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INTRODUCTION





Often an opera house is used for performances very different from operas, such as symphonic concerts. In these cases, the orchestra is not placed inside the pit, but on the stage. The orchestra pit is left unused, or it is often elevated to the same height as the stage floor, thus becoming a continuation of the proscenium.


Usually the acoustics of an opera house is not well suited to ensemble performances with the orchestra on the stage: the reverberation time is too low, and the clarity is high for sources located on the stage, thanks to strong specular early reflections produced by the side walls of the proscenium. These effects are useful during operas to reinforce the voice of the singer against the power of the orchestra. In addition, opera houses have large stages, to allow many sceneries to be stored. When the orchestra is located in this space (usually greater than the audience room itself), which is not filled with sceneries or other sound absorbing materials, the musicians are actually playing in a very reverberant space, poorly coupled with the hall through the proscenium.


In such cases an acoustic shell is required, which encloses the orchestra on the stage, separates the two acoustic fields and gives musicians a more confortable acoustic environment, properly coupled with the room. Furthermore, reflections inside the shell and diffusion over its walls produce a more blended sound coming to the audience, while also increasing the capability of musicians to listen to each other.


In this paper a typical case is presented: the new opera house in Cagliari was finished in 1993, but it was impossible to open it with an opera, due to the lack of funds required to complete the stage equipment. So it was decided to give a series of symphonic concerts, conducted by Riccardo Muti: thus a new modular acoustic shell was designed and built, resulting in a very noticeable change in the acoustics of the theatre, which made it possible to satisfy the musicians, the conductor and the audience.


In the following the design criteria adopted for the shell are explained, and then the experimental results obtained before and after the installation of the enclosure are presented.


Plan of the acoustic shell
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Reverberation time before the installation of the acoustic chamber
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Reverberation time after the installation of the acoustic chamber
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Table 1 - Main acoustic parameters (overall values 125-4000 Hz)
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Comparison of Impulse Responses on the stage without (left) and with acoustic shell
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CONCLUSIONS





Both the experimental results and the judgements expressed by musicians and listeners after the first concert show that the acoustic shell was capable of converting the opera house into a good concert hall. This was possible by carefully designing the acoustic shell, but it must be noted that such good results could not have been achieved if the room had initially been too dead, as is the case in many other Italian opera houses.


The acoustic shell can be successful in excluding the large volume of the stage from the room, making it possible for the musicians to “feel” the acoustics of the room and not that of the stage. Furthermore, a properly designed acoustic shell can blend together the sound of various instruments, with benefits both for the listeners and for musician’s capability of playing together, by properly redirecting the reflected waves in areas where they are needed.


However, the acoustic shell has only limited benefits on the reverberant field inside the audience room. In any case it is not capable of increasing much the reverberation time (if it is too low), and thus for historical theatres the only suggestion is to properly restore the absorbing surfaces, the seats, the floors and the fabrics to their original state, removing any sound absorbing object introduced during the last century. When the room has reached a reverberation time high enough to sustain symphonic music, a properly designed acoustic shell makes it possible to place the orchestra on the stage, with acoustical results very similar to those obtained in the most famous concert halls.
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