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1. INTRODUCTION

In general, measurement of sound transmission in bulldings does not give &
clear lndication of the relative importence of indirect and direct transmissjon.
In particular, little information exists on the reductions in level that occur
at the junction of atructural plates. GSteady-state measurements of the rever-
berant bending wave fields on walls ond floors forming & junction can prove
ugeful [1] but it is difficult, if not impossible,. to eeparate the effect af
the Junction under investigation and the constralnts operating on other
Junctions shared by the wall or floor. In addition plate dimenslone dictate
the allowed frequencies of vibration and, particularly at low frequencies, the
power flow is dependent on the resonances of the coupled systen.

8.B.A. techniques may also be employed [2] but the coupling loss factor is
calculated using sn angle averaged transmission coefficlent, assuming &
. diffuse vibraticnal field. This ia not likely to be true at low frequencies
for hending waves, or at any frequency within the range of interest when
dealing with faster in-plane waves.

In this investigation a junction of semi-infinite plates is simulated by
isolating the direct component of the rosponde of the plates to an impulsive
gource from delayed eignals reaulting from reflectiona from other junctions
and free edges. The isolation is achieved by suiteble geometry end by the
use of ghort duration driving signals. Unwanted aignale are then set to
rorc and the frequency response of the signal of interest cbtained by a Fast
Fourier Transform.

2, : EXPERIMENTAL METHOD

The experimental measurement was of a T-junction made of free standing perspex
sheets, each of dimensions 1.2 metres by 3.4 metres, The source uged was B
loudspeeker speech coil bolted directly to one of the plates (now called the
aourco plate) forming the junction. The input signal used in this investig-
ation was of a square wave form, of duration 0.05 willieeconds.

The vibraticn response of the plate woa measured by means of a hand held probe
accelerometer. The mepasurements were reproducible both in signature and
lovel (within 1 dB) and good spatial resolution was algo posoible.

Averaging techuiquea were used to improve signal to noise ratios, but it was
gtill necessary to incorporate a high pase filter in order to exclude low
frequency nolse resulting from pctivity within the building. Thin filter
hed a 3d8 peint of 100 Hz and & roll off of 36 db/octave.

Tho diapersiva nature of bonding waves cen result in the faster high
frequency componenta of roflected waves arriving at the measurement position

before the direct signal has effectively finished. A low pass filter wad
thus employed to increase thp duration betwesn direct and reflocted aignals.
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The 3dB point was 4 He and the roll off was sgain 38 dB/octave.

In general structure-borne wavee are faster then mirborne waves and larger

path differences are required to allow adequate signal separation. This problem
wan reduced by cereful selaction of material and geometry. The porspex plates
wars 88 thin es was practicehble in order to produce slower bending waves. Thus
the bending wave velocities on the coplener plates of thickness 13mm ranged

from epproximately 160 m/sec at BOD Hz to 480 m/eec at 4 kHe. On the orthog-
onal plate of thickness Smm the velocity was approximately 100 m/sec at $00 Az
and 270 m/sec at 4 kHs, At 1 kHe on the 13mm plate, a path difference of one
metre gave s time delay of espproximetely 4 milliscconds.

It was tound necessary to position the speech coil near the junction (at a
digtance of 300mm) in order to allow a reasonably large range of angles of
incidence to he meesured, However, with this errangement the reflected signal
from the junction may mask some of the direct pignal., Thip problem was over-
come by averaging the response at pointa on the are of a circle centred on the
asource. By this method the direct pignal is reinforced while reflected com-
ponents cen bo expected to have no fixed phase relationship and ehould average
to eero.

It was necessary to ensure that all measurement points were suitably distant
from the junction where quasi-stationery near fields will destructively com-
bine with the travelling wave component. 1t wan found that at a distance of
300mm from the junction exponentially decaying naesrfields effectively ceade

to contribute to the response aignal

The inveastigation was further complicated by the cccurrence of vibration modes
other than that of flexure. In eddition to travelling and evencacent bending
wave fields on each plate. A bending weave incident at a junction will give
rige to, in-plane vibration in the form of fest quasi-longitudinal and trans-
verso shear waves. . .

These waves could, after reflection at free edges, convert back to bending
waves at the junction and reduce the time separation availeble.

3 POINT SOURCE MEASUREMENTS

The effect of the junction on the transmission of bending waved was evaluated
by obperving a transient signal before and nfter its passege acroos the dis-
continuity, With the measuring point at & distence of 800mm from the source

i1t was possible to produce & spatial average (on the arc o? a cirele) end thus
produce an anecholc reference signal (figure la). With the same source recelv-
er distance on the coplenar plate the engular variation of the transmitted
signal by the juncticn cen be observed. Here no corraction for distance {and
internal and radiative loss} 13 necespary. Measurenents of level difference
were made up to an angle of 60° with B resolution of 5. The upper limit
being set by the plate size end speech coil position. The coplenar plates
were of tho samo thickness and material and the angle of incldence and trans-
miesion were egual. Typically, the time hietories of the response of source
and reception plates were windowed at O milliseconds and 3 milliseconds approx-

imately, the rest of the time history being set at rero.

FPigure 2 gives level difference on the coplanar plates as 8 function of angle
_at one third octave intervals. Cleorly seen 18 a peak at eech frequency which

increases in angle with incressed frequency. However there i little agrooment
at the lower frequencies between moasured peeke and pesks predicted from theory
[3] and variation 1n magnitude with frequency is greater than that given by
theory. '

a !




A similar subtrective method was employed when hensuring level difference bhe-
twaen the orthogonal plate (plate 2 in figure 1) and one of the coplanar plates.
A different plate thickness results in slower wave veloeity and mccording to
8nell's law, an mngle of transmission lems than the angle of incidence, Figure
3 glves predicted level difference and the moan of velues measured over a
frequency range of 500 Hz ond 2 kiiz. Agreemont 18 encouraging but measurement
indicated a cleer frequsncy dependence whereas the theoretical curve is
froquency inverient.

8o far, messurement involved the ude of a point source and comparison has been
made with theory in which a plane wave source 18 assumed., The discrepancy
betveen meesurement and prediction might be reduced 1f a line source was usad
or simulated.

4 ' LINE SOURCE SIMULATION

An ideal line source is continuous end infinitely long. A line source can be
gimzlated by use of a line array of point sources provided distance between
neighbouring point sources is smnll compared to wavelength and the line array
ia long compared to distance from receiver position.

A quicker and more convenient method results from envoking reciprocity. The
average response of n equally spaced acceleromoter positions along any line

at & distance from a-speech coll will be equal to that of n speech coila, of
the seme spacing, nlong a parallel line pasaing through the real speach eoil
(Figure 1b). However, when using this method, windowing of the line average
response proves more difficult on the reception plate than on the source plate
and 1s accomplished by visusl inspection plus knowledge of the time history of
the mogt diatant acceleromster position contributing to the line array responas,

Meaaured level difference was comprred with theory and mgein, only at higher
fregquencies could there be seen to be some agreement, Figure 4 shows direct
conparieon of measured coplaner level difference with theoretical prediction
for a frequoncy of 2 kHz, In general agreemsnt-was fair at angles above those
of maximum level difference and it is suggested that this may be due to anglea
of transmigsion having been attained where in-plane vibration becomes evanesc-
ent mnd thus do not contribute so readily to the plate response at distance
from the juncotion. Results obtalned for orthogonal plate transmisasion were in
genoral no baetter than those obtained using o peint source and are not present-
ed. :
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