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Introduction
Annex B of ISO 12354-1:2017 [1] describes a procedure
for the calculation of the frequency-dependent sound re-
duction index of homogeneous building elements such as
concrete floors or masonry walls. Annex B is only infor-
mative, and, since German regulations only use single-
number values, not widely used in Germany. However,
with the introduction of EN 12354-5:2023 and an up-
coming change in DIN 4109-2 regarding the calculation
of sound levels due to building service equipment, it is
anticipated that the practical relevance and usage of An-
nex B will increase in the future. Therefore, it is impor-
tant that the calculation procedure yields reproducible
results. Unfortunately, Annex B currently contains some
errors, missing references, and ambiguities in the calcula-
tion procedure. For this reason, changes are proposed for
a revision of Annex B. This paper provides an overview
of the calculation procedure, presents some background
information on the underlying theory, and discusses the
proposed changes.

Current calculation procedure
According to Annex B of ISO 12354-1:2017, the
frequency-dependent sound reduction index R of a ho-
mogeneous building element is calculated as:

R = −10 log τ (1)

Here, τ is the frequency-dependent transmission factor.
Typically, the calculations are performed in one-third oc-
tave bands, with the band center frequencies according
to ISO 266 [2].

The transmission factor is calculated according to:

τ =
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Here, f is the frequency, ρ0 is the density of air, c0 is
the speed of sound in air, fc is the critical frequency, m′

is the mass per unit area, ηtot is the total loss factor,
σ is the radiation factor for free bending waves, σf is
the radiation factor for forced transmission. Note that
equation (2) contains an error for f < fc. The term[
1−f2

f2
c

]−2

should read
[
1− f2

f2
c

]−2

.

In an informal round robin of several German aca-
demics (from OTH Regensburg, TH Rosenheim, HFT
Stuttgart), the results of the calculation for the examples
given in Annex B were compared and discussed. Fig-
ure 1 shows the results for one example. The solid black
line shows the values provided in Annex B. The dotted
grey lines show the results from several independent im-
plementations of the calculation procedure (using Excel,
MATLAB, Python or R). While the results in the lower
and higher frequency regions agree quite well with each
other, there are significant deviations in the region of the
critical frequency fc. None of the implementations agrees
with the results provided in ISO 12354-1:2017. The same
observations were made for all examples in the standard.
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Figure 1: Sound reduction index of a 100mm thick aerated
concrete block wall, calculated using independent implemen-
tations of Annex B of ISO 12354-1:2017

Discussion of proposed changes
From the results obtained in the informal round robin
and the ensuing discussions, it has become clear that the
calculation procedure in Annex B is currently ambiguous
and should be revised. However, there is no need to
reinvent the established theory of sound radiation from
plates. Hence, the proposed changes are only meant to
correct errors and clarify ambiguities.

The first proposed change concerns the definition of the
three frequency regions in equation (2). There is cur-
rently no clear definition of f ≈ fc. In the calculated
examples provided in Annex B, the following statement
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is made:
”
The frequency range around the critical fre-

quency is taken as fc/1.12 < f < 1.4fc . . .“. Based on
this, the frequency limits are specified in equation (3).
These limits correspond approximately to the bandwidth
of a one-third octave band centered around 1.1fc, taking
into account that the maximum of the radiation factor
occurs at a frequency a little higher than fc. It is also
proposed to include this statement:

”
The calculations

should be performed in one-third octave bands.“

The proposed version therefore reads:

τ =


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2πfm′

)2(
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[
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(3)

Besides specifying the frequency regions and correcting
the error for the low-frequency case, this proposed version
also includes fc,eff for the high-frequency case.

Influence of shear deformation
For thick walls and/or higher frequencies, the building
element becomes acoustically thick and the importance
of shear deformation increases [3]. ISO 12354-1:2017 ac-
counts for this by introducing an effective critical fre-
quency fc,eff in the calculation of τ . The following equa-
tion (B.9) is given in ISO 12354-1:2017:

fc,eff = fc ·

4.05
tf

cL
+

√
1 +

(
4.05

tf

cL

)2
 (4)

Here, t indicates the thickness of the building element,
and cL is the phase velocity of longitudinal waves in
plates. Unfortunately, the references given for this equa-
tion are incorrect, and while the equation appears in [4],
its derivation remains unclear. This problem has been
noted before [5], but has not been corrected so far.

For this reason, an alternative equation for the effective
critical frequency is proposed. According to [6, 7], the
bending wave velocity including shear deformation can
be approximated by:

cB,corr =

(
1

c3B
+

1

γ3

1

c3T

)− 1
3

(5)

with

cB =
√

1.8 · cL · tf cT =

√
1− µ

2
· cL (6)

Here, cB is the phase velocity of bending waves, cT is the
phase velocity of shear waves, and µ is Poisson’s ratio.
γ is the shear wave contribution factor. The relation-
ship between fc,eff and fc corresponds to the relationship
between c2B and c2B,corr:

fc,eff
fc

=
cB

2

cB,corr
2

(7)

Using equation (7) and substituting the phase velocities
from equation (5) and equation (6) results in the follow-
ing new equation for fc,eff:

fc,eff = fc ·

(
1 +

1

γ3
·
(

3.6

1− µ
· tf
cL

) 3
2

) 2
3

(8)

For practical purposes, the value of the shear wave contri-
bution factor γ can be approximated. In [6], γ is interpo-
lated to 0.77 for materials with a Poisson’s ratio between
0.2 and 0.3. Using values of µ = 0.25 and γ = 0.77 thus
results in the following equation for fc,eff:

fc,eff = fc ·

(
1 +

1

0.773
·
(
4.8 · tf

cL

) 3
2

) 2
3

(9)

In Figure 2, equations (4) and (9) for the effective criti-
cal frequency are compared using two example building
elements. The figure illustrates that shear deformation is
mainly important for thick walls and/or higher frequen-
cies, and that equations (4) and (9) yield very similar
results.
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Figure 2: fc,eff/fc for two examples using concrete (cL =
3800m/s) and lightweight blocks (cL = 2200m/s). The dot-
ted vertical lines indicate fc.

Radiation factor for free bending waves
For the calculation of the radiation factors σ for free
bending waves and σf for forced transmission, ISO 12354-
1:2017 provides a set of equations based on [8] and [9].
Detailed discussions of the theory of sound radiation from
plates can be found in the literature, e.g. in [10]. The
calculation of σ uses several terms, including the follow-
ing:

f11 =
c20
4fc

(
1

l21
+

1

l22

)
σ1 =

1√
1− fc/f

(10)

σ2 = 4l1l2

(
f

c0

)2

σ3 =

√
2πf (l1 + l2)

16c0
(11)

f11 indicates the eigenfrequency of the first plate bending
mode. σ1 indicates radiation from supersonic vibrations
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(cB/c0 > 1) for f ≥ fc. σ2 indicates the radiation factor
for the first plate bending mode (1, 1). σ3 indicates an
upper limit for σ at frequencies near fc. If f11 ≤ fc/2,
then σ for f < fc is given as:

σ =
2(l1 + l2)

l1l2

c0
fc

δ1 + δ2 (12)

In ISO 12354-1:2017, σ is limited to σ ≤ 2.0 (equation
(B.6)). However, in the calculated examples provided,
an additional condition for σ is introduced, but not ex-
plained:

”
The frequency range around the critical fre-

quency is taken as fc/1.12 < f < 1.4fc using f = fc in
this whole range with σ2 = 1/0.71 and c0 = 340m/s“.
Based on this sentence, σ seems to have been limited to
σ ≤ 1.18. However, the round robin revealed that the in-
terpretation of this sentence is quite ambiguous. As a side
note, there is an additional mistake in equation (B.6) of
the German version of the standard (DIN 12354-1:2017).
Hence, the question of limiting σ needs to be clarified.

The proposed change introduces a new equation for the
limit of σ:

σ(f) ≤ min

σ3(f);

√
1 +

2(l1 + l2) · fc
5c0

; 2.0

 (13)

While σ3 acts as an upper limit (limit 1) especially below
the critical frequency, an additional upper limit for the
radiation factor applies at the crossing of σ1 and σ3, see
Figure 3. This results in the second term in equation
(13) [10] and is indicated as limit 2 in Figure 3. In case
of very large plate dimensions or high values for fc, the
limit of 2.0 is applied (limit 3).
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Figure 3: Radiation factors for a 200mm thick aerated con-
crete block wall. The dotted vertical line indicates fc.

Smoothing over frequency
Since the calculation of τ in equation (3) depends on the
position of fc, a small change in fc (within a frequency
band or between two frequency bands) can have a large
effect on the transmission factor and consequently the
sound reduction index. The current version of Annex B
does not offer a solution to this challenge. However, for

the calculated examples in Table (B.2) of ISO 12354-
1:2017, a moving average is calculated (

”
The calculations

are performed at single frequencies at one-third-octave
distance and the results averaged over a bandwidth of
one octave to ensure a smooth transmission between the
three frequency ranges. . .“).

Based on these examples and to ensure a smooth transi-
tion of the sound reduction index between the two lower
frequency regions (f < 0.89fc and 0.89fc ≤ f ≤ 1.4fc),
a smoothing operation is proposed that only affects the
two frequency bands close to the transition frequency
fu = 0.89fc. The sound reduction index at the one-third
octave center frequencies left (fl) and right (fr) of the
transition frequency should be adjusted according to:

R̃(fl) = R(fl) + α · (fr − fu)

(fr − fl)
· (R(fr)−R(fl)) (14)

R̃(fr) = R(fr) + α · (fu − fl)

(fr − fl)
· (R(fl)−R(fr)) (15)

Here, fu = 0.89fc is the transition frequency between
the two lower frequency regions in equation (3). fl is
the one-third octave band center frequency immediately
to the left of fu, and fr is the one-third octave band
center frequency immediately to the right of fu. R(fl)
and R(fr) are the corresponding sound reduction indices
for these frequency bands. Figure 4 illustrates the pa-
rameters. The parameter α determines the smoothing
strength. For α = 0, no smoothing is applied. It is rec-
ommended to set α = 2/3. The transition between the
two higher frequency regions in equation (3) does not re-
quire a smoothing operation, because the transition tends
to be quite smooth anyway (see Figure 5).
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Figure 4: Illustration of the smoothing operation in the fre-
quency region around fc for a 100mm thick aerated concrete
block wall. The solid blue line (–) is with applied smoothing,
the dotted blue line (:) is without smoothing.

Figure 5 illustrates the effect of the smoothing operation
for several examples. For the 110mm Ca-Si wall, fu is
a little higher than fl (211 Hz). For the 240mm Ca-Si
wall, fu is a little lower than fr (97 Hz). For the 120mm
concrete wall, fu almost coincides with fl (127 Hz). For
the 260mm concrete wall, fu is almost centered between
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fl and fr (59 Hz). Independent of the position of fu,
the smoothed curves look more realistic and avoid sharp
dips, thus resembling measured sound reduction indices
more closely.
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Figure 5: Sound reduction index with (–) and without (:)
smoothing operation in the frequency region around fc. The
dashed vertical lines indicate the transition frequencies fu.

Influence of climate conditions
In ISO 12354-1:2017, the calculated examples in Annex B
do not specify a value for ρ0. The examples in Annex L
use values of c0 = 340m/s and ρ0 = 1.29 kg/m3. The
first value corresponds to a temperature of T = 15 ◦C, the
second value corresponds to a temperature of T = 0 ◦C.
Therefore, the currently used climate conditions are not
consistent. It is proposed to use room temperature (T =
20 ◦C) for all calculations, with c0 = 343m/s and ρ0 =
1.20 kg/m3.

Figure 6 shows the influence of the climate conditions
on the sound reduction index. There are systematic de-
viations of about 0.5 dB in the low and high frequency
regions, and deviations of up to 1.2 dB around fc.
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Figure 6: Influence of climate conditions on the sound re-
duction index of a 100mm thick aerated concrete block wall

Summary and outlook
The calculation procedure in Annex B of ISO 12354-1 is
a useful tool to predict the frequency-dependent sound
reduction index of homogeneous building elements. To
increase confidence in the calculation results and remove
errors and ambiguities, some changes have been proposed
and discussed in this paper. Whether these changes will
be adopted in a revision of ISO 12354-1 is up to the
standardisation committee CEN/TC 126/WG 2.

The next step in this research is the application of the
proposed changes to the calculation procedure for build-
ing situations including flanking sound transmission. An-
nex L of ISO 12354-1:2017 contains calculated examples
of such building situations, based on calculation results
from Annex B. Additional errors in Annex L have already
been identified and should be corrected in a potential re-
vision of ISO 12354-1.

Finally, the results from calculations using ISO 12354-1,
be it for individual building elements or building situ-
ations including flanking sound transmission, should al-
ways be validated against measured data [11].
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