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Introduction

Building service equipment can be a major noise source
in buildings. EN 12354-5:2023 [1] provides a method for
predicting sound pressure levels, while EN 15657:2017 [2]
provides a procedure for measuring the blocked force of
structure-borne sound sources as the main input param-
eter for the prediction. Both standards are designed for
stationary signals using energy equivalent levels (Leq) as
the main descriptor.

However, real-world sources often emit time-varying sig-
nals. In Germany, DIN 4109-1 [3] sets limits for sound
levels in living spaces based on maximum A-weighted,
fast-weighted (and normalized) sound pressure levels
(LAF max,n), differing from the L., approach. Currently
there is no prediction method for transient signals.

This paper evaluates the suitability of the method de-
scribed in EN 12354-5 with new methods for source char-
acterization based on EN 15657 for predicting sound
pressure levels from non-stationary sources. Analyses of
a measurement series on a building-like test bench reveal
uncertainties in predicting transient signals and show the
potential of using adapted methods to predict these sig-
nals.

EN 12354-5

EN 12354-5 [1] provides a calculation method for esti-
mating the sound pressure levels due to building service
equipment into a room of interest. The method relies on
input parameters, considering both the properties of the
sound source, that have to be measured, and of the build-
ing structure, that can be either calculated or measured.
The normalized equivalent sound pressure level Ly s due
to a structure-borne sound source is determined using
the following equation:

(1)

The equation is valid when the source mobility is much
greater than the mobility of the receiving structure as
usually encountered in heavyweight buldings. L, is the
normalized impact sound pressure level in an adjacent
room due to excitation by a standard tapping machine,
Ly, oq is the equivalent! blocked force level of the source,
and Lpp.cqstm 18 the blocked force level of the stan-
dard tapping machine. Values for the blocked force
of the standard tapping machine can be obtained from
EN 12354-5 [1], while the calculation of the normalized
impact sound pressure level is defined in EN 12354-2 [4].

Lne,s = Ln + LFb,eq - LFb,eq,stm

INote that ”eq” in EN 15657 for blocked force levels refers to
the averaging over the number of contact points of the source.
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EN 15657

The reception plate method as outlined in EN 15657 [2]
is a standardized approach for determining, among other
source quantities, the blocked force of a structure-borne
sound source. The method relies on measuring the mean
velocity level on an isolated, low mobility reception plate
when excited by the source under stationary operating
conditions. This way, the structure-borne sound power
level of the source Lyysiow and the equivalent blocked
force level Lpy oq can be derived.The installed structure-
borne sound power level Ly 10w on the plate is calculated
using the following relation:

m-n-w
fo-m

Ly jow is the structure-borne sound power level in dB
(re 1 pW), L, is the spatially averaged velocity level of
the plate in dB (re 1-107%m/s), m is the mass of the
reception plate in kg, 7 is the loss factor of the plate, and
w = 27 f is the angular frequency in rad/s. References for
mass and frequency are given by mg = 1kg and fy = 1Hz.

LWS,]OW - L’U + 10 loglo < ) - 60 dB (2)

0

From the structure-borne sound power level Ly 10w, the
blocked force level Ly, o is obtained as:
) ®

Lpb.eq is the blocked force level in dB (re 1-107°N),
Re(YR low,eq) is the real part of the equivalent driving-
point mobility of the reception plate at the source contact
points in m/Ns and Yy = 1m/Ns the reference mobility.

Re(YR tow,ca)

LFb,eq = LWs,low —10 1OglO ( Yb

Method and Experiments with Transients
Transient excitation signals require time-dependent mea-
surements rather than energy equivalent levels. For such
transient sounds, instead of using the equivalent veloc-
ity levels L, on the reception plate, one new approach
is to measure the maximum short-time equivalent levels
within 125 ms windows? Ly cq,short ON the reception plate.
This method has already been introduced by Reinhold in
[5]. This approach provides a more accurate representa-
tion of the transient nature of sounds. Furthermore, as
an even simpler method, maximum fast-weighted veloc-
ity levels Ly Fmax can be recorded on the reception plate.
This method is easier to implement while still providing
relevant information about the characteristics of tran-
sient signals.

2Note that the window length is much greater than the mean
free path to meet the diffuse field assumption, see also [5].



To evaluate these methods, an experimental laboratory
study was conducted. Sounds were presented that were
transient to varying degrees. A shaker was used to re-
produce stationary white noise as well as ramped white
noise signals. All noise signals were 13 seconds long. Fig-
ure 1 gives an overview of the ramped noise signals. For
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Figure 1: Ramped noise signals with different ramp lengths
(rise times) and a ramp height of 10dB. Rise times depicted
are: 0.125s (blue), 0.5s (green), 1s (purple), 2s (yellow), 5s
(orange).

the ramped noise signals, both the rise times as well as
the ramp heights were varied. The rise times used were
0.125, 0.5, 1, 2, and 5 seconds, while the ramp heights
were set to 10, 20, 30, and 40 dB. In total, 24 different
sounds were generated.

Figure 2 gives an example for the determination of the
maximum L, ¢q short levels using the example of a ramped
noise signal with 0.125 s rise time and 40 dB ramp height.
In each 125ms window, an equivalent velocity level is
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Figure 2: Sound level meter depicting the measurement of
equivalent velocity levels in 125 ms time windows (black grid).
The green triangles show the maximum per one-third octave
band.

calculated and then the maximum value in every one-
third octave band is chosen to obtain a representation
of the maximum velocity levels over frequency. The ve-
locity on the plate was measured using 12 accelerome-
ters, distributed across the plate. The measured velocity
from each accelerometer was processed in this manner
and then spatially averaged. By applying equation 2 and
3, the blocked force level of the source is obtained. Fig-
ure 3 shows the mean velocity levels for both methods,
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Ly eq,short (green) and Ly pmax (green dashed). Conse-
quently, in red and red dashed, the blocked force levels
by applying both methods are shown. It is visible that
the derived levels of both methods do not differ much for
the stimuli used in the presented experiments.
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Figure 3: Velocity and blocked force levels for a ramped
noise signal derived from reception plate measurements (green
and red). Light grey: Normalized impact sound pressure level
in the building-like test bench. Dark grey: Blocked force level
of the standard tapping machine.

Measurements in a building-like test bench were used to
validate the prediction methods for stationary and tran-
sient signals. The setup in the building-like test bench
includes a sending room. Adjacent to this, a receiving
room (V = 62.2m?) is used to measure the Lgmnax by
averaging six microphones distributed in the room. The
sending and receiving rooms are separated by an instal-
lation wall with a mass per area of 220 kg/m?, where the
shaker, as the sound source, is installed. Besides the mea-
sured values on the reception plate, figure 3 also shows
the normalized impact sound pressure level of the instal-
lation wall and horizontal transmission, see [6] for more
detailed information about the test bench and setup.

By applying equation 1, the predicted normalized sound
pressure level in the receiving room is derived. For the
prediction, the blocked force level of the standard tapping
machine is needed. This is also shown in figure 3. The
prediction method processes the data as levels over one-
third octave bands. A single-number value is obtained as
the sum over the one-third octave band levels.

During the measurements in the building-like test bench,
the reverberation time in the receiving room was var-
ied to assess its influence on the measurements. Fig-
ure 4 shows the different reverberation time conditions.
Thereby, the lower reverberation time corresponds to a
condition similar to that typically found in a living room.
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Figure 4: Reverberation time conditions in the receiving
room of the building-like test bench.

Analysis and Results

To evaluate the methods, the measured sound pressure
level Lypmaxn in the receiving room of the building-like
test bench is compared to the predicted normalized sound
pressure level, obtained using equation 1 and the meth-
ods described above. Three out of 24 sound conditions
are shown to get an insight into the results: a station-
ary white noise signal, a ramped white noise signal with
2 s rise time and 40 dB ramp height, and a ramped white
noise signal with 0.125 s rise time and 40 dB ramp height.

Figure 5 shows the difference between the measured
sound pressure level Lymax,n and the predicted sound
pressure level Ly s cq,short USiNg maximum equivalent ve-
locity levels measured in short time windows (125 ms) on
the reception plate as input. Green and pink triangles

&9 : : :

o X

: X v
9

| -1t
=) A RThigh "
= ¥ RTlow

3 -2+ %  mean

. A
)

~ O & &

s »
%O& %%\ ‘ﬁ‘)%\
& S &
& < ‘Z,V(D&Q

Figure 5: Difference of measured sound pressure level
L¥Fmax,n and predicted Lye s eq,short Using maximum equiva-
lent velocity levels measured in short time windows (125 ms).

show the results for the different reverberation time con-
ditions, while the black cross depicts the mean of both.
For stationary signals, the results indicate that the pre-
diction using equivalent levels measured in short time
windows (125ms) is in good agreement with the mea-
sured values. For more transient signals, the prediction
tends to overestimate the measured levels. Furthermore,
the deviation between measurement and prediction in-
creases with increasing transient behavior. For the most

transient signal in this set of sounds, the variation in re-
sults due to different reverberation times becomes more
pronounced, leading to deviations of more than 2dB.
This shows that the influence of reverberation time is
more significant for highly transient signals compared
to stationary noise. A drawback of the method using
Ly cq,short levels in reception plate measurements is that
consequently the prediction of the sound pressure level
is dependent on the exact window position. A compar-
ison of different window positions (see figure 6) showed
that there are variations of up to 1.5 dB in the maximum
equivalent short-time velocity level. This highlights the
sensitivity of short-time equivalent level measurements
to the exact placement of the time window, particularly
for transient signals. Consequently, for highly transient
sound events, the choice of the time window position can
introduce additional uncertainty in the measured levels.
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Figure 6: Variation of the window position to determine
the maximum of L, eq,short levels of a transient ramped noise
signal. The distance of two red lines is 125ms.

Figure 7 shows the difference between the measured
sound pressure level Lgmaxn and the predicted sound
pressure level Lye s Fmax using fast-weighted velocity lev-
els measured on the reception plate as input. The devi-
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Figure 7: Difference of measured sound pressure level

LFmax,n and predicted Lne,s,Fmax-

ations shown in figure 7 are almost identical to those
shown in figure 5. This indicates that both descrip-
tors Ly pmax and max(L, eqshors) yield similar results
in the prediction. Given the additional uncertainty for
max(L, eq.short), introduced by the window positioning,
it is preferable to use L, pmax values for the source char-
acterization on the reception plate.
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Figure 8 shows the normalized sound pressure levels
Lrmaxn from measurements under two reverberation
time conditions compared to predicted normalized lev-
els for a ramped noise signal. The frequency-dependent
prediction aligns well with the measured data, though
the deviations are somewhat larger than for the single-
number values in figures 5 and 7, especially at low fre-
quencies. The need for adjusted methods for transient
signals is evident when comparing these results (black
and blue solid lines) with predictions using equivalent
levels over the entire signal duration (black dashed).
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Figure 8: Measured (M) and predicted (P) normalized levels
for a ramped noise signal with 0.125s rise time and 40dB
ramp height.

Summary and Outlook

Two methods to adjust the prediction method accord-
ing to EN 12354-5 [1] using EN 15657 [2] for transient
sounds were studied: one based on measuring maximum
short-time equivalent velocity levels within 125 ms win-
dows on the reception plate, and the other using L, Fmax
levels of the measured velocity. The measured velocity
levels were used to determine the blocked force of a shaker
source, and the blocked force was used for a prediction in
a building-like test bench. The results of an experimental
study with sounds that are transient to varying degrees
show that the predictions using these adjustments show
good agreement with measured sound pressure levels in
the receiving room. For transient sounds, the predic-
tion slightly overestimates the measured values. The re-
sults further demonstrate that the reverberation time of
the receiving room has a noticeable impact on transient
signals, leading to greater prediction deviations. Com-
paring the two methods for transient signals, it is con-
cluded that the method using L, pmax is more robust
compared to the method using max(Ly eqshort), Since
the latter suffers from prediction uncertainties due to the
window position in the sound level meter. The possibil-
ity to use measured L, rmax levels on the reception plate
(EN 15657) and in the prediction method (EN 12354-5)
has a high practical relevance. Additional measurements
using real sound sources (like e.g. fresh and waste wa-

375

DAS|DAGA 2025 Copenhagen

ter pipe systems [6]) with transient excitation cycles and
varying spectral properties will be carried out for valida-
tion purposes.

A further step in this research is correcting the mea-
sured sound pressure levels with respect to the absorp-
tion of the receiving room. Currently, the sound pressure
level due to service equipment is normalized with respect
to the equivalent absorption area in a room: Legn =
Leq + 10log(A/Ag), where A is the absorption area in
the room of interest and Ag is the reference absorption
area of 10 m?. However, Annex A of ISO 10140-3 [7] also
defines a normalization procedure for transient sounds,
based on work by Schoenwald et al. [8]. This work has
recently been extended by Zeitler and Holler [9]. Current
analyses show promising results that can reduce the de-
viations due to different reverberation conditions in Fig-
ure 7 considerably.

Acknowledgments

The authors gratefully acknowledge the financial support
for the research project SPlanRoB by the German Fed-
eral Ministry of Education and Research as part of the
funding program Forschung an Fachhochschulen (con-
tract number 13FH172KB0). The authors would also
like to thank the industrial partner fischerwerke GmbH
& Co. KG.

References

[1] EN 12354-5:2023: Estimation of acoustic perfor-
mance of buildings from the performance of elements
- Part 5: Sounds levels due to the service equipment.

EN 15657:2017: Laboratory measurement of
structure-borne sound from building service equip-
ment for all installation conditions.

DIN 4109-1:2018: Sound insulation in buildings —
Part 1: Minimum requirements.

EN ISO 12354-2:2017: Estimation of acoustic perfor-
mance of buildings from the performance of elements
— Part 2: Impact sound insulation between rooms.

Reinhold, S.: Characterisation of steady-state and
time-varying structure-borne sound sources using a
reception plate to predict in situ sound pressure lev-
els, PhD thesis, Liverpool, 2021.

Dé&uble, L., Scheck, J., Zeitler, B.: Acoustical char-
acterization of fresh and waste water systems — To-
wards a unified approach. Fortschritte der Akustik -
DAS|DAGA 2025 Copenhagen.

EN ISO 10140-3:2021: Laboratory measurement of
sound insulation of building elements — Part 3: Mea-
surement of impact sound insulation.

2]

Schoenwald, S. et al.: Influence of receive room prop-
erties on impact sound pressure level measured with
heavy impact sources, NRC Publications Archive,
2010.

Zeitler, B., Holler, C., Reinhold, S.: Maximum Fast
time-weighted levels — When can a transient be seen
as a Dirac impulse?, InterNoise 2023, Chiba.



