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1_INTRODUCTION

In this paper we investigate the performance of vertical bamiers with varying amounts of absorbing
material from cover over the totat area of the front and rear faces to small sections near the top of the
bamier, Calculations are perforrmed using a numerical approach based upon the boundary element
method [1). The investigation is extended to cover one situation whare barrier performance may be
degraded in practice. This &5 due to muliple reflections between the face of a high-sided vehicle
passing close to the bamler and the barrier itself. Clairbois (2] suggested that these multiple
raflections effectively increase the height of the source and lead to higher than expected noise levels
on the far side of the barrier, .

2_NUMERICAL MODEL

The numerical modet used, based on the boundary element method, has been described in detail
elsewhere [3-5). It is a two-dimensional model which in three dimensions is equivalent 10 an infinite
coherent line source, and an infinitely long barrier parallal to the source. The barrier is of uniform
cross-section and surface covering along its length. The model calculaies the wave field behind the
barrier by solving a reformulation of the Helmholiz equation as an integral equation, and this is solved
by discretising the barmier into boundary elements of length no greater than A/5 (where A is the
wavelength }. The effects of ground cover and absorptive surface treatment of the barrier can also be
predicted.

The results are prasented in terms of Insertion Loss (IL). defined by IL = 20 log,, (P, / P,) dB where
P, is the acoustic pressura al tha receiver for the given source position with the flat ground present
and P, Is the prassure when the barrier is introduced. In addition 1o examining specira of Insertion
Loss determined at thind octave frequencies, the Insertion Losses for a broad-band source
representative of A-welghted traffic noise are presented and discussed. In this paper the bamier rasts
on homogeneous rigid ground and the acoustical parameters of the barrier surfaces {assumed locally
reacting) ere specified according to the semi-empirical formulations of Delany and Bazley [6). Where
the use of absorbing material is specified it has a flow resistance of 20,000 Nsm™ and a layer depth of
{.1m, This corresponds to a specific acoustic impedance akin to that of mineral wool or a similarly
strong absorber. The equivalent statistical absorption coefficient is shown in Figure 1 as the line
labelled a,. The average value is around 0.8.

The implemertation of the model assumes that the barrier's cross-section is polygonal and the
comers of the bamier and surface treatment of each part are input as data for the model. The
thickness of all elements is 0.2m. The coherent line source assumed by the model is unrealistic, but
the insertion koss predictions from the model agree well with those obtained experimentally. both
indoors and outdoors, with the fine source replaced by a point source at the same distance form the
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barrier [4]}, The model can deal with multiple paraflel s well as single bamers. An additional featurs is
that the barriers do not necessarily have to ba in contact with the ground surface. This feature is used
to model diffraction around the body of a high-sided vehicle. ) :

Thepmsswehmmwmmmmmqumdasbdwemmmmskmmmme
mmmmmdqtsmmmmmmmm«m.5oand1mm
from the centra line of the bamier. The Insertion Lass for a broad-band noise source, with a spectrum
Wmu&mmwmmmmmmmumummmmw
combining the calculated results at thind octave centra froquencias for propagation with. and without
the presence of the bamier. Tha arthmetic mean of the six receiver positions above the ground Is
ussdasanovoraﬂmeasumqfaﬂidenwammisfgweisheneafonhdemtsdasmememgo
Ingertion Loss. -

Two source locations are investigated. Tha first represents sound emission from a vehicle In the
nearside lana-of a motorway. 5.5m from the barrier and 0.5m above the ground. The gecond pasition,
15m from the surface of the basrier and 0.5m above the ground, represents a vehicla in the far lane of
the nearside camiageway of a motorway.
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Figure 1 - Statistical absorption coefficlent as a function of frequancy for parameters used to describa
the surface properties of materials in the model.

3. RESULTS

31 Absorbing barders :

The numerical method allows for any section of the bartier to be aliocated a specific acoustic
impedance. Table 1 shows the effact of adding a progressively larger absorbing section {from the top
of the barrier dowrwards} onto an otherwise rigid barrier. Results are shown for such a treatment on
the source side only and on both sides of the bamier, and for the two source positions discussed
earfler. The bamier height s 2m and the results are presented in terms of the improvement In
Average Insertion Loss over an equivalant fully reflective barrier.
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Extent of Vertical thin screan 2m in haight
am?mﬁT 5.5m from source 15m from source
barrler downwards | Source side only Both sides Scurce side onty Both sides

0.1 0.3 0.5 0.1 0.2
0.2 04 0.5 0.2 0.3
0.3 0.3 0.5 0.2 04
04 0.4 0.6 0.2 0.4
0.5 0.5 0.7 0.2 0.4
1.0 0.5 0.8 0.2 0.4
2.0 0.5 0.8 02 0.4

Table 1 - Effect of increasing amounts of absorbing material on one or both sides of a 2m barrier.
Results are in terms of the Improvement In Av. IL over a 2m barrier with rigid surfaces (dB).

It can be clearly seen that the benefits 1o be galned from Imroducing absorbing material, occur mainly
around the upper 0.5m of the banier. This is reflected throughout the table for both source positions
and for treatment on both sides- or just the source side of the bamrier. Table 1 also shows that the
benefits of absorbing barriers are marginal, only becoming significant when the barrier is very cose to
the source. This is in agreement with results of other workers. When the diffracting angla is small io.
when source and receiver are a considerable distance from the barrier, the effect is negligible iy 8
Hawever, when the diffracting angle is large (for example, if the source is close to the barrier) then
the introduction of absorber is expected to produce a significant improvement in Insertion Loss [8).

In tha same manner as Table 1, Table 2 shows different degrees of absorption on a 3m barrier. Note
that as the barier is higher, the diffracting angle is larger and hence, the degree of absorbency is
groater. However, it can be seen that the sama trends exist for the 3m barrier.

Extent of Vertical thin screen 3m in height
amr?mga;al 5.5m from source 15m from source
barrier downwards | Source side only Baoth sides Source side onty Both sides

0.1 0.4 0.6 0.1 0.3
0.2 0.6 0.8 02 0.3
0.3 0.6 0.3 03 0.5
04 0.6 0.8 03 0.5
0.5 0.5 0.8 0.3 0.6
06 0.5 0.9 0.4 T 06
0.7 0.6 09 0.4 0.6
0.8 0.7 1.0 0.4 0.7
0.9 0.7 1.1 0.4 0.6
1.0 07 1.1 0.4 0.6
2.0 08 1.1 0.3 0.6
30 07 1.1 03 0.5

Table 2 - Effect of increasing amounts of absorbing material on one or both sides of a 3m bamier,
Result are in terms of the improvement in Av. IL over a 3m barrier with rigid surfaces (dB).
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3.2 Reflections from high-sided vehicles, -

Figure 2 shows the simulation in the model- of a vehicle of height 3m &t a distance of 5.5m from a
3m high vertical noise bamier. The source Is located 0.1m below and to the side of the nearside
. bottom edge of the vehicla. In this case the vehicle and sourca conditions remain constant whilst the
. offects of varying distributions of absorbing material on the barrier surface are studied. These results
are shown in Table 3. and are presented in temms of the degradation in Average Insertion Loss
compared to the case of a barrier with rigid surfaces and no vehicle present.
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Figure 2 - Simulation of a high-sided vehicle in the model.
Extent of absorbing material 3m barrier
from top of barrier downwards 5.5m from source
(m) Source side only Both sides
Nors (rigid) 6.4 6.4
0.2 6.2 6.0
0.5 6.0 57
1.0 5.9 56
15 4.8 4.5
20 4.0 37
3.0 2.8 24

Table 3 - Effect of increasing amounts of absorbing material on one or bath sides of a 3m barrier in
the presence of a high-sided vehicle. Results are in terms of the degradation in Av. L over a 3m
barrier with rigid surfaces and no vehicle present (dB).

From Table 3 it is clear that when the vehicle is introduced there Is a large decrease in the efficiency
of the barrier, This degradation can be combated in part with the use of absorbing material, but aven
when both sides of the bamrier are totally absorbing there is still a degradation of 2.4 dB. This
degradation can significantly alter the effectiveness of a bamier close to & noad and further study of
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ﬂﬁseﬂadbessaﬁﬂbdeddewhshmsomeﬂbwamehﬂsshuﬂbo&kenhﬂomhemﬁm
when dasigning a nolse barier. The scenario of & high-sided vehicle passing a noise barrer ks hard
mnnddnmmdcaﬂyas&mwmmhassummbommwwumﬂommsm.mm
no account is made of passibie scattering effects from different parts of the vehicle (In the case of
raiiway roise this might be a better approximation). Furthermare, vehicles on tha Inside lane of the
maotorway are kikely to have some shielding effect for tha vehicies in the far lanes.

ﬂhahodemﬂ:ﬂﬂmmdabsotﬂngmatmalbewmesmorysignmmmmlsm. The
trend observed easller, whereby only the upper region of the barrier seemed 10 be significant In
gaining the maximum benefit of using absorbing material is no longer valid. This is due to the multiple
reflections incurred by the infroduction of the high-sided vehicle to the modal.

Figure 3 shows a spectral oomparlsonbmeenarigldhamwimmvehidapresentarlgidhamer
after a vehicle s introduced and an absorbing barrier with the vehicia present. The absarbing barrier
isamhlgh\ndmabsorbingmatedalonmmdesfortheupperzm This was chosen as in practica
theiuwerreglonofﬂ-noMerlsIikelytobepanofthefoundaﬂonwhichismuanyrlgid. It can be
seen that the trends observed in Table 3 are apparent In this speciral comparison of the Insertion
Loss for a receiver position in the ground surface at a distance of 50m from tha barrier.
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Figure 3 - Spedralmnmadsonofabsommgandﬁgidbmﬂminmepmsmofahigh-shed
vehicle.
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The effects of varying tha height of the vehicle ware then studied. Firstly, for a 3m banier with rigid

surfaces and secondly for the same barier with absorbing material extending dowmwards for 2m on
either side. The results are given in Table 4.
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3m bamier with 2m of absorbing
Rigid 3m barrier. material on both sides.
Vehicle Height 5.5m from source 5.5m from source
1.6 22 0.7
2.0 3.0 1.3
25 5.0 17
2.8 6.0 3.5
3.0 6.4 a7
32 6.9 4.0
35 7.8 4.8
4.0 9.1 5.6

Table 4 - Effoct of Increasing the height of the simulated vehicle on a rigid 3m bamier and a 3m barier
with 2m of absorbing material on both sides. Results are presented in terms of the degradation in
Average insertion Loss over a 3m barrer with rigid surfaces and no vehicle present {dB).

Thisshowsmevenavehideufhe&gm1.6meanslgnmarﬂydegmdathoperfmmamsofnbanier.
As before the absorbing barrier significantly decreases tho amount of degradation. Nevertheless,
when the vehicle is around the same haight or higher than the barier then the performance of the
barrer I8 extremely poor, even with an absorhing covering. Figure 4 shows spectra of Insertion Loss
at a receiver position 50m from the barrier in the ground surface for the worst case, when the vehicle

height Is 4m.
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Figure 4 - Spectral comparison for rigid and absorbing bariers In the presence of a 4m barrier.
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4 CONCLUSIONS
mmmmummmmmdmwmammmMawmmestsaa

bamier are small, unless the barrier is very close to the noise source. it was found that the benefits
ouamdwuubeadﬂevedwmguﬂysmanabsabhgsedbmmﬁwupwmgbmdﬁwbam.

Whenthefacoofavehldelsaddedtomemodel.merelsasignmcantreductbnmmeeﬂewvms
of the barrier, due to reflection effects. Thisdegmdaﬁonhereaseswlthvehldehelgm. In this case,
meabsabhgmmeddefaeadmebaMerbewmmmdyhnmnam.aMﬂwdegmdaﬂonb
mldemblylesswhenthetotalareadmebanietsmfaoelsabsotbhg. In this case, it becomes
essenﬂaltooovefmowholeofttwbamerandnotjusttheupperregbn. \

Themnﬂaﬂomhﬂwabﬂnyofﬂwm&nmsbnalnwdeltopredldeﬂedsofmadhaﬂhhsne

conditions must be remembered. However, it is believed that the mode! gives a good Indication of the
relative effects of changes in barrier configuration on the Insertion Loss.
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