

Status: Becember 10, 2013



Fraunhofer-Institute for Building Physics Annex V

Page 2 of 4
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Fig. 1: Modification of the standardized sound level measured in the installation test facility P12 for rooms with
deviating volume. The resuiting change of sound level in comparison to the measured value indicated in
the test report in dependence of the new room volume Is specified in the diagrams for the three
measuring rooms basement floor front (UG front), basement floor rear (UG rear), and ground floor rear
(EG rear). if the volumes of the new room comply with the respective measuring rocm, the sound level
will remain unchanged (modification of level AL = 0 dB). If the new room is larger than the respective
rmeasuring reom, the sound level will be reduced (AL < 0). if it is smaller, the sound level will increase
(AL > 0).

Requirements

According to VDI 4700 all rooms in an apartment with a ground area = 8 m? are considered as rooms in need of
protection, Kitchens, bathrooms, WCs, halls and side rooms, however, are explicitly exempted from building
instaifation noise and from impact sound. For commen fioor plan configuration (bathroom above hathroom)
normatlly the room in the basement floor rear (UG rear) is for the values measured in the test facility the one to
be primarily considered as room in need of protection.

Status: December 10, 2013



Fraunholer-Institute for Building Physics Annex V

Page 3 of 4

The required values are divided according to the sound insulation levels (558 in VDI 4100 complying with various
comiort levels:

Table 1: Comfort fevel and acoustic situation for the sound insulation levels | to il according to VDI 4100.

Sstd Jraised in the design and construction compared 10 a simple one
regarding design and construction features”

«unreasonable annayance are in general avoided “

SStii ~average requirements of comfort”

LN general not disturbing”

SSt M | ,special comfort requirements”

«Not or only seldom disturbing”

Different requirements are indicated respectively for the three sound protection levels in VDI 4100. Since sound
insulation level il represents the highest comfort level the strictest requirements must be applied, i.e. sound
ievels allowable for noise of sanitary installations are lowest in this case. The required values for apartment
houses or one-family terrace houses and one-family semi-detached houses are represented in the foilowing
table:

Table 2: The requirements of sound insulation of building service equipment in for apartment houses or
one-family terrace houses and one-family semi-detached houses according to VDI 4100 for sound
protection levels | to lll. The requirements apply for sound transmission between separated
apartments. Noise from water supply installations and sewage systems are considered together.

Building Acoustic Sound Sound Sound
parameter protection | protection | protection
[dB{A)] level | level Il leved IH
LAFmax,nT

Apartment houses | or <30 < 27 =24
LAFeq,nT Ak

A——— webrmieerere oiritmivereers
e st b

One-family terrace

L AFmax,nt
hO = max,n
Hses anq one or =30 <25 <22
family semi- T am)
AFeq,nT

detached houses

a; Individuat short-term noise peaks during actuation (opening, closing, adjusting, iterrupting,
etc.} the fittings and equipment of the plumbing systerm should not exceed the characteris-
tic values of S5t 1 and S5t 1l by more than 10 dB. Here, the intended use is required

b} Since noise of sanitary installations are frequently temporary changing signals, VDI 4100
provides for the measurement the maximum level [ugpay . FO stationary signals such as
impact noise from water jets, howaever, it is more efficient 1o determine the average noise
leve! Lareq o7 Instead, since only in this way it is possible 10 observe the requirements for
reproducibility and accuracy obligatory for measurements in the test facility. The measured
average noise level is generally slightly iower than the maximum level, however, the
difference is not more than a maximum of 2 1o 3 dB according o extensive experience.

Status: Decernber 10, 2013



Fraunhofer-institute for Building Physics Annex V

Page 4 of 4

Besides the previously described requirements for sound transmission between separate apartments, VDI 4100
also contains recornmendations for sound protection in cne’s own living space. The effective required values and
the importance of the respective sound protection levels can be found in VDI 4100.

Note (o handle noise emitted by users in VDI 4100:
For user noises, which often result in complaints ( e.g. putting down & teothbrush tumbler on a storage board,

opening and closing the toilet cover, use of toilets, sliding in the bath tub, striking the doors - also of wall
cabinets and built-in cahinets, etc.) neither to the noise control classes S5t Il and SSt Il no ¢haracteristic values
were specified, since these noises are very difficult to reproduce and depend on the specific building situation. It
is assumed, however, that these neises — by intended use — are reduced as much as possible by application of
conventional arrangements for the impact sound insuiation when mounting the sanitary equipment.

Status: Decemnber 10, 20613



