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Summary

In this paper in-situ measurements are discussed to investigate the transmission paths responsible for

the airborne sound transmission from one room to an adjacent room at the same �oor, in a speci�c

o�ce building. A wide range of measurement tools were used for that purpose: standardized acous-

tic measurements to determine DnT according to ISO16283-1 [1], followed by structural vibration

measurements on parts of the partition wall as well as on the window pro�le, and sound intensity

measurements. All types of measurements point towards a structural vibration transmission path of

the window frame. The e�ect of a rubber dilatation in the window frame pro�le is discussed as well.

PACS no. 43.40.+s,43.50.+y,43.60.+d

1. Introduction

In working environments, sound transmission from
one room to another can be annoying for the employ-
ees. High sound transmissions can a�ect their pro-
ductivity. In some cases it can also harm company
con�dentiality.

Even though in situations where the façade con-
structions and the interior walls are designed cor-
rectly, in theory having appropriate sound insulation
properties, the practical implementation can some-
times show di�erent results. In some cases the joint
connections create a weak sound insulation, some-
times other problems occur.

(c) European Acoustics Association

In a speci�c o�ce building, the sound transmis-
sion between some rooms were noticeably higher than
usual. This paper present measurements that were
conducted to assess the most important transmission
paths in this speci�c case, from one room to an adja-
cent room on the same �oor of the building.

The paper is organised as follows. Section 2 de-
scribes some construction details of the o�ce build-
ing under test. Section 3.1 posits two potential trans-
mission paths which were investigated during the
measurement campaign. The measurement results are
given in Section 3.2 (DnT measurements according to
the standard), Section 3.3 (sound intensity measure-
ments) and Section 3.4 (vibration measurements by
means of accelerometers). In addition, transmissibil-
ity measurements (Section 4) are concluded to inves-
tigate the e�ect of dilatation on the structure borne
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Figure 1. Building under test.

sound transmission from one façade pro�le to another,
as a means to improve the airborne sound insulation.

2. Case study description

A picture of the building under test is shown in Figure
1. The building has a double façade, with aluminium
pro�les.
The building has two façade pro�le types: a window

pro�le with and without dilatation (see Figure 2 for
a detailed drawing). The construction details of the
walls (perpendicular to the façade) separating the of-
�ce rooms is shown in Figure 3. It comprises two 12.5
mm plasterboard walls with cavity in between partly
�lled with mineral wool.
The type of window pro�le studied in Section 3 is a

pro�le without dilatation. In Section 4 transmissibil-
ity measurements are discussed that were performed
on both types of window pro�les.

3. Measurement results (frame with-
out dilatation).

In the subsections below a con�guration as shown in
Figure 3 was considered, having a frame without rub-
ber dilatation.

3.1. Potential transmission paths.

Two potential main transmission paths can be distin-
guished; from room A via the window glazing and the
window pro�le to room B, and from room A via the
plasterboard walls to room B, as indicated in Figure

Figure 2. window pro�le. Left: pro�le with rubber dilata-
tion. Right: pro�le without rubber dilatation.

Figure 3. Wall construction detail (not to scale) between
room A and B. Legends: C=composition, consisting of �ve
layers: 12.5 mm plasterboard, 5 mm Ethafoam, mineral
wool, 5 mm Ethafoam, 12.5 mm plasterboard. 1=steel L-
pro�les at the corners of the composition C. 2=façade sys-
tem pro�le.

3. In the following subsections the strength of these
transmission paths are estimated by means of a num-
ber of measurement techniques.

3.2. DnT measurements according to the
standard.

The measurement according to the standard were per-
formed with an dodecahedron sound source (brand
name and type: NTi Audio Dodekaeder DS2, see Fig-
ure 4 and 5) and microphone (brand name G.R.A.S.,
type 40AE, with preampli�er type 26CA, see Figure
5). The standardized level di�erence DnT results are
shown graphically in Figure 6, and tabulated in Table
I. From Figure 6 it is clear that the Standardized Level
Di�erence is poor for the lower frequencies, and shows
a dip in the 2500 and 3150 Hz third-octave bands.

Euronoise 2018 - Conference Proceedings

- 654 -



Figure 4. Source room measurement set-up, following
ISO16283-1.

Figure 5. Receive room measurement set-up, following
ISO16283-1.
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Figure 6. Standardized level di�erence DnT .

3.3. Sound intensity measurements.

A sound source was placed in the source room, and
sound intensity measurements were performed accord-

Table I. Standardized level di�erence DnT , according to
ISO16283-1 [1].

Third-octave band DnT

center frequency [Hz] [dB]

100 13.8
125 18.4
160 25.2
200 26.8
250 31.4
315 33.7
400 36.2
500 37.7
630 39.6
800 40.9
1000 42.8
1250 42.4
1600 42.0
2000 44.1
2500 40.2
3150 39.0
4000 42.6
5000 45.3

DnT,w 39
C -2
Ctr -8

ing to ISO9614-2 (sweeping method) in the receiving
room. Both the sound intensity levels radiated from
the plasterboard (sweeping in areas close to the plas-
terboard) and the aluminium pro�le (sweeping in a
vertical line close to the pro�le) were measured. The
results are shown in Figure 7. Both the spatially mean
intensities and the standard deviation are shown.
The results presented in Figure 7 clearly show that

in the 2500 and 3150 Hz third-octave bands the plas-
terboards are radiating a signi�cant amount of acous-
tic noise, showing an increase at those frequencies as
compared to the other frequencies, which con�rms the
earlier �ndings from the standardized measurement
approach to determine the Standardized Level Di�er-
ence DnT as discussed in Section 3.2.
The intensity levels as measured at the aluminum

vertical pro�le (also shown in Figure 7) show that
the intensity levels near the vertical pro�le is 6-8 dB
higher in the frequency range from 300-2000 Hz as
compared to the intensity levels of the plasterboard
areas, indicating a signi�cant contribution from the
vertical pro�les at these frequencies. Below 300 Hz
the intensity measurements are not reliable due to the
18mm spacer used. The dip in the 2500 and 3150 Hz
third-octave bands, as measured with the standard-
ized measurement approach, are not found back in
the intensity measurements of the aluminium pro�le,
meaning that the pro�le is not contributing signi�-
cantly in those bands. In the 2500 and 3150 Hz third-
octave bands it is only the plasterboard that is con-
tributing signi�cantly, due to the coincidence e�ect,
causing a dip in the DnT -spectrum.
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Figure 7. Spatially mean intensity levels of plasterboard
wall (solid blue curve) and of window pro�le (dashed pur-
ple curve), with their standard deviations (grey patches).

3.4. Vibration measurements (using ac-
celerometers).

A sound source was placed in the source room, and
acceleration measurements were performed in the re-
ceiving room. The acceleration results are presented
as power spectra, using a spectral resolution of 3.125
Hz.
The measurement results are shown in Figure 8.

It is clear that the vibration levels of the aluminium
pro�le is signi�cantly higher as compared to the vi-
bration levels of the plasterboards. On average the
vibration level is about 6 dB higher in the frequency
range from 300 Hz up to 2000 Hz, whilst in the 3150-
4000 Hz frequency bands the vibration levels are even
13 dB higher.

3.5. Discussion of DnT measurements, inten-
sity measurements and vibration mea-
surements.

The standardized measurements show a clear dip of
the Standardized Level Di�erence DnT in the 2500
and 3150 Hz third-octave bands (see Figure 6 and Ta-
ble I). The sound intensity measurements indicate an
increase in the sound intensity radiated by the plas-
terboard wall, in those frequency bands (see Figure
7). The vibration measurements (see Figure 8) do not
indicate an increase of the vibration levels of the plas-
terboard wall, in those frequency bands, suggesting
the dip in the 2500 and 3150 Hz third-octave bands
are caused by the coincidence e�ect of the plaster-
board wall.
Indeed, using the formula

fc =
c20

1.8hcL
(1)

where c0 is the speed of sound in air, and cL is the
longitudinal propagation speed in the wall, a plaster-
board wall (cL ≈ 1700 ms−1 ) with a thickness of
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Figure 8. Spatially mean acceleration levels of plaster-
board wall (solid blue curve) and of window pro�le
(dashed purple curve), with their standard deviations
(grey patches).

h=12.5 mm has a coincidence frequency fc which is
by approximation equal to 3100 Hz (see Figure 3 for
details about the wall construction). This estimation
comes very close to the frequency at which the mea-
suredDnT dips and the sound intensity measurements
on the plasterboard wall shows an increased sound ra-
diation, validating the suggestion that this DnT dip
is caused by a coincidence e�ect of the plasterboard
wall
The vibration measurements performed on the win-

dow pro�le indicate an increase in the vibration levels
in the 3150 Hz and 4000 Hz third-octave bands by
about 10 dB as compared to the lower bands. In the
6300 Hz frequency band the vibration levels are also
noticeably high. It is very that these frequencies are
related to structural-acoustic resonance frequencies of
the façade pro�le (see Figure 3 for details about the
geometry).
The (approximately) 6dB increase of the vibration

levels of the pro�les in the frequency range from 300
Hz up to 2000 Hz (see Figure 8) is also causing some
contribution to the sound transmission as a whole.
The acceleration measurement clearly suggests the

presence of a �anking path via the glazing and the
façade pro�les. These �ndings were reason to investi-
gate the e�ect of rubber dilatation on the vibration
transmission from one aluminium frame to another.
This is discussed in the next section, Section 4.

4. Transmissibility measurements.

In this section a window frame is considered with and
without rubber dilatation, as shown in Figure 2.
To assess the potential of the rubber dilation to re-

duce the sound transmission, a series of measurements
were performed on frames with and without dilata-
tion, with and without a plaster board wall mounted
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Figure 9. Transmissibilities, in narrow frequency bands,
with plasterboard wall.

Table II. Combinations tested.

Pro�le w/o Pro�le with
dilatation dilatation

Without plaster board 4 4

With plaster board 4 4

to them. All four combinations were measured, as il-
lustrated in the Table II.
Accelerometers were mounted on the pro�le and the

pro�le was hit with a hammer stroke on the other side
of the pro�le. A reference accelerometer was mounted
near the point of excitation, to compensate for dif-
ference in excitation levels during the measurement.
The transmissibility, de�ned as the acceleration of the
sensing accelerometers to the acceleration of the ref-
erence accelerometer, was measured at a number of
positions.
The spatially mean transmissibilities with and

without rubber dilatation are shown in Figure 9. The
transmissibilities for the case without plaster board
wall are shown in Figure 10. In Figure 11 the vibra-
tion levels in one third octave bands are shown for all
cases studied.
It is clear from Figures 9, 10 and 11 that the trans-

missibility of the pro�les is much lower for the situ-
ation with rubber dilatation. Di�erences of 6 to 12
dB were measured in speci�c frequency ranges. The
e�ect of the presence of a plasterboard wall does not
in�uence the transmissibility very much.
The rubber dilatation gives a signi�cant reduction

in the frequency range from 500 - 1500 Hz and in the
frequency range from 3000 Hz and higher frequencies,
showing the potential of rubber dilatations.

5. CONCLUSIONS

The Standardized Level Di�erence showed that in this
o�ce building the airborne acoustic isolation between
two adjacent rooms is poor for the lower frequencies,
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Figure 10. Transmissibilities, in narrow frequency bands,
without plasterboard wall.
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Figure 11. Transmissibilities, in third-octave bands.

and shows a dip in the 2500 and 3150 Hz third-octave
bands. Sound intensity measurements showed that the
plasterboard wall contributes signi�cantly in the 2500
and 3150 Hz third-octave bands. A simple estimation
of the coincidence frequency learned that the sound
transmission is related to the coincidence e�ect of the
plasterboard wall.
Vibration measurements indicated that the pro�les

vibrate about 6-8 dB more as compared to the plas-
terboards in the frequency range from 300 Hz up to
2000 Hz, as well as some resonant e�ects of the pro-
�les in the 3150 Hz, 4000 Hz and 6300 Hz third-octave
bands It is believed that this causes a contribution to
the overall sound transmission. A way to reduce the
radiation of the façade pro�le is to use a rubber dilata-
tion in the aluminium frame. The potential a rubber
dilatation was investigated by means of transmissibil-
ity measurements.
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