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INTERNATIONAL STANDARD

ISO 3891-1978 (E)

Acoustics — Procedure for describing aircraft noise heard on

the ground

1 SCOPH

This Intdrnational Standard provides a procedure for
describind the noise heard on the ground from aircraft
operation}.

1.1 It pfovides specifications for the four steps to be
followed [for the purpose of describing the noise from a
single airgraft operation, namely :

1) Ddta acquisition : the method of measurement and
record{ng of the noise.

2) DeIa processing : the method of determining from
these dlata the corresponding values on the appropriate
noise sgale.

3) Data normalization : the method for correctien of
the mejasured data to “‘reference’’ operational-procedures
and atinospheric conditions.

4) Data reporting: the method fer\'reporting test
results| including their statistical signifiance.

These specifications are given™ for two levels of
sophisticdtion of measurement ¢

a) Thpse requiring spectral analysis as a function of
time, duch as for nois€certification of aircraft, for which
a high reproducibility of the normalized results is
requirgd.

NOTE |- The specifications given under this heading are not to
be takgnsas defining the highest possible level of technique.
Much h|gher levels are required and are used, for example, during

2 FIELD OF APPLICATION

This International Standard is intended| to apply quite
generally to the desCription of the nois¢ measured from
all kinds of aircraft operations.

2.1 Two mdin operating conditions are distinguished :
a) airctaft in flight;

b} aircraft on the ground;

2.2 Two main applications of the mpasurements are
distinguished :

a) requiring the characterization of sipgle events, such
as for measurement of the noise from an individuai air-
craft against specified requirements or for monitoring at
an airport;

b) requiring the determination of noise exposure for a
succession of events.

2.3 Two main conditions under which the noise is heard
are distinguished :

a) where the aircraft noise dominates pll other kinds of
noise to such an extent that it is assessqd without regard
to the noise environment existing in tHe absence of the
aircraft;

b) where aircraft noise is assessed as|one amongst all
the other noises affecting a community, such as from
road traffic or from industrial premises.

the course of research and develocpment work on aircraft noise.

b) Those requiring only frequency weighting, where
sophistication of measurement is reduced for the sake
of simplicity or low cost.

1.2 It also provides a method for determining a noise-
exposure measure for a succession of operations in a given
time-interval. The results may be used for evaluating the
effects of aircraft noise on people, as for example by the
methods of ISO/R 1996.

1.3 Specific purposes for which these methods might be
used are also discussed, including certification, monitoring
of noise levels and of noise exposure, and land-use planning.

3 REFERENCES

ISO/R 1996, Acoustics — Assessment of noise with respect
to community response.

ISO 1999, Acoustics — Assessment of occupational noise
exposure for hearing conservation purposes.

|EC Publication 179, Precision sound level meters.

|EC Publication 537, Frequency weighting for the measure-
ment of aircraft noise (D-weighting).

IEC Publication 561, Electro-acoustical measuring equip-
ment for aircraft noise certification.
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4 MEASUREME

(E)

NTS REQUIRING SPECTRAL ANALY-

SiS AS A FUNCTION OF TIME

4.1 Data acquisition

To provide the
produced by the

necessary information on the noise
aircraft at the observation point, the

equipment and methods specified in this sub-clause shall

be used.

2 Those people carrying out the measurements could themselves
constitute such obstructions.

3 The microphone support should be so designed as to exert mini-
mum influence on the directivity characteristics of the microphone,
and not to introduce significant diffraction effects.

For measuring noise from an aircraft on the ground, the
ground surface between the microphone and the aircraft
shall be concrete or an equivalent highly reflecting material.
No obstructions shall be permitted between the aircraft and
the measurement position during the measurements of air-

4.1.1 Equipmen

The microphone
diaphragm is 1,4
wind-shield shall {

NOTE — For the s
other 1SO docume
retained in this Inted

All measurements
of the microphor]
the nominal fligh
point, i.e. at grazi

The electro-acou
to tape-recorder
as specified in |E(

and calibration

shall be placed so that the centre of its
m above the mean ground surface. A
e used.

hke of continuity with procedures described in
hts, a microphone height of 1,2 m has been
national Standard.

shall be carried out so that the diaphragm
e is substantially in the plane defined by
t path of the aircraft and the measuring
hg incidence.

tical measuring chain from microphone
where used) and its calibration shall be
Publication 561.

4.1.2 Testenvirgnment

The idealized te§t environment is an unobstructed hemix
sphere over a flat and totally reflecting ground surface,
without excessivg attenuation from anomalous atmospheric
conditions and wjth no background noise. In th€"actual test
conditions, the deviations from this idealized environment
should desirably |not cause more than 0,5dB difference in
the final result.|This requirement demands at least the
following conditipns :

4.1.2.1 Locations for measuring noise from an aircraft in
flight shall be sufrounded-by relatively flat terrain having
no excessive sounld absopption characteristics such as might
be caused by thidk,matted, or tall grass, shrubs, or wooded

cratt noise. No reflecting surfaces other than thq ground
shall be near enough to the sound path to #hfldgnce the
results,

4.1.2.2 The atmospheric conditionsshall comply |with the
following :

a) There shall be no precipitation.

b) At relative humidity less than 20 %, the atmlospheric
temperature shallbénot less than 5 °C.

c) The sound dttenuation in air as given by the|formula
in clause A.2.0f annex A for the 1/3 octave band centred
on 8 kHz shall not be more than 10 dB per 100 m. The
corresponding restrictions placed on temperafure and
humidity are shown in figure 1.

NOTE — Temperatures and humidities in the part of figure 1
below the restricted band should also be avoided if|possible,
since the sound attenuation in air given by the formulp has not
been verified experimentally at these temperatyres and
humidities.

d) The wind speed at a height of 10 m alove the
ground shall not be greater than 5m/s (1Q knots).

NOTE — Anomalous atmospheric conditions infroducing
excessive sound attenuation can occur when inversions ¢f normal
lapse rates for temperature and humidity exist, for when
temperature and velocity inhomogeneities associated with
atmospheric turbulence are present, as well as from |excessive
wind and the existence of precipitation.

4.1.2.3 The background noise shall be recorded before
and after the tests and analysed in the same way, and
reported by the same measures, as for the aircraft noise.
Measurements of aircraft noise shall be considered| reliable

areas. No obstructians which significantly influence the
sound field from the aircraft shall exist within a conical
space above the point on the ground vertically below the
microphone, the cone being defined by an axis normal to
the ground and by a half-angle of 80° from this axis.

NOTES

1 The requirements for relatively flat terrain having no excessive
sound absorption characteristics would be met by using a ground
surface 6 m X6 m of concrete or an equivalent highly reflecting
material. For measurements directly under the nominal flight path,
the microphone should be near the centre of the square. For other
measurements, the microphone should be positioned so that at
least 5 m of the reflecting surface is between the aircraft and the
microphone. Within a radius of 1 m centred on the microphone
position, the surface should be flat within + 5 mm; elsewhere within
the square it should be flat within + 30 mm. Overall, the surface
should be horizontal within a tolerance of + 3°.

only when the measured maximum noise level of the
aircraft exceeds these background noise levels by at least
20 dB.

NOTE — For the purpose of calculating the overall noise level of the
aircraft (see, for example, 4.2.2), individual band levels should be
adjusted to allow for background noise. Due to uncertainties and
fluctuations which frequently occur with background noise, it is
not practicable to specify a correction procedure which is valid
for all cases.

It is recommended, however, that if the level in any 1/3 octave
band of the aircraft noise does not exceed the background level in
that frequency band by an adequate margin, for example 5 dB, that
frequency band should not be included in the computation of the
overall noise level of the aircraft.
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FIGURE 1 <Permissible conditions of temperature and relative humidity in test environment according to[4.1.2.2 c)

4.2 Data processing

To provide from the measured noise data the values of the
appropriate noise scale characterizing each noise event
measured, the equipment and methods specified in this
sub-clause shall be used.

4.2.1 Equipment needed to provide spectrum analysis as
a function of time

The equipment and its calibration shall be as specified in
IEC Publication 561.

NOTE — Equipment with more rapid rate of response should be
used where detailed information is required on the time-history of
noises of very short duration.

4.2.2 Calculation of perceived noise level from measured
noise data

4221 QUANTITIES AND UNITS

To obtain from these measurements perceived noise levels,
Lpy, and tone-corrected perceived noise levels, Lypy, of a
given sound, in decibels, the calculation procedures of this
sub-clause shall be used.

NOTES

1 The designation ‘““PNL’ is sometimes used elsewhere as an
abbreviation for “‘perceived noise level’’, the unit being designated
“PNdB"’; here, “perceived noise level’ is designated Lpy and the
unit is the decibel (dB).
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Similarly, the designation ““PNLT" is sometimes used elsewhere
as an abbreviation for ‘‘tone-corrected perceived noise level”’, the
unit being designated ‘‘PNdB’; here, ‘‘tone-corrected perceived

where

noise level’” is designated Lrpp and the unit is the decibel (dB). L =40 + 10 ’ng N
PN ™
2 The measurements may also be used to derive values on other |°g10 2

noise scales such as A-weighted sound pressure level, L o, from the
spectral analysis, if so desired.

4223 CORRECTION FOR USE WHEN THE NOISE
SPECTRUM SHOWS PRONOUNCED

IRREGULARITIES

The calculation procedures give an approximation to the

SUCH ASPURE TONES

. d - l - - v - aS e e LTPN,
perceived noise lqv T d—by—sub D *
. . ; for a sound having tonal components or other pfonounced
iment on a fundamental psycho-acoustical basis, namely . L . . . .
. . . . irregularities in the spectrum is obtained by aflding a
that perceived no|se level of a given sound is numerically . . . .
correction, C, as defined below, to the pereeived noise
equal to the soundl pressure level of a reference sound that ) . .
0 . . . level, Lpy, determined as described above. «(lllustration of
is judged by listeners to have the same perceived noisiness ; L .
. the following steps is given in annex Cx)
as the given sound
Th lculati d K f it of ived NOTE — if a spectrum irregularity sequifing a tone corrpction is
-e.ca cufation prpcedures ma ?use OT aunit of perceive identified, it is desirable to deterpine/if it is due to the [presence
noisiness, the noy. The numerical value of the calculated of a tone or to spurious effeets_such as results from| ground
perceived noisine§s of a sound within a given frequency reflections or from the elimination of a frequency band as|required
band, in noys, is felated to the band sound pressure level. by 4.1.2.3. The effect of ground reflection may be deternfined by,
The relation is given in table 13 and illustrated in figure 2, for example, comparing Qg spectrum of the noise signal ith that
h val lati hi . d i bi from a microphone at.the same measurement position but fnounted
and the equivalgnt relationship is note in table 14 essentially flush with\¢he ground. If the tone correction s due to
(annex B). spurious effects, if\should be ignored in the computation ¢f Lpp *
NOTE — This calculation procedure may not adequately account STEP 1
for the subjective effect of a strongly impulsive characteristic of
noise such as may He produced by some helicopters. Methods for Compute D/- ; where
accounting for the gubjective effect of impulsive sounds are under ’
investigation. i\Js the 1/3 octave band number, andj =/ + 1;
4222 CALCULIATION PROCEDURE FOR A BROAD /=1 corresponds to the band with c‘entre frgquency
of 80 Hz and successive values of / corresgond to
BAND NOISE SPECTRUM WITHOUT PRONOUNCED ) .
increasing frequency;
IRREGULARITIHS
. . . . L; is the band sound pressure of the /th frequendy band;
Perceived noise lepel is calculated according to thefollow- ! P a Y
ing procedure : Dj ; s the arithmetic difference between the levgls L, in
the frequency bands/ and /.
STEP 1 q Y /
. . STeEP 2
The sound pressure level at any time ifA-each 1/3 octave
band from 50 Hz fo 10 000 Hz is conyerted to a perceived Encircle those values of D; ; where
noisiness, n, by r¢ference to table{180r the mathematical
relationship and [table 14, by <entering table 13 or the IDji—Dj— 4, j—1l>5dB
calculation procedure at the appropriate band centre Stepr 3
frequency.
a) If the encircled D;; is positive and algeraically
STEP 2 greater than D; _ 4 ; _ 4, encircle L;.
isi f d i 1 1 bined t
Tge _HOIS?I]ness valles=n_found in step ﬂt';" f‘f;]m f'nﬂ |n by 1 the encircled D;,; 15 zero or negative and
obtain the total noisiness, N, in noys, by the formula Djf i is positive, encircle L ;.
N=n,.« t0,15(Zn—n ) Step 4
wh .
ere a) Forall non-encircled L;, set L; = L;.
Mmax is the greatest values of n; b) For encircled values of L; set L; equal to the
Zn is the sum of the noisiness values in all the bands. arithmetic average of L; _ q and L; 4 4.
Step 3 If the SPL value in the highest frequency band is encircled,

'
set L22 = L21 +DZ1, 20-

N is converted into perceived noise level, Lpy, by the use
of table 15, annex B, which expresses the following relations
between N, in noys, and Lpy, in decibels :

Ster 5

Compute Dj; where D;; is the arithmetic difference

N = 2 (Lpn — 40)/10 between the levels L} in the frequency bands j and /.
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STEP 6

C(I)mpute ,D/,,- as the arithmetic average of D/'-, 10— 1,
DjjandDj . 4 j4 1.

Where /= 1,setDj _ 1, ;_ 1 equal to D},.
Where /= 21,set Dj 4 1 ; 4+ 1 equal to Dj ;.
Step 7

Set L4 equal to L. Determine all other values of L; by

I1SO 3891-1978 (E)

Effective perceived noise level may also be expressed as
the algebraic sum of Lypnmax and a duration allowance
App OF Apy, as defined in 4.2.3.4.

NOTES

1 The quantity Lypy in the above definitions may be replaced by
Lpp if it can be shown that the tone corrections are small enough
to be disregarded.

2 The designation “EPNL" is sometimes used elsewhere as an
abbreviation for ‘‘effective perceived noise level’’, the unit being

designated EPNdB; here,

designated. .

“‘effective perceived noise

level’”” is

adding D ;1o l;
Ster 8
Determime F;, where

Fi=(L;=L)>0
Ster 9

Determipe the tone correction, C, from the following
equations :

/3 0<F<20 lfor 1/3 octave bands between

C:
C=67 20<F ]5001:05000 Hz.
for 1/3 octave bands in the
C=H/6 0<F<20 | range 50 to 10000 Hz, but
C=33 20<F outside the range 500 to
5 000 Hz.
Ster 10

The maximum value of C determined in step 9 defines_the
tone coilfrection that is to be added to the perceived. noise
level determined in 4.2.2.2, to obtain Lypy.

4.2.3 Cslculation of effective perceived noise level

4231 IDEFINITION OBF
NOISE yeEVEL

EFFECTIVE PERCEIVED

The totgl subjective effect of an aircraft flyover depends
not only] on the maximum tone-corrected perceived noise
level, Llp nmaxBUt also on the variation of the noise with
time.

To take |inte _account the influence of time, the effective

423.2 BAsic DEFINITION OF(RUR
ANCE

Consider a notional equivalent duration
that the integrated ener@yd¥ in a noise
L 1 ax, the maximum level observed, for
the integrated epergy in the actu
instantaneous noise level is L. Then

+ oo
TX'IOLmaxMO:f 10 L/1

The duration allowance, A, expressed in d
as¢the ratio of 7 to an arbitrarily chosen rd
7ot S€CONdS :

A=10log, o (T/T o)

When applied to the calculation of effecti
level, the symbol L above is underst
perceived noise level, Lpy, Or tone-co
noise level, Ltpyn, as appropriate. Fo
(see 5.2), it may refer to a weighted sound

4233 REFERENCE DURATION

For the calculation of effective perceive
value of 7 .¢ in the expression for the d
is taken, by convention, to be 10 s.

NOTE — For other purposes a different re
recommended (see, for example, 5.2.1 b)).

4234 PRACTICAL
ALLOWANCE

DEFINITION

and the unitis the decibel (dB
ot .

ATION ALLOW-

T seconds, such
at constant level
ime 7 is equal to
Al noise whose

0 dr

ecibels, is defined
ference duration,

e perceived noise
pod to refer to
rected perceived
other purposes
level.

H noise level, the
Lration allowance

ference duration is

F DURATION

perceived noise level, Lgpy, is defined by the equation

+ oo
1
Lepn = 10!0g10—7_—f 10LTPN/10 g7

0 —w

where Lypy is the tone-corrected perceived noise level as
determined by the procedures specified in 4.2.2.1, 4.2.2.2,
and 4.2.2.3,and 7, = 10ss.

a) For practical purposes, Ltppn May
the total time-interval t, —t4

be integrated over

during which the

instantaneous value of Lypy is within a specified value
(not less than 10 dB) of the maximum value L+pnmax-

NOTE — The time-interval shall

to —tq

be taken as the

total time between the instants tq, when the noise level
(for a single event) first rises to the specified level (for
example Lypnmax — 10dB), and 15, when the noise

level last decreases to the specified level.

1) The term “energy’’ is used here loosely to mean a quantity proportional to the square of sound pressure.


https://standardsiso.com/api/?name=8cfcd8bd5c330894d2543bd7924ce11f

ISO 3891-1978 (E)

The equivalent
by the formula

7' x 10t

duration, 7, is then given, in seconds,

tq
TPNmax/10 :f 10LTPN/10 gt

t2

. . ! . .
and the practical duration allowance, Apy, in decibels,

by the formula

Apy =10 log, o (TI/Tref)

Information on the aircraft operating conditions must be
recorded in synchronization with the acoustical data and
on its position in order to determine the true path
distance from the point of emission of the noise to the
measurement point.

c) Differences in the speed of the aircraft over the
measurement point and hence in the duration of the
noise (inversely proportional to the speed).

d) Differences in the noise emitted at its source at the
aircraft

where T . is eq

b) When the n
over sufficientl
than 0,55s), th
seconds, by the

4 4 ' 400 0
Hdl LO TUS, 4 Stdlel 1T 5.£.0.0.

bise level is described by values of Lypp

small intervals of time, At (not more
b equivalent duration, 7'', is given, in
formula

7 x 10LTPNmax/10 = At x T 10L TPNK/10

where Lypnk
interval during
value being con

k

s the value of Ltpy for the kth time-
vhich L +p is greater than the minimum
kidered. The duration allowance, Apy, is

then given, in d¢cibels, by the formula

where 7__. is eq

NOTE — The su

Py =101log,q (77/7

)

ref

Lial to 10s.

mmation may alternatively be performed for

values of At corrdsponding to discrete intervals (not greater than

0,5 dB) of LTPN'

4.3 Data normalization

Differences betwedn the test conditions (under which the

noise was measur
which the results

bd) and the reference conditions (for
re required) require that.'’adjustments’’

be made to the levels used for arriving at-the'L g p figures

for four different ¢

a) Differences

[ffects :

in the sound attenuation coefficients in

air (in excess of that due te. Spherical divergence) and
hence in the att¢nuation aof the noise.

4.4 Data reporting

441
all the tests shall be(repo6rted, including

4.4.2 Sufficient tests shall

Appropriate ““adjustments’’ shall be applied bdsed on
manufacturer’s information.

NOTE — When the sound being measured-arrives at an [angle of
less than 10° to the ground surface, ground proximity effects
are difficult to quantify. Procedure$ or normalizatiof of the
data are not provided for such cases:

Full particulags=~of. the test conditions and repults of

a) the relevant'atmospheric conditions (the winfd to be
reported in terms of maximum, minimum and fverage
speedsand’direction);

b) ~gomments on local topography, ground coyer and
events which might have interfered with noise rdadings;

c) the aircraft configuration (such as wing-flagp and
landing gear positions), the relevant flight procediire and
operating conditions (including the use of dystems
influencing engine power), and readings of the hircraft
position over the relevant time period;

d) details of equipment used for flight path mleasure-
ment and noise measurement and analysis;

1

e) the acoustical readings taken, the ““adjustmehts’” to
be applied to these readings, and the adjusted ffigures.

have been made at each

Values of atterjuationscoeefficients at various values of
atmospheric temperature and humidity and
meteorological |measurements to utilize these values,

operating condition to establish the statistical consfstency
of the results.

The normalized effective perceived noise level obtajned at
each operating condition shall be averaged arithmdtically.

are given in annex A.

NOTE — With the limitation imposed on the test conditions by
4.1.2.2, the adjustment for differences in atmospheric
attenuation coefficients between test and reference conditions
is also thereby limited. For the commonly used reference
condition of 25 °C and 70 % relative humidity, the adjustment
is limited to 5 dB per 100 m in the 1/3 octave band centred at
8 kHz; for an alternative reference condition of 15°C and
70 % relative humidity, the adjustment is limited to 4 dB per
100 m.

b) Differences in the path distance travelled by the
noise and hence in its attenuation (by divergence and by
atmospheric absorption) and its duration (proportional
to the shortest distance between the aircraft flight path
and the measurement point).

Such average results can be expected to have a 90%
confidence interval not exceeding * 1dB established
statistically from six tests. The confidence interval for the
mean value of a set of measurements can be computed
from the standard deviation of the measured values, as a
function of the number of measurements, from table 16
in annex D.

5 MEASUREMENTS REQUIRING ONLY FREQUENCY
WEIGHTING

Sophistication of measurement and test procedure has been
relaxed in the specifications of this clause (compared with
those of clause 4) for the sake of simplicity and low cost.
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The main simplifications are in the elimination of the 1/3
octave band analysis and the continuous data averaging and
read-out. As a result, the data cannot in general be
normalized for variations in atmospheric conditions, and
can only be normalized approximately for variations in
distance.

The specifications of this clause are applicable under all the
conditions discussed in clause 2, i.e. for aircraft in flight
and on the ground, for the characterization of single noise
events and for noise exposure determination, where aircraft

150 3891-1978 (E)

5.1.3 Acoustical sensitivity check

The overall sensitivity of the measuring system shall be
checked before or after the measurement of the noise
level for a sequence of aircraft operations, using an acoustic
calibrator generating a known sound pressure level at a

known frequency.

NOTE — A pistonphone operating at a nomina
is generally used for this purpose. In the

| 124 dB and 250 Hz
case of remote or

inaccessible locations of microphones, a calibrated sound source

may be provided at the microphone instead.

noise dpminates the environment and afso WHere 1t 15
assessed [as one amongst all other noises.

5.1 Data acquisition

To projide the necessary information on the noise
producefl by the aircraft at the observation point, the
equipment and methods specified in this sub-clause shall
be used.

5.1.1 Eguipment to be used where only the maximum
level of the noise events is required

A sound level meter shall be used with an omnidirectional
microphjone which complies with IEC Publication 179, with
dynamid characteristics designated “‘slow’’, with either
D-weighting?) or A-weighting as required, (see 5.2),
includinf any insertion losses produced by wind-shields or
other prptective enclosures round the microphone.

In specipl cases, for example low flying aircraft at(high
speed, the ‘‘fast’”” dynamic characteristics may be nécessary
to obtaif a more representative measurement.

NOTES

1 For nicrophones used for continuously_monitoring noise levels
from aiffcraft operations, the effect of the above-mentioned
enclosurep may be such that the requirements of |[EC Publication
179 on the directionality of the mictrophone are not completely
met. The|ensuing loss of accuracy/can-be considered acceptable for
this purplose if the sensitivity .of, the microphone to plane sound
waves arfiving from any direction within 45° of the axis of
calibratiop does not differ,by.more than 1 dB below 1 000 Hz, 2 dB
between [1 000 and 4 QO0HZ, and 4 dB from 4 000 to 11 200 Hz,
from thd sensitivity ~to/ plane sound waves arriving along other
directiong within the 'same 45°.

2 Other|equivalant equipment may be used if complying with the
same chafactéristics.

5.1.4 Test environment

The idealized test enyironment is

hemisphere over a flat and totally reflecti
without excessive attenuation from anom
conditions and with\ne background noise.

an unobstructed
hg ground surface,
alous atmospheric

NOTE — For the centinuous monitoring of noisp levels from aircraft

operations, thesé environmental requirements w
It must then\be recognized that the scatter in
may be rather large (see 5.4.3).

In the’ actual test conditions, the dev
idealized environment should desirably nd
0,5 dB difference in the final result.

demands at least the following conditions|:

5.1.4.1 Locations for measuring noise f
flight shall be surrounded by relatively

no excessive sound absorption characteri
be caused by thick, matted or tall grass,

areas. No obstructions which significan
sound field from the aircrart shall exis{
space above the point on the ground ve
microphone, the cone being defined by
the ground and by a half-angle 80° from t

NOTES

1 Those people carrying out the measuremer]
constitute such obstructions.

2 The microphone support should be so d
minimum influence on the directivity ch
microphone, and not to introduce significant

ill often not be met.
he measured figures

ations from this
t cause more than
This requirement

rom an aircraft in
flat terrain having
tics such as might
hrubs, or wooded
tly influence the
within a conical
rtically below the
an axis normal to
his axis.

ts could themselves

esigned as to exert
hracteristics of the
diffraction effects.

5.1.2 Equipment to be used where the variation of level
over a period of time is also required

A recording device shall be used. Its characteristics shall be
such that the recorded values of weighted sound level as a
function of time are within 2 dB of those obtained when
using a system having the characteristics required for
clause 4.

NOTE — Where only the integrated sound level over a given period

is required, the recorder may be replaced by an integrating device
having equivalent performance.

1) See |EC Publication 537.

For measuring noise from an aircraft on the ground, the
ground surface between the microphone and the aircraft
shall be concrete or an equivalent highly reflecting material.
No obstructions shall be permitted between the aircraft
and the measurement position during the measurements
of aircraft noise. No reflecting surfaces other than the
ground shall be near enough to the sound path to influence
the results.
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5.1.4.2 The atmospheric conditions shall comply with the
following requirements :

a) There shall be no precipitation.

b) The relative humidity shall not be greater than 90 %
or less than 30 %.

c) The wind speed at a height of 10 m above the
ground shall not be greater than 5 m/s (10 knots).

5.1.4.3 The background noise shall be recorded before and

5.2.1 Procedures for calculation

and L 5 x

of Lgpn(approx.)

a) Procedure for L gpp (approx.)

Approximate values of effective perceived noise level can be
obtained from an approximate maximum value of perceived
noise level, Lpn (approx.) . ax and an appropriate duration
allowance. Lppn(approx.)max is obtained from the
maximum value of D-weighted sound level}, Lomax, by

after the tests and gnalysed in the same way, and reported
by the same measufes, as for the aircraft noise. Measure-

ments of aircraft
when the measure

oise shall be considered reliable only
maximum noise level of the aircraft

exceeds these backg§round noise levels by at least 20 dB.

5.2 Data processin

The methods of

values of noise levd
provide the values d
each noise event m

succession of evenlts

shall be used.

easurement specified in 5.1 provide
| for each noise event measured. To
n the appropriate scales characterizing
pasured and the noise exposure from a
the procedures in this sub-clause

'

Where aircraft noIe dominates the environment, the

appropriate measur
to LF’N and LEPN
level and exposure
to equivalent percei
noise exposure in t
succession of events

NOTE — However, i
1ISO 1999), measures b4

Where aircraft nois
noises, the appropri
in ISO/R 1996 togs
exposure level, L 5x
a single event, and 4
for characterizing n
Equivalent A-weight
defined as

Log=1

of noise are normally approximations
(see 4.2.2) for characterizing a noise
evel respectively of a single event, and
ed noise level Lpyoq for characterizing
erms of equivalent sound level from a
as described below.

certain particular cases (see for example
sed on L A should be used.

b is assessed as one amongst(al) ‘'other
ate measures are L 5 as recofnmended
ther with an A-weighted) Single-event
, analogous to L ¢ pap fOD characterizing
quivalent A-weighted sound level, L.,
ise exposure fo¥'a succession of events.
ed sound level ‘over a time-period, T, is

T

1
04ogy ¢ Tf 10L A/10 g
0

L gt P BT~
uie auurtiorn oy 7 Ui,

NOTE — The addition of a tone correction as in 4,212.3|is not
possible by the procedures of this sub-clause.

Lepn(approx.) is  then obtained by adding to
Lpn(approx.)ymax @ duration allowdnce, Apy, defined
basically as in 4.2.3.2, and given, in.decibels, by the fdrmula

Apn = 10169, (T/7 o)
where

t2_t1
2

T =

7,0t T\ 105, asdefined in 4.2.3.2 and 4.2.3.3;

ty\"t1 is the time-interval between the first arjd last
instants at which the D-weighted sound level is within
10dB of the maximum value, L, ax, as derived from
the recording device.

NOTE — The formula for Apy is based on an assumed shapd of the
Lp versus time curve, such that the equivalent durafion is
sufficiently approximated by

th) — 14
T =
2

b) Procedure for L 5 x

Values of single-event exposure level, L 5 x, can be obtained
from the maximum value of A-weighted sound [level,
L Amax, and an appropriate duration allowance. The|value
of L amax IS obtained directly from the measurements.

An approximate form of this expression is defined in
ISO/R 1996.

NOTE — These measures may not adequately account for the
subjective effect of a strongly impulsive characteristic of a noise.

1) See IEC Publication 537.

A x 15 obtained by adding T10 L o < @ dUration alfowance,
Ap, defined basically as in 4.2.3.2, and given, in decibels,
by the formula

Ap=10log,q (T/T o)
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t, —ty is the time-interval between the first and last
instants at which the A-weighted sound level is within
10 dB of the maximum value, L oy ax, as derived from
the recording device.

ISO

where

Teer = 1sforleg;

3891-1978 (E)

L axk is the A-weighted single event noise exposure level

for the kth event;

T is the total period of time under
seconds.

NOTE — This expression for Leq is equivale

consideration, in

nt to that given in

1ISO/R 1996. The actual expression for Leg given in ISO/R 1996

class intervals. The

NOTES

1 The formula for A is based on an assumed shape of the L o

versus|time curve, such that the equivalent duration is sufficiently -

approximated by
to — 14
==
2
2 The choice of 1s, the unit of time, for the reference duration
in thiq sub-clause is dictated by considerations of compatibility

betwegn the definition of the quantity L ox and corresponding
physicll quantities which are in current use for describing total
noise |exposure, based on A-weighted sound level, and for
quantifties related there to such as Lo (see 5.2.2).

5.2.2 Procedures for calculation of Lpy oy and Loy

The qupntities Lppneq
continuqus

and L., are defined as the

values of the quantities and L,

Len

respectiviely for which the integrated energy!) is equal to

the tota

integrated energy from the succession of events

occurrinfy in the period of time under consideration, From
the defi{tions in 4.2.3.2 and 5.2.1 b), it may be seen-that

the “eff
the leve

ctive'' levels Lgpn and L 5 x are such that they are
of a constant sound for periods of 10's and 1s

respectiviely at which the integrated energies-are equal.

NOTE —|Lpn and L o may be obtained from the procedures of
clause 4 of from those of clause 5.

a)

Procgdure for Lpyeq

The valup of Lpy eq is obtaified from the expression

where

Llneq = 10 logggl¥7 . ./T) x>k: 10LEPNK/10]

T 10's.for Lpneq:

ref

b < k. L H [Pt I
FAay—ot—usea— Rttt Sevartatea—m—vartoy

corresponding expression for LpNeq May dlse
is evaluated in various class intervals.

5.3 Data normalization

Except for purposes,sueh as monito]
differences betweenthe/test conditions

noise was measured)” and the referencd
which the results~are required) require th
made to the{kgppn or L aox values for {
effects destribed in 4.3 :

a) ‘Differences in the sound attenuati
ait\eannot, however, be allowed for sin
analysis data are not available. The ¢
normalized results will nevertheless b

be used where Lpp

ing (see 5.4.3),
under which the
conditions (for
at adjustments be
he four different

on coefficients in
ce the 1/3 octave
bnsistency of the
e quite high (see

5.4.2) if restrictions are imposed on the test conditions

in respect of the permissible v
temperature and humidity to keep t|

variation in the absorption coefficient T’yall.

For example, limitation of air tempera
in such a way that the relative hum
which is always above and to the righf
connecting points in figure 1 represen
humidity at 10 °C and 30% at 30 °C

hriations  of  air
he corresponding

ure and humidity
idity has a value
of astraight line
ting 70 % relative
If measurements

are made outside these conditions, the consistency of

the results will be reduced (see 5.4.3) u
analysis is made as in 4.1.

b) Differences in the path distance
noise can be allowed for only by me
square adjustment for its attenuat

nless a 1/3 octave

travelled by the
ans of an inverse-
on by spherical

divergence and a directly proportional pdjustment for its

duration. Information on the shortest

the aircraft flight path and the obser

therefore be The con

distance between
ation point must

recorded

istency of the

L g p N5 theeffectiveperceivednoisetevetforthe«th
event;

T is the total period of time under consideration, in
seconds.

b) Procedure for L

The value of L4 is obtained from the expression

1)

Leq=1010g,q [(7,,/T) x T 10k Axk/10]
k

ref

normalized results will nevertheless be quite high (see
5.4.2) if restrictions are imposed on the test conditions
in respect of the permissible variation of this shortest
distance such that it is within = 10 % of the reference
distance.

c) Differences in the speed of the aircraft over the
measuring point and hence in the duration of the noise
(inversely proportional to the speed) shall be allowed for
where the data are available.

The term "‘energy’’ is used here loosely to mean a quantity proportional to the square of sound pressure.
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d) Differences

in the noise emitted at its source at the

aircraft shall be allowed for if manufacturers’ data are

available.

NOTE — When th

e sound being measured arrives at an angle of

less than 10° to the ground surface, ground proximity effects

are difficult to q

uantify. Procedures for normalization of the

data are not provided for such cases.

5.4 Data reporting

Associated with this will

be a definition of the actual

operating procedures of the aircraft during the tests, and
procedures and other normalized conditions for which the

information s

required.

applications is given below.

6.1 Noise certification of aircraft

Guidance

regarding

some

The procedures of clause 4 should be used. In addition,

methods should be defined for measurement of the aircraft
flight path to the necessary degree of accuracy—Raeference

5.4.1 Full particu
all the tests shall b

a) the relevant

lars of the test conditions and resuits of
reported, including

atmospheric conditions (the wind to be

reported in terfns of maximum, minimum and average

speeds and direq

b) comments
events which m|

c) the aircraft
landing gear po!
operating cond
influencing eng
between the a
point;

d) details of e
ment and noise

e) the acousti
to be applied td

5.4.2 For the ch{
tests shall be mag
arithmetically. Wh
the limitations spe
expected to have
+3dB
confidence interva

established

tion);

bn local topography, ground cover and
ight have interfered with noise readings;

configuration (such as wing-flap and
itions), the relevant flight procedure and
itions (including the use of systems
ine power), and the shortest distance
rcraft flight path and the observation

Huipment used for flight path measure-
measurement and analysis;

Cal readings taken, the ‘‘adjustments’
these readings, and the adjusted figures.

racterization of a single event, repeated
e and the normalized results averaged
ere the measurements were made‘within
Cified in 5.3, such average resalts-can be
a 90 % confidence limit nlotyéxceeding

statistically from fouor- tests. The
for the mean value df-aSet of measure-

ments can be comJJuted from the standard deviation of the

measured values,
ments, from table

54.3 Where the

s a function of the number of measure-
6 in annex D.

measurements were made outside those

limitations, or where,repeated measurements are made

such as for monit

description shall
observed noise leve

bring purposes, an appropriate statistical

Is, not normalized.

6 APPLICATIONS TO SPECIFIC PURPOSES

Each specific purpose for which a description is required of
aircraft noise heard on the ground will require the selection
from these specifications of an appropriate procedure.

10

aircraft operating conditions, noise measuremeni
and reference atmospheric conditions should call\be
for the normalization process, and limits 'placed
permitted variations from those during the\tests.

NOTE —

specified in 4.1.1.

6.2 Measurement of the noise from

around an airport

The procedures. of clause 5 should be used as app
with the results expressed either as Lpp (apprag
and L o ek or as Lgpy (approx.) and L o x .

NOTES

1 “Any data available from more sophisticated methods
those of clause 4 may of course also be used.

2 When the procedures of this clause are used for the cof
monitoring of aircraft noise, note 1 of 5.1.1 applies.

6.3 Measurement of noise exposure from a succes|

aircraft

The procedures of clause 5 should be used to obt
noise characteristics of each aircraft concerned, w|
results expressed as Lgpn(approx.)

measurement point.

NOTE — Any data available from more sophisticated meth
as those of clause 4 may of course also be used.

For the estimation of exposure at other points ang
other atmospheric conditions, differences in atte

In some cases,
instrumentation may be desired, or aewer level of reprod
of the results may be adequate. Fhe_procedures of claus|
then be used with the microphGne height and orient

reduction

in.coest or compl

individual

or LAX g

points,
Hefined
on the

xity of
bcibility

P 5 may

htion as

pircraft

licable,

X-)m ax

such as

tinuous

sion of

hin the
ith the
t each

ds such

provided in this International Standard. The noise exposure
may then be calculated at the required points by the
methods of clause 5 with the results expressed as Lpyeq

or Leg.

NOTE — It is outside the scope of this International Standard to
for time of day, seasonal
factors, etc., such as are discussed in 1ISO/R 1996.

discuss adjustments to Lpneq O Leq
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ANNEX A

SOUND ATTENUATION IN AIR

A.1 Values of attenuation are defined by means of the formula given in SAE ARP 866, March 1975"). This formula has
been specially prepared for use in the 1/3 octave band analysis of aircraft noise. It is derived from laboratory data.

a) for the 1/3 octave bands with mid-frequencies up to 4 000 Hz (inclusive), at the mid-frequencies of these bands;

b) fo

These co
of aircra
sound pr

A.2 Thg
30°C an

RH i the relative humidity.

A3 Thd
determin
and forr

These va

NOTE — 1

hditions have been chosen because they give the best agreement between the laboratory dataland fi

pssure level in each of these bands is controlled by the energy at the lower end of the band:

attenuation coefficient, a, was measured in the absence of precipitation over the-range of temp
I of relative humidity from 30 to 90 %. It is given, in decibels per 100 m, by theermula

o = 10[2.05 logqg (fg/1 000) + 1,139 4 X103 x0 — 1,916 984] +

+1(8) x 10llcg10-6) + 8,429 94 X 1073 X6 —

1010X10(|og10 RH — 1,328 924 + 3,179 768 X 10"2 X 6> 2,173 716 X 10™4 X602 + 1,749 6 X 1

0
is given by table 1;
a frequency, in hertz, corresponding to the 1/3.octave band centre frequencies given in table 2;

he temperature, in degrees Celsius;

formula in clause A.2 is convertient for calculation by means of a computer. For use in other cases
ed from the formula are given_ih tables 3 to 12, temperatures in the range — 10 °C to + 40 °C at
blative humidities in the range/10 % to 100 % at intervals of 10 %.

ues of temperature and-humidity should be taken to be those measured at a height of 10 m.

he tables are extended“to temperatures and relative humidities beyond the nominal range of validity of the formy

r the 1/3 octave bands with mid-frequencies above 4 000 Hz, at the lower limit of these frequeney thands.

bld measurements

t noise. The typical spectrum shape of this noise slopes down rapidly with frequency in the higher bands, so that the

brature from 2 to

D, 755 624]

b-6 x63).

numerical values
. [¢]
intervals of 5 "C,

la.

1) Aerospace Recommended Practice 866, Standard values of atmospheric absorption as a function of temperature and humidity for use in
evaluating aircraft flyover noise. Society of Automotive Engineers, Inc., 400 Commonwealth Drive, Warrendale, PA 15096, U.S.A.

11
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TABLE 1 — Values of n(8)

8 n(8) 8 n(s)
0,00 0,000 2,50 0,450
0,25 0,315 2,80 0,400
0,50 0,700 3,00 0,370
0,60 0,840 3,30 0,330
0,70 0,930 3,60 0,300
0,80 0,975 4,15 0,260
0,90 0,996 4,45 0,245
1,00 1,000 4,80 0,230
1,10 0,970 5,25 0,220
1,20 0,900 5,70 0,210
1,30 0,840 6,05 0,205
1,50 0,750 6,50 0,200
1,70 0,670 7,60 0,200
2,00 0,570 10,00 0,200
2,30 0,495

A form of quadratic interpctation shall be used where negessary.

TABLE 2 — Malues of fg

12

Centre frequency Centre frequency
of the 1/3 octave U of the 1/3 octave fg
band band
Hz Hz Hz Hz
50 50 800 800
63 63 1 000 1000
80 80 1250 1250
100 100 1600 1600
125 125 2 000 2000
160 160 2 500 2 500
200 200 3150 3150
250 250 4 000 4 000
315 315 5 000 4 500
400 400 6 300 5 600
500 500 8 000 7 100
630 630 10 000 9 000
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TABLE 3 — Sound attenuation coefficient in dB/100 m for 1/3 octave band analysis
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Band centre Relative humidity = 10 %
frequency Temperature, °C

Hz - 10 -5 0 5 10 15 20 25 30 35 40
50 0,1 0,1 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
63 0,1 0,1 0,1 0,1 0,0 0,0 0,0 0,0 0,0 0,0 0,0

80 0,1 0,1 0,1 0,1 0,1 0,0 0,0 0,0 0,1 0,1 0,1

100 0,1 0,2 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1
125 0,2 0,2 0,2 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1
160 0,2 0,2 0,3 0,2 0,2 0,1 0,1 0,1 0,1 0,1 0,1
200 02 Q.3 0.3 03 02 02 0.1 0.1 0.1 0,1 0,2
250 0,2 0,4 04 04 0,3 0,3 0,2 0,2 0,2 0,2 0,2
315 0,2 04 0,5 0,6 0,5 04 0,3 0,2 072 0,2 0,2
400 0,3 0,5 0,7 0,8 0,6 0,5 04 0,3 0,3 0,3 0,3
500 0,3 0,5 0,8 1,0 0,9 0,7 0,6 0,5 04 04 04
630 0,3 0.6 0,9 1,2 1,2 1,0 0,9 0,7 0,6 0,5 0,5
800 04 0.6 1,0 1,5 1,7 1,5 1,2 150 0,8 0,7 0,6
1000 0,4 0,7 1,2 1,8 2,1 2,0 1,7 14 1,2 1,0 0,9
1250 04 0,8 1.3 21 2,6 28 24 2,0 1,7 14 1,2
1600 0,5 0.9 1.4 2,3 3.3 3.8 34 2,9 2,4 2,0 1,7
2 000 0,6 1,0 1,6 2,6 3.9 4,7 4,7 4,1 34 28 2,3
2500 0,7 11 1.8 29 4,5 5.8 6,4 5,6 4,8 4,0 3,3
3150 0,8 1,2 2,0 3,2 5,1 7.1 8,3 7,7 6,8 5,7 4,8
4 000 0,9 14 2,3 3,6 5,7 85 10,5 11,0 9,6 8,3 6,9
5 000 1,0 1,6 24 3.8 6,1 9,2 11,7 12,8 11,3 9,9 8,3
6 300 1.3 1.9 2,8 4,3 6,8 10,4 14,2 16,4 15,5 13,7 11,7
8 000 1,6 2,3 34 5,0 7,7 11,8 17,0 20,8 22,0 19,4 16,8
10 000 2.1 2,9 4.1 6,0 8,9 134 19,9 25,9 29,5 27,2 241
12 500 29 3,7 5,0 71 10,3 15,2 22,7 31,2 36,9 37,6 33,4

TABLE 4 — Sound attenuation/coefficient in dB/100 m for 1/3 octave band analysis
Band centre Relative humidity = 20 %
frequency Temperature, °C

Hz -10 <5 0 5 10 15 20 25 30 35 40
50 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0

63 0,1 0,0 0,0 0.0 0,0 0,0 0,0 0,0 0,0 0,0 0,0

80 0, 0,1 0,0 0,0 0,0 0,0 0,0 0,0 0,1 0,1 0,1

100 0,1 0,1 0,1 0,0 0,0 0,0 0,1 0,1 0,1 0,1 0,1
125 0,2 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1
160 0,2 0,2 0,1 0,1 0,1 0,1 0.1 0,1 0,1 0,1 0,1
200 0,3 0,2 0,2 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,2
250 0,4 0,3 0,3 0,2 0,2 0,1 0,1 0,1 0,2 0,2 0,2
315 04 0,5 04 0,3 0,2 0,2 0,2 0,2 0,2 0,2 0,2
400 0,5 0,6 0,5 04 0,3 0,3 0,2 0,2 0,3 0,3 0,3
500 0,6 0.8 0,7 0,6 0,5 04 03 0,3 0,3 0,3 04
630. 0.7 1.0 1.0 038 o7 0,5 04 04 04 04 05
800 0,8 1,2 14 1,2 09 0,7 0,6 0,5 0,5 0,6 0,6
1000 09 14 1,8 1,6 1,3 1,0 0,8 0,7 0,7 0,7 0,8
1250 0,9 1,6 2,2 2,2 1,8 1,5 1,2 1,0 09 09 1,0
1600 11 1,9 2,7 3,1 2,6 2,1 1,7 14 1,2 1,2 1,3
2 000 1,2 2,0 3.2 39 3.6 3,0 2,5 2,0 1,7 1,5 1,6
2500 1.3 2,3 3,7 49 5,0 4,2 3,5 2,8 2,3 2,0 2,0
3150 1,5 2,5 4,2 6,0 6,8 5,8 4,9 4,0 3,3 2,8 2,7
4 000 1,7 29 4.8 7,2 8,7 8,2 71 59 49 4,0 3,6
5 000 1,9 3.1 51 7.9 9,8 9,7 8,4 7,0 59 4.8 4.2
6 300 2,2 3,5 5,7 9,0 12,0 13,3 11,5 9,9 8,2 6.8 5,8
8 000 2,7 4,1 6,5 104 14,8 174 16,2 14,1 12,0 10,0 8,3
10 000 3.3 49 75 11,8 17,7 22,0 23,1 20,1 17,2 14,5 121
12500 4,1 5,9 8,8 13,4 20,5 271 30,6 275 24,2 20,6 174

13
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TABLE 5 — Sound attenuation coefficient in dB/100 m for 1/3 octave band analysis

Band centre Relative humidity = 30 %
frequency Temperature, °C
Hz —-10 -5 0 5 10 15 20 25 30 35 40
50 0,0 0,0 0,0 g0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
63 0,0 0,0 0,0 0.0 0,0 0,0 0,0 0,0 0,0 G0 0,0
80 0,1 0,0 GG 3,0 0,0 .0 0,0 0,0 G,1 0,1 0,1
100 0.1 0,1 0.0 c,0 2,0 2.0 a1 0,1 0,1 0,1 0,1
125 0,1 0,1 0,1 A 0,1 0,1 0,1 0,1 0,1 G,1 G,1
160 0,2 0,1 0.1 0,1 8,1 G,1 g1 0,1 0,1 0,1 0,1
200 02 02 01 01 01 01 01 01 01 01 0,2
250 0,3 0,2 0,2 0,1 0,1 0,1 G,1 Q.1 0,2 0,2 0,2
315 04 0.3 0,2 0,2 0,2 0,1 0,2 0,2 0,2 0.2 0,2
400 0,6 0,5 04 0,3 g,2 0,2 0,2 0,2 0,3 Q)3 0,3
500 0,7 0,6 0.5 04 0,3 0,3 0,3 0.3 0,3 0,3 c4
630 09 09 G,7 0,5 04 0,3 0,3 G4 04 04 0,5
800 1.1 1,3 1,0 .8 0,6 0,5 04 0,5 8.5 0,6 a6
1000 1,3 1,6 14 1.1 0,8 0,7 0,6 0,6 2.6 0,7 0,8
1250 1.5 2,0 1.8 1.6 1,2 0,9 0,8 0,7 0.8 0,9 1,0
1600 1,7 2,5 2,7 2,2 1.8 14 i1 nNO 1,0 1.1 1,3
2 000 1,9 3,0 3,6 3,1 2,5 2,0 1,6 1,4 1.3 14 1,6
2500 2,1 3,5 4.4 4.2 3.5 28 2,2 1.9 1.7 1.8 20
3 150 2,3 4,0 55 5,9 4,9 4,0 3,3 2,6 2.3 2,3 2,5
4 000 2,6 4,5 6,8 7.9 6,9 58 (W 3.8 3,3 3,1 3,3
5 000 2.8 4,8 7.4 9.0 8.2 6.9 5,7 46 3,8 3,6 3.7
6 300 3,2 53 3, it 11,3 5.6 8.,G 5,6 54 4,8 4,7
8 000 3,8 6,1 9,9 13,9 15,6 13,8 11,5 9,5 7.8 6,8 6,4
10 000 4,5 7.4 11,4 16,9 20,3 WwY | 16,6 13,8 11,6 9,7 8,8
12 500 5,5 8.3 13,0 2G,0 25,3 28,6 { 23,0 19,6 16,4 13,8 12,1
TABLE 6 — Sound attenuation coefficient in dB/100 m for 1/3 octave band analysis
Band centré Relative humidity = 40 %
frequency Temperature, *C
Hz — 16 -5 3] 5 10 15 20 25 30 35 40
50 0,0 0,0 0,0 0,0 0,0 G,0 0,0 0,0 0,0 0,0 0,0
63 G,0 0.0 0,0 G0 0,0 0,0 0.0 0,0 0,0 Gc,0 0,0
80 0,0 00 0.0 0,6 0.0 0,0 3.0 0,0 0,1 G,1 0,1
100 0,1 0,0 0,0 [sX¢] 0,0 0,0 0.1 0.1 0.1 0,1 1
125 0.1 0,1 G0 0.0 ot 0,1 G,1 0,1 0,1 0,1 0,1
160 Q.1 0,1 Q.1 g1 [ 3,1 8,1 0,1 G,1 0,1 0,1
20C gv G,1 (e 3,1 5 g1 3,1 G.1 3,1 G,1 0,1 0,2
250 0,2 0,2 .1 3,1 G,1 0,1 0,1 0,1 0,2 0,2 0,2
315 0,3 0,2 0,2 0.1 0.1 0.1 G2 0,2 0,2 0,2 0.2
400 G5 04 0,3 Q,2 i 2 0,2 0,2 0,2 0,3 0,3 0,3
500 0,6 0,5 0.4 0,3 0.2 0,2 0,3 0.3 0,3 0.3 04
630 U9 0.7 U5 I TS 0.3 T3 o F (S 0,5
800 1,2 1,0 0,8 0,6 G4 0,4 0,4 0,5 05 0,6 0,6
1000 1.4 1.4 1.1 0.8 0,6 0,5 G5 0,6 0,6 0,7 0.8
1250 1.8 1,9 1.5 1.2 \' 0.8 0,7 0,7 0,7 0,8 0,9 1,0
1600 2,1 2,6 2,1 1,7 ,‘ 1,3 1,0 0,9 0,8 10 1,1 1,3
2 000 2,5 3,2 2.8 2,4 | 1.9 1.5 1,2 1,2 1.3 14 1,6
2 500 2,8 4,0 4.1 3,3 2,6 2,1 1,7 1,6 1,7 1,8 2,0
3150 3,2 4,9 5,6 4,7 3.8 3,0 2,4 2,1 2.1 2,3 2,5
4 000 3,6 59 7.2 6,5 5,4 4,3 3,5 3,0 2,8 3,0 3,3
5 000 3.8 6,3 8,1 7,7 6,5 5,2 42 3,5 3,3 34 3.7
6 300 4,3 7,2 10,0 10,7 9,0 7,3 6,0 4.9 4.4 4.3 4,7
8 000 5,0 8,3 12,3 14,4 12,6 10,6 8,7 71 6,1 5,8 6,2
10 000 5,8 9,6 14,8 18,4 17,8 15,2 12,7 10,5 8,8 8,1 8,1
12 500 6,9 10,9 17,2 229 24,7 21,2 17,8 14,9 12,4 10,2 10,6
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TABLE 7 — Sound attenuation coefficient in dB/100 m for 1/3 octave band analysis

Band centre Relative humidity = 50 %
frequency Temperature, °C
Hz -10 -5 0 5 10 15 20 25 30 35 40
50 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
63 . 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
80 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,1 0,1 0,1
100 0,0 0,0 0,0 0,0 0,0 0,0 0,1 0,1 0,1 0,1 0,1
125 0,1 0,0 0,0 0,0 0,1 0,1 0,1 0,1 0,1 0,1 0,1
160 0,1 0,1 0,1 0,1 0.1 0,1 0,1 0,1 0,1 0,1 0,1
200 0,1 0,1 0.1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,2
250 0,2 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,2 0,2 0,2
315 0,3 0,2 0,1 0,1 0,1 0,1 0,2 0,2 0,2 0,2 0,2
400 04 0,3 0,2 0,2 0,2 0,2 0,2 0,2 03 0,3 0,3
500 0,5 04 0,3 0,2 0,2 0,2 0,3 0,3 0,3 0,3 04
630 0,7 0,6 04 0,3 0,3 0,3 0,3 04 04 04 05
800 1,0 0,8 0,6 0,5 04 04 04 05 05 0,6 0,6
1000 14 11 09 0,6 05 0,5 05 0.6 0,6 0,7 08
1250 1,8 1,6 1,2 0,9 0,7 0,6 0,7 0,7 0,8 09 1,0
1600 2,3 2,2 1.8 1.3 1,0 09 0,9 09 1,0 11 1,3
2 000 2,8 3.1 24 1,9 1,5 1,2 1.1 1,2 1,3 14 1,6
2500 3.4 4,0 34 2,7 2.1 1,6 DY) 1,5 1,7 1,8 2,0
3 150 4,0 5,1 4,7 3,8 3,0 2,3 2,0 19 2,1 2,3 25
4 000 4,6 6,4 6,7 55 4.4 34 2,8 2,6 2,7 3,0 33
5 000 4.9 7,2 7.9 6,5 5,2 42 34 3,1 3.1 34 3,7
6 300 54 8,6 10,2 8,9 7.3 59 4,7 41 4,0 4,3 4,7
8 000 6,2 10,2 13,1 12,5 10,5 8,6 6,9 58 54 5,7 6,2
|:0 000 7.2 11,9 16,4 17,8 15,0 12,4 10,2 84 75 74 8,1
2500 8,4 13,6 20,1 234 20,6 17,5 14,4 11,9 10,4 99 10,5

TABLE 8 — Sound attenuation‘coefficient in dB/100 m for 1/3 octave band analysis

Band centre Relative humidity = 60 %
fréquency Temperature, °C

Hz -10 -5 0 5 10 15 20 25 30 35 40
50 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0

63 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0

80 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,1 0,1 0,1
100 0,0 0,0 0,0 0,0 0,0 0,0 0,1 0,1 0.1 0,1 0,1
125 0,1 0,0 0,0 0,0 0,1 0,1 0,1 0,1 0,1 0,1 0.1
160 0N 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1
200 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,2
250 0,2 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,2 0,2 0,2
315 0,2 0,2 0,1 0,1 0,1 0,1 0,2 0,2 0,2 0,2 0,2
400 0,3 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,3 0,3 0,3
500 0,5 0,3 0,2 0,2 0,2 0,2 0,3 0,3 0,3 0,3 04
630 0,6 0,5 0,3 0,3 0,3 0,3 0,3 04 04 0,4 0,5
800 09 07 08 04 04 04 04 058 08 0,6 0,6
1000 1,2 1,0 0,7 0,5 0,5 0,5 0,5 0,6 0,6 0,7 0,8
1250 1,7 1,3 1,0 0,7 0,6 0,6 0,7 0,7 0.8 09 1,0
1600 2,3 1,9 1,5 11 09 0,8 09 09 1,0 11 1,3
2 000 2,9 2,6 2,1 1,6 1.2 11 11 1,2 1,3 14 1,6
2500 3,6 3,6 2,9 2,2 1,7 1,4 14 15 1,7 1,8 2,0
3150 44 5,0 4,1 3,2 2,5 2,0 1,8 1,9 2,1 2,3 25
4 000 5,3 6,6 5,7 4.6 3,6 2,8 25 2,5 2,7 3,0 3,3
5000 5,8 7.4 6,8 5,5 4,3 34 2,9 29 3,1 34 3,7
6 300 6,6 9,2 9,3 7,7 6,1 4,9 4,0 3.8 4,0 4,3 4,7
8 000 7.6 11,4 13,0 10,9 8,9 7.2 5,8 5,2 5,2 5,7 6,2
10 000 8,7 13,8 16,9 15,3 12,8 10,4 8,5 7.3 7.0 74 8,1
12500 10,0 16,1 211 21,2 18,0 14,8 12,2 10,2 9,5 9,6 10,5
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TABLE 9 — Sound attenuation coefficient in dB/100 m for 1/3 octave band analysis

Band centre Relative humidity = 70 %
frequency Temperature, °C
Hz -10 -5 0 5 10 15 20 25 30 35 40
50 0,0 C.0 0,0 0,0 0,0 0,0 0.0 0,0 0.0 0,0 0,0
63 0,0 0.0 0,0 C,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
80 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,1 0,1 0,1
100 0,0 0,0 0,0 0,0 0,0 0 0,1 0.1 0,1 0,1 0,1
125 0,0 0,0 0,0 0,0 0,1 0,1 0,1 0,1 0,1 0,1 0.1
160 0.1 01 0,1 0,1 0.1 G,1 0,1 01 G,1 C1 0,1
200 0'1 f\”] f\‘1 n,1 !‘\,1 f\'1 f‘") ﬁ'1 "il1 l'\,’l 0'2
250 0.1 0,1 0,1 0,1 0,1 0,1 0,2 G,1 0,2 0,2 0,2
315 0,2 0,1 0,1 01 0,1 0,1 0,2 0,2 9,2 Q,2 0,2
400 0,3 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,3 0,3 0,3
500 0,4 0,3 0.2 0,2 0,2 0,2 .3 0,3 G.3 0,4 04
630 0,6 04 0,3 0,3 3 0,3 6,3 04 04 0,4 0,5
800 0.8 0,6 04 0,4 0.4 0,4 0,4 0.5 G 0,6 0,6
1000 1.1 0.8 0,6 0,5 0.4 0,5 0,5 0,6 0.7 G,7 0,8
1250 1.5 1.1 0,9 0,7 0,6 0,6 0,7 0,7 0,8 0,9 1.0
1600 2,1 1.7 1.2 G,8 0,8 30,8 3,9 0 1,0 14 1.3
2000 29 2,3 1,8 1,3 1.0 1.0 1.4 1.2 1.3 14 1,6
2 500 3,7 3,2 25 1,9 1,5 1.3 147, 1.5 1,7 1.8 2,0
3150 4,6 4.4 3,56 2,7 2.1 1,8 % 1.9 2.1 2,3 2,5
4 000 5,7 6,3 5,1 4,0 3,1 2,5 2,3 2,5 2,7 3,0 3,3
5 000 6,3 7,3 6,0 i 4,7 3.7 3,0 2,7 2,8 3,1 34 3,7
6 300 7,5 9,3 8,2 6,6 5,2 4,2 3.6 3.6 4.0 4.3 4,7
8 000 8,8 1.8 11,6 ksl 7,6 61 5,1 4.9 5,2 5,7 6.2
10 000 10,2 14,8 16,4 13,7 1.1 9,0 74 6.8 G.8 74 8,1
12500 11,6 18,0 21.4 18,8 15,7 2,8 10,5 8,2 9,0 9,6 105

TABLE 10 — Sound attenuation coefficient in dB/100 m for 1/3 octave band analysis

Band centide Relative humidity == 80 %
frequenc Temperature, °C

Hz - 10 -5 0 5 10 15 20 25 30 35 40
50 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,06 0,0 0,0
63 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
80 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,1 0,1 0,1
100 0,0 0,0 0,0 0,0 0,0 0,0 01 .1 0,1 0,1 0,1
125 0,0 0,0 0,0 0,0 0,1 0,1 0,1 0,1 C1 0,1 0,1
160 Q,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1
200 0,1 0,1 0,1 0.1 0,1 0,1 0.1 0,1 0.1 0,1 0,2
250 0.1 0.1 0.1 0,1 0.1 0,1 01 01 0,2 0,2 0,2
315 0,2 0,1 0,1 G,1 0,1 0,1 G2 0,2 0,2 0,2 0,2
400 0,2 0,2 0,1 0,2 0,2 0,2 0,2 0,2 0.3 0,3 0,3
500 0,3 0,2 0.2 0,2 0,2 0,2 0,3 Q0,3 0,3 0,3 0.4
630 0,5 0.3 0,3 0,2 2,3 0,3 0,2 0,4 3,4 04 0,5
800 0,7 0,5 0,4 0,3 0,3 0,4 04 0,5 0,5 0,6 0,6
1000 1.0 0.7 0,5 04 0,4 0,5 0,5 0,6 0,6 0,7 0,8
1250 1,3 1,0 c,7 0,6 0,6 06 | G7 0,7 c,8 0.9 1.0
1600 1,9 1,5 1,3 0,8 0,7 0,8 i 0% 0,9 1,0 11 1,3
2 000 2.6 2,0 1,8 11 1,0 1,0 1.1 1,2 1.3 14 1,6
2 500 3,6 2,9 2,2 1.6 1,3 1,3 1.4 [ 5 1,7 1,8 2,0
3 150 4,7 4,0 3,1 24 1,9 1,7 1.8 19 2,1 2,3 2,5
4 000 5,9 5,6 45 34 2,7 2.3 2,3 25 2,7 3,0 33
5 000 6.6 6,6 5,3 4,1 3,2 2,7 2,6 2,8 3,1 34 3,7
6 300 8,1 9,1 74 5.9 4,6 3,7 34 3,6 4,0 4,3 4,7
8 000 9,8 12,0 104 8,4 6,7 54 4,8 4.8 5,2 5,7 6,2
10 0C0 11,56 15,3 14,8 12,2 9,8 7,8 6,7 6,4 6,8 74 8,1
12500 13,3 18,9 20,5 17,0 13,9 11,3 94 8,7 8,9 9,6 10,5
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TABLE 11 — Sound attenuation coefficient in dB/100 m for 1/3 octave band analysis
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Band centre Relative humidity = 90 %
freqqency Temperature, °C
Hz -10 -5 0 5 10 15 20 25 30 35 40
50 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
63 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
80 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0.1 0,1 0,1
100 0,0 0,0 0,0 0,0 0,0 0,0 0.1 0,1 0,1 0,1 0,1
125 0,0 0,0 0,0 0,0 0,1 0,1 0,1 0,1 0,1 0.1 0,1
160 0,1 0,1 01 0,1 0.1 0,1 0.1 0,1 0,1 0.1 0,1
200 0,1 0,1 0,1 0,1 0,1 0,1 0.1 0.1 0.1 0,1 0,2
250 0,1 0.1 0,1 0,1 0,1 0,1 0,1 0,1 0,2 0,2 0,2
315 0,1 0,1 0,1 0,1 0,1 0,1 0,2 0,2 0,2 0,2 0,2
400 0,2 0,2 0,1 0,2 0,2 0,2 0,2 0,2 0,3 0,3 0,3
500 0,3 0,2 0,2 0,2 0,2 0,2 0,3 0,3 0,3 0,3 0,4
630 04 0,3 0,2 0,2 0,3 0,3 0,3 04 04 04 0,5
800 0,6 04 0,3 0,3 0,3 04 0,4 0,5 0,5 0,6 0,6
1000 0,9 0,6 0,5 04 04 0,5 0,5 0.6 0,6 0,7 0,8
1250 1,2 0,9 0,6 0,5 0,6 0,6 0,7 0,7 0,8 0,9 1,0
1600 1,7 1,3 09 0,7 0,7 0,8 0,9 09 1,0 11 1.3
2 000 2,4 1,8 1,3 1,0 09 1,0 14 1,2 1.3 14 1,6
2500 3,3 2,6 1,9 14 1,2 1,3 1,4 15 1,7 1.8 2,0
3150 4,6 3,6 2.8 2,1 1,7 1,6 1,8 1,9 2,1 2,3 2,5
4 000 6,0 5,1 4,0 3,0 2,4 2,2 2,3 2,5 2,7 3,0 3,3
5000 6,7 6,0 4,8 3,7 29 2,6 2,6 2,8 3.1 34 3,7
6 300 8,3 8,3 6,7 5,2 4,0 3,4 3,3 3,6 4,0 4,3 4,7
8 000 104 1,7 9,5 76 6,0 49 4.5 4,8 5,2 5,7 6,2
10 000 12,6 154 13,5 11,0 8,8 7.1 6,3 6,3 6,8 74 8.1
12 500 14,8 19,4 18,6 15,4 12,4 10,1 8,7 8,3 8,9 9,6 10,5
TABLE 12 — Sound attenuation’coefficient in dB/100 m for 1/3 octave band analysis
Band centre Relative humidity = 100 %
frequency Temperature, °C

Hz -10 =5 0 5 10 15 20 25 30 35 40
50 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0

63 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0

80 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,1 0,1 0,1
100 0,0 0,0 0,0 0,0 0,0 0,0 0,1 0,1 0,1 0,1 0,1
125 0,0 0,0 0,0 0,0 0,1 0,1 0,1 0,1 0,1 0,1 0,1
160 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1
200 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,2
250 0,1 0,1 0,1 0.1 0,1 0,1 0,1 0,1 0,2 0,2 0,2
315 0,1 0,1 0,1 0,1 0,1 0,1 0,2 0,2 0,2 0,2 0,2
400 0,2 0,1 0,1 0,2 0,2 0,2 0,2 0,2 0,3 0,3 0,3
500 0,3 0,2 0,2 0,2 0,2 0,2 0,3 0,3 0,3 0,3 04
630 o3 0,3 0,2 0,2 0,3 U,3 0,3 U.F 0% 0,4 0,5
800 0,6 0,4 0,3 0,3 0,3 04 04 0,5 0,5 0,6 0,6
1000 0,8 0,6 0,4 0,4 0,4 0,5 0,5 0,6 0,6 0,7 0,8
1250 1,1 0,8 0,6 0,5 0,6 0,6 0,7 0,7 0,8 0,9 1,0
1600 1,6 1,2 0,8 0,7 0,7 0,8 0,9 0,9 1,0 1.1 1,3
2 000 2,2 1,6 1,2 0,9 09 1,0 1,1 1,2 1,3 1,4 1,6
2500 3,0 2,3 1,7 1,3 1,2 1,3 1,4 1.5 1,7 1,8 2,0
3150 4,2 3,3 2,5 1.9 1,6 1,6 1,8 1,9 2,1 2,3 2,5
4 000 5,9 4,7 3,6 2,7 2,2 2,1 2,3 2,5 2,7 3,0 3,3
5 000 6,8 5,6 4,3 3,3 2,6 2,4 2,6 2,8 3,1 34 3,7
6 300 8,5 7,6 6,0 4,7 3,7 3,3 3,3 3,6 4,0 4,3 4,7
8 000 10,7 10,8 8,7 6,8 5,3 45 4.4 4,8 5,2 5,7 6,2
10 000 13,3 15,1 12,5 10,0 7.9 6,5 6,0 6,3 6,8 74 8,1
12 500 16,0 19,5 17,2 14,0 11,3 9,2 8,2 8,2 8,9 9,6 10,5
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