| iniet-noife

25th Anniversary
Congress E"l__u.n:rpmol qb INCE: 31.1

NOISE BARRIERS WITH REACTIVE SURFACES

K Fujiwara {1} & D C Hothersall (2)

{1} Department of Acoustic Design, Kyushu Institute of Design, 8-1 Shiobaru, 4-chomae,
Fukuoka-shi, Japan, {2) Depariment of Civil and Environmental Engineering, Univarsity of Bradford,
Bradford, BD7 10P, UK

1. INTRODUCTION

Barriers are now widely used for the alleviation of noise nuisance,
particularly from road traffic. In some situations, for example when visual
intrusion is an important factor, it is desirable to find altemative methods
of improving efficiency of a noise barrier without increasing tha height.
Improved designs of this nature have been proposed e.g. [1,2] which
generally involve a modification to the upper esdge of the barrier.

The performance of noise barriers can ultimately only be verified in field
trials, but site and atmospheric conditions make controlled comparison of
the performance of different designs difficult and expensive. Some form
of modelling provides a controllad environment. Numerical modalling is
officient and the use of boundary element methods allows details of cross
sectional shape and surface cover of barrlers to be considered. The
computing resources required for these calculations generally means that
they are restricted to two dimensions. In this paper the boundary element
modelling method will be used to study the effects of applying pressure
release type surfaces to T-shaped barrier designs.

2. MODELLING METHOD

The numerical modelling method used has been described elsewhere
[3]. Itinvolves the reformulation of the Helmholtz equation as an integral
equation in which the integral, taken over the surface of the bamier, is
solved by a boundary element approach. The model is two-dimensionat
and assumes a point source of sound which, in three-dimensions, is
equivalent to an infinite coherent line source fying parallel to the infinite
barrier of uniform cross section and surface covering along the length.

Proceedings of Intemoise 96 : 819



Fujiwara & Hothersall

The ground is an infinite plane and the ground and barrier surfaces are
assumed rigid. The insertion loss is calculated at single frequencies,

defined by 11 = Zologm(lfg /P,,) where f, is the acoustic pressure at the

receiver point with the ground present and £, is the pressure at the same
point after the introduction of the barrier.

3. RESULTS AND DISCUSSION

Source and receiver positions were taken in the ground surface, at 8.0
and 50 m from the centre line of the barrier respectively. Source and
receiver positions in the ground were used so that the spectra produced
are characteristic of the diffracting edge of the barrier and are not
complicated by the effects of interference between direct sound and that
reflected from the ground. For all cases the total height of the barrier was
3.0 m and the cap width was 1.0 m. The thickness of the cap and the
supporiing wall was 0.1 m. In Fig. 1 spectra of insertion loss at the
receiver point are shown, calculated at 1/9th-octave centre frequencies.
Curves are given for conditions when the plane upper surface of the
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Fig. 1. Insertion loss spectra for a T-shaped barrier with an upper surface
which is a)rigid, b}soft for all frequencies, and c)as shown in Fig.2.
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The computations were performed at frequency 1000 Hz. The
results are represented by the transfer function, defined as the sound
pressure level relative to free field. '

For the analytic computation, we used four sound rays, with a
spherical wave diffraction coefficient derived by Hadden and Pierce [8],
and a spherical wave reflection coefficient [9] for the ground reflections
{see [3,10)). For the PE computation we used both the Crank-Nicholson
PE (CNPE) and the Green's function PE {GFPE). The agreement
betwaen CNPE, GFPE and diffraction theory is excellent.

Various other comparisons between PE and a diffraction model
were reported in Ref. [10]. These comparisons include systems with wide
barriers, double screens, and rectangular barriers with an absorbing top
surface. In most cases, good agreement was obtained.

Figure 4 shows the effect of atmospheric refraction. The PE
results in this figure were computed for the same system as before. For
the atmosphere we used a logarithmic sound speed profile
o(2) = ¢, + b In(z/Z+1), with ground-level sound speed ¢, = 343 m/s, a
roughness length Z, = 0.1 m typical for grassland, and a parameter
b=0,1and 2 m/s. The results show that with increasing wind speed,
the sound pressure level behind the screen first decreases and then
increases.

Figure 5 shows PE results for the 1000 Hz octave band, up to a
range of 5 kilometers [11]. The computations were performed for a
system with a logarithmic sound speed profile with b = 1.1 m/s, We used
two ground types: a ground with an impedance typical for grassland (see
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Fig. 4. Transfer function versus horizontal
range, at 1000 Hz (single frequency), for
atmosphere with b= 0, 1 and 2 m/s.
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Fig. 5. Barrier insertion loss versus horizontal range, for
1000 Hz octave band, for a downward refracting atmosphere.

Ref. 11), and a reflecting ground. We used a height of 1.5 meters for the
source and the receiver. A thin vertical screen with a height of 5 meters
was located at 30 meters from the source. The figure shows the barrier
insertion loss as a function of range. For the absorbing ground, the
insertion loss decreases with increasing range. For the reflecting ground,
the insertion loss remains approximately constant with increasing range.
This difference in bamier efficiency between absorbing and reflecting
ground can be explained qualitatively in terms of curved sound rays [11].
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barrier is a) rigid (Neumann boundary condition), with a surface
impedance of unity, and b) of the ‘soft’ or pressure release type (Dirichelet
boundary condition) with a surface impedance of -1 for all frequencies.
Insertion loss increases with frequency as expected and the difference
betwsen the insertion loss for the soft and the rigid surfaces is of the order
of 5.0 dB at lower frequencies and 10.0 dB at higher frequencies. A
practical method of producing a soft surface over a limited range of
frequencies has been considered by Fujiwara [4]. This is to construct
waells in the surface, of depth (1/4+c¢), where A is the wavelength of the
sound and ¢ is the end correction. Fig. 2 shows a construction of this
type which was incorporated in the cap of the noise barrier. The depth of
the wells is 0.095 m which is expected to produce a phase change of «

in the reflected waves of normally incident waves with a frequency of 900
Hz.
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Fig. 2. Upper surface of a T-shaped barrier containing wells which are
tuned to give pressure cancellation at the mouth at a frequency of
900 Hz.

The spectrum of the insertion loss for this barrier is also shown in Fig. 1.
In the region from approximately 600 Hz to 1500 Hz the spectrum
achieves the same value of insertion loss as for a soft surface. The dip In
the spectrum around 2000 Hz may be associated with a pressure
maximum which is expected at the mouth of the wells at twice the design
frequency. The reasons for the oscillation in the spectrum at about 500
Hz are not clear. At lower frequencies, between 160 and 500 Hz, the
barrior is less efficient than for a rigid cap. The dip in the spectrum is
probably associated with the generation of a surface wave. This wave
decays at a rate of 4~/ and exists for the propagation of spherical waves
above boundaries for which the surface admittance has a finite and
negative (¢ ™ time dependance) imaginary part.
Simulations of the effect of the barrier were carried out assuming that -
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the upper surface was plane, with a surface admittance given by

1
P Gvicotht) @

where & is the wave number and 7 is the effective depth of the wells.
The admittance has a negative imaginary part for frequencies below the
design frequency of the wells. In Fig. 3 insertion loss spectra obtained
using this expression, with £ =0.95 m and with », =0.0 and 0.1 are shown.
The results from this approach fit well with tha results when the full
physical model of the wells is used in the simulation. The bast fit would be
obtained for a value of r, of approximately 0.05.

35 -
[ | SOFT (WELLS,900Hz) o
30 = soeT (90Hz,15=0.0) iPoop é-')
i - B AR

Halls
SOFT (900Hz,rs=0.1 ilo
2 || ( g ) e i)
20 I
4P A

15

INSERTION LOSS (dB)

10

| 1 |
100 200 500 1,000 2,000
FREQUENCY (Hz)

Fig. 3. Comparison of the rasults of the BE model for the barrier shown in
Fig.2 with results for an equivalent barrier with a plane upper
surface with admittance defined in Eq. (1).

In an attempt to improve the performance at low frequencies two types
of well were incorporated in the upper surface of the cap, as shown in Fig.
4. In this case five wells of depth 0.20 m (tuned to a frequency of
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approximately 420 Hz) were used on the haif of the cap closest 1o the
source, and on the other half of the cap were seven wells of a depth of
0.10 m {tuned to a frequency of approximately 840 Hz).

1.0m

Fig. 4. Upper surface of a T-shaped barrier containing wells which are
tuned 1o give pressure cancellation at the mouth at a frequencies of
420 and 840 Hz.
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Fig. 5. Insertion loss spectra of a T-shaped barrier with an upper surface
which is a)rigid, b)soft for all frequencies, and ¢)as shown in Fig. 4.
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In Fig. 5 the resulting spectrum is shown. The region of high insertion
loss has been extended to lower frequencies, from 600 to 300 Hz and this
has removed part of the surface wave dip. Howsver the reduction in the
number of wells tuned to a particular frequency has reduced the efficiency
of action as a soft surface, which occurs over the range from 300 to 1500
Hz.

This design was also modelled with a plane upper surface of the barrier
with two regions of surface admittance defined as in Eq.(1) with an ‘
appropriate value of ¢ for each section. Again the agreement of this
modsl with the results of the full physical model of the wells was excsllent.

4. CONCLUSION

High values of insertion loss can be obtained from a T-shaped noise
barrier when the upper surface is of the pressure release type. This can
be achieved by introducing wells in the surface tuned to specific
frequencies. It Is found that for the well shapes investigated soft surface
results were obtained over a significant range of frequencies. A surface
wave effect was observad at lower frequencies. The performance of the
wells can be described accurately in the boundary element model by the
selection of an appropriate analytical exprassion for the admittance of the
upper surtace of the barrier, which is then assumed to be flat. The use of
wells tuned to different frequencies can widen the spectral range over
which the soft surface is effactive.
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