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On the determination of transmission loss and facade sound insulation by means of
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The research described in the paper reports the determination of transmission loss and facade sound insu-
lation by applying the impulse response method. The work started from the draft ISO/DIS 18233 on the
“application of new measurement methods in building and room acoustics”. From the measured impulse
response it is in fact possible to determine the energy level, corresponding to a steady noise, and the re-
verberation time through the calculation of the Schroeder integral plot. The required parameters can then
be calculated by using the relationship proposed by the ISO 140 series. The experimental measurements
were carried out using the technique of exponential Sine Sweep. Some preliminary tests were made using
also the MLS and the balloon-bursting techniques. The results obtained were analysed and compared

with those produced with the traditional technique.

1. Introduction

The draft ISO/DIS 18233[1] provides for the applica-
tion of new measurement methods in building and
room acoustics; it is a reference guide for the choice of
the excitation signal, for the relevant signal processing
and for the examination and control of the necessary
time-invariance characteristics of the system under ex-
amination.

The new standard could be suitable for measuring
transmission loss, facade sound insulation, reverbera-
tion time and other acoustical parameters.

After the results obtained on the determination of
Sound Reduction Index by impulse response measure-
ments of internal partitions [2], in this paper the ex-
perimental results for the application of the same
method to the facade insulation are described.

The experimental measurements were carried out using
the exponential Sine Sweep, MLS signal and balloon-
bursting techniques. The obtained results were ana-
lysed and compared with those produced with the tradi-
tional technique.

2. Airborne Sound Insulation of
Facades.

The relations proposed by ISO 140-5[3] for the deter-
mination of the Level Difference and the Standardized
Level Difference of facades are the following:

D,, =1L, ~L, [dB] (M)

1,2m

D 2)

T
2m,nT = Ll,2m - L2 + IOIOg_ [dB]
T,
in which:
- Loy is the outdoor sound pressure level 2 m
in front of the facade [dB];
- L, is the sound pressure level in the receiving

room [dB];
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- T is the Reverberation Time of the receiving
room [s];

- Tp=0,5[s].
In the present work, other than the traditional tech-
nique, the level difference and the reverberation time
are calculated also by Schroeder’s backward integra-
tion of the impulse response, obtained by the following
techniques: Exponential Sine Sweep, MLS signal and
impulsive signal (balloon-bursting). For the validity of
this method, it is necessary to suppose that the system
is linear and ensure it is time-invariant during the
measurements.
It can be shown [4] that, in a room, the expected decay
response n(f) to a stationary white noise excitation
switched off at time t=0 is related to the impulse re-
sponse /A(t) by the equation:

(1)) =N j 7> (u)du 3)

in which N is a constant related to the excitation level.

Consequently the expected energy <#*(0)> due to the
stationary noise excitation is obtained by integrating
the impulse response over the observed time:

(n*(0)) =N j W (u)du ; )

if the logarithmic curve L(#), which is related to <n’(f),
is considered, the corresponding energy level is:

L(0)=10log,,[{(n*(0)) [[dB]  (5)

and the reverberation time may be computed by evalu-
ating the slope of this curve:

T- —60(de'(0) [s]

t
in which L'(¢) is the linear fit of L(¢) function.

(6)
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If an Exponential Sine Sweep is used as input signal,
the impulse response of a room (supposed Linear and
Time-Invariant) is expressed as:

h(t) = y()* f (1) (7

where y(¢) is the output signal and £{¢) is the inverse fil-
ter of the input signal.
The MLS signal has the property that its autocorrela-
tion function yields an impulse signal and the cross-
correlation function of a system's response to an MLS
with the MLS itself is the system's impulse response

3. [Experimental results using the
IR measurement techniques and
comparison with the traditional

technique.

The traditional technique uses a loudspeaker driven by
white noise positioned outside with 45° sound inci-
dence angle towards the facade as a sound source, and
balloon-bursting to determine the reverberation time of
the internal room. The signals are acquired and elabo-
rated by the Sound level meter Briiel & Kjar Type

2260 Investigator. The same instrument is used also to

acquire and elaborate the signal level of all the other

techniques.

For the IR measurement techniques, the set-up consists

of:

- Omnidirectional dodecaedric source Look Line
mod. 300 for the emission of Sine Sweep and MLS
signals;

- Balloons as impulsive source;

- Briiel & Kjer free field 1/2 inch Microphones
(providing the diffuse field correction for the
sound pressure levels in the receiving room), with
Briiel & Kjer pre-amplifier;

- Adobe Audition® software with Aurora® plug-in
to generate and receive the Sine Sweep and MLS
signals; the same software was used to record all
the balloon bursting signals;

- Audio device type WAMI RACK;

- Dirac® software and post-elaboration software,
realized using Matlab® code, to analyze the re-
ceived signal.

The IR techniques are realized by measuring simulta-

neously the inside and outside signals. The microphone

positions and the position of the sources are in agree-
ment with the requirements referred to by the classical
method.

The first experimental results concerned in a compari-

son between the traditional technique (Signal Level

Differences using white noise excitation signal) and the

IR measurement technique that uses a Sine Sweep as

test signal (IR level differences) for the evaluation of

facade insulation. Figure 1 reports the frequency do-
main curves showing the Standardized Level Differ-
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ence D,,,r and the values of the single number quanti-
ties D'»,, .1, measured according to EN-ISO 717-1 [5].
Figure 2 reports the frequency domain curves showing
the Reverberation Time measured with the two differ-
ent methods: IR analysis obtained by sine sweep test
signal, and IR analysis obtained by impulsive signal
(Balloon-Bursting) as the traditional technique. In such
a comparison it can be seen that the applied techniques
for the Reverberation Time are equivalent.
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Figure 1: Standardized Level Difference; comparison
between Traditional Technique and Sine Sweep
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Figure 2: Reverberation Time; comparison between
Traditional Technique and Sine Sweep

Figure 3 reports the obtained results concerning a com-
parison, for a different facade, between the traditional
technique and the IR measurement technique using
Balloon-bursting as impulsive test signal.
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Figure 3: Standardized Level Difference; comparison
between Traditional Technique and Balloon-Bursting.

The next results concerned a comparison, for another
facade, between the Standardized Level Difference
D, ,r obtained measuring separately the signal level
differences (Figure 4) and the IR level differences
(Figure 5) using respectively as test signals: White
noise (traditional technique), Sine Sweep, MLS signal
and Balloon-Bursting.
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Figure 4: Standardized Level Difference obtained by
the signal level differences of various test signals.
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Figure 5: Standardized Level Difference obtained by
the IR level differences of various techniques.

In Figure 4, all measurements for obtaining parameter
Dy were made using the Sound level meter, those
are: outdoor and receiving room sound pressure levels
for each signal type and the RT of the receiving room
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obtained with the balloon-bursting impulse responses.
While, in Figure 5, the sound pressure levels and the
internal RT are obtained computing the IR of every dif-
ferent technique, using the audio device, recording and
post-processing software.

In the following table are given the values of the single
number quantities measured according to EN-ISO 717-
1 [5], obtained with the previously described tech-
niques.

Table 1: Values of single number quantities obtained
with the different techniques.

D2m.n.Tw [dB]
Test Signal Signal Level | IR Level
Differences | Differences
Traditional 28,6
Sine Sweep 28,7 28,8
MLS 28,6 29,1
Balloons 29 29,5

Figures 6, 7 and 8 show a comparison for every single
signal, between signal level difference measured by the
Sound level meter and level difference calculated from
the IRs obtained from the respective technique.

Sine Sweep

—— Signal Level Differences

— - IR Level Differences

10 — — — — T T T

250 500 1000 2000 4000
[Hz]

Figure 6: Standardized Level Difference; comparison
between signal level difference measurements and IR
level difference measurements for Sine Sweep

a x -+- Signal Level Differences

:‘o" -0 IR Level Differences

10 T T T T T T T T T T T T T T

125 250 500 1000 2000
[HZ]

4000

Figure 7: Standardized Level Difference; comparison
between signal level difference measurements and IR
level difference measurements for MLS signal.
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Figure 8: Standardized Level Difference; comparison
between signal level difference measurements and IR
level difference measurements for Balloon-Bursting.

4. Conclusion

With respect to the traditional method, described by
ISO 140-5, the new technique guarantees high accu-
racy and leads to good repeatability regarding level and
reverberation time measurements. Discrepancies be-
tween the results obtained with Sine Sweep and MLS
techniques are only noticed at low frequencies (below
200 Hz); a suitable explanation could be that IR meth-
ods are sensitive to background noise in the receiving
room, and also that the dodecaedric source has scarce
efficiency at those frequencies.

The Sine Sweep and MLS methods seem to be less
sensitive to extraneous noise then the balloon-bursting
technique, which presents the same frequency curve
but with reduced peak values. The sound power of the
balloon bursts has less energy than the dodecaedric
source, but this technique has the advantage of being
simpler and cheaper to realize than all the other meas-
urement methods.

However, the IR method is limited because of the line-
arity and time-invariance of the system. Therefore it is
not possible to move the microphone in order to obtain
spatial averaging of the parameters using the IR meas-
urement techniques as described in the ISO 140-5.

2244

Bettarello, Bonfiglio, Fausti, Quiqueto

References

(1]

(2]

(3]

ISO/CD 18233, Acoustics - Application of new
measurement methods in building acoustics

P. Bonfiglio, P. Fausti ‘Determination of Sound
Reduction Index by impulse response measure-
ments’ Acustica 2004, European Acoustics Sym-
posium, Guimaraes: 14 - 17, September 2004

ISO 140-5, Acoustics - Measurements of sound in-
sulation in buildings and of buildings elements,
part 5: Field measurements of airborne sound insu-
lation of facade elements and facade

M. Schroeder, “New method of measuring rever-
beration time”, Journal of Acoustical Society of
America, 37, 409-412 (1965).

ISO 717-1 1997, Acoustics — Rating of sound in-
sulation in buildings and of buildings elements,
part 1: airborne sound insulation

P.Fausti, S.Secchi ‘Comparison between Sound
Reduction Index Measurement Techniques’ Forum
Acusticum, Siviglia, 16-20 Settembre 2002

P. Fausti, S. Secchi, M. Gualandi ‘Vibration Ve-
locity Technique for Sound Reduction Index
Measurement’ Euronoise 2003, Napoli, 19-21
Maggio 2003

A. Farina ‘Simultaneous Measurement of Impulse
Response and Distortion with a Swept-Sine Tech-
nique’, 108th Convention of the Audio Engineer-
ing Society (2000).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


