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1. INTRODUCTION

Despite its undoubted appeal as a concert venue there are many aspects of

this historic auditorium which give rise to considerable doubt as to its acoustic
performance under certain conditions and typeset programme.

Its volume, at 87,000 m‘3 is considerably more than the more typically

shaped hall, averaging 15,000 to 20.000 m"3. A reverberation time of 35 is

double that of many venues and its capacity of 5100 makes it a daunting _

prospect. especially to the unaided solo artist.(1)

Both clarity and intelligibility have presented problems in the past and the ‘
management of the hell have established that such phenomena are very l
inconsistent, varying from seat to seat and tier by tier. Munro Associates were

commissioned to investigate and to make recommendations as to the
optimisation of electro acoustic systems which are installed by independent
contractors on a regular basis. As the hall is used for many diflerent activities,

from boxing to blues music it would be inappropriate to recommend a fixed

installation which could reproduce all types of programme material.

2. METHODOLOGY i

One of the problems immediately encountered was the'sheer busyness of
the main auditorium. For this reason all the measurements were taken in the

space of 3 hours on one day. In retrospect this was deemed advantageous
because it ensured a high degree .01 correlation of the measured impulse

responses.
' The test source was a high quality, low directivity monitor speaker system
' with an extremely flat forward frequency response. from 40 Hz to 15 KHz.
The calculated Directivty of the system, from 200 Hz to 5 KHz, is 2.5.
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The system was placed stage centre at an elevation of 2 metres from the
arena floor; in other words, in a typical performance position, angle upwards

at 15 degrees,

All measurements were taken using a Maximum Length Sequence
convolution to derive theanalytical impulse response. An impulse length of

over 4 seconds was used to eliminate time aliasing of the reverberant 'tail'.

Averaging was used to eliminate background noise as a factor in determining
direct to reverberant ratios.

3. TEST LOCATIONS

The following locations were chosen and can be foundon Plan and Section

 

      
  
   

  

   

  

   

  

A

CODE AND FILE REFERENCE LOCATION lN HALL

L4L LEVEL 4. LEFT SIDE (facing stage)
L4 CB .. LEVEL 41 CENTRE BACK (of hall)
L3 CB LEVEL 3; CENTRE BACK

L2 CB LEVEL 2. CENTRE BACK
L2. LF LEVEL 2. LEFT FRONT
L1 LF LEVEL 1. LEFT FRONT
L1 L LEVEL 1. LEFT SIDE (widest point)
L1 CB LEVEL 1. CENTRE BACK
OS RB OUTER STALLS RIGHT BACK

OS R OUTER STALLS RIGHT SIDE
OS C OUTER STALLS CENTRE (arena

rail)

RS R REAR STALLS (arena rear)
RS C ‘ REAR STALLS CENTRE (arena)
FS C FRONT STALLS CENTRE (by

stage)

The distance to the stage from each location can be seen from the impulse

plots and varies from 10 metres to 40 metres. Each test was carried out under
comparable conditions with the same source level and microphone
orientation.
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4. RESULTS

The measured impulse response plots are shown for comparison purposes in
Appendix A i
It is obvious that there is a great deal of variation in the pattem of reflections
with some virtually free from prominent specular reflections and some
consisting of little else.
By post processing the impulse response, tables were generated to compare
the values of Clarity (080 8. 050) at different frequency bands and also
reverberation time and sound levels. _
Clarity was found to vary from plus adB torninus we at 500 Hz and the
results are tabulated in Chart 2.
This implies that there is a considerable variation in articulation and
intelligibility and this was verified by calculating Speech Transmission Indices
for each location, using the MLSSA programme (2).
By making similar comparisons between 650 and CBOat 500 and 2KHz it can
be seen, in Chart 6, that although there is good correlation where a strong
direct sound occurs in the 500Hz band it is possible to obtain conflicting
results in the presence of strong reflections. as in location 14.
However, on the whole, Charts 2 and 6 show good correlation

6. INTELLIGIBILITY

By comparing the measured and calculated STI data for two 'good' locations.
1 and 4, with two 'poor‘ ones it was evident that ‘an equivalent value of
Articulation Loss of between 8% and 20% could be obtained for the
auditorium.

This was compared with the theoretical values obtained using the modified
Peutz- Patronis formula for “A A Lcons.(3) - J
Chart RAH%alco shows the hypothetical eflect of variations in acoustic
absorption, source directivity Q and distance from the source DZ.
The resulting %ALcons vary as one might expect but in making direct
comparisons several factors emerge;
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1. The theoretical % for location 4, which is at the front of the arena, 10

metres from the source on stage, is less that 2% but the measured result is-

8%. As the MLSSA calculation is averaged across the frequency spectrum,

this could be reasonable expected and % values in only the 500 and 2K

would perhaps give better correlation. ‘

2. The worst case of location 13 correlates extremely well with the spread

sheet value giving an encouraging pointer to the way forward in calculating

corrective measures for the auditorium.

7. CONCLUSIONS

It is clear from the plan view of the hall that most of the lateral energy

radiating form the stage is refocussed. by means of elliptical geometry, at the

opposite end of the auditorium.

This happens at each level but is noticeably severe in the outer rear stalls

area.
Most of the upper levels enjoy a strong direct to reverberant energy ratio at

the front and sides but all the rear sections suffer from negative DIR.

It can be seen from the spread sheet RAH%ALCO that a suitably directed

sound system could increase intelligibility by a factor of 10. at 25 metres.

when measured within the -3 dB coverage of the system. This may be the

only improvement that is permitted, given the architectural protection that the

hall enjoys.

 

All the data herein related to measurements in an empty hall with an RTGO of

3 seconds.

M. Barron stated (1) that the hall had been measured at 2.5 seconds when

full.
This implies a total absorption of 47,000 Sabines empty and 56,000 full.

The difference is over 9000 Sabs which must be provided by 5,200 people

including orchestra. _

At 1.8 Sabs per person there must be some very large, well wrapped people

at that concert.
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Figure 5.2 (a). (b) Plans and (c) long sccxion ol‘lhe Royal Album Hall. London.
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