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ABSTRACT

T h is  p a p er  i n v e s t i g a t e s  d o u b le  b a r r i e r s  
u s in g  a s c a l e  m o d e ll in g  te c h n iq u e .

SOMMAIRE

C et a r t i c l e  e s t  une é tu d e  su r  l ’a t t é n u a t i o n  
de b r u i t  du t r a f i c  p a r  des  é c r a n s  d o u b le s  
r e a l i s é e  à l ' a i d e  d 'u n  m odèle r é d u i t»

Introduction

Each year, governments spend l i t e r a l l y  m illions of do lla rs  on building 
highway noise b a rr ie rs .  As a r e s u l t ,  much research has concerned attempts to 
achieve the highest overa ll b a rr ie r  performance a t  the le a s t  cost. B arriers of 
various shapes and m ateria ls have been tested . This paper examines the 
performance of double b a rr ie rs  and compares them to conventional single 
b a rr ie rs  used commonly on highways.

Method

I t  was decided to investiga te  double b a rr ie rs  using a scale modelling 
technique th a t  uses tore bursts as a source signal and a gating un it to 
elim inate unwanted re f lec tio n s  (1). Variable frequency tone burst signals were 
produced using an o s c i l la to r ,  tone burst generator, power am plifier and high 
frequency loudspeaker. The loudspeaker which had been modified to approximate 
a point source was used over a range from 2 to  20 KHz. On the receiving side , 
the s igna l from a 1/4 inch microphone was amplified, high-pass f i l te r e d ,  and 
fed to the gating un it. The gating un it was used to  elim inate undesirable 
re f le c tio n s  such as those sounds re flec ted  off the laboratory ce iling  and other 
ob jec ts . The signal present when the gate was open was in tegrated and fed to  a 
lev e l recorder. As the leve l recorder and o sc i l la to r  moved in synchronization, 
continuous frequency response curves were p lo tted  autom atically. The technique 
allows a ie  to  evaluate the attenuation  due to model b a rr ie rs  as a function of 
frequency in an ordinary room and to  accurately include the e ffe c ts  of the 
ground surface.
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The model used a scale of 1:30. The position of the microphone and the 
source were fixed on each side of the barriers with 40 inches in between, which 
is equivalent to 100 feet in full scale. (Unless otherwise specified, all 
measurements refer to the full scale case.) The source and receiver heights 
were each 10 feet. The distance between the source and the first barrier was 
kept constant at 50 feet. Only the second barrier was moved so that barrier 
separations of 0.6, 2.5, 10, 20 and 40 feet were measured. The barrier was 
assumed to be infinitely long and the ground was assumed to be perfectly 
reflective. Any sound that travelled around the two aids of the barriers was 
eliminated by the gating unit. The height of the barrier was 15 feet. The 
frequency of the sound source varied from 67 Hz to 667 Hz (corresponding to 2 
KHz to 20 KHz at model frequencies), thereby covering a critical but limited 
portion of the real-life frequency spectrum.

Double Barrier Prediction Techniques

In the past, as a very simple approach, an equivalent single wall theory 
has been used to predict double barrier performance based on work by Maekawa 
(2). This theory predicts that the combined attenuative effect of the two 
walls is equivalent to the effect of a hypothetical single wall located between 
the barriers, to the point of intersection of lines from the source and 
receiver to the top of each barrier. This method has been widely used but not 
thoroughly validated. Recently, Foss (2) found that the equivalent single wall 
method consistently underpredicts the amount of attenuation and cane up with 
another approach. Foss calculated the diffractive attenuation caused by the 
first wall as if the other wall were not present. Similarly, he calculated the 
attenuation caused by the second wall as if it is by itself. The larger 
attenuation between the two was chosen and denoted as F. Then, he imagined a 
source located at the top of the first wall, and used this source to calculate 
an attenuation J, The sum F + J represents the actual attenuation due to the 
two walls. Both of these methods have been developed for free space and ignore 
the effects of ground reflections. Work at NRC by Isei et al (3) has clearly 
demonstrated that outdoor sound propagation over barriers depends on the 
complex interference of direct and ground reflected waves. The present work 
examines the attenuation of the double barriers including the ground 
reflections and compares the results with the previous two prediction methods.

Results

For a single barrier, in addition to the direct path over the barrier, 
there are three other possible ground reflected paths. Obviously, the 
combination of these different paths will create interference effects. By 
considering cnly the principal interference frequencies of the three paths, it 
can be calculated that there will be destructive interference at 167 Hz and 333 
Hz if the source and receiver are 100 feet apart and the barrier is 91 feet 
away from the source. The calculated frequencies were confirmed by the 
measured résulte shown by the single barrier curve in Figure 4. It can be seen 
from this figure that the peak attenuation at the destructive interference peak 
is almost 20 dB above the constructive interference point. This is a 
considerable difference. It is clear that a simple snooth curve prediction of 
these measur©3 results would not be a good representation.

New, let us look at the double barriers case. There are then 8 different 
paths betweai source and reœiver, and the situation is more complicated. It 
is not at all easy to predict theoretically the total amount of attenuation 
when ground reflected sound paths are included.
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The first double barrier results are given in Figure 1, which is a plot of 
attenuation versus frequency for a 10 foot separation between barriers. The 
peaks aid dips occurring at various frequencies are due to the interference 
among the different sound paths. Also shown are the predictions of Foss and of 
equivalent single wall theory which both ignore the ground effects completely.
In order to consider the overall trends as the barrier spacing was varied, a 
best fit straight line of the measured results was obtained for each case. For 
this case, it shows an average of around 3 dB more attenuation than Foss's 
theoretical prediction. The equivalent single wall method predicted 
attenuations of about 6 dB less than Foss's method at all frequencies. This 
shows that the use of the equivalent single wall theory to predict double wall 
attenuations considerably underestimates their effectiveness.

Similar results were also obtained for double barriers spaced 0.6, 2.5, 20 
and 40 feet apart. Figure 2 gives the measured attenuations versus frequency 
for those fair barrier spacings. Figure 3 compares the best fit straight lines 
to the measured values of Figure 2 and the predictions of Foss's method. The 
best agreement between measured attenuations and predictions using Foss's 
technique occurred for the largest barrier spacing. The effectiveness of the 
double barriers is seen to increase as the separation between the two barriers 
increased, This increased effectiveness can be seen by comparing measured 
attenuations for a double barrier with those for a single barrier. Figure 4 
compares measured attenuations for the double barriers with a 40 foot spacing 
with attenuations for a single barrier of the same height at the location of 
the most effective member of the double barrier pair. The double barriers 
attenuated more than the single barrier at all frequencies except at 167 Hz.
By comparing the two best fit lines, the double barriers are about 6.5 dB 
higher than the single barrier. The single barrier would have to approximately 
double its height to give 6.5 dB more attenuation, which would presumably be 
much more expensive than a second barrier of the same height.

A block barrier was built by putting cne more piece of barrier on top of 
the double barriers to give an outline shape like a building. The attenuations 
were measured for the block barrier and as illustrated in Figure 5, it shows 
similar performance to a double barrier. It seems that the building type 
barrier performs like a double barrier and is thus more effective than would be 
expected by the equivalent single wall prediction method.

A "T" cross-section barrier was also built by putting cne more piece on 
top of a single barrier. Such a configuration has been found to produce 6.5 dB 
more attenuation than a similar single barrier (4). The result obtained in 
this study, as seen in Figure 6, shows that this barrier was not much better 
than a single barrier. It is possible that a thinner top piece would have 
produced improved results, but further studies of their effectiveness should be 
considered.

Conclusions

As a result of this work, several conclusions can be made:

1. It is essential to include ground reflections when predicting the 
attenuation of barriers.

2. In some cases, double barriers may be more econimical and provide better 
performance than a single barrier. They have not been considered seriously 
in the past because the cannonly used single equivalent wall prediction 
method underestimated their performance.
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3. Foss's theory gave better predictions of the double barrier attenuations 
than did the equivalent single wall theory.

4. The average performance of double barriers, with the ground effect, 
increases as the distance between them increases.
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