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Introduction 

The aim of this International Standard is to specify methods of calculating 
the attenuation of sound propagating outdoors in order to predict the level 
of environmental noise at distant locations from various sound sources. 

. . . 
III 
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Acoustics - Attenuation of sound during propagation 
outdoors - 

Part I: 
Calculation of the absorption of sound by the atmosphere 

1 Scope 

This part of IS0 9613 specifies an analytical method 
of calculating the attenuation of sound as a result of 
atmospheric absorption for a variety of meteorological 
conditions when the sound from any source propa- 
gates through the atmosphere outdoors. 

For pure-tone sounds, attenuation due to atmospheric 
absorption is specified in terms of an attenuation co- 
efficient as a function of four variables: the frequency 
of the sound, and the temperature, humidity and 
pressure of the air. Computed attenuation coefficients 
are provided in tabular form for ranges of the variables 
commonly encountered in the prediction of outdoor 
sound propagation: 

- frequency from 50 Hz to 10 kHz, 

- temperature from - 20 “C to + 50 “C, 

- relative humidity from 10 % to 100 %, and 

- pressure of 101,325 kPa (one atmosphere). 

Formulae are also provided for wider ranges suitable 
for particular uses, for example, at ultrasonic fre- 
quencies for acoustical scale modelling, and at lower 
pressures for propagation from high altitudes to the 
ground. 

For wideband sounds analysed by fractional-octave 
band filters (e.g. one-third-octave band filters), a 
method is specified for calculating the attenuation due 
to atmospheric absorption from that specified for 
pure-tone sounds at the midband frequencies. An al- 
ternative spectrum-integration method is described in 
annex D. The spectrum of the sound may be wide- 

band with no significant discrete-frequency com- 
ponents or it may be a combination of wideband and 
discrete frequency sounds. 

This part of IS0 9613 applies to an atmosphere with 
uniform meteorological conditions. It may also be 
used to determine adjustments to be applied to 
measured sound pressure levels to account for dif- 
ferences between atmospheric absorption losses un- 
der different meteorological conditions. Extension of 
the method to inhomogeneous atmospheres is con- 
sidered in annex C, in particular to meteorological 
conditions that vary with height above the ground. 

This part of IS0 9613 accounts for the principal ab 
sorption mechanisms present in an atmosphere de- 
void of significant fog or atmospheric pollutants. The 
calculation of sound attenuation by mechanisms other 
than atmospheric absorption, such as refraction or 
ground reflection, is described in IS0 9613-2. 

2 Normative references 

The following standards contain provisions which, 
through reference in this text, constitute provisions 
of this part of IS0 9613. At the time of publication, the 
editions indicated were valid. All standards are subject 
to revision, and parties to agreements based on this 
part of IS0 9613 are encouraged to investigate the 
possibility of applying the most recent editions of the 
standards indicated below. Members of IEC and IS0 
maintain registers of currently valid International 
Standards. 

I SO 2533: 1975, Standard Atmosphere. 

IS0 266:1975, Acoustics - Preferred frequencies for 
measurements. 
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IEC 225:1966, Octave, half-octave and third-octave 
band filters intended for the analysis of sounds and 
vibrations. 
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Symbols 

frequency of the sound, in hertz 

midband frequency, in hertz 

molar concentration of water vapour, as a per- 
centage 

reference ambient atmospheric pressure, in 
kilopascals 

initial sound pressure amplitude, in pascals 

sound pressure amplitude, in pascals 

reference sound pressure amplitude (20 PPa) 

ambient atmospheric pressure, in kilopascals 

distance, in metres, through which the sound 
propagates 

ambient atmospheric temperature, in kelvins 

reference air temperature, in kelvins 

pure-tone sound attenuation coefficient, in deci- 
bels per metre, for atmospheric absorption 

NOTE 1 For convenience, in this part of IS0 9613, 
the shortened term “attenuation coefficient” will be 
used for o! in place of the full description. 

attenuation due to atmospheric absorption, in 
decibels 

Reference atmospheric conditions 

4.1 Composition 

Atmospheric absorption is sensitive to the compo- 
sition of the air, particularly to the widely varying 
concentration of water vapour. For clean, dry air at sea 
level, the standard molar concentrations, or fractional 
volumes of the three principal, normally fixed, con- 
stituents of nitrogen, oxygen and carbon dioxide are: 
0,780 84; 0,209 476; and 0,000 314, respectively 
(taken from IS0 2533). For dry air, other minor trace 
constituents, which have no significant influence on 
atmospheric absorption, make up the remaining frac- 
tion of 0,009 37. For atmospheric absorption calcu- 
lations, the standard molar concentrations of the three 
principal constituents of dry air may be assumed to 
hold for altitudes up to at least 50 km above mean sea 
level. However, the molar concentration of water va- 
pour, which has a major influence on atmospheric 
absorption, varies widely near the ground and by over 
two orders of magnitude from sea level to 10 km. 

4.2 Atmospheric pressure and temperature 

For the purposes of this part of IS0 9613, the refer- 
ence ambient atmospheric pressure, pr, is that of the 
International Standard Atmosphere at mean sea level, 
namely 101,325 kPa. The reference air temperature, 
To, is 293,15 K (20 “C), i.e. the temperature at which 
the most reliable data supporting this part of IS0 9613 
were obtained. 

5 Attenuation coefficients due to 
atmospheric absorption for pure-tone 
sounds 

5.1 Basic expression for attenuation 

As a pure-tone sound propagates through the atmos- 
phere over a distance s, the sound pressure amplitude 
pt decreases exponentially as a result of the atmos- 
pheric absorption effects covered by this part of 
IS0 9613 from its initial value pi, in accordance with 
the decay formula for plane sound waves in free 
space 

pt=pi exp(-0,115 las) . . . (1) 

NOTE 2 The term exp( - 0,115 Ius) represents the base 
e of Naperian logarithms raised to the exponent indicated 
by the argument in parentheses and the constant 
0,115 1 = I/[10 lg(e*)]. 

5.2 Attenuation of sound pressure levels 

The attenuation due to atmospheric absorption S&y>, 
in decibels, in the sound pressure level of a pure tone 
with frequency f, from the initial level at s = 0 to the 
level at distance s, is given by 

SL&j = 10 lg@i2/p;) dB = ar . . . 63 

6 Calculation procedure for pure-tone 
attenuation coefficients 

6.1 Variables 

The acoustic and atmospheric variables, i.e. frequency 
of the sound, ambient atmospheric temperature, 
molar concentration of water vapour and ambient at- 
mospheric pressure, are listed in clause 3, together 
with their symbols and units. 

NOTES 

3 For a specific sample of moist air, the molar concen- 
tration of water vapour is the ratio (expressed as a per- 
centage) of the number of kilomoles (i.e. the number of 
kilogram molecular weights) of water vapour to the sum of 
the number of kilomoles of dry air and water vapour. By 
Avogadro’s law, the molar concentration of water vapour is 
also the ratio of the partial pressure of water vapour to the 
atmospheric pressure. 

2 
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4 Molar concentrations of water vapour range from about 
0,2 % to 2 % for commonly encountered meteorological 
conditions at altitudes near mean sea level, but decrease to 
well below 0.01 % at altitudes above 10 km. 

6.2 Formulae 

As described in annex A, the attenuation due to at- 
mospheric absorption is a function of two relaxation 
frequencies, fro and frN, the oxygen and nitrogen re- 
laxation frequencies, respectively. Values of fro and 
f +,, in hertz, shall be calculated from 

~o=+4+4,04 x 104h o”g,‘:h ) . ..(3) 

and 
-l/2 

f,,=ff g x ( 1 
xb+*BO*exp[ -4,170[($~““-I]]] 

. ..(4) 

The attenuation coefficient a, in decibels per metre, 
for atmospheric absorption shall be calculated from 

a =8,666f [ [I,64 x IO-l1 ($$J’($j”]+ 

X 

x 

1 

0,01275[exp( -2~g'1 )][Ao+[&]]-'+ 

+o,~06B~p(-~~*f~)][~~+[~~-~] 

. . . (5) 

Values for&, and& are taken from equations (3) and 
(4). 

In equations (3) to (51, pr = 101,325 kPa and 
To = 293,15 K. 

Equations (3) to (5) combine, in a condensed form 
suitable for computations, formulae giving contri- 
butions from the individual physical mechanisms de- 
scribed in annex A. 

6.3 Computation of the attenuation 
coefficient 

Equations (3) to (5) are all that is needed to calculate 
the pure-tone attenuation coefficient for atmospheric 
absorption for selected values of the variables. Al- 
though air temperature and air pressure data may not 
be supplied in the units of measure given in 
clause 3, conversion factors are readily available to 
convert the given unit to kelvins or kilopascals re- 
spectively. Humidity data, on the other hand, are 
rarely supplied in terms of molar concentration of 
water vapour. Annex B provides information on con- 
version of humidity data that are supplied in terms of 
relative humidity, dewpoint and other measures, to 
corresponding values of molar concentration. 

The means by which a real inhomogeneous atmos- 
phere may be approximated by the uniform atmos- 
phere assumed in the formulae of 6.2 are discussed 
in annex C. 

6.4 Tabular values of the attenuation 
coefficient 

For selected values of T, h and f at a pressure of one 
standard atmosphere (101,325 kPa), table 1 lists 
pure-tone attenuation coefficients for atmospheric 
absorption calculated by use of equations (3) to (5), 
but using the unit “decibels per kilometre” for con- 
venience in applications to sound propagation out- 
doors over path lengths of the order of a few 
kilometres. Tabular values are presented in scientific 
notation to preserve accuracy at low frequencies. Us- 
ers of table 1 should not interpolate between the en- 
tries, or extrapolate beyond the table range, but 
should use equations (3) to (5) to calculate the specific 
pure-tone attenuation coefficients for desired con- 
ditions. 

NOTES 

5 For convenience, the frequencies shown in table1 are 
the preferred frequencies for one-third-octave band filters 
(see IS0 266 and IEC 225). However, the attenuation coef- 
ficients in table 1 were calculated for the exact midband 
frequencies f,, in hertz, using the general expression ac- 
cording to the base 10 system 

f, = (1 000) (1 o*“o)L . . . (6) 

where 1 000 Hz is the exact reference frequency and b is 
a rational fraction that serves as the bandwidth designator 
for any fractional-octave band filter (e.g. with b = l/3 for 
one-third-octave band filters, and so on for other band- 
widths). For table 1, index k is an integer from - 13 to + 10, 
corresponding to preferred frequencies from 50 Hz to 
10 kHz. For exact ultrasonic frequencies at one-third- 
octave-band intervals from 10 kHz to 1 MHz, equation (6) 
may be used with k ranging from + 10 to + 30. 

6 Relative humidities given as column headings in table1 
are with respect to saturation over a surface of liquid water 
at all temperatures; see annex B. The saturated vapour 
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pressure was calculated from the formulae used to gener- 
ate the International Meteorological TablesW See 
annex B. 

7 Accuracy of calculated pure-tone 
attenuation coefficients for various 
ranges of the variables 

7.1 Accuracy of + 10 % 

The accuracy of the calculated pure-tone attenuation 
coefficients for atmospheric absorption is estimated 
to be f IO % for variables within the following 
ranges: 

molar concentration of water vapour: 0,05 % to 
5% 

atmospheric pressure: less than 200 kPa (2 atm) 

frequency-to-pressure ratio: 4 x 10m4 Hz/Pa to 
10 Hz/Pa 

7.3 Accuracy of A 50 % 

The accuracy of the calculated pure-tone attenuation 
coefficients due to atmospheric absorption is esti- 
mated to be f 50 % for variables within the following 
ranges, which include environmental conditions en- 
countered at altitudes up to 10 km: 

molar concentration of water vapour: less than 
0,005 % 

air temperature: greater than 200 K (-73 “C) 

air temperature: 253,15 K to 323,15 K (- 20 “C to 
+ 50 “C) 

atmospheric pressure: less than 200 kPa (2 atm) 

frequency-to-pressure ratio: 4 x low4 Hz/Pa to 
10 Hz/Pa (40 Hz/atm to 1 MHz/atm) 

NOTE 7 Combinations of molar concentration of water 
vapour and temperature which imply a relative humidity 
greater than 100 % in 7.1 to 7.3 are excluded from the cor- 
responding accuracy estimates. 

atmospheric pressure: less than 200 kPa (2 atm) 

frequency-to-pressure ratio: 4 x 10m4 Hz/Pa to 
10 Hz/Pa 

8 Calculation of attenuation by 
atmospheric absorption for wideband 
sound analysed by fractional-octave-band 
filters 

7.2 Accuracy of f 20 % 

The accuracy of the calculated pure-tone attenuation 
coefficients for atmospheric absorption is estimated 
to be f 20 % for variables within the following 
ranges: 

molar concentration of water vapour: 0,005 % to 
0.05 %, and greater than 5 % 

air temperature: 253,15 K to 323,15 K (- 20 “C to 
+50 "C) 

8.1 Description of the general problem and 
calculation methods 

8.1.1 Previous clauses of this part of IS0 9613 have 
considered the effects of atmospheric absorption on 
the reduction in the level of a pure tone during 
propagation through the atmosphere. In practice, 
however, the spectrum of most sounds covers a wide 
range of frequencies, and spectral analysis is normally 
performed by fractional-octave-band filters that yield 
sound pressure levels in frequency bands. 

4 
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Table 1 - Pure-tone atmospheric-absorption attenuation coefficients, in decibels per kilometre, at an air 
pressure of one standard atmosphere (101,325 kPa) 

(a) Air tofrpemtum: -20 ‘C 

PWf0tT.d 
f-w-w. 

Rhtlvr humidSty, % 

HZ 10 15 20 30 40 50 80 70 80 90 100 

50 ;:; ;r: 5.09x 10-l 
7.04 x 10-l 

4.18 x10-' 
6.02 x 10-l 

2.85 x 10-l 
4.21 x lo-' 

2,ll x10-l 
3,08x 10-l 

1,68x10-' 
2,41 x10-' 

1.42 x 10-l 
2.00x 10-l 

1,25x lo-' 
1,73x 10-l 

1.14 x 10-l 1,05x10-' 9.92 Y lo-* 
63 
80 9:24x 10“ 9.35x 10-l 8.46 x lo- ' 6.19 x 10-l 4.55 x 10-l 3,52x 10-l 2.66 x 10-l 2,43x lo-' 

1.55 x lo-' 
2.14 x 16' 

1.42 x 10-l 
1,94x10-' 

1,33x10-' 
1,79x lo-' 

100 1.08 1.18 1.15 9.02 x 10-I 6,75x 10-l 
9,98x10-' 

:;T,; ;;I: 4,19x 10-l 2,69x10-' 2.45~ 10-l 
125 1.20 1.43 1,49 1.28 

' 

3;;" 1;:: 
6,22xlcr' , x 

:g; ;;I: 
3,84x10-' 3,44x10-' 

160 1.30 1.64 153 1.77 1.45 1.16 9,30x 10“ 7.66x 10-l 6:48 x 10-l 5.61 x 10-l 496 x 10-l 

200 1.37 1.82 2.15 2.33 2,M 1.70 1.39 1.15 9.70 x 10-l 8,34xl(r' 7.31 x 10-l 
iz 1.43 1.46 2,05 1.95 2.42 2.63 2.93 3.49 3,70 2.83 2.46 i:: 1,73 1.46 1.26 1.03 

3.43 2.57 2.20 1.90 1.65 

400 1.49 2.12 2.79 3.99 4.60 4.59 4.23 3.74 3.27 2.85 
iii 1.52 1.55 2.17 2.22 3.00 2.91 4.38 4.88 6.17 5,45 5.96 5.72 5.29 4.76 4.23 i% 

7,lO 7.39 7,19 6.71 6.13 5:55 

800 1.59 2.27 3.08 4.92 6.75 8,22 9.07 9.31 9,09 8.60 7.96 
loo0 1.65 2.34 3.16 5.11 7.21 9.14 1.06x10 1.15x 10 1.17x 10 1,16x 10 1.11 x 10 
1250 1.74 2.43 3.27 5.28 7.57 9.88 1.19 x 10 1.35 x 10 1.44 x 10 1,48x 10 1,47x 10 

1600 1.88 3.42 5.48 7.90 1.05x10 1.30 x 10 1.52x 10 1.69x 10 1.80x10 1.86x10 
2ow 2.10 E 

3:15 
3,65 5.73 8.24 1.10 x 10 1.39x 10 1.66x10 1.90x 10 2.10x 10 2.24 x 10 

2500 2.44 4.00 6.10 8.66 1.16 x 10 1.47 x 10 1.78x 10 2,09x 10 2,35x 10 2.58x10 

3150 2.99 3.69 4,55 6.66 9.26 1.23 x 10 1.55 x 10 1.90x 10 2,24x 10 2.57 x 10 2.88x10 
4ooo 3.86 4.56 5.42 ;:i 1.02 x 10 1.32 x 10 1.66x10 2.02 x 10 2,40x 10 2.78x 10 3.14x 10 
5000 5.24 5.94 6,80 1,16x 10 1.46x 10 1.81 x 10 2.19x 10 2.59x 10 3.00x10 3.41 x 10 

6300 7.42 8.12 8.99 1.11 x 10 1,38x 10 1,69x 10 2.04x10 2,42x 10 2.83x 10 3.27 x 10 3.71 x10 
8COO 1.09x 10 1.16 x 10 1.24 x 10 1.46 x 10 1.72 x 10 2.03x 10 2.39 x 10 2.76 x 10 3.20x 10 3.65x 10 4.11 x 10 

loo00 1.64x10 1,71 x 10 1,79x 10 2,Ol x 10 2.27 x 10 2.5.9x 10 2.94x10 3.33 x 10 3.76x 10 4.22 x 10 4.70x 10 

tb, Air trmpomtum: -15 'C 

qz. 
Matlw humidity, % 

10 15 20 30 40 50 64 70 80 90 100 

ii 
5.73x 10-l 
7,93x 10-l 

4.25x lo-' 
6.18 x 10-l 

3.21 x lo-' 
4.72 x 10-l 

2,12x lo-' 
3,05x1r1 

1,64x10-' 
2.28x 10-l 

1,39x 10-l 
1,88x10-' 

1,24x10-' 1,14x 10-l 1.07 x 10-l 1.02 Y 10-l 9,69x10-' 

80 1.06 8,85x 10-l 6,93x10-' 4,46x lo-' 3.24 x 10-l 2.60x lo-' 
1,66x10-' 
2.24 x10-' 

1.52 x 10-l 
2.02 x lo-' 

1.42 x 10-l 
1.87 x 10-l 

1.35 x lo-' 
1.77 x10-' 

1.30x 10-l 
1.70x lo-' 

100 1.34 1.23 1,Ol 6,60x10-' 4.71 x lo-' 
125 1.62 1.65 1.44 9,79x lo-' 

3;: x $ 
6,95x10-' , x 

$,",; ;;I: 2.71 x 10-l 2.48 x 10-l 2.32 x 10-l 2.21 x 10-l 

' 
3.74 x 10-l 3,34x10-' 

160 1.89 2.11 1.99 1.45 1.04 7,98x10-' 8.30x 10-l 5.31 x lo-' 4.64 Y 10“ 
3,08x 10-l 
4.18 x lo-' 

2,89x10-' 
3,86x10-' 

200 2.09 2.57 2.10 1.55 1.17 9,32x10-' 7.72 x 10-l 6,63x10-' 5.87 Y 10-l 5.32 x 10-l 
3% 2.24 2.35 3.33 2.99 E 3:98 4.05 2.97 3.34 2.30 2.64 1.76 2.11 1.40 1.15 9.73 x 10-l 8.47 x 10-l 7,58x10-' 

1,73 1.45 1.25 1,lO 

400 2.43 E 4.56 5.27 4.73 3.89 3.17 2.61 2.19 1,65 
E 2.50 2.55 3:93 5.39 5.03 6,52 7.67 2: 5.61 7.81 4.70 3.93 3.32 

iE 
2.49 

6-63 5.85 5.01 4:33 3.78 

8oa 2.61 4.05 5.66 8.65 1.03 x 10 1.04x 10 9.62 8.53 7.46 6.53 5.74 
loo0 2.87 4.15 5.87 9.44 1,21 x 10 1.32 x 10 1.30x10 1.21 x10 1.09x 10 9.69 8.63 
1250 2.77 4.28 6.07 1,Ol x 10 1.37 x 10 1,60x 10 1.67 x 10 1.63x10 1.63x10 1.40x 10 1.28x 10 

?800 2.92 4.44 6.28 1,06x 10 1.49x 10 1.84x 10 2.05 x 10 2.11 x 10 2,07x 10 1.97x 10 1.83x10 

E 3.14 3.49 4.67 5.03 6.54 6.92 1.10x 1.15x 10 10 1.66x10 1.59x 10 2.05x 10 10 2.39X10 2,22x 2.69x10 2.80x10 x 10 3.05 2.87 x x 10 10 3.27 2.64x10 Y 10 3.37 2.54X10 Y 10 3.37 

3150 4.04 t'z 7.49 1.22 x 10 1.78x 10 2.37 x 10 2.95 x 10 3.45x 10 3,94x 10 4,10x 10 4,25x 10 
4090 4.92 

7196 
::?i 1.31 x 10 1.89x 10 2.52 x 10 3.18 x 10 3.79x 10 4.34x 10 4.78 x 10 5.11 x 10 

5000 6.31 1.46 x 10 2.04x10 2.71 x 10 3,41 x 10 4.12 x 10 4,79x 10 5,40x 10 $91 x 10 

6300 8.52 1,Ol x 10 1,20x 10 1,66x 10 2.27 x 10 2.96x 10 3.70x 10 4.47 x 10 5.24 x 10 5,99x10 6.65~10 
EC00 1.20x 10 1.36 x 10 1.55 x 10 2.03 x 10 2.63X10 3.32 x 10 4.09x10 4,90x10 5.74 x 10 658x10 7.39 x 10 

1oOcn 1.75x 10 1.91 x 10 2.10 x 10 2.59 x 10 3.19x 10 3.89x 10 4.67 x 10 5.51 x 10 6.40 x 10 7.30 x 10 8.21 x 10 

5 
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ICI Air tm#wctun: -10 ‘C 

Pmfemd 
fmqumcy. Rthtluc humidity, % 

HZ 10 15 20 30 40 50 60 70 80 90 100 

z 
4.82 x10-i 3.25x 10-l 

4.75x 10-l 
2.45x lo-; 1.74 x 10-i 1.46 x 10-l la31 x10-l 1.21 x IO“ 1.13 Y 10-l 1.06x 10-l 1,00x 10-l 9.46 x 1 o-2 

80 ;g;;;: , ' 
x 

8,97x10-' ;g , ", ;;I ' y; , x g ' 
1.95 x 10-l 
2.61 x 10-l 

1,74x10-' 
2.28 x 10-l 

1.61 x 10-l 
2.10 x 10“ 

1.52 x lo-' 
1.99 Y 10-l 

1.45 x 10“ 
1.91 * lO-' 

1,38x 10-l 
1.84x 10-l 

1.32 x lo-' 
1,79x 10-l 

100 :-ii 1.02 7,49x 10“ 
125 

2:39 
::z 1.11 

4.72 x 10-i 
"7 so- 

2;; x ;;I: 3.02 x 1Cr; 2.57 x lo-' 

7121 :: 10-l 
$g; ;;:I 

2.73x 10-i 
$g; 1;: 3.32 x 10-l 

2.46 x VT' 
3.15 x UT“ 

2.39 x 10-l 
3.04 x 10-l 

g; ;$ 

160 1.63 1 , 4.36 x 10-l 4.06 x 10-l 3.88x 10-l 3:76x 10-l 

200 2.99 2.87 2.37 1.52 I,06 8.16x lo-' 6,76x 10-l 5.91 x 10-l 5,37x 10-l 5,03x 10-l 4.80 x 10“ 
E 33:: 4.66 3.76 4.56 3.35 3.35 2.27 2.38 1.54 1.20 1.79 9,89x 1.43 10-l 8.26 1,19 x 10-l 7.34 I,04 x 10-l 9,28x 6.72x 10-l 10-l 8.53x 6,29x 10“ 10-l 

400 4.03 5.51 533 4.88 3.57 2,70 2,13 1.76 1.51 1.33 1.20 
500 4,24 6.24 7.32 8.82 5.30 4.07 3,23 2.65 2.24 1.95 1.73 
630 4.41 6.82 8.61 9,20 7.70 6.10 439 4.01 3.38 2.92 2.57 

800 
2: 

7.26 9.71 1.18 x 10 1.08x10 8.99 7.36 6.09 5.14 4.43 3.89 
loo0 

4:78 
7.60 1.06x10 1.44x10 1.46x 10 1.29x 10 1.09x10 9.19 7.82 6.75 5.91 

1250 7.87 1.13x 10 1.68x10 1.98x10 1.79x 10 158x10 1.37 x 10 1,18x 10 1.03 x 10 9.02 

1600 

%i 5154 

8.14 1.18x 10 1.88x10 2.30 x 10 2.36 x 10 2.21 x 10 1,wr10 1.75x 10 1.55x 10 1.37 x 10 

:kz i% 1.23x 1.28x 10 10 2.05 2.16x x 10 10 2,68x10 3.01 x 10 2.97 356x10 x 10 3.78 2.96X10 x 10 3.74 2.78x x 10 10 2,54x 3,55x 10 10 3,29x 2.29 x 10 10 3.02x 2.08x10 10 

3150 6.11 94 1.35x 10 2.31 x 10 3.29 x 10 4,09x 10 4.59x 10 4,79x10 4.75x 10 4,57x 10 4.31 x 10 
4Oal 2: 1.03x10 1.45x 10 2.44x10 3.64x10 4,55x 10 5,35x 10 5.85 x 10 6,07x 10 6,06x10 5,90x10 
5om 1.18 x 10 1.59x 10 2.61 Y 10 3,79x 10 4,97x 10 6,02 x 10 6.94~10 7,39x 10 7.87 x 10 7.74 x 10 

6300 1.06x 10 1.40 x 10 1,82x 10 2,&8x10 4.08x 10 5.38 x 10 6,64x10 7.75x10 8.64~10 9.28 x 10 9,67x 10 

I"o% 1.42 1.97 x Y 10 10 2.31 1.75 x x 10 10 2.17 2.73 x Y 10 10 3.22 3.79x Y 10 10 4.48x 5.07 x 10 10 6.51 5.86x x 10 10 7,27 8.02 x x 10 10 8.62 9EAxlO Y 10 1,lO 9,82x x 10' 10 1.08x ld 1.23 x ld 
1,16x lo' 
1.35 x lol 

Id1 Air tempwatun: -5 ‘C 

Pmfcmd 
m~‘w* 

Relbthn humidity, % 

HZ 10 15 20 30 40 50 60 70 80 90 100 

zi 
3,76x 10“ 2.56 x 10-l 
5.47 x10-1 
8.01 x 10-l 

3.61 Y lo-' 
2.05 x lo-' 1.31 x lo-' 

5.16x 10-l 
2.79 x10-l 

1,64x 10-i 1.20x 10-l 

3.87 x 10“ 
~;;";;:, 

;g; ;;I: 

2:49x10-' 
1.77 x 10-l 
2,32x VT' 

1.66x 10-l 
1.11 x10-l 
1.55 x 10-l 

1.02 * 10-l 

2,20x 10-l 2.10 Y 10-l 
1,46x 10-l 

9,45x 10-Z 8.78 x 10“ 

80 , x 2,Ol x 10-l 
1.37 x 10-l 
1.92x 10-l 

1.29x 10“ 
1.83x 10“ 

100 1.17 7.55x 10-l 5.49 x 10“ 3.23 x 10-l 2.94 x 10-l 2.75 x 10-l 2.67 x 10-l 2.59x 10-l 
125 1.69 1.11 796x10“ ' 

g,;; x $1 
1 

7:36:: 10“ 
4.23 x lo-' 

$Z; ;g: 

5.69 x 10-l 4:93x 10-l 
3.61 x 10“ 3.50 x 10-l 3.43 x10“ 3.37x 10-l 

2.51 x 10“ 
3.30x 10“ 

160 2.38 1.65 1.17 4.58x 10-l 4.40 x 10-l 4.31 * 10“ 4,25x lo-' 4.21 x 10“ 

200 3.23 2.42 1,75 1.07 7,68x10-' x 5.91 x 10-l 5,57 Y lo-' 

E 4.20 5,19 3.49 4.87 3.83 2.60 2.36 1.58 1.12 1.65 ;z ' lj;8 ;r; 7s8:,ido-' 
7.20 x lo-' 

5,39x lo-; 5.30x 10-l 5,25x 

9.61 x10-l fS" , x ;;I ' 8,45x10-' 6.62 x lo-' ;$: , 10-i ;:I ' 

400 6.10 

% 6.87 7.48 

E 7: 3.55 2,46 1.87 1.33 1.20 1.11 1.06 

+.oix IO 1,&x10 5.31 7.83 3.71 5.61 4.22 2.80 
E 

3:36 2.80 1.90 2: 2.16 1.52 1.42 1.97 

800 
~~ 

1.17 x 10 1.32x10 1.13x 10 8.42 6.40 5.99 4.20 3.59 3.16 2.64 
loo0 

8:59 
1.31 x 10 1.60x10 1.57x 10 1.24 x 10 9.68 7.74 6.3'3 5.42 4.72 4.20 

1250 1.41 x 10 1.85~ 10 2.08x10 1.79x 10 1.45x 10 1.17 x 10 9.73 8.25 7.16 6.33 

1600 8.85 1.49 x 10 2.07 x 10 2.64x 10 2,49x 10 2.12 x 10 1.76 x 10 1,48x 10 1,26x 10 1.09 x 10 9,65 
2000 9.18 1.56x10 2.24 x 10 3.18x 10 3,32 x 10 3.01 x 10 2.60x10 2.22 x 10 1.91 x 10 1.87 x 10 1,48x 10 
25w 9.57 1,63x10 2,38x 10 3.66x 10 4.21 x 10 4.11 x 10 3.72 x 10 3.28 x 10 2.88x 10 2.54 x 10 2,25x 10 

3150 1.02 x 10 1,71 x 10 2.50x10 4.07 x 10 5.08 x 10 5.35 x 10 5.13 x 10 4.70 x 10 4,23x 10 3.79x 10 3.41 x 10 
4ow 1.11 x 10 1.81 x 10 2.64x10 4.42 x 10 5.87 x 10 8.64~10 6.77 x 10 650x10 6,05x 10 5.55X10 5.07 x 10 
5Ocm 1.25 x 10 1.93x10 2.61 x 10 4.75x 10 6.57 x 10 7.87 x 10 8.51 x 10 8,60x10 8.33 x 10 7.88x10 7.36 x 10 

6300 1.48 x 10 2.19 x 10 3,06x10 5.10 x 10 7.21 x 10 9,00x10 1,02x lo* 1.08x ld 1.10 x ld 1,07x ld 
8000 1.63x 10 2.55 x i0 3.43 x 10 5.54x10 7.86x10 1.00x 10' 1.18 x 10' 1.31 x ld 

1oOm 2.40 x 10 3,ll x 10 4,WxlO 6.16 x 10 8,62 x 10 1.11 x 10' 1.34 x lo2 1,52x lo* 
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IS0 9613-1:1993(E) 

(4 Air tmpwctum: 0 ‘C 

Pmiwmd 
frcqu*ncy. Mathro humid&y, % 

HZ 10 15 20 30 40 50 60 70 80 90 loo 

ii 
yi ; g 

1 
2;; x ;r: 1,95x 10-l 

2,56x10-' 
1.65rlcT' 1.44x 10-l 1.28x 10-l 1.14 x 10“ 1.03x 10-l 9,28x lo-' y*; ; ;;I: 7.77 x10-2 

' 
' 80 6.07 x 10-l 4111 x 10-l 3.37 x lo-' 

2.19 x 10-l 
2.84 x 10-l 

1.99 x 10-l 
2.63 x 10-l 

1.81 x 10-l 
2.46 x 10-l 

1.65 x 10-l 
2.30 x 10-l 

1.51 x 10-l 
2,15x l(r' 

1,38x 10-l 
2.01 x 10-l 1:87x10-' 

1,18x 10-l 
1,75x10-' 

loo 
8a84 Go-' 

5.73 x lo-' 
8,18x lo-' 

4.49x lo-' 
6,14x 10-l 

3.64 x lo-; 3,38x10-' 
125 

g;;t: , ' 
4.27 x10-' 

3.23~ 10-l 

1:92 

$Jy; ;g 

8,65x 10-l 5.41 x lo-' 
4.11 x 10“ , ' 

2,96x10-' 

5.14 x 10-l 5.04 x 10-l 
390 x 10-l 

2.81 x 
10-i 

2.67 x 2.63 x 10-l 

160 1.19 4,98x10-' f;y; , $1 ' 
lo-; 

;,; , ; 1;: ' 
354 x 10-l 
4,74x10-' 

200 2.80 1.77 1.25 8.35 x 10-l 
E 4.00 5.53 3.91 2.63 2.76 1.85 1,17 1,89 ;g; ' 1.27 $1: 

6.44 x 10-l 
8,21 108 x lo-' :;;: 9:92x10-' g: 9151 ;g; x ;c$ 10-l 9:34x :;;: ;;I: 10-l 

6.14 x10-l 
9.30 7,60x10-' Y 10-l 

6.10~ 10-l 
9.32 7,61 x10-l x 10-l 

4w 7.33 5.71 4.14 2.49 1.80 1.47 1.30 1.21 1.17 1.15 1.14 

z?l 1.11 9.25 x10 1.12 8.14 x 10 6.16 9.03 3.73 5.63 i:: i:: 2.52 1.78 2.21 1.81 2.02 1.51 1.45 1,W 1.42 1,82 

800 1.27 x10 1.47 x 10 1.29 x 10 8.49 5.93 4,52 3.69 3.16 2.82 2.59 2,43 
loo0 1.40x 10 1.83x10 1.77x 10 1.27 x 10 9.00 6.83 4.06 3.66 3.37 
1260 1.51 x 10 2.18 x 10 2,33x 10 1.86x 10 1.36 x 10 1.04 x10 

ii:: ::zi 
6.01 534 4,85 

:Ei 1,66x10 1,59x 10 2.48 2.72 x x 10 10 3,46x 2.91 x 10 10 3.60 2.64x10 x 10 2.99x10 2.03 x 10 2.38x10 1,58x10 1.27 1.93x10 x 10 1.08x10 1.61 x 10 1.38 9.07 x 10 1.21 7,98 x 10 1.08x10 7.16 

2500 1,72x 10 2.92 Y 10 3.95 x 10 4.70x 10 4.23 x 10 3.53x10 2.92 x 10 2.46 x 10 2.11 x 10 1.85 x 10 1.65 x 10 

3150 1,80x 10 3.09x10 4,36x 10 5.82 x 10 5.77 x 10 5,09x10 4.35x 10 3.73 x 10 3.23 x 10 2,83x 10 2.52 x 10 

zz 2.05x 1,90x 10 10 3.26 3.45 x x 10 10 4,70x 5.03x 10 10 6,90x10 7,86x10 7.52 9.34 x x 10 10 9.48x10 7.10 x 10 6.33 8.90~ x 10 10 5.55 8.07 x x 10 10 4,99x10 7,25x 10 6.51 4.32x x 10 10 3.88x10 5.87 x 10 

6300 2.28x 10 3.71 x 10 5.37x 10 8.71 x 10 1.11 x 102 
1,27x 10' 

1.21 x 102 
1.47 x lo2 

1.20 x 102 
1,54x 10’ 

1.13 x 102 
1.53 x 10' 

1,05x ld 
1.47 x ld 

9.81 Y 10 8.80~10 
8000 2.64x 10 4.09x10 5,81 x 10 9,52x 10 1.29x 10' 

1000 3.22x 10 4.67 x 10 6,43x 10 104 x lo2 1,42x 10' 1.72 x 10' 1,90x102 1,99x 10' 1.97x ld 
1.38x ld 
1.91 x ld 1.83x 10' 

If) Airtmpereture:5 'C 

Pmfwmd 
fmqurncy. 

R.lctlv~ humidity, % 

HZ 10 15 20 30 40 50 60 70 80 90 1w 

50 1.97 x 10-l 1.64 x 10-l 1.38 x 10-l 1.18 x 10-l 1.03 Y 10-l 

Ii 

2.68 x10-i 

g;;;: 

;g x w; 

, '* 3.75: 10“ 
2.61 x10-l 
3.37x 10“ 

2.27 x10-l 
3.93 x 10“ 

1,99xl(r' 
2.76 x 10-l 

1,75x 1r' 
2.50 x 10-l 

1.55x 10-l 
yg; g:: 7;:; ;;I: 

2.27 x 10-l 
, 

2,06x10-' ' 

;$ ; ;;I: yg; w; 

1.88 x 10-l 1:72x 10-l ' 1,58x 10-l 

1w x ;; ;;I: 4.92 x lo-; 4.31 x lo-' 
5,54x10-' 

3.91 x 125 

'1>2 ,x1 
y; x ;;I 

10-i 3,69x l(r' 
4,74x 10-l 

3.45 x 10-l 3.21 x10-l 2.99x lo-' 2.56 x 10-l 2,38x10-' 

"so; x 1;: 
' 5,94x10-' 

4,59x10-' 4.38x 10-l 
3'; x $ 

4.16~10“ , x 3.71 Y VT' 3.49x 10-l 
160 7,29x 10-l , x 5,85x 10-l 5.74 x 10-l 5.58 x 10-l 5,39x 10-l 5.18 Y lo-' 4,96x 10-l 

% 2.09 1.30 7,81 x 10-l 7,35x 1r' 

7.27 x lo-' 7,20x10-' 7,lO x 10-l 6,96x10-' 
3.11 

9-y go- ' 
1.01 9,15x lcr' 8.92x 10-l 

2;; ; ;$ 
8,98x10-' 

6.78 x l(r: 

' 
8.97x 10-l 8,98x 10-l 

315 459 ::z 2:w 1.36 1.16 1.10 1.09 I,09 1.10 1.11 8~7,~:o- 

400 E 4.23 2.95 1.90 1.53 1.39 1.34 1.33 1.34 1.35 1.37 
E 1,2$x 10 6.32 93 4.42 6.66 4.04 2.74 2.10 2.97 ::z 2.22 1.69 2,09 I,64 2.03 1.63 2.01 1.64 2.01 1.66 

800 1.63x10 1.35 x 10 9.99 6.06 434 3,49 3.03 2,76 2.61 2.49 
1000 2,wr 10 1.69x 10 1.48 x 10 9.18 8.48 5.09 4.29 330 3.50 E 3.20 
1250 234x10 2.64 x10 2.15 x 10 1.39 x 10 9.81 7.58 6.26 5,43 4.89 4:52 4.27 

:zt 2.62 2.85 Y x 10 10 3.96x10 3.26 x 10 3,Ol 4,05x x 10 10 3,09x 2,09x 10 10 2.27 1.49 x x 10 10 1.15x 1.75 x 10 10 1.42 9.35 x 10 1.20 7.99 x 10 1.05x 7.08 10 8.42 9.39 8.69 5.95 

2500 3.04x 10 4.61 x 10 5.19 x 10 4.46 x 10 3.41 x 10 2.66x 10 2,17x 10 1.82 x 10 1.58x10 1,41 x 10 1.27 x 10 

3150 3,19x 10 5,16x 10 6.32 x 10 6.20 x 10 5.04x10 4.03x10 3,31 x 10 2.79 x 10 2.42 x 10 2.14 x 10 1.92 x 10 
4OOa 3.35 x 10 5.82 x 10 7.37 x 10 8.26 x 10 7.25 x 10 6.02 x 10 5,02 x 10 4.27 x 10 3.70x 10 3.27 x 10 2.94x10 
5OW 3,54x 10 6.02 x 10 8.28 x 10 1.05x lo2 1.01 x 102 8.78 x 10 7.52 x 10 6.48 x 10 5.66x10 5,02x 10 4.51 x 10 

6300 3,80x 10 6.43 x 10 9.09x 10 1,27x1@ 1.33xld 1.24 x ld 1,lO x ld 9.70 x 10 859x10 7,66x 10 6.91 x 10 
8000 4,18x 10 6.91 x 10 9.87x 10 1.47 x ld 1.69x ld 1.68xld 156xld 1.42 x 10' 1.28x ld 1.16x 10' 1.05x ld 

10000 4,77x 10 7.57 x 10 1.07 x ld 1.67 x ld 2.05x ld 2.18 x ld 2.14 x ld 2.01 x 10' 1.86xld 1.72 x lo* 1.58xld 
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IS0 9613-1:1993(E) 

fqy. 
Robthm humidity, % 

10 15 20 30 40 50 80 70 80 so 100 

ii 
2.62 x10-l 2.24x 10-l 1.97x10-' 1.55x 10-l 1.26x 10-l 1.06xlLr' 7;; z ;$ 7.85x lo-' 6.24 x lo-' 
3,42x 10-l 2.98x 10-l 2.71 x10-l 2<25x 10-l 1,88x 10-l 1,w)xltr' 1.22 x 10-l 

;;y$ 
9.75 x 10-z 

5.65x 10-i 

60 4,45x 10-l 3.85x lo-' 3.59x 10-l 3.16x 10-l 2.74 x lo-' 2.39x l(r' 2:10x lo-' 1,86x lo-' 1:67 x10-l 1,51x10-' , 
$8"; ;;I 

' 

100 5,65x10-' 
125 7,88x10-' 

;:* ;;I: 
, x 

4.61 Y 10-i 4,25x 10-l 3.47 x lcr' 
5.51 x 10-l 

35';* ;;I: 2.31 x lo-' 2.12 x 10-i 

160 1.09 8.06x 10-l :;;: , :!I ' 6,92x 10-l ,178:: 10-l 
4.86xlLT' 

g;; ;;I: :-yy; ;;I: 

6Klxlcf 6:20x 10“ ' 

$2; $1: 

5.84 x 10-l 5147 x 10“ 
3,46x lo-' 
5.12~10“ , 

g;; ;;I 
' 

200 1.58 1.07 9,19x 10-l 
"": x,i"-' 

6,49x lo-' 8.43 x 1F' 8.25x 10-l 7.97x 10-l 
260 2.29 1,48 1.20 

1:31 
1.04 1.05 1.06 1.04 'Y F' 

7.28x 10-l 6.92x 10-l 

315 3.39 2.11 1.62 1.27 t.28 1.30 1.31 1:31 
9,96x10-' 9.63x 10-l 

1.30 1.29 

400 5m xi 2.26 1.70 1.56 1.55 1.57 1.60 1.63 1.64 1.65 

ii 1.10x 7.52 10 6:88 3,27 4.84 3.17 2.28 ::zl 2.39 19 2.32 1.90 2.33 1.93 2.36 1.97 ::z z:z 

800 1.57 x 10 1.04x10 7.27 3.56 3,13 2.87 2.89 2.83 
loo0 2.16 x 10 1.54x10 1.10x 10 Et 

1.0; Y 10 
5.07 4,26 is 

5:29 
3.66 % 

4:62 
3.64 3.55 

1250 2,64x10 2,26x 10 1.66x 10 7.42 6.04 4.86 4.46 4.42 

1600 355x10 3.21 x 10 2,47x 10 1.55x 10 1.11 x 10 8.83 7.52 6.73 6,23 5.92 5t72 
2oca 4.23 x 10 438x10 3.62 x 10 2.35 x 10 1.68x10 1.32 x 10 1.10 x 10 9,W 8,76 8.14 7.71 
2500 4.83x10 5.72 x 10 5.14 x 10 3.64x10 2.57 x 10 2.00x 10 1.65 x 10 1,43x10 1,27x 10 1,16x 10 1,08x 10 

3150 5.32 x 10 7,lO x 10 7,02x 10 5,27x 10 3,Sl x 10 3,06x 10 2.51 x 10 2.15 x 10 1.90x 10 1.71 x 10 1,57x 10 
4ow 5.73 x 10 8,40x 10 8.15x 10 7.88x10 5.90x10 4,67x 10 3.84 x10 3.28 x 10 2.87 x 10 2.57 x 10 2,35x 10 
5000 6.10 x 10 9.66x10 1.13 x lo2 1.06xld 8.75 x 10 7.06 x 10 5.88x10 5.02 x 10 4,39x 10 3.92 x 10 356x10 

6300 6.46 x 10 1.06 x 10' 
1.15% 102 

1.35x 102 
1.54 x ld 

1.45 x ld 1,27x 10' 1,06x lo2 6,94x10 7.69x10 6.74 x 10 
8OKI 6,94x 10 1.87 x ld 1.77x 10' 1.55x 10' 1.34 x ld 

1.97 x 102 
1.17 x lo2 
1.75 x 102 

la3 x lo2 
6.01 x 10 5.44x10 
9.24 x10 8.37 x 10 

1oOGQ 7.59 x 10 1,25x ld 1.72 x 10' 2.3Oxld 2.37x 10' 2.20x ld 1.57 x lo2 1.41 x lo' 1,28x ld 

thl Air lmnpwatun: 15 ‘C 

Ept* 
Rhthm humldtty, % 

10 15 20 30 40 50 60 70 80 so 100 

iti 
2.66 x10-1 

tg 2 ;;I: 

2,24x lo-: 1.69x 10-l 1.41 x 10-l 1.11 x 10-l 
1.71 x 10-l 

9.14 x lo-' 

$;i: :;I 
;;: z ;;I: yo; m-f y;; ;o-: 5.26 x lo-* 

1.42 x10-' 8,31 x lO-' 
4.77 x 10-Z 
7.52 x lo-' 

80 1 

2.72 x10-' 2,12x 10-l 
, 3.78x lo-’ 3.11 x10-1 2.57 x lo-' 2.17 x 10-l 1:67x 10-l 1:63x10-' 1:45x 1r' 1.30 x 1r' 1,18x 10-l 

100 5.77x10-' 
7,35x 10-l 

5.31 x 10-i 5.04 x lo-’ 4.41 x10-; ;z x m$ 2;;: ;;I: 2,85x lo-' 2.24 x 10“ 
125 ;p; * ;c& 6,47x 10“ ;gx;vJ; I * 

6:81 x10-1 
4.26 x 10-l 

2.51 x 10-l 

6.21 x10-' 
3.81 x 10-l 
5.65x 10-l 

3.43 x 10“ 
2.02x 10-l 
3.12x 10-l 

1.64 x 10“ 
2,85x lo-' 

160 9,58x10-' , x ' 8,06x10-' , x ' 7.40 x 10-l 5,16x 10-l 4.73x 10-l 4.36 x 10-l 

~~ 1.28 1.78 133 1.04 9.91 1,22 x 10-l g%:"-' 
1:47 

9.73 1.23 x 10-l 9,3oxl(r' 1.22 8.74 1.16 x 10-l 8.15x 1.13 10-l 7.57 1,07 x 10“ 7.04x 1,02 10-l 6,55x 9.59x 10-l lo-' 
315 2.55 1,77 154 1.50 1.53 1.53 1.51 1.47 1.41 1,36 

400 3.74 2.44 2.00 1.79 1,81 1.67 1.91 1.92 1.91 1.89 1.85 

it i:: 3.49 5.11 3.80 2.70 2.23 2.89 2.18 2,68 2.24 2.69 2.31 2.75 Z 2.40 2.91 2.41 2.97 2.41 3.01 

8oa 1,25x 10 7.63 
E 

3.89 3,41 3.29 3.31 3.38 3.48 3.57 3.65 
1M)o 1,84x10 1.15 x 10 5.45 4,51 4.16 4.06 4.08 4.15 4.25 4.35 
1250 2.65 x 10 1.74 x 10 1.2; x 10 7.90 6,22 5,49 5.17 5.05 5.05 5.11 5.20 

16W 3.68 x 10 2.80x10 1.88x10 I.17 x 10 8.90 7.55 6.88 6.51 6.35 6.30 6.32 
Et 4,93x10 6,25x 10 3.83X10 5.48 x 10 4.22 2.82 x x 10 10 2.69 t.77 x x 10 10 1.31 1.97x x 10 10 1.08x 1.59x 10 10 1.36 9.50 x 10 1.22 8.75 x 10 1.14 8.31 x 10 1,08x10 8.07 1.04x10 7.95 

3150 7.55 x 10 7.57 x10 6.21 x 10 4.10x 10 2.99x10 2,38x 10 2.01 x 10 1.77 x 10 1.61 x 10 1.50x10 1.43 x 10 
4m 8.73 x 10 9,99x10 3.03 x 10 2.64x10 2.37 x 10 2.17 x 10 2.03 x10 
5OwJ 9.74 x 10 1.26x 10' 

8,88x10 
1.22 x lo* 

8,20x 10 4.57 x 10 3.62 x 10 
9.24 x 10 6.97 x 10 5.54X10 4.62 x 10 3.99X10 3.55x 10 3.22 x 10 2.98 x 10 

~~ 1.06x10' 1.14 x 10' 1.51 1.74 x x lo1 10' 1,61 x 10' 2.02 x 10' 
1,35x1@ 
1,Wxld 

1.05x 10' 
1,56x 10' 1.29x 6.47 x 10' 10 1.08 7.08x10 x ld 6.11 9.37 x x 10 10 6.28x 5.40 x 10 10 4.87~10 7.46 x 10 4.47 6,81 x x 10 10 

10000 1.23 x 10' 1.95 x 10' 2.42 x 10' 2.57 x ld 2.26 x 10' 1.92 x lo2 1.65 x ld 1.44 x ld 1.27 x 10' 1.15 x ld 1.05x ld 
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IS0 9613-1:1993(E) 

Ii1 Ah tompnmn: 20 ‘C 

PdWWd 
fnquew 

Rdativ~humidily,% 

HZ 10 15 20 30 40 50 60 70 80 90 loo 

iti 
y; * ;r; 2,14x 10-l 

3.10x 10-l 
1.74 x 10-i 
2.60 x 10-l 

1,25x 10-l 
1.92 x10-1 

y&j; ;r: 7.84 x lo-' 6,6Oxl'T' 5,70x lo-' 5,Ol x 10-i 4.47 x lo-~ 4,O3x1o-z 

80 4:87 :: 10-l 4,32x lo-' 3,77x 10-l 2.90 x 10-l 2:31 x lo-' 
1.23 x 10-l 
1.91 x 10-l 

1.04*10-' 
1.62 x 10-l 

8,97x10-' 
1.41 x10-' , 

?E ; ;;I 
' 

7,05x lo-' 
1,ll x 10-l 

6.37 x lo-' 
1,00*10-' 

loo 8.22 x10-' 
7.76 x 10“ 

5,79x lo-' 
7,46x Xl-' 

5.29x 10-l 
125 

9,65x IO-' 9,31 x lo-' 
7,12x lo-' 

4.29 x10-' $2"; ; ;;I: 2.94 x 10-l 2.52 x 10-i 2.20x 10“ 1.94 x 10-l 1.74 x lo-' 1,68x10-' 

160 9,19x 10-l 
6.15 x10-' 
8,49 x 10“ 7:52x 10-l 

4.45x 10-l 
6,60x10-' , ;g; ;;:I 3.39x 10-l 

5.18x 10-l 
3.02 x 10-l 
4.65 x 10-l 

2.72 x 16 
4.21 x 10-l 

2.47x 10-l 
3.84 x10-' 

:z 1.22 1.58 1.14 1.39 1.14 1.39 1.12 1.42 1.05 1.39 9,"4 x,;o-' "T Go-' 7,76x 1.13 10-l 7*o: *do-' 6.44 x10-i 5.91 x 10-i 

315 2.12 1.74 1.69 1.75 1.76 1:75 1:6a 1.60 1:50 "*",;:" 8Y:o- 

400 2.95 2.23 2/X 2.10 2.19 2,23 2.21 2.16 1.90 

iii 4.25 6.26 4.12 2.97 i:: 3.06 2.52 i:: 2.73 3.27 3.40 2.79 i:: 

E 

3:52 

E 

3:52 i:: 

800 9.36 5.92 4.62 3,84 3.77 4.05 4.19 4.31 4.39 4.43 
loo0 1.41 x 10 8.72 E 5.01 4.65 ~~ 

5175 
4.80 4.96 5.15 5.30 5,42 

1250 2.11 x 10 1,31 x 10 6.61 5.97 5.78 5.92 6.10 6.29 8.48 

1600 3.13 x 10 1.98 x 10 1.42x 10 9.63 6.W 7.37 7.17 7.18 7.31 7.48 

Z% 4,53x 6.35 x 10 10 4.48 2,99x10 x 10 3,26x 2,15x 10 10 2.10x 1.41 x 10 10 1.12 1.61 x x 10 10 1.37 936 x 10 1.25x 9.25 10 1.18 9,02 x 10 1.15x 8.98 10 1.13 SD6 x 10 1,li ii! x 10 

3150 8.54~10 
1.09 x 102 

6.62 x 10 494x10 3,18x 10 2.39 x 10 1.98x10 1.75x 10 1.61 x 10 153x10 1.48x 10 1.45 x 10 
4WO 

1,33x lo2 
9.51 x 10 
1.32 x 10' 

7.41 x 10 
1.09xld 

4,85x 10 3.61 x 10 2.94x10 2.54x 10 2.29 x 10 2.13 x 10 2.02 x 10 1.94x10 
5OW 7.39x 10 5.51 x 10 4.44x10 3.79x 10 3.36 x 10 3.06x10 2.9606 10 2.71 x 10 

6300 1.58x 10' 1.75x 10' 1.56xld 1.12 x ld 8.42 x 10 6.78 x 10 5,74x 10 5.04x10 454x10 4.18 x 10 3.91 x 10 

it'E' 
1.75% ld 
1.93 x ld 

2.21 x 102 
2.67 x 10' 

2.15x ld 
2.84xld 

1.66x to2 
2.42 x 10' 

1.28 x ld 
1.94xld 

1.04x102 
1.59x102 

8.78 x 10 
1.35 x lo' 

7.66x10 
1.18 x lo? 

6,86x10 
1.05x ld 

6.26x 10 5.81 x 10 
9.53x10 8.79x 10 

F 

R848tivohumi~% 

10 15 20 30 40 50 60 70 60 90 loo 

if4 3.74 2.62 x10-' x10-l 1.97 x 1r' 2,95x lO-' 
1.66xlcr' 
2.38 x 10-l 

1,09x 10-l 
1.69 x 10-l 

8,30x10-' 
1,30x 10-l 

6.71 x lo-' 
1,06x 10-l 

5.63 x 10-i 4,85x lC? 
7,65x VT' 

4,26x lo-' 
6.73 x lo-' 

3.79x 10-Z 
6.00 x 1O-2 

3,42x lC+ 
5.41 x lo-' 

60 5.15 x 10-l 4.29 x lcf' 3.57 x 10-l 2.61 x 10-l 2,03x10-' 1.66x 10-l , 
yg; ;;I 

' 1.21 x10-' 1.08*10-' 9,48x lo-* 6,66~10-~ 

loo 6.61 x 10-l 
8.67 x VI' 

6,04x 10-l 
8,16x lo-' 

5,23x 10-l 35': *w: 
7.40x 10-l , x 

3.14 x lo-' 
125 

8.56 x 10-l 
4,79x10-' 

2.58 x 10-l 2,19x 10-l 
3.40 x VI' 

1,90x10-' 
2,86x 1r' 

1.67 x 10-l 
2.62 x lo-' 

1.49x VT: 1.35x lo-' 

160 1.07 1.06 1.01 7,17x10-' 
;z * ;;I: 

, x 5.25 x 10-l 4,60x10-' 4,09*10-' , x ' 3'z*:: 
2.13 x 10-l 
3,33x10-' 

200 1.31 1.32 1,31 1.20 1.05 9.09x lo-' 7.97 x 10-l 7,06x10-' 6.31 x 10-l 5.70 x lo-' 5.20 x 10-l 
E 2.02 1.61 1.60 1.93 1.84 1.99 2.05 1.60 1,47 1.93 1,32 1.86 1,18 1.71 1,06 1.57 9,63x 10-l 1.44 8,76x 1.32 10-l 8,3 ;;O-' 

400 f'z 2.35 2.38 E.i 2.57 2,51 2,38 2.24 2,lO 1.83 

500 5:w 2.92 2.86 3:61 3.19 3.23 3.18 3.08 2.95 

:': 

630 3.78 3.50 3.84 4.00 4.06 4.05 3.97 3:86 t:: 

800 7,24 5.09 4.44 4.31 4,55 4.80 4.99 5.12 5m 5,02 
loo0 1.07 x 10 7.13 5.87 5.27 5.39 5.68 5.96 2: 6.35 6.44 6.47 
1250 1.61 x 10 1,03*10 8.08 6.M 6.52 6.73 7.04 7:35 7.62 7.84 8.00 

1600 2.43 x 10 1.53x 10 1,16x 10 8,65 8,16 8.14 8.36 8.68 9.01 9.33 9.61 
2000 3.66x 10 2.30x 10 1.70x 10 1.22 x 10 1,07x 10 1.02 x 10 1,02x 10 1,04x10 1.07x 10 1.10x 10 1.14 x 10 
2500 5.42 x 10 3,49x 10 2,55x 10 1.75x 10 1.45 x 10 1.33x10 1.28x 10 1.28 x 10 1.29x 10 1.32 x 10 1,35x 10 

3160 7.86x 10 
1.10 x 102 

5.29 x 10 3.86 x 10 2.68 x 10 29 x 10 1.81 x 10 1.69 x 10 1.63x10 1.62 x 10 1.62 x 10 1.64x10 
4OW 

1.49x 10' 
7.94X10 
1.17 x ld 

5.88 x 10 388 x 10 3.01 x 10 2.57 x 10 2.32 x 10 2,19x 10 2.11 x 10 29 x 10 2.06x10 
5Wo 8.91 x 10 5,SOxlO 4,50x 10 3.76 x 10 3.32 x 10 3,05 x 10 2.88x10 2,77x 10 2.71 x 10 

Ei 
1,91 x lo2 
2.33 x 10' 

1.68xld 
2.32 x ld 

1,33xld 
1,96xld 

9,WxlO 6.83 x 10 5.62 x 10 4.69x 10 4,41 x 10 4.08x10 3.66 x 10 3.71 x 10 

10000 2.74 x 10' 3.08 x ld 2,79x ld 
1,37x lo2 
2.07 x 10' 

1,04x lo2 
1.60 x 10' 

8.54 x 10 
1.31 x 10' 

7.34X10 
1.12x ld 

854 x 10 5$6x10 59 x 10 5,28x 10 
989x10 8.98x 10 8.28 x 10 7.76 x 10 

9 



IS0 9613-1:1993(E) 

Ikl Air tmpemtun: SO ‘C 

77 
Rolatlw humidity, % 

10 15 20 30 40 50 60 70 80 90 loo 

z 
2.45 x 10-l 
3.62 x 10-l 

1,77x 10-l 2.70 x VT' 1,37x VT' 933 x 10-1 7.13 x 10-1 2,12x 10-l 
1,47x10-' 1.12 x lo-' 

5.74 x 10-z 4.81 x10-' 4.14 x 
9.07 x KP 7.60x lo-' 

1q 3.63x10-' 3,23x 1O-2 2,92x 10-Z 

80 5.21 x l(r' 4,06x10-' 3.26 x 10-l 2,30x 10-l 1,76x lo-' 1.43 x 10-l 1.20x10-' , 
y;; 1;: 

' 
6,74x 10-Z 
9.06x lo-' 

5,12x lo-' 
8,10x lo-' 

4.62x lo-' 
7,31x10-' 

loo 7.21 x 10-l 
9,5axlO-' 

5,95x 10-l 
8,45x l(r' 

4,92x 1lT' 
7.25 x VI' :g; ;g: 2,76x 10“ 

4.28 x 10-l 
2.24 x lo-' 
3.51 x 10-l 

1,89x 10-l 
125 

8:15x 10-l 6,55x 16' 5.43 x10-l 
2.96x 10-l 

1.63x 10-l 1.43x 10-l 1.26 x 10-l 1.16x 10-l 

160 1.22 1.15 1.03 4.62 x10-l 
2,56x 10-l 
4.02 x 10-l 

2.26 x 10-l 
3,55x 10-l 

2.02 x 10-l 
3,18x 10-l 

1.82x 10-l 
2.88x 10-l 

:2 1.51 1.82 1.50 1.88 1.42 1.87 1.19 9.87 1.45 x lo-' ","h;O-' 7,15x 1.09 10-l y&5: ' ;$ 5.55 x lo-; :g; ' ;;I: 4,52x 10-i O- 315 2.20 2.28 2.35 ::Ei 2.07 1:84 1.53 1.46 ",",,G" 1,20 7*07 To; 

400 i-ii 2.73 E 2.95 2.83 2,61 238 2.17 1.98 1.62 1.67 
2 4:46 3.26 3.96 4:04 4,41 3.67 4.63 3.70 4-66 3.57 4.55 3,36 4.36 3.14 4.14 2.91 3.92 2.71 3.70 2.52 

800 6.10 4.98 4.85 5.21 5.60 5.82 5-86 5,61 5.66 5.47 5.25 
1oM) 6.67 6.52 6.00 6.15 6.63 7,03 7,29 7.41 7.41 7.32 7.17 
1250 1,27x 10 8,91 7.72 7.39 7.80 8.31 8.75 9.08 9.26 9,37 9.37 

1800 1.89x 10 1.26 x 10 1.04x10 9.17 9.30 9.78 1.03*10 1.08x10 1.12 x 10 1.15x 10 1.17 x 10 
2'z 4.31 2.85 x x 10 10 2,76x 1.86x 10 10 2.10 1.45 x x 10 10 1.60x10 1,18x 10 1.46x 1.14 x 10 10 1.43x10 1.17x 10 1.46x10 1.22 x 10 1.51 1.27 x x 10 10 1.57 1.33 x x 10 10 1.63x10 1,38x 10 1,68x10 1,42 x 10 

3150 6.48 x 10 4.16 x 10 3.12 x 10 2,25x 10 1.84x10 1.83*10 1.81 x 10 1,63x 10 1.66x10 1,93*10 1.99x10 
4OW 9.60 x 10 

1,39x lo2 
6.35 x 10 4.71 x 10 3,27x 10 2.70x 10 2.45 x 10 234x10 2.31 x 10 2.31 x 10 2.35 x 10 2.40 x 10 

5Ow 9,62 x 10 7.16 x 10 4,87x 10 3.90x10 3.41 x 10 3.16 x 10 3.03x10 2.97 x 10 2.96x 10 2,97x 10 

6300 1.94 x lo2 
2.60x 10' 

1.44 x 10' 1.09x 10' 7,37x 10 5.77 x 10 4.93x10 4.44x10 4.16 x 10 3.98x10 3,69x 10 3,84x10 
8OC0 

10000 3,32x 10' 
2.11 x 10' 
3.01 x ld 

1.65 x 10' 
2.46 x lo2 

1.13x ld 
1.72 x ld 

8,71 x 10 
1.33 x 10' 

7.31 x 10 
1.11 x 10' 

6.47 x 10 5.93x10 5.57 x 10 5.33 x 10 5.18 x 10 
9.65 x 10 8.71 x 10 6.07 x 10 7.61 x 10 7.26 x 10 

III Airtrmpmtun:35*C 

PNf*rNd 

TYzW8 

Relatiw humidity, % 

10 15 20 30 40 50 60 70 60 90 loo 

50 1.56 x 10-l 1,19x lo-' 4.93x 1o-z 
63 2;; 2,22x10-: * ;;I 2.42 x10-l 1.87x 10-l y;;: ;;I: 6.13x 10-i 

yj ; ;;I 7.9Oxlcr' 
4.12x 10-z 35'z * 1;:: 3.11 x 10-Z 2.77 x 10-i ;g * $ 

80 ,x1 3.71 x10-' 2.91 x lo-' 2:01 x10-l , ' 1,23x 10-l , 
7:; ;;I' 

8:88:: 10-z 
4,92x lO-' 
7.79x 1o-1 

4s;; x ; ;I? 
, x 6127 :: 10-l 

loo 7,25x 10-l gj * $1: 4.47x 10-l 3.14 x 10-l 
125 1.01 

' 1;* 
6,78x lo-' 4,86x 10-l 

2.40 x 10-i 1.94x 10-i 1.63 x 10-l 1.40x 10-l 

7,46x10-' 22 * :E , x ' 
y; * 1;; 

, x ' 
2,57x 10“ 2.21 x 10-l 

1.23 x 10-l 
1,95x 10-l 

1.10x 10-l 
1.74 x 10“ 

9.92 x lo-' 
1.57x 10-l 

160 1.35 1.00 4.03 x 10“ 3.49x 10“ 3.07 x 10-l 2.74x 10-l 2.48x 10-l 

2 xz 2.13 1.62 2.w 1.45 1.12 1.65 6.98 1.36 x 10-l 7e4: Go-' ;;; ' * ;;(I' 1 5,47x10-; $z*;$ ' 4.32 6,78x x10-' 10-l 3.91 x * lo-: 

315 2:55 2.69 2.66 2.36 2.01 1173 l&J "7 2" 1;7 I,06 2; ,x $:' 

400 E 3.27 3.37 3.23 2.89 2,55 2,26 2,Ol 1.81 1.64 1.49 
% 4:52 3.89 4.59 4.12 4.90 4.22 5.30 4.00 5.29 3.66 5.05 3.32 4.72 3.01 4,38 2.73 4.05 3.74 2.50 3.47 2.30 

800 5,78 
E 

5.76 6,40 6.69 6.67 6.46 6,15 5.81 5.47 5.14 
1WO 7.71 

6:61 
6.82 7.55 8.15 8.43 8.45 8.30 8.03 7.71 7.37 

1250 1,07x 10 8.28 8.85 9.65 1.03 x 10 1,OBxlO 1.07 x 10 1.06x10 1.04x 10 1.02 x 10 

1800 1.64x 10 1.15 x 10 1.04x10 1.05x10 1.13x 10 1.21 x 10 1.28 x 10 1.32 x 10 1.35 x 10 1.35 x 10 1.35x 10 
2% 3.42 2,28x x 10 10 2.31 1,60*10 x 10 1.88x10 1.37 x 10 1,28x 1.62x 10 10 1.34x 1.61 x 10 10 1.42 1.68x10 x 10 1.51 1,78x x 10 10 1.87 1.59x x 10 10 1.64x10 1.95 x 10 2.02 1.68x x 10 10 2,09x10 1.71 x 10 

3160 5.18 x 10 3.41 x 10 2.68x10 2.15x 10 2.02x 10 2.04*10 2,ll x 10 2,20x 10 2.30 x 10 2.40 x 10 2.48 x 10 
4ow 7.83x10 5.13 x 10 3.93x10 2.97x 10 2,65x 10 2,57x 10 256x10 2,65x 10 2,74 x 10 2,wx 10 2.93w10 
5000 1,18x ld 7.80x10 5.90x10 4,26x 10 3.63x10 3,38x 10 3.29 x 10 3.29 x 10 3.34x10 3.42 x 10 3.51 x 10 

6300 1,73x 10' 
2.49x 10' 

1,19x lo2 
8OW 

3.45x ld 
1.79 x 102 

8,95x 10 
1.36 x lo? 

6.28 x 10 5.17 x 10 4.64x 10 4,37x 10 4.26 x 10 4,23x 10 4,25x 10 4.31 x 10 

2.67 x 10' 2.07 x 10' 
9.45x 10 
1.44xld 

7.69x10 6,62x 10 6.07 x 10 5.77 x 10 5,60x10 5.52 x 10 5.50x10 
loom 1.14 x lo2 9.73 x 10 8.74 x 10 8.13 x 10 7.74 x 10 7.49x 10 7.34x10 



IS0 9613-1:1993(E) 

PNfmmd 
tnqu*v 

Maths humldlty,% 

HZ 10 15 20 30 40 50 60 70 80 90 loo 

50 1.98x 10-l 
3.06 x 16' 

1,36x 10-i 1.04 x 10-l 
1.63 x 10-l 

7.00 x 10-Z 5.29x 18' 
1.11 Y 10-l 8.36 x VT' 

4.25 x lo-' 

ii 4,66x10-' , x ' 
$J; * ;;I 

2.56 x 10-l 1.74 x 10-l 1.32x 1F' 
6.72 x lo-' 

3;g; ;;I: y&; ;o-: 2,68x lo-' 238 x 10-i 2,15x10-' 

1.06x 10-l 6&1x10-~ ' 7,66x 10-Z 
4.24 x lo-' 
6,72x lo-* , 

";z E ;;I2 3.41 x 10-Z 
5.40 x lo-' 

loo 6.95, ;;O-' 5.11 x10-1 3.98 x lo-' 2.74 x 10-l 2.06 x 1cT' 1,68x 10-l 1.41 x 10-l 1.21 x 10“ 8.48 x lo-' 
125 
1w 1:42 

7.74 x 10-l 6.15 x 10-l 
9.35 x 10-l 

4.29x 10-l 
;g; ;;I: 

6.67 x 10-l 
3.26 x 10-l 
5.14 x lcr' 

2.65 x 10-l 
4.17 x 10-l 

2.22 x 10-l 
3.51 x 10-l 

1.92 x10-1 
3.02 x 10“ 

, 
2.66 x 10-l 

1.50x 10-l 
yg; ;g: 

1.15 2.37 x VT' 2:14x 10-l 

El 2.45 1 .Ql 2.28 1.65 2.02 1.39 1.03 1.55 8.00x 1.23 1CF' “7 Go-’ 8.63 5,51 x x10-l 10-l 4.76 7.48 x x 10-l 10-l 6.W 4.19x x 10-l 10-l 3.75 590 x x VT' VI' 5.34 336 x x l(r' lcr' 
315 3.03 3.03 2.82 2.30 1.88 1157 1.34 1.17 1.03 9,27x VI' 8.40 x 10-l 

400 3.63 3.84 3.77 3,30 2.79 1.81 1.61 1,45 1.32 

E 4.28 5.08 4*6a 5,55 4.82 5.92 4.56 6.02 4.04 5.64 

2: 

5:12 

z 

4:61 4.16 2.77 3.77 2.48 2,25 344 E 

800 6.14 6.51 7.04 7.61 7.53 7.13 6.62 6.10 5.62 5,19 4.80 
1OCil 7,66 z: 8.25 9.24 9.62 9.52 9.14 8.66 6,14 7.62 7.14 
1250 1,wx 10 9.66 1,OSx 10 1,18x 10 1.21 x 10 1.21 x 10 1.16~ 10 1,14x 10 1.09x 10 1,WxlO 

1600 1.36 x 10 1.16x 10 1.16 x 10 1,28x 10 1,40x 10 1.49 x 10 1,53x 10 1,54*10 1.52 x 10 1.48x 10 1.44x10 
2oW 1,93x 10 1.52 x 10 1.43 x 10 1.5Dx 10 1.64X10 1.77 x 10 1.86x 10 1,92*10 1,94x 10 1.94x10 1.93x 10 
2m 2.82 x 10 2.08x 10 1.84x10 1,60x 10 1,92 x 10 2.07 x 10 2.20x 10 2.31 x 10 2.3SxlO 2.44x 10 2.46 x 10 

3150 4.21 x 10 2.95x 10 2.49 x 10 2.25 x 10 2.30 x 10 2,44x 10 2.59 x 10 2.73 x 10 2,85x 10 2.46x 10 3,WxlO 
4000 6,%x 10 4.32 x 10 3.50x 10 2.93x 10 2.85 x 10 2.92 x 10 3.06x 10 3.21 x 10 3.37 x 10 3.51 x 10 3.63x10 
5WO 9.64x 10 6.47 x 10 5.08x 10 3.99x 10 3.68x10 3.63x 10 3.71 x 10 3.84x 10 3,SQx 10 4,15x 10 4.30x 10 

6300 1.46 x 10' 
2.17 x 10' 

9.79x 10 
1.49x 10' 

756x 10 
1.14x ld 

5.66x 10 4,97x 10 4.72 x 10 4.67 x 10 4,72 x 10 4.83x 10 4.97 x 10 5.13 x 10 
8OW 

3.18 x lo2 2.26 x 10' 1.74x ld 
8.28 x 10 
1.24 x 10' 

6.99*10 
1.02 x lo2 

6.40 x 10 6.14 x 10 6.05 x 10 6.07 x 10 6.15 x 10 6.27 x 10 
10000 9.04 x 10 8,43x 10 8.10 x 10 7.95x 10 7,91 x 10 7,Q4xlO 

InJ AJrtwnpwaturw4S'C 

PNfmmd 

Tr", 

Rolathra humldJty,% 

10 15 20 30 40 50 W 70 80 90 1w 

ii 
1.75x 10-l 
2.73 x 10-l 

1.19 x lcf' 
1,87x 10-l 

9.02 x lo-~ 
1.42 x 10-l 

6.07 x lo-' 
9.80 x 1w2 

4,5axlci~ 
7,25x lo-' 

3;; * ;$ 3.07 x 10-Z 
4.87 x lo-' 

2.64 x10-z 2,32x lo-' 

4.22 x l[r' 2.94x Kr' 2.24 x lo-' 1.52 x 10-l 1.15 x lo-' 9:22: lo-' 7.71 x10-2 
4,18x lo-' 
6.83 x lo-' 

3,67x lo-' 
2.07 x lO-' 
3.27 x lo-' 

1,86x10-~ 

W 5.82 x lo-' 5,18x lo-' 
2,95x 10-l 
4,68x lcr' 

1w 6,44xl(r' 
9,65x VT 

4.57x 10-l 
7.05 x 10-l 

3;x$; NT; 2.38 x 10-l 1.81 x 10-l 1,46x 10-l 1.22 x 10-l 1.05x 10-l 9.21 x lo-2 8.21 x10-' 7.41 x10-2 
125 
160 1.41 1.07 8:46x 10-l 

3.77 x 10-l 2,86x10-' 1.93x 10-l 1,66x 10-l 1.46 x 10-l 1.30 x 10-l 1.17x 1r' 
5.90 x 10-l 4,60x lo-' 

2,30x 10-l 
3,64x 10-l 3.05x 10-l 2,wx 10-l 2.31 x lo-' 2x6 x 10-l 1,86x10-' 

200 1.98 1.59 1.29 9,18x 10-l 7,06*10-' 5,73x 4.81 x 10-l 3.65 x 10-l 3.26 x 10-l 2$4x lo-' 

E ::4": i:: ::ii 2.15 1.41 1.10 1,70 "7:d"- lo-; 
7.57x 10-l 

4.15x lo-; 
5.14 x lo-' 

1.19 6*54."$o- 9.06 5.76 x x 10-l lo-' 8.11 x lo-' 4.65 7,34x x l(r' 10-l 

400 4.30 4.28 3.86 3.19 2.59 2.16 1.85 1.61 1.42 1,27 1,15 
Et 6.06 5.15 6.68 5.46 22 4.61 6.42 3.88 5.65 3.29 4.92 4.32 2.64 3.83 2.49 3.43 2.22 3.10 1.99 2.92 1.61 

8w 
E 

7.92 8.47 8.55 7s 7.16 6.42 5.76 5,23 4.76 4.36 
1000 

1.&x 10 
9.25 1.01 x 10 1,09x 10 1.07x 10 1,WxlO 9.27 8.51 7,82 7.20 6,65 

1250 1.06x10 1.18x 10 1.33 x 10 1.38x 10 1.35 x 10 1.29x 10 1.22 x 10 1.14 x 10 1.06x 10 9.94 

:E 1,33x 1,78x 10 10 1.29x 1,59x 10 10 1.36x 1,WxlO 10 1.57 1,84x x 10 10 2.02 1.70x x 10 10 2,14x 1.74 x 10 10 2.19 1.72 x x 10 10 2,lS 1.67 x x 10 10 2.16 1.60x x 10 10 2.10x 1.52 x 10 10 2,WxlO 1.45x 10 

2500 2.48 x 10 2.05x 10 l,Q6*10 2.15x 10 2.37 x 10 2,58x 10 2.69 x 10 2.76x 10 2.79 x 10 2.78 x 10 2.74 x 10 

3150 358x 10 2,75x 10 2.52x 10 2,56x 10 2.77 x 10 3,WxlO 3.20 x 10 3.35x 10 3.45 x 10 3.52 x 10 354x10 
4m 5.30 x 10 3.86x 10 3.35 x 10 3.15x 10 3,29x 10 3,52x 10 3,75x 10 3.97 x 10 4.15 x 10 4.29x 10 4,39x 10 
5OW 7.98x 10 5,WxlO 4.65x 10 4.06x 10 4,WxlO 4.20 x10 4.43x 10 4.67 x 10 4.80x 10 5.11 x 10 5,29x 10 

6300 1.21 x 102 
1.83 x 10' 

8.32 x 10 
1.28x10' 

6,6SxlO 5,46x 10 5.15x 10 5.17 x 10 5.33x 10 5.56x 10 5.80x 10 6.05x 10 6.26 x 10 
8000 

1.91 xld 
9,99x10 

2.76 x 10' 1.49 x ld 
7,6&x 10 

loo00 1.11 x ld 
6,88x10 6,65x 10 6.66~ 10 6,80x 10 7,WxlO 7.24 x 10 7,48x 10 
8,80x10 8,84x 10 8,88x 10 8,85x 10 8,74x 10 8,Sl x 10 9.12 x 10 

11 
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(pl Air tompontun: so ‘C 

tngu.ncy. Rolatba humidity, % 

HZ 10 15 20 30 40 50 60 70 80 90 loo 

54 1,54x10-' ;g; ;;I: ;;; $ 5,28x lo-' 3.98 x 10-i 3.19 x 1U' 2.67 x lo-' 2.30x 1LT' 
3.64x 10-Z 

2.02 x 10-Z 
3.19 x 10-Z 

1,wx lo-* 
2,85x lo-' 

1.62 x lo-* 

iFi 
2,42x 10-l , 

2,59x 10-l ' 1,96x 10-l 
8,36x lo-' 
1,32x 10-l , 

;z: ;;I* 5.06xlcr 
3.77 x 10-l 8.02 x VI-* 

4,23x lo-* 
6.71 x lo-' 5.77x 1o-z 5.06x lo-' 4,51 x 10-Z 

2,57x 16' 
4.07x lo-* 

loo 5.84 x 10-l 4.05x 10-l 1.58 x 10-l 1.27 x l(r' 1$6x 10-l 8.02 x lo-' 7.15x 10-Z 6.45x lo-' 
125 8.93 x 10-l 8,32x 10-l 

i-g; ;;I: 2.09x 10-l 

7:57x 10-l 
3.30x 10-l 
5,19*10-' 

2.50x 10-l 
3.94 x 10-l 

2.01 x lcr' 
y;;; $1: 

160 13-l 9,75x 10-l 3.18 x 10-l 
1.68x 10-l 
2,66x 10-l 2:29x 10-l 

1.27 x 10-l 
2,Ol x l(r' 

1.13x 10-l 
1.79x 10-l 

1.02 x lo-' 
1,62x lo-' 

200 I,% 1.49 1.17 8.14 x 10-l 5.01 x NT' 4.20x 10-l 3.18 x 10-l 2.84x 10-l 2.56 x 10“ 
250 2.78 2.22 1,79 1.27 

fyi * ;c$ 
' 

11(52 
7,89x10-' 6.63 x 10-l 

g;; ;;I: 
5.03 x 10-l 4.49 x 10-l 4.06 x 10-l 

315 3.78 3.22 2,69 1.96 1.24 1.04 9:02x 10-l 7.94 x 10-l 7.09x 10-l 6.41 x 10-l 

400 4.90 4.51 3.93 2.98 2.35 1.M 1.42 1.25 1.12 1.01 
500 6.09 6.05 5,55 4.44 3.60 

;: 

4157 
2.55 2.22 1.96 1.76 1.59 

630 7.30 7,75 7.53 6.45 5.39 3.94 3.45 3.06 2.76 2.50 

wo 8.55 9.51 9.75 9.02 7.89 6.85 5.30 4.74 4.29 3.9t 
1000 9.95 1.13 x 10 1.21 x 10 1.21 x 10 1.11 x 10 1,wx 10 E 8.03 7.25 6.60 6,05 
1250 1,17x 10 1,32x 10 1.44 x 10 1.55x 10 1.51 x 10 1.41 x 10 1.36 x 10 1,lQ x 10 1,09x10 1,wx 10 9,24 

1600 1.42 x 10 1,wx1o 1.69x 10 1.90*10 1.96x 10 1.91 x 10 1.62 x 10 1,71 x 10 1,59x 10 1,49x 10 1,39x 10 
2OOu 1.79 x 10 1.81 x 10 1.96x 10 2.26 x 10 2,43x 10 2,48x 10 2.44 x 10 2,36x 10 2,25x 10 2.14 x 10 2,wx 10 
2500 2,36x 10 2.20 x 10 2.30x 10 2.83x10 2.91 x 10 3.07 x 10 3,13x 10 3.12 x 10 3.06x10 2,97x 10 2.87 Y 10 

3150 3.25 x 10 2.79x 10 2,78x 10 3.07 x 10 3.41 x 10 3.68x 10 3,86 x 10 3.95 x 10 3.98 x 10 3,96x 10 3.89x 10 
4OaJ 4.64x 10 3.71 x 10 3,49x 10 3,WxlO 3,98x 10 4.32 x 10 4,61 x 10 4.82 x 10 4,96x10 5,04x10 5,06x 10 
5cm 6.82 x 10 5.14 x 10 4.58x 10 4.44 x 10 4.71 x 10 5.06x 10 5.42 x 10 5,73x 10 5.99x10 6,18x 10 6.32 x 10 

6300 1.02 x 10' 7.39X10 6,29x 10 5,66x10 5.73 x 10 6,02x 10 6.39 x 10 6,76x 10 7,lO x 10 7.40 x 10 7,65x 10 
8OW 1.55x 10' 1.09x 10' 8.97x 10 7.64 x10 7,26x 10 7.38 x 10 7.67 x 10 8.03 x 10 8,41 x 10 8,78x 10 9.12 x 10 
10000 2.35x ld 1.64 x 102 1.32 x ld 1,05x ld 9.63 x to 9.43 x 10 9,54x 10 9.80x 10 1.01 x 102 1.05x ld 1,09x ld 

NOTE - Atmospheric-absorption attenuation coefficients were calculated by use of equation (6) for the exact midband frequencies of 
one-thirdoctave-band filters (i.e. b = l/3), over the range of preferred frequencies indicated with index k ranging from - 13 to + 10. 

8.1.2 When a wideband sound pressure signal is 
analysed by fractional-octave-band filters, calculation 
of the attenuation caused by atmospheric absorption 
is complicated by errors in the measured band sound 
pressure levels. These errors occur because the 
equivalent power passed by a practical filter will be 
greater, or less, than the equivalent power passed by 
a corresponding ideal bandpass filter with unity trans- 
fer gain in the passband and infinite rejection outside 
the passband. The magnitude of the band-level errors 
varies with the slope of the spectrum of the signal 
applied to the filter and the shape of the attenuation 
response of the filter. Sound pressure level measure- 
ments at the location of a distant receiver are par- 
ticularly vulnerable to high-frequency band-level errors 
because the attenuation by atmospheric absorption 
normally increases rapidly with increasing frequency, 
thereby causing large negative spectral slopes for the 
sound pressure signal incident on a microphone. 

8.1.3 Because of the unavoidable band-level errors 
inherent in an analysis by fractional-octave-band filters 
of sounds with steep spectral slopes, and the com- 
plexity of the procedure for dealing with the errors in 
a practical manner, this part of IS0 9613 provides (in 
8.2) a calculation method based solely on a discrete- 
frequency approximation of the attenuation actually 
experienced by a wideband sound over the frequency 
ranges of the bandpass filters employed for a spectral 
analysis. The discrete-frequency (pure-tone) calcu- 

lation method is applicable to many practical situ- 
ations, but is limited to combinations of atmospheric 
and propagation conditions such that the attenuation 
by atmospheric absorption over the sound- 
propagation path is not more than approximately 
15 dB for the frequency band of interest. See 8.2.2 for 
specific criteria. 

8.1.4 A procedure is also described in 8.3 to apply 
the pure-tone calculation method to estimate A- 
weighted sound pressure levels from measurements 
(or specifications) of unweighted fractional-octave- 
band sound pressure levels. A general description is 
also provided (in 8.4) for application of the pure-tone 
calculation method when the spectrum of the sound 
is a combination of discrete-frequency components 
superimposed on a wideband spectrum. 

8.1.5 An optional alternative calculation method is 
described in annex D that requires knowledge of the 
sound pressure signal as a continuous function of 
frequency. The method in annex D employs a nu- 
merical integration procedure to determine the at- 
tenuation by atmospheric absorption for sound 
pressure levels in frequency bands. The spectrum- 
integration method yields more accurate estimates for 
band-level attenuations caused by atmospheric ab- 
sorption and is applicable over a wider range of con- 
ditions than the pure-tone method described in 8.2. 

12 
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8.2 Pure-tone method to approximate 
band-level attenuation 

losses as appropriate for the reference distances, and 
apply the standard A-frequency weightings to the 
band sound pressure levels at the prediction distance. 

8.2.1 For each fractional-octave band of interest and 
specified uniform meteorological conditions along the 
sound propagation path, calculate the attenuation co- 
efficient resulting from atmospheric absorption for the 
exact midband frequency [as determined from 
equation(6)], using the procedure for pure tones de- 
scribed in clause 6. The band-level attenuation for 
each frequency band, in decibels, is then the product 
of the attenuation coefficient for the midband fre- 
quency and the path length, as in equation (2) for pure 
tones. Non-uniform meteorological conditions may 
occur along long sound paths, as discussed in 
annex C. 

NOTE 8 As the length of the sound propagation path in- 
creases above the limiting values described in 8.2.2, the 
errors in calculating the band-level attenuation S&, by the 
method described in 8.2.1 increase also, and often rapidly. 
However, even when this error in sound pressure level for 
individual frequency bands becomes large, it may still be 
practical to use the method given in 8.2.1 for wideband 
sound because the error in the calculation of A-frequency- 
weighted sound pressure level. obtained by combining the 
band levels, is often very much smaller. The reason is that 
the attenuation due to atmospheric absorption, and hence 
the filter errors described in 8.1.2, will be large only in the 
heavily attenuated bands that may not contribute substan- 
tially to the A-frequency-weighted sound pressure level. 

8.2.2 The error in band-level attenuation introduced 
by this pure-tone method of calculation is estimated 
to not exceed f 65 dB provided that: 

a) the bandpass filters comply with the Class 1 or 

Annex E provides a worked example of the calcu- 
lation of atmospheric-absorption attenuation for A- 
weighted sound pressure levels. 

Class 0 tolerance limits of IEC 225; 8.4 Combined wideband and pure-tone 
sounds 

b) for one-third-octave-band filters, the product of the 
source-receiver path length, in kilometres, and the 
square of the midband frequency, in kilohertz, 
does not exceed 6 km.kHz2, nor does the path 
length exceed 6 km (at any midband frequency); 

c) for octave-band filters, the product of the source- 
receiver path length, in kilometres, and the square 
of the midband frequency, in kilohertz, does not 
exceed 3 km*kHz2, nor does the path length ex- 
ceed 3 km (at any midband frequency). 

8.2.3 The method described in 8.2.1 is applicable to 
the calculation of band-level attenuation of the sound 
produced by stationary or moving sound sources. If 
the sound source moves during the period of interest, 
the attenuation from atmospheric absorption will vary 
with time because the effective frequency (or effec- 
tive wavelength) varies with time owing to the 
Doppler effect. This effect should be taken into ac- 
count by calculating the attenuation coefficient for the 
Doppler-shifted frequency applicable to the sound- 
emission angle for each time of interest. 

8.3 Calculation of atmospheric-absorption 
attenuation for A-weighted sound pressure 
levels 

Because the effects of atmospheric absorption are 
very frequency dependent, the recommended pro- 
cedure for predicting the influence of atmospheric 
absorption on A-weighted sound pressure levels, as 
described by an example in annex E, is first to deter- 
mine the band-level attenuations applicable to the at- 
mospheric conditions. Apply the calculated band-level 
attenuations to the band sound pressure levels de- 
termined at a reference distance. Account for other 

For sound signals made up of a wideband component 
plus one or more pure-tone components, the follow- 
ing procedure should be used to calculate the attenu- 
ation of fractional-octave-band sound pressure levels 
as a result of atmospheric absorption. The procedure 
is applicable to sound produced by stationary or mov- 
ing sources. If the source is moving, attenuation 
coefficients should be calculated for the Diippler- 
shifted frequencies of the pure-tone components or 
the midband frequencies of the wideband compo- 
nent, as described in 8.2.3. 

Step 1: Separate the measured spectrum, on the ba- 
sis of time-mean-square sound pressures, into pure- 
tone and wideband components. For pure-tone 
components, the frequency of the tone may be de- 
termined by spectrum analysis with a narrow-band 
filter, by prior knowledge of the source of the tones, 
or by a defined protocol for estimating the presence 
and level of a tone based solely on relative changes 
in the level of adjacent fractional-octave-band sound 
pressure levels. For the latter case, the frequency of 
the tone may be assumed to be the exact midband 
frequency of the filter band. However, if the pure tone 
approximation method given in 8.2 is used for the 
wideband element, and if the frequency of the tone 
is also assumed to be the exact midband frequency 
of the filter band, then the procedure of separating the 
spectral components is not necessary because the 
same pure-tone attenuation would apply to both the 
wideband and discrete-frequency components. 

Step 2: Calculate the attenuation over the specified 
path length for each spectral component separately, 
employing the methods specified in 5.2 and 6.3 for 
the pure-tone components, and in 8.2 for the wide- 
band component. 

13 
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Step 3: If the initial spectrum is that of the sound at 
a source location, subtract the calculated 
atmospheric-absorption attenuations from the separ- 
ate discrete-frequency and wideband components to 
obtain estimates for the sound pressure levels of the 
separate components of the spectrum at a receiver 
location accounting for atmospheric-absorption losses 
alone. If the initial spectrum is that for a sound at a 
receiver location, add the calculated atmospheric- 
absorption attenuations to obtain estimates for the 

corresponding sound pressure levels at a source lo- 
cation. Also subtract (or add) estimates for attenuation 
by other mechanisms (e.g. wave divergence) to the 
frequency-band sound pressure levels of the initial 
spectrum. 

Step 4: Combine the estimates for the time-mean- 
square sound pressures of the separate components 
of the spectrum to obtain the estimated band sound 
pressure levels of the composite spectrum at the re- 
ceiver or source location. 

14 
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Annex A 
(informative) 

Physical mechanisms 

A.1 Equations (3) to (5) in 6.2, for calculating the 
attenuation coefficient c1 due to atmospheric absorp 
tion, combine the contributions from a number of 
physical mechanisms into a form suitable for compu- 
tation. However, understanding of the process is 
necessarily lost in the complexity of these formulae. 
Formulae describing the contributions of the individual 
mechanisms are given here in the interest of provid- 
ing an understanding of what is covered by equations 
(3) to (5). 

The reference air pressure and temperature are as 
given in 4.2. 

A.5 The two vibrational relaxation terms in equation 
(A.1 1 have the same form, namely 

%ib,O = [(~J-))max,oICflC) X 

. . . (A.31 

A.2 The form of the equations for individual mech- 
anisms is physical in nature (taken to fit the best 
available theoretical understanding of the physical 
processes) rather than empirical. The constants in the 
equations were obtained from theory and from analy- 
sis of an extensive collection of laboratory measure- 
ments of atmospheric-absorption losses in moist and 
dry air and in component gases. 

and 

%ib,N = [(a~)rnax,~I(flC) X 

x { 2(flfrN) [ 1 + (fIf,Nj2j- ‘) . . . (A-4) 

where 

A.3 The attenuation coefficient a, in decibels per 
metre, is expressed by the sum of four terms as 

Q = %I + ar0t + Qvib,o + %ib,N . . . (A.11 

where 

the subscript 0 is for oxygen and N for nitrogen 
relaxations; 

c is the speed of sound, in metres per sec- 
ond; 

a,1 represents the classical absorption caused 
by the transport processes of “classical” 
physics; 

f, is a relaxation frequency, in hertz; 

W)rnax is the maximum attenuation, in decibels, 
caused by a vibrational relaxation over a 
distance of one wavelength, 1, in metres. 

arot represents the molecular absorption 
caused by rotational relaxation; and 

Formulae for oxygen and nitrogen relaxation fre- 
quencies are given by equations (3) and (4) in 6.2. 

‘hib.0 and %ib,N represent the molecular absorp- 
tion caused by vibrational relaxation of 
oxygen and nitrogen, respectively. 

NOTE 9 Within the accuracy limits specified in clause 7, 
the small amount of molecular absorption contributed by the 
presence of carbon dioxide is adequately accounted for in 
the vibrational relaxation terms for oxygen and nitrogen. 

A.6 For the purposes of this part of IS0 9613, the 
speed of sound in equations (A.31 and (A.4), in metres 
per second, is computed from 

c = 343,2 (7’/To)1’2 . . . W.5) 

A.4 The portion of the attenuation coefficient due 
to classical and rotational absorption is given, to a 
close approximation for air temperatures of concern 
to this part of IS0 9613, by their sum, aCr 

NOTE 10 Equation (A.51 neglects the small effect of wa- 
ter vapour on the speed of sound; i.e. an effect that is less 
than 0,3 % under the atmospheric conditions covered by 
the ranges given in clause 7. 

%r = %I + &rot = 
1,60 x lo- 10(T/To)“2f 

PalPr 
. . . (A.3 

A.7 The maximum atmospheric attenuation (Cm),, 
over a distance of one wavelength, as a result of 
vibrational relaxation, depends only on the tempera- 
ture of the air, and has the same form for both oxygen 
and nitrogen relaxations. It is determined, in decibels, 
from 

15 
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W-1 max.0 = 1,559Xo(eo/q2 exp( - 00/T) . . . (A.6) 

and 

(4 m&J = 1,559&(eN/7)* exp( - 6,/n . . , (A.7) 

where 

8 is the characteristic vibrational tempera- 
ture; 

X is the non-dimensional fractional molar 
concentration (in dry air) of oxygen (sub- 
script 0) and of nitrogen (subscript N). 

A.8 For the purposes of this part of IS0 9613, the 
characteristic vibrational temperature and the frac- 
tional molar concentration have the following values: 

8 = 2 239.1 K for oxygen and 3 352,0 K for nitro- 
gen; 

x = 0,209 for oxygen and 0,781 for nitrogen (see 
4.1). 

The constant 1,559 in equations (A.61 and (A.7) is ob- 
tained from the theoretical 
(2~/35)(10 lg e*). 

expression 

A.9 Equation (5) in 6.2 is obtained by substituting 
equations (A.21 to (A.71 in equation (A.11. 

16 
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Annex B 
(informative) 

Conversion of humidity data to molar concentration of water vapour 

In the main text of this part of IS0 9613, a method is 
given for calculating the attenuation of sound press- 
ure levels as a result of atmospheric absorption. The 
method is in the form of analytical equations suitable 
for computations. The purpose of this annex is to 
complete the computational package by providing 
analytical expressions, not readily available in the lit- 
erature, to calculate the molar concentration of water 
vapour from measurements or specification of relative 
humidity, air temperature and dewpoint. Other meas- 
ures of humidity, such as the wet and dry bulb tem- 
peratures, should first be converted to relative 
humidity and then to molar concentration. 

B.l Relative humidity 

For a sample of moist air at a given temperature, 
relative humidity is the ratio, expressed as a percent- 
age, of the vapour pressure of water in moist air to 
the saturation vapour pressure, psat, with respect to a 
plane surface of liquid water at the same temperature 
and pressure that characterize the sample of moist air. 
For a given temperature and pressure, the molar 
concentration, h, of water vapour, as a percentage, 
may be calculated for a specified relative humidity, 
hr, as a percentage, from 

h = h, (P,,,IP~MPJP~) 

where 

. . . (B.1) 

Pa 

Pr 

is the atmospheric pressure, in kilopascals; 

is the reference ambient atmospheric 
pressure from 4.2. 

NOTE 11 By convention, relative humidity at tempera- 
tures less than 0 “C is evaluated with respect to saturation 
over a surface of liquid water, not ice. 

B.2 Saturation vapour pressure 

The saturation vapour pressure, psat, of aqueous va- 
pour over a plane surface of liquid water is a function 
solely of the air temperature T. Tabulations of psat 
versus T, and the equations that generated the tables, 
are available in various reference handbooks. 

For computations, however, it may be more con- 
venient to utilize equations (B.2) and (B.3) which pro- 
vide saturation vapour pressures that are a close 
approximation to those calculated by the World 
Meteorological Organization and tabulated in the In- 
ternational Meteorological Tablestzl: 

PsatlPr = l Oc . . . W-9 

with exponent C given by 

C = - 6,834 6(T,,/T) ‘,*” + 4,615 1 . . . (B.3) 

where the temperature T is in kelvins and To, is the 
triple-point isotherm temperature of 273,16 K (i.e. 
+O,Ol “C). 

To find h for given values of T, pa and 4, first find the 
value of the ratio psat/pr by use of equations (B.2) and 
(B.3) for the air temperature. Then, find h by use of 
equation (B.l) for the relative humidity and air press- 
ure with pr = 101,325 kPa. 

B.3 Dewpoint temperature 

The dewpoint temperature, TD, of a sample of moist 
air, at a temperature T, pressure pa and molar con- 
centration h, is the equilibrium temperature to which 
the sample must be cooled to be saturated over a 
surface of liquid water at the same given pressure. 

To calculate the molar concentration of water vapour, 
given a measurement of dewpoint for some air tem- 
perature, first determine the saturation vapour press- 
ure ratio psatlpr at the dewpoint temperature TD by the 
use of equations (B.2) and (B.3) with TD for tempera- 
ture T. Then determine the molar concentration by 
use of equation (B.l) for the given ratio pa/pr with 
relative humidity h, equal to 100 %. 

NOTE 12 Measurements of dewpoints at low air tem- 
peratures may, in fact, yield frostpoints, corresponding to 
saturation over a surface of ice instead of supercooled wa- 
ter. Due account for the conventional definition of relative 
humidity should be considered when frostpoints are meas- 
ured. Equations (8.2) and (B.3) apply only for saturation va- 
pour pressures over liquid water, not ice or frost. 

17 
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Annex C 
(informative) 

Effect of inhomogeneous, real atmospheres 

In the main text of this part of IS0 9613, the atmos- 
phere through which a sound propagates has been 
assumed to be uniform along the sound propagation 
path; that is, the pressure, temperature and molar 
concentration of water vapour could each be specified 
by single fixed numbers. The effects of variation in the 
meteorological variables during propagation through 
an inhomogeneous real atmosphere are considered 
here. 

C.l Variation with altitude 

The vertical profile of mean annual molar concen- 
tration of water vapour h, (as a percentage) in 
tableC.l was constructed from the best available 
data131 to be consistent with the vertical profiles of 
mean annual temperature Trn (in kelvins) and pressure 
pm (in kilopascals) at mid-latrtudes near 45” north from 
the IS0 Standard Atmosphere (see IS0 2533). The 
following equations were used to fit these profiles 
over two ranges of geopotential altitude H (in kilome- 
tres) from 0 to 11 km (the troposphere), and from 
11 

a) 

b) 

km to 20 km (the stratosphere). 

For sea-level to 11 km: 
T,=T,,-6,5H . . . G.1) 

Pm = Pms (Tm/Tm35’255 ** . . . (C.2) 

&=4x 10” . . . (C.3) 

where 

G,=A,H+A~2+A~3+A~lf+AgH5+AgH6 

For 11 km to 20 km: 
T,= 216,65 . . . (C.4) 

pm= 22,632 x 

xexp[-0,157688(H-ll)] . ..(C.5) 

h,,,=A,x104 . . . (C.6) 

where 

G,=A$I+AgH2+A,&3+A,,d 

and Tms and pms are the mean annual temperature 
(288,15 K) and pressure (101,325 kPa) at sea level. 

18 

The constants are: 

A, = 1,002 71; A, = -0,122 23;A, = 0,045 46; 
A3 = - 0,031 545; Aa = 0,007 647 2; 
A,=-0,000 799 06&=0,000 029429; 
A,= 1,839 5 x lo- ;A,= 5,448 94;Ag=-0,606 83; 
A,, = 0,028 364 3;A,, = -0,000 474 746 

The pure-tone attenuation coefficients for atmos- 
pheric absorption shown in tableC.l were calculated 
for these atmospheric parameters using equations (3) 
to (5) with exact midband frequencies calculated from 
equation(g). Note the large variation in the mean an- 
nual attenuation with altitude for all frequencies. 

C.2 Local variation 

C.2.1 The local variations in atmospheric pressure, 
temperature and humidity from the mean values 
shown in tableC.l are complex. The effects of these 
variations under meteorological conditions on atmos- 
pheric absorption may be summarized as follows. 

c.2.2 For a given height above sea level, variations 
in atmospheric pressure are rarely greater than 
f 5 % of the pressures in table C.l. A variation of 
f 5 % in atmospheric pressure will cause less than a 
variation of f 5 % in the attenuation coefficient. 
Therefore, for practical purposes, deviations from the 
mean profile of atmospheric pressure in table Cl may 
usually be ignored. 

C.2.3 For a fixed altitude, there are large variations 
with time and place in air temperature and molar 
concentration of water vapour. For example, the 
range of variation near the ground is comparable to 
that shown in tableC.l for the mean variation with 
altitude. As a result, for calculations of attenuation by 
atmospheric absorption, there is no substitute for lo- 
cal information concerning temperature and molar 
concentration for the time and place for which the 
calculation is made. 

Usually, however, meteorological information is lim- 
ited to time averages measured at (or forecast for) 
one place near the surface of the ground, often for a 
height above local ground level of approximately 
10 m. The time-averaged data leave the user with the 
problem of judging how representative they may be 
for conditions along a sound propagation path close 
to the earth at a particular time. 
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rable C.l - Dependence of temperature, pressure, molar concentration of water vapour and pure-tone 
atmosl Pheric-attenuation coefficient. at mid-latitudes, on geopotential altitude above mean sea level 

Pr.ssun Mdmr 
l liitud~ TompmtUN cmNmtNnon 1 1 

T,. K 

X38,15 
264.90 
281,65 
275,15 
268,65 
262.15 
255.65 
249.15 
242.65 
236,15 
229.65 
223.15 
216.65 
216,65 
216.65 
216.65 
216.65 
216,65 
216,65 
216.65 
216.65 
216.65 

If. km 

4 Prdemd h 
I EJJo 

2.30 
2.02 
1.79 
1.53 
1.65 
2.27 
3.38 
4.68 
4.16 
1.48 
0.42 
0.24 
0.21 
0.23 
0,25 
0,28 
0.32 
0,36 
0,42 
0.46 

raw. Hz 
loo0 2coo 4000 

4.06 9.53 30.48 109.03 
3.81 lo.04 34.01 121.27 
3.70 10.76 37.76 132,05 
4.02 13.61 48.49 151,09 
5,41 19.26 61.61 14383 
8,03 25.61 EQW 99.20 

10.87 25.46 40.67 56,97 
10.62 16.26 21.95 37.47 
5.66 7.17 11,55 28.53 
1.82 3.05 7.89 27.19 
0,77 2.16 7.69 29.72 
0.64 2.23 a,57 33.82 
0.67 2.51 9.91 36.87 
0.77 2.91 11.46 45.49 
0.88 339 13.40 53.24 
1.02 3.96 15.68 62.32 
1.18 4.63 18.34 72.95 
1.37 5.41 21.47 85.41 
1.60 6,33 25,13 99.99 
1,87 7.40 29.42 117,06 
2.19 8.66 34.44 137.05 
2.56 10.14 40.31 160.45 

.rm.% 
1,002 71 
0.88702 
0,793 65 
0,60935 
0,435 13 
0,302 50 
0.21? 67 
0.14486 
0,088 43 
0.04322 
0.01646 
0.00595 
0,003 Bo 
0,002 74 
0,002 01 
o.GQ160 
om144 
0,001 47 
0,0016a 
o.w207 
o.w2 57 
0.00293 

63 125 250 

0.12 
0.13 
0.14 
0.15 
0.15 
0.14 
0.12 
0.14 
0.22 
OS43 
0.26 
0,lO 

x:z 

X'E 
0:03 
0,03 
0,03 
0,02 
0.02 
0,02 

OA3 

E3 
0:40 
0.34 
0.29 
0.30 
0.43 
0.74 
0.90 
0.30 
0.11 
0.07 

i% 
605 

:z 
Oh4 
0*05 
0.05 
0.05 

1,18 
1.10 
1.00 
0.79 

E 
0:96 
1.48 
2.14 
1.26 
0.33 
0.13 
0.10 

k%i 
0:OQ 
0.10 
0.11 
0.12 
0.13 
0.15 
0.17 

o"5 
i 
2 

101.325 
Q?i&l 
89,875 
79,495 
70.109 
61,640 
64.020 
47.181 
41,061 
35,600 
30,742 
26,436 
22,632 
19,330 
16.510 
14.102 
12.045 
10,287 
8.787 
7,505 
6.410 
5,475 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

NOTES 

1 Attenuation coefficients were calculated for air temperatures, atmospheric pressures, and molar concentrations deter- 
mined from equations (C.1) to (C.6). 

2 The values of a, were calculated for the exact one-third-octave midband frequencies corresponding to the eight pre- 
ferred frequencies from 63 Hz to 8 0000 Hz. Subscript m denotes mean annual conditions. 

C.2.4 When meteorological information is limited to 
surface data, two facts should be recognized: 

C.3 Applications to stratified 
atmospheres 

C.3.1 Pure tones a) the atmospheric variable that dominates the be- 
haviour of atmospheric absorption according to 
equations (3) to (5) is the molar concentration of 
water vapour; and 

C.3.1.1 The mean attenuation coefficients given in 
tableC.l show that the variation with altitude can be- 
come much too large for the atmosphere to be as- 
sumed homogeneous when calculating absorption 
losses for vertical or slant-range propagation over long 
distances, also bearing in mind the limitations given 
in 8.22. To avoid the introduction of large errors, the 
atmosphere should be modelled by a stack of hori- 
zontal layers. The calculation of absorption losses then 
proceeds as follows. 

b) the molar concentration of water vapour tends to 
be constant throughout the boundary layer closest 
to the earth during normal daytime hours because 
of the mixing of the atmosphere which occurs as 
a result of the action of winds. 

If the propagation path is well within the mixed layer, 
the attenuation due to atmospheric absorption may 
be calculated to an accuracy suitable for many appli- 
cations by use of meteorological measurements near 
the ground, under the assumption that the molar 
concentration is constant up to the height of the top 
of the mixed layer. The thickness of the mixed layer 
may vary from approximately 10 m at night to 
approximately 1 km on a sunny afternoon in summer. 
When this thickness is in doubt, radiosonde observa- 
tions or expert knowledge should be consulted. 

C.3.1.2 Values of temperature T, atmospheric 
pressure p and molar concentration h are defined at 
selected points along a propagation path through the 
stratified atmosphere. These values are obtained from 
measurements or prediction models such as that 
used for table C.l. The attenuation coefficient for a 
frequency f is then computed at the selected points 
by use of equations (3) to (5). A sufficient number of 
points should be chosen to allow continuous variation 
of the attenuation coefficient along the path to be 
approximated over a set of II finite pathlength seg- 
ments, each much longer than the wavelength of 
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sound, and such that the attenuation coefficient is 
sensibly constant over each segment. 

C.3.1.3 The total pure-tone absorption loss SL#) 
over the entire path is then obtained by the following 
summation over the n segments: 

n 

sWl = 2 Caiv)l Cssil . . . 
i=l 

(C.7) 

where pi is the average attenuation coefficient for 
atmospheric absorption at a frequency f at the mid- 
point of the ith path segment of length 6Si. 

C.3.2 Wideband sound analysed by 
fractional-octave-band filters 

C.3.2.1 The attenuation of a wideband sound propa- 
gating through an inhomogeneous atmosphere may 
be calculated by the methods identified in 8.1 for 
wideband sounds, when augmented by the pro- 
cedures given in C.3.1. 

C.3.2.2 If the pure-tone method of 8.2 is used, then 
the procedures in C.3.1 follow naturally. The fre- 
quency f in C.3.1.2 becomes the midband frequency 
f, from equation(6) for the desired band, and 6L&,) 

in equation (C.7) gives the total atmospheric- 
absorption attenuation of the band sound pressure 
level over the propagation path from source to re- 
ceiver (or from a receiver location back to the source). 

C.3.2.3 If the spectrum-integration method de- 
scribed in annex D is chosen, then the calculation 
becomes more formidable. The procedures of C.3.1 
are followed for selected frequencies within each 
frequency band in order to obtain S&(f) via equation 
(C.7) as a discrete function of frequency. This set of 
pure-tone attenuation coefficients must then be sub- 
stituted into equation (D.l) and numerically integrated 
over frequency, as described in annex D, to obtain 
Us, the attenuation in band sound pressure level over 
the path from source to receiver (or receiver to 
source). 

However, for Case 2 described in D.3, where the 
band sound pressure levels at the receiver are known, 
the sound-propagation pathlengths over which the 
pure-tone attenuation coefficients need to be devel- 
oped as a function of frequency will commonly be 
sufficiently long for this method to fail because of the 
large errors introduced, as described in 8.1.2, by the 
inadequate attenuation of practical bandpass filters at 
frequencies outside the passband of the filter. 
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Annex D 
(informative) 

General spectrum-integration method for calculating the attenuation of 
wideband sounds analysed by fractional-octave-band filters 

D.l Introduction 

D.l.l This annex describes a general spectrum- 
integration method to calculate the attenuation by at- 
mospheric absorption applicable to fractional- 
octave-band sound pressure levels. The method may 
be applied to various practical situations without the 
limitations given in 8.2.2. 

D.1.2 A user of the method should be aware of 
practical limitations regarding such matters as the 
time required to carry out the computations and the 
fact that some sound pressure levels that might be 
calculated (or which should have been measured) 
may, in fact, not be measurable with commercially 
available instruments because of limitations imposed 
by the ambient acoustical background noise, the 
electrical noise floor of the instruments, or the in- 
herent errors introduced by the use of practical 
bandpass filters (see 8.1.2). On the other hand, the 
method described in this annex, while more compli- 
cated than the approximate pure-tone method de- 
scribed in 8.2, can yield more accurate estimates for 
frequency-band sound pressure levels than the pure- 
tone method. 

D.1.3 The general features of the calculation 
method are described for three cases. For Case 1, 
band sound pressure levels are known at the location 
of a sound source and band sound pressure levels are 
to be determined at the location of a distant receiver. 
For Case 2, band sound pressure levels are known at 
a receiver and corresponding band sound pressure 
levels are to be determined at the source of sound. 
For Case 3, band sound pressure levels are known at 
a receiver for one set of meteorological conditions 
along the sound propagation path, and the band sound 
pressure levels are to be determined that would have 
been measured at the same location but under dif- 
ferent meteorological conditions. For all cases, the 
calculation method described in this annex is limited 
to attenuation by atmospheric-absorption processes. 
Attenuation by other mechanisms is neglected. 

D.1.4 The analytical procedures described in this 
annex assume that the bandpass filters were de- 
signed according to the base 10 system for midband 
and bandedge frequencies, see equation equation (6). 
If the base 2 system was used, the applicable 
equations should be appropriately modified. 

D.2 Case 1: Band sound pressure levels 
known at the source 

D.2.1 The fractional-octave-band sound pressure 
level LB&,) (in decibels, with respect to pi where p. 
is the reference sound pressure of 20 IPa), at re- 
ceiver location R and after attenuation from atmos- 
pheric absorption over the path from the source to the 
receiver, may be calculated from 

bdLl) = 10 lg 

. . . (D-1) 

where 

Ls(n is the pressure spectrum level (in decibels, 
with respect to pi/f0 where f. is the refer- 
ence bandwidth of 1 Hz) of the sound at 
the source; 

is the pure-tone attenuation, in decibels, 
from atmospheric absorption as calculated 
by use of equation (C.7) over the total 
length of the path from the source to the 
receiver; 

fi and fu are the effective lower and upper fre- 
quency limits in hertz; and 

AA(n is the relative-attenuation, in decibels, of 
the filter employed for analysis of both 
source and receiver signals. 

NOTE 13 Frequencies J fi and fu may be normalized by 
the exact midband frequencyf, for convenience in carrying 
out the integration over the entire frequency range of inter- 
est for each filter band. Exact midband frequencies are cal- 
culated using equation (6). 

D.2.2 If analytical functions are available for the 
pressure spectrum level, pure-tone attenuation and 
filter relative-attenuation response as continuous 
functions of frequency, equation (D.l) can, in principle, 
be evaluated in closed form. In practice, the integral 
is usually evaluated numerically by a summation over 
a range of frequency with the three elements of the 
integrand specified at discrete frequencies. 
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D.2.3 The pressure spectrum level at the source, 
L&), is usually determined from frequency-band 
sound pressure levels Lss(fm) measured or predicted 
for the effective location of the sound source under 
specified operating conditions. For the purposes of 
this part of IS0 9613, the pressure spectrum level of 
the sound at the source L.&J, in decibels, may be 
estimated at the midband frequency of each filter 
band by subtracting a correction for the bandwidth of 
the corresponding ideal bandpass filter. Thus 

&&> = J&V;~) - 10 b(mq&) dB . . - CD.21 

where the bandwidth BWi, in hertz, of the corre- 
sponding ideal filter is given by 

B& =f2-fi =fm(1036'20-10-3b'20) . . . (D.3) 

where 

fi andf, are the upper and lower bandedge fre- 
quencies; 

b is the bandwidth designator as described 
in note 5 in 6.4. 

D.2.4 The procedure indicated by equation (D.2) is 
applicable only for a sound spectrum that is continu- 
ous and wideband without discrete-frequency com- 
ponents. If the spectrum contains both wideband and 
discrete-frequency components, the procedures de- 
scribed in 8.4 should first be employed to determine 
estimates for the separate components of the com- 
posite spectrum. For the discrete-frequency com- 
ponents, follow the procedure of clause 6 to 
determine attenuation. In this case, the ideal-filter 
bandwidth correction should not be subtracted from 
the indicated band sound pressure level. 

0.2.5 For the wideband component of the spec- 
trum, the pressure spectrum level at any frequency 
between successive midband frequencies may be 
determined by linear interpolation to yield estimated 
values for L&) at each desired frequency. Because 
of the need to cover frequencies in the lower tran- 
sition bands of the relative-attenuation response for 
the filters used to establish the initial low-frequency 
band sound pressure levels of the sound at the 
source, as well as to cover frequencies in the upper 
transition bands of the relative-attenuation response 
for the filters used to establish the last high-frequency 
band sound pressure levels, a special protocol may 
be needed to estimate pressure spectrum levels at 
frequencies below or above the lower and upper 
bandedge frequencies of the lowest and highest fre- 
quency bands, respectively. 

NOTE 14 For most sound sources of practical interest, 
omission of the initial one or two low-frequency band sound 
pressure levels and the final high-frequency band sound 
pressure level from the set of band sound pressure levels 
calculated for the receiver location will not significantly af- 

fect the accuracy of a calculation of frequency-weighted 
sound pressure level at the receiver. 

D.2.6 If the meteorological conditions are uniform 
over the sound propagation path from the source to 
the receiver, the pure-tone attenuation SL#) may be 
readily calculated at any frequency by application of 
the procedure indicated by equations (2) to (5). If the 
meteorological conditions over the sound-propagation 
path are not uniform, the atmosphere should be 
modelled as a series of horizontal layers with average 
conditions specified over the thickness of each layer. 
The procedures given in C.3.1 should then be fol- 
lowed to determine the pure-tone atmospheric- 
absorption attenuation over the path for each 
frequency required to carry out the integration of 
equation equation (D.l) for each filter band and for 
each discrete-frequency component that may be 
present. 

D.2.7 The relative-attenuation response charac- 
teristics &I(#) in equation (D.1) for the filters used to 
establish the band sound pressure levels at the 
source should be the same as those for the filters at 
the receiver. The relative-attenuation response (i.e. 
filter attenuation minus the reference attenuation 
specified by the manufacturer) is preferably deter- 
mined experimentally for each filter band or supplied 
by the manufacturer. Alternatively, analytical rep- 
resentations of the relative-attenuation response of a 
selected filter design may be utilized for evaluation of 
equation ID.1 1. The filter manufacturer should be con- 
sulted for advice on analytical representations for the 
relative-attenuation responses of the filters in a spec- 
trum analyser. 

D.2.8 The remaining items that need to be specified 
in order to evaluate the integral in equation(D.l) are 
the frequency limits and the size of the steps in a 
numerical integration between the lower and upper 
limits. 

D.2.9 The relative-attenuation response of many 
practical filters is not symmetrical and is not the same 
for each filter band in a set of fractional-octave-band 
filters; the rate of change of attenuation with increas- 
ing frequency is often more rapid in the upper tran- 
sition band (i.e. from the passband toward the 
high-attenuation region of the upper stopband) than it 
is in the lower transition band. In addition, at low-to- 
mid frequencies in the audio-frequency range, the 
slope of the pressure spectrum level of many wide- 
band sound sources often is either slightly positive 
with increasing frequency or is nearly independent of 
frequency. At high frequencies (e.g. above approxi- 
mately 1 kHz), the slope of the wideband pressure 
spectrum level is often negative. For those reasons, 
for general applications it is recommended that the 
frequency limits in equation (D.l) be set to 

fi = (1/5)f, and fu = 2f2 . . . (D.4) 



IS0 9613-1:1993(E) 

For any fractional-octave-band filter, the reference 
bandedge frequencies are calculated, for a base 10 
design, from 

fi = (lo- 3b’20)fm and f2 = (1036’20)fm . . . (D.5) 

Specific situations may require that the limits of inte- 
gration be set to encompass a wider range of fre- 
quencies than from one-fifth of fl to twice f2; in other 
cases, a narrower range may suffice. 

pressure spectrum levels between midband fre- 
quencies may not be suitable for midband frequencies 
greater than approximately 2 kHz. Pressure spectrum 
levels should not be extrapolated to frequencies 
greater than the uoper bandedae freauencv of the 
highest midband frequency of ‘ihe measured band 
sound pressure levels at the receiver, nor lower than 
lower bandedge frequency of the lowest frequency 
band. 

D.2.10 The size of the frequency steps should be 
chosen with care (l/72 of an octave for one-third- 
octave-band filters). In the passband between f, and 
f2 where the relative-attenuation response of a 
bandpass filter is approximately constant, the interval 
between successive frequencies may be increased to 
approximately l/24 of an octave for one-third-octave- 
band filters. 

D.3 Case 2: Band sound pressure levels 
known at a receiver location 

D.3.4 If the band sound pressure levels at the re- 
ceiver represent data measured over a long sound- 
propagation distance or under highly absorptive 
conditions, it has often been observed that the indi- 
cated band sound pressure levels in the high- 
frequency bands are contaminated by contributions 
from the electrical noise floor of the instruments. In 
this case, the band sound pressure levels of the actual 
signal from the source were not measured and the 
contaminated band sound pressure levels should be 
removed from the analysis to avoid calculation of 
spurious band sound pressure levels at the source. 
Alternatively, an appropriate extrapolation procedure 
may be utilized to provide estimates for band sound 
pressure levels that are missing because of contami- 

D.3.1 For Case 2. the fractional-octave-band sound 
pressure level I!,&$, in decibels, at source location 
S and considering only attenuation from atmospheric 
absorption over the path from the receiver to the 
source, may be calculated from a modified version of 
equation (D. 1) using 

nation. 

D.3.5 After an appropriate estimate has been de- 
termined for the pressure spectrum level of the sound 
at the receiver and for the pure-tone atmospheric- 
absorption attenuation along the path, the calculations 
for equation ID.61 proceed as described for Case 1 
with band sound pressure levels known at a source. 
However, a calculation of a band sound pressure level 
should not be attempted when the absolute magni- 
tude of the negative slope of the estimated pressure 
spectrum level across the frequency range of inte- 
gration for the lower transition band of a filter (usually 
a high-frequency band) exceeds the corresponding 
absolute magnitude of the positive slope of the 
relative-attenuation characteristic of the filter in the 
lower transition band. 

. . . 0.6) 

where the sign of SI#) is positive instead of negative 
as in equation (D.l) to indicate an increase in the 
sound pressure level in going from the receiver back 
to the source. 

D.3.2 The pressure spectrum levels at the receiver 
should be determined with special care since meas- 
ured band sound pressure levels will include, by 
necessity, any errors introduced by the filters used for 
the analysis (see 8.1.2). 

D.3.3 An approximate method of determining the 
pressure spectrum level of the sound at the receiver 
is to subtract the ideal-filter bandwidth correction, as 
given in equation(D.2) for the band sound pressure 
levels at the source, from the band sound pressure 
levels at the receiver. However, because the.slope of 
the pressure spectrum level often changes much 
more rapidly with frequency at a receiver location than 
at a source location (especially at frequencies greater 
than 1 kHz), very careful consideration should be 
given to the procedure selected to interpolate values 
for pressure spectrum level at frequencies between 
the midband frequencies. Linear interpolation of the 

D.4 Case 3: Adjusting measured sound 
pressure levels at a receiver location for 
differences in attenuation by atmospheric 
absorption resulting from different 
meteorological conditions along a 
sound-propagation path 

D.4.1 The following expression may be applied to 
adjust fractional-octave-band sound pressure levels 
I&,($,,), measured at a receiver under meteorological 
conditions 1 (e.g. test-day conditions), to band sound 
pressure levels ,!.sR2Cfm), in decibels, that would have 
been measured under meteorological conditions 2 
(e.g. reference meteorological conditions): 
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,-J B 

. . . (D-7) 

attenuation under meteorological con- 
ditions 1; 

is the pure-tone atmospheric-absorption 
attenuation under meteorological con- 
ditions 2. 

where 

h,,y) and S&U, are, respectively, the pressure 
spectrum level of the sound at the receiver 
and the pure-tone atmospheric-absorption 

D.4.2 The procedure for evaluating the integral in 
equation (D.7) proceeds as described for evaluation 
of the corresponding expressions for Cases 1 and 2, 
once the input quantities are specified. Special care 
should be given to remarks given in D.3.4 and D.3.5. 
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Annex E 
(informative) 

Example of calculation of attenuation for A-weighted sound pressure levels 

E.l To clarify the calculation procedure described in 
8.3, consider the problem of determining an estimate 
for the equivalent-continuous A-weighted sound 
pressure level at a distance of 500 m from a location 
near a highway with high-speed truck and automobile 
traffic. Source noise levels are provided as long-time- 
average octave-band sound pressure levels at a dis- 
tance of 15 m. The air temperature is 15 “C, the 
relative humidity is 50 %, and the air pressure is 1 
standard atmosphere. 

E.2 The equivalent-continuous-octave-band sound 
pressure levels, ~,soo at 500 m, are estimated from 
the equivalent-contlnuous octave-band sound press- 
ure levels Lp,fB at 15 m according to 

L p.500 = Lp.15 -Up-A . . . (E.1) 

where 

at is the attenuation coefficient for atmos- 
pheric absorption at the exact midband 
frequency; 

s is the length of the sound propagation 
path; 

A is attenuation by mechanisms other than 
atmospheric absorption. 

Table E.l - Calcu 
f 
Hz 

Lp.15 
dB 

31,5 
63 
125 
250 
500 

1 000 
2 000 
4000 
8000 

ddg dB&n 

tion of attenuation 

2 r9 cir 
A weightings 

dB 

30.5 =O F50 44.5 -39.4 
30,5 zO,l X0 49,5 -26,2 
30,5 =0,5 02 52,3 -16,l 
30.5 %1,3 Or6 52,9 -8.6 
30,5 zS2,2 1.1 51,4 -3,2 
30,5 ~4.2 2,o 46.5 0 
30,5 10,l 49 38,6 +1,2 
30,5 36,2 17,6 - +l ,o 
30.5 129,0 62,6 - -1,l 

E.3 Assume the attenuation by other mechanisms 
(divergence, ground effect, etc.) to be 30.5 dB, inde- 
pendent of frequency. Attenuation coefficients could 
be calculated by use of equations (3) to (6), but may 
be read from table 1 for the given temperature, rela- 
tive humidity and air pressure. The sound propagation 
path length, in kilometres, is found from 

s =(500-15)/l 000 = 0,485 km . ..(E.2) 

E.4 Steps in the calculation proceed as illustrated in 
table E.l. 

E.5 Ten times the common logarithm of the sum 
of the time-mean-square, A-weighted, octave-band 
sound pressures from the last column of table E.l 
yields an estimate of 51,8 dB for the equivalent- 
continuous A-weighted sound pressure level at a dis- 
tance of 500 m. The 4-kHz and 8-kHz octave-band 
sound pressure levels at a distance of 500 m are 
omitted from the above sample calculation because 
the criterion of 8.2.2 is not satisfied for the distance 
and frequency. However, the sound pressure levels 
that would be calculated for the 4-kHz and &kHz 
bands would clearly be quite low and would make a 
negligible contribution to the equivalent-continuous 
A-weighted sound pressure level. 

NOTE - The attenuation coefficients are given as approximate values, and the standard A-frequency weightings are from 
IEC 651. 

I 

25 



Is0 9613-1:1993(E) 

Annex F 
(informative) 
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