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FOREWORD 

ISO (the International Organization for Standardization) is a worldwide federation 
of national Standards institutes (ISO member bodies). The work of developing 
International Standards is carried out through ISO technical committees. Every 
member body interested in a subject for which a technical committee has been set 
up has the right to be represented on that committee. International organizations, 
governmental and non-governmental, in liaison with ISO, also take part in the work. 

Draft International Standards adopted by the technical committees are circulated 
to the member bodies for approval before their acceptance as International 
Standards by the ISO Council. 

International Standard ISO 3891 was developed by Technical Committee ISO/TC 43, 
Acoustics, and was circulated to the member bodies in June 1975. 

lt has been approved by the member bodies of the following countries : 

Austral ia Germany 
Austria Hungary 
Belgium India 
Brazil Iran 
Bulgaria I reland 
Canada Israel 
Czechoslovakia Japan 
Denmark Mexico 
Finland Netherlands 
France New Zealand 

The member body of 
on technical grounds : 

Norway 
Poland 
Spain 
Sweden 
Switzerland 
Turkey 
United Kingdom 
U.S.A. 

the following country expressed disapproval of the document 

South Africa, Rep. of 

This International Standard cancels and replaces ISO Recommendations 
R 507-1970 and ISO/R 1761-1970, of which it constitutes a technical revision. 

0 International Organization for Standardization, 1978 l 

Printed in Switzerland 
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INTERNATIONAL STANDARD ISO 38914978 (E) 

Acoustics - Procedure for describing aircraft noise heard on 
the ground 

1 SCOPE 

This International Standard provides a procedure for 
describing the noise heard on the ground from aircraft 
operations. 

1 .l lt provides specifications for the four Steps to be 
followed for the purpose of describing the noise from a 
Single aircraft Operation, namely : 

1) Data acquisition : the method of measurement and 
recording of the noise. 

2) Data processing : the method of determining from 
these data the corresponding values on the appropriate 
noise scale. 

3) Data normalization : the method for correction of 
the measured data to “reference” operational procedures 
and atmospheric conditions. 

4) Data reporting : the method for reporting test 
results, including their statistical signifiance. 

These specifications are given for two levels of 
sophistication sf measurement : 

a) Those requiring spectral analysis as a function of 
time, such as for noise certification of aircraft, for which 
a high reproducibility of the normalized results is 
required. 

NOTE - The specifications given under this heading are not to 
be taken as defining the highest possible level of technique. 
Much higher levels are required and are used, for example, during 
the course of research and development work on aircraft noise. 

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

1.2 lt 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. 

2 FIELD OF APPLICATION 

This International Standard is intended to apply quite 
generally to the description of the noise measured from 
all kinds sf aircraft operations. 

2.1 Two main operating conditions are distinguished : 

a) aircraft in flight; 

b) aircraft on the ground; 

2.2 Two main applications of the measurements are 
distinguished : 

a) requiring the characterization of Single events, such 
as for measurement of the noise from an individual air- 
traft against specified requirements or for monitoring at 
an ai rport; 

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 all other kinds of 
noise to such an extent that it is assessed 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 traffit or from industrial premises. 

3 REFERENCES 

lSO/R 1996, Acoustics - Assessment of noise with respect 
to community response. 

ISO 1999, Acous tics - Assessmen t of occupational noise 
exposure for hearing conserva tion purposes. 

I EC Publication 179, Precision Sound level meters. 

I EC Publication 537, Frequency weighting for the measure- 
men t of aircraft noise (D- weigh ring). 

I EC Publication 561, Electro-acoustical measuring equip- 
ment for aircraft noise certification. 
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ISO 3891-1978 (E) 

4 MEASUREMENTS REQUIRING SPECTRAL ANAL’f- 
SDS AS A FUNCTION OF TIME 

4.1 Data acquisition 

To provide the necessary information on the noise 
produced by the aircraft at the Observation Point, the 
equipment and methods specified in this sub-clause shall 
be used. 

4.1 .l Equipmen t and calibratjon 

The microphone shall be placed so that the centre of its 
diaphragm is 1,2 m above the mean ground surface. A 
wind-shield shall be used. 

NOTE - For the sake of continuity with procedures described in 
other ISO documents, a microphone height of 1,2 m has been 
retained in this International Standard. 

Al! measurements shall be carried out so that the diaphragm 
of the microphone is substantially in the plane defined by 
the nominal flight path of the aircraft and the measuring 
Point, i.e. at grazing incidence. 

The electro-acoustical measuring chain from microphone 
to tape-recorder (where used) and its calibration shall be 
as specified in I EC Publication 561. 

4.1.2 Test en vironmen t 

The idealized test environment is an unobstructed hemi- 
sphere over a flat and totally reflecting ground surface, 
without excessive attenuation from anomalous atmospheric 
conditions and with no background noise. In the actual test 
conditions, the deviations from this idealized environment 
should desirably not Cause more than 0,5 dB differente in 
the final result. This requirement demands at least the 
following conditions : 

4.1.2.1 Locations for measuring noise from an aircraft in 
flight shall be surrounded by relatively flat terrain having 
no excessive Sound absorption characteristics such as might 
be caused by thick, matted, or tall grass, shrubs, or wooded 
areas. No obstructions 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 t 5 mm; elsewhere within 
the Square it should be flat within + 30 mm. Overall, the surface 
should be horizontal within a tolerante of * 3”. 

2 Those wwl e carrying ou 
consti tu te such obstructions. 

t the measurements could themselves 

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- 
traft noise. No reflecting surfaces other than the ground 
shall be near enough to the Sound path to influence the 
resul ts. 

4.1.2.2 The atmospheric conditions shall comply with the 
following : 

a) There shall be no precipitation. 

b) At relative humi 
temperature shall be 

dity less 
not less 

than 
than 

20 % 
5 “c. 

r the atmospheric 

c) The Sound attenuation in air as given by the formula 
in clause A.2 of annex A for the l/3 octave band centred 
on 8 kHz shall not be more than 10 dB per 100 m. The 
corresponding restrictions placed on temperature 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 formula has not 
been verified experimentally at these temperatures and 
humidities. 

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

NOTE - Anomalous atmospheric conditions introducing 
excessive Sound attenuation tan occur when inversions of normal 
lapse rates for temperature and humidity exist, or when 
temperatu re and velocity inhomogeneities associated with 
atmospheric turbulente are present, as well as from excessive 
wind and the existente 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 sf aircraft noise shall be considered reliable 
only when the measured maximum noise level sf 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 ‘l/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 Calcula tion o f perceived noise level from measured 
noise da ta 

4.2.2.1 QUANTITIES AND UNITS 

To obtain from these measurements perceived noise levels, 
L p NI and tone-corrected perceived noise levels, LTpN, 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 LpN and the 
unit is the decibel (dß). 

3 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 38

91
:19

78

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


ISO 3891-1978 (E) 

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 
noise level” is designated LTPN and the unit is the decibel (dB). 

where 

L pN = 40 + 1;<j;g1Q2N 
IO 2 The measurements may also be used to derive values on other 

noise scales such as A-weighted Sound pressure level, 6.A, from the 
spectral analysis, if so desired. 

4.2.2.3 C~RRECTION FOR USE WHEN -T-HE NOISE 

SPECTRUM SHOWS PRONOUNCED IRREGULARITIES 

SUCH AS PURE TONES 

The calculation procedures give an approximation to the 
perceived noise level as determined by subjective exper- 
iment on a fundamental psycho-acoustical basis, namely 
that perceived noise level of a given Sound is numerically 
equal to the Sound pressure level of a reference Sound that 
is judged by Iisteners to have the Same perceived noisiness 
as the given Sound. 

Tone-corrected perceived noise level at any instant, LTPN, 
for a Sound having tonal components or other pronounced 
irregularities in the spectrum is obtained by adding a 
correction, C, as defined below, to the perceived noise 
Level, LpN, determined as described above. (Illustration of 
the following Steps is given in annex C.) 

NOTE - lf a spectrum irregularity requiring a tone correction is 
identified, it is desirable to determine if it is due to the presence 
of a tone or to spurious effects such as results from ground 
reflections or from the elimination of a frequency band as required 
by 4.1.2.3. The effect of ground reflection may be determined by, 
for example, comparing the spectrum of the noise Signal with that 
from a microphone at the Same measurement Position but mounted 
essentially flush with the ground. If the tone correction is due to 
spurious effects, it should be ignored in the computation of LTPN ’ 

The calculation procedures make use sf a unit of perceived 
noisiness, the noy. The numerical value of the calculated 
perceived noisiness of a Sound within a given frequency 
band, in noys, is related to the band Sound pressure level. 
The relation is given in table 13 and illustrated in figure 2, 
and the equivalent relationship is noted in table 14 
(annex B). 

NOTE - This calculation procedure may not adequately account 
for the subjective effect of a strongly impulsive characteristic of 
noise such as may be produced by some helicopters. Methods for 
accounting for the subjective effect of impulsive Sounds are under 
investigation. 

STEP 1 

Compute Di; where I 

i is the 1/3 octave band number, andj = ; + 1; 

i = 1 corresponds to the band with centre frequency 
of 80 Hz and successive values of i correspond to 
increasing frequency; 

4.ZD2.2 CALCULATION PROCEDURE FOR A BROAD 

BAND NOISE SPECTRUM WITHOUT PRONOUNCED 

IRREGULARITtES 

L; is the band Sound pressure of the ith frequency band; 
Perceived noise 
ing procedure : 

level is calculated according PO the follow- 

Dj j is the ari thmetic differente betwee 
the frequency bands j and i. 

n the levels Li in 

STEP 1 

STEP 2 
The Sound pressure level at any time in each 1/3 octave 
band from 50 Hz to 10 000 Hz is converted to a perceived 
noisiness, n, by reference to table 13 or the mathematical 
relationship and table 14, by entering table 13 or the 
calculation procedure at the appropriate band centre 
frequency. 

Encircle those values of Dj j where I 

ID j,i - Dj- 1, i - Al> 5 dB 

STEP 3 

a) If the 
greater tha 

encircled 
nDj-1 i I 

Dj i is positive and algebraically 
_ 1: encircle Lj. STEP 2 

The 
obtai 

n oisine ss values, n, found in step 1 are com bined to 
the total noi siness, N, in noys, bv the form ula 

b) lf the encircled 
Dj - 1, i- 

De . J,’ is zero or negative 
encircle L;. 1 is positive, 

and 

N=F-nax + 0,15 (Zn -nmax) 
STEP 4 

a) For all non-encircled L;, set Li = L;. 
n m ax is the greatest values of n; b) For e 

ari thmetic 
ncircled valu es of Li, set Li equal to the 

Of Li - 1 and Lj + 1. Cn is the sum of the noisiness values in all the bands. average 

If the SPL value in the highest frequency band is encircled, 
set L& = L,, + D,, 20. I 

STEP 3 

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

STEP 5 

Compute Di i where Dji is the arithmetic differente 
between the Ievels Lj in the frequency bands j and i. N = 2 (LpN - 40)/10 
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ISO 3891-1978 (E) 

STEP 6 

Compute Dj ; as the arithmetic average of $ _ 
Dj j and Dj +‘l j + 1. 

IJ- 11 

I I 

Where i = 1, set Di - l,i- 1 equal to Dj,;. 

Where i = 21, set Dj + 1 j + 1 equal to Dj,j, I 

STEP 7 

Set L1; equal to L1. 
adding DT to LT 

Determine all other values of Li by 

STEP 8 

Determine Fj, where 

Fi = (Li - Ll.) > 0 

STEP 9 

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

C=F/3 O<F<20 Ifor 113 octave bands between 
C= 6,7 20< F I 500 to 5 000 Hz. 

for 1/3 octave bands in the 
C= Ff6 O<F<20 range 50 to 10 000 HZ, but 
C=3,3 20< F outside the range 500 to 

5 000 Hz. 

STEPIO 

The maximum value of C determined in step 9 defines the 
tone correction that is to be added to the perceived noise 
level determined in 4.2.2.2, to obtain LTPN. 

Effective perceived noise level may also be expressed as 
the algebraic sum of LTp Nm ax and a duration a//owance 

AL, or Al,, as defined in 4.2.3.4. 

NOTES 

1 The quantity LT-N in the above definitions may be replaced by 
hpN if it tan 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, “effective perceived noise level” is 
designated L EpN and the unit is the decibel (dß). 

4.2.3.2 BASIC DEFINITION OF DURATION ALLOW- 

ANCE 

Consider a notional equivalent duration, T seconds, such 
that the integrated energy 1) in a noise at constant level 
L MBX, the maximum level observed, for time 7- is equal to 
the integrated energy in the actual noise whose 
instantaneous noise level is L. Then 

7 x lQL-nax~‘O = 
s 

10L’10 dt 
-00 

The duration allowance, A, expressed in decibels, is defined 
as the ratio of 7 to an arbitrarily Chosen reference duration, 
7 ref seconds : 

A= 10loglo W&f) 

When applied to the calculation of effective perceived noise 
level, the Symbol L above is understood to refer to 
perceived noise levet, L, NI or tone-corrected perceived 
noise Ievel, LTPN, as appropriate. For other purposes 
(see 5.2), it m ay refer to a weighted Sound level. 

4.2.3.3 REFERENCE DURATION 

4.2.3 Calcula tion of effec tive perceived noise level 

4.2.3.1 DEFINITION 

NOISE LEVEL 

OF EFFECTIVE PERCEIVED 

The total subjective effect of an aircraft flyover depends 
not only on the maximum tone-corrected perceived noise 
level, L TPNmaxl but also on the Variation of the noise with 
time. 

To take into account the influence of time, the effective 
perceived noise level, L EPN, is defined by the equation 

1 
+-J 

L EPN = 10 iOg,,~~ 10LTPN’10 dt 
0 -00 

where LTPN 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 T, = IO s. 

For the calculation of effective perceived noise level, the 
value of 7,,f in the expression for the duration allowance 
is taken, by convention, to be IO s. 

NOTE - For other purposes a different reference duration is 
recommended (See, for example, 5.2.1 b)). 

4.2.3.4 PRACTICAL 

ALLOWANCE 

DEFINITION OF DU RATION 

a) For practical purposes, LTPN may be integrated over 
the total time-intervai t2 - t, during which the 
instantaneous value of L-r-p, is within a specified value 
(not less than IO dß) of the maximum value LTpNmax. 

NOTE - The time-interval t2 - tl shall be taken as the 
total time between the instants tl, when the noise level 
(for a Single event) first rises to the specified level (for 
example LTpNmax - lOdB)t and t2, 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 pressu re. 
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The equivalent duration, T’, is then given, in seconds, 
by the formula 

‘1 

7’ x j()LTPNmax/lo = 
s 

IQ LTPNIIO dt 

t2 

and th e prac tical duration allowance, ALN, in decibels, 
by the formu Ia 

ALN = IO loglo b’hr,,) 

where 7ref is equal to IO s, as stated in 4.2.3.3. 

b) When the noise level is described by values of LTPN 
over sufficiently small intervals sf time, At (not more 
than 0,5 s), the equivalent duration, T”, is given, in 
seconds, by the formula 

7” x l()LTPNmax/lo = At x 2 ~@-TPN~/IO 

k 

where LTpNk is the value of LTPN for the kth time- 
interval during which LTPN is greater than the minimum 
value being considered. The duration allowance, AFN, is 
then given, in decibels, by the formula 

A;N = 10 loglo (T”/Tref) 

where 7 ref is equal to 10 s. 

NOTE - The summation may alternatively be performed for 
values of At corresponding to discrete intervals (not greater than 
0,5 dB) of LTPN. 

4.3 Data normalization 

Differentes between the test conditions (under which the 
noise was measured) and the reference conditions (for 
which the results are required) require that “adjustments” 
be made to the levels used for arriving at the 6 EP N figures 
for four different effects : 

a) Differentes in the Sound attenuation coefficients in 
air (in excess of that due to spherical divergente) and 
hence in the attenuation of the noise. 

Values of attenuation coefficients at various values of 
atmospheric temperature and humidity and 
meteorological measurements to utilize these values, 
are given in annex A. 

NOTE - With the limitation imposed on the test conditions by 
4.1.2.2, the adjustment for differentes 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 
IOOm. 

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

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) Differentes in the Speed sf the aircraft over the 
measurement Point and hence in the duration sf the 
noise (inversely proportional to the Speed). 

d) Differentes in the noise emitted at its Source at the 
aircraft. 

Appropriate ” adjustments’ 
manufacturer’s information 

’ shall be applied based on 

NOTE - When the Sound being measured arrives at an angle of 
less than IO” to the ground surface, ground proximity effects 
are difficult to quantify. Procedures for normalization of the 
data are not provided for such cases. 

4.4 Data reporting 

4.4.1 Full particulars of the test condi 
all the tests shall be reported, including 

tions and results of 

a) the relevant atmospheric conditions (the wind to be 
reported in terms of maximum, minimum and average 
Speeds and direction); 

b) comm ents on local topography, ground cover and 
events wh ich migh t have interfered with noise readi w; 

c) the aircraft configuration (such as wing-flap and 
landing gear positions), the relevant flight procedure and 
operating conditions (including the use of Systems 
influencing engine power), and readings of the aircraft 
Position over the relevant time period; 

d) details of equipment used for flight path measure- 
ment and n oise measurement and analysis; 

e) the acoustical readings taken, the ’ ‘adjustments” to 
be applied to these readings, and the adjusted figures. 

4.4.2 Sufficient tests shall have been made at each 
operating condition to establish the statistical consistency 
of the results. 

The normalized effective perceived noise level obtained at 
each operating condition shall be averaged arithmetically. 
Such average results tan be expected to have a 90 % 
confidence interval not exceeding t 1 dB established 
statistically from six tests. The confidence interval for the 
mean value of a set of measurements tan 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 tost. 
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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 res&, the data cannot in general be 
normalized for variations in atmospheric conditions, and 
tan 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 
noise dominates the environment and also where it is 
assessed as one amongst all other noises. 

5.1 Qata acquisition 

To provide the necessary information on the noise 
produced by the aircraft at the Observation Point, the 
equipment and methods specified in this sub-clause shall 
be used. 

5.1.1 Equipmen t to be used where 
level of the noise events is required 

only the maximum 

A Sound level meter shall be used with an omnidirectional 
microphone which camplies with EC Publication 179, with 
dynamic characteristics designated “slow”, with either 
D-weighting 1) or A-weighting as required, (see 5.2), 
including any insertion losses produced by wind-shields or 
other protective enclosures round the microphone. 

In special cases, for example low flying aircraft at high 
Speed, the “fast” dynamic characteristics may be necessary 
to obtain a more representative measurement. 

NOTES 

1 For microphones used for continuously monitoring noise levels 
from aircraft operations, the effect of the above-mentioned 
enclosures may be such that the requirements of IEC Publication 
179 on the directionality of the microphone are not completely 
met. The ensuing loss of accuracy tan be considered acceptable for 
this purpose if the sensitivity of the microphone to plane Sound 
waves arriving from any direction within 45” of the axis of 
calibration does not differ by more than 1 dB below 1 000 Hz, 2 dB 
between 1 000 and 4 000 Hz, and 4 dB from 4 000 to 11 200 Hz, 
from the sensitivity to plane Sound waves arriving along other 
directions within the same 45”. 

2 Other equ ivalant 
same char .acteristics. 

equipment may be used if complying with the 

5.1.2 Equipmen t to be used where 
over a period of time is also required 

the Variation o f 

A recording device shall be used. lts characteristics shall be 
such that the recorded values of weighted Sound level as a 
function of time are within 2 d8 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. 

5.13 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 nominal 124 dB and 250 Hz 
is generally used for this purpose. In the case of remote or 
inaccessible locations of microphones, a calibrated Sound Source 
may be provided at the microphone instead. 

5.1.4 Test en vironmen t 

The idealized test environment is an unobstructed 
hemisphere over a flat and totally reflecting ground surface, 
without excessive attenuation from anomalous atmospheric 
conditions and with no background noise. 

NOTE - For the continuous monitoring of noise Ievels from aircraft 
operations, these environmental requirements will often not be met. 
lt must then be recognized that the scatter in the measured figures 
may be rather large (sec 5.4.3). 

In the actual test conditions, the deviations from this 
idealized environment should desirably not Cause more than 
Q,5 dB differente in the final result. This requirement 
demands at least the following conditions : 

5.1.4.1 Locations for measuring noise from an aircraft in 
flight shall be surrounded by relatively flat terrain having 
no excessive Sound absorption characteristics such as might 
be caused by thick, matted or tall grass, shrubs, or wooded 
areas. No obstructions which significantly influence the 
Sound field from the aircrart 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 80” from this axis. 

NOTES 

1 Those wwl e ca rrying out the 
consti tu te such obst ructions. 

measurements could themse Ives 

2 The microphone support should be so designed as to exert 
minimum 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 aircraft noise. No reflecting surfaces other than the 
ground shall be near enough to the Sound path to influence 
the results. 

1) See IEC Publication 537. 
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5.1.4.2 
followi 

The atmosphe 
g requirements 

rit conditions shall comply with the 

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 IO 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 
after the tests and analysed in the same way, and reported 
by the same measures, as for the aircraft noise. Measure- 
ments of aircraft noise shall be considered reliable only 
when the measured maximum noise level of the aircraft 
exceeds these background noise levels by at least 20 dB. 

5.2 Data processing 

The methods of measurement specified in 5.1 provide 
values of noise level for each noise event measured. To 
provide the values on the appropriate scales characterizing 
each noise event measured and the noise exposure from a 
succession of events,. the procedures in this sub-clause 
shall be used. 

Where aircraft noise dominates the environment, the 
appropriate measures of noise are normally approximations 
to LpN and L EPN (see 4.2.2) for characterizing a noise 
level and exposure level respectively of a Single event, and 
to eqUiVaknt perceived noise level LPNeq for characterizing 
noise exposure in terms of equivalent Sound level from a 
succession of events as described below. 

NOTE - However, in certa 
ISO 19991, measures based on 

particu lar cases 
A should be used. 

(See for example 

Where aircraft noise is assessed as one amongst all other 
noises, the appropriate measures are f!.A as recommended 
in lSO/R 1996 together with an A-weighted Single-event 
exposure level, L Ax , analogous to k E PN for characterizing 
a Single event, and equivalent A-weighted Sound level, L,,, 
for characterizing noise exposure for a succession of events. 
Equivalent A-weighted Sound level over a time-period, T, is 
defined as 

1 7- 
I 

L w = IO log,o 
s 

10L~“O dt 
T 0 

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

5.2.1 Procedures for caßculation of kE PN (approx.) 
and LA, 

4 Procedure for L EpN (approx.) 

Approximate values of effective perceived noise level tan be 
obtained from an approximate maximum value of perceived 
noise level, LpN (approx.), ax and an appropriate duration 
allowance. L&approx.),,)( is obtained from the 
maximum value of D-weighted Sound level’ ), L-b,,., by 
the addition of 7 d5. 

NOTE - The addition o f a tone correction 
possible by the procedu res of this su b-clause. 

as in 4.2.2.3 is not 

LEPN hwox-) is then obtained by adding to 
L P N (aPProx-)m ax a duration allowance, &, defined 
basically as in 4.2.3.2, and given, in decibels, by the formula 

A PN = 10 log,, (7/7,,f) 

where 

t, -1 
7=- 

2 

7 ref = 10 s, as defined in 4.2.3.2 and 4.2.3.3; 

t2 - t, is the time-interval between the first and last 
instants at which the D-weighted Sound level is within 
10 dß of the maximum value, LDmax, as derived from 
the recording device. 

NOTE - The formula for APN is based on an assumed shape of the 

LD versus time curve, such that the equivalent duration is 
sufficiently approximated by 

Procedure for LAX 

Values of single-event exposure level, LAX, tan be obtained 
from the maximum value of A-weighted Sound level, 
L Amag, and an appropriate duration allowance. The value 
of L Amax is obtained directly from the measurements. 
LAX is obtained by adding to LAmax a duration allowance, 
AA, defined basically as in 4.2.3.2, and given, in decibels, 
by the formula 

NOTE - These measures may not adequately account for the 
su bjective effect of a strongly impulsive characteristic of a noise. AA = 10 log,0 tT1’ref) 

1) See I EC Publication 537. 
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t2 -h 7 
7 =- ref = 1 s for L,,; 

2 
LAXk is the A-weighted Single event noise exposure level 

7 ref = 1 s; for the kth event; 

t2 - t, is the time-interval between the first and last 
instants at which the A-weighted Sound level is within 

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

10 dB of the maximum value, LAmax, as derived from 
the recording device. 

NOTE - This expression for Leq is equivalent to that given in 
iSO/R 1996. The actual expression for Leq given in ISO/R 1996 

NOTES 
may be used where LA is evaluated in various class intervals. The 
corresponding expression for LPNeq may also be used where LPN 

1 The formula for AA is based on an assumed shape of the LA 
versus time curve, such that the equivalent duration is sufficiently * 
approximated by 

is evaluated in various class intervals. 

t2 - t1 TZ- 
2 

5.3 Qata normalization 

Except for purposes such as monitoring (see 5.4.3), 
2 The choice of 1 s, the unit of time, for the reference duration 
in this sub-clause is dictated by considerations of compatibility 
between the definition of the quantity LAX and corresponding 
physical quantities which are in current use for describing total 
noise exposu re, based on A-weighted Sound level, and for 
quantities related there to such as L,, (sec 5.2.2). 

differentes between the test conditions (under which the 
noise was measured) and the reference conditions (for 
which the results are required) require that adjustments be 
made to the LEpN or Lp,, values for the four different 
effects described in 4.3 : 

The quantities LPNeq and Leq are defined as the 

5.2.2 

continuous 

Procedures for calcula tion of L p N e q and L e q 

values of the quantities LPN and LA 
respectively for which the integrated energyl) is equal to 
the total integrated energy from the succession of events 
occurring in the period of time under consideration. From 
the definitions in 4.2.3.2 and 5.2.1 b), it may be seen that 
the “effective” levels L E p N and LAX are such that they are 
the levels of a constant Sound for periods of 10 s and 1 s 
respectively at which the integrated energies are equal. 

analysis data are not available. The consistency of the 

a) Differentes in the Sound attenuation coefficients in 
air cannot, however, be allowed for since the l/3 octave 

normalized results will nevertheless be quite high (see 
5.4.2) if restrictions are imposed on the test conditions 
in respect of the permissible variations sf air 
temperature and humidity to keep the corresponding 
Variation in the absorption coefficient small. 

For example, limitation of air temperature and humidity 
in such a way that the relative humidity has a value 
which is always above and to the right of a straight line 
connecting Points in figure 1 representing 70 % relative 
humidity at IO “C and 30 % at 30 “C. If measurements 
are made outside these conditions, the consistency of 
the results will be reduced (see 5.4.3) unless a 1/3 octave 

NOTE - L~N and LA may be obtained from the procedures of 
clause 4 or from those of clause 5. 

a) Procedure for LpNeq 

The value of LPNeq is obtained from the expression analysis is made as in 4.1. 

L PNeq - IO log,, [(-iref/T) xc 10LEPNk”O] b) Differentes in the path distance travelled by the 

k noise tan be allowed for only by means of an inverse- 
Square adjustment for its attenuation by spherical 

where divergente and a directly proportional adjustment for its 
duration. Information on the shortest distance between 
the aircraft flight path and the Observation Point must 
therefore be recorded. The consistency of the 
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 -4 10 % of the reference 
d istance. 

7 ref = 10 s for LPNeq; 

L E PN k is the effective perceived noise level for the kth 
event; 

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

b) Procedure for L,, 

The value of L,, is obtained from the expression 
c) Differentes in the Speed of the aircraft over the 
measuring Point and hence in the duration of the noise 

L eq = IO log,o [(ljreflT) x C 10L~~k”o] 
k 

(inversely proportional to the Speed) shall be allowed for 
where the data are available. 

1) The term “energy ” is used here I oosely to mean a quantity proportional to the Square of Sound pressu re. 
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d) Differentes in the noise emitted at its Source at the 
aircraft shall be allowed for if manufacturers’ data are 
available. 

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 is required. Guidance regarding some 
applications is given below. NOTE - When the Sound being measured arrives at an angle of 

less than IO” to the ground surface, ground proximity effects 
are difficult to quantify. Procedures for normaiization of the 
data are not provided for such cases. 6.1 Poise certification of aircraft 

5.4 Data reporting 
The procedures of clause 4 should be used. In addition, 
methods should be defined for measurement of the aircraft 

5.4.1 Full particulars of the test conditions and resuits of 
all the tests shall be reported, including 

flight path to the necessary degree of accuracy. Reference 
aircraft operating conditions, noise measurement Points, 
and reference atmospheric conditions should all be defined 

a) the relevant atmospheric conditions (the wind to be 
reported in terms of maximum, minimum and average 
Speeds and direction); 

for the no 
permitted v 

rmal i zatio n process, and lim its placed 
rom those during th e tests. 

on the 
ariat ons f 

NOTE - In some cases, reduction in tost or complexity of 
instrumentation may be desired, or a Iower level of reproducibility 
of the results may be adequate. The procedures of clause 5 may 
then be used with the microphone height and orientation as 
specified in 4.1.1. 

b) comm ents on 
eve nts wh ich migh 

ocal tww-why, CP-0 
have interfered w ith 

und c over and 
ings; read t noise 

c) the aircraft configuration (such as wing-flap and 
landing gear positions), the relevant flight procedure and 
operating conditions (including the use of Systems 
influencing engine power), and the shortest distance 
between the aircraft flight path and the Observation 
Point; 

6.2 Measurement of the noise from individual aircraft 
around an airport 

The procedures of clause 5 should be used as applicable, 
with the results expressed either as LpN(approx.),,, 
and L Amax Or as L EpN(approx-) and LAX. 

NOTES 

4 
me 

detail 
nt and 

s of equipment used for flight path 
noise measurement and analysis; 

measure- 

e) th e acoustic al readings taken, the “adjustments” 
to be appl ied to these readings, and the adjusted figures. 

1 Any data available from more soph istica 
those of clause 4 may of course also be used. 

ted methods such as 

2 When the procedu res of this cl ause are used for the continuous 
m onitori ng of aircraft noise, note 1 of 5.1 .l applies. 

5.4.2 For the characterization of a Single event, repeated 
tests shall be made and the normalized results averaged 
arithmetically. Where the measurements were made within 
the Iimitations specified in 5.3, such average results tan be 
expected to have a 90 % confidence limit not exceeding 
+ 3 dB established statistically from four tests. The 
confidence interval for the mean value of a set of measure- 
ments tan be computed from the Standard deviation of the 
measured values, as a function of the number of measure- 
ments, from table 16 in annex D. 

6.3 Measu 
aircraft 

remen t of exposu re a succession of 

The procedures of clause 5 should be used to obtain the 
noise characteristics sf each aircraft concerned, with the 
results expressed as L,,,Japprox.) or LAX at each 
measurement Point. 

NOTE - Any data availabl e from more sophis 
as those of clause 4 may of cou rse also be used. 

ticated methods such 

5.4.3 Where the measurements were made outside those 
Iimitations, or where repeated measurements are made 
such as for monitoring purposes, an appropriate statistical 
description shall be provided of the distribution of the 
observed noise levels, not normalized. 

6 APPLICATIONS TO SPECIFIC PURPOSES 

For the estimation of exposure at other Points and under 
other atmospheric conditions, differentes in attenuation 
and duration and of the Source noise from the individual 
aircraft should be allowed for by methods which are not 
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 LPNeq 
or Leq. 

Esch 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. 

NOTE - It is outside the scope of this International Standard to 
discuss adjustments to Lf3Neq or Leq for time of day, seasonal 
factors, etc., such as are discussed in ISO/R 1996. 

10 
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ANNEX A 

SOUND ATTENUATION IN AIR 

da.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. lt 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) for the 1/3 octave bands with mid-frequencies above 4 000 Hz, at the lower limit of these frequency bands. 

These conditions have been Chosen because they give the best agreement between the laboratory data and field measurements 
of aircraft noise. The typical spectrum shape of this noise slopes down rapidly with frequency in the higher bands, so that the 
Sound pressure level in each of these bands is controlled by the energy at the Iower end of the band. 

A.2 The attenuation coefficient, a, was measured in the absence of precipitation over the range of temperature from 2 to 
30 “C and of relative humidity from 30 to 90 %. lt is given, in decibels per 100 m, by the formula 

cY= 10[2,05 loglo (fO/l 000) + 1,139 4 X10-3 XO - 1,916 984]+ 

+rl(&) x lo[loglo (f,) + 8,429 94 X10-3 Xe - 2,755 6241 

where 

- x lo(ioglo RH 1,328 924 + 3,179 768 XIO- 2 Xe - 2,173 716 X10s4 Xe2 + 1,749 6 x10e6 xe3). 
f 

q(6) is given by table 1; 

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

8 is the temperature, in degrees Celsius; 

RH is the relative humidity. 

A.3 The formula in clause A.2 is convenient for calculation by means of a Computer. For use in other cases, numerical values 
determined from the formula are given in tables 3 to 12, temperatures in the range - IO “C to i- 40 “C at intervals of 5 ‘C, 
and for relative humidities in the range 10 % to 100 % at intervals of 10 %. 

These values of temperature and humidity should be taken to be those measured at a height of IO m. 

NOTE - The tables are extended to temperatures and relative humidities beyond the nominal range of validity of the formula. 

1) Aerospace Recommended Practice 866, Standard values of atmospheric absorption as a function of temperature and humidity for use in 

eva luating aircraft flyover noise. Society of Automotive Engineers, I nc., 400 Commonwealth Drive, Warrendale, PA 15096, U .S.A. 

11 
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TABLE 1 - Values of q (6 1 

6 q(6) 

0,oo 0,000 

0,25 0,315 

0,50 0,700 

0,60 0,840 

0,70 0,930 

O,%O 0,975 

0,90 0,996 

1 ,oo 1,000 

1 ,IO 0,970 

1,2Q 0,900 

1,30 0,840 

1,50 0,750 

1 ,Je9 0,670 

2,QQ 0,570 

2,30 8,495 

2,50 

2,80 

3,QQ 

3,3Q 

3,60 

4,15 

4,45 

4,80 

5,25 

5,7Q 

6,Q5 

658 

7,C.m 

1 o*oo 

A fm-m of quadratic interpolation sh& be used whe ‘e necessary . 

TABLE 2 - Vahes of Jn v 

50 

63 

80 

100 

125 

160 

200 

250 

315 

400 

500 

630 

---~ 
HZ 

5Q 

63 

80 

100 

125 

160 

200 

250 

315 

400 

500 

630 

0,450 

0,400 

0,378 

0,330 

0,308 

0,260 

0,245 

0,230 

0,220 

0,218 

Q,2Q5 

0,200 

0,200 

8,280 

Centre f requency 
of %he 1/3 oc8ave 

band 

HZ 

800 

1 880 

1 250 

1 608 

2 QOQ 

2 500 

3 150 

4 000 

5 000 

6 308 

8 008 

IO OOQ 

$00 

1 800 

1 250 

1 600 

2 000 

2 588 

3 150 

4 000 

4 508 

5 600 

7 108 

9 QQQ 
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TABLE 3 - Sound attenuation coefficient in dB/lOO m for 1/3 octave band analysis 

TABLE 4 - Sound attenuation coefficient in dB/lOO m for 1/3 octave band analysis 

Band centre 
f requency 

Hz 

50 
63 
80 

100 
125 

160 
200 
250 
315 
400 
500 
630 
800 

1 000 
1 250 
1 600 
2 000 
2 500 
3 150 
4 000 
5 000 
6 300 
8 000 

IO 000 
12 500 

- IO -5 0 5 

ao Q,Q Q,O Q,O 
QJ Q,O O,Q 60 
QJ Q,l Q,Q ao 
QJ Q,l 011 O,Q 
02 QJ Qrl QJ 
02 02 61 QJ 
0,3 02 02 QJ 
0,4 0,3 0,3 02 
O,4 0,5 0,4 0,3 
0,5 03 0,5 O,4 
W 03 0,7 0,6 
0,7 1 ,o 1 ,Q 023 
023 12 1,4 12 
03 1,4 13 lt6 
03 lt6 22 22 
IJ 1 ,g 2,7 3J 
12 m 32 39 
1,3 2,3 3,7 43 
L5 23 42 60 
1*7 23 4,8 72 
1 ,g 3J 5J 73 
22 3,5 5,7 w 
2,7 4J 63 IO,4 
3,3 49 7,5 11,8 
4J 59 68 13,4 

Relative humidity = 20 % 

Temperature, o C 

10 15 20 

O,Q O,Q ao 
O,Q O,Q Q,O 
o,o Q,O O,Q 
o,o w QJ 
OJ Cl OJ 
QJ w w 
QJ w w 
02 QJ 081 
02 02 02 
0,3 0,3 02 
0,5 0,4 O,3 
QJ O,5 0,4 
09 0,7 W 
1,3 1 ,Q W3 
1‘8 1,5 12 
2,6 Zl 1,7 
36 3,o 2,5 
5,o 42 3,5 
68 5,S 49 
S,7 82 7J 
93 %7 8,4 

12,0 13‘3 11,5 
14,8 17,4 16,2 
17,7 22,0 23,l 
20,5 27,l 30,6 

25 30 35 40 

w Q,Q Q,O Q,O 
QrQ O,Q Q,Q O,Q 
Q,O OJ 61 OJ 
QJ QJ w O,l 
OJ QJ QJ O,l 
QJ O,l OJ 61 
w QJ w 02 
w 02 02 02 
02 02 02 02 
02 0,3 0,3 0,3 
0,3 0,3 0,3 0,4 
0,4 0,4 0,4 O,5 
0,5 0,5 66 05 
0,7 0,7 0,7 03 
1 ,Q 09 03 1 ,o 
1,4 12 12 1,3 
2,o 1*7 1,5 lt6 
23 2,3 2,o 29 
4,o 3,3 23 2,7 
59 43 4,o 36 
7,o 59 4,S 42 
93 82 68 5x3 

14,l 12,0 IO,0 8,3 
20,l 17,2 14,5 12,l 
27,5 24,2 20,6 17,4 
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TABLE 5 - Sound attenuation coefficient in dB/100 m kor 1/3 sctave band analysis 

Relative humidity = 30 76 

Temperature, “C ~--- 
20 -w 
Q,Q 
Q,Q 
09 
Q,l 

Q,l 
Q,l 

OJ 
QJ 
Q,2 

02 
Q,3 
0,3 
0,4 
c l,6 

W3 
l ,l 
15 
2,2 
3,3 
47 
5:; 
8,Q 

"BI,5 
a 6,6 

26,6 j 23#0 
_I_;__L-y 

25 
-u_ 

Q,Q 
QrQ 
Q,Q 
0,l 

OJ 
QJ 
Qrl 
Q,l 

02 
Q2 
Qr3 
Q,4 
$5 
Q,6 
0,7 

%,O 
1,4 
1;9 
2,6 
3,8 
4,6 
6,EB 

92 
mg 
U9,6 

-- 

--~ 
30 

Q,Q 
Q,Q 
QJ 
Q,l 

QJ 
QJ 
Cl,1 

02 
Q2 
Q,3 
Q,3 

Qr4 
Qp5 
Qr6 
Qp8 
1 #Q 
1.03 
1 ,a 
2 ,.3 
3,3 
3,9 
54 
79 

l-l:6 
16,4 

-- 
40 

QrQ 
Q”O 
Qtl 
OJ 
QJ 
QJ 
02 
Qt2 
4x2 
Q,3 
0,Y 
Q,5 
Q#6 
Q,$ 

190 
lt3 
1 ,f3 
ZQ 
2,s 
3,3 
387 
4r7 
69 

$33 
12,l 

-- 

--- 
0 

Q,Q 
O,Q 
Q,Q 
Q,Q 
QJ 
03 
0,l 
Q,2 

02 
QJ4 
Q,5 

QJ 
1 rQ 
1 ,4 
1 ,9 
2,7 

3s 
4,4- 

55 
6,8 
7#4 
8,6 
9,9 

1 1,4 

~-_ 
5 

Q,Q 
Q,Q 
Q,Q 
Cl,.0 
0 J 
QJ 

QJ 
QJ 
62 
Q,3 
084 
015 

Qr8 
1 ,z 
-In6 
2,2 

3J 
$2 

52 
7,9 
9,Q 

4 ‘i i* 1 
‘j --j 9 1 d,. 
16,s 

2G,O 
--- 

-~ 
15 

O,Q 
Q,O 
Q,O 
e,o 

OJ 
QJ 
QJ 
QJ 
QJ 
02 
c3 
Q,3 

03 
Dt7 
Q,9 

Ir4 
20 
28 

4,o 
Ei,% 
6,.9 
9,E 

‘3 3,6 
in -7 

- IO 
Q,O 
O,Q 
QJ 
QJ 
QJ 
02 
w 
Q,3 
Qr4 
Q,6 
QJ 
Q,g 
IJ 
L3 
L5 
'g ‘7 
13 
Zl 
23 
2,6 
23 
3,2 

3,8 
45 
505 

35 

Q,Q 
0,Q 

QJ 
QJ 
QJ 
0,l 

QJ 
Q2 
Q,2 

Q,3 
093 
Qr4 
0,6 

QJ 
Q,9 

IJ 
1 ,4 
13 
2,3 

3J 
3,6 
4,8 
63 
%7 

13,8 

Q,Q 
Q,Q 
Q,Q 
QJ 
QJ 
QJ 
Q2 
02 
Qr3 
Q,5 
4i,6 
Qtcf 
lt3 
1‘6 
2,Q 

25 
3,Q 
3r5 
4,o 
4#5 
43 
5,3 
6,l 
7J 

IO -- 
Q,Q 
Q,Q 
Q,Q 
%Q 
w 
Q,% 
QJ 
0,l 

Q2 
02 
0,3 

Q/J 
Cl,6 
B,J 
1 ,2 

-IB 
2,s 
3,s 
4,9 
6,9 
$;2 

3 %>.3 
‘!5,6 
‘3f-j * Ld#S 
,-*i-- -7 LL3 . . 4 

EIM.-pY-~-~-,.s 

r3, H 

TABLE 6 - Sound attewuetim coeffieient in dB/~ m for 183 sctawe band ana8ysis 
---.-m_D_~“-~~-~ 

Reiakiwe ~~midit~ = 48 0x3 Band centre 
frequency 

--~ 
HZ 

50 
63 
80 

100 
125 
160 
200 
258 
315 
400 
506 
630 
800 

1 000 
4 250 
1 600 
2 000 
2 500 
3 150 
4 000 
5 000 
6 300 
8 000 

10 000 
12500 

Temperaau we, O c -_.- 
35 --a---x- 
Q,Q 
Q,Q 

Q,Q 
Q,Q 
f-Jr 

;;; 
(9 -J il$ Y 
Cl1 
Q,? 
c 13 

u:L 

Qc3 
Cl,4 

Q3 
Q,P 
? ,Q 
1,s 
2,l 
3,o 

4,3 
5,2 
7,3 

1 Q,6 
15,2 
21,2 

-- 

_--~-- 
25 -&n., B z,,s,nz- 
Q,Q 
Q,O 
Q,O 
Cl,? 

QJ 
QJ 
Cl,3 
u, 3 
0,2 
Q,2 

@3 
Q,4 

Q,5 
Q,6 

Q,7 
03 
12 
jr6 
2,1 

3B 
395 
43 
7,l 

IQ,5 
14,9 

-I_.-- 
5 

---.- 
Q,Q 

OB 
Q,Q 
Q,Q 
Q,Q 

c, 1 'B 
;'2. p 
;;,] 

Q‘ 1 

Q,2 
Q,3 

Os4 
Cl,6 
Q,8 

-a 2 
1 ,7 
e34 
3,3 
4,? 

65 
?,7 

1 Q,7 
14,4 
18,4 
22,9 

_--._~ 
NI 

--- 
0,o 

Q,O 

QrO 

0 $3 
6 9 4, h 

Cl,? 
.z 7 J 1 

QJ 

O,% 

O,h 

Q,2 

0,3 
fl,4 

016 

Q,9 

‘i $3 

1,9 

2,6 

3,8 
5,4 

65 

%Q 

12,6 
17,8 
24,7 

‘-[ 

-l- 
I 
1 
i 
I 
/ 
/ l 
I 
l 
1 

j 
l 
I 

l 
r 

j 
I 
I 
I 

i 

~- --- 
28 -s-z- 
Q,Q 

QtQ 
Cl,0 
3.. 1 
Q:E 
Cl,? 
T-. 8: i: ,. r 
8 ,, a 
Cl,2 
0,2 
a,3 
0.3 
Cl,4 
Q,5 
0,7 
Q,9 
‘ii ,2 
i,7 
2,4- 

385 
4,2 
6,Q 
8,7 

12,7 
17,8 

--_ ---_ 
0 -7- 

Q,Q 
Q,Q 
Q"Q 

Q,O 
Q,Q 

QJ 
Cl,? 
Q,l 
0,2 

083 
094 
Q,5 
W3 
1 J 
15 
27 
2.9 

4J 
5,6 

7,2 
8,1 

IO,8 
12,3 
14,8 
17,2 

-l- 
i 

7 

1 
I 
t 
I 
l 
! 

1 ! 
/ 
1 
1 

I 
I 

1 

40 -m 
Q,Q 
QPQ 
OJ 
QJ 
QJ 
QJ 
02 
Q,2 
Q:2 

Q,3 
Qc4 
6-6,5 
05 
Q,8 
1 ,Q 
Ir3 
1,6 
zo 
23 
3,3 
3#7 
4,7 
62 
$81 

IQ,6 

30 --- 
Q,Q 
Q,Q 
QJ 
01 I 
Q,l 
On1 
f&3 
0,2 
Q,2 
0,3 
0 %3 
0,4 

03 
Q,G 
Qr8 
1 ,Q 
3,3 
J ,7 
2,l 

23 
303 
4t4 
61 
83 

12,4 

35 
I-P 

QrQ 
Q,Q 
Q,i 
QJ 
0,l 

QJ 
QJ 
02 
Q2 
R3 
Q,3 
Q,4 
Q,6 
Q*7 
Q,9 
IJ 
lt4 
13 
2,3 
3,Q 
3,4 
4,3 
5,8 
8J 

IO,9 

- 18 -- 
O,Q 
Q,Q 
Q,Q 
QJ 
OJ 
QJ 
o,e 
0,” 
0,3 

Q3 
QA 
Qr9 
1.2 
1,4 
12 
2,l 

25 
23 
3,2 
3s 
3,8 
4,3 
5,Q 
58 
63 

-- 5 -v 
Q,Q 
QPQ 
OB 
Q,Q 
QJ 
Q,i 
@,l 
02 
82 
Qf4 
05 
QJ 
1 ,Q 
Ir4 
12 
25 
32 
4,Q 
43 
59 
63 
7,2 
8,3 
93 

IO,9 

14 
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ISO 38914978 (E) 

TABLE 7 - Sound attenuation coefficient in dB/lOO m for 1/3 octave band analysis 

Band centre 
frequency 

HZ 

50 

Relative humidity = 50 % 

Temperature, o C 

IO 15 20 

O,Q CO o,o 

TABLE 8 - Sound attenuation coefficient in dB/lOO m for 1/3 octave band analysis 

Band centre 
f requency 

Hz 

50 
63 
80 

100 
125 
160 
200 

250 
315 
400 
500 
630 
800 

1 000 
1 250 
1 600 
2 000 
2 500 
3 150 
4 000 
5 000 
6 300 
8 000 

IO 000 
12 500 

- 10 -5 0 5 

Q,Q QtQ O,Q Q,Q 
Q,Q Q,O O,Q O,Q 
Q,Q Q,Q Q,Q ao 
Q,O Q,O Q,Q 010 
QJ Q,Q QrQ Q,Q 
QJ OJ QJ QJ 
w QJ QJ QJ 

02 QJ QJ O,l 
02 02 QJ QJ 
0,3 02 02 02 
0,5 0,3 02 02 
W 0,5 0,3 O,3 
03 0,7 0,5 0,4 
12 1 ,Q 6,7 0,5 
L7 1,3 1 ,Q 0,7 
2,3 13 1,5 L1 
23 25 Zl Ir6 
3,6 3,6 23 22 
4,4 5,o 4,1 3,2 
5,3 66 5,7 4,6 
58 7,4 68 5,5 
6,6 92 93 7,7 
7,6 11,4 13,o IO,9 
8,7 13,8 16,9 15,3 

IO,0 16,l 21,l 21,2 

Relative humidity = 60 % 

Temperature, “C 

10 15 20 

Q,O Q,Q O,Q 
O,Q Q,O Q,Q 
Q,Q Q,O Q,O 
Q,Q Q,O w 
QJ QJ QJ 
Q,l Q,l QJ 
QJ QJ OJ 
QJ QJ QJ 
QJ w 02 
02 02 02 
02 02 0,3 
0,3 0,3 Q3 
0,4 0,4 0,4 
OP5 0,5 0,5 
W 0,6 O,7 
09 W3 03 
12 IJ 1 J 
1,7 1,4 1,4 
25 2s) 13 
3,6 23 2,5 
4,3 3,4 23 
61 49 4,o 
83 7,2 5,8 

12,8 IO,4 8,5 
18,0 14,8 12,2 

25 30 35 40 

Q,O O,Q QtQ Q,Q 
Q,Q Q,Q Q,Q O,Q 
Q,O QJ QJ OJ 
Q,l O,l QJ w 
QJ OJ QJ O,l 
QJ Q,l Qrl OJ 
QJ Q,l QJ 02 
Qtl 02 02 02 
02 02 02 02 
02 0,3 0,3 0,3 
0,3 0,3 0,3 0,4 
0,4 0,4 0,4 0,5 
0,5 0,5 W3 W 
W W 6,7 033 
0*7 W3 03 1 ,Q 
03 1 ,Q 13 1,3 
12 1,3 1,4 lt6 
1,5 1,7 133 2,o 
13 59 2,3 23 
2,5 2,7 3,o 3,3 
23 3,1 3,4 3,7 
3,S 4,O 4,3 4,7 
5,2 5,2 5,7 62 
7‘3 7,O 7,4 8J 

IO,2 93 %6 IO,5 

15 
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ISO 3891-1978 (E) 

TABLE 9 - Sound atteneration coefficient in dB/IOO m for IJ3 octave band analysis 

Relative humidity = 7Q % Band centre 

f requency ~- 
Hz 

50 
63 
80 

100 
125 
160 
200 
250 
315 
400 
500 
630 
800 

1 000 
1 250 
1 600 
2 OQO 
2 50 
3 150 
4 000 
5 000 
6 308 
8 008 

10 000 
12 500 

Temperature, 0 @ ~- 
15 -- 
Q,Q 
Q,O 
QrQ 
Q,Q 
QJ 
QJ 
QJ 
QJ 
OJ 
Q2 
w 
Or3 
Qr4 
Q,5 
Q,6 
W3 
1 ,Q 
1,3 
%,8 
23 
3,Q 

4,2 
6J 
9,Q 

l2,8 

_~ 
- IO 

Q,Q 
Q,O 
Q,Q 
Q,O 
O,Q 
OJ 
QJ 
QJ 
02 
Q,3 
Qr4 
Qr6 
Q,8 
1 ,l 

lt5 
Zl 
23 
3,7 
4,6 
5,7 
63 
7,5 
833 

1 Q,2 
11,6 

-- 
0 

Q,Q 
Q,Q 
Q,Q 
QrO 
Q#O 
QJ 
QJ 
QJ 
OJ 
02 
Q,2 

a3 
Q,4 
Q,6 
Q3 
12 
t8 
25 

3,s 
5,l 
610 
$12 

1 1,6 
16,4 
21.4 

~- 
5 

Q,Q 
Q,O 
QPQ 
Q,Q 
Q,Q 
QJ 
QJ 
Q,"E 
QJ 
0,2 

02 
Q,3 
004 
0,5 
Q,7 
0,9 
13 
L9 
2,7 
4,o 
4J 
66 
9,3 

I3,/ 
18,8 

-EI_- 
26 

O,Q 
Q,Q 
O,Q 
Q,% 
QJ 
OJ 
or2 
Q,2 
Q,2 

02 
Q,3 
013 
0,4 
8,’ 
QJ 
8,s 
1 1 
114 
1 ,8 
2,3 
2J 
3,6 
$1 
L4 

IQ,5 
,- 

Q,O 
o,o 
QJ 
Q,1 
QJ 
QJ 
0,l 
02 
02 
0x3 
R4 
Q,4 

W 
QJ 
Q,9 
1 ;a 
jr4 
1 B 
2,3 

3,O 
3,4 
4,3 
57 
7,4 
95 

30 

QrO 
Q*Q 
QJ 
Q,l 

QJ 
Q,% 
Cl,% 
Q,2 
Q,2 

c3 
Q,3 
Q,4 
Q,5 
QJ 

Q3 
1 rQ 
1,3 
1 ,7 
2 ,? 
z7 
3J 
4,o 
52 5 
6,$ 

9,Q 
.-- 

-5 

Q,Q 
ao 
ao 
QrQ 
O,Q 
OJ 
QJ 
QJ 
QJ 
Q,2 
Q,3 
Q,4 
Qr6 
03 
1 J 
1*7 
2,3 
32 
4,4 
6,3 
7,3 
93 

11,8 
14,8 
18,O 

10 
Q,O 
QtO 
O*Q 
030 
QJ 
Q,l 
QJ 
QJ 
w 
Q,2 
0,2 
Q,3 

034 
Q,4 
On6 
03 
1 n-0 
13 
2,l 
3, a 
3n-9 
5,‘2 
7,6 

ll,+! 
cic; 8 d# 7 

-- 

Q,Q 
O,Q 
QJ 
QJ 
QJ 
QJ 
Q2 
32 
02 
Qr3 
R4 
Q5 
0,6 

Qr8 
1 ,Q 
1,3 

1 k3 
29 
2,’ 
3,3 
3r-8 
4,7 
62 
8,1 

IO,5 

Q,Q 
Q,Q 
Q*Q 
QJ 
QJ 
w 
Q,l 
QJ 
Q,2 

02 
0,3 

Qr4 
05 
Q,6 
QJ 
LQ 
-u 
15 
13 
2,s 
2,9 

3,6 
4,9 
6,s 
92 P 

--- 

TA B LE IO - Sound attenuatian coefficient in dB 8 m fsr IV3 octave band anaiysis 

Relative humidity 1-1 $0 % Band centre 
frequency 

Hz 

50 
63 
80 

IQ0 
125 
160 
200 
250 
315 
400 
500 
630 
800 

‘B 000 
1 250 
a 600 
2 080 
2 500 
3 150 
4 000 
5 000 
6 300 
8 000 

IQ 000 
12 500 

Bern peratu re, 0 C ~- 
IO -- 
Q#Q 
Q,Q 
09 
O,Q 
QJ 
QJ 
QJ 
QJ 
QJ 
Q,2 
O,2 
Q,3 

Q,3 
Qt4 
Qd6 
Qn7 
1 ,Q 
123 
1 ,g 
2,7 
3,2 
4,6 
6,7 
93 

13,9 

~- 
2 

OrQ 
Q,Q 
Q,Q 
Q,l 
O,l 
OJ 
Cl"! 
QJ 
Q,2 
02 
0,3 
Q,3 

Qr4 
Q5 
@,7 
0,9 
l I 1 
1 ,4 

1 B 
2,3 
25 
3,4 
418 
67 
99 

- 10 

Q,Q 
Q,Q 
Q,Q 
Q,Q 
QrQ 
Qrl 
QJ 
QJ 
02 
w 
Q,3 
Q,5 
017 
1 tQ 
1,3 
13 
256 

3,6 
4*7 
59 
66 
81 
93 

11,5 
13,3 

-5 

Q,Q 
w 
Q,Q 
Q,Q 
Q,Q 
QJ 
QJ 
QJ 
QJ 
02 
Q2 
Q,3 
Qr5 
Q,7 
1 ,Q 
13 
20 
23 
4,Q 
56 
66 
9J 

12,o 
15,3 
18,9 

0 -- 
Q,Q 
Q,Q 
Q,Q 
Q,Q 
Q,Q 
QJ 
QJ 
Q,l 
OJ 
QJ 
fJc2 
Q,3 
Q,4 
05 
Q,7 
1 J 
1,5 

22 
3J 
4t5 
5,3 
7,4 

IQ,4 
14,8 
20,5 

5 -- 
Q,Q 
Q,Q 
Q,Q 
Q,Q 
Q,Q 
QJ 
Q,l 
0,l 
w 
082 
fJ2 
02 
Q,3 
Q,4 
W 
QJ8 
1 J 
1.86 
2,4 
3,4 
4x1 
59 
8,4 

12,2 
17,0 

45 

Q,Q 
Q#Q 
Q, 
Q,Q 
QJ 
6% 
6,l 
w 
Q,% 
432 
02 
On3 
Q,4 
03 
026 
Qt8 
100 
1,3 
1,7 
2,3 

z7 
3,7 
504 
7,8 

1 1,3 

25 

09 
Q,Q 
Q,Q 
QJ 
QJ 
QJ 
QJ 
QJ 
fJ2 
w 
Q,3 
Q,G 
Q,5 
Q#6 
QJ 
cg 
12 
1,5 
1.9 
2,5 
23 
3,6 
418 
64 
8,7 

30 

Q,Q 
Q,O 
Q,‘i 
QJ 
QJ 
0,l 
QJ 
02 
Q2 
0 ,3 
O,3 

Q,4 
Q3 
Q#6 
Cl,% 
1 ,o 
1,3 

1 r7 
Zl 
2,7 
3J 
4,Q 
52 
63 
89 

35 

Q,Q 
Q,Q 
Q,l 
w 
QJ 
QJ 
QJ 
062 
02 
Q,3 
Q,3 
Q,4 
0,6 
Q,7 
w 
111 
jr4 
13 
2,3 
3#0 
3,4 
4,3 
5,7 
7,4 
95 

40 

Q,Q 
Q,Q 
OJ 
QJ 
QJ 
0,l 
02 
0‘2 
e92 
Q,3 
084 
Q,5 
05 
QB 
1 ,Q 
lt3 
15 
ZQ 
215 
3,3 

3,7 
4‘7 
62 
8J 

IQ,5 

16 
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ISO 38914978 (E) 

TABLE 11 - Sound attenuation coefficient in dB/lOO m for l/3 octave band analysis 

Band centre 

frequency 

HZ 

50 
63 ’ 
80 

100 
125 
160 
200 

250 
315 
400 
500 
630 
800 

1 000 
1 250 
1 600 
2 000 
2 500 
3 150 
4 000 
5 000 
6 300 
8 000 

IO 000 
12 500 

- 10 -5 0 5 

03 ao ao w 

ao ao w CO 
ao ao ao 04 
ao ao ao o,o 
04 w ao w 
w w w OJ 
OJ w w O,l 

OJ w w w 

w w w OJ 

02 02 OJ 02 
0,3 02 02 02 
a4 or3 02 02 
OS a4 Ot3 0,3 
w W3 OP5 ot4 
12 03 0,6 0,5 
lt7 1‘3 03 0#7 
2,4 13 In3 1 ,o 

3,3 25 1 ,g Ir4 
4,6 35 23 Zl 
60 5J 4,o 3,o 

67 60 4,8 3,7 
83 8,3 67 52 

IO,4 11,7 93 7,6 
12,6 15,4 13,5 1 l,o 
14,8 19,4 18,6 15,4 

Relative humidity = 90 % 

Temperature, “C 

IO 15 20 

ao w w 

w 0 0 
w ao w 
ao ao w 
OJ w w 
w OJ OJ 
w OJ OJ 
O,l OJ OJ 
OJ OJ 02 
02 02 02 
02 02 0,3 
0,3 0,3 0,3 
0,3 Ot4 or4 
0,4 On5 0,5 
W3 W 0,7 
0,7 03 03 
03 1 ,o IJ 
12 lt3 Ir4 
lt7 1 rf3 1 k3 
2,4 22 z3 
22 Z6 2,6 
4,o 3,4 3,3 
60 43 4,5 
68 7J 6,3 

12,4 IO,1 8,7 

25 30 35 40 

ao w ao w 
60 ao 60 o,o 
w 61 OJ OJ 
w w OJ w 
w OJ w w 
w w w w 
61 w w 02 
61 02 02 02 
02 02 02 02 
02 0,3 0,3 0,3 
or3 0,3 O,3 0,4 

0,4 On4 ot4 OP5 

or5 or5 05 05 
OS OS 0,7 W3 
0,7 W3 03 1 ,o 
09 1 ,o 1 ,l lt3 

12 lt3 lt4 lt6 

lt5 1*7 lt8 2,o 
13 Tl 2,3 2,5 

2,5 z7 3,o 3,3 
23 3J 3,4 3,7 

3,6 4s) 4,3 4‘7 

4,8 52 5‘7 62 
6,3 68 7,4 61 
8,3 89 %6 IO,5 

TABLE 12 - Sound attenuation coefficient in dB/lOO m for 1/3 octave band analysis 

Band centre 
f requency 

HZ 

50 
63 
80 

100 
125 
160 
200 

250 
315 
400 
500 
630 
800 

1 000 
1 250 
1 600 
2 000 
2 500 
3 150 
4 000 
5 000 
6 300 
8 000 

IO 000 
12 500 

- IO -5 0 5 

w w w 08 

w 09 w 080 
0s o,o w o,o 
oro o,o 03 CO 
QO o,o o,o 09 
OJ O,l O,l w 
Ql Ql O,l O,l 

Ql O,l O,l w 
OJ w OJ O,l 

02 61 Ql 02 
0,3 02 02 02 
Q4 0,3 02 02 
05 09 0,3 0,3 
W3 W 0,4 09 
Ir1 W3 66 0,5 
13 12 W3 0,7 
22 15 12 03 
3,o z3 1‘7 Ir3 
42 3,3 z5 1 ,g 
59 4,7 3,6 2,7 
68 5,6 4,3 3,3 
8,5 7,6 60 4,7 

IO,7 IO,8 8,7 68 
13,3 15,l 12,5 IO,0 
16,O 19,5 17,2 14,o 

Relative humidity = 100 % 

Temperature, OC 

IO 15 20 

0 w o,o 

0 09 09 
w 09 04 
o,o w OJ 
w w O,l 
OJ Cl OJ 
OJ 011 O,l 

OJ OJ w 
w O,l 02 

02 02 02 
02 02 0,3 
03 0,3 0,3 
0,3 0,4 04 
09 0,5 0,5 
W W 0,7 
OJ 03 03 
03 1 ,o IJ 
12 lt3 19 
lt6 15 133 
22 Zl ~3 
2,6 2,4 2,6 
3‘7 3,3 3,3 
5,3 4,5 4,4 
72 6,5 60 

11,3 92 82 

25 30 35 40 

o,o 04 CO ao 

CO CO w 08 
w W OJ w 

O,l OJ OJ O,l 
OJ OJ w OJ 

O,l OJ w OJ 
O,l O,l OJ 02 
O,l 02 02 02 
02 02 02 02 
02 03 0,3 0,3 

0,3 0,3 0,3 0,4 

0,4 09 0,4 0,5 
0,5 0,5 0,6 W 
05 05 0,7 03 
0,7 023 w 1 ,o 
09 1 ,o IJ lt3 

12 lt3 lt4 15 
lt5 Ir7 13 2,o 
1 ,g Zl z3 23 
2,5 z7 3,o 3,3 

23 3J 3,4 3,7 
3,6 4,o 4,3 4,7 
4,8 52 5,7 62 
6,3 68 7,4 Cl 
82 83 W IO,5 
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