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Foreword

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-geve ental—in—lial with—SO; ake—part—in—the—work—SC ely with the
Interpational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Interpational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Hart 2.

The |main task of technical committees is to prepare International Standards. Draft'International Standards
adogted by the technical committees are circulated to the member bodies for/woting. Publigation as an
Interpational Standard requires approval by at least 75 % of the member bodies, casting a vote.

Attention is drawn to the possibility that some of the elements of this docuntent may be the subject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO [1996-2 was prepared by Technical Committee ISO/TC 43, Acoustics, Subcommittee SC 1, Noise.

This|second edition of 1ISO 1996-2, together with ISO 1996-1:2003, cancels and replaces the| first edition
(1ISO11996-2:1987), 1SO 1996-1:1982 and 1SO 1996-371987. It also incorporates the [Amendment
ISO [1996-2:1987/Amd.1:1998.

ISO [1996 consists of the following parts, under the‘general title Acoustics — Description, meas{irement and
assgssment of environmental noise:

— Part 1: Basic quantities and assessmeni procedures

— Part 2: Determination of environmental noise levels

© 1SO 2007 — All rights reserved \4


https://standardsiso.com/api/?name=30ae896f30b7023378d4feb897471945



https://standardsiso.com/api/?name=30ae896f30b7023378d4feb897471945

INTERNATIONAL STANDARD

ISO 1996-2:2007(E)

Acoustics — Description, measurement and assessment of
environmental noise —
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Part

ISO
IEC

IEC

Scope
part of ISO 1996 describes how sound pressure levels can be determined“by direct meag
polation of measurement results by means of calculation, or exclusively,by calculation, in

for assessing environmental noise. Recommendations are given régarding preferable ¢

surement or calculation to be applied in cases where other regulations do not apply. This part
be used to measure with any frequency weighting or in any,frequency band. Guidance

E 1 As this part of ISO 1996 deals with measurements under.actual operating conditions, there is 1
ben this part of ISO 1996 and other ISO standards specifying-emission measurements under speci
tions.

F 2 For the sake of generality, the frequency and time weighting subscripts have been omitted throu
D 1996.

Normative references
ences, only the edition citedvapplies. For undated references, the latest edition of the
ment (including any amenpdments) applies.

1996-1:2003, Acoustics — Description, measurement and assessment of environmen
1: Basic quantities-and assessment procedures

7196, Acoustics— Frequency-weighting characteristic for infrasound measurements
50942:2003, Electroacoustics — Sound calibrators

51260:1995, Electroacoustics — Octave-band and fractional-octave band filters

following referenced documents. are indispensable for the application of this document.

urement, by
tended as a
bnditions for
of ISO 1996
is given to

o relationship
fied operating

ghout this part

For dated
referenced

tal noise —

IEC 61672-1:2002, Electroacoustics — Sound level meters — Part 1: Specifications

Guide to the expression of uncertainty in measurement (GUM), BIPM/IEC/IFCC/ISO/IUPAC/IUPAP/OIML,
1993 (corrected and reprinted, 1995)
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 1996-1 and the following apply.

3.1
receiver location
location at which the noise is assessed

3.2
calculation method
set of algorithms to calculate the sound pressure level at arbitrary locations from measured or predicted sound

H H | Aot I'H dat
em|ss|0n an M OoUUTIU Al Tiudauvlt Uudtld

3.3
prediction method
subset of a g¢alculation method, intended for the calculation of future noise levels

3.4
measurement time interval
time interval|during which a single measurement is conducted

3.5
observatior time interval
time interval|[during which a series of measurements is conducted

3.6
meteorologjcal window
set of weather conditions during which measurements can be*performed with limited and known variatipn in
measurement results due to weather variation

3.7
soundpath radius of curvature
R
radius apprdximating the curvature of the sound paths due to atmospheric refraction

NOTE Rlis expressed in kilometres.

3.8
low-frequerjcy sound
sound contdining frequencies of interest within the range covering the one-third octave bands from 16 Hz to
200 Hz

4 Measyrementuncertainty

The uncertajnty ‘of sound pressure levels determined as described in this part of ISO 1996 depends on the
sound sourge and the measurement time interval, the weather conditions, the distance from the sourcq and
the measurement method and instrumentation. The measurement uncertainty shall be determined in
accordance with the GUM. Some guidelines on how to estimate the measurement uncertainty are given in
Table 1, where the measurement uncertainty is expressed as an expanded uncertainty based on a combined
standard uncertainty multiplied by a coverage factor of 2, providing a coverage probability of approximately
95 %. Table 1 refers to A-weighted equivalent continuous sound pressure levels only. Higher uncertainties
can be expected on maximum levels, frequency band levels and levels of tonal components in noise.

NOTE 1 Table 1 is not complete. When preparing this part of ISO 1996, insufficient information was available. In many
cases, it is appropriate to add more uncertainty contributions, e.g. the one associated with the selection of microphone
location.

NOTE 2 Cognizant authorities can set other levels of confidence. A coverage factor of 1,3, for example, provides a
level of confidence of 80 % and a coverage factor of 1,65, a level of confidence of 90 %.

2 © 1SO 2007 — All rights reserved
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In test reports, the coverage probability shall always be stated together with the expanded uncertainty.

Table 1 — Overview of the measurement uncertainty for L.,

IEC
b

proc
have
stan

c

Standard uncertainty Combined standard Expanded
) uncertainty measurement
Due to Due to Due to weather | Due to residual uncertainty
instrumentation 2 operating and ground sound ¢ Ot
g b g c i 2’0
10 conditions conditions 7 \/1,02+X2 +Y24 72 0y
X Y dB dB
dB dB
dB dB
a8  For IEC61672-1:2002 class 1 instrumentation. If other instrumentation (IEC 61672-1:2002 class 2 ar IE[C 60651:2001/

0804:2000 type 1 sound level meters) or directional microphones are used, the value will be larger.

To be determined from at least three, and preferably five, measurements under repeatability conditions) (the same
bdure, the same instruments, the same operator, the same place) and at a position where variations_in meteorologd
little influence on the results. For long-term measurements, more measurements are required to-determine th
ard deviation. For road-traffic noise, some guidance on the value of X is given in 6.2.

The value varies depending upon the measurement distance and the prevailing meteorclegical conditions. A m

measurement
ical conditions
e repeatability

ethod using a
ry to deal with

simplified meteorological window is provided in Annex A (in this case Y = o, ). For long-term mgasurements, it is necess:
diffefent weather categories separately and then combined together. For short-term measurement, variations in ground|conditions are
small. However, for long-term measurements, these variations can add considerably to the,measurement uncertainty.
d  IThe value varies depending on the difference between measured total values and the residual sound.
5 |nstrumentation
5.1 | Instrumentation system
The |nstrumentation system, including the microphone, wind shield, cable and recorders, if any, shall conform
to the requirements of one of the following:
— Bhclass 1 instrument as specified in IEC 61672-1:2002,
— B class 2 instrument as specified in IEC 61672-1:2002.
A wind shield shall always be used during outdoor measurements.

Cognizant authorities may-tequire instruments conforming with IEC 61672-1:2002 class 1.

NOT
+ 50

NOT
requi

= IEC 61672-1:2002 class 1 instruments are specified over the range of air temperatures frg
C and IEC-61672-1:2002 class 2 instruments from 0 °C to + 40 °C.

F 2, {Most sound level meters that meet the requirements in IEC 60651 and IEC 60804 also mee
rements of IEC 61672-1.

m —10°C to

t the acoustic

For measurements in octave or one-third-octave bands, the class 1 and class 2 instrumentation systems shall
meet the requirements of a class 1 or class 2 filter, respectively, specified in IEC 61260:1995.

5.2

Calibration

Immediately before and after each series of measurements, a class 1, or, in the case of class 2 instruments, a
class 1 or a class 2 sound calibrator in accordance with IEC 60942:2003 shall be applied to the microphone to

chec

k the calibration of the entire measuring system at one or more frequencies.

If measurements take place over longer periods of time, e.g. over a day or more, then the measurement
system should be checked either acoustically or electrically at regular intervals, e.g. once or twice a day.

© 1SO 2007 — All rights reserved
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It is recommended to verify the compliance of the calibrator with the requirements of IEC 60942 at least once
a year and the compliance of the instrumentation system with the requirements of the relevant IEC standards

at least every two years in a laboratory with traceability to national standards.

Record the date of the last check and confirmation of the compliance with the relevant IEC standard.

6 Operation of the source

6.1

General

The source|
consideratio
maximum sq

NOTE Tl
from the oper

The equivale

operating condlitions shnall De  Stalstcally representative o the noise environment, y
N. To obtain a reliable estimate of the equivalent continuous sound pressure level as well ‘a

ne operating conditions of this part of ISO 1996 are always the actual ones. Accordingly;)they normally
bting conditions stated in International Standards for noise emission measurements.

nder
5 the

und pressure level, the measurement time interval shall encompass a minimum numben of poise
events. For {he most common types of noise sources, guidance is given in 6.2 to 6.5.

differ

nt continuous sound pressure level, Ly, of noise from rail and air traffic.can often be deternjined

most efficieptly by measuring a number of single event sound exposure leyels; Ly, and calculating the
equivalent cpntinuous sound pressure level based on these. Direct measurement of the equivalent continuous
sound pressure level, Ly, 7, is possible when the noise is stationary or time‘varying, such as is the case| with
noise from rpad traffic and industrial plants. Single-event sound exposureilevels, L, from road vehicleg can
be measured only at roads with a small traffic volume.
6.2 Road|traffic
6.21 L,y measurement
When measpring Legs the number of vehicle pass-bys shall be counted during the measurement time intgrval.
If the measyrement result is converted to other traffic-conditions, distinction shall be made between at |east
the two categories of vehicles “heavy” and “light’. ¥o determine if the traffic conditions are representativg, the
average traffic speed shall be measured and the type of road surface noted.
NOTE A cpmmon definition of a heavy vehicle is one exceeding the mass 3 500 kg. Often heavy vehicles are divided
into several syib-categories depending on the number of wheel axles.
The number|of vehicle pass-bys néeded to average the variation in individual vehicle noise emission depends
on the requifed accuracy of the‘measured L. If no better information is available, the standard uncerfainty
denoted by X in Table 1 can be-calculated by means of Equation (1):

10

=—|dB 1

T (1)
where n is the tetal number of vehicle pass-bys.
NOTE Equatiom(t)Teferstomixed Toadtrafficif onty onmecategory of vehitlesisinvotved; the standarduncertaimnty will
be smaller.

When L, from individual vehicle pass-bys are registered and used together with traffic statistics to calculate
Lgq Over the reference time interval, the minimum number of vehicles per category shall be 30.

6.2.2 L measurement

max

The maximum sound pressure levels as defined in ISO 1996-1 differ among vehicle categories. Within each
vehicle category, a certain spread of maximum sound pressure levels is encountered due to individual
differences among vehicles and variation in speed or driving patterns. The maximum sound pressure level
should be determined based on the sound pressure level measured during at least 30 pass-bys of vehicles of
the category considered.
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6.3 Rail traffic

6.3.1 Ly, measurement

Measurements shall consist of the pass-by noise from at least 20 trains. Each category of train potentially

contributing significantly to the overall L, shall be represented by at least five pass-bys.
measurements shall be continued on a subsequent day.

If necessary,

6.3.2 L., measurement
To determlne the maX|mum sound pressure Ievel for a certaln category of traln the maximum sound pressure
i lings, it shall
dinty shall be
6.4 | Air traffic
6.4.9 L,y measurement

Meagurements shall consist of the pass-by noise from five or more of (each type of aircraft
significantly to the sound pressure level to be determined. Ensure that traffic pattern (runway use,
landing procedures, airfleet mix, time-of-day distribution of the fraffic) is relevant for the
consideration.

6.4.2 L., measurement

If the purpose is to measure the maximum sound pressureslevel from air traffic in a specific resi
ensyre that the measurement period contains the aircraft.types with the highest noise emission ug
tracks of nearest proximity. Maximum sound pressure levels shall be determined from at le

contributing
take-off and
issue under

dential area,
ing the flight
ast five and

prefgrably 20 or more occurrences of the most noisy relevant aircraft operation. To estimate percentiles of the
distripution of maximum sound pressure levelsrecord at least 20 relevant events. If it is not possible to obtain
this many recordings, it shall be stated in the report how many aircraft pass-bys are analysed and the
influgnce on the uncertainty shall be assessed.

NOTE Pass-by noise can be caused by-aircraft in flight or on the ground, e.g. taxiing.

6.5 | Industrial plants

6.5.1 L,y measurement

The pource operating conditions shall be divided into classes. For each class, the time variation pf the sound

emis
the
varig
ata
mete

sion from thelplant shall be reasonably stationary in a stochastical sense. The variation shall
ariation in transmission-path attenuation due to varying weather conditions (see Clause
tion of the.sound emission from the plant shall be determined from 5 min to 10 min L
Histance*long enough to include noise contributions from all major sources and short enough
orological effects (see Clause 7) during a certain operating condition. If the source is

be less than
¥). The time

valug¢s measured

to minimize
cyclic, the

meagurement time shall encompass a whole number of cycles. A new categorization of tf

e operating

conditions shall be made if the criterion is exceeded. If the criterion is met, measure L, during each class of

operating condition and calculate the resulting Legs
class of operating condition.

6.5.2 L., measurement

taking into account the frequency and duration of each

If the purpose is to measure the maximum sound pressure level of noise from industrial plants, ensure that the
measurement period contains the plant operating condition with the highest noise emission occurring at the
nearest proximity to the receiver location. Maximum sound pressure levels shall be determined from at least
five events of the most noisy relevant operation condition.

NOTE The operating condition is defined by the activity as well as its location.
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6.6 Low-frequency sound sources

Examples of low-frequency sound sources are helicopters, sound from bridge vibrations, subway trains,
stamping plants, pneumatic construction equipment, etc. ISO 1996-1:2003, Annex C, contains a further
discussion on low-frequency sound. Procedures to measure low-frequency noise are given in 8.3.2 and 8.4.9.

7 Weather conditions

7.1 Gene

ral

The weather

The road or
be neither fr

Sound pres
Equation (2)

hg + h,
r
where
he ist

If the groundg

The meteorq
condition in
measureme
Upwind of th
short-term e

7.2 Conditions favourable to sound propagation

To facilitate
meteorologiq
propagation

Such conditi

conditions shall be representative of the noise exposure situation under consideration.

rail surface shall be dry and the ground surface shall not be covered with snow or jce and s
bzen nor soaked by excessive amounts of water, unless such conditions are to be investigate

sure levels vary with the weather conditions. For soft ground such varigtien is modest
applies:

0,1

e source height;

ne receiver height;

he distance between the source and receiver.
is hard, larger distances are acceptable.

logical conditions during measurement shall be described or, if necessary, monitored. Whe
Equation (2) is not fulfilled, t«the weather conditions can seriously affect the results o
nt. General guidance is giveniin 7.2 and 7.3, while more precise guidance is given in Ann
e source, measurements’have large uncertainties and such conditions are not usually suitab
hvironmental-noise measurements.

the comparison of results, it is convenient to carry out measurements under seld
al conditions, so that the results are reproducible. This is the case under rather stable s
conditions.

ould

vhen

)

h the

the
X A.
e for

bcted
bund

pnsexist when the sound paths are refracted downwards, for example during downwind, meaning

high sound pressure levels and moderate level variation. The sound path radius of curvature, R, is positive
and its value depends on the wind speed and temperature gradients near the ground, as expressed in

Equation (A.

1).

With one dominant source, choose meteorological conditions with downward sound-ray curvature from the
source to the receiver and adopt measurement time intervals corresponding to the conditions given in
Annex A, for example R <10 km.

As a guidance, the condition R < 10 km holds when

night-time within an angle of + 90°),

the wind is blowing from the dominant sound source to the receiver (daytime within an angle of + 60°,
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the wind speed, measured at a height of 3 m to 11 m above the ground, is between 2 m/s and 5 m/s

during the daytime or more than 0,5 m/s at night-time,

no strong, negative temperature gradient occurs near the ground, e.g. when there is no bright sunshine

during the daytime.

Average sound pressure levels under a range of weather conditions

Estimating average environmental noise levels as they occur over a range of weather conditions requires long
measurement time intervals, often several months. Alternatively, well monitored, short-term measurements
nting different weather condition n mbined with calculations taking weather statistics into

acc

The
acc

To

acc

8

8.1

For
surv

8.2

Sele

the

be c

Wheh measuring the noise from single events (e.g. aircraft fly-over, during which the noise varie

fly-o
shall

8.3

8.3.1 Outdoors

Toa

unt to determine long-term averages.

ombination of source operating conditions and weather-dependent sound propagation)shall

be taken into

unt, so that every important component of sound exposure is represented in the méasurement results.

etermine a long-term average noise level as it can occur during a year, it\is necessary
unt the variations in source emission and sound propagation during a whole'year.

easurement procedure

Principle

he selection of appropriate observation and measuremént time intervals, it can be necesg
by measurements over relatively long time periods.

Selection of measurement time interval

Ct the measurement-time interval to cover:all significant variations in noise emission and pr|

nosen so that each represents a part of the cycle and so that, together, they represent the cor

er but is absent during a\considerable portion of the reference time interval), measurement t
be chosen so that the{sound exposure level, Lg, of the single event can be determined (see

Microphone/location

5sess \the situation at a specific location, use a microphone at that specific location.

to take into

sary to take

pbpagation. If

oise displays periodicity, the measurement time interval should cover an integer number of at least three
periqds. If continuous measurements over such a period cannot be made, measurement time ir

tervals shall
nplete cycle.

s during the
me intervals
B.4.3).

For

a)

ther purposes; use one of the fottowing positiorns:

free-field position (reference condition);

This case is either an actual case or a theoretical case for which the hypothetical free field over ground sound
pressure level of the incident sound field outside a building is calculated from results of measurements made
close to the building [see 8.3.1 b) and 8.3.1 ¢)]. The incident field notation refers to the fact that all reflections,
if any, from any building behind the microphone are eliminated. A position behind a house that acts as a
barrier is also considered to be an incident field position but in this case positions 8.3.1 b) and 8.3.1 c) are not
relevant and reflections from the back side of the building are included.
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b) position with the microphone flush-mounted on the reflecting surface;

In this case, the correction applied to get the incident sound field is — 6 dB. Guidance on the conditions to
meet is given in Annex B. For other conditions, it is necessary to use different corrections.

NOTE 1 + 6 dB is the difference between a fagade-mounted microphone and a free-field microphone in an ideal case.
In practice, minor deviations from this value do occur.
c) position with the microphone 0,5 m to 2 m in front of the reflecting surface;

In this case, the correction applied to get the incident sound field is — 3 dB. Guidance on the conditions to
meet is given in Annex B. For other conditions, it is necessary to use different corrections.

i at a
ound
, this
, this

NOTE 2  The difference between the sound pressure level at a microphone placed 2 m in front of the fagade an
free-field micfophone is close to 3 dB in an ideal case where no other vertical reflecting obstacle influences
propagation tp the studied receiver. In complex situations, e.g. high building density on the site, canyon, streét, etc
difference cap be much higher. Even in the ideal case, there can be some restrictions. For near-grazinglihcidencq
position is nof recommended as the deviations can be greater. For further guidance, see Annex B.

q

J

ed is
e. In
rther

In principle, [any of the positions described in this subclause can be used, provided that‘the position us
reported together with a statement of whether or not any correction to the referenece.condition was mad

some speci
guidance se

For general
residential a

For permans

Noise level
measureme
required for
is strongest
higher in the

c cases, the positions described in this subclause are subject to further restrictions. For fy
b Annex B.

mapping, use a microphone height of (4,0 + 0,5) m in multi-storey residential areas. In one-s
reas and recreational areas, use a microphone height of (1,2'¢ 0,1) m or (1,5 + 0,1) m.

nt noise monitoring, other microphone heights may be used.

nts are carried out, the density of grid points selected in an area depends on the spatial resol
the study concerned and the spatial variation'of sound pressure levels of the noise. This vari
in the vicinity of sources and large obstacles. The density of grid points should, thereforg
se places. In general, the difference inssound pressure levels between adjacent grid points sh

not be greater than 5 dB. If significantly higher differences are encountered, intermediate grid points sh4

added.

8.3.2 Indo

Use at least
spend time,

If dominant

prs

three discrete positions.evenly distributed in areas of the room where affected persons prefe
pr, as an alternativefor-continuous noise, use a rotating microphone system.

ow-frequency noise is suspected (see 6.6), one of the three positions shall be in a corner an

rotating microphone is allowed. The corner position shall be 0,5 m from all boundary surfaces in a corner

the heaviest

The other m

walls and-without any wall openings nearer than 0,5 m.

icrophones shall be positioned at least 0,5 m from walls, ceiling or floor, and at least 1 m

significant s

pound-transmission elements such as windows or air-intake openings. The distance bet

forey

5 in grid points for use in noise mapping are~normally calculated. If, in special cases,

ution
ation
e, be
ould
Il be

rably

d no
with

from
veen

neighbouring_microphone positions shall be at least 0,7 m. If a continuously moving microphone is usef, its
sweep radius shall be at least 0,7 m. The plane of traverse shall be inclined in order to cover a large portion of
the permitted room space and shall not lie within 10° of the plane of any room surface. The above
requirements concerning the distance from discrete microphone positions to walls, ceiling, floor and
transmission elements also apply to moving microphone positions. The duration of a traverse period shall be
not less than 15 s.

NOTE 1 In cases where there are only A-weighted measurements and only small contributions to the A-weighted level
from low frequencies, it can, in some cases, be sufficient to use one microphone position.

The procedures in this subclause are primarily intended for rooms with volumes < 300 m3. For larger rooms,

more microphone positions can be appropriate. In such cases, for low-frequency noise, one third of the extra
positions should be corner positions.
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8.4 Measurements

8.4.1 General

NOTE Variables and rating levels such as the yearly average, L,,, L and Ly, are defined in ISO 1996-1.

evening

8.4.2 Equivalent continuous sound pressure level, Leqr

Normal measurement of L. if the traffic density is low or the residual sound pressure level high, the Leg
levels shall, if possible, be determined from L, measurements of individual pass-bys. This is often the case for

rail- ard a RO : e-3-4-anrd-64-3—respectively—Fo RO erf—averagihg—d ke condition in
Equation (2) is fulfilled, measure for at least 10 minutes to average weather-induced variations in the
proppgation path. If the condition in Equation (2) is fulfilled, 5 min is usually sufficient. It can\be hecessary to
incrgase these minimum times in order to get a representative sample of source operating conditions (see
Clauge 6).

8.4. Sound exposure level, L,

If it i$ not practicable to measure L, for the required number of events, mgasure L for each indiyidual event.

Measgure a minimum number of events of the source operation as specified in Clause 6. Measur¢ each event
durirl]g a time period that is long enough to include all important noise contributions. For a pass-py, measure
until the sound pressure level has dropped at least 10 dB below the-nfaximum level.

8.4.4 N percent exceedance level, Lyt
During the measurement time interval, record the shoriterm L., (where T < 1s) or record the sound
pressgure level with a sampling time less than the time\constant of the time weighting used. The ¢lass interval
into which recorded results are placed shall be 1,0:dB or less. The parameter basis and, wher¢ applicable,
time [weighting, of the recording period and the class interval used to determine the L, ; shall be rgported, e.g.

“baspd on 10 ms sampling of Lg with a class interval of 0,2 dB” or “based on L, class width 1,q dB”.

8.4.9 Maximum time- and frequency-weighted sound pressure level, Lr .., Lsmax

Using time weighting F or S, as specified, measure Lg g,y OF Lgyay for @ minimum number of gvents of the
sourge operating conditions as specified in Clause 6. Record each result.

NOTE Time weighting F(carrelates better with human perception than time weighting S. Using time weighting S, in
genefal, improves the reproducibility.

8.4.§ Peak soundpressure level, L.,

See |SO 10843 for sonic booms, blasts, etc.

NOTE IEC 61672-1 specifies the accuracy only of a peak detector using C-weighting.

8.4.7 Tonal sound

If the noise characteristics at the receiver location include audible tone(s), an objective measurement of the
prominence of the tones should be carried out. The microphone positions with the most audible tone(s) should
be selected and the analysis should be carried out as described in Annex C for the reference method and as
described in Annex D for a simplified method.

NOTE In general, tonal analysis of indoor noise is not recommended due to the modal behaviour of tones in rooms.
For some frequency bands, it is also problematical at microphones in front of a fagade.
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8.4.8 Impulsive sound

There is no generally accepted method to detect impulsive sound using objective measurements. If impulsive
sound occurs, identify the source and compare it to the list of impulsive sound sources in 1ISO 1996-1. In

addition, make sure that the impulsive sound is representative and present in the measurement time interval.

8.49 Low-frequency sound

Indoors, measure at three microphone positions as specified in 8.3.2. Outdoors, measure in the free field or

directly on a

The method
low-frequen
surface othe

NOTE T
low-frequency

8.4.10 Resi

When meas
specific sou
noise from

industrial ng
normally ca
buildings, et
impossible t
the residual

8.4.11 Freq

If the frequ
pressure leyv

63 Hz, 1

Optionally, t

to 10 000 Haz.

Frequency bands without~significant influence (< 0,5 dB) on the A-weighted sound pressure level m3

excluded an

For low-freq
the range b
assess sour

facade; see Annex B.

y measurements, the microphone shall be at least 16 m from the nearest significant.refle
r than the ground in order to be a free-field (incident-sound field) measurement.

ne microphone position in front of the reflecting surface mentioned in 8.3.1 c) has ndt~been defing
sound measurements.

dual sound

uring environmental noise, residual sound as defined in ISO 1996<1; as all noise other tha
nds under investigation, is often a problem. One reason is that‘tegulations often require thg
Hifferent types of sources be dealt with separately. This separation, e.g. of traffic noise
ise, is often difficult to accomplish in practice. Another.reason is that the measurements
ried out outdoors. Wind-induced noise, directly on the "'microphone and indirectly on t
C., may also affect the result. The character of these¢noise sources can make it difficult or
b carry out any corrections. However, see 9.6 to carry out corrections if it is necessary to mea
sound.

uency range of measurements

ency content of the noise is required, then, unless otherwise specified, measure the s
el using octave-band filters having\the following mid-band frequencies:

25 Hz, 250 Hz, 500 Hz, 1 000~Hz, 2 000 Hz, 4 000 Hz, 8 000 Hz

ne measurements can‘be-made in one-third-octave bands with mid-band frequencies from 5

H this exclusion should be reported.

Llency Sound, the frequency range of interest appears to be from about 5 Hz to about 100 H
blow, about 20 Hz, the G-weighting in accordance with ISO 7196 is used in some countri
d~Above about 15 Hz, octave-band or one-third-octave band analysis in the range from 2

5 in this part of ISO 1996 are generally valid down to the 16 Hz octave band. However, for these

cting

d for

n the
t the
from

are
rees,
even
sure

bund

0 Hz

y be

Z. In
bs to
bout

16 Hz to 10

UHZ IS Used In several countries. For Iow-Irequency sound, this part or IsU 1990 Includes the

extended frequency range from about 12 Hz to 200 Hz (the 16 Hz, 31 Hz, 63 Hz, 125 Hz and 160 Hz
one-third-octave bands) and evaluation shall be made in accordance with ISO 7196.

9 Evaluation of the measurement result

9.1 Gene

ral

Correct all measured outdoor values to the reference condition, if applicable, that is to the free-field level

excluding all

10

reflections but those from the ground.
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9.2 Time-integrated levels, L and L.,

For each microphone position and each category of source operating conditions determine the energy
average of the measured values of Ly or Lgyy.

NOTE Guidance on how to obtain rating levels such as Lgq, and Lrqen is given in ISO 1996-1.

9.3 Maximum level, L,

For each microphone position and each category of source operating conditions, determine the following
values,whenever relevant:

— the maximum;

— the arithmetic average;
— [he energy average;
— [he standard deviation;

— [he statistical distribution of the measured values of L ,,.

For homogeneous groups of single events with a Gaussian distribution of maximum sound pregsure levels,
use Equation (3) and Figure 1 to estimate percentiles of the distribution of maximum sound pressyre levels.

Lmax,p = Zmax+y~s (3)
where
L max,p IS the maximum level exceeded by p % of the events;

Lmax is the arithmetic average of L, from all events;

3 is the standard deviation of the maximum levels from the events (an estimate of the standard
deviation of the Gaussian distribution);

is the number of standard deviations given by Figure 1.
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P, % |
10

EXAMPLE
wanted perce
that is:

max

where s is the

9.4 Exceedance levels, Ly

Analyse the

9.5 Indog

Use a scanr]
the spatially

Leg=1

where

D 1,4 1,6 1,8 2,0 2,2 24 2,6 28 y
Figure 1 — Percentage, p, of single events with a maximum sound pressure level
exceeding, by a certain number, y, of standard deviations,

he (arithmetic) mean of a normal distribution of maximum sound pressure levels

If the fifth highest maximum sound pressure level is required.'out of 500 vehicles passing, the
htile is (5/500) x 100 = 1 % and from Figure 1 the factor, y, to insertin Equation (3) is given by y =2,33

Lmax(arithmatic average)

5th highest) +23s

standard deviation of the maximum levels.

sampled values statistically to obtain'the statistical level, Ly, 7, for N %.
r measurements

ing microphone or.discrete positions. If discrete microphone positions have been used, calc
averaged value of-the equivalent continuous sound pressure level as given in Equation (4):

1<, .50
DIg— > 10 °¥ dB
gn;

h the
~ 2,3,

ulate

(4)

n

Leqj

is the number of microphone positions, equal to or greater than 3;

is the equivalent continuous sound pressure level in position j, expressed in decibels.

If measurements are carried out during different measurement time intervals with different traffic conditions,

each of the noise levels, L

eqp

appropriate calculation method; see 11.2.

should be converted to the same reference traffic conditions using an

If the measurement room is normally furnished or has acoustical treatment on the ceiling, make no corrections
of the measured values. If the room is empty and without acoustical treatment, subtract 3 dB from the
measured values.

12
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NOTE The 3 dB correction used to take into account the difference between furnished and unfurnished rooms is a
simplification to avoid making measurements of the reverberation time. If regulations require otherwise, it can be
necessary to measure the reverberation time and normalize the measured sound pressure levels to the reference state of
the regulation.

9.6 Residual sound

If the residual sound pressure level is 10 dB or more below the measured sound pressure level, make no
corrections. The measured value is then valid for the source under test.

If the residual sound pressure level is 3 dB or less below the measured sound pressure level, no corrections
are allowed. The measurement uncertainty is then large. The results may, however, still be reported and may
be ugeful for determining an upper boundary to the sound pressure level of the source under test/| If such data
are reported, it shall clearly be stated in the text of the report, as well as in graphs and tables)of| results, that
the reported value cannot be corrected to remove the effect of the residual sound.

For ¢ases when the residual sound pressure level is within a range from 3 dB to 10{dB below the measured
sound pressure level, correct according to Equation (5):

L corr = 101g(10"meas 10 -1oLresid”°) dB (5)
whefe
[ corr is the corrected sound pressure level,

{ neas IS the measured sound pressure level,

s is the residual sound pressure level.

resid

10 Extrapolation to other conditions

10.1| Location

Such extrapolation is useful, for-example, when residual sound prevents direct measurement at|the receiver

Extrapolation of measurement results is often used to estimate the sound pressure level at another location.
location.

The hoise measurements:shall be carried out at a well defined location, neither too close (not in the near field
of sgme part of the seuree) nor too far away (minor weather influence on transmission is desirable) from the
sourge in relation {6, the extension of the source. By calculating the attenuation that has taken place during
hgation from_ source to measuring position, an estimate of the source noise emission is estaplished. This
ate is subsequently used to calculate the sound pressure level at a receiver further away from the noise

on method; see

S : e cia 3 be—chosen—so : meastdrement and
calculation is facilitated. For example, there should be no screening obstacles between the source and the
microphone and a high microphone position is preferred as this minimizes the influence of the weather
conditions during the measurement.

10.2 Other time and operating conditions

Often measurements are carried out during time periods shorter than the reference time interval and the
results have to be adjusted to other time and operating conditions. Long-term averages are calculated from
short-term measurements by taking into account such influences as other traffic flows, another vehicle
composition, another distribution of weather conditions, etc. Sometimes different times of the day are
weighted differently. It is necessary to base such adjustments on some kind of calculation method; see
Clause 11.
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11 Calculation

11.1 General

In many cases, measurements can be replaced or supplemented by calculations. Calculations are often more
reliable than a single short-term measurement when long-term averages are to be determined and in other
cases where it is impossible to carry out measurements because of excessive residual sound pressure levels.
In case of the latter, it is sometimes convenient to carry out the measurements at a short distance from the

source and

determined

Using a suit
assessment
meteorologiq
propagation
impedance

heights. Mo
accurate cal

Various deg
of grid points
Noise-level

should, ther:
sound pres
noise-mitiga
density shod

11.2 Calcu

11.2.1 Gene¢ral

There are n
Standards, {
sources with

11.2.2 Sped

hen use a calculation method to calculate the result at a greater distance.

each individual case.

able model for the sound propagation from source to receiver, the sound pressure level a

point can be calculated. It is necessary to relate the sound propagation to well de
al and ground conditions. Most calculation models refer to neutral or favourable s
conditions, as other propagation conditions are much more difficult to predict. The acg
pf the ground is also important, in particular at small distanegs and low source and rec
5t models distinguish only between hard and soft ground.(It"is, in general, easier to carr
Culations with high source and receiver positions.

ees of accuracy are required depending on the purpgse of the calculation. The necessary d¢g

used as a basis for mapping the noise levels in an‘area depends on the purpose of the map
variation is strongest in the vicinity of sources;and large obstacles. The density of grid p
bfore, be higher in such places. In general, foroverall noise exposure, mapping the differen
bure levels between adjacent grid pointsy should not be larger than 5 dB. When sele
ion measures in the form of either noise_control hardware or economical compensation, grid-
Id be chosen so that variation between-the adjacent points does not exceed 2 dB.

lation methods

b internationally recognized complete calculation methods, although there are some Internat
uch as ISO 9613-1, ISO 9613-2 and ISO/TS 13474, on sound propagation that can be applig
known sound power output. A list of national calculation methods is given in Annex E.

ific procedures

Separate ca
most countr

culatlon methods have been developed for the assessment of road-, ra|I and air- trafﬂc noige.

the
fined
bund
ustic
eiver
out

nsity
ping.
oints
ce in
cting
point

jonal
d for

pressure levels and are appllcable for a specmc frequency spectrum NormaIIy, an LAe based metric is

calculated, and sometimes this metric is supplemented by L

14

max- 1here are, however, exceptlons
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Information to be recorded and reported

For measurements, the following information shall, if relevant, be recorded and reported:

a)

)

For ¢

time, day and place for measurements;

instrumentation and its calibration;

measured and, if relevant, corrected sound pressure levels (LeqT, Lg, Lpyax), A-weighted (optionally

C-weighted as well) and, optionally, in frequency bands;

and other parameters);
bstimate of the measurement uncertainty together with the coverage probability;
nformation on residual sound pressure levels during the measurements;

ime intervals for the measurements;

ncluding height above ground, of microphone and source;

Hescription of the operating conditions, including number, of vehicle/train/aircraft pass-bys
bach suitable category;

emperature, barometric pressure, humidity and, presence of precipitation and location
emperature sensors;

method(s) used to extrapolate the measuréd values to other conditions.

measured N percent exceedance level (L, ;) including the base on which it is calculated{spmpling rate

horough description of the measurement site, including ground-Gover and condition, and locations,

specified for

Hescription of the meteorological conditions, incliding wind speed, wind direction, ¢loud cover,

bf wind and

alculations, relevant information listed.in a) to k), including calculation uncertainty, shall be giyven.

©I1SO

2007 — All rights reserved
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Annex A
(informative)

Meteorological window and measurement uncertainty due to weather

A.1 Weather and measurement uncertainty

The variabil
conditions a|
standard de
specific sou
consisting o
for measure

A.2 Weat

For nearly h
atmospheric

R:

k

cony

where

c(7)

“

ty of noise levels during measurements is influenced by the weather conditions. The~we
re characterised in this annex by the sound path radius of curvature. The values giyen fo
viation, o;,,, due to weather-induced variation in sound propagation attenuation- are vali
nd-propagation conditions. Such values cannot be given for long-term averagenhoise |
contributions from sound propagating under a variety of conditions. This annéx-is typically
ment time intervals from 10 min up to a few hours.

her characterization

is the absolute temperature of the air, expressed in kelvin;

is.the’height above the ground, expressed in metres.

orizontal propagation the radius, R, approximating the curvature of the sound paths cause
refraction, can be determined by Equation (A.1). R varies with the height above the ground.
c(7)
. OT Ou
AT + R
0z Oz
is the speed of sound in air, expressed in metres per second, equal to 00\/? , W
m
¢, =20,05 ;
° sVK
is the wind speed component in the direction of propagation, expressed in metres per second;
is a constant equal to 10 .
sVK

hther
r the
d for
pvels
valid

A1)

here

Based on t

e differences In temperature and In wind speed at TUm and U,o m above (he ground

numerical value of R, expressed in kilometres, can be approximated by Equation (A.2).

3,2

- 0,6A7 + Aucosé

where

, the

(A.2)

A7 is the numerical value of the difference between the air temperatures, expressed in kelvin, at 10 m
and 0,5 m above the ground;

16
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Au is the numerical value of the difference between the wind speeds, expressed in metres
at 10 m and 0,5 m above the ground;
6 is the angle between the wind direction and the direction from source to receiver.

per second,

Care should be taken when measuring small temperature differences. Frequently the difference is smaller

than

A3

the uncertainty in the calibration of the thermometers.

Favourable sound propagation conditions

The pound path radius of curvature, R, depends on the average gradient of wind speed and tem

is th

downward sound-ray curvature (e.g. during downwind or temperature inversion). Such'sound

cond
NOT

NOT
valug

A4
and

Equ3
the {
micr
to bd
cons

appl

Disti
heig
more
4m

micr
cond

most important factor determining the sound propagation conditions. Positive values of R c
itions are often referred to as “favourable”, that is, the sound pressure levels are high

= Temperature inversion can occur, e.g. at night when the cloud cover is less thafJ70 %.
F 2 R = corresponds to straight-line sound propagation (“no-wind”, homogeneous atmosphere)
s of R correspond to upward sound-ray curvature (e.g. during upwind or on a calm summer day).

Guidance on the radius of curvature required for.favourable sound proy
associated weather-induced uncertainty

tion (2) requires microphone heights in excess of 5 mi<or 10 m at a distance of about 50 m tg
bource in order to measure under any weather conditions. For measurements at more ty
bphone heights, Figure A.1 specifies the radius oficurvature required for the sound propagatid

“favourable” and states the associated standard deviation, o,,, of measurement results ex
equence of weather variation in propagation over porous terrain such as grassland. The
cable to long-term measurements.

nction is made in Figure A.1 between so-called “high” and “low” situations, depending or
t, g, and receiver height, /.. Situations are “high” when both the source and the microphone

above the ground. When the:source is less than 1,5 m above the ground, the microphone
height or more for the situation to be “high”. When the source is less than 1,5 m above the grq
bphone height is 1,5 m_or-less, the situation is “low”. In “low” situations, the requirements
itions during measurement are stricter than in “high” situations.

nigh situation: <yrg > 1,5mand k. > 1,5m, or

hg<1,5mand i, >4 m

ow'sjtuation: hg<1,5mand 2. <1,5m

pberature and
brrespond to
propagation

Vhile negative

)agation

100 m from
pically used
n conditions
pected as a
figure is not

the source
are 1,5mor
shall be at a
und and the
on weather

When the whole terrain surface between the source and the measurement position is hard, the
weather-induced standard deviation can be neglected as long as no sound shadow is formed, i.e. g, = 0,5 dB
up to 25 m in “low” and up to 50 m in “high” situations.

NOTE 1

higher when they do not originate from receivers at heights of 1,5 m or 2 m.

NOTE 2

200 m.

The guidance in A.3 is based on measurement data. Such data tend to originate from receivers located 4 m or

In Figure A.1, a negative radius of curvature is accepted in “high” situations with propagation distances below

Figure A.1 is valid for unscreened flat terrain. No quantitative information is available for screened receiver
positions or terrain with complex topography. Until such information becomes available, it is recommended to
use Figure A.1 for screened situations as well and to define screened positions to be “low” situations.

© 1SO 2007 — All rights reserved

17


https://standardsiso.com/api/?name=30ae896f30b7023378d4feb897471945

ISO 1996-2:2007(E)

A om=1,5dB R <-10 km
om=2dB
B R <10 km
Om = 2 UB
I
25 50 100 200 400
a,m
Key
A high
B low
C no restricfion
Figure |JA.1 — Sound path radius of curvature, R, and the associated measurement uncertaintyj

contri

pution, expressed as the standard deviation, o,,,, due to weather influence, for various
combinations of source/receiver heights (A'to C) over porous ground

At distances, d, expressed in metres, of more than 400.m, the radius of curvature shall be smaller

For roads d
microphone
of the sourc
normal from
determined

road to the

18

10 km and then the measurement uncertainty, o, is equal to (1+%] dB.

r other extended sources, the curvature shall be determined in a vertical plane through
position perpendicular to the read centreline (or perpendicular to a characteristic large dim

the road through the microphone position. The effective source-receiver distance sh
blong the bi-sector of the angle between the average wind speed vector and the normal fror
hicrophone position;@ee Figure A.2.

e
b, when applicable). The ayverage wind direction shall be in the interval £ 60 degrees arourﬁ

than

the
sion
the
Il be
h the
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Key

[e

A.5
Figy

Figu
inter

Figu
deta

hean wind direction
entreline
neasurement position

Figure A.2 — Favourable propagation conditions from a road and the effective source-I
distance, d

Guidance on when the sound path curvature satisfies the requirements
ire A.1

es A.3 and A.4 show the limits of the sun's-altitude, and hence the temperature gradient,
als of the day (on the ordinate) for each menth of the year (on the abscissa):

Area A corresponds to times when/the sun is at an angle of 40° to 60° above the horizon;
Area B corresponds to times when the sun is at an angle of 25° to 40° above the horizon;
Area C
Area D

Area AA (Figdre-A.4) corresponds to times when the sun is at an angle exceeding 60° above

es A.3_and’A.4 are appropriate for sound propagation over urban grassland, e.g. grass, solitg
ched single family dwellings in an urban or rural setting.

eceiver

n

for the time

the horizon.

ry trees and

Tabl

sound propagation that ensures that the radius of curvature of the sound path is less than — 10

¢ direction of

km and less

than 10 km for the “high” and “low” situations, respectively. The demand on the downwind component
depends on the cloudiness and on the required radius of curvature, R.
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Table A.1 — Characteristics influencing the radius of curvature, R

Smallest wind speed component at 10 m
above the ground, in m/s, where
Time period of the day Cloud cover
R<-10km R <10 km
(high, d > 50 m) (low, d > 25 m)
8/8 thick and dense 0,4 1,3
A 6/8 to 8/8 1,2 2,0
< 6/8 2,0 2,7
8/8 thick and dense 0,2 1,2
B 6/8 to 8/8 0,9 1,7
<6/8 1,6 2,3
8/8 thick and dense 0 0,9
C 6/8 0,3 1,3
<4/8 0,8 1,7
6/8 to 8/8 0,1 >0,5
Night
< 6/8 Wind speed > 2mfs; component > 0,1
D Only measure nearthe source
These requirements ensure that the radius of curvature, R, is less'than — 10 km and 10 km, for the
“high” and “low” situations, respectively, for various times of day/and cloud covers.

The area mparked “A” corresponds to “in the middle of the day in summer”. With thick and dense clod
downwind cpmponent of 1,3 m/s is required for the criterion, R < 10 km, to be fulfilled. For light cloud coV
bright weather, a downwind component of 2,7 m/S‘er more is necessary to ensure R < 10 km, which i
requirement|in “low” conditions at source-receiyer.distances exceeding 25 m.

The area marked “B” represents morning and afternoon in summer and the time around noon in spring
autumn. Forl example, the criterion, R <10 km, can be met by a downwind component of 2,3 m/s whe
cloud cover |s less than 6/8.

The area miarked “C” compris€s~hours in a day outside the time designated either A or B. The crite
R <10 km, dan for example be-met in light cloud cover of 4/8 with a downwind of component wind spe
1,7 m/s.

The hours mparked "D indicate the time from sunrise to 1,5 h after sunrise and from 1,5 h before sunset

ds a
er or
5 the

and
n the

rion,
bd of

until

sunset. During theSe~hours, large local variations in temperature can occur, and it is recommended that no

weather-senisitive easurements be carried out during these time periods unless such conditions are deg
in special cases;

isive

During the night (shown with black in Figures A.3 and A.4), only a small downwind component is required

when the cloud cover is more than 6/8. If the cloudiness is less than 6/8 during the night, large

local

temperature gradients can occur and a wind speed of 2 m/s or more is required to avoid special sound-

propagation effects, such as sound focusing under inversion conditions.
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1 2 3 4 56 6 7 8 9 10 1 12

Key
X months of the year (beginning with 1 for January)
Y time of the day in hours

NOTE 1 The data used to create Figure A.3 and Table A.1 were collected at approximately 56° north latitlide.

NOTE 2  See Figure A.4 for data at other latitudes.

Figure A.3 — Time intervals when the sun’s altitude, and hence the temperature gradient,
is within certain-limits at 56° north latitude
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X1
1234567 89101112 1234567 89101112 123 456 7 8 9101112

5° latitude

f 891011121 23 456 7891011121 23 456 7891011121234;(62

Key
X1 months of the year (beginning with 1 far’January), north of Equator
X2 months of the year (beginning with-Z/for July), south of Equator

Y time of the day in hours

NOTE The data used_tecreate Figure A.4 were collected at approximately 56° north latitude and generalized [to be
valid at other |atitudes. Data on the downwind requirements in area AA are insufficient.

Figure A.f — Time intervals when the sun's altitude, and hence the temperature gradient, is within
certain limits at various latitudes
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Annex B
(informative)

Microphone positions relative to reflecting surfaces

B.1 Free-field position

Thisl|is a position where there are no reflecting surfaces other than the ground close enough-to. ihfluence the
sound pressure level. The distance from the microphone to any sound-reflecting surface-apprt from the
groupd shall be at least twice the distance from the microphone to the dominating part of-.the’sound source.

NOTE Exceptions can be made for small sound-reflecting surfaces and when it can be(Shown that the|reflection has
an ingignificant effect. This can be based on calculations taking into account the major dimensions of the reflecting surface
and the wavelength.

B.2| Microphone directly on the surface

Subject to the restrictions and requirements outlined below, this' position aims at achieving a |well defined
+ 6 dB increase of the sound pressure level of the incident sound (“free-field” level).

This| position is on a reflecting surface and the directand reflected sound are in phase belpw a certain
freqyency, f. For broadband traffic noise with soundincident from many angles, f is about |4 kHz for a
micrpphone with a 13 mm diameter mounted on the;reflecting surface. This position should be avoided if the
sound arrives predominantly at a grazing incidence:

The [facade within a distance of 1 m from the microphone shall be flat to within + 0,05 m. The djstance from
the microphone to the surface edges of.the facade wall shall be greater than 1 m. The microphone can be
moupted as shown in Figure B.1 or with the microphone membrane flush with the surface of the mounting
platd. The plate should not be thicker than 25 mm and its dimensions not less than 0,5m x 0,7 m. The
distance from the microphone te-the edges and symmetry axes of the mounting plate shall be jgreater than
0,1 m to reduce the influence of diffraction at the plate edges.

The |plate shall be of a@n—acoustically hard and stiff material, such as painted chipboard fthicker than
apprpximately 19 mm¢@r5 mm aluminium plate with minimum 3 mm damping material on the side facing the
wall,[in order to avoid sound absorption and resonance in the frequency range of interest.

NOTE Theplate in Figure B.1 rests on flexible rubber stripping to compensate for fagade irregularities.

Carg should-be taken that no disturbing aerodynamic noise is created between the plate and a roygh fagade.

The microphene-eanbeused-witheutaplate-whenthe-wallHsmadeof coneretestoreglass;—weod or similar
hard material. In this case, the wall surface within a radius of 1 m from the microphone shall be flat to within
+ 0,01 m. For octave-band measurements, a microphone of 13 mm diameter or smaller should be used. If the

frequency range is expanded above 4 kHz, a 6 mm microphone should be used.
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1
2
3
%
4 _ t
[/
)
Key
1 rubber stfipping
2 microphope
3 windscre¢n
4  mounting pfate
5

wall or reflecting surface

Figure B.1 — Microphone mounting on reflecting surface

B.3 Microphone near reflecting surface

Subject to the restrictions and requirements outlined below, this position aims at achieving a well defined
+ 3 dB increase of the sound pressure level of the incident sound (“free-field” level).
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When the microphone is at a distance from a reflecting surface, the direct and reflected sound is equally
strong and, when the frequency band considered is wide enough, the reflection causes a doubling of the
energy of the direct sound field and a 3 dB increase in sound pressure level.

The fagade shall be plane within + 0,3 m, and the microphone shall not be placed at positions where the
sound field is influenced by the multiple reflection of sound between protruding building surfaces.

Windows shall be considered as part of the fagade. They shall be closed during measurement but a small
opening for the microphone cable is allowed.

The criteria in Clauses B.1 to B.3 ensure that the overall equivalent or maximum sound pressure level

meafured deviates 1ess than 1 dB from the level of the Incident sound plus 3 dB. Two cases are, djstinguished;
see Figure B.2:
a) pxtended source, i.e. the source angle of view, ¢, is 60° or more;
b) point source, i.e. ais less than 60°.
For narrow-band sources or frequency-band measurements, free-field or + 6_dB)positions are recdmmended.
The distance from the microphone at point M, perpendicular to the reflecting surface, to the point O is d; see
Figute B.2. Point O is considered representative of the microphone/position when determining fthe angle of
view| a. The distances «' and d' are measured along the dividingdine of the angle, a. M' is the [point on the
dividjng line at a perpendicular distance, d, from the reflecting surface.
The distances from point O to the nearest edges of the reflecting surface are b (measured horizgntally) and ¢
(megsured vertically). To avoid edge effects in the frequency range including the octave bands 125 Hz to
4 kHE, the criterion in Equation (B.1) for the horizontall measurement or in Equation (B.2) for| the vertical
measurement shall be fulfilled.
b > 4d (B.1)
c > 2d (B.2)
The [criterion in Equation (B.3) for.an extended source or Equation (B.4) for a point source engure that the
incident and reflected sounds are equally strong.
1'< 0,1d' (B.3)
' < 0,054’ (B.4)
The priteria listed’in Equations (B.5) to (B.8) ensure that the microphone is placed at a sufficient distance from
the 4 6 dB region near the fagade.
— pverall A-weighted sound pressure levels for an extended source, in accordance with Equation (B.5):
d'>0/5m (B.5)
— octave-band sound pressure levels for an extended source, in accordance with Equation (B.6):
d'>1,6m (B.6)
— overall A-weighted sound pressure levels for a point source, in accordance with Equation (B.7):
d'>10m (B.7)
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— octave-band sound pressure levels for a point source, in accordance with Equation (B.8):

d'>54m (B.8)

—

Key
1 building fagade or other reflecting surface

2 extended|source

M microphope position

d perpendigular distance from the microphone\position to the reflecting surface, O
RO dividing line of the angle, a

Figure-B.2 — Microphone near reflecting surface
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Annex C
(informative)

Objective method for assessing the audibility of tones in noise —
Reference method

C.1[Infroduction

This|annex provides measurement procedures to be used to verify the presence of audible tones if their
presence is in dispute. Based on the prominence of the tones, this procedure also prevides recommended
levels of adjustment. The aim of the objective method is to assess the prominence of.tones in the same way
as ligteners do on the average. The method is based on the psychoacoustic concéptof critical hands, which
are bands defined so that sound outside a critical band does not contribute significantly to the| audibility of
tones inside that critical band.

The method includes procedures for steady and varying tones, narrow-band noise, low-frequencly tones, and
the result is a graduated adjustment of 0 dB to 6 dB.

C.2| Objective method

C.2{1 General
The method has three steps:
a) parrow-band frequency analysis (preferably~FFT-analysis);

b) petermination of the average sound pressure level of the tone(s) and of the masking noige within the
critical band around the tone(s);

c) Falculation of the tonal audibility; AL,, and the adjustment, K.

C.2.2 Frequency analysis
A nafrow-band A-weighted/spectrum is measured by linear averaging for at least 1 min (“long-termp average”).

The |effective analysis bandwidth shall be less than 5 % of the bandwidth of the critical bands with tonal
components. The,widths of the critical bands are shown in Table C.1.

It is recommended that the measuring set-up, including the frequency analyser, be calibrated in dB re 20 uPa,
and thatHanning weighting be used as the window function.

C 1 MLtk th dad Ll H FH H=~ | ETY ££, U ! H 1N Aaadibl [ . 1 H
NOT T vV e TooUTT e TTaC U T rartTy— e winguUw,— e ChoCuve—artary Sto— oaravwidat T (U 1T f‘feCtlve noise

bandwidth) is 1,5 times the frequency resolution. The frequency resolution is the distance between the lines in the
spectrum.

NOTE 2  With an effective analysis bandwidth of 5 % of a critical band, just audible tones normally appear as local
maxima of at least 8 dB above the surrounding masking noise in the averaged spectra.

NOTE 3 In rare cases of a complex tone with many closely spaced tone components, a finer resolution can be
necessary to determine correctly the level of the masking noise.

NOTE 4  If the frequency of audible tones in the spectrum varies by more than 10 % of the frequency range of the

critical band within the averaging time, it can be necessary to subdivide the long-term average into a number of shorter-
term averages.
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C.2.3 Determination of sound pressure levels

C.2.3.1

Sound pressure level of tones, Lpt

The tones may be identified from the narrow-band frequency spectrum by visual inspection. The sound
pressure levels of the tones are determined from the spectrum.

All local maxima with a 3 dB bandwidth smaller than 10 % of the bandwidth of the actual critical band are

regarded as

a tone.

The levels, L., of all tones, i, in the same critical band shall be added on an energy basis to give the total

tone level fo

L 10

pt

NOTE If
the averaged
maximum lev
sum of the lin

In cases wh

above the hegaring threshold (ISO 389-7). If the total tone level in a critical-band is below the hearing thres

this critical b

C.2.3.2 Bandwidth and centre frequency of critical bands

The widths @

The critical

tones are pr
most signifig
masking noi

For the defir
of the tone W

 that band, L, as given in Equation (C.1):

Lpti
Ig > 10 10 dB

a “tone” is a narrow band of noise, or if the frequency of a tone varies, the tone appears as several lin
spectrum. In such cases, the tone level, L ;, is the energy sum of all lines, with lgvels within 6 dB of the
bl and corrected for the influence of the applied window function. (For Hanning-weighting, this is the e
bs minus 1,8 dB.)

ere tones appear at low frequencies, it is advisable to investigaie whether the total tone le

and should be disregarded in the assessment of tonal audibility.

f the critical bands are shown in Table C.1:

Table C.1 — Widths of critical bands

50 to 500
100

Above 500
20 % of 1,

Centre frequency, f;, Hz

Bandwidth, Hz

pand shall be positioned with its centre frequency, /., at the tone frequency. When a numb
psent in the range of a critical band, the critical band shall be positioned symmetrically aroun
ant tones in such a way that the difference between the total tone level, L, and the level
e, L, (seg(:2.3.3) is maximized.

ition of'the centre frequency of a critical band, only tones with levels 10 dB or less below the
iththe maximum level should be regarded as significant.

C.1)

es in
local
hergy

el is
hold,

er of
d the
f the

level

NOTE T
lowest critical

band is 0 Hz to 100 Hz.

C.2.3.3 Sound pressure level of the masking noise within a critical band, Loy

The average noise level, L
lines” in the narrow-ban

n,avg’

he centre frequency, f., of the critical bands can vary continuously over the frequency range of interest.

The

in a critical band may be found by visually averaging the levels of the “noise
frequency spectrum in a range extending from the centre frequency, f; to

approximately + 0,5 critical band to 1 critical band on each side. The “noise lines” are found by disregarding all
maxima in the spectrum resulting from tones and their possible side bands in that range.

28
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The total sound pressure level of the masking noise, L

critical band, L

on.avg: @S given in Equation (C.2):

B..:
Lpn=Lpnavg+101g _ch dB
eff

where

Bt is critical band width, expressed in hertz;

>

ISO 1996-2:2007(E)

is calculated from the average noise level within the

B ot is effective analysis band width, expressed in hertz

(C.2)

C.2.4 Calculation of the tonal audibility, AL;,, and the adjustment, K;

The [tonal audibility, AL;,, is expressed in decibels above the masking threshold, MT, "see Fig

ire C.1. The

adjustment, K;, is the value to be added to the value of Lpeq for a time interval to give’the tone-corrected rating

levell for that interval. From the difference between tone level and noise level in & Eritical band, L
AL, Jand K; can be determined by means of Figure C.1. A given centre frequenay, f, of the critica
given level difference, L ; — Lo determine a point in Figure C.1. The tonal audibility, AL,,, is deter
diffefence between (L t_Lpn) and the masking threshold shown in the figure. K; is read by

bt — Lyn, both
| band and a
mined as the

interpolating

between the lines marked with different values of KX in the figure. Alternatively, AL, can be qalculated by
means of Equation (C.3), and K, can be calculated by means of Equation (C.4).

Y A
10
8 K,=6dB
K,=5dB T T———
K,=3dB s T ——
4 K,=2dB '\> T~
K,=1dB ol —— —
5 K,=0dB ‘\Q ———
"\
\ M~
2 MT \\
'—\
4 B
- —
-6 \‘ .
31,5 63 125 250 500 1000 2000 4000 8000 16000 [X
Key
X Lpt - me expressed in decibels
Y centre frequency of the critical band, expressed in hertz
NOTE L . is the total sound pressure level of the tones in the critical band, and L, is the total sound pressure level of

the masking noise in the critical band.

Figure C.1 — Masking threshold, MT, and curves for determining the adjustment, K;
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f 2,5
AL,=L,—L, +2dB+Ig {14{5—62] }dB

where

L,

Ly

Je

is t

¢ is the total sound pressure level of the tones in the critical band;

is the total sound pressure level of the masking noise in the critical band;

e centre freauency of the critical band _expressed in hertz
T 7 7 T

(C.3)

The adjustm
For 10 ¢

K; = AL
— For AL,

Ki=0d
NOTE K|

When seve
assessment:
(i.e. giving th

ent, K;, expressed in decibels, is determined by Equations (C.4) to (C.6):
B < ALy,, in accordance with Equation (C.4):

B

For 4 dB < AL, < 10 dB, in accordance with Equation (C.5):

L —4dB
<4 dB, in accordance with Equation (C.6):

B
is not restricted to integer values.
ral tones (or groups of tones) occur<simultaneously in different critical bands, sep

5 shall be made for each of these bands: The critical band containing the most dominant to
e highest value of AL,,) is decisive-for-the value of AL, and the adjustment, K.

C.3 Documentation

tation for the analysjs, \the following information shall be given:
pnalysis:
nber of ayeraged spectra, measurement time period and effective analysis bandwidth,

e window (e.g. Hanning), time weighting (Lin), and frequency weighting (A),

C.4)

C.5)

C.6)

hrate
ne(s)

4 H ] 4 (ot | AN N H=w~ H £ £ L1 H £ L1 H [N A ot
Lypivdl opTuLuurit (dat 1TTAol) wWillt ait miureautult Ul Uic pUSTUuUINT Ul uic uriioar varia dirid uic av

noise level in that band;

calculations in the decisive critical band:

calculation,

rage

statement regarding whether the results were obtained by visual inspection or by automatic

— frequency limits of the critical band and the range for the visual averaging or linear regression

e C.4.3),

— frequencies and levels of the tones and the total tone level (L,; and L ; re 20 uPa in decibels),

As documen
a) Forthe
—  nur
— tim
— on
b) Forthe
(se
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— masking noise level in the critical band (Lpn re 20 yPa in decibels),

— audibility of the tones (AL, in decibels above the masking threshold),

— size of the adjustment (X; in decibels).

c) Tones in other critical bands that may cause an adjustment should be mentioned by their frequencies.

C4

Detailed definitions of tone and masking noise levels

C.4N1 General

With
are g

a view to computer implementations of the method, more comprehensive definitions of tongs and noise
iven in Clause C.4.

NOTE The technician performing the analysis has the final responsibility for the correctness of the| results. It is,
therefore, important that software implementations make it possible to visually inspegct'the results. It is necessary to have a

spec

rum with at least the lines defined as the tones indicated, together with\the corresponding critical bands and

regression lines. Furthermore, separate colouring of spectrum lines characterized as noise, noise pause| and tones is

helpfl.
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Key
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linear regression line of the noise level
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neither tone nor noise
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CB critical band
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Figure C.2 — Definitions of tones, noise and noise pause (neither tone nor noise). A is the tone-seek
criterion and is normally chosen as 1 dB
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