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imtroduction

Ideally, the A-weighted sound pressure level effective’ wh
protector is worn should be estimated on the basis of bot
band sound attenuation data of the hearing pfotector (me
cordance with ISO 4869-1) and the octave-band’sound pres
the noise. It is recognized, however, that in<many situation
on the octave-band sound pressure levels of the noise

available. Therefore, for many practical-purposes, there is a
pler methods to determine the effective A-weighted sound p
which are only based on the A-,and’C-weighted sound pres
the noise. This part of ISO 4869 addresses both of these
specifying an octave-band calcudlation method as well as tv
simplified procedures, thesHML method and the SNR methg

The octave-band method is a straightforward calculation me
the workplace octave-band sound pressure levels and thd
sound attenuationdata for the hearing protector which is be
Although it carbe thought of as an “exact” reference met
own inherenttinaccuracies, since it is based upon mean sour
values and-standard deviations and not the specific soun
values-for the individual person in question.

The-HML method specifies three attenuation values, H, M

ISO 4869-2:1994(E)

en a hearing
h the octave-
asured in ac-
sure levels of
s information
might not be
heed for sim-
ressure levels
sure levels of
situations by
VO alternative
d.

hod involving

octave-band
ng assessed.
hod, it has its
d attenuation
d attenuation

and L, deter-

mined from the octave-band sound attenuation data of a heating protector.

These values, when combined with the C- and A-weighted sq
levels of the noise, are used to calculate the effective A-we
pressure level when the hearing protector is worn.

und pressure
ighted sound

The SNR method specifies a single attenuation value, the 3

rating reduction, determined from the octave-band sound atr

of a hearing protector. This value is subtracted from the C-w
pressure level of the noise to calculate the effective A-we
pressure level when the hearing protector is worn.

Due to the large spread of the sound attenuation providg

ingle number
nuation data
ighted sound
ighted sound

d by hearing

protectors when worn by individual persons, all three methg

ds are nearly

equivalent in their accuracy in the majority of noise situations. Even the
simplest method, the SNR method, will provide a reasonably accurate
estimate of the effective A-weighted sound pressure level to aid in the
selection and specification of hearing protectors. In special situations, for
example especially high- or low-frequency noises, it may, however, be
advantageous to use either the HML or the octave-band method.

Depending on the choice of a certain parameter in the calculation process,
various protection performances can be obtained. It should be noted that
the protection performance values for all three methods are only valid
when:

— the hearing protectors are worn correctly and in the same manner as
they were worn by subjects when carrying out the ISO 4869-1 test;
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— the hearing protectors are properly maintained;

— the anatomical characteristics of the subjects involved in the
ISO 4869-1 test are a reasonable match for the population of actual
wearers.

Thus, the principal source of potential inaccuracy in use of the three
methods described in this part of ISO 4869 is the basic ISO 4869-1 input
data. If the input data do not accurately describe the degree of protection
achieved by the target population, then no calculation method will provide
sufficient accuracy.

NOTES

1 Differences of 3 dB or less in the determination of the effective sound pressure
level for compprable hearing protectors are insignificant for the purposes of dis-
tinguishing betjveen the hearing protectors.

2 Caution shquld be exercised to avoid the selection of hearing protectors which
provide unnecgssarily high attenuation. Such devices might cause communication
difficulties or Be less comfortable than ones with lower sound attenuation and
therefore they might be worn for less of the time.
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Acoustics — Hearing protectors —

Part|2:

Estimation of effective A-weighted sound pressure levels
when hearing protectors are worn

1 Scdpe

This par{ of ISO 4869 describes three methods (the
octave-bpnd, HML and SNR methods) of estimating
the A-wegighted sound pressure levels effective when
hearing protectors are worn. The methods are appli-
cable to |either the sound pressure level or the equiv-
alent cohtinuous sound pressure level of the noise:
Although primarily intended for steady noisexex-
posures,| the methods are also applicable to-noises
containinlg impulsive components. These methods are
not suitgble for use with peak sound pressure level
measurgments.

The octgve-band, H, M, L or SNR_values are suitable
for estaljlishing sound attenuatiohcriteria for selecting
or comppring hearing protectors, and/or setting mini-
mum acfeptable sound-attenuation requirements.

2 Normative references

The follpwing standards contain provisions which,

|IEC 651:1979, Sound level meters.

3 .Definitions

For the purposes of this part of ISO 4869, the defi-
hitions given in 1SO 4869-1 and the fpllowing defi-
nitions apply.

3.1 protection performance: The percentage of
situations for which the A-weighted sqund pressure
level effective when the hearing protector is worn is
equal to or less than the predicted valug.

The value is designated by adding a supscript to the
attenuation values according to the diffefent methods,
e.g. Hgo, Mgo, Lgo, SNRgo.

NOTES

3 The value of protection performance is qften chosen to
be 84 % [corresponding to the constapt a=1 (see
clause 5)]. In this case, the subscripts to the attenuation
values may be omitted.

4 A situation is a combination of a particular individual

through reference in this text, constitute provisions
of this part of ISO 4869. 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 4869 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 4869-1:1990, Acoustics — Hearing protectors —
Part 1: Subjective method for the measurement of
sound attenuation.

wearing a given hearing protector in a specific noise en-
vironment.

3.2 effective A-weighted sound pressure level,
L', For a specified protection performance, x, and a
specific noise situation, the A-weighted sound press-
ure level effective when a given hearing protector is
worn, calculated in accordance with any of the three
methods specified in this part of 1ISO 4869.

3.3 predicted noise level reduction, PNR,: For a
specified protection performance, x, and a specific
noise situation, the difference between the A-
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weighted sound pressure level of the noise, L,, and
the effective A-weighted sound pressure level, L'y,

© ISO

APV = me— as; (D

when a given hearing protector is worn. where

3.4 high-frequency attenuation value, H,: For a subscript f represents the centre frequency of

specified protection performance, x, and a given the octave band;

hearing protector, a value representing the predicted ) )

noise level reduction, PNR, for noises with subscript x represents the selected protection

(Le — L) = — 2 dB. performance;

3.5 medium-frequency attenuation value, M : For my is the mean sound attlenuation de-

a specified protection performance, x, and a given I with

hearing proteftor, a value representing the predicted ISO 4869-1;

nlimseL Ie\iel 2re;deuctlon, PNR,, for noises with 5 is the standard  deviatioh deter-

(Le = La) = + : mined in accordance] with

3.6 low-frequency attenuation value, L: For a ISO 4869-1;

speqified protection performance, X, and a given o is a constant, having the values

hegnng protegtor, a yalue representing thg predlctgd givendn:table 1.

noise level [reduction, PNR,, for noises with

(Lc — Ly) = +[10 dB. NOTE 6 If any values)are not available at 63 Hz| then the
values of m, and s.for 125 Hz should be used.

3.7 single number rating, SNR,: For a specified

protection pe
tector, the va
ured C-weigh
estimate the
level, L'4,.

3.8 pink noi
is inversely p

NOTES Ac
that its unweig
the same for al

4 Measur
hearing pr;

The one-third
hearing prote
ods specified
ured in accorg

formance, x, and a given hearing pro-
ue which is subtracted from the meas-
ed sound pressure level, L, in order to
effective A-weighted sound pressure

e: Noise whose power spectral density
portional to frequency.

nsequence of this property of pink noise is
hted octave-band sound pressure levels are
octave bands.

ement of sound attenuation of
Dtectors

Loctave band aftenuation values of the
Ctor to be used-in the calculation meth-
in this part,'of 1ISO 4869 shall be meas-
ance with”|SO 4869-1.

5 Calculaf

lion of the assumed protection

Table.1)~— Values of « for various protéection
performances x

Protection performance
Value of g
x, %
75 0,67
80 0,84
84 1,00
85 1,04
90 1,28
95 1,64

An example of the calculation of the assumed pro-
tection values, APVj, is given in annex A.

6 Octave-band method

value, APV, of a hearing protector for a
selected protection performance

The calculation begins with the selection of the de-
sired protection performance, x, and the associated
constant « (see table 1).

The assumed protection value, APV, of the hearing
protector is calculated for each octave band, in the
range 63 Hz to 8000 Hz, using the following
equation:

This method requires octave-band sound pressure
levels of the noise and assumed protection values,
APV, Since the method is noise specific, the calcu-
lation shall be made for each noise situation.

The A-weighted sound pressure level effective when
the hearing protector is worn, L',,, is calculated using
the following equation:

8
L'a=101g > 10% ot 4w +4%) g5 (2)
k=1
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where

subscripts f(k) represent the octave-band mid-
frequency;

f(1) = 63 Hz; f(2) = 125 Hz; f(3) = 250 Hz ...

ISO 4869-2:1994(E)

values (see table 2) and the assumed protection val-
ues, APV, of the hearing protector. The values are
independent of the actual noise situation to which
they are applied, and are calculated using the follow-
ing equations:

NOTE 7

4 4
f(8) =8 000 Hz; H,=0,25) PNR, - 0.48) dPNR, .3
Ly, s the sound pressure level of the noise in = =
the octave band; 8 3
M, =0,25> PNR, — 0,16 dPNR, )
Asy| s the frequency weighting A in accord- i=5 i=5
ance with IEC 651 at the octave-band 8 8
mid-frequencies (see table B.1). L= O,ZSZPNin n 0:23ZdiPNRx .5
If 63 Hz octave-band data for the noise are not i=*% e
available,| then the summation in equation (2) begins at where

125 Hz.

The resylting L', value shall be rounded to the near-
est integer.

An exafqnple of the calculation of the A-weighted
sound pfessure level effective when a given hearing
protectof is worn in a specific noise is given in
annex B.

7 HML method

This method requires C- and A-weighted sound
pressurg levels of the noise and H, M and L values.

7.1 Calculation of H, M and L values

Calculation of the H,, M, and L, values is based on
eight reference noise spectra with’ different (Lc — Lp)

8
PNR,; = 100 dB= 10 Ig_10%"lwar" AVm) 4

k=1
.(6)
Ly and d; values are given in table 2;

subscript i represents the number of|the reference
noise spectrum.

NOTE 8 In equation (6), the value of 10Q dB represents
the total A-weighted sound pressure level [of each of the
noises in table 2.

The resulting H,, M, and L, values shgll be rounded
to the nearest integer.

An example of the calculation of the H] M and L val-
ues is given in annex C.

Table 2 — A-weighted-octave-band sound pressure levels, L, of eight reference noises nprmalized to

an A-weighted sound pressure level of 100 dB, (L. — L,) values and constants 4

alues in decibels

; Octave-band centre frequency, Hz (Le —|Ly) d
63 125 250 500 1 000 2 000 4 000 8 000 A '
1 514 62,6 70,8 _ 81,0 90,4 96,2 94,7 92,3 -11,2 1 -1,20
2 59,5 68,9 78,3 84,3 92,8 96,3 94,0 90,0 -05| —0,49
3 59,8 71,1 80,8 88,0 95,0 94,4 94,1 89,0 0,1 0,14
4 65,4 77.2 84,5 89,8 95,56 94,3 92,5 88,8 1,6 1,56
5 65,3 77,4 86,5 92,5 96,4 93,0 90,4 83,7 23| —-298
6 70,7 82,0 89,3 93,3 95,6 93,0 90,1 83,0 43| —-1,01
7 75,6 84,2 90,1 93,6 96,2 91,3 87,9 81,9 6,1 0,85
8 77.6 88,0 93,4 93,8 94,2 91,4 87,9 79,9 8.4 3,14

tational simplicity.

NOTE — The value of 100 dB for the total A-weighted sound pressure level, L,, is arbitrary and was chosen for compu-
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7.2 Application of HML method for
estimation of the effective A-weighted sound
pressure level

The effective A-weighted sound pressure level, L'y,
is calculated in two steps as follows.

a) The predicted noise level reduction, PNR,, is cal-
culated from the H,, M, and L, values and the C-
and A-weighted sound pressure levels of the
noise. The calculations are as follows.

© |SO

values, APVy,,, of the hearing protector. SNR, is in-
dependent of the actual noise spectrum to which it is
applied and is calculated using the following equation:

8
SNR, = 100 dB — 10 IgZ1O°’1(LA"" ~ APV 4B

k=1

... (10)

where Ly, is given in table 3.

For noiseg with (Lc — L,) values < 2 dB

H —
PNR,|= Mx———i‘—# (Lc — Ly — 2 dB)
(7
For noiseq with (L. — L,) values > 2 dB
M. —
PNR, = MX—AB-&(LC—LA—Z dB)
-(®
b) L', is calgulated from the following equation:
L', oLy — PNR, ... (9

The resulting L’5, value shall be rounded to the near-
est integer.

NOTES

9 The difference (Lc — L) may be determined from(sound
pressure level measurements, or may be provided-in tabu-
lated form for typical noise situations.

10 Instead of[the C-weighted sound préssure level, the
unweighted soynd pressure level may bé used. For very low
frequency noisgs, this procedure can fesult in higher values
of L'y,

An example |of the calculation of the A-weighted
sound pressufe level effeCtive when a given hearing
protector is worn in—a” specific noise is given in
annex C.

NOTE TT___1n equation (10) the value of 100 dB_rgpresents
the total C-weighted sound pressure level of the‘feference
pink noise in table 3.

The resulting SNR, value shall (he rounded to the
nearest integer.

An example of the calculation of SNR is given in an-
nex D.

8.2 Application of SNR method for
estimation of the effective A-weighted sound
pressure level

L’), is calculated from SNR, and the C-Weighted
sound pressure level of the noise using the fpllowing
equation:

L', =L:— SNR, (D
When only the total A-weighted sound presstire level
of a given noise is available, SNR may still bg used if
the difference (L. — La) is known (see noteq 12 and
13). L', is then given by:

L'a, = Lo+ (Lc — L) — SNR, ...(12)

NOTES
12 The difference (Lc — L) can be estimated frdm sound

pressure level measurements, or may be provided in tabu-
lated form for typical noise situations.

8 SNR method

This method requires the C-weighted sound pressure
level of the noise and the SNR value.

8.1 Calculation of SNR values

Calculation of SNR, values is based on a pink noise
spectrum (see table3) and the assumed protection

13 Instead of the C-weighted sound pressure level, the
unweighted sound pressure level may be used. For very low
frequency noises, this procedure can result in higher values
of L'y,

An example of the calculation of the A-weighted
sound pressure level effective when a given hearing
protector is worn in a specific noise is given in
annex D.
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Table 3 — A-weighted octave-band sound pressure levels, Lsgy of a pink noise which has a C-weighted

sound pressure level of 100 dB

Octave-band centre frequency, f, Hz

63

125

250

500

1000

2 000

4 000

8 000

Lagey dB

65,3

75,4

82,9

88,3

91,6

92,7

92,5

90,4

weighting C is defined in IFC 671

NOTE — The values in this table are derived from a pink noise with an overall C-weighted sound pressure level of 100 dB.
The magnitude of the level was chosen for computational simplicity and does not affect the resulting SNR. Frequency
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Annex A
(informative)
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Example of the calculation of the assumed protection values, APV,

In this example, the APV, values for a hearing protector are calculated; i.e. a protection performance of 80 % is

selected, with

for all illustrative examples.

Table A.1 — Calculation of APVg,

a corresponding constant « = 0,84 (see table 1). These APV, values are then used in calqulations

Values ih decibels

Octave-band centre frequency, f, Hz
63 125 250 500 1 000 2 000 4 000 g 000
my 7.4 10,0 14,4 19,6 22,8 29,6 38,8 B4, 1
8 3.3 3.6 3.6 4,6 4,0 6,2 7.4 5,2
asy (o = ,84) 2,8 3,0 3.0 3.9 3.4 5,2 6,2 4,4
APVgy =y — as; 4,6 7.0 11,4 15,7 194 24,4 32,6 p9,7
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(informative)
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Example of the calculation of L', according to the octave-band method

In this example, a protection performance of 80 % is selected. The APV, values are taken from table A.1.

Table B.1 — Calculation of L',g, using the octave-band method

alues in decibels

Octave-band centre frequency, f, Hz

63 125 250 500 1 000 2 000 4 000 8 000
Measurgd octave-band 75,0 84,0 86,0 88,0 97,0 99,0 97,0 96,0
sound fdressure level of
the noige, L,
Frequer|cy weighting A - 26,2 -16,1 - 8,6 -32 0 +1,2 +1,0 -11
(accordipg to |IEC 651)
A-weigllted octave-band 48,8 67.9 77,4 84,8 97,0 100,2 98,0 94,9
sound gdressure level of
the noige, Ly + Ay
APV, from table A1 4,6 7,0 11,4 15,7 19,4 24,4 32,6 29,7
Ly + Age| — APVg0 44,2 60,9 66,0 69,1 77,6 75,8 65,4 65,2
L’ g0 is ¢alculated by substituting the values.from the last row of table B.1 into equation (2):
L'ngh =10 1g(10%"**% 4+ 10> *%%) dB = 80,6 dB
After rodinding, L'sgq = 81 dB.
It can thHen be stated that the‘effective A-weighted sound pressure level will be less than or equgl to 81 dB in
80 % of|the situations whenthe hearing protector is properly worn by various people in this noise gnvironment.
NOTE 14 The difference between L, and L’g is the predicted noise level reduction, PNRg,, which in this example is equal
to 23 dB,



https://standardsiso.com/api/?name=1dd4a7af3257dbb3f5974aa4a120e198

ISO 4869-2:1994(E) © SO

Annex C
(informative)

Example of calculation and use of H, M and L values

C.1 Calculation of H, M and L values for a particular hearing protector

Using the ARVg, values from annex A and the A-weighted octave-band sound pressure levels, cLgil); from
table 2, (LAf(,(),. — APVpg) is calculated as shown below.
Table C.1 — Calculation of the difference between L;;; and APV,
Values in decibels
Octave-band centre frequency, f, Hz
63 125 250 500 1 000 2000 4 000 g 000
Lagids 51,4 62,6 70.8 81,0 90,4 96,2 94,7 B2,3
Laguda 59,5 68,9 78,3 84,3 92,8 96,3 94,0 B0,0
Laguls 59,8 711 80,8 88,0 95,0 94,4 94,1 89,0
Lagla 65,4 77,2 84,5 89,8 95,5 94,3 92,5 88,8
Lasls 65,3 77,4 86,5 92,5 96,4 93,0 90,4 B3,7
Lasde 70,7 82,0 89,4 93,5 95,6 93,0 90,1 33,0
Lpgud7 75,6 84,2 90,1 93,6 96,2 91,3 87,9 B1,9
Lysuds 77,6 88,0 934 93,8 94,2 91,4 87,9 V9,9
APV, from|table A.1 4,6 7.0 114 15,7 19,4 24,4 32,6 V9,7
Lagiyr — APVo 46,8 55,6 59,4 65,3 71,0 71,8 62,1 52,6
Lagp2 = NPVse0 54,9 61,9 66,9 68,6 73,4 719 | 614 50,3
Lz — NPViso 55,2 64,1 69,4 72,3 75,6 70,0 61,5 59,3
Lasiga — fPVigo 60,8 70,2 73,1 74,1 76,1 69,9 59,9 59,1
Lasays — APVigo 60,7 70,4 751 76,8 77.0 68,6 57.8 b4,0
Lagige — NPV g0 66,1 75,0 77,9 77,6 76,2 68,6 57,5 b3,3
Lagpy7 — \PVigo 71,0 77,2 78,7 77,9 76.8 66,9 55,3 52,2
Lasus — APV g0 73,0 81,0 82,0 78.1 74,8 67,0 55,3 b0,2
The eight PNR;g5) values are calculated by substituting the differences from table C.1 into equation (6) as|follows:

PNR} (@) = 100 dB — 10 Ig(10%" 4% 4 1 10%*2%) = 24,5 4B

PNR2(80)=100dB—101g(1o°”5“9 ...+1o°”6°3) 22,7 dB
PNRs (@) = 100 dB — 10 Ig(10%'*%2 4 1 10" *%3) = 21,1 4B
PNR4 (@) = 100 dB — 10 Ig(10%' *®%8 4 1 10%"*1) = 19,6 dB
PNR5(80)=1OOdB—1O|g(10°”6°7 ...+1o°”54°)=18,2d8
PNRg(g0) = 100 dB — 10 Ig(10%" %" 4+ .+ 10°7*%%) = 16,9 dB
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PNR;(go) = 100 dB — 10 |g(10°" T4 +10%T%22) ~ 15,9 dB

PNRg(ao) = 100 dB — 10 1g(10°" 730 4 . 4+ 10°"*%0?) 13,9 dB

The Hgo, Mgy and Lgg values are calculated using equations (3), (4) and (5), and the PNR; o) values above and the
constants d; from table 2 as shown below, and the values are rounded to the nearest integer:

Hgo = 0,25(24,5 + .. +19,6) — 0,48( — 1,20 x 24,56 + .. + 1,56 x 19,6) dB = 25 dB

cC2 U
a spec
The effe
(from C.
a) The
pred
b) The
tive
This

MSO

L80 1

level

by various people in this noise environmept.

=0,25(18,2 + .. + 13,9) — 0,16( — 2,98 x 18,2 + ... + 3,14 x 13,9) dB = 18 dB

=13 dB

fic noise situation

ctive A-weighted sound pressure level, L'xg, for a hearing protector with given Hgy, Mg, 4
) and a specific noise situation can be estimated in two steps as follows.

ifference (Lc — Ly) is calculated. Using the noise spectrum from annex B gives (Lc — Ly) -
cted noise level reduction, PNRyg, is calculated using equation (7)@s follows:

PNRep = 18 dB - 22218 (_ 1 _2) 48 = 23,3 dB

A-weighted sound pressure level, L,, of the noise spectrum from annex B is equal to 104 g
A-weighted sound pressure level, L' g, is calculated using equation (9) as follows:

/g0 = 104 dB — 23,3 dB = 80,7 dB

value is rounded to the nearest integer. It can then be stated that the effective A-weighted sq
will be less than or equal to 81 dB in-80 % of the situations when the hearing protector is

se of Hg,, Mg, and Lg, values to estimate L',q, for a particular hearing protector in

nd Lgy values

- — 1 dB. The

B. The effec-

und pressure
broperly worn
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Annex D
(informative)
Example of the calculation and use of SNR values
D.1 Calculation of the SNR value for a particular hearing protector
In this examgle, a protection performance of 80 % is selected. Using the APV, values from annex Ajand the
Ly values fiom table 3, the SNR value is calculated (table D.1).
Table D.1 — Calculation of the difference between L., and APV,
Values |n decibels
Octave-band centre frequency, f, Hz
63 125 250 500 1 000 2000 4 000 & 000
Lyg from table 3 65,3 75,4 82,9 88,3 91,56 92,7 92,5 90,4
APV, from annex A 4,6 7.0 11,4 15,7 19,4 24,4 32,6 29,7
Laggy — APVgy 607 | 684 | 715 | 726 72,1 68.3 59,9 60,7
SNRg, is calcyilated using equation (10) and rounded to the nearest integer:
SNRgo =100 dB — 10 Ig(10%7 %7 4 10%1 %% 14 1981%7) dB = 22 dB
D.2 Use of the SNRg, value to estimate L', for a particular hearing protector in|a
specific nojse situation for which L is-‘known
The effective| A-weighted sound pressure_lével, L'zgo, for a hearing protector with a given SNRg, (from [D.1) can
be estimated|from the measured C-weighted sound pressure level of a specific noise. Using the noise gpectrum
from annex B, gives Lo = 103 dB.
L' pgo is calculgted using equation 1) as follows:
It can then He stated that the effective A-weighted sound pressure level, L’pgo, Will be less than or [equal to
81 dB in 80 % of the situations when the hearing protector is properly worn by various people in this noise en-
vironment.
D.3 Use of the SNR;, value to estimate L5, for a particular hearing protector in a

specific noise situation in which the A-weighted sound pressure level has been measured

and a reas

onable estimate of (L. — L,) is available

The effective A-weighted sound pressure level, L'pg,, for a hearing protector with a given SNRg, (from D.1) can
be estimated from the measured A-weighted sound pressure level, L,, and the estimated or measured (Lc — L,)

value of a specific noise. Using the noise spectrum from annex B, gives L, = 104 dB and (L; — L)

L' g0 s calculated using equation (12) as follows:
L'pgo=104dB + (—1,0) dB — 22 dB =81 dB

10

1.0 dB.
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It can then be stated that the effective A-weighted sound pressure level, L’5g, will be less than or equal to
81 dB in 80 % of the situations when the hearing protector is properly worn by various people in this noise en-
vironment.

1"
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