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Summary A 3D BEM acoustic shape sensitivity analysis approach is proposed and applied to shape optimization of
noise barriers. A very efficient half-space wideband fast multipole BEM is constructed. Constant element is used to
discretize the boundary. In the shape optimization processes, a Y-type barrier is selected for optimization which leads
to 3.3 dB deduction of the sound pressure level.

CONTENT

Nowadays, as the traffic noise pollution has become a very serious problem in the urban area, noise barriers which are
the most effective method to mitigate the traffic noise have been widely applied. Since many factors can affect the
acoustical performance of noise barriers, for instance, the material, location, dimensions and shapes, a large amount of
research has been carried out in the last two decades to develop more efficient designs (Duhamel and Sergent [1],
Fujiwara et al. [2], Ishizuka and Fujiwara [3], Duhamel [4], Wu and Wang [5]). However, most of these studies focus
in 2-D simulations of sound diffraction around noise barriers, especially the predictions and comparisons of the
performance of noise barriers with different shapes, but suffer from the lack of an optimization procedure to obtain
more efficient shapes. Moreover, the 2D simulation is based on the assumptions of line sources and straight and
infinitely long barriers, which may not be accurate in the practical applications in the urban area.

The present study proposes a 3D acoustic shape sensitivity analysis approach based on the boundary element method,
and applies it to the shape optimization of noise barriers. The boundary element method is a very powerful alternative
to the finite element method, especially in the external acoustic wave propagation problems, but it suffers from the high
computational complexity and storage requirements. Therefore, the fast multipole method which was proposed by
Greengard & Roklin [6] is employed in this study to accelerate the solution processes and also save the memory. Since
the performance analysis of nose barriers is a typical semi-infinite problem, a very efficient half-space wideband fast
multipole boundary element method is constructed. In the shape sensitivity analysis, the direct differentiation method is
used to obtain the acoustic shape sensitivity coefficients, and the objective function is defined as
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where L is the sound pressure level at the field point of interest, and L is the design objective.

Figure 1: The original and optimized shapes of Y-type barrier

Moreover, in order to tackle the fictitious eigenfrequency problem of the original boundary integral equation method
when solving external acoustic wave problems, the Burton-Miller approach (Burton & Miller [7]) is adopted in this
study. Constant element is used to discretize the boundary so that the hypersingular boundary integrals in both the
boundary state and sensitivity integral equations can be evaluated directly and efficiently without using any
regularization technique (Zheng et al. [8]).

In the shape optimization processes, the acoustical performances of several typical noise barriers with different shapes
are compared firstly, and then the Y-type barrier which has the best performance is selected for the further optimization
study. The original and optimized shapes of the Y-type barrier are shown in Figure 1, the original shape with
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, and the optimized shape wit After the optimization, the Y-type barrier has
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another 3.3 dB deduction of the sound pressure level at nine selected points behind the barrier in comparison with the
original one.

CONCLUSIONS

A 3D BEM acoustic shape sensitivity analysis approach is proposed and applied to shape optimization of noise barriers
in this work. Numerical tests show the validity and efficiency of the proposed algorithm. This is the first research on 3D
noise barrier shape optimization based on acoustic shape sensitivity analysis.
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