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ABSTRACT

One objective ofthe EU sponsored project Holiwood is the development of 8 raffc noise
barricr system wsing thermaly trsated Europesn hardwood, a susainsble material. In pallel
with work being underiaken to devise suitable barricr forms, an investigaton is also being
ndertaken into the feasbilty of employing sustainable mterials s absorbing clements. One.
candidate materil is eed matting. Recds have becn used in constructon for many centurics,
sotably a5 @ roofing material where they have exhibiled excellent dursbilty when exposed to
varying climatic conditions over several decades. Reeds are small bollow tubes with a rough
internal linin (pith) and might thus be expected to sct a5 porous absorbers with possble
addiionsl resonant effecs. In this paper an investization of the sound absorption
characteistics of smallreed samples i undertsken using the impecance tube method

1 INTRODUCTION

One objective of the EU sponsored project Holiwood (Holiste Implementation of
European thermal treaicd hard wood i the Sector of constuction industry and oise
protection by sussinable, knowledc-based and value added products) i the development of
4 tralic noise barrier system using thermally teated European hardwood, a sustainable
malerial, 1o replace olher cnersy and. resource consoming materals such as. concr
lominus and plastis.

Noise barrers are froquently erected along highveays 1o sercen adjacent areas from the
effct of the noise polluion. Where plane vrtial barirs exist on both sides of the rond they
are normally parallel o cach other, and in this situation sousd is eflcted back and fort
between the barricrs, causing a reverberant build up of sound encrey botween the vertical
faces ofthe barirs. Barirs incorporting sound absorption retssent o the trafc fce wil
absorb a signiicant proportion of incident sound and hence reduce refected sound which
could contribute o overal noise levelsin the vicinity
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I parale]with work being undertaken as part of the Holiwood projec o devise improved
berricr forms, an invesization s also being undertaken into the asibilty of employing
sustinable saterials as absorbing clements. One candidate mateial i reed mattng and this
papers describs preliminary mesuremeats on the sound obsorption poteial of his materil

2 PRELIMINARY MEASUREMENTS ON REED CONFIGURATIONS

Thece bsic red configuraions can be identifed. The fist s one employing reeds paallel
o the incident sound wave. This s lusteated in Fig. 1(2) which shows reeds contained i the
sample holder of an impedance tube. The second configaration cmploys recds oligncd
{together in a diretion perpendiculr to he incident sound wave as shown i Fiz. 2). The
{hied configuration cmploys recds aligoed in a direction perpendiculr to the incident sound
ware butarranged with alernate layers ot right angles 35 sbown i Fig. 3(s).

Experimental data were oblained using the three simple roed configurations discussed
above with an impedance tube wsing the methodology iven in BS EN 150 105342 2] and
these are shown in Figs. 1(5), 2(b) and 3(b) respectively. Ican be seen tht the confguration
with the reeds amanged 1o be parale] o the incident sound wave exhibis the scousticl
absorption characteistis ypical f fibeous porous absorbers wilh o systematic increase i the
absorption coeiient with increasing fequeney. However, the absorption characeristics of
the other two configurations differ and exhibil definie pesks. In the following section an
atemp is made 1o explain thesc observations in ferms of curreat models of porous sound
absorbers with a view 1o nderstanding how best rcds migh be employed i pracice
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3 MODELS FOR THE CHARACTERISATION OF POROUS ABSORBERS

The configuration employing reeds paralel o the incident sound appeers 1o be most
comparable to the structure of reltively uniform porss having loose or consolidated grsins
andlor fibres. These mateial have been successflly modcled by Horoshenkov (2], sing the
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Brennan and To model[3] which incorporates  term for tortuosty, as e pors of the roeds
are expected to b of a eltively twisted nature. The configuration with reds perpendicular
o the incident sousd wae sppear to be more comprable to ciler the sructue of brous
wood based materials or granulr materils. Fibrous wood based materils have been
successfully investsated by WassiliefT [4] using the AttenboroughS] model with a st shape.
factor 0 account fo the pores being signiicandy dilerent from the cicular geomety. For
sranolar material an appropriate model could b that due to Horoshenkov, Atieaborough and
Chandler-Wilde (HAC-W) [6], Thersfors, the Breanan-To models was used 1o make.
heoreical predictions of the acoustical performance of the perallel confizuration and the
Auenborough snd HAC-W models were used to mike theoreticel prodictons for the
perpendicular and cross reed configurations.

31 Calculation of absorption coefficient

The absorption oefTicient s iven by

PR o

where i thesound pressure relection coeflcient.
The reflecion coeffcient is caleulaed. from the surface impedance which in tum is
caleulated from the charscteristic impedance
"The Brennan and To model gives following expressions for the wave mumber &, and the

characterstic impednce

@

®

is the equivalent of the Biot

e o4
frequency, o is the flow resisivity, o is the angular frequency, ¢ is the ortosit, o, i the
equilibrius deasity, ¢, isthe specd of sound and ¢ the porosity.

In the Attenboragh and HAC-W models the charsctristic impedance =, and the wave
sumbe , are calulated rom the density and the complex compressbiliy as follows:

. =il ool
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I the Attenborosgh model the complex density p, and the €, complex compressibilsy

ivea by

©
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Wher
e in [6]. The complex density p, and compressibilty €, of the bulk mateial e

The viscous correction functon (2) and the scaling fctor 1 for the it sction

sivenby
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Inthe HAC-W modelthe complex density . and compressibilty C, are given by

pulo o) (10)

Tog 4

o - a
)

where 7, i the ambicnt temperatur, 7 i the ratio of the speific heat capaciy of air and
N is e Prandil sumber. The formula fo caleulating the viscous corretion fitor F(o)

which includes  term for the pore size distribution s gven in [3),

Table 1:Estimated valus of Non acousti parametersof th diferen reed configurations

Reed Tlow Porosty [ Torumosty | Standard deviaion of pore
Confizaration | resistivity sire disribution

Parallel 30000 (5] 7 .
Perpendiculir 20000 075 7 -
Cross Toooo 07 3 [

Appheation oF e sbove models requires the ipat oF data which was nol svalabl a1 he
time of writng. However, due o the rlatively cosrse nature of the reed confgurations it was
possible to estimate approximatly the porosity and pore size disribution visuslly. I ddition
the ow rsisivity could be estimatcd on the bass of data relatng to similar materal. The
values of the estimated parameters are given in Table | and the resuls of employing them in
e porous absorber models are shown in Figs. 1), 120b) and 3(b)
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4 DISCUSSION AND CONGLUSION

“The corrlation between the caleated and messured datais poor which i o be expected
siven the large uncertainties associated with the estimates of input parameters. Howeer, the
Attnborough model tends to predict the corrset trends in absorption charactersics for the
cross eed confguration and the HAC-W model o predit the corret trnds i absorplion
characterisicsfo the perpendicula reed configuration

The  prelimisary measurments of the sousd sbsorplion coefTicient of different
confgurations of recds have demonsirated that reeds offr the potental to set as sound
absorbers in demanding external environments. The most ffective confizuraton appeared to
be that with the longitndinal diretion of the reed paralel (o that o the ncident sound. The
absorption characteristics of the reeds arranged transversely are less suitble for epplcation
ona road noise barier. More work s needed to fully understand the sound absorption
cchanisms involved in the different configurations and o csablish the isportance of sample
sie on the data obained.
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