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Foreword

[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee
has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the

ISO/IEC Di
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patent(s).
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this may n
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fFectives, Part 2 (see www.iso.org/directives).

attention to the possibility that the implementation of this document may invoelve'th
SO takes no position concerning the evidence, validity or applicability of any”clairy

fhich may be required to implement this document. However, implemefnters are cau
bt represent the latest information, which may be obtained from the patent database {
g /patents. ISO shall not be held responsible for identifying any or,all. such patent righ

Any trade
constitute

For an exp
related to
Organizati

This docuty

name used in this document is information given for the convenience of users an
an endorsement.

anation of the voluntary nature of standards, the meaning of ISO specific terms and e
conformity assessment, as well as information about ISO's adherence to the W
bn (WTO) principles in the Technical Barriers to Trade(TBT), see www.iso.org/iso/fore

e use of (a)
ned patent

pspect thereof. As of the date of publication of this document, ISO had not‘received nfotice of (a)

fijoned that
wvailable at
S.

d does not

Xpressions
prld Trade
word.html.

nent was prepared by Technical Committee ISO/TC 43, Acoustics, Subcommittee SC

acoustics, in collaboration with the European Committee for Standardization (CEN) Technical

CEN/TC 17
technical c

6, Acoustic properties of building elements-gnd of buildings, in accordance with the Agi
poperation between ISO and CEN (Vienha Agreement).

This second edition cancels and replaces the\first edition (ISO 16032:2004), which has been

revised.

The main d
— terms
proced

measu|
activit

hanges are as follows:
hnd definitions have been'revised;
ure to detect anddaverage spatial and temporal variations of the sound has been revis

rements can/be.performed to verify sound levels either from a specific service equip
y in the building, with operating conditions described in Annex B or by national guidel

exist for a specific'type of service equipment, e.g. lifts;

title is
this dg

measu

updated to reflect that also sound from activities in the building can be measured a
cument, e.g. music sound from a restaurant or sports premises in the same building;

2, Building
Committee
eement on

technically

bd;

ment or an
nes if such

rcording to

rements are performed in one-third-octave-bands;

octave-band levels, without corrections for reverberation times or background noise may be measured

or estimated from the one-third-octave-band levels and reported optionally, but they are not used to
calculate the A-weighted and C-weighted sound pressure levels;

bands;

standardization with respect to reverberation times applies to the 50 Hz to 5 000 Hz one-third-octave-

frequency range used to calculate the A-weighted and C-weighted sound pressure levels can include one-

third-octave bands from 25 Hz to 10 000 Hz but shall always include the bands 50 Hz to 5 000 Hz;

Annex

C added providing an example form for the expression of results.
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Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

Many countries have building regulations intended to protect people from noise in their homes or
workplaces. For the purpose of verification of compliance with such regulations, there is a need for a
standardized method for the measurement of sound pressure levels from service equipment or activities
in this building. This document specifies a procedure for such measurements, under specific operating
conditions and operating cycles.

© IS0 2024 - All rights reserved
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International Standard

ISO 16032:

2024(en)

Acoustics — Measurement of sound pressure level from
service equipment or activities in buildings — Engineering
method

1 Scope

This docurhent specifies an engineering method for the measurement of sound pressure level

from servi

This docu
ventilation|

other auxiliary service equipment, and motor driven car park doors. It can also be,applied to me3

of sounds f
restaurant

The measu
building ax

The metho
hotels, sch

The metho

2 Norm

The follow
requireme
the latest ¢

[SO 3382-2
rooms

[EC 60942,
IEC 612601
[EC 61672

3 Term

Ce equipment installed in the building.

ment covers specifically measurements of sound from sanitary installations, 1
heating and cooling service equipment, lifts, rubbish chutes, heating devices;blowers,

rom other types of equipment or activities within the building, e.g. neise from sport
5.

rement of noise from external sound sources generating air;-bovne or ground-borne 1
e not included in this document.

s are suitable for rooms with volumes of approximately 300 m3 or less for instance, in
pols, offices and hospitals.

ds are not intended for measurements in large at{ditoria or concert halls.

ative references

ng documents are referred to in the.text in such a way that some or all their content
hts of this document. For dated references, only the edition cited applies. For undated
dition of the referenced document (including any amendments) applies.

, Acoustics — Measurement.of room acoustic parameters — Part 2: Reverberation time

Electroacoustics —Sound calibrators
1, Electroacoustics — Octave-band and fractional-octave-band filters

1, Electroacoustics — Sound level meters - Part 1: Specifications

s ahd definitions

5 in rooms

mechanical
pumps and
surements
Facilities or

oise in the

dwellings,

ronstitutes
references,

in ordinary

For the purposes of this document, the following terms and definitions apply.

[SO and [EC maintain terminology databases for use in standardization at the following addresses:

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

© IS0 2024 - All rights reserved

1


https://www.iso.org/obp
https://www.electropedia.org/
https://standardsiso.com/api/?name=7e6c572bd1043f7a7609bdf3b2599513

31

ISO 16032:2024(en)

sound pressure level

L.

1

ten times the logarithm to the base 10 of the ratio of the square of the sound pressure p2(t), to the square of
the reference sound pressure p,2, measured in a position i with a particular time weighting and a particular
frequency weighting, selected from those defined in IEC 61672-1

Note 1 to entry: L; is expressed in decibels.

Note 2 to entry: The reference sound pressure is 20 pPa.

3.2
maximum

sound pressure level with time weighting "S"

LSmag{
maximum

3.3
maximum

LFma_x
maximum

3.4
equivalen
Leg
sound pre;s

sound pres

Note 1 to e
stated dura

3.5
average sq
L
ten times {
pressure p
entire rooy
of the bou

Note 1 to en

Note 2 to e
positions, i1

L=10@[ljz
n

Note 3 to 4
equivalent ¢

sound pressure level measured in one-third-octave-bands determined with timewei

sound pressure level with time weighting "F"

sound pressure level measured in one-third-octave-bands determined'with time wei

t continuous sound pressure level

sure level measured in one-third-octave-bands determined as a time average of t
sure during a stated integration time

htry: The integration time, can be indicated with additional subscripts for the stated time i
[ion, e.g. Ly, o6 OF L3 Or Lyy,.

jund pressure level

he logarithm to the base 10 of the ratio-of the space and time average of the square o
2(1), to the square of the reference(sound pressure p,?, the space average being takg
h with the exception of those parts where the direct radiation of a sound source or th
daries (walls, etc.) is of significant influence

try: L is expressed in decibels:

ntry: The space average tan be calculated from measurements of the sound pressure level
cluding repetitions\in.one position, according to the Formula:

1024 }dB

n
i=1

ntry:The measured sound pressure levels can be maximum time weighted levels Lg ..
ontinuous sound pressure levels L.

bhting “S”

shting “F”

he squared

hterval or a

F the sound
n over the
b near field

; taken in n

DI Lpnax OT

3.6

reverberation time

T

duration required for the space-averaged sound energy density in an enclosure to decrease by 60 dB after

the source

emission has stopped

Note 1 to entry: The reverberation time is expressed in seconds.

Note 2 to entry: T can be evaluated based on a smaller dynamic range than 60 dB and extrapolated to a decay time of
60 dB. It is then labelled accordingly. Thus, if T is derived from the time at which the decay curve first reaches 5 dB
and 25 dB below the initial level, it is labelled T,,. If decay values of 5 dB and 35 dB below the initial level are used, it
is labelled Tj,,.

© IS0 2024 - All rights reserved
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Note 3 to entry: T is measured in one-third-octave-bands from 50 Hz to 5 000 Hz.

3.7
standardi

LnT

zed average sound pressure level

average sound pressure level standardized to a reference reverberation time in one-third-octave-bands.

Note 1 to entry: To calculate the standardized quantity, the following formula applies:

Ly =L—-101g [l} dB

bne-third-

To
where
T is[the measured reverberation time in seconds;
T, reference reverberation time 0,5 seconds.
3.8
normalize€d average sound pressure level
s\l}erage sound pressure level normalized to an equivalent sound absorption-area of 10 m?2 in
octave-bands.
Note 1 to entry: To calculate the normalized quantity, the following formulaapplies:
L, =L--10lg[ A T }dB
0,16V
where
Ay is the reference equivalent sound absgrption area in square meters; 4, = 10 m?;
T is the measured reverberation tinie'in seconds;
%4 is the room volume in cubic meters;
0,16 | has the unit (s/m).
39
A- weighted average sound pressure level
Ly
L, =1 lgl:ZZ:1100,1(Lk+Ak) } dB
where
L, isthe average sound pressure level in each one-third-octave-band k;
A is the A-weighting correction of the one-third-octave-band k according to Annex A.
3.10

C- weighted average sound pressure level

L¢

L :101g[2;(n:1100’1“"+6k)}dB

© IS0 2024 - All rights reserved
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where
Ly

Cy

ISO 16032:2024(en)

is the average sound pressure level in each one-third-octave-band k;

is the C-weighting correction of the one-third-octave-band k according to Annex A.

4 Measurement equipment

Measurement of sound pressure levels according to this document shall be made with a one-third-octave-

band analy

ser that registers all sound pressure levels simultaneously.

The instrumentation system, including the microphone and cable, shall meet the requirements for a class

1 instrumg
class 1 filtd

The residu
according {

At the begi
with a sot
previous c
been clarif
range and

[tis recom

NOTE y
vibrations d

5 Test method — General

The sound
a fixed pos
period or g

For the evi
third-octa
pressure le

The equiv,
determine
regulation

The sound
levels in o1

These aver]

b1 noise of the used instrumentation shall be assessed, to be compared with the-backgr

nning and at the end of the measurements, the sensitivity of the instrumeéntation shall

hlibrations by more than 0,5 dB, do not use this equipment until thereason for this de
ied and appropriate actions have been taken to ensure a corre¢t Sensitivity within i

Mt Specified M IEC 6167 2-1T e one—tiird—octave-band fiters siatt meet the Tequt
rs specified in IEC 61260-1.

o Clause 8.

nd calibrator class 1 according to IEC 60942. If the calibration measurement dey

requency range.
mended the microphone is mounted on a stable stand, e.g/a'tripod, with an adjustable

'he stand can be equipped with a resilient mount for the\microphone to reduce background
f the floor.

pressure level, L;, from a service equipment or an activity in a building shall be ml
ition i as the linear (unweighted).spectrum in one-third-octave-bands during a spe|
perating cycle of the service equipment under test.

luation of a maximum sound.pressure level with a time weighting “S” or “F”, registg
ve-band sound pressure levels at that time when the maximum A-weighted or C-weig
vel indicated by the instriiment occurs in this microphone position.

plent continuous.Sound pressure level, L., shall be determined with an integr
1 according to the'guidelines in Annex B, unless there are guidelines in national requirg
5 which shallthen be applied instead of the guidelines in Annex B.

pressurelevels taken in different positions are then used to calculate the average sour
e-third=octave-bands.

age,sound pressure levels shall be corrected for background noise measured accordin

ements for

bund levels

be verified
iates from

viation has

s dynamic

height.

noise from

easured in
cified time

r the one-
hted sound

ation time
bments and

d pressure

b t0 6.6

The background noise corrected average sound pressure levels in one-third-octave-bands shall be used to
calculate the standardized average sound pressure levels or the normalized average sound pressure levels,

unless nati

onal requirements only require uncorrected levels to be reported.

Finally, the A-weighted average sound pressure level and C-weighted average sound pressure level are
calculated from the background noise corrected and standardized or normalized or uncorrected one-third-
octave-band results.

The average sound pressure levels which can be reported according to this document are given in Table 1.

© IS0 2024 - All rights reserved
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Table 1 — A- and C-weighted average sound pressure levels

A-weighted average sound C-weighted average sound pressure
pressure level level
(calculated from one-third octave band (calculated from one-third octave
sound pressure levels) band sound pressure levels)
. LASmax LCSmax
Maximum sound pressure level L L
with time weighting “S” ASmax,nT CSmax,nT
LASmaX,n LCSmaX,n
. LAFmaX LCFmax
Maximum sound pressure level L L
with time weighting “F” AFmax,nT CFmax,nT
LAFmaX,n LCFmaX,n
Equivale]mt continuous sound LLAeq LLceq
pregsure level “eq” Aeq,nT Ceq,nff
LAeq,n LCeq,n

The differgnt weighted average sound pressure levels given in Table 1 are not comparable. Only mgasurement
results obtained with the same time and frequency weightings shall be compared. When medasurement
results arelcompared with legal requirements it shall be ensured that both referto the same quantity. Thus,

the notatign in Table 1 shall be used when reporting measurement results.

Octave-bahds sound pressure levels, directly measured or estimated from the one-third-og¢tave-band
results, can be presented optionally, without correction for background noise and without standardization

or normalifation.

6 Measurement procedure

6.1 General

The sound|pressure level shall be determined forc specified operating condition and operating cycle of a

service equipment or a given time frame for an.activity in the same building.

NOTE1 Soundsinaroom from external soufces of noise can be measured according to ISO 1996-2.

NOTE 2

landscape, dan be measured according to ISO 3382-3.

Operating fonditions and operating cycles are determined according to Clause 5.

Background sounds in large spaces or in rooms with highly sound absorbing surfaces, elg. an office

Special carje shall be taken to,ensure that operating conditions of automated service equipment afe fulfilled,
either by sfipervised opefration of the source or by some kind of additional measurement of the squrce itself,

e.g. with ai accelerometer.

Windows gnd doers.shall be closed during the measurements, but air inlets shall be in their normgl position.

It is reconjmended the operator performing the test stays outside the room during the measyirement to
ensure the bar‘lzgrnund nolse-l1s unaFFnrtnd by t]'\n npnratnr A mlrrnphnnﬂ cfand can thon bn used accordlng

to Clause 4.

NOTE 3

It is often efficient to listen to the microphone signal in headphones to ensure no background sound affects

the measurement, or to record and playback this signal after the measurement. See Clause 8.

NOTE 4
background noise.

In some situations, it can be advantageous that the operator is present in the room to listen for intermittent

If one or several persons are present in the room during the measurements, this measurement condition

shall be stated in the test report.

If the sound contains clearly audible tonal components or time variations, this shall be stated in the test

report.

© IS0 2024 - All rights reserved
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According to this document, sound pressure levels are first measured in three microphone positions, one
position in a selected corner of the room and two positions in the reverberant sound field. The measurements
are repeated in the selected corner and two or four new room positions in case the results differ from each

other by m
The sound

6.2 Sele

ore than limits according to 6.4.

pressure level is measured and corrected according to 6.2 to 6.9.

ction of the corner position for the microphone

To select the corner position (number 1), search for the corner of the room with the highest C-weighted
equivalent continuous sound pressure level. Use the chosen operating condition and operating cycle or any
stable condition suitable for the finding of the location with the highest sound level.

For the sel
measured

bction of the corner position, the C-weighted equivalent continuous sound pressure.]
directly e.g. by the use of an integrating sound level meter. Hence, calculation from

bvel can be
pne-third-

octave-bands and corrections for reverberation times or background noise shall not be applied for this

purpose.T
according {

The corne
floor. If thi
if necessar

The microphone position shall be at least 0,2 m away from any obstacle; Move away small protru

close to thd
is dominat
out when ¢

6.3 Sele

Choose tw
practical,
preferably
The distan
one or sevg
0,30 m. Th
placed at d|

6.4 Measurement of sound pressure levels

6.4.1 Mgd

Carry out
the chosen

If the diffey

he selection procedure for the corner position stated above shall be used prior‘to,all meg
o this document.

5 position is not feasible due to protruding furniture, obstacles etc.¢sinerease the height
y to 1,5 m above the floor.

microphone that do not affect the sound field, if necessary:Jf the sound pressure level
bd by direct sound from a source in the room - e.g. a ventilation outlet - this corner {
hoosing the corner position.

ction of the reverberant field positions of the microphone

additional positions (number 2 and 3) somewhere in the reverberant field of the room
he minimum distance between each of the positions 1 (the corner position), 2 3

ce between positions 2 and 3 and any room surface shall be at least 0,50 m. In small ro
bral positions cannot fulfil this requirement, the distance to a room surface may be dg
e height above floor level shall be at least 0,5 m and not more than 2,0 m. The microphd
ifferent heights as well asimeved to different positions on the floor.

asurement of the equivalent continuous sound pressure level

operating’conditions and operating cycles according to 6.1.

ence.between the highest and the lowest A-weighted equivalent continuous sound pres

at these th

surements

microphone position shall, preferably, be located at each corner 0,5 m from the walls and the

to 1,0 mor

ding items
in a corner
hall be left

Whenever
nd 3 shall

be 1,5 m but at least 1,0 m. The distanceé to any sound source in the room shall be at least 1,5 m.

oms where
creased to
ne shall be

he measurements of the equivalent continuous sound pressure level in positions 1, 2 apd 3 during

sure levels

ree measurement positions, as indicated directly by the instrument without any

orrections

for reverberation times nor background noise, is equal to or less than 3,0 dB, then proceed to carry out
corrections and calculations according to 6.5 to 6.7.

If the difference exceeds 3,0 dB, carry out additional measurements with the microphone at the same corner
position and at two new room positions (number 4 and 5), observing the distances described in 6.3. If the
difference between the highest and the lowest of the six A-weighted equivalent continuous sound pressure
levels, without any corrections, is less than 6,0 dB, then carry out corrections and calculations according to
6.5 t0 6.7.

If the difference exceeds 6,0 dB, carry out additional measurements at the same corner microphone position
and a two new room positions (number 6 and 7), observing the distances described in 6.3. If the difference

© IS0 2024 - All rights reserved
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between the highest and the lowest of the nine A-weighted sound pressure levels is less than 9,0 dB, then
carry out corrections and calculations according to 6.5 to 6.7.

If the difference is larger than 9,0 dB and the three readings in the corner position indicate the sound source
is not stable, then the measurement session shall be interrupted and the reasons for the large differences
should be investigated before a new series of measurement are carried out. No data from the interrupted
series of measurement shall be used to calculate weighted single number values.

If a statistical estimate of the time variation of the sound shall be derived (optionally), this can be done in
addition to the ordinary measurements. Take a new sequence of corner measurements and calculate the
standard deviation, based on the squared sound pressures. It can then be assumed this standard deviation

is representative also for the average sound pressure level in the room.

6.4.2 Mgd

If the maxi
level in ea
made and

duration, an equivalent sound pressure level measured during a fixed integration,time that com

sound ever
measurem

The choser]

NOTE ]
lower one-t
level can de

6.5 Avel

Calculate f
according
rounded td

NOTE ]
averages off
reproducibi
sound pres{
be close to t|
explain this

6.6 Dete

The backg
continuouq
measurem
level meas

asurement of the maximum sound pressure level

[mum sound pressure levels are measured, use the highest C-weighted maximum'soun
Ch position with a similar procedure to 6.4.1 to determine the number of measure
to calculate the average sound pressure level. However, in the case of(sound eve

t can be used instead of the maximum sound pressure level to determine the required
bnts.

operating conditions and operating cycles shall be used.
'he measurement uncertainty can be high when maximum sound pressure levels are meag

pbend on the equipment.

raging the sound pressure level

0 6.4.1 or 6.4.2 with the chosen time and frequency weightings respectively. The lev
one decimal place.

Naximum sound pressure levels with*time weightings "S" or "F" are determined as time
measurements in several positions. This procedure is considered necessary to reach an
[ity. Since the averaging is made\from several squared sound pressure signals, it follows thaf]
ure levels will to some extentydetermine the averaged maximum sound pressure level. This
he highest level registered in any of the positions chosen, but not identical to this. Hence, it can
specific meaning of anfaverage maximum sound pressure level in the test report.

rmination of-the background sound pressure level

Found soufid-pressure level shall be determined in one-third-octave-bands as the
sound«pressure levels over a period of approximately 30 s just before or after §

hrements. Corrections for background sounds are applied according to Clause 8.

d pressure

ﬁents to be

s of short
brises each
number of

ured in the

hird-octave-bands because of time delays caused by the sound level meter filtering circuits and hence the

br each one-third-octave-band the averagesSound pressure level of all the measurenpents made

bls shall be

and spatial

acceptable
the highest
hverage will
be useful to

equivalent
pach set of

bnts. dChe same microphone positions shall be used as for the service equipment sound pressure

6.7 Standardization or normalization of one-third-octave-band results

The one-third-octave-band results corrected for background noise shall be standardized or normalized
to reference absorption properties of the room, unless uncorrected values are requested in a national
regulation or guideline that refers to measurements according to this document.

Measure the reverberation time according to Clause 7 and make the standardization by use of formula in 3.7,
or the normalization according to the formula in 3.8.

Because of severe problems with determining reverberation times in the 25 Hz, 31,5 Hz, 40 Hz, 6 300 Hz,
8 000 Hz and 10 000 Hz one-third-octave-bands, the measured sound pressure levels in these bands shall

© IS0 2024 - All rights reserved
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not be standardized nor normalized. If any of these bands contribute to the A- or C-weighted sound pressure
level, this shall be mentioned in the test report.

NOTE Standardization or normalization based on measured reverberation times may lead to a bias error in
rooms without sound diffusing objects in case one or several surfaces are highly sound absorbing, e.g. a room with
an acoustical ceiling. This error is caused by late and rather weak reflections between acoustically reflecting parallel
surfaces, e.g. the walls, that result in a prolonged reverberation time. However, the sound pressure level can still be
reduced by absorption of the early and strong reflections from the absorbing surface. Hence, the correction based on
reverberation times may then be overestimated. In this kind of room, it may be useful to compare the earliest part of
the reverberation decay with the late part in the evaluation of the reverberation time, e.g. comparing a T;, value with

a a T, value. If the difference is notable, this can be mentioned in the test report.

6.8 Calculation of A- and C-weighted values

Determine
frequency
an extendd
levels in th
with 0 dB d
in the test

Determine
with frequ

The A-weig

NOTE
the values i
possible exj

I

6.9 Soul

In situatio
ceiling - a
position is
the positio)
shall not b
average of

7 Meas

The reverl
[SO 3382-7
50 Hz to 31

8 Corrd

the A-weighted level from the one-third-octave-band levels according to the formula
weights given in Annex A, either within a restricted frequency range 50 Hz to 5-000"H
d range 25 Hz to 10 000 Hz. For the extended frequency range, the measused/soun
e 25 Hz, 31,5 Hz, 40 Hz, 6 300 Hz, 8 000 Hz and 10 000 Hz one-third-octavesbands a
orrection terms for the reverberation times according to 6.7. Indicate theffrequency rat
report.

in 3.7 with
z. or within
d pressure
e included
hge applied

the C-weighted level from the one-third-octave-band levels according to the formjula in 3.1

bncy weights given in Annex A within the extended frequency range 25 Hz to 10 000 H
hted and C-weighted results shall be rounded to integer nambers.
can be useful to compare the calculated A- and C-weightédwresults corrected for backgroun

dicated directly by the instrument. If the difference is more than 2 dB, the calculations can be
lanations.

1d sources present in the room (additional measurements)

Z.

l noise with
checked for

s where sound sources are present inthe room - e.g. a ventilation outlet in the walll or in the

separate measurement position shall be used for each source. For noise sources in
chosen 1 m in front of the source:and 1,5 m above floor level. For a noise source in

n shall be 1,5 m above floor level, directly below the source. Additional measureme
e standardized or normalized. They shall be reported separately and shall not be inclj
the levels measured in microphone positions according to 6.4.

urement of reverberation time

eration time_shall be measured in the 50 Hz to 5 000 Hz one-third-octave-bands-a
, preferably GSing the impulse response method at least in the lower one-third-oct
5 Hz.

the wall a
the ceiling,
ht result(s)
hded in the

rcording to
ave-bands

ction for background noise

This method is only suitable provided that the background noise is approximately constant in time. If
the background noise level is 10 dB or more below the sound pressure level of the service equipment, no
correction shall be made.

The residual noise of the used instrumentation shall be compared to the measured background noise levels.
If the residual noise has had an influence on the background levels, this shall be stated in the test report.

If the background noise level is 4 dB to 10 dB below the sound pressure level of the service equipment, the
measured sound pressure level shall be corrected using the following Formulae (1) to (3):

L=L-K @8]
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K:—101g[1—10(_0’1AL)} 2)
where
L is the corrected sound pressure level, in decibels;
L; isthe measured one-third-octave-band sound pressure level from the service equipment including
background noise, in decibels;
L, isthe[one—third-octave-band background sound pressure level, In decibels;
K  isthelone-third-octave-band correction value, in decibels.
A differeng¢e of 4 dB corresponds to a correction value of 2,2 dB. If the difference ds, less thah 4 dB the
correction|value shall be limited to 2,2 dB, and in the test report, it shall be stated\that the mgasurement

result is in
considered

backgroun

NOTE 1 |
be made. H
of 10 min t

equipment {

fluenced by background noise. For comparison with noise limits, the \nreasuring re
as the upper limit of the service equipment sound pressure level. It shall be stated w
d noise is influencing the A-weighted and C-weighted average soundpressure levels.

If the background noise is varying with time - e.g. caused by road traffic - a reliable corred
bwever, the maximum sound pressure levels of the backgroundynoise can be determined oy
b 15 min in the corner microphone position. If the maximufn’ [ével is 10 dB or more below]

tult can be
thether the

tion cannot
rer a period
the service

ound pressure level the result can be regarded valid without correction. It can also be helpfufl to monitor

the time signal to select the appropriate time slot for measurements+and check the validity in all relevant one-third-
octave-banfs.
NOTE 2 A simple check on-site is to compare the maximum level to the equivalent level in the mjddle of the
frequency rfange during one or several measurement period. For many stable sources this difference cqn be in the
order of 5 dB. If this difference is maintained during the réemaining measurements, it is likely that these measurements
have not begn disturbed by background sounds from ¢losing doors, footfall noise etc.
9 Precision
Table 2 shgws estimates of the standard deviation associated with reproducibility of average sourld pressure
levels. The|values are estimated bas¢d on a limited number of measurements on sound sources fonstant in
timel3]. Flyctuations of the sourtd pressure level of the source will increase the measurement uncertainty,
particularly for maximum sound pressure levels.
Table 2 — Estimated standard deviation of average levels, associated with reproducibility
Ong-third-gctave-band Octave-band Standard deviation of
cdentre frequencies centre frequencies reproducibility
Hz Hz dB
25 315 and 40 31,5 19
50, 63 and 80 63 19
100, 125 and 160 125 19
200, 250 and 315 250 1,5
400,500 and 630 500 1,2
800 to 10 000 1000 to 8000 1,0
A-weighted 0,82
C-weighted 1,22

a

Valid for a constant sound with a relatively flat sound spectrum in the frequency range 25 Hz to 10 000 Hz and with a
difference between service equipment sound pressure level and background noise level of at least 10 dB.
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10 Test report

The test report shall include at least the following information:

a)
b)
<)
d)
e)
f)
g)
h)

k)
D)

reference to this international standard, i.e. ISO 16032:2024;

name of the organization and person(s) that has performed the measurements;

name and address of the client, i.e. the organization or the person who ordered the test;

date of the test;

identification of the room where the sound pressure level has been measured;

descri]
detaile

detaild
of a cy
operat

for wa

1) m
i)
ii)

2) optional:

i)
ii)
iii]
iv)
v)
Vi]
positid
time ¢

test rq
the cg
octave

btion of relevant building constructions, furniture and absorption treatment of surfacg
d description of any particular service equipment or activity in the building;

d information about measurement duration, operating conditions, operatingcycles
rcle) and the number of persons present in the room during the measurement (ing
or);

fer installations:
indatory:
the position of stop cocks;

a description of all relevant aspects of the water installation and the operating cond

the flow pressure (cold and warm water system);
the flow rate/refilling time for cisterns;

the manufacture and destination of'the valve or device;

the flow rate, static pressure, and flow pressure of the valves during the test;
the volume and fillingtime of the flush tank (if possible);

ns of the microphenes;

nstant (X=50r X=F) for Ly ..;

sult (the'notation stated in Table 1 shall be used). For A-weighted and/or C-weigh
rresponding weighted one-third-octave-band spectrum shall be reported, opti

compo

reverb

-band spectrum may be given (uncorrected values). If the sound contains clearly aj

eration times, in one-third-octave-bands, if they were determined;

background noise in one-third-octave-bands;

instrumentation used, with the date of the latest verification by a certified laboratory;

any deviation from the test method;

the sound class and flow rate for valves or devices classified according to ISO 3822-1f

e.g. period
luding the

tions;

d

ted values
onally the
dible tonal

date of the last verification of the compliance of the equipment with the relevant European Standards

shall b

e recorded;

form with a diagram according to Annex C can be used to present the results.
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Annex A
(normative)

A-weighting and C-weighting correction values

Table A.1 — A-weighting and C-weighting correction values

One-third- . /t. s E‘:,;“,, OIctavJe— . ",l_l. s E-H,,,,
octave-band, Hz ‘""“%‘]‘;“‘5' "”‘%‘;3“"5' "?_l';“v WClzii-]l;us, "~-x‘:‘»(’1-;3"--61
25 -44,7 -4,4
31,5 -39,4 -3,0 31,5 -39,4 -3,0
40 -34,6 -2,0
50 -30,2 -1,3
63 -26,2 -0,8 63 -2652 -0,8
80 -22,5 -0,5
100 -19,1 -0,3
125 -16,1 -0,2 125 -16,1 -0,2
160 -13,4 -0,1
200 -10,9 0
250 -8,6 0 250 -8,6 0
315 -6,6 0
400 -4,8 0
500 -3,2 0 500 -3,2 0
630 -19 0
800 -0,8 0
1000 0 0 1000 0 0
1250 +0,6 0
1600 +1,0 -0,1
2000 +1,2 -0,2 2000 +1,2 -0,2
2-500 +1,3 -0,3
3150 +1,2 -0,5
4000 +1,0 -0,8 4000 +1,0 -0,8
5000 +0,5 -1,3
6300 -0,1 -2,0
8-000 11 3.6 80006 1 3,6
10 000 -2,5 -4,4

© IS0 2024 - All rights reserved

11



https://standardsiso.com/api/?name=7e6c572bd1043f7a7609bdf3b2599513

ISO 16032:2024(en)

Annex B
(normative)

Operating conditions and operating cycles for measuring the
maximum sound pressure level and the equivalent continuous sound

pressure level

B.1 General principles

B.1.1 Ov

In the follo
and activit

The operat
in national
guidelines

However, {
the princig
reported it

All sources
conditions
outside of §

In the casg
switch to 11
in case the
irregularly

NOTE
operation ¢

It can be useful to ask the manufacturer or installer for advice or assistance for this purpos

erview

lving, operating conditions and operating cycles are given for the most commion service
ies in buildings.

ing conditions and operating cycles given in this Annex shall be used-unless there are
requirements and regulations that refer to this document, which shall then be used ins
in this Annex.

ervice equipment and activities not mentioned in the follewing can be measured ag
les stated in this document. The chosen operating conditions and operating cycle sh
| detail.

related to a special activity or premise in a building shall be running in their norma
during the measurement. This requirement applies also to parts of the equipment plz
L building, e.g. an air outlet or a cooler conne¢ted to other equipment in a restaurant in

of equipment that operates dependijrig-on input from external sensors, it can be ne
hanual operation prior to measuring fthe sound levels. B.10 gives additional guidelines
equipment cannot be monitored or'controlled, or the sound of interest appears unpre

in cause damage to the setvice equipment if handled improperly.

IXimum sound pressure level, L ..

ex B, L

max

isused as a general symbol for the respective quantities given in Table 1|

equipment

guidelines
tead of the

cording to
all then be

| operating
iced on the
a building.

cessary to
to be used
dictably or

b since such

The basic
test during

iqal use. For
'1ed during

h time, the

ClOSll’lg a water tap.

B.1.3 Equivalent continuous sound pressure level, L.,

In this Annex B, L,

is used as a general symbol for the respective quantities given in Table 1.

pening and

The basic

principle for measuring the equivalent continuous sound pressure level is that the integration time
corresponds to a typical operating cycle of the service equipment under test. If no operating cycle can be
defined, apply an averaging time long enough to stabilize the L, . value indicated directly by the instrument,
but not shorter than 30 seconds.
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B.2 Water installations

B.2.1 General operating conditions

For sound measurements on water taps, the water can be drained off the sink, shower cabin or tub during
the measurement.

It shall be ensured that all functions are in normal operation (water pressure, flow rate etc.). For water
installations, the stop cocks shall be completely open, or when this is not the case the position shall be
reported. Measurement and reporting of the flow pressure and the flow rate of the valve are optional.

Normally the sound pressure level from sanitary installations is not measured in the room where the
installation is mounted, but exclusively in surrounding rooms (e.g. neighbouring dwellings).

L

max-*

The maximum sound pressure level at each microphone position is determined for a specified

condition 4

Measurem
cycle hase

Leq:

Concerning
sound pres

B.2.2 Wza
a) Operat
Laxand L

If the outld
(for furthe

b) Operat
L

max-*

Taps W

Mixing
opent
Mixing
at ave
tempe

nd operating cycle of the installation under test as described in B.2.2 to B.26,

bnt on water installations starts before the installation is operated and\stops after th¢
hded.

r water taps the measurement is carried out with the tap fixed in the position causing
sure level (see B.2.2, operating cycle for the equivalent continuous sound pressure lev

iter tap
ing conditions:
q:

t of the tap or valve is movable, it shall\be placed in the position closest to the middle
I operating conditions, see B.2.1).

ing cycles:

ith one inlet: open the\tap completely, wait a few seconds and then turn off the tap.

valves with similar independent controls for hot and cold water: open the hot tap
he cold tap, waitafew seconds, close the hot tap and then close the cold tap.

valves with-one dual function control for flow and temperature: open the control
Fage temperature setting, decrease the temperature to the minimum, and then in
Fature~to the maximum, wait until the maximum temperature has been reached

operating

e operating

the highest
b]).

of the sink

completely,

completely
crease the
and close

the COIIltI'O].

Mixing valves with independent controls for flow and temperature: open the flow control completely

at average temperature setting, decrease the temperature to the minimum and then increase the
temperature to the maximum, wait until the maximum temperature has been reached and close the

contro

1.

Thermostatic mixing valves: open the tap completely at average temperature setting, decrease the

temperature to the minimum and then increase the temperature to the maximum and close the tap.

eq:
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The integration time is approximately 30 s.

shall b

e fixed in this position during the measurement.

Taps with one inlet: open the tap and find the position causing the highest sound pressure level. The taps

Mixing valves with similar independent controls for hot and cold water: open both the hot tap and the

cold tap and find the position causing the highest sound pressure level. The taps shall be fixed in this
position during the measurement.

Mixing valves with one dual function control for flow and temperature: open the tap and find the position

causing the highest sound pressure level at average temperature setting. The taps shall be fixed in this
position during the measurement. The sound pressure level with the taps in hot-water position and cold-
water position, respectively, shall be checked. The highest of the three levels is the measurement result.

Mixing
tap an

taps sh

water

the me
B.2.3 Sh
a) Operat
L axandL
The showe
directed td
b) Operat

The measurement is performed according to B.2.2.

If a distinc
the water i
water shal

B.2.4 Ba
a) Operaf
L.xand L
Ifthetap o

th (tub)

valves with independent controls for flow and temperature, and thermostatic valye
1 find the position causing the highest sound pressure level at average temperature s
all be fixed in this position during the measurement. The sound pressure level with thg
position and cold-water position respectively, shall be checked. The highestof‘the thr
asurement result.

pwer cabin
ing conditions
q:

I shall be placed in the wall fixture at its highest position above floor level and the shoy
wards the floor of the cabin (for further operation conditions, see B.2.1).

ing cycle

Lion is needed between the sound pressure level originating by the impact sound excit
ouncing on the floor of the cabin and:the sound pressure level originating by using the
be drained off soundlessly (measurement of the valves alone).

ing conditions

q:

Fthe bath is a.cembination of a nozzle exclusively for filling the bath and a separate show

functions 9
above the

the measurementi(for further operating conditions see B.2.1).

b) Operating,cycle

hall be regarded separately. If there is no fixture on the wall, the shower shall be held
ottom of the tub of approximately 1,5 m. Emptying the bath shall take place simultang

5: open the
etting. The
tap in hot-
ee levels is

ver shall be

ation from
valves, the

rer, the two
at a height
ously with

Laxand L,

q:

The measurement is performed according to B.2.2 and, if the bath is fitted with a shower, according to B.2.3.

If a distinction is needed between the sound pressure level originating by the impact sound excitation from
the water bouncing on the bottom of the tub and the sound pressure level originating by using the valves,
the water shall be drained off soundlessly (measurement of the valves alone).

B.2.5 Filling and emptying sinks and baths

a) Operating conditions

L.xand L,

q:
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If the sound pressure level from filling and emptying sinks and baths is measured separately, the plug is
closed and the sink/bath is filled to half of the maximum level during the measurement. Hot and cold water
is mixed equally with the tap(s) in fully opened position(s) (for further operating conditions see B.2.1).

The plug is opened, and a new measurement is carried out during the emptying period.

b) Operating cycle

Lmax:

The measurement is carried out first during the filling and then during the emptying period.

Leq:

Integration time is equal to the filling period and emptying period.

B.2.6 Water closet

a) Operating conditions

Ly, and L

The sound|from a water closet consists partly of the sound from flushing.the water and partly of sound
generated when the cistern is refilled. Flushing valves and flushing cisterns shall be operated|to the end
stop. In cage of a flushing cistern the sound pressure level is measured ¥hen the supply valve is fylly opened
and until the supply valve has closed (for further operating conditiois, see B.2.1).

b) Operating cycle

Lmax:

The measurement is carried out during a full flushing/refilling cycle.

Leq:

The integration time shall correspond to a fullflushing/refilling cycle.

B.3 Medhanical ventilation

a) Operating conditions

Lpaxand L

The part of a ventilation §ystem placed in a dwelling typically includes ventilation inlets or outldts in living
rooms and|toilets for comfort ventilation, as well as cooker hoods in kitchens.

Before thelsound level is measured, it shall be checked that the system has been adjusted to the ¢orrect air-
flow.

NOTE1 Inanational guideline or regulation, it can be stated that manually operated ventilation systenms should be

measured at a specific setting during the measurement in the dwelling to which the system belongs.

NOTE 2

Cooker hoods connected to a ventilation system common to the whole building can generate a considerable

sound when the vent is fully closed. An additional measurement with the hood in this operating condition can

be appropri

ate.

b) Operating cycle

L

max*

Continuous operating. The measurement time is approximately 30 s.

Leq:
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The integration time is approximately 30 s.

B.4 Hea

ting and cooling service equipment

a) Operating conditions

Lmax

and L,

q:

For individual heating systems, the measurement shall be carried out during simultaneous working of the
heating source under full load, circulation pump, fan and fuel delivery pump (maximum normal water flow;
maximum normal airflow).

tems shall be set to the position with the highest sound pressure level

Cooling sy
b) Operat
L

max-*

For heating
(taps for h{

For cooling
Leq:
The integr

NOTE i
maximum A
regulators

Laxand L

For measu
thermostat
which cauf

B.5 Lift
a) Operaf
L.xandL

The lift sh
measurem

b) Operat

ing cycle

F systems, start-up from cold conditions. Operate at full load. Open and close-slowly eac
bating elements; regulators of air devices) and stop.

systems, the measurement time shall be approximately 30 s.

htion time is approximately 30 s.

or heating systems, the equivalent continuous sound:pressure level can be supplemer
- weighted sound pressure level measured when opepating each appliance (taps for heatin
f air devices) according to B.4.

q:
rements of sound pressure levels frem radiators, the water flow shall be stabili

position for the highest possible rogmi-temperature. After that, search for the thermost
es the maximum constant noise level.

ing conditions

%
pll be loaded>with 1 or 2 persons. The load and the number of persons in the lift
bnt shall bereported.

ing cycle

h appliance

ted by the
g elements;

zed in the
at position

during the

L .xand L

q!

Start the lift from the lowest possible level (or from five floors below the measurement location if the lowest
level is below that). Stop at each intermediate level. Open and close the door (if by hand without force). When
the lift has arrived at the top of the elevator shaft (or five floors above the measurement location, if the top
of the shaft is above that), call it back directly to the initial measurement floor and then open and close the
door. Measure the sound continuously while this cycle is repeated at least three times, with the microphone

in position

NOTE

s according to 6.4.

For measurements on lifts, the equivalent continuous sound pressure level can preferably be supplemented

by at least the A-weighted maximum sound pressure levels, including typical impulsive noise from breaks or relays
during the completed operating cycle.
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