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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.
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Acoustics — Attenuation of sound during propagation

outdoors —

Part 1:

Calculation of the absorption of sound by the atmosphere

1 Scope

This part of 1ISO 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 ISO 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 ISO 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 ISO 9613-2.

2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions
of this part of ISO 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 ISO 9613 are encouraged to investigate the
possibility of applying the most recent editions of the
standards indicated below. Members of IEC and ISO
maintain registers of currently valid International
Standards.

ISO 2533:1975, Standard Atmosphere.

ISO 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.

3 Symbols

f frequency of the sound, in hertz
f.  midband frequency, in hertz

h  molar concentration of water vapour, as a per-
centage

p,  reference ambient atmospheric pressure, in
kilopascals

D initial sound pressure amplitude, in pascals
p,  sound pressure amplitude, in pascals

py reference sound pressure amplitude (20 pPa)
p, ambient atmospheric pressure, in kilopascals

s distance, in metres, through which the sound
propagates

T ambient atmospheric temperature, in-kelvins
T, reference air temperature, in kelvins

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

NOTE 1  For convenience/insthispart'of 1SQ9613;
the shortened term "attenuation coefficient willcbe
used for a in place of the full description.

8L, attenuation due to atmospheric absorption, in
decibels

4 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 ISO 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 ISO 9613, the refer-
ence ambient atmospheric pressure, p,, is that of the
International Standard Atmosphere at mean sea level,
namely 101,325 kPa. The reference air temperature,
Ty, is 293,15 K (20 °C), i.e. the temperature at which
the most reliable data supporting this part of ISO 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
p, decreases exponentially as a result of the atmos-
pheric absorption effects covered by this part of
ISO 9613 from its initial value p, in accordance with
the decay formula for plane sound waves in free
space

pr=p; exp(—=0,115 1as) D)

NOTE 2 _ The term exp(— 0,115 1as) represents the base
ecof Naperianylogarithms raised to the exponent indicated
by the argument in parentheses and the constant
0,115 1 = 1/[10 lg(e?].

5.2 'Attenuation of sound pressure levels

The attenuation due to atmospheric absorption 8L(f),
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() = 10 lg(p?pd) dB = as )

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.



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, fio and fy. the oxygen and nitrogen re-
laxation frequencies, respectively. Values of f, and
fine in hertz, shall be calculated from

0,02+h )

0,391 +h -3

fo = ’;—3[24+4,o4 x 10°

and

(T Y"
P (T
ﬁN_pr(To) 8

-1/3
x | 9+ 280h exp{—4,170 {(—TL) - 1”}
0

a0

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

-1 1/2
- -1 Pa | [T
a—8,686f2{[1,84x10 (pr) (To) }+
T -5/2
+(To) X

-1

x 10,012 75 {exp(Lg?’g'J—):' fo+ fi +
r0

-1

+0,106 8 [exp(Ls;?z’Q—):l fn+ fﬁ
N

.(5)

Values for f,o and f,y are taken from equations (3) and
(4).

In equations (3) to (5), p,=101,326kPa and
Ty = 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.
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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 lselected values/of T, h and f at a pressure of one
standard . atmosphere (101,325 kPa), table1 lists
pure-tone attenuation coefficients for atmospheric
absorption calculated by use of equations (3) to (),
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 ISO 266 and IEC 225). However, the attenuation coef-
ficients in table1 were calculated for the exact midband
frequencies f.,, in hertz, using the general expression ac-
cording to the base 10 system

fn = (1 000) (1031104 ...(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=1/3 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 table 1
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 Tables[2l, 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 + 10 % for variables within the following
ranges:

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

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 107 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 cof-
responding accuracy estimates.

7.2 Accuracy of + 20 %

The accuracy of the calculated pure-tone attenuation
coefficients for atmospheric absorption is estimated
to be + 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)

atmospheric pressure: less than 200 kPa (2 atm)

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

7.3 Accuracy of + 50 %

The accuracy of the calculated pure-tone attenuation
coefficients due to atmospheric absorption is esti-
mated to be + 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)
atmospheric pressure: less than 200 kPa (2 atm)

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

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

8.1::Description of the igeneral problem and
calculation:methods

8.1.1 Previous clauses of this part of ISO 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.
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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 temperature: —20 °C

,f.’;f.‘.';’c‘; Relative humidity, %
Hz 10 15 20 30 40 50 60 70 80 90 100
50 589x 107" | 509x 107" | 418x 107" | 285x107" [ 211 x 107" [ 1,68x 10" | 1,42x107" | 1,25x 10" | 1,14x10°" | 1,05x 107" | 9,92 x 1072
63 756x107" | 7,04x107" | 602x107" | 421x107" | 308x107" | 241x107" | 200x10°" | 1,73x 107" | 1.55x 107" | 1.42x10°" | 1.33x 107!
80 9,24x107" | 935x107" | 846x 107" | 6,19x 107" | 466x10" | 352x107" | 286x 107" | 243x10"' | 214x 107" | 1.84x 107" | 1,79x 107"
100 1,08 1,18 1,15 9,02x107" | 675x10°! | 521x107" | 419x10"' | 350x10°" | 303x10°" | 269x 107" | 2,45x 107’
125 1,20 1,43 1,49 1,28 9,98x107" | 7,76x107" | 622x10" | 514x107" | 439x10°" | 384x107" | 3.44x 107!
160 1.30 1,64 1,83 1,77 1.45 1.16 9,30x10°" | 766x10°" | 648x 107" | 561x 107" | 496x 107"
200 1,37 1,82 2,15 2,33 2,06 1,70 1,39 1,15 970x 107" | 834x107" | 7,31x 107"
250 143 1,95 2,42 2,93 2,83 2,46 2,06 1,73 1,46 1,26 1,09
315 1,46 2,05 2,63 3.49 3,70 343 3,00 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 2,50
500 1,52 2,17 2,91 4,38 5,45 5,86 5,72 5,29 4,76 4,23 3,76
630 1,55 2,22 3,00 4,68 6,17 7,10 7.39 719 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 7,98
1000 1,65 2,34 3,16 5,11 7,21 9,14 1,06 x 10 1,15x 10 1.17x 10 1,16 x 10 1,11x 10
1250 1,74 2,43 3,27 5,28 7,57 9,88 1.19x 10 1,35x 10 1,44 x 10 1,48 x 10 1,47 x 10
1600 1,88 2,58 3,42 5,48 7.90 1,05 x 10 1,30x 10 1,52 % 10 1,69 10 1,80 x 10 1,86 x 10
2 000 2,10 2,80 3,65 5,73 8,24 1,10x 10 1,39% 10 1,66 x 10 1,90 x 10 2,10x 10 2,24 x 10
2500 2,44 3,15 4,00 6,10 8,66 1,16 x 10 1,47 x 10 1,78x 10 2,08 x 10 2,35 x 10 2,58 x 10
3150 2,99 3,69 4,55 6,66 9,26 1,23x 10 1,65 x 10 1,90 x 10 2,24 x 10 2,57 x 10 2,88 x 10
4000 3,86 4,56 5,42 754 1,02 x 10 1,32x 10 1,66 x 10 2,02 % 10 2,40 x 10 2.78x 10 3,14 x 10
5 000 5,24 5,94 6,80 8,92 1,16 x 10 1,46 x 10 1,81 x 10 2,19x 10 2,59 x 10 3,00x 10 3.41x 10
6 300 7,42 8,12 8,98 1,11x 10 1,38x 10 1,69 x 10 2,04 x 10 2,42x 10 2,83 x 10 327 x10 3,71 x 10
8 000 1,09 x 10 1,16 x 10 1,24'x 10 1,46/x 10 1,72x 10 2,031%10 2,39 x 10 2,78'x 10 3,20 x 10 3,65x 10 411x10
10 000 1,64 x 10 1,71x 10 1,79x/10 2,01%.10 2,27'% 10 2,58/x 10 2,94/x 10 3,33x 10 3,76x 10 4,22x10 4,70 x 10

(b) Air temperature: —15 °C

Preferred
frequency, Relative humidity, %
Hz 10 15 20 30 40 50 60 70, 80 90 100
50 573x107" | 425x107" | 321x 107" | 2,02x10°) | 1:64 x107' (|- 1.39x 1071} 1.24x 107" | 1,14x 107" | 1,07x107" | 1,02x 10" | 9,68x 1072
63 7.93x107" | 618x10°! | 472x107" | 3,05%x'10°V {228 % 10°" |7 1,88x 107 | 1,66x10°" | 1,52x10°" | 1.42x10"' | 1,35x10°" | 1,30 x 107"
80 1,06 885x 107" | 693x 107" | 446x107" | 324x107" | 260x 107" | 224x 107" | 202x10"" | 1.87x107" | 1,77x10°" | 1,70x 107"
100 1,34 1,23 1,01 660x107" | 471x107" | 368x107! | 3.08x10°" | 271x107" | 248x 107" | 232x 107" | 221x107!
125 1,62 1,65 1,44 979x107" | 695x107" | 532x107" | 435x107" | 374x107" | 334x10"' | 3,08x10"' | 2,89x 107!
160 1,88 2,11 1,99 1,45 1,04 786x107" | 630x107" | 531x107" | 464x107" | 418x107" | 3,86x 107"
200 2,08 2,57 2,63 2,10 1,55 1,17 932x107" | 772x107" | 663x10"" | 587x107' | 532x 107"
250 2,24 2,99 3,32 2,97 2,30 1,76 1,40 1,15 9,73x 10" | 847x10°" | 7,56 x 107"
315 2,35 3,33 3,98 4,05 3,34 2,64 2,11 1,73 1,45 1,25 1,10
400 2,43 3,59 4,56 5,27 4,73 3,89 3,17 2,61 2,19 1,88 1,65
500 2,50 3,78 5,03 6.52 6,43 5,61 4,70 3,93 3,32 2,85 2,49
630 2,565 3,93 5,39 7.67 8,35 7.81 6.83 5,85 5,01 4,33 378
800 2,61 4,05 5,66 8,65 1,03x 10 1,04 x 10 9,62 8,53 7,46 6,53 5,74
1000 2,67 4,15 5,87 9,44 1,21x 10 1,32 x 10 1,30 x 10 1,21x 10 1,09 10 9,69 8,63
1250 2,77 4,28 6,07 1,01x 10 1,37 x 10 1,60 x 10 1,67 x 10 1,63x 10 1,53x 10 1,40 x 10 1,28 10
1600 2,92 4,44 6,28 1,06 x 10 1,49 % 10 1,84 x 10 2,05 x 10 2,11x 10 2,07 x 10 1,97 x 10 1,83x 10
2 000 3,14 4,67 6,54 1,10x 10 1,59 x 10 2,05 x 10 2,39 x 10 2,60 x 10 2,67 x 10 2,64 x 10 2,54 x 10
2500 3,49 5,03 6,92 1,15x 10 1,68 x 10 2,22x 10 2,69 x 10 3,05x 10 327x 10 337x10 337x10
3150 4,04 5,59 7,49 1,22x 10 1,78x 10 2,37x10 2,95x 10 3,45x 10 3,84 %10 4,10x 10 425x 10
4000 4,92 6,47 8,38 1,31x 10 1,89 x 10 2,52x 10 3,18x 10 3,79x 10 4,34x10 4,78 x 10 511 x 10
5 000 6.31 7.86 9,78 1,46 x 10 2,04 x 10 2,71x10 3,41x10 4,12x 10 4,79 % 10 5,40 x 10 591 x 10
6300 8,52 1,01 x 10 1,20x 10 1,68 x 10 2,27 x 10 2,96 x 10 3,70 x 10 4,47 x 10 5,24 x 10 5,98 x 10 6,65 x 10
8 000 1,20x 10 1.36x 10 1,55 x 10 2,03x 10 2,63 x 10 3,32x 10 4,09% 10 4,90x 10 574x10 | 658x10 7,39 x 10
10 000 1,75x 10 1,91 %10 2,10x 10 2,59 x 10 319%10 3,89x 10 4,67x 10 5,51 x 10 6,40 x 10 7,30 x 10 8,21 x 10
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(c) Air temperature: —10 °C

f':.’;'u‘.’l'“; Relative humidity, %
Hz 10 15 20 30 40 50 60 70 80 90 100
50 482x107" | 325x 107" | 245x 107" | 1,74x107" | 1,46x107" | 1,31x107" | 1.21x107" | 1,13x10°" [ 1,06x107" | 1,00x 107" | 9,46 x 1072
63 7,00x 10" | 475x107" | 350x107" | 238x10"' | 1,95x107" | 1,74x 107" | 1.61x107" | 1,52x107" | 1,45x 107" | 1,38x107' | 1,32x 107’
80 9,99x10°" | 697x107" | 509x107" | 332x107" | 261x107" | 228x 107" | 210x 107" | 1,99x 107" | 1,91 x107" | 1.84x 107" | 1,79x 107"
100 1,39 1,02 749x 107" | 472x10°" | 357x10°" | 302x 107" | 273x10°" | 257x10°" | 246x 107" | 239x 107" | 233x 107!
125 1,86 1,48 1,11 688x 107" | 501x10"' | 409x107' | 360x107" | 332x107" | 315x10°" | 3.04x107' | 297x 107"
160 2,38 2,10 1,63 1,02 721x107" | 569x107" | 485x107" | 436x107" | 406x10°' | 388x107' | 3,76x 107"
200 2,89 2,87 2,37 1,52 1,06 816x 107" | 676x10°! | 591x107' | 537x10"' | 503x10"' | 4,80x 107"
250 3,36 3,75 3,35 2,27 1,58 1,20 969x10™" | 826x107" | 734x107" | 6,72x 107" | 6,29x 107"
315 3,74 4,66 4,56 3,35 2,38 1,79 1.43 1,19 1,04 928x10™" | 853x107"
400 4,03 5,51 5,93 4,86 3,57 2,70 2,13 1,76 1,51 133 1,20
500 4,24 6,24 7,32 6,82 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 4,89 4,01 3,38 2,92 2,57
800 4,53 7,26 9,71 1,18x 10 1,08 x 10 8,99 7,36 6,09 5,14 4,43 3,88
1000 4,65 7,60 1,06 x 10 1,44 x 10 1,46 x 10 1,29 x 10 1,09 x 10 9,19 7,82 6,75 5,91
1250 4,78 7.87 1,13x 10 1,68 x 10 1,88 % 10 1,79 x 10 1,58 x 10 1,37 x 10 1,18x 10 1,03 x 10 9,02
1 600 4,94 8,14 1,18 x 10 1,88 x 10 2,30 x 10 2,36 x 10 2,21x10 1,98 x 10 1,75x 10 1,65 x 10 1,37x 10
2 000 5,18 8,44 1,23x 10 2,05 x 10 2,68 x 10 2,97 x 10 2,96 x 10 2,78 x 10 2,54 x 10 2,29 x 10 2,06 x 10
2 500 5,54 8,85 1,28 x 10 2,18x 10 3,01x 10 3,56 x 10 378x 10 3,74 x 10 3,55x 10 3,29x 10 3,02x 10
3150 6,11 9,44 1,35x 10 2,31x10 3,29% 10 4,09 x 10 4,59 x 10 4,79 x 10 4,75% 10 4,57 x 10 431x10
4 000 7,00 1,03x 10 1,45 x 10 2,44 x 10 3,54 x 10 4,55x 10 5,35 x 10 5,85 x 10 6,07 x 10 6,06 x 10 5,90 x 10
5 000 8,40 1,18 x 10 1,59 x 10 2,61x 10 3,79x 10 4,97 x 10 6,02 x 10 6,84 x 10 7,39x 10 7,67 x 10 7,74 x 10
6 300 1,06 x 10 1,40 x 10 1,82x 10 2,86 x 10 4,08x 10 5,38 x 10 6,64 x 10 7,75 x 10 8,64 x 10 9,28 x 10 9,67 x 10
8 000 1,42 x 10 1,75 x 10 2,17 x 10 322x 10 4,48x 10 5,86 x 10 7,27 x 10 8,62 x 10 9,82 x 10 1,08x10% | 1,16 x 10
10 000 1,97 x 10 2,31 x 10 2,73x10 3,79x 10 5,07 x 10 6,51 x 10 8,02 x 10 9,54 x 10 1,10 x 10° 1,23x 10° 1,35 x 10°
(d) Air temperature: -5 °C
f':::::::.::, Relative humidity, %
z 10 15 20 30 40 50 60 70 80 90 100
50 376x10°" | 256x 107" | 2,05x 107" | 1,64 x jou! ] e1,45ma07y [5181 <107 ({120 x 107 | 1.11x107" | 1,02x1077 | 9.45x107% | 878x 1072
63 547x10°" | 361x107" | 279x 10" | 2,16 x 10~ | “1.92'% 107" 1,77 %107 {166 2 1071 | 1,55x 107" | 1,46x 107 | 137x 107" | 1,29x 107!
80 801x10"" | 518x107" | 387x107" | 2.85x10"" | 249x 107" | 232x10°" | 220x 107" | 210x 107" | 201x 107" | 1,92x107" | 1,83x 107"
100 117 755x 107" | 549x 10" | 381x107" | 3,23 x1107Y 298 x1107)0) 284 x 107" | 275x 107! | 267x 107" | 259x 107! | 2561 x 107"
125 1,69 1,11 7.96x 107" | 522x10°" | 4,23 x 10" 3.8t x 10| 361x10" | 350x10"" | 343x10°" | 337x 107" | 330x 107!
160 2,38 1,65 AT 7:36%10>1 116,68 %1107 1}114,88 % 107 151] 04,58 %101 )|/ 4,40 X 2071 - b 431 x 107! | 425x 107" | 4,21 x 107"
200 3,23 2,42 1,75 1,07 7.86%10°" /] lese)x 1071 3 591407 | 557x 107! | 539x 107! | 530x 107" | 525x 107!
250 4,20 3,49 2,60 1,58 1,12 9,03x10°" | 7.85x10°" | 7,20x10"' | 683x10°' | 662x107' | 6,51 x10""
315 5,19 4,87 3,83 2,36 1,66 1,28 1,08 961x107" | 889x10" | 845x 107" | 818x 107"
400 6,10 6,53 5,53 3,55 2,46 1,87 1,54 1,33 1,20 1.1 1,06
500 6,87 8,34 7,72 5,31 3,71 2,80 2,25 1,90 1,68 1,52 1,42
630 7,48 1,01 x 10 1,03x 10 7,83 5,61 4,22 3,36 2,80 2,43 2,16 1,97
800 7,94 1,17 x 10 1,32x 10 1,13x 10 8,42 6,40 5,09 4,20 3,59 3,16 2,84
1000 8,29 1,31 x 10 1,60 x 10 1,57 x 10 1,24 x 10 9,68 7,74 6,38 5,42 4,72 4,20
1250 8,58 1,41 x 10 1,85 x 10 2,08 x 10 1,79x 10 1,45 x 10 1,17 x 10 9,73 8,25 7,16 6.33
1 600 8,85 1,49 x 10 2,07 x 10 2,64 x 10 2,49% 10 2,12x 10 1,76 x 10 1,48 x 10 1,26 x 10 1,09%x 10 9,65
2000 9,16 1,56 x 10 2,24 x 10 3,18x 10 3,32x 10 3,01 %10 2,60 x 10 2,22 x 10 1,91x 10 1,67 x 10 1,48 x 10
2500 9,57 1,63 x 10 2,38 x 10 3,66 x 10 421x10 4,11x10 372x 10 3,28x 10 2,88 % 10 2,54 x 10 2,25 x 10
3150 1,02 x 10 1,71 x 10 2,50 x 10 4,07x 10 5,08 x 10 5,35 x 10 5,13 x 10 4,70 x 10 4,23%x 10 3,79 x 10 3,41x10
4000 1,11 x 10 1,81 x 10 2,64 x 10 4,42 x 10 5,87 x 10 6,64 x 10 6,77 x 10 6,50 x 10 6,05x 10 5,56 x 10 5,07 x 10
5 000 1,25 x 10 1,96 x 10 2,81 x 10 4,75x 10 6,57 x 10 7,87x 10 8,51 x 10 8,60 x 10 8,33 x 10 7,88 x 10 7,36 x 10
6 300 1,48 x 10 2,19x 10 3,06x 10 5,10 x 10 7,21%x 10 9,00 x 10 1,02 x 10 1,08 x 107 1,10 x 10 1,07 x 102 1,03 x 102
8 000 1,83 x 10 2,55 x 10 3,43x10 5,54 x 10 7,86 x 10 1,00 x 102 1,18 x 10° 1,31 x 10? 1,38 x 102 1,40 x 10 1,39 x 102
10 000 2,40 x 10 3,11 x10 4,00 x 10 6,16 x 10 8,62 x 10 1,11 x 102 1,34 x 10° 1,52 x 10° 1,66 x 107 1,74 x 10 1,79 x 102




1ISO 9613-1:1993(E)

(e) Air temperature: 0 °C

,f:::‘;‘c: Relative humidity, %
Hz 10 15 20 30 40 50 60 70 80 90 100
50 302x107" | 226x107" | 1,95x10°" | 1,65x 107 | 144x107" | 1,28x107" | 1,14x 107" | 1,03x107" | 9,28x10°2 | 846x 1072 | 7,77x 102
63 424x107" | 302x107" | 256x107" | 2,19x 107" | 1,98x 107" | 1,81x107" | 1.65x 107" | 1,51 x 107" | 1,38x 107" | 1.27x 107" | 1,18x 10"
80 6,07x107" | 411x107" | 337x107" | 284x 107" | 263x107" | 246x107" | 230x 107" | 215x 107" | 201x107" | 1,87x10"" | 1,75x 107"
100 884x107" | 573x107" | 449x107! | 364x107" | 338x10" | 323x107" | 309x107" | 296x 107" | 281x10°' | 267x10°! | 253x 107"
125 1.30 818x107" | 614x107" | 469x107" | 427x10°" | 411x10°" | 401x107" | 390x107" | 379x 107" | 367x10" | 354x 107"
160 1,92 1,19 865x107" | 616x107" | 541x 107" | 5,14x107" | 504x10"" | 498x 107" | 491x10°" | 483x 107" | 4,74x10™"
200 2,80 1,77 1.25 835x10"" | 696x107" | 644x107" | 626x10°" | 619x10"" | 6,16x 107" | 6,14x10"' | 6,10x 107"
250 4,00 2,63 1,85 1,17 922x107" | 821x107" | 7,79x 107" | 763x 10" | 759x 107" | 7.60x10"" | 7.61x 107"
315 5,53 3,91 2,76 1,69 1,27 1,08 992x107" | 951x107" | 934x 107" | 930x107"' | 932x 107’
400 7,33 5,71 4,14 2,49 1,80 1,47 1,30 1,21 117 1,15 1,14
500 9,25 8,14 6,16 373 2,63 2,08 1,78 1,61 1,51 1,45 1,42
630 1,11x 10 1,12x 10 9,03 5,63 393 3,03 2,52 2,21 2,02 1,90 1,82
800 1,27 x 10 147 x 10 1,29 10 849 5,93 4,52 3,68 3,16 2,82 2,59 2,43
1000 1,40 x 10 1,83x 10 1,77x 10 1,27 x 10 9,00 6,83 5,50 4,64 4,06 3,66 337
1250 1,51x 10 2,18x 10 2,33x 10 1,86 x 10 1,36 x 10 1,04 x 10 8,32 6,96 6,01 534 4,85
1600 1,59 x 10 2,48 x 10 2,91x 10 2,64 x 10 2,03 x 10 1,58 x 10 1,27 x 10 1,06 x 10 9,07 7,98 7,16
2000 1,66 x 10 2,72x 10 3,46 x 10 3,60 x 10 2,98 x 10 2,38 x 10 1,93x 10 1,61x 10 1,38x 10 1,21x 10 1,08 x 10
2500 1,72x 10 2,92x 10 395x 10 4,70 x 10 4,23x 10 3,53 x 10 2,92x 10 2,46 x 10 2,11x 10 1,85x 10 1,65 x 10
3150 1,80 x 10 3,09x 10 4,36 % 10 5,82 x 10 5,77 x 10 5,09 x 10 4,35x 10 3,73x 10 3,23x 10 2,83x 10 2,52 x 10
4000 1,90 x 10 3,26 x 10 4,70 10 6,90 x 10 7,52 x 10 7,10 x 10 6,33x 10 5,56 x 10 4,88x 10 4,32x 10 3,86 x 10
5 000 2,05 x 10 3,45x 10 5,03 x 10 7,86 x 10 9,34 x 10 9,48 x 10 8,90 x 10 8,07 x 10 7,25 x 10 6,51 x 10 5,87 x 10
6300 2,28 x 10 3,71x 10 537 x 10 8,71 x 10 1,11 x 10? 1,21 x 10 1,20 x 10? 1,13 x 102 1,05 x 102 9,61 x 10 8,80 x 10
8 000 2,64 x 10 4,09% 10 5,81 x 10 9,52 x 10 1,27 x 10 1,47 x 102 | 1,54 x 10 163x10%2 | 1.47x10* | 1.38x102 | 1,29x 10°
10 000 3,22x 10 4,67 x 10 6,43 x 10 1,04 x 10 1,42 x 10 1,72 x 10° 1.90 x 10 1,98 x 102 1,97 x 10° 191 x10° | 1,83x10?

(f) Air temperature: 5 °C

'::;!::;:: Relative humidity, %
Hz 10 15 20 30 40 50 60 70 80 90 100
50 268x107" | 220x 107" | 1,97 x 107" |€1l64 % 1071 | 9138%10°% [11,18% 107" <}y 1.03x 107" | 9,09x10°2 | 812x10°2 | 7,33x 1072 | 6,67x 1072
63 359x 107" | 288x107" | 261x107" 22710} 1,99x 107"} 1,756% 107" “1 1,85x 107" | 1,38x10"' | 1,24x10°" | 1,13x 10" | 1,03x 10°!
80 488x107" | 375x107" | 337x 107" | 3,03x107" | 2,76x107" | 250x 107" | 2,27x 107" | 2,06 x10°" | 1,88x10°" | 1,72x 107" | 1,58 x 107"
100 680x 107" | 492x107" | 431x107" | 391x107"[(3,69x10°" | B45x 107" | 321x10"' | 298x10' | 276 x 107" | 256 x 10" | 2,38x 107’
125 971x107" | 661x107" | 554x107"' | 493x10"" | 474x 107" | 458x107" | 438x10"' | 416x10"' | 393x107' | 371x107" | 349x 107’
160 1,42 9,14 x 1075 /| 57,20 1078, 1{C6,17/% 1071.0f /5,04 % 110715 |515/85' 0 107 [ '5,74 01071 1 (5,58 107" | 539x 10" | 5,18x 107" | 4,96 x 107"
200 2,09 1,30 9.88x 107" | 7,87X10"""|-7.35x 10"V 7.27x 10°7| 7,.25x 107" | 7.20x107" | 7,10x107' | 696x 10" | 6,78 x 107"
250 3,1 1,90 1.38 1,01 915x 107" | 892x107" | 892x107" | 897x107' | 898x107" | 896x 107" | 888x 107"
315 4,58 2,82 2,00 1,36 1,16 1,10 1,09 1,09 1,10 1.1 1,12
400 6,64 4,23 2,95 1,90 1,53 1,39 1.34 1.33 1,34 1,35 137
500 9,34 6,32 4,42 2,74 2,10 1,82 1,69 1,64 1,63 1,64 1,66
630 1,26 x 10 9,34 6,66 4,04 2,97 2,47 2,22 2,09 2,03 201 2,01
800 1,63 x 10 1.35% 10 9,99 6,06 434 3,49 3,03 2,76 2,61 2,53 2,49
1000 2,00 x 10 1,89 x 10 1,48 x 10 9,18 6,48 5,08 4,29 3,80 3,50 331 3,20
1250 2,34 x 10 2,54 x 10 2,15x 10 1.39x 10 9,81 7,58 6,26 5,43 4,89 4,52 4,27
1600 2,62 x 10 3,26 x 10 3,01x10 2,09% 10 1,49x 10 1,15 x 10 9,35 7.99 7,06 6,42 5,95
2000 2,85 x 10 3,96 x 10 4,05x 10 3,09x 10 2,27 x 10 1,75 x 10 142x10 1,20 x 10 1.05x 10 9,39 8,58
2500 3,04 x 10 4,61x 10 5,19 x 10 4,46 x 10 3,41x10 2,66 x 10 2,17 x10 1,82x 10 1,58 x 10 1,41 %10 1,27x 10
3150 3,19x 10 5,16 x 10 6.32x 10 6,20 x 10 5,04 x 10 4,03x 10 331x10 2,79% 10 2,42x 10 2,14 x10 1,92x 10
4000 3,35x 10 5,62 x 10 7.37x10 8,26 x 10 7,25 x 10 6,02 x 10 5,02 x 10 4,27 x 10 3,70x 10 327x10 2,94 x 10
5 000 3,54 x 10 6,02x 10 8,28 x 10 1,06x 102 | 1,01x10? 8,78 x 10 7.52x 10 6,48 x 10 5,66 x 10 5,02 x 10 451x10
6300 3,80 x 10 6,43 x 10 9,09 x 10 1,27x102 | 1,33x10? 1.24x102 | 1,50 x10? 9,70 x 10 8,58 x 10 7,66 x 10 6,91 x 10
8 000 4,18x 10 6,91x 10 9,87 x 10 1,47 x 102 1,69 x 102 1,68 x 102 1,66 x 102 1,42 x 10? 1,28 x 10° 1,16 x 10° 1,05 x 102
10 000 4,77 x 10 7.57x10 1,07 x 10 1,67 x 10° 2,05 x 10° 2,18 x 10? 2,14 x 107 2,01 x 10° 1,86 x 10° 1,72 x 10 1,58 x 10°




ISO 9613-1:1993(E)

(g) Air temperature: 10 °C

,m.’:"c‘: Relative humidity, %
Hz 10 15 20 30 40 50 60 70 80 90 100
50 262x107" | 224x107" | 1,97x107" | 1,55x107" | 1,26x107" [ 1,05x107" | 9,01x102 | 7.85x 1072 | 696x 1072 | 6,24x 1072 | 565x 1072
63 342x107" | 298x107" | 271107 | 225x 107" | 1,88x 107! | 1,60x 107" | 1,39x 107" | 1,22x10"" | 1,08x10°!' | 9,75x107% | 885x 1072
80 445x107" | 385x 107" | 359x107" | 316x10"" | 2,74x107" | 239x107" | 210x10"" | 1.86x10°" | 1,67x10°" | 1,61x107" | 1,38x 107"
100 585x 107" | 490x 107" | 461x10°" | 425x107" | 386x107" | 347x107" | 311x107" | 280x 107" | 254x107" | 231x107" | 2,12x 107"
125 788x107" | 623x107" | 579x107" | 551x107" | 522x 107" | 486x107" | 447x107" | 411x10" | 3,78x 107" | 348x 107" | 3,22x 107"
160 1,09 806x10™" | 725x10°" | 692x107" | 678x107" | 653x 10" | 6,20x10™" | 584x10°" | 547x10"" | 512x 107" | 4,79x 107"
200 1,56 1,07 919x 10" | 852x107" | 849x107" | 843x 107" | 825x10°" | 797x 107" | 764x107" | 7.28x 107" | 692x 107!
250 2,29 1,48 1,20 1,05 1,04 1,05 1,05 1,04 1,02 996x 107" | 9,63x 107"
315 3,39 2,11 1,62 1,31 1,27 1,28 1,30 1,31 1,31 1,30 1,29
400 5,06 3,08 2,26 1,70 1,56 1,65 1,57 1,60 1.63 1,64 1,65
500 7,52 4,59 3,27 2,28 1,98 1,90 1,90 1,93 1,97 2,00 2,03
630 1,10x 10 6.89 4,84 3,17 2,60 2,39 2,32 2,33 2,36 2,40 2,45
800 1,67 x 10 1,04 x 10 7,27 4,58 3,56 313 2,94 2,87 2,86 2,89 2,93
1000 2,16 x 10 1,54 x 10 1.10x 10 6,77 5,07 4,26 3,86 3,66 3,57 3,54 3,55
1250 2,84 x 10 2,26 x 10 1,66 x 10 1,02x 10 7,42 6,04 5,29 4,86 4,62 4,48 4,42
1600 355 x 10 3,21x10 2,47 x10 1,55 x 10 1,11x10 8,83 7,52 6,73 6,23 5,92 5,72
2000 4,23 %10 4,38x 10 3,62x 10 2,35 x 10 1,68 x 10 1,32x 10 1,10 x 10 9,66 8,76 8,14 7,71
2500 4,83x 10 5,72 x 10 5,14 x 10 354 x 10 2,57 x 10 2,00 x 10 1,65 x 10 1,43 x 10 1,27 x 10 1,16 x 10 1,08 x 10
3150 5,32 x 10 7,10 x 10 7,02 x 10 5,27 x 10 3,91 x 10 3,06 x 10 2,51 x 10 2,15 x 10 1,90 x 10 1,71%x 10 1,57 x 10
4000 5,73 x 10 8,40 x 10 9,15 x 10 7,66 x 10 5,90 x 10 4,67x 10 3,84 x 10 3,28 x 10 2,87 x 10 2,57 x 10 2,35x 10
5 000 6,10 x 10 9,56 x 10 1,13 x 10 1,08 x 10° 8,75 x 10 7,08 x 10 5,88 x 10 5,02 x 10 439x10 3,92x 10 3,56 x 10
6 300 6,48 x 10 1,06 x 10° 1,35 x 10° 1,45 x 10? 1,27 x 102 1,06 x 10? 8,94 x 10 7,69 x 10 6,74 x 10 6,01x 10 5,44 x 10
8 000 6,94 x 10 1,15 x 10 1,54 x 102 1,87 x 10° 1,77 x 102 1,55 x 10° 1,34 x 10° 1,17 x 10 1,03 x 102 9,24 x 10 837 x 10
10 000 7,59 x 10 1,25 x 10 1,72 x 10 2,30 x 10? 2,37x10* | 2,20 10? 1,97 x 10 1,75 x 10° 1,57 x 10° 1,41 x 102 1,28 x 102
(h) Air temperature: 15 °C
,::':":;’; Rélative humidity, %
Hz 10 15 20 30 40 50 60 70 80 90 100
50 268x10°" | 224x107 | 1,89x107" | 1.41 x 100 | A xA0 VN 1944 %3072 1| (1 78x 1073 | 670x 1072 | 591 x1072 | 528x 1072 | 4,77x 1072
63 353x 107" | 3,10x107" | 272x 107" | 2,12x 10" [ 1,71 107" | 1,42x107" | 1,21x107" ) 1,05x 107! | 927x10°2 | 831x107% | 7.52x 1072
80 454x107" | 4,13x107" | 378x107" | 311x107" | 257x 107" | 247x107" | 1,87x107" | 1.63x10°" | 1,45x 107" | 1,30x107" | 1,18x 107
100 577x 107" | 531x107" | 504x107" | 441x107" | 3,78x107) D@26 x10DC[3285x 107" | 251x107" | 224x 107" | 202x107" | 1,84x 107!
125 735x10°" | 667x10°" | 647x107" | 6.01x107" | 539x10°" | 4,79x 10" | 4.26x107" | 381x10°" | 343x107" | 312x107" | 2.85x 107!
160 9,56 x 107" | 828x 107" | 806 X107 {7.860107 L[ 740l 1027511681 1% 10715 U6,218107 | /5,85 %107  5/16x 107" | 4,73x 107" | 4,36x 107"
200 1,28 1,04 991x107" | 989x10"" 179,73x10~" /| 9,30% 10°" | 874% 107" | 815x10" | 7.57x107" | 7.04x 107" | 6565x 107"
250 1,78 1,33 1,22 1,21 1,23 1,22 1.18 1,13 1,07 1,02 9,59 x 107"
315 2,55 1,77 1,54 1,47 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 1,87 1,91 1,92 1,91 1,89 1,85
500 5,58 3,49 2,70 2,23 2,18 2,24 2,31 2,36 2,40 2,41 2,41
630 8,36 5,11 3,80 2,89 2,68 2,69 2,75 2,84 2,91 2,97 3,01
800 1,25 x 10 7,63 5,50 3,89 3,41 3,29 3,31 3,38 3,48 3,57 3,65
1000 1,84 x 10 1,15 x 10 8,17 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 1,23x 10 7,90 6,22 5,49 5,17 5,05 5,05 5,11 5.20
1 600 3,69 x 10 2,60 x 10 1,86 x 10 117x10 8,90 7,55 6,86 6,51 6.35 6,30 6,32
2000 4,93 x 10 3,83x 10 2,82x 10 1,77 x 10 131 x 10 1,08x 10 9,50 8,75 8,31 8,07 7,95
2500 6,25 x 10 5,48 x 10 4,22 x 10 2,69 x 10 1,97 x 10 1,69 % 10 1,36 x 10 1,22x 10 1,14 x 10 1,08x 10 1,04 x 10
3150 7,55 x 10 7,57 x 10 6,21 x 10 4,10x 10 2,99x 10 2,38 10 2,01 x 10 1,77 x 10 1,61x 10 1,50 x 10 1,43x 10
4000 8,73 x 10 9,99 x 10 8,88 x 10 6,20 x 10 4,57 x 10 3,62 x 10 3,03 x 10 2,64 x 10 2,37x 10 2,17x10 2,03 x 10
5 000 9,74 x 10 126x10% | 1,22x10? 9,24 x 10 6,97 x 10 5,54 x 10 4,62x10 399x 10 355x 10 3,22 x 10 2,98 x 10
6 300 1,06 x 102 1,51 x 10 1,61 x 10 1,35 x 102 1,05 x 10° 8,47 x 10 7,08 x 10 6,11 x 10 5,40 x 10 4,87 x 10 4,47 x 10
8 000 1,14 x 10° 1,74 x 10 2,02 x 10° 1,90 x 102 1,56 x 10 1,29 x 102 1,08 x 10° 9,37 x 10 8,28 x 10 7,46 x 10 6,81 x 10
10 000 1,23x 102 1,95 x 10 2,42 x 10° 2,57 x 10° 2,26 x 10° 1,92 x 102 1,66 x 10? 1,44 x 10? 1,27 x 10 1,15x 10° 1,05 x 10?
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