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INTRODUCTION

O ver the past 40 years, m uch effort has been  placed into 
developing m ore  accurate  modelling tools for determ ining the 
acoustic perform ance o f barriers and berm s for road  noise 
a ttenuation . M ost o f the work com pleted  in this field has used 
ray-based diffraction m odels which ignore phase inform ation o f 
the acoustic waves [1]. This p ap e r  describes initial work 
com pleted in com puting insertion loss characteristics o f various 
banners and  berm s as a function o f  frequency and  distance 
behind the  barr ie r  using a w ave-basea model. A  two- 
dimensional boun dary  elem ent p rocedure  has been  used to 
calculate the  sound fields o f the p re s e n te d  results [21.

A  cross-sectional slice o f  a flat roadside geom etry  and a 
simple thin barrier is depicted in Figure 1. B oth  the  source (S) 
and various receiver (R ) positions are  shown.
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Figure 1 - A  Typical G eom etry

It has  been  most com m on to  m easure the perform ance of 
a barrier in te rm s o f its insertion loss (IL). In m any prev ious 
analyses [3,4], the  insertion loss a t one receiver po in t has been  
referred  to  as indicative o f the  general overall barrier 
perform ance. In ano th e r  study, H othersall e t al. [51, the 
average o f the insertion losses a t various receiver po in ts has 
been used as the basis for rating the barrier. F o r the current 
study, it has been  chosen to  use a range o f  equidistant receiver 
positions from 4m  to 100m behind the barrier a t a height of 
l.5m  off the ground. In this analysis, 3m high barriers are  
situated upo n  nard , level g round and  a single line source is 
placed 15m from the  cen ter o f the  barr ie r  and  0.5m above the 
ground.

RESULTS

Figure 2 displays insertion loss curves a t octave band  cen ter 
frequencies for a simple hard  thin b arr ie r  (0.2m in width) as a 
function o f  receiver distance from the  barrier.

It can be  seen th a t a t any given distance, depending  on the 
frequency o f  the  sound source, the  barrier rating can vary 
anywhere betw een 5 and 40 d B ’s o f insertion loss. Thus, 
selecting a barrier for a specific application or geom etry can be 
quite simple, bu t designing an optim al shield for th e  wide range 
o f  com binations o f  the source position, frequency and 
am plitude, as well as the  receiver location and  the  terrain  can 
be difficult. T o  fu rther em phasize this point, Figure 3 depicts 
the insertion loss as a function o f bo th  frequency and receiver 
distance from the  thin barrier.

D epending  on  the  choice o f characteristic frequency or position, 
any one location on this surface could rep resen t the barrier 
perform ance.

W hile it is practical to obtain a single reading from a 
physical m easu rem en t o f  the field p roduced  by a b roadband  
source, the  wave-based b o u nd ary e lem en t m odelling determ ines 
results a t discrete frequencies. T hese  results can be  combined 
by m aking use o f  an input spectrum  o f  the  expected traffic 
noise. O ne such m easured  spectrum  J6] is shown in Figure 4. 
T he A-weighting curve and  the  resulting A-weighted spectrum 
are  also shown.

This weighted spectrum  can act as a filte r  to com bine the 
broadband  m easurem ents  into one insertion loss curve tha t is 
now  only a function o f distance. V arious spectrum s, typical of
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different traffic configurations, could also be tested to evaluate 
the barrier or berm performance. Working with a single 
insertion loss curve, as a function of distance for each bam er, 
the selection of a particular barrier is now simplified. To take 
this one step further, various schemes are now being 
investigated to combine or integrate the insertion losses at the 
receiver positions. In this way a single insertion loss param eter 
could be used to quantify the barrier's performance.

In addition to the simple thin barrier, various shapes of 
barriers and berms have been modelled. Figure 5 shows some 
of the familiar barrier shapes.

To compare these barriers, insertion loss curves are 
presented at a frequency o f 500 Hz. Several national agencies 
[7,8] use an insertion loss curve at 500 Hz to be representative 
of a broadband insertion loss curve. The results o f  this test are 
shown Figure 6. The results show that the straight and T ’ 
shaped barriers are superior by about 3dB over most of the 
frequency range. M ore work is planned to investigate optimal 
barrier and berm geometries for various road configurations.

D is tan c e  F rom Barrier  Centre (m )

Figure 6 - Insertion Losses of Various Barrier Shapes

In addition to the insertion loss curves presented, sound 
level contour plots can be used for a quick and accurate visual 
comparison of fields with and without a barrier. Figure 7, for 
example, depicting a raised road geometry, is included as an 
example of these modelling capabilities. Sound levels, for this 
500 Hz test, range from lOOaB near the vehicles to 50dB in the 
shadow regions.

Ongoing studies are investigating the application of absorbative 
linings to both the barriers and on the ground surfaces in the 
shadow region of the barrier. As well, the effect of various 
road-side geometries on the perform ance o f the barriers are 
being studied.

ACKNOWLEDGEMENTS

The authors would like to acknowledge the support of NSERC 
and CM HC in the partial funding of this work. Thanks also to 
NIT, Belgium for use of the SYSNOISE program.

REFERENCES

[1] Fyfe, K.R., Harrison, C.C., "Acoustic Performance of 
Barriers and Berms for Road Noise Attenuation", To be 
published by CM HC, Dec. ’94

[2] SYSNOISE U ser’s Manual, N IT Belgium, 1994.

[3] DA.Hutchins, H .W Jones and L.T.Russell, "Model Studies
of Barrier Performance in the Presence of Ground 
Surfaces. Part I - Thin Perfectly Reflecting Barriers," 
Jvlcoust.Soc^Am. 75 (6), 1807-1816 (1984)

[41 K.B.Rasmussen, "Sound Propagation Over Grass Covered 
Ground," J.Sound and Vibration 78 (2) 247-255 (1981)

[5] D.C.Hothersall, S.N.Chandler-Wilde and M.N. Hajmirzae,
"Efficiency of Single Noise Barriers," /. Sound and Vibration 
146 (2), 303-322 (1991)

[6] P.T.Lewis, "The Noise G enerated By Single Vehicles in
Freely Flowing Traffic," J.Sound and Vibration 30 (2) 207- 
220 (1973)

[7] Canada Mortgage and Housing Corporation, "Road and
Rail Noise: Effects on Housing," R eport No. NHA 5156 
(1981)

[8] International Standard Organization, "Acoustics - 
Attenuation o f Sound During Propagation Outdoors - Part 
2: A  General M ethod of Calculation, R eport No. ISO/D IS 
9613-2 (1992)

Figure 7 - Sound Pressure Contours for Raised Highway with Barriers
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