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Foreword

ISO (the International Organization for Standardization) is a worldwide
federation of national standards bodies (ISO member bodies). The work
of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for
which a technical committee has been established has the right to be
represented on that committee. International organizations, governmental
and non-governmental, in liaison with 1SO, also take part in the work. ISO
collaborates closely with the International Electrotechnical Commission
{IEC) on all matters of electrotechnical standardization.

Draft International Standards adopted by the technical committees are
circulated to the member bodies for voting. Publication as an International
Standard requires approval by at least 75 % of the member bodies casting
a vote.

International Standard ISO 9613-1 was prepared by Technical Committee
ISO/TC 43, Acoustics, Sub-Committee SC 1, Noise.

ISO 9613 consists of the following parts, under the general title
Acoustics — Attenuation of sound during propagation outdoors:

— Part 1: Calculation of the absorption of sound by the atmosphere
— Part 2: A general method of calculation

Annexes A, B, C, D, E and F of this part of SO 9613 are for information
only.

© I1SO 1993

All rights reserved. No part of this publication may be reproduced or utilized in any form or
by any means, electronic or mechanical, including photocopying and microfilm, without per-
mission in writing from the pubtisher.
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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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INTERNATIONAL STANDARD

ISO 9613-1:1993(E)

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 agreeménts based on this
part of 1ISO 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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[EC 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
fn midband frequency, in hertz

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

o reference ambient atmospheric pressure, in
kilopascals

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

po  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, in this part of SO 9613,
the shortened term "attenuation coefficient” will be
used for « 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,
T, 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

pe=p, exp(—0,115 1as) (M

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

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

LN =10 Ig(p?/p?) 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 symbois 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.
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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, f,o and £, the oxygen and nitrogen re-
laxation frequencies, respectively. Values of fo and
e in hertz, shall be calculated from

_Pa 4, 002+h
fo=% (24+4,04>< 10% 5o h J .3)
and
(T YY"
S N R
f;N— Pr (To) x

(e -arn[( )]

. (4)

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

-1 1/2
_ -n(Pa) (T
a_s,assfuusmm (pr) (To) }L
T -5/2
(%)

-1

x {0,012 75 l:exp(;—z-—zi.§9'—1)] ﬁ0+[fi] +
0

-1

+0,106 8 [exp(w ﬂ in +{fi]
N

.(5)

Values for fo and f are taken from equations (3) and
(4).

In equations (3) to (5), p,=101,325kPa and
Ty = 293,15 K.

Equations (3) to (6) combine, in a condensed form
suitable for computations, formulae giving contri-
butions from the individual physical mechanisms de-
scribed in annex A.

ISO 9613-1:1993(E)

6.3 Computation of the attenuation
coefficient

Equations (3) to (b) 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, k 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 (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 1SO 266 and JEC 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

fin= (1 000) (10%/10)% ..(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 Tablesl2l. 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: 263,15 K to 323,15 K (- 20 °C to
+ 50 °C)

atmospheric pressure: less than 200 kPa (2 atm)

frequency-to-pressure ratio: 4 x 1074 Hz/Pa to
10 Hz/Pa (40 Hzfatm 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.

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 323,156 K (-20 °C to
+50 °C)

4
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atmospheric pressure: less than 200 kPa (2 atm)

frequency-to-pressure ratio: 4 x 107% 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 1074 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 general 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 1T — 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.’;':.’,’,‘;l Relative humidity, %
Hz 10 15 20 30 40 50 60 70 80 90 100
50 589x 107" | 500x107" | 418x1077 | 285%107 | 211x1077 | 1,68x10°" | 1,42x107" | 1,26x107" | 114x 107" | 1,05 %1077 | 992x 1072
63 7.56x 107" | 704x 107" | 602x107" | 421 %107 | 308x107" | 241x10°" | 200x107" | 1,73x 107" | 155x 107" | 1.42x10°" | 1,33 x 107"
80 924x107" | 935x107" | 846 x 107" | 6,19x10"" | 455x 107" | 352x 107" | 286x 107" | 243x10°" | 214x 107" | 194 x 107" | 1,79 % 167"
100 1,08 1,18 1,15 9,02x10™" | 675x107! | 521x107" | 419x107" | 350x 10" | 308x10°' | 2,69x107" | 245x 107"
125 1,20 1,43 1,49 1,28 998x107" | 776x107" | 6,22x 107! | 514x 107" | 439x10°' | 3,84 x 107" | 344x 107"
160 130 1,64 1,83 1,77 145 1,18 9,30x 107" | 766x107" | 648x 107" | 561 %107 | 496x 107"
200 1,37 1,82 2,15 2,33 2,06 1,70 1,39 1,15 970x 107" | 834 x 107" | 731 <107’
250 1,43 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 4,23 374 327 2,85 2,50
500 1,52 2,17 2,91 4,38 5,45 5,86 5,72 5,29 4,76 4,23 376
630 1.55 2,22 3,00 4,68 6.17 7.10 7.39 7,19 671 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 72.21 9,14 1,06 x 10 1,15x 10 1,17x 10 1,16x 10 1,11 x10
1250 1,74 2,43 327 5,28 7,57 9,88 1,19x 10 1,35 x 10 144 x 10 1.48x 10 147 x 10
1600 1,88 2,58 342 5,48 7,90 1,05 10 1.30% 10 1,52% 10 1,69x 10 1,80 10 1,86 x 10
2000 2,10 2,80 3,65 5,73 8,24 1,10 x 10 1.39% 10 1,68x 10 1,90 x 10 2,10% 10 2,24x10
2 500 2,44 3,15 4,00 6,10 8,66 1,16 x 10 1,47 x 10 1,78 x 10 2,08 x 10 235x 10 2,58 x 10
3150 2,99 3,69 455 6.66 9,26 1,23x 10 1,55 % 10 1,90 x 10 2,24x 10 2,57x 10 2.88x 10
4000 3,86 4,56 5,42 7.54 1.02x 10 1,32x 10 1,66 x 10 2,02x 10 2,40x 10 2,78 x 10 3,14x 10
5 000 5.24 5.94 6,80 8,92 1,16 x 10 1,46 x 10 1,81x 10 2,19x10 2,59 10 3,00x 10 341x10
6300 7.42 8,12 898 1,11%x10 1,38 x 10 1,69 x 10 2,04 x 10 2,42%10 283x 10 327x10 3,71 %10
8000 1.09x 10 1,16 x 10 1.24 x 10 1.46 x 10 1,72x 10 2,03 x 10 2,39 x 10 2,78 x 10 320x 10 365x 10 411x10
10 000 1,64 x 10 1,71x10 1,79% 10 2,01 x 10 2,27 x 10 2,58 x 10 2,94 x 10 333x10 376x 10 4,22 x10 4,70% 10
(b} Air temperature: —15 °C
frrvforred Relative humidity, %
Hz 10 15 20 30 a0 50 80 70 80 90 100
50 §73x107" | 425x 107" | 3211077 | 212x1077 | 1.64x107" | 1,39x 107" | 1,24x107" | 1,14x107" | 1.07x107" | 1,02x10°" | 9.88x 1072
63 793x107" | 618x 107 | 472x107" | 3.05x107" | 228x10°" | 1,88x107" | 1,66x107" | 1,562x 107" | 142x10"' | 1,35x 10" | 1,30x 107!
80 1.06 885x 107" | 693x107" | 4,46x107" | 324x 107" | 260x 107" | 2,24x 107" | 202x 107" | 1.87x107" | 1,77x107" | 1,70x 107"
100 1,34 1,23 1,01 660x107" | 471%x107" | 368x107" | 3.08x107" | 271 %107 | 248x 107" | 232 x107! | 221x 107!
125 1,62 1,66 1,44 9,79x107" | 895x 107" | 532x107" | 4356x107! | 374x 107 | 334x107' | 3,08x10”' | 2.89x 107!
160 1.88 2,11 1,99 1,45 1.04 786x107" | 630x107" | 531x107" | 464x10°" | 4,18x10"" | 3.86x 107"
200 2,08 2,57 2,63 2,10 1,55 117 932x107" | 7,72x107" | 663x10°? | 587 x107! | 532x 107"
250 2,24 2,99 332 2,97 2,30 1,76 1.40 1,18 973x107' | 847x107" | 7.56x 107"
315 2,35 3,33 398 4,05 334 2,64 211 1,73 1,45 1,25 1,10
400 2,43 3,59 4,56 5,27 473 3,89 317 2,61 219 1,88 1,85
500 2,50 378 5,03 6,52 6,43 5,61 4,70 393 3.32 2.85 2,49
630 2,55 393 539 7.67 835 7.8t 6,83 5,85 5,01 4,33 378
800 2,61 4,05 5,66 8,65 1,03 x 10 1,04 x 10 9,62 8,53 7,46 6,53 5,74
1000 2,67 4,15 5,87 9,44 1,21 x 10 132x 10 1,30 x 10 1,21x 10 1.09x 10 9,69 8,63
1250 2,77 4,28 6,07 101 x10 137x 10 1,60 x 10 1,67 x 10 1,63 % 10 153 x 10 1,40 x 10 1,28 10
1600 2,92 4,44 6,28 1,06 x 10 1.49x 10 1,84 x 10 2,05x 10 2,11 %10 2,07 x 10 197 x 10 1,83x 10
2 000 3,14 4,67 6.54 1,10x 10 1,59 x 10 2,05 x 10 2,39x 10 2,60 x 10 267x 10 264 %10 254 x 10
2 500 349 503 692 1,15x 10 1,68 x 10 2,22x 10 2,69 x 10 3,05x 10 3,27x 10 337x10 337x10
3150 4,04 5,59 7.49 1.22x 10 1,78 x 10 2,37x10 2,95 x 10 3,45x 10 3,84 x 10 4,10x 10 4,25%10
4000 4,92 6,47 838 131x10 1.89x 10 2,52 x 10 318x 10 379%10 434x10 478x 10 511x 10
5 000 6,31 7,86 9,78 1.46x 10 2,04 x 10 2,71x 10 3,41 %10 4,12x10 4,79 x 10 5,40 x 10 591 x 10
6300 8,52 1,01 %10 1,20x 10 1,68x 10 2,27x 10 2,96 x 10 370x 10 4,47 x 10 5,24 x 10 598 x 10 6,65 10
8000 1,20 10 1,36 x 10 1,55x 10 2,03x 10 263x 10 332x 10 4,09x 10 4,90 x 10 574x10 | 658x10 7.39% 10
10 000 1,75x 10 1,91 %10 2,10x 10 259x 10 3,19x10 389x 10 4,67 x 10 5,51 x 10 6,40 x 10 7.30x 10 821x10
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(c) Air temperature: —10 °C

m';: Relative humidity, %

Hz 10 15 20 30 40 50 60 70 80 90 100
50 482x10" | 3.25%x 107" | 245%x 107" | 1,74x 107" | 1,46x10°" | 1,31 x10" | 1,21x1077 | 1,13x107" | 1.06x 107" | 1.00x107" | 946x 1072
63 700x10" | 475%x10°" | 380x107" | 238%x 107! | 1.95x 107" | 1.74x107" | 1.61x 107 | 1.52x10"? | 1.45x 107" | 1.38x 10" | 1.32x 107!
80 999x10" | 687x107" | 509%x107" § 332x 107" | 261 x107" | 2.28x 107" | 210x 107" | 1,99x 107" | 1.91x107" | 1,84 x10"" | 1,79x 107"
100 1,39 1,02 7491071 | 472x107" | 357x107! | 3.02x107 | 273x107" | 257x107) | 246x 107! | 239x 107 | 2.33x 107!
125 1,86 1,48 1.1 688x107" | 501 %107 | 409x10" | 360x107" | 332x107 | 315x107" | 304x 107" | 297x 107!
160 2,38 2,10 1,63 1,02 721x10°" | 569x10°" | 485x107" | 436x 107" | 406x10" | 388x107" | 376107’
200 2,89 2,87 2,37 1,52 1,06 816x107" | 876x10°' | 591x107" | 537x107" | 503x 107" | 4,80x 10"
250 3,36 3,76 3,35 2,27 1,58 1,20 9,69x 107" | 826x107" | 734x 107" | 672x 10" | 6,29x10”"
315 374 4,86 4,56 335 2,38 1,79 143 1,19 1,04 928x10"' | 853x10°"
400 4,03 5,51 5,93 486 3,57 2,70 2,13 1,76 151 1,33 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 9,7 1.18x 10 1,08x 10 899 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 1,29x 10 1,09x 10 9,19 7,82 6,75 5,91
1250 4,78 7.87 1,13x 10 1,68 x 10 1.88x 10 1,79 10 158 x 10 137 x 10 1.18x 10 1.03x 10 9,02
1600 4,94 8,14 1,18x 10 1,88x 10 2,30% 10 2,36 10 2,21 %10 1,98x 10 1,75x 10 1,55 x 10 1.37x10
2 000 5,18 8,44 1.23x 10 2,06x 10 2,68 x 10 2,97 x 10 2,96 x 10 2,78 x 10 2,54 % 10 2,29 x 10 2,06 10
2500 5,54 8.85 1,28x 10 2,18x 10 3,01 %10 3,56 x 10 378x 10 374%x10 355x 10 329x10 3,02x 10
3150 611 9,44 1,35x 10 2,31x10 329x10 4,09x 10 4,59 % 10 479x 10 4,75 10 457 %10 431x10
4000 7,00 1.03x10 145 x 10 2,44 % 10 354x 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 1,18x 10 159 x 10 2,61x 10 379x 10 497x10 6,02 x 10 6,84 x 10 7.39x 10 7,67 x 10 7.74x 10
6300 1,06 x 10 1,40 x 10 1,82x 10 2,86 % 10 4,08x 10 538x 10 6,64 x 10 7,75x 10 B.64 x 10 9,28 x 10 9.67x 10
8 000 1,42 x 10 1,75x% 10 2,47x10 3,22x10 4,48 x 10 586 x 10 7.27x 10 8,62 x 10 9,82 x 10 108 x10° | 1,16x 10?
10 000 1,97 x 10 231x 10 2,73x 10 3,79x 10 5,07 x 10 651x 10 8,02 x 10 9,54 x 10 1,10 x 10° 1.23x10° | 1.35x10?

{d} Air temperature: -5 °C

m""“.";'; Relative humidity, %
Hz 10 15 20 30 40 50 80 70 80 90 100
50 376x107' | 256x 107" | 205x10°" } 1,64%x10°" | 1,45%107" | 1.31x107" | 1,20x107" | 101 %1077 | 1,02x10°" | 945x 107 { 8,78 % 10°?
83 547x107" | 3.61x107" | 279%x1077 | 216x107' } 1,92x107' | 1,77x107" | 1,66x107" | 1.65x 107" | 1.46x 107" | 1,37x107" | 1,20x 107!
80 801x107" | 518x107" | 387x107" | 285x10" | 249x10°" | 232x 107" | 2,20x107" | 210x10°" § 201x10°" | 1,92x107" | 1.83x 107"
100 1,17 755x10" | 549x10" | 381x107" | 323%x 107" | 298x107" | 284x107" | 275x107" | 267x107" | 259x 10! | 251x 107’
125 1,89 1.1 796x 107" | 5.22x1077 | 423x10°" | 381x107 | 361x107" | 350x107" | 343x 107" | 337x 107" | 3.30x 107!
160 2,38 1,65 117 736x 107" | 568x107" | 493x107" | 458x 107" | 440x 107" | 431x10" | 425%x 107" | 421 x 107"
200 3,23 2,42 1,75 1,07 786x107" | 656x107" | 591x107" | 557x107"' | 539x10"' | 530x10"' | 525x 107"
250 4,20 3,49 2,60 1,58 1,12 903x10"' | 72.85x10°" | 7.20x 107! | 683x107' | 662x10"' | 6.51x107!
315 5,19 4,87 3,83 2.36 1,65 1,28 1,08 961x107" | 889x10" | 845x 107" | 818X 10™
400 6.10 6,53 5,53 3,565 2,46 1,87 1,54 1,33 1,20 1.1 1,06
500 6,87 8,34 7.72 5,31 37N 2,80 2,25 1,90 1.68 1,52 1,42
630 7.48 1,01 %10 1,03x 10 7,83 5,61 4,22 3,36 2,80 2,43 2,18 1,97
800 7.94 1,17 x 10 1.32x10 1,13% 10 8,42 6.40 5,00 4,20 3,59 3.16 2,84
1000 829 1,31 x 10 1.60 x 10 1,57 % 10 1,24 x 10 9,68 7,74 6,38 5,42 4,72 4,20
1250 8,58 1.41x10 1,86 x 10 2,08 x 10 1,79 x 10 1,45 x 10 117x10 9,73 8,25 7,16 6,33
1600 8,85 1.49x10 2,07x 10 2,64 x 10 2,49 x 10 212x10 1,76 x 10 1,48 x 10 1,26 x 10 1,09 x 10 9,65
2 000 9,16 1.56 x 10 2,24 %10 3,18x 10 3,32x10 301 x 10 2,60 x 10 2,22 x 10 1.91x 10 1.67 x 10 1,48 x 10
2500 9,57 1,63x 10 2,38x 10 3,66 x 10 421 %10 411x10 372x10 328x 10 2,88x 10 2,54 x 10 2,25 % 10
3150 1,02 x 10 1,71 x10 2,50 x 10 4,07 x 10 5,08 x 10 5,35 x 10 5,13 x 10 4,70 x 10 4,23x10 3,79x 10 3,41x10
4 000 1,1 x10 1,81 x 10 2,64 x 10 4,42 x 10 5,87 x 10 6,64 x 10 B.77x 10 6,50 x 10 6,05x 10 5,55 x 10 5,07 x 10
5 000 1,25 x 10 1,96 x 10 2,81 %10 4,75x 10 6,57 x 10 7,87 x 10 B51x10 8,60 x 10 8,33 x 10 7.88 x 10 7.36x 10
6 300 1,48 x 10 2,19x 10 3,06x 10 5,10 x 10 7.21x 10 9,00 10 1,02 x 10° 1,08 x 10° 1,10 x 10 1,07x102 | 1,03x10?
8 000 1.83x 10 2,55 x i0 343x 10 5,54 x 10 7,86 x 10 1,00x 107 | 1,18x10? 1,31x10° | 138x102 | 1.40x10® | 139x10
10 000 2,40 x 10 3,11 x 10 4,00 x 10 6,16 x 10 8,62 x 10 1,11 x 10? 1,34 x 10° 1,52 x 10? 1,66 x 107 1,74x10° § 1,79x 102
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