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reword

ISO (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.
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Introduction

ISO 16283 (all parts) describes procedures for field measurements of sound insulation in buildings.
Airborne, impact and facade sound insulation are described in ISO 16283-1, this document (ISO 16283-2)
and ISO 16283-3, respectively.

Field sound insulation measurements that were described previously in ISO 140-41, 1SO 140-52), and
ISO 140-73) were a) primarily intended for measurements where the sound field could be considered
to be diffuse, and b) not explicit as to whether operators could be present in the rooms during the
measurement. ISO 16283 (all parts) differs from ISO 140-4, ISO 140-5, and ISO 140-7 in that:

a) itappl
b) it clar

level meter;

c) itincly

NOTE N
[SO 10052.

Two impag
not exactly

The tappin
walkers we
using the
sound insy
that occur
of impact 3

es to rooms in which the sound field may or may not approximate to a diffuse field;

fies how operators can measure the sound field using a hand-held microphonelor so

des additional guidance that was previously contained in ISO 140-14%.

urvey test methods for field measurements of airborne and impact sound imsulation are dealt wi

t sources are described: the tapping machine and the rubber ball. These impact source
replicate all possible types of real impacts on floors or staits/in buildings.

g machine can be used to assess a variety of light, hard impacts such as footsteps fi
baring hard-heeled footwear or dropped objects. A single number quantity can be calculd
Fating procedures in ISO 717-2. This single number quantity links the measured imj
lation using the tapping machine to subjectiverassessment of general impacts in dwell
on floors or stairs in a building. The tappingtmachine is also well-suited to the predic
ound insulation using [SO 12354-2. These.two aspects facilitate the specification of imj

und
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t do

fom
ted
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ngs
fion
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sound insullation in national building requirements-using only measurements with the tapping machine

as an impa

The rubbel
jumping, a
of a Fast t
quantity d

Ct source.

ball can be used to assess heavy, soft impacts such as from walkers in bare feet or child
5 well as quantifying absolute values that can be related to human disturbance in te
me-weighted maximum sound pressure level. Calculation procedures for a single nun

not currently exist in an\International Standard.
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Scope

lsurements with an impact source operating on a floor or stairs in a building-These proc
nded for room volumes in the range from 10 m3 to 250 m3 in the frequency range fro
DO Hz. The test results can be used to quantify, assess and compare the\impact sound in
irnished or furnished rooms where the sound field can approximate.to a diffuse field.

Normative references

following documents are referred to in the text in such a way that some or all of th
Ktitutes requirements of this document. For dated, references, only the edition cited 4
ated references, the latest edition of the referenced document (including any amendmen

3382-2, Acoustics — Measurement of room acoustic parameters — Part 2: Reverberat
nary rooms

12999-1, Acoustics — Determination cand application of measurement uncertainties
istics — Part 1: Sound insulation

17025, General requirements for(the competence of testing and calibration laboratories
18233, Acoustics — Application of new measurement methods in building and room acoust.
60942, Electroacoustics.— Sound calibrators

61183, Electroacoustics — Random-incidence and diffuse-field calibration of sound level m¢
61260 (all parts), Electroacoustics — Octave-band and fractional-octave-band filters

61672-1,Electroacoustics — Sound level meters — Part 1: Specifications

Térms and definitions

5 document specifies procedures to determine the impact sound insulation.usirig sounid pressure

edures are
m 50 Hz to
sulation in

bir content
pplies. For
[s) applies.

jon time in

in building

ters

For

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

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

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

IEC Electropedia: available at http://www.electropedia.org/
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3.1

energy-average impact sound pressure level in a room

Li

ten times the common logarithm of the ratio of the space and time average of the squared sound
pressure to the square of the reference sound pressure where the impact source is the tapping machine
and the space average is taken over the central zone of the room where nearfield radiation from the
room boundaries has negligible influence

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

3.2

corner impact sound pressure level in a room

Li,Corner
ten times

e common logarithm of the ratio of the highest time average squared sound pressute f

the set of ¢orner measurements to the square of the reference sound pressure for the low-frequd
range (50 Hz, 63 Hz and 80 Hz one-third octave bands) where the impact source is the tapping machine

Note1toe

3.3
low-frequ
LiLF

ten times
pressure t
80 Hz one-
is a weight

ry: Li corner is expressed in decibels (dB).

bncy energy-average impact sound pressure level in a room

the common logarithm of the ratio of the space and time.average of the squared so
b the square of the reference sound pressure in the lowfrequency range (50 Hz, 63 Hz
third octave bands) where the impact source is the tapping machine and the space ave
ed average that is calculated using the room corners)where the sound pressure levels
d the central zone of the room where nearfield radiation from the room boundaries

highest an|

negligible influence

Note 1 to enftry: L; L is expressed in decibels (dB).

Note2toe

3.4
energy-av|
Li,Fmax
ten times
pressure v
source is f
nearfield r

ry: Li Lr is an estimate of the energy-average sound pressure level for the entire room volume.

prage maximum impact sound-pressure level in a room

the common logarithm of“the ratio of the space average of the squared maximum so
Fith Fast time weighting to the square of the reference sound pressure where the imj
he rubber ball and the' space average is taken over the central zone of the room wk
hdiation from the ¥e0m boundaries has negligible influence

Note 1 to enftry: Lj rmax is eXpyessed in decibels (dB).

3.5

reverberagion time

T

fom
ncy

und
and
age
are
has

und
pact
lere

rce

time requi|red for the sound pressure level in a room to decrease by 60 dB after the sound sot

has stopped

Note 1 to entry: T is expressed in seconds (s).

3.6

background noise level
measured sound pressure level in the receiving room from all sources except the impact source

3.7

fixed microphone

microphon

e that is fixed in space by using a device such as a tripod so that it is stationary

© ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=8f3177939f9acf895b2d8180a7d6b6d8

1SO 16283-2:2018(E)

3.8

mechanized continuously moving microphone

microphone that is mechanically moved with approximately constant angular speed in a circle, or is
mechanically swept along a circular path where the angle of rotation about a fixed axis is between 270°
and 360°

3.9

manually scanned microphone

microphone attached to a hand-held sound level meter or an extension rod that is moved by a human
operator along a prescribed path

3.1

mahually held microphone
microphone attached to a hand-held sound level meter or a rod that is hand-held at a fixed p¢sition by a
hurhan operator at a distance of at least an arm’s length from the trunk of the operator’s body

31
parjtition
totgl surface of the floor or stair which is excited by the impact source

Notg 1 to entry: For two rooms which are staggered vertically or horizontallysthe total surface of th¢ separating
partition is not visible from both sides of the partition; hence it is necessary to define the partition|as the total
surflace.

31

common partition
part of the floor or stair that is common to both the room in which the impact source is uded and the
recg¢iving room

3.18
standardized impact sound pressure level
L/nT
enefgy-average impact sound pressure Jével, L; (3.1), reduced by a correction term that |s given in
decjbels, being ten times the commonlegarithm of the ratio of the measured reverberation time, T (3.5),
to the reference reverberation time, ¥, which is calculated using Formula (1) when the impaft source is
the [tapping machine:

Lp=L—10lg ()
Ty
whére

T isthe ¥everberation time in the receiving room, in s;

To isthe reference reverberation time, in s (for dwellings, To = 0,5 s).

Notg¢ %to entry: L'y7is expressed in decibels (dB).

Note 2 to entry: The impact sound pressure level is referenced to a reverberation time (3.5) of 0,5 s because, in
dwellings with furniture, the reverberation time has been found to be reasonably independent of volume and
frequency and to be approximately equal to 0,5 s.

Note 3 to entry: L'yt provides a straightforward link to the subjective impression of impact sound insulation.
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3.14

equivalent absorption area

A

hypothetical area of a totally absorbing surface without diffraction effects which, if it were the only
absorbing element in the room, would give the same reverberation time (3.5) as the room under
consideration and is calculated using Sabine's formula in Formula (2):

0,16V

A
T
where
V' is the receiving room volume, in m3;
T isthereverberation time in the receiving room, in s.

Note 1 to entry: 4 is expressed in square metres (m2).

3.15
normalize
L'y

energy-ave,
in decibels
absorption
is calculate

LI’I = Ll
where

A is

Ag is

Note 1 to entry: L, is expressed in decibels:(dB).

3.16
standardi

/.
L i,Fmax,V,T
energy-ave

d impact sound pressure level

rage impact sound pressure level, L; (3.1), increased by a,cérrection term that is g
, being ten times the common logarithm of the ratio between the measured equivq

d using Formula (3) when the impact source is the tapping machine:
+101g-2
4y

'he equivalent absorption area in thelreceiving room, in m?;

the reference equivalent absorption area, in m2 (for dwellings, Ag = 10 m2).

zed maximum impact sound pressure level

rage maximumimpact sound pressure level, Li rmax (3.4), increased by a correction term

(2)

ven
lent

area, A (3.14), of the receiving room and the reference equivalent absorption area, Ag, which

(3)

for

room voluine and reducéd by a correction term for reverberation time and Fast time weighting, which

is calculatg

d using Fermulae (4), (5) and (6) when the impact source is the rubber ball:

g e |

’ V
Li,Fmax,V,l _Ll,kmax : 101gV 191{5‘ 1 C—1 _1\1 (4)
0 | et A
Co -Cy
To
Co= 5
07 1,7275 ©)
T
= 6
1,7275 ©)
where
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T isthe reverberation time in the receiving room, in s;

To isthe reference reverberation time, in s (for dwellings, To = 0,5 s);

V' isthe receiving room volume, in m3;

Vo is the reference receiving room volume, in m3 (for dwellings, Vo = 50 m3).

Note 1 to entry: L' Fmax,vT is expressed in decibels (dB).

Note 2 to entry: Background information can be found in Reference [18].

4 |Instrumentation

4.1] General

The instruments for measuring sound pressure levels, including microphone(s) as well

hs cable(s),

windscreen(s), recording devices and other accessories, if used, shall-meet the requirements for a

clags 0 or 1 instrument in accordance with IEC 61672-1 for random in¢idence application.

Filtgrs shall meet the requirements for a class 0 or 1 instrument in@ccordance with IEC 612

The
ISO

reverberation time measurement equipment shall comply with the requirements
3382-2.

The impact sources shall meet the requirements givenin‘Annex A.

4.2| Calibration

At the beginning and at the end of every measurement session and at least at the beginni
end| of each measurement day, the entire 'sound pressure level measuring system shall be
one| or more frequencies by means of asound calibrator meeting the requirements for a g
insfrument in accordance with IEC/60942. Each time the calibrator is used, the sound pre
megsured with the calibrator should be noted in the field documentation of the operator. W
further adjustment, the difference between the readings of two consecutive checks shall b
or gqual to 0,5 dB. If this value is exceeded, the results of measurements obtained after th
satisfactory check shall be discarded.

4.3| Verification

Conformance of'the sound pressure level measuring instrument, the filters and the sound
with the relevant requirements shall be verified by the existence of a valid certificate of co
If applicable; Tandom incidence response of the microphone shall be verified by a proce
IEC|61188."All conformance testing shall be conducted by a laboratory meeting the requi
ISOfIEE 17025 and ensuring metrological traceability to the appropriate measurement stan

0.

defined in

Ing and the
checked at
lass 0 or 1
ssure level
[ithout any
e less than
e previous

calibrator
nformance.
dure from
rements of
lards.

The sound calibrator should be calibrated at intervals not exceeding one year, the conformance of

the instrumentation system with the requirements of IEC 61672-1 should be verified at in
exceeding two years, and the conformance of the filter set with the requirements of IEC 61
be verified at intervals not exceeding two years.
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5 Frequency range

5.1 Tapping machine as the impact source

All quantities shall be measured using one-third octave band filters having at least the following
centre frequencies, in hertz: 100, 125, 160, 200, 250, 315, 400, 500, 630,800, 1 000, 1 250, 1 600, 2 000,
2500, 3 150.

If additional information in the low-frequency range is required, use one-third octave band filters with
the following centre frequencies, in hertz: 50, 63, 80.

If addition§ vith

the followi

| information in the high-frequency range is required, use one-third octave band filters-y
hg centre frequencies, in hertz: 4 000, 5 000.

NOTE Measurement of additional information in the low- and high-frequency ranges is optional,

5.2 Rubper ball as the impact source

All quantitjes shall be measured using one-third octave or octave band filters.

One-third
100,125, 1

bctave band filters shall have at least the following centre frequencies, in hertz: 50, 63/ 80,

b0, 200, 250, 315, 400, 500, 630.

6 General

To determine the impact sound insulation, one room shall beZchosen as the receiving room into which
sound is radiated due to an impact source operating on a.partition. The room or space in which|the
impact soufrce is operated is referred to as the source room.

The measy
with the in
source is sy

rements that shall be performed include the sound pressure levels in the receiving r¢om
hpact source operating, the background-noise levels in the receiving room when the impact
vitched off and the reverberation tifhes in the receiving room.
Two impacft sources are described: the tapping machine and the rubber ball.

the
ncy

Two meas
reverberat
procedure

irement procedures are(described that shall be used for the sound pressure level,
jon time and the background noise: a default procedure and an additional low-frequg

For the soynd pressure leveband the background noise, the default procedure requires measuremé¢nts

to be take
tapping ma

n in the central zone of a room at positions away from the room boundaries. With
chine as thedmpact source, the default procedure for all frequencies is to obtain the ene

average s

nd pressure level using a fixed microphone or a manually held microphone moved f

the
[8Y-
Fom

one positign to anether, an array of fixed microphones, a mechanized continuously moving microph
or a manuglly“scanned microphone. With the rubber ball as the impact source, the default proced
for all frequenkcies is to obtain the energy-average sound pressure level using a fixed microphone
manually held microphone moved from one position to another or an array of fixed microphones.

one
ure
pI' a

For the sound pressure level and the background noise with the tapping machine as the impact source,
the low-frequency procedure shall be used for the 50 Hz, 63 Hz and 80 Hz one-third octave bands in
the receiving room when its volume is smaller than 25 m3 (calculated to the nearest cubic metre).
This procedure should be carried out in addition to the default procedure and requires additional
measurements of the sound pressure level in the corners of the receiving room using either a fixed
microphone or a manually held microphone.

NOTE1 The low-frequency procedure is necessary in small rooms due to large spatial variations in the

sound pressure level of the modal sound field. In these situations, corner measurements are used to improve the
repeatability, reproducibility and relevance to room occupants.
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NOTE 2  The low-frequency procedure is not used with the rubber ball because no link has yet been shown
between any combination of measurements from the corners and central zone of a room for the maximum Fast
time-weighted sound pressure level and the maximum Fast time-weighted sound pressure level that is spatially
averaged over the entire room volume.

NOTE 3  If necessary to avoid hearing damage, hearing protection is worn by the operator when measuring
the sound pressure level in the source room and, if needed, when measuring reverberation times in the receiving
room. When measuring sound pressure levels in the receiving room that do not cause hearing damage, it is
advisable to remove any hearing protection so that the operator is aware of short external noise events that can
invalidate the measurement; it also helps the operator to minimize self-generated noise.

For and 80 Hz
onefthird octave bands in the receiving room when its volume is smaller than 25 m3 (calcullated to the
neafest cubic metre).

If the methods of signal processing for reverberation times described in ISO 18233 are applied, the
megsurements shall be carried out using fixed microphones and shall not use a méchanized cdntinuously
moying microphone, a manually held microphone or a manually scanned microphone.

The sound fields in typical rooms rarely approximate to a diffuse soundfield over the entird frequency
range from 50 Hz to 5 000 Hz. The default and low-frequency procedures-allow for measureinents to be
taken without any knowledge as to whether the sound field can be considered as diffuse or non-diffuse.
For|this reason, the sound field should not be modified for the (purpose of the test by temporarily
intrjoducing additional furniture or diffusers into the receiving-toom.

NOTE 4  If measurements with additional diffusion are required, for example due to regulatory r¢quirements
or Hecause the test result is to be compared with a laboratory measurement on a similar test glement, the
intrpduction of three diffusers, each with an area of at leasts1,0 m?, is usually sufficient.

All measurement methods for the default procedure or the low-frequency procedure are pquivalent.
In dase of dispute, the impact sound insulatiofdetermined using measurement methods pvithout an
operator inside the receiving room shall be taken to be the reference result.

NOTES5 A reference result is defined because the background noise level with manual scanning is prone to

varifation in the self-generated noise fromthe operator. Significant variation does not tend to occuf with fixed
micfophones or a mechanized continuously moving microphone.

7 |Default procedurefor sound pressure level measurement

7.1 General
Soulnd pressure level measurements shall be used to determine the average level in the central zone of

the[receiving room with the impact source in operation and the background noise level in the receiving
room whenthe'impact source is not operational.

7.2| ~Generation of sound field

7.2.1 General

The impact sound shall be generated using the tapping machine or the rubber ball as the impact source.

7.2.2 Impact source positions for the tapping machine as impact source

The tapping machine shall be placed in at least four different positions randomly distributed on the
floor under test. The distance of the tapping machine from the edges of the floor shall be at least 0,5 m.
In the case of anisotropic floor constructions with beams, ribs, etc., more positions can be necessary.
The hammer connecting line should be orientated at 45° to the direction of the beams or ribs.

The impact sound pressure levels can reveal a time dependency after the tapping is started. In such a
case, the measurements should not begin until the noise level has become steady. If stable conditions are
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not reached after 5 min, then the measurements should be carried out over a well-defined measurement
period. The measurement period shall be reported.

NOTE Time dependency sometimes occurs with soft or fragile floor surfaces as, during each impact, the
hammers can change the contact stiffness or damage the surface directly underneath the hammers.

When floors with soft coverings are under test, the tapping machine shall fulfil the special requirements
given in Annex A. Advice regarding the mounting of the tapping machine on soft floor coverings is given
in Annex A.

7.2.3 Impact source positions for the rubber ball as impact source

The impact sound shall be generated by dropping the rubber ball vertically in a free fall from a heigklt of
100 cm * 1fcm measured from the bottom of the rubber ball to the surface of the floor undentest.

The excitation by the rubber ball shall be made at four or more different positions on the fldor or stpirs
under test|For a lightweight floor with joists, one of these positions should be above-thejoists and|one
ould be at the centre point of the floor.

microphone positions for the tapping machine or rubbef-ball as impact source

pping machine or the rubber ball as the impact source, fixed microphones may be ysed
without an| operator in the room using a microphone fixed on a tripod. Alternatively, the operator jmay
be present|in the room with the microphone fixed on a tripod, or with the operator using a manufally
held microphone at a fixed position; in both cases, the trunk of the operator’s body shall remain ft a
distance of at least an arm’s length from the microphone.For the tapping machine as the impact soulrce,
the averaging times shall satisfy the requirements in ZZ.1.

Microphone positions shall be distributed withifdthe maximum permitted space throughout dach
room. No tvo microphone positions shall lie in‘the same plane relative to the room boundaries, and|the
positions shall not be in a regular grid.

7.3.2 Number of measurements

The numbgr of microphone positions shall equal the number of source positions or integer multiplgs of
the numbe} of source positions!

The same pumber of microphone positions shall be used for each source position.

If four or fiye source pogsitions are used, at least two measurements of impact sound pressure level shall
be made fgr each source position. Measurements shall be made in at least two different microphone
positions fpr eaclitsource position.

If six or md
be made fo
for each source position.

ré-source positions are used, at least one measurement of impact sound pressure level shall

cd OU E PO OIT. VIEdSUT EI1IE dIl ot Cd caouctdacdd OPITOTIE pOSItion

7.3.3 Tapping machine operated at more than one position

Measure the sound pressure level in the receiving room for the first impact source position. Calculate
the energy-average sound pressure level according to 7.8.1 then make any required correction for
background noise according to 9.2. Calculate the standardized impact sound pressure level using
Formula (1) or the normalized impact sound pressure level using Formula (3). Repeat this process for
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the other impact source position(s) then calculate the standardized impact sound pressure level using
Formula (7) or the normalized impact sound pressure level using Formula (8):

’

L

whg

7.3

Mes
the
cor
pos

whg

Cal

7.4
sou

7.4

, 1 m nT j
Lyr =101g] —)'10 10 (7)
m “
j=1
— il 10
L, =10lg| — Y10 (8)
)
bre
m is the number of tapping machine positions;
L'w1j is the standardized impact sound pressure level for tapping maching-position j;
'nj is the normalized impact sound pressure level for tapping machine position j.
4 Rubber ball operated at more than one position
sure the sound pressure level in the receiving room for, the first impact source position. Calculate
energy-average maximum impact sound pressure level decording to 7.8.3, then make arly required
"ection for background noise according to Clause 9. Repeat this process for the other impact source
tion(s), then calculate the energy-average maximum impact sound pressure level using Fprmula (9):
1 m Li,Fmax,j
Li pmax =101g _210 10 9)
’ m*
j=1
bre
m is the number of rubber ball positions;
LiFmax,; is the maximum)impact sound pressure level for rubber ball position j.
ulate the standardizZed maximum impact sound pressure level using Formulae (4), (5) and (6).
Mechanized)continuously moving microphone for the tapping machine as jmpact
rce
1 General
hCthe tapping machine as the impact source, the microphone shall be mechanically nioved with

Wit

app

roximately constant angular speed 1n a circle or shall be mechanically swept along a circular path

where the angle of rotation about a fixed axis is between 270° and 360°. The sweep radius for the
circular traverse shall be at least 0,7 m. The plane of the traverse shall be inclined in order to cover a
large proportion of the permitted room space and shall not lie in any plane that is less than 10° from

any

room surface (wall, floor or ceiling).

The duration of a single traverse shall be at least 15 s. Each complete traverse may need to be repeated

tos

atisfy the requirements on the averaging time in 7.7.2.

When using at least six tapping machine positions, the location of the fixed point about which the
continuously moving microphone moves may be changed.

©IS
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7.4.2 Number of measurements

The same number of measurements shall be taken for each tapping machine position and at least one
measurement shall be made for each tapping machine position.

7.4.3 Tapping machine operated at more than one position

Calculate the standardized impact sound pressure level or the normalized impact sound pressure level
as described in 7.3.3.

7.5 Manuatly scammred microphome forthetapping machimeas impact source

7.5.1 Ge

With the t
a cylindrig
path shall

operator t

may need tlo be repeated to satisfy the requirements on the averaging time innZ%3.

When usin
scan is car

7.5.2 Nu

The same |
measurem

753 Ta

Calculate t
as describg

7.5.4 (i

The circul:
level meter
of the circl
not lie in a
knees can
the path is
to pause th
body befor

The operaf

neral

hpping machine as the impact source, the manual-scanning path shall be acircle, a h
al-type path or three semicircles as shown in Figure 1. A circle, helix or©ylindrical-
be used in unfurnished or furnished rooms. If there is insufficient spacedn’the room for
use these paths, the path consisting of three semicircles shall be used. Each complete

[ied out may be changed.

mber of measurements

number of measurements shall be taken for each tapping machine position and at least
bnt shall be made for each tapping machine position.

pping machine operated at more than one position

he standardized impact sound pressurelevel or the normalized impact sound pressure |
din 7.3.3.

cle

ir path is indicated in Kigure 1. The operator shall stand holding the microphone or so
with outstretched arm-while rotating the body through an angle of 270° to 360°. The pl
e shall be inclined.inorder to cover a large proportion of the permitted room space and s
hy plane that is.less than 10° from any room surface (wall, floor or ceiling). If required,

repeated at-another position in the room. To minimize operator noise, it can be benef
e measurement mid-way along the path so that the operator can change the position of]
e continuing the scan.

blix,
ype
the
ath

b at least six tapping machine positions, the location of the fixedpoint from which the manual

one

bvel

und
ane
hall
the

be bent to reduce the overall height of the microphone; this should always be done when

cial
the

or~shall aim to achieve a constant angular speed during the scan. The maximum ang

1lar

speed shal

be approximately 20°/s.

7.5.5 Helix

The helical path is indicated in Figure 1. The operator shall hold the microphone or sound level meter
with outstretched arm at a starting position that is 0,5 m above the floor then rotates the body at least
twice through 360° from a crouched to a standing position, finishing with the microphone at a position
that is no more than 0,5 m from the ceiling. To minimize operator noise, it can be beneficial to pause
the measurement mid-way along the path so the operator can change the position of the body before
continuing the scan.

The operator shall aim to achieve a constant angular speed during the scan. The maximum angular
speed shall be approximately 20°/s.
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The cylindrical-type path is indicated in Figure 1. The operator shall use a 0,3 m to 0,9 m extension
rod to hold the microphone. For a right-handed operator, the path starts 0,5 m above the floor from a
position approximately 90° to the left side, the rod is then sweptin a circular path parallel to the ground
to cover an angle of approximately 220°. The sweep continues vertically upwards along a straight line
until the microphone is 0,5 m from the ceiling, after which another circular sweep covers approximately
220° in the opposite direction, before descending to the starting point along a vertical straight line. For
a left-handed operator, the directions are reversed.

During the circular sections of the path, the operator shall aim to achieve a constant angular speed.

The
0,2]

7.5|7 Three semicircles

Thd

microphone or sound level meter with an outstretched arm, and tracerout three semic
apprroximately 45° to 60° separations. The plane of each semi-circle shall'not lie in any plane
thah 10° from any room surface (wall, floor or ceiling). If required, thé-knees may be bent to
overall height of the microphone; this should be done when the path is repeated at another
the [room.

For

maximum angular speed shall be approximately 20°/s.

maximum angular speed shall be approximately 20°/s, with a maximum speed of approximately

m/s over the straight sections of the path.

path comprising three semicircles is indicated in Figure 1. The operatoy shall stand lolding the

rcles with
thatis less
reduce the
position in

each of the three semicircles, the operator shall aim 46 “achieve a constant angular ppeed. The
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Key

1 circle

2 helix

3 cylindr]cal-type
4 three s¢micircles

Figure 1 — Manual-scanning paths

7.6 Minimum distancesfer microphone positions

For the defhult procedufé, the following separation distances are minimum values and shall be exceeded
where possible:

a) 0,7m Ietween fixed microphone positions;

b) 0,5 m bétween any microphone position and the room boundaries;

c¢) 1,0 m between any microphone position and the partition being excited by the impact source.
7.7 Averaging times for the tapping machine as impact source

7.7.1 Fixed microphone positions

The averaging time at each individual microphone position shall be at least 6 s in the frequency range
0f 100 Hz to 400 Hz. For 500 Hz to 5 000 Hz, the time may be decreased to not less than 4 s. For 50 Hz to
80 Hz, the averaging time at each individual microphone position shall be at least 15 s.
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2 Mechanized continuously moving microphone

The averaging time shall cover a whole number of complete traverses and shall be at least 30 s for

100

7.7.

Hz to 5 000 Hz and at least 60 s for 50 Hz to 80 Hz.

3 Manually scanned microphone

The averaging time shall cover a whole number of complete paths and shall be atleast 30 s for 100 Hz to
5000 Hz, and atleast 60 s for 50 Hz to 80 Hz.

7.8 €atcutatiomof emergy-average sound pressure tevets
7.8]1 Fixed microphone positions for the tapping machine as impact source
The energy-average sound pressure level in the receiving room is determined using Formuld (10):
2, .2 2
+ +..+
npo
wheére
P12, p22,.., pn?2  are the mean-square sound pressures at n different microphone posifions in
the room;
po is the reference sound pressure and\is equal to 20 pPa.
In gractice, the sound pressure levels are usually measured and the energy-average sound pressure
levdl shall be determined using Formula (11):
1
L;=10lg| = 1010 (11)
n“
J=1
where L1, Ly, ..., L, are the sound pressure levels at n different microphone positions in the rgom.
7.8{2 Mechanized contifiuously moving microphone and manually scanned microphdne for the
tapping machine as impact source
The energy-averagelsound pressure level in the receiving room is determined using Formulq (12):
T
S
[ PPt
T m
L; = 101g 0 (12)
2
Po
where
p isthe sound pressure, in pascals (Pa);
Tm is the averaging time, in s.
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When more than one traverse or scan is carried out in the same room, the energy-average sound
pressure level in the room is determined using Formula (13):

L;=10

L Ly Ln
lg 1010 +1010 +_.+1010
n

(13)

where L1, Ly,..., Ly are energy-average sound pressure levels from n different traverses/scans in the room.

7.8.3 Fixe

For eachr
the receivi

L

i,Fmax

where L; fp
positions i

8 Low-
tapping |
8.1 Gen
The low-fr
receiving 1
pressure ¢

room with
the tapping

8.2 Gen

8.2.1 Ge|

Sound shal
are specifi

hg room is determined using Formula (14):

Li,Fmax,j,k

I, 0
i =10lg| => 10 10
=

hax,j,1» Li,Fmax,j 2,--- Li,Fmax,j,n are the maximum sound pressure levelsatn different microph
n the room for rubber ball position j.

requency procedure for sound pressure levelmeasurement for the
machine as impact source

bral

bquency procedure shall be used for the 50-Hz; 63 Hz and 80 Hz one-third octave bands in|
oom when its volume is smaller than 25 m3 (calculated to the nearest cubic metre). So
vel measurements are used to determine the highest level in the corners of the receiy

 machine is switched off.
bration of sound field

neral

pd in Annex A,

822 1

act source positions

The tappirlg machine shall be operated in at least two of the same positions that were used for
default prgcedure in accordance with the requirements given in 7.2.2.

ibber ball position, j, the energy-average maximum impact sound pressure level, Lignax)j

in

14)

one

the
und
ring

the tapping machine in operation andithe background noise level in the receiving room when

| be generated using the standard tapping machine. Requirements for the tapping machine

the

8.3 Microphone positions

For the low-frequency procedure, a fixed microphone shall be positioned in room corners at a distance

of 0,3 m to

NOTE

0,4 m from each room boundary that forms the corner (see example in Figure 2).

The distance from each boundary that forms the corner does not need to be identical. For example, it

can be positioned at a distance of 0,3 m from one boundary, 0,35 m from another boundary and 0,4 m from the
remaining boundary.

14
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2
\ d
1 dly. d 1
/

Key

wall

ceiling

distance
NOTE This is an illustrative example of only one possible corner position in a room.

Figure 2 — Example of a corner microphone position where the distance, d, shall be petween
0,3 m and 0;4'm

A minimum of four corners shall be measured using a fixed or manually held microphone for each
impact source position.

For|each set of four corner measurements;ytwo corners should be at ground level and tyo corners
shopld be at ceiling level. These cornersjcah be adjacent to the partition. Corners shall be fised which
arelformed by three intersecting surfaces (such as walls, doors, windows, floor or ceiling), gach having
an 4rea of at least 0,5 mZ2, that are perpendicular to each other, with no objects such as furnifure within
0,5 m of the corner.

Where this is not possible, eorners can be used if:

— |the three intersecting surfaces have angles between pairs of the surfaces between 45f and 135°,
and/or

— |there are ohjects close to the three intersecting surfaces, and/or
— |an objeét such as a cupboard forms one of the intersecting surfaces.

For|the{50 Hz, 63 Hz and 80 Hz one-third octave bands, calculate the low-frequency energy-average
soup@-pressure level for the source and/or receiving room according to 8.5. Then, calculate the
standardized impact sound pressure level using Formula (1] or the normalized Impact sound pressure

level using Formula (3).

8.4 Averaging time

For the low-frequency procedure, the averaging time at each individual microphone position shall be at
least 15 s.

8.5 Calculation of low-frequency energy-average impact sound pressure levels

When the tapping machine is operated at one position (and then further measurements are taken with
the tapping machine in different positions), determine the highest sound pressure level from the set of
measured corners for each of the 50 Hz, 63 Hz and 80 Hz bands after making any required correction
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for background noise according to 9.2. For each frequency band, the corner sound pressure level is then

calculated

L

where

pZCOrner,TMl; pZCorner,TMZ; .

i,Corner —

from Formula (15):

2 2 2
pCorner,TMl + pCorner,TMZ tot pCorner,TMq

101g >
apo

(15)

are the highest mean-square sound pressures (corrected for

P2Corner.TMg background noise where necessary) from corner measure-
ments corresponding to q tapping machine positions;
Do is the reference sound pressure and is equal to 20 pPay
NOTE For each of the 50 Hz, 63 Hz and 80 Hz bands, the mean-square sound pressure valués neede|

calculate L;,

The low-fT
calculated
using Forn

L=

9 Background noise (default and low-frequency’procedure)

9.1 Gen

Measurem
room is no
sound, suc
devices us¢

Forner Can be associated with different corners in the room.

equency energy-average sound pressure level in the 50 Hz, 63 Hz'and 80 Hz band
by combining L; from the default procedure and L;j corner from the léwr-frequency proced

ula (16):

0'1Li,C0rner +(2 . 100.1Lj )

3

10

101g

bral

bnts of background noise levels shall be(made to ensure that the signal level in the receiy
| affected by the background noise and to allow a correction as described in 9.2. Extrang
h as noise from outside the testrgom, electrical noise in the receiving system, mechan
bd for the continuously moving microphone and operators inside the test room all contril

to the bac

ground noise level.

d to

s is
ure

16)

ring
ous
ical
ute

It is recommmended to check that(tlie sound level meter does not introduce spurious signals when

pressing b
Operators
a) fixedn
b) manug

Cc) manug

ttons which start, pause or stop the measurement.

hre a potential source of background noise when using:

hicrophone positions where the operator remains inside the receiving room,
lly heldumicrophones, or

lly“scanned microphones.

Self-generated noise from the operator can result from sources such as clothing, shoes, or arm/knee joints.

For a), b) and c), the operator shall use at least one of the following three methods to try and identify

self-genera

1y

ted noise in the receiving room:

transient events;

2)

the time history of the A-weighted sound pressure level (Fast time weighting) to look for unusual

the difference between the maximum sound pressure level with Fast time weighting and the

equivalent continuous sound pressure level in frequency bands to indicate unusual transient events;

3)

16

their own hearing, but only when hearing protection is not required and not used.
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Using one or more of these methods, operators shall ensure that self-generated noise due to their
movement and activity during the sound pressure level measurement of the signal level is similar to
that during the background noise measurements.

For manually scanned microphones, the operator shall carry out the background noise measurement
using the same type of manual-scanning path that is used for the signal level measurement.

For the low-frequency procedure, a background noise measurement shall be carried out in each corner
that is used to calculate the corner sound pressure levels.

NOTE For each of the 50 Hz, 63 Hz and 80 Hz bands, the values for L;corner can be associated with different
cor i i vt i i ound noise.

Thg minimum averaging times for the background noise measurement shall satisfy the requirements
in 7.7. Using an averaging time that exactly equals these minimum time periods, is only gppropriate
wheén the background noise is steady and continuous; otherwise, longer averaging times shall be used.

To gheck the electrical noise in the receiving system, replace the microphone.byya dummy mjcrophone.

9.2 Correction to the signal level for background noise

For|the default and the low-frequency procedures, the background nuise level shall be at leagt 6 dB (and
preferably more than 10 dB) below the level of signal and background noise combined at eacl] frequency
ban(d. If the difference in levels is smaller than 10 dB but greater than 6 dB, calculate corrections to the
enefgy-average impact sound pressure level, the corner impact sound pressure level and the energy-
average maximum impact sound pressure level using Formula (17):

Lo Ly
L=101g(10 10 —1010) (17)

whére

L isthe adjusted signal level, indB;
Lgp is the level of signal andtbackground noise combined, in dB;
Ly is the background noise level, in dB.

The values for Lgp anddp-shall be reduced to one decimal place before use in Formula (17). This is done
by tlaking the value in,ténths of a dB closest to the reported values such that XX,XYZZZ... is founded to
XX, KifYisless than)5 and to XX,X + 0,1 if Y is equal to or greater than 5.

If the difference’in levels is less than or equal to 6 dB in any of the frequency bands, use|the 1,3 dB
corfection..Kot each frequency band where this is the case for the default procedure and/pr the low-
frequencyprocedure, it shall be clearly indicated in the report that a 1,3 dB correction has peen made
and that'the values are at the limit of the measurement.

NOTE The energy-average maximum impact sound pressure level that is measured with the rubber ball is
not corrected by a background noise level that is described using the maximum sound pressure level. This is due
to the difficulty in determining whether the maximum level representing the background noise is likely to have
affected the signal level that is measured due to the impact of the rubber ball.
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10 Reverberation time in the receiving room (default and low-frequency
procedure)

10.1 General

This clause describes the default procedure that shall be used in the receiving room for all reverberation
time measurements, and a low-frequency procedure that shall be used when the receiving room volume
is smaller than 25 m3 (calculated to the nearest cubic metre).

The reverberation times shall be measured using the interrupted noise method or the integrated
impulse rgSponse method as H is
preferred glthough the precision method may be used.

Evaluation| of the reverberation time from the decay curve shall start at 5 dB below the initial sound
pressure ld¢vel. The preferred evaluation range is 20 dB. The bottom of the evaluation range shall ble at
least 10 d§ above the overall background noise level.

Any operator who was in the receiving room during the sound pressure level measurement shall also
be in the receiving room for reverberation time measurements. The operatof may be present in|the
room with|the microphone fixed on a tripod or may use a manually held microphone at a fixed positfion;
in both cass, the trunk of the operator’s body shall remain at a distance of-at least an arm’s length ffom
one.

To determine the normalized impact sound pressure level, calculdte the equivalent sound absorption
area from the reverberation time using Formula (2).

10.2 Generation of sound field

Use loudspeaker(s) at fixed positions that comply :with the directivity requirements in Annex B.
Loudspeallers may be used simultaneously provided‘they are of the same type and are driven at|the
same level by similar, but uncorrelated, signals.

For the default procedure, the sound generated in the room shall be steady and have a contingous
spectrum ¢ver the frequency range considered. Parallel measurements over the required range of ¢ne-
third octave bands may be taken using abroadband noise signal. If filtering of the source signal is ysed
for each frequency band under test; use a filter with a corresponding centre-band frequency with a
bandwidth| of at least one-third octave.

For the low-frequency procedire, the sound generated in the room shall be steady and have a continyous
spectrum gt least over the.frequency range covered by the 63 Hz octave band.

10.3 Defqult procedure

The default procedure shall use the interrupted noise method described in 10.5 or the integrated
impulse repponse method described in 10.6 for all one-third octave bands between 50 Hz and 5 00
when the 1vi 3 '
between 100 Hz and 5 000 Hz when the receiving room has a volume smaller than 25 m3 (calculated to
the nearest cubic metre).

10.4 Low-frequency procedure

The low-frequency procedure shall use the interrupted noise method described in 10.5 or the
integrated impulse response method described in 10.6 when the receiving room volume is smaller than
25 m3 (calculated to the nearest cubic metre). This procedure requires that the reverberation time be
measured in the 63 Hz octave band instead of the 50 Hz, 63 Hz and 80 Hz one-third octave bands and
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that this single measured value be used to represent the 50 Hz, 63 Hz and 80 Hz bands in the calculation
Of L’nT ) ,n and/OI‘ L,i‘FmaX,V'T.

NOTE1 In small room volumes, there are relatively few room modes that determine the decay curve in the
50 Hz, 63 Hz and 80 Hz bands. Hence, the use of 20 dB or 30 dB evaluation ranges on the decay curves from one-
third octave bands are prone to error because single-slope decay curves usually only occur when there are many
modes in each frequency band. This issue can be partly resolved through use of the 63 Hz octave band filter.

NOTE 2  In timber- or steel-frame buildings with gypsum or timber board linings, the reverberation times in
the 50 Hz, 63 Hz and 80 Hz bands can be sufficiently short for the decay curve to be affected by the decay time of
the one-third octave band filters in the analyser. This can be avoided by using a 63 Hz octave band filter due to its

widerbandwidth-which-allowsthe-measurement-of shorterreverberation-tines

10.5 Interrupted noise method

For|fixed or manually held microphone positions, the minimum number of measurements required
for leach frequency band is six. At least one loudspeaker position shall be‘used with three fixed
microphone positions and two measurements at each position, or six fixedgmitrophone popitions and
onelmeasurement at each position.

For|a mechanized continuously moving microphone, the minimum number of measurements required
for pach frequency band is six. At least one loudspeaker position shall be used with six medsurements
carfied out along the microphone traverse.

10.6 Integrated impulse response method

For|the integrated impulse response method, measurement of the reverberation time shall use fixed
microphone positions.

Usihg an impulse source, the minimum numbef/of measurements required for each frequency band is
six.]At least one source position and six fixed microphone positions shall be used.

Thegreverberation time shall be calculated-by reverse-time integration of the squared impulsg response.

11(Conversion to octave bands

For|the tapping machine asthe impact source, if the standardized impact sound pressure Jevel or the
normalized impact soundpressure level is needed in octave bands, these values shall be calcylated from
the[three one-third octaye band values in each octave band using Formulae (18) or (19), respectively:

’

, 3 LnT,1/30ct,n
Lot o =H0Tg| Y 10 10 (18)

n=1
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’

Ly oct =101g| D10

Ln,1/3oct,n
10

3

n=1

(19)

For the rubber ball as the impact source, if the standardized maximum impact sound pressure level is
needed in octave bands, this value shall be calculated from the three one-third octave band values in
each octave band using Formula (20):

’

’

Li,Fmax,V,T ,1/30ct,n

(4 )

L

i,Fmax

The one-th
(19) and (2
XX, XYZZZ.
Present thg

V,T,oct =101g 210 10

n=1

ird octave band values shall be reduced to one decimal place before use in Foimulae

0). This is done by taking the value in tenths of a dB closest to the reportedvalues such
. is rounded to XX,X if Y is less than 5 and to XX,X + 0,1 if Y is equal to‘dr-greater tha
e final results with no higher precision than to the nearest 0,1 dB.

12 Expression of results

For the sta
decibels at

fement of the impact sound insulation, the measurement results, L'y or L', shall be give]

all measurement frequencies in one-third octave bands 0 one decimal place, both in tab

form and i the form of a curve.

Graphs in
scale; the fi

a) 5mm
b) 20 mm

The prefer
informatio

13 Unce

The uncert
ISO 12999

20)

18),
that
In 5.

n in
1lar

he test report shall show the value in decibels plotted against frequency on a logarithmic

bllowing dimensions shall be used:
for a one-third octave band;

for 10 dB.

red format for the graphs is giveninAnnex C with the accompanying text stating all reley
 concerning the test site, construction, procedure and results.

tainty

ainty of the measureiment result shall be determined in accordance with the method give
1.

14 Test

eport

The test report shall include at least the following information:

a)

a reference to this document and its year of publication (i.e. ISO 16283-2:2018);

rant

b)
‘)
d)
e)

the name of the organization that has performed the measurements;
the name and address of the organization or person who commissioned the test (client);

the date of the test;

a description and identification of the building construction (address or other unambiguous

identifier) and test arrangement (including any temporary modification of the room contents for

the tes
f)
g)

20

t, e.g. the introduction of diffusers; see Clause 6);

the volume of the receiving room (calculated to the nearest cubic metre);

the impact source;

© ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=8f3177939f9acf895b2d8180a7d6b6d8

1SO 16283-2:2018(E)

h) the standardized impact sound pressure level, L’y7, the normalized impact sound pressure level, L,
or the standardized maximum impact sound pressure level, L’ rmax ;T as a function of frequency;

i) a brief description of the test procedure and of the equipment, indicating if the low-frequency
procedure was used for sound pressure level and reverberation time in the 50 Hz, 63 Hz and 80 Hz
one-third octave bands;

j) indications of results which are to be taken as limits of measurement. They shall be given as
L'yt or L'y or L' pmax T <...dB. This shall be applied if the sound pressure level in any band is not
measurable on account of background noise (see Clause 9).

For[the evaluation of single-number ratings 1rom the curves, see 150 717-2. It shall be cleprly stated
that the evaluation has been based on a result obtained by a field method. The test repoert’$hould also
include the uncertainty in the single-number rating.

Theg recommended form for the expression of results is given in Annex C.
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Annex A
(normative)

Impact sources

Ao 3- v o~ oo TITCr CIETETEY

A.1 Standard fapp!ng machine

A.1.1 Re

The stand
centrelineg

The distary
neighbouri
insulating

The mome
falls freely

quirements

hrd tapping machine shall have five hammers placed in a line. The distanee betw
of neighbouring hammers shall be (100 * 3) mm.

ce between the centre of the supports of the tapping machine and‘“the centreline

pads.

from a height of 40 mm within tolerance limits for the momentum of +5 %. As friction of

hammer giidance shall be taken into account, it shall be ensured thathot only the mass of the ham

and the fal

ing height, but also the velocity of the hammer at impact, lie within the following limits:

mass of each hammer shall be (500 = 12) g from which it follows that the velocity at impact shal

(0,886 + 0,

D22) m/s. The tolerance limits of the velocity may-bé increased to a maximum of £0,033

een

5 of

ng hammers shall be at least 100 mm. The supports shall be equipped with vibratignal

htum of each hammer that strikes the floor shall be that of an effective mass of 500 g which

the
mer
the

I be

/s

if it is ensufred that the hammer mass lies within accordingly reduced limits of (500 + 6) g.

The falling|direction of the hammers shall be perpendicular to the test surface to within +0,5°.

The part offthe hammer carrying the impact surface shall be cylindrical with a diameter of (30 + 0,2) fnm.

The impadt surface shall be of hardened steel and shall be spherical with a curvature radiuf of

(500 + 100) mm. Testing for fulfilment of thisrequirement may be performed in the following ways.

a) The c]:‘rvature of the impact surface is considered to comply with the specifications if [the
measufrement results lie within ‘the tolerances given in Figure A.1 when a meter is moved over|the
surface on at least two lines-through the centre point, the lines being perpendicular to each othr.
The cyrves of Figure A.l\describe a curvature of 500 mm. The distance between the curves is|the
smallest distance that,allows both the 400 mm and 600 mm radius to fall within the tolerdnce
limits.|The accuracy?of the measurement shall be at least 0,01 mm.

b) The curvature@fthe hammer heads may be tested by using a spherometer with three feelers lying

on a cifcle with a diameter of 20 mm.

The

The tappingmachine shall be self-driven. The mean time between impacts shall be (100 + 5) ms.
time between successive impacts shall be (100 * 20) ms.

The time between impact and lift of the hammer shall be less than 80 ms.

For standard tapping machines that are used for testing impact sound insulation of floors with soft
coverings or uneven surfaces, it shall be ensured that it is possible for the hammers to fall at least 4 mm
below the plane on which the supports of the tapping machine rest.

All adjustments on the standard tapping machine and verification of the fulfilment of the requirements
shall be performed on a flat hard surface and the tapping machine shall be used in that condition on any
test surface.

The weight of the tapping machine shall be less than 25 kg in order not to load lightweight floors or
floor coverings differently.
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300

250

200

150

Key

NOT
the

A1

Sone of the parameters need to.be measured only once, unless the tapping machine

rec
ma
refi

Thd
and

The
con
wit

hammer head fit within the tolerance limit.

H
P

SR

50
R I
X X
-50
-15 -10 -5 0 5 10 15

distance from centre (mm)
relative height (um)

E The relative height at the centre can be chosen fpeely within 0 pm to 50 pm to make the

Figure A.1 — Tolerance limits for the curvature of hammer heads

.2 Regular checks of performance

bnstructed or repaired. This concerns the distance between hammers, supports of t
hine, diameter of the hammers, mass of the hammers (unless the hammer heads

urvature of

has been
he tapping
have been

nished), time between\impact and lift, and maximum possible falling height of the hammjers.

velocity of the hammers, diameter and curvature of hammer heads, falling direction of th|
time betweendimpacts shall be verified regularly.

fulfilmengt of the requirement shall be verified at regular intervals under standard
ditions.The test shall be performed on a test surface that is flat to within £0,1 mm and hq
nin +0;1°.

e hammers

laboratory
rizontal to

Thd

uncertainty of the verification measurements shall be at maximum 20 % of the va

ues of the

tolerances.

A.2 Rubber ball

A2

.1 Requirements

The rubber ball shall generate the impact force exposure level in each octave band shown in Table A.1
and Figure A.2 when it is dropped vertically in a free fall from the height of 100 cm * 1 cm measured
from the bottom of the rubber ball to the surface of the floor under test.

© ISO 2018 - All rights reserved
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The impact force exposure level, Lrg, is 10 times the common logarithm of the ratio of the time-
integrated value of the impact force squared to the square of the reference force, as expressed in

decibels by Formula (A.1):

t2 o2
F~(t
Lgg =101g Lj#dt (A1)
Tref t1 Fo
where

F(t) is the instantaneous force acted on the floor under test when the rubber ball is dropped on
the floor, in newtons (N);

Fo is the reference force (= 1 N);
tz — t1| is the time duration of the impact force, in seconds (s);

Tref is the reference time interval (= 1 s).

Tlable A.1 — Impact force exposure level in each octave band of®he rubber ball

Octave band centre frequency Impact force exposure level, Lrg
Hz dBre'l N
31,5 390+1,0
63 31,0+ 1,5
125 23,0+1,5
250 17,0 £2,0
500 12,5+2,0
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60

50

40

20 S

10

/A

0 31,5 63 125 250 500

Key
X |octave band centre frequency (Hz)
Y |impact force exposure level (dB re 1 N)

Figure A.2 — Impactiforce exposure level in each octave band of the rubber bz

Figlire A.3 shows the impact force waveform of the rubber ball.

11
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Key
X  time (ms)
Y impactforce (N)
NOTE The rubber ball can either be dropped manually or using an automated set-up.

Figure A.3 — Impact force waveform of the rubber ball measured on a heavy concrete floor

A.2.2 Ex
A rubberb

a) shape

3-2:2018(E)

b) compoasition: see Table A.2;

c) effecti

e mass: (2,5 + 0,1) kg;

d) coeffidient of restitution: 0,8 £.0)1.

hmple of construction of the rubber ball

h1l with the following characteristics can realize the conditions specified in A.2.1:

hnd size: hollow ball of 180 mm in diameter with 30 mm thickness (see Figure A.4);

Table A.2 — Composition of the rubber ball

Matdrial Silicon rubber P(-erm.ﬂde Pigment Vulcanizing agent
cross-linking agent
Mass fracfion, wj@ 100 2 2 <0,1
a  Parts by mass per hundred parts by mass of rubber.

26
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$180

Key
1 |pinhole (1 mm in diameter)

Figure A.4 — Section view of the rubber ball

A.2l3 Regular checks of performance

The frequency characteristics of the impact force exposure leyélof the ball only needs to b¢g measured
oncg after manufacture, unless the rubber ball is visibly cragked or damaged.
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Req

Annex B
(normative)

uirements for loudspeakers used for reverberation time
measurements

B.1 Ge

A loudspedker shall be a closed cabinet containing one or more individual speaker units)AHl sped
units in th¢ same cabinet shall radiate in phase.

The directlivity of loudspeakers shall have approximately uniform, omnidirectional radiation.

ral

ker

The

qualificatign procedure for loudspeaker directivity that is described in B.2 shall\be used to conffirm

that the loyidspeaker is suitable for measurements.

NOTE I
a polyhedrg
hemisphere

B.2 Qualification procedure for directivity

To test the

adistance ¢f 1,5 m from the centre of the loudspeaker in afree-field environment. The loudspeaker sh

be rotated

driven with a broadband noise signal, and measurements shall be made in one-third octave bands.

Measure L
each angle
over an ar
calculated

DI; =1
For one-th

radiation i
800 Hz ang

Carry out t
source, tes

choosing a suitable loudspeaker, it is common to find that loudspeakers mounted on the surfac
n, preferably a dodecahedron, give uniform, omnidirectional radiation. This is also achievable w
polyhedron loudspeaker that is mounted directly on the floor.

Hirectional radiation of a loudspeaker, measure the sound pressure levels around the sourc
l1sing a turntable or by taking discrete measurements at 5° intervals. The loudspeaker sha

60°, which is the energy-average le¢el for the complete arc of 360°. Measure L3¢,; valueg
step, i (typically chosen as 1° or(59intervals), which correspond to the energy-average v

using Formula (B.1):

B60° —L30,i

[ the DI valuestare within +2 dB for the frequency range from 100 Hz to 630 Hz, +5 dB
+8 dB for the frequency range from 1 000 Hz to 5 000 Hz.

he testinrdifferent planes to ensure inclusion of the “worst-case” condition. For a polyhed
Ling(inf one plane is sufficient.

This quali

[ — 1 1111 | + —t 1 + 1 + :
1ICAUIUIT proccuaurc Slidll DC LalTITU OUul dU HILCT VdIS 1TIOL TXLECTUIIly LWU  yEdlS LU CI1S

conformance.

28

© ISO 2018 - All rights rese

h

s of
tha

eat

puld

lbe

for

lue
of 30° that is centred around ‘the angle step (i.e. +15°). The directivity indices, DI}, shall be

B.1)

ird octave bands;)the loudspeaker(s) can be considered to have uniform omnidirecti¢gnal

for

ron

ure

rved


https://standardsiso.com/api/?name=8f3177939f9acf895b2d8180a7d6b6d8

1SO 16283-2:2018(E)

Annex C
(informative)

Forms for the expression of results

This annex glves examples of forms for the expressmn of results for the f1eld measurements of impact

: Feen 22 : ues shown
g should be
supplemented or at least replaced by the shifted reference curves in accordance with the procedure
desfribed in [SO 717-2.
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Standardized impact sound pressure levels, L'y, according to ISO 16283-2

Field measurements of impact sound insulation of floors using the tapping machine

Client:
Date of test:
Description and identification of the building construction and test arrangement, etc.

Receiving room volume: m3

Frequency One-third octave L' nr
,nT
Il{z dB 80

DO
D5

K0 60
00

60

15 50
00

00

\E

30 40
00

00

RO Ul B NN |

30
b00

00
500

NN Rk =

63 125 250 500 1000 2000 4000 f

3150 | AN o frequency range according to the
4900
00

curve of reference values (ISO 717-2)

Rating in ac¢ordance with ISO 717-2:
L'nzw(C) = |() dB;C,50-2500 = dB

Evaluation Haséd on field measurement results obtained by an engineering method

No. of test report:  Name of test institute:

Date:  Signature:

Figure C.1 — Example of a form for the expression of standardized impact sound pressure level
results using the tapping machine
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Normalized impact sound pressure levels, L', according to 1SO 16283-2

Field measurements of impact sound insulation of floors using the tapping machine
Client:

Date of test:

Description and identification of the building construction and test arrangement, etc.

Receiving room volume: m3
Frequency | One third octave (L'
f ! 80
Hz L'n

dB

50
63 70

80
100

125

160
200

250

315
400 40

500

630
800 30

1000

1250

20 ! Lo Lo Lo Lo !
1600 63 125 250 500 1000 2000 4000 f
2000

2500
31500~ | frequency range according to the

4000
5000

60

50

— curve of reference values (ISO 717-2)

Rating in accordance with ISO 717-2:
Lhw(C)= () dB; Cis0-2500=dB
Evaluation based on field measurement results obtained by an engineering method

No. of testreport:  Name of test institute:

Date:  Signature:

Figure C.2 — Example of a form for the expression of normalized impact sound pressure level
results using the tapping machine
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Standardized maximum impact sound pressure levels, L’ pmax 7, according to ISO 16283-2

Field measurements of impact sound insulation of floors using the rubber ball

Client:

Date of test:

Receiving room volume: m3

Description and identification of the building construction and test arrangement, etc.

Frequiency, | One third octave |L'; pa v r
}{z L' Fmax, VT 80 { {
dB \ |
40 | i
¢ " |
80 i i
1P0 60 } }
1p5 | |
1p0 i i
2po 50 ! !
o | |
\ \
3[L5 40 | |
4p0 ; |
5p0 i i
6B0 3¢ } }
\ \
| |
\ \
20 | [ L1 [ L1 [
63 125 250 500 1000 2000 4000 f
No. of test|report:  Name of test institute:
Date:  Signature:

Figure C.3 — Example of a form for the expression of results using the rubber ball
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Annex D
(informative)

Additional guidance

D.1 General
. Fenera:

Thif annex contains additional measurement guidelines for room volumescin
10 n3 < V < 250 m3 in the frequency range 100 Hz to 3 150 Hz. However, the basic principlg
be fised for measurements in the frequency range 50 Hz to 80 Hz (when the room{volume
to dr larger than 25 m3 calculated to the nearest cubic metre) and in the frequency range 4
5000 Hz.

D.2 Principles

D.2.1 Floor coverings

If djfferent floor coverings are used in the same room (e.g§/in a combined kitchen and liy
measurements should be performed and reported from thetwo types of floors separately. Th
guidlelines should then be used on each of the two floor areas.

Mes:
san
be f
use
sho
on 4

surements on soft floor coverings (such as carpets and PVC-layers) can be performed
ple (e.g. 1 m2) which is moved between the different tapping machine positions. If the co
astened by an adhesive, the results from-a measurement without adhesive can be misle
of a small sample of a heavy carpet with significant weight on a lightweight timber jois
1ld be avoided since it is possible that.it does not take into account a damping or restra
he flexural motions of the partition,-which occurs when the total area is covered.

WhEn a small sample is used, this should always be mentioned in the test report.

soft coverings, some materials have an impact sound insulation which is dependent on te
temperature dependernce should be evaluated if measurements are carried out under
ering from normal temperature.

For
Thd
diff]

D.2.2 Calculation of room volumes

Wh
abs
totd

bn calculating the room volume, the volumes of objects in the receiving room with ¢

| volume of the receiving room.

the range
s may also
5 are equal
000 Hz to

ing room),
e following

on a small
vering is to
ading. The
t partition
ning effect

mperature.
conditions

losed non-

brbing-surfaces, such as wardrobes, cabinets and installation shafts, should not be inclfided in the

D.2-3—€alcutatiomrof commmonm partitiomarea

When calculating the area of the common partition, the area should not be reduced by obje
fixed cabinets or wardrobes that cover part of the common partition.

D.2.4 Number of microphone and impact source positions

The recommended numbers of microphone and impact source positions are given in Table D

© ISO 2018 - All rights reserved
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Table D.1 — Number of microphone and impact source positions determined from the floor
area of the source and receiving rooms

Floor area Floor area of thezrecelvmg room
of the m
source Number of positions <50 >50
room Partition type | Partition type | Partition type | Partition type
m?2
1a 2b 1 2
Tapping machine 4 4 4 4
Fixed or manually held . . o o
microphone positions - - - v
<20 Mechanized continuous-
ly moving or manually
. 1 1 2 2
scanned microphone
positions
Tapping machine 8 4 8 4
F1?<ed or manual_ly held 4 4 8 8
microphone positions
20 to 50 Mechanized continuous-
ly moving or manually
. 1 1 2 2
scanned microphone
positions
Tapping machine 8 8 8 8
F1?<ed or manual_ly held 4 4 8 8
microphone positions
>50 Mechanized continuous-
ly moving or manually
. 1 1 2 2
scanned microphone
positions
a  Partitioh type 1: Timber joist partitions, concrete partitions with ribs or beams and solid concrete partitions with a
thickness legs than 100 mm. Applies to all floor coverihgs.
b Partitioh type 2: Solid concrete partitions with @thickness equal to or greater than 100 mm, clinker concrete elem¢nts
and hollow doncrete elements. Applies to all floor coverings.

For partitipn type 1, at least one position of the tapping machine should be on top of a beam with an
angle of 45P oriented with the direction of the beam.

For some Very small floorCareas <20 m2, the minimum requirement for the distance between|the
tapping mgchine and thé\edges of the floor leads to a very limited area available for the four tapping
machine pgsitions. Hoewever, the minimum number of positions stated in Table D.1 should still be ulEed.
To achieve|this, thetapping machine should be placed within the permitted area and the directiopn of
the hammgdr conrecting line should be changed for each measurement.

4 1
D-3 HOl LUlltdl IHHIcdosul cuncuta

Examples of suitable impact source and microphone positions for horizontal measurements are shown
in Annex E.

If the floor area of the source room is equal to or less than 20 m2, Table D.1 may be used directly. If the
floor area exceeds 20 m2, a limited area of 20 m2 should be used. The dimensions of the limited floor
area perpendicular to the partition in the source room should not be reduced to less than half the width
of the partition in the source room. The other dimension of the limited area should not be less than the
width of the partition in the receiving room. These recommendations should always be followed. In
some special cases, this implies that it will not be possible to limit the floor area to 20 m2 (see Annex E,
Examples 1 to 9).
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D.4 Vertical measurements

D.4.1 General

Examples of suitable impact source and microphone positions for vertical measurements are shown in
Annex F.

D.4.2 Partly divided rooms

Partly divided rooms can be found in finished buildings (for example an open-plan kitchen/living room

Wh hic ool i dand by o v all) o i b ad ol i g i day oo b oo
TrTrSpatrtry CrviaCt oy o vvart) O o SHECoamt g S oGt CoStTrattroT

For|transmission between partly divided rooms in a finished building, the room can be considered as
twd individual rooms if the area of the opening is equal to or less than one third of the totaljarea of the
vertical section of the room in the plane containing the wall (see Annex F, Examples (}2 and 13).

For|an unfinished building under construction where two rooms are coupled by a large opening, the
opepning should be covered by sheet material such as plywood or gypsum beard to achieve wlell-defined
rooms for the measurement.

D.4.3 Non-staggered rooms

D.4{3.1 General

Norl-staggered rooms are defined as rooms where the horizontal contour of the smaller rgom can be
totglly contained within the horizontal contour of the larger room.

D.4{3.2 Rooms with floor area of the source room equal to or less than the floor area df the
receiving room

Theg number of tapping machine positions.and microphone positions should be chosen difectly from
Tabte D.1. The tapping machine positions;should be distributed to cover the total floor area (spe Annex F,
Example 11).

D.4{3.3 Rooms with floor area'of the source room larger than the floor area of the receiying room

If tle floor area of the seurce room is equal to or less than 20 m2, the values of Table D.] should be
usef directly. If the floor-area of the source room exceeds 20 m2 and the area of the commohn partition
is efual to or less than20 m2, a limited floor area of 20 m2 should be used for the measurements. The
tapping machine shotuld be placed exclusively in this area (see Annex F, Example 14). If the area of the
common partitiofirexceeds 20 m2, the tapping machine positions should be equally distributgd over the
totdl area ofithe common partition.

D.4.4 <Staggered rooms

Ift ot > rdett T D=3 =4-3-3 should be
used. If the area of the common partition is equal to or less than 20 mZ, or if there is no common part, a
limited area of 20 m2 should be used (see Annex F, Examples 15 to 17).

D.5 Corridors and staircases

D.5.1 Measurements of impact sound insulation from a corridor

Impact sound insulation measurements from a corridor to a room on the same storey or the storey
below should be carried out by placing the tapping machine on a limited area of the corridor close to
the receiving room. The area used should be the full width of the corridor and a length corresponding
to an area of approximately 10 m2. Four tapping machine positions should be used, and the number of
microphone positions should be chosen according to Table D.1 (see Annex E, Example 10).
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