FRAUNHOFER INSTITUTE FOR BUILDING PHySICS IBP

ibp report

522

40 (2013) new research results in brief

Marcus Hermes, Schew-Ram Mehra,
Lutz Weber, Hartwig M. Künzel

Fraunhofer Institute
for Building Physics IBP
Nobelstrasse 12, 70569 Stuttgart, Germany
Phone +49 711 970-00
info@ibp.fraunhofer.de
Holzkirchen Branch
Fraunhoferstr. 10, 83626 Valley, Germany
Phone +49 8024 643-0
Kassel Branch
Gottschalkstr. 28a, 34127 Kassel, Germany
Phone +49 561 804-1870
www.ibp.fraunhofer.de
References
[1] Hermes, M.: Einfluss des Feuchtegehalts auf die Luftund Trittschalldämmung von Bauteilen. Master-Thesis;
Lehrstuhl für Bauphysik der Universität Stuttgart (2012).
[2] Cremer, L.: Theorie der Schalldämmung dünner Wände
bei schrägem Einfall. Akustik. Z. 7 (1942), S. 81–04.
[3] Heckl, M.: Die Schalldämmung von homogenen Einfachwänden endlicher Fläche. Acustica 10 (1960), S. 98–
108.
[4] Mehra, S.-R.: Berechnung der Luftschalldämmung
von einschaligen Trennbauteilen endlicher Abmessung.
Dissertation Universität Stuttgart (1995).
[5] Kristen, Th., Schulze, H., Palazy, R.: Abhängigkeit
des Schallschutzes vom Feuchtigkeitsgehalt der Bauteile.
Schallschutz von Bauteilen. Berlin: Wilhelm Ernst & Sohn
(1960), S. 65–75.
[6] Wilfer, H.-P.: Untersuchungen zum Einfluß von
Feuchtigkeit auf Größen des bauphysikalischen Schallschutzes. Gesundheits-Ingenieur, 106 (1985), H. 5, S.
227–239.
© Fraunhofer Institute for Building Physics IBP –
Any reproduction or use of text and graphics (in full or in
part) requires prior written permission of Fraunhofer IBP.

moisture-dependent sound
insulation of building components
INTRODUCTION
Airborne sound insulation of single-leaf
component parts is influenced by a variety
of essential factors like frequency, mass per
unit area, bending stiffness, loss factor and
sound incidence [2] [3] [4]. In the production
of building materials and massive building
components a considerable amount of water is bound in the microstructure of the respective building material and included
there for years. The question if and how
this moisture contained in building materials has an influence on the sound insulating
properties of building components was the
topic of the investigations of this paper [1].
Literature research showed that only a few
publications deal with the acoustic properties of humid building components so far.
In the context [5] and [6] should be mentioned. The statements represented there,
however, offer a very vague and contradictory image.
Therefore, the paper was aimed at systematically investigating the influence of variable moisture contents on the sound insulation of building components.
INVESTIGATIONS
Movable monolithic walls (120 cm wide,
145 cm high and 11.5 cm or 24 cm thick with
thin plaster) were built of different types of
stone for experimental investigations. The
single stones of lime sand, lightweight and
aerated concrete were previously stored in

water until free saturation. The airborne
sound reduction index, the structure-borne
reverberation time, and the pulse time delay
of the respective wall test specimen was
measured in the building acoustical test facility for windows of the Fraunhofer IBP. After demounting the masonry walls dried
until the next measurement cycle. By almost
daily weighing the stepwise reduction of
the moisture content could be documented.
Until the dry state of the building material
was achieved each wall ran through up to six
measurement cycles. The weighted sound reduction index was determined for each
moisture stage of each test specimen by the
frequency-dependent sound insulation curve.
The total loss factor resulted from the measured structure-borne reverberation time and
the longitudinal wave velocity of the building component from the pulse time delay.
In order to find out the building physical
correlation of moisture and sound insulation
the temporal change of moisture and thus
mass of the partition and external wall made
of aerated concrete was calculated by means
of the hygrothermal simulation WUFI®. The
calculation results were converted into the
respective volume-related moisture content
and coupled with the moisture-dependent
modification of the sound reduction index,
which was previously measured. In the process, an acoustic-hygric connection of the
data of the building components was
achieved.
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SELECTED RESULTS
Differences of up to five decibel are measured for the weighted sound reduction index between the water-saturated and dry
state of a wall according to the building
material. Diagram 1 shows the frequencydependent sound insulation curves for lime
sand and aerated concrete. Diagram 2 represents the modification of the weighted
sound reduction index in dependence of
the volume-related moisture content for all
investigated materials.
Concerning the drying out of the moisture
in building components dehumidification
periods occurred, which cannot be observed in the general testing processes in
building acoustical test laboratories. Even
after a waiting period of six weeks the
weighted sound reduction indexes are still
too high with more than two decibel.
Due to the different material matrix in the
individual building materials the influencing

Diagram 1: Sound insulation curves
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Course of joints (lime sand
and lightweight concrete)

Course of joints
areated concrete

parameters are not equally effective. The
maximum moisture-related modification of
the weighted sound reduction index in case
of aerated concrete is caused for approx.
three quarters by the moisture-dependent
increase of mass. In case of lime sand this
effect causes not even a quarter, since the
increase of the sound reduction index essentially occurs due to an increase of the
loss factor as a result of the stored water
(diagram 3).

A critical verification of the periods of drying out of newly manufactured building
components to be tested in the laboratory
or by in-situ measurements in new buildings is needed.

A significant shifting of the coincidence frequency occurs only in case of aerated concrete. But also in this case the influence on
sound insulation is relatively low.

This kind of moisture reduction could also
provide that on the basis of an adequate
application building components can permanently maintain the desired and required
sound insulation function even after dehumidification. This is not only an improvement of the durability of the acoustical
comfort of a building but also of the preservation of the value.

CONCLUSION
Moisture contained in the pore volume
of building materials change the airborne
sound reduction index of the corresponding building component. It is demonstrated
without any exception that the airborne
sound insulation of the investigated building components is higher with increasing
moisture content.
The modification of the airborne sound insulation, however, is not only dependent on
the water-dependent increase of mass. The
loss factor has also an essential influence
on airborne sound insulation.

An appropriate moisture reduction of the
measured values could contribute to a
more realistic classification of sound insulation, and to achieve more security in designing buildings.

1 Test wall in the building acoustic
test facility for windows.

2 Test walls – positions of the
structure-borne sound sensor
((1, 2, 1’, 2’) and the shaker (A1, A2).

Diagram 3: Influencing parameters

Diagram 2: Change in sound reduction index

Decibel-split-up of the influencing parameters
upon the sound reduction index [dB]

