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it INTRODUCTION

Increasingly, it is recognised that noise from adjoining dwellings occurs at low frequencies, below100M413]. The recommended method of measurement of sound Insulation. BS 2750 [Part 4 (1980), islimited to frequencies above 100 Hz and therefore may lead to an undereaimate of likely complaints.Despite an Annex F in ISO 140/ part 3 (1990) for sound insulation measurements at low frequencies.Roland[3] shows that a problem remains of poor reproducibility between laboratories for soundinsulation measurements from 50H: and no method of measurements below tilon has been agreed.Some recent investigationsm. employing computer simulation, show that the sound insulation of partywalls at low frequencies is strongly dependant upon the modal characteristics of the sound fields of theseparated rooms. The utilisation of numerical techniques becomes therefore a very useful method inorder to identify the influential room and partition characterist with reopen to low frequency soundtransmission. '
The work reported in this paper was to validate the simulation as a prelude to an Investigation of soundtransmission between dwellings at low frequencies. A Finite Element Method (FEM) was seleued tomodel a room and the predicted frequency response was then compared with the measured frequencyresponse of a 1:4 scale model. . . '

2. MODELLING

In order to model the airborne sound transmission from one room to another room, two models had tobe defined: an acoustic model representing the sound field of the two rooms using an Acoustic FiniteElement method (AFE)[5] and a structural model. representing the radiation or the party wall. using aStructural Finite Element method (SFE)[5]. Eadi model is subdivided Into connected finite elemems tomodel the pressure field or the displacement of the surface of the party wall. The number of elements isdefined from the upper frequency of interest on the assumption that _8 elements are required to propertyrepresent the pressure/displacement over the govemlng wavelength. An incon'ect selection of thenumber of elements can result In numerical errors and consequently affects the accuracy of thesimulation.
The time taken for the simulation (CPU time) can also be very long, depending upon the number offinite elements and on the processing power of the computer. In our case. the simulation run was longerthan CPU time, since the network system was shared with other users It was also foreseen that theCPU time for simulating the transmission, obtained by coupling the acoustic finite elemem (AFE) andthe stmctural finite elemem (SFE), would be greater than the CPU time required for the room modesonly. Consequently. an optimum between accuracy of simulation and required CPU power had to bedetennlned.
The dimensions selected for the transmission room represented typical adjacent dwellings. 4m x 4m x2.5 and 3.5 x 4 x 2.5. The size of the mesh depends upon the maximum frequency of the Interest. Inthis study. the upper frequency was 200 Hz oonespondirig to a wavelength of 1.7m. Compared with the
longest room dimension, 4m, 14 elements Ideally are required to represent the pressure variation over
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a wavelength. In the case of a three dimensional model. 14*3 elements are required to model the

sound tield ofone room. Such a model is called a 14 mesh model.
It was tound thet three days of processing were required for the simulation of the room modes for 12

mesh and greater models and it was necessary to reject the 6 elements per wavelength condition.

Seven models were constntcted from 5 meshes to 11 meshes in order to sated a mesh model tor which
the CPU time is acceptable. and for which data are processed within an acceptable error.

To evaluate the error due to the finite element dlscretisation. a ratio a was calculated by comparing the
theoretical elgentrequencieslS] with the finite element elgentrequehcies processed for each mesh

model.

6 =Wx100
theoretical eigentrequency

Figure 1 shows the error truth a 5 mesh to a 11 mesh model plotted against the number of modes.
within a frequency range at D to 220Hz.
The room mode calculation lot a 5 mesh model has a maximum en’or of 17%, which occurs in the
upper part of the frequency range of interest, whereas the calculated modes for e 11 mesh model are

within an enor of 8%. The errors for the 10. 9 and a mesh models were also acceptable as they were
below 10%,

3. MESH MODEL SELECTION

The intention In this study was to link the AFE model of the transmission room with the SFE model of

the partition. In order to do so. built mesh sizes have to be the sameIS]. By selecting the 10 AFE mesh
model. the simulation ran within an en'or of 7%. When the panel was modelled with 103 elements. the
simulation ren within an error 018% except at 144Hz where the error was 10% The error was expressed
with respect to calqdated eigentrequencies of a simply supported panel[6].
For validation, the simulation was compared with measurements of a ll 4 scale model. room with
dimensions 1.2 x 1.2 x 0.6m. The maximum lrequency range was (100- 800 Hz] corresponding to [25-
200 Hz] full scale.
The enclosure mesh was designed using Patran3[7]. then translatred Into SYSNOISE 5.3 where the
values at mass density and sound velocity were assigned to the sound field of the enclosure, 90 room
modes. a number at elgentrequencies above the frequency range of interest, were then processed
assuming that the enclosure had 6 hard surlaces. The frequency response was obtained with a
resolution of 1 Hz. A field point mesh was pmoessed to produce the sound pressure level at position 1
(0.4. 0.5. 0.8m) and at position 2 (0.8, 0.8, 0.2m) to allow a comparison with sound pressure level
measurements.

A. EXPERIMENT

An enclosure with the same dimensions as given above was made 0124mm thick blockwood. with one
side of 10mm perspex. Thisphysical scale model was in a small sound transmission suite where the
bacitamund noise level was low and was placed on resilient loam to reduce vibration from the floor.
A loudspeaker radiated through a 10mm hole in one comer opposite to the perspex sheet. Two
microphones were placed at the same positions as selected in the simulation.
MLSSA was used to obtain the spectmm oi the sound level at two microphone positions lrom 100 Hz to
300 Hz with a resolution 01 0.5Hz in order to record all dips and peaks in the response.
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5. VALIDATION

Secondly. as stated earlier. damping was not included in the FEM model. es' i'r is difficult to quantify atlow frequencies.
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Figure 4: Slmulation compared with measurements in a 12"I octave band.
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Figule 5: Simulation compared with measurements in a 6" ocmve band‘
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Figure 6: Simulation compared wllh measurements In a 3" ocmve band.
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