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1. Introduction

Sound fields in industrial buildings are often controlled by the 
installation of arrays of baffles suspended from the building roof. 
The performance of baffle arrays covering the complete ceiling 
area has recently been evaluated using scale-modeling and ray- 
tracing techniques [1], It is clear that such baffle arrays can reduce 
steady-state sound pressure levels and reverberation times (RT) 
significantly. Unfortunately, the treatments are also often 
expensive, since large areas of ceiling are covered. Furthermore, 
the effectiveness may be reduced by the fact that the ceiling baffles 
are located a long way from sources and receivers on the floor. 
This report summarizes the results of further scale-model tests 
aimed at evaluating novel local-absorber treatments, which are less 
extensive and expensive and, thus, potentially more cost-effective 
than traditional treatments.

2. Scale model

The 1:8 scale model of an idealized typical industrial workroom 
was built. It had a length of 30 mFS (FS = full-scale equivalent 
value), a width of 15 mFS and variable height (5 or 10 mFS). The 
floor of the model was made of painted concrete. Its walls were 
made of varnished 12 mm plywood. Its flat roof was of varnished 
3 mm plywood. The average absorption coefficient of these 
surfaces was about 0.06 at all test frequencies, values typical of 
real factories at all but the lowest frequencies. The model was 
fitted with 12, 2mFS-cube varnished wooden boxes located 
randomly over the floor area.

3. Measurements made

Measurements were made of sound decay /  RT and of sound 
propagation (SP - the variation with distance of the difference 
between the sound pressure level and the source sound power 
level) in third-octave bands from 800-20000 Hz (100-2500 HzFS). 
The sound source was a 75-mm-diameter tweeter loudspeaker. A 
rigid cone narrowing from 75 mm to 3 mm was attached to the 
tweeter. This resulted in a compact source which was 
omnidirectional even at the highest test frequencies. Its constant 
output sound power was measured in an anechoic chamber. A 
B+K 4135 1/4" microphone was used as the receiver. In each test, 
sound decays were measured at 4 source/receiver positions and the 
results averaged. For SP testing the source was located 5 mFS 
from one end wall, at half width and at a height of 1 mFS. The 
receiver was at half width and at a height of 1.5 mFS; sound 
pressure levels were measured at source/receiver distances of 1, 2, 
5, 10, 15, 20, 25 mFS. Octave-band SP levels were derived from 
the third-octave results. Measurements were made using a 
Nortronics 830 real-time analyser. Air absorption was not scaled 
and was, therefore, excessive at higher frequencies.

4. Treatment test configurations

Test absorbent treatments were made from 6-mm-thick glass fibre. 
The diffuse-field absorption coefficient of a large sample of the 
material located against a hard backing was measured to vary from 
0.27-0.78 over the test frequency range. The following 
configurations were tested:

a. Variable-height baffles - roof heights of 5 /  10 mFS; full- 
coverage baffle array suspended from the roof at various heights. 
The aim was to see if full-coverage baffle arrays are more effective 
if suspended closer to sources and receivers on the floor;

b. Ceiling baffles vs wall absorption - roof heights of 5 /  10 mFS; 
no absorption / full-height, full-coverage baffle array (168 mFS^ of 
absorbent material) / absorbent material fully-covering the side 
walls (300 and 600 mFS^ of absorbent material) / both ceiling 
baffles and wall absorption. The aim was to see if wall or ceiling 
absorption is most effective;

c. Full vs partial wall coverage - 10 mFS roof height; with / 
without full-coverage ceiling baffles; with full- / partial- (50% - in 
a checkerboard pattern) coverage wall absorption. The aim was to 
see if absorbent patches are particularly cost-effective;

d. Partial-coverage ceiling baffles - 10 mFS roof height; full- 
height ceiling baffles extending full width but covering only 50 / 
75 / 100% of the ceiling, starting at the source end. The aim was 
to see if, in the case of sources located at one end of a workroom, 
not applying ceiling treatments at the other end is cost effective;

e. Flat local suspended absorbers - 10 mFS roof height; as shown 
in Figure 1, flat, square absorbers, with / without rigid backing, 
with dimension 2 / 3 / 4  mFS and heights of 2 / 3 / 4 mFS located 
directly above the source. In some tests 1-mFS-high sound- 
reflecting barriers were located around and 1-mFS away from the 
source in an attempt to reflect sound into the absorbent material, 
making it more effective;

f. Novel local suspended absorbers - 10 mFS roof height; a 
number of configurations of novel local suspended absorbers, 
located directly above the source with bottoms at 2 mFS. As 
shown in Figure 1, these consisted of partial boxes —  with / 
without internal absorbent dividers —  and pyramids, and inverted 
cones and pyramids, made of absorbent material. In some tests 1- 
mFS-high sound-reflecting barriers were introduced, as above.

5. Results and conclusions

In general results were different for SP and for RT. SP results 
depended on source/receiver distance. Trends were difficult to 
discern at short distances, and at lower frequencies - presumably 
due to wave effects.

a. Variable-height baffles - the height of a full-coverage baffle 
array had negligable effect on both SP and RT;

b. Ceiling baffles vs wall absorption - Combined ceiling and wall 
absorption gave lower SP levels than did ceiling baffles, which 
gave lower levels than (5 mFS height), or similar levels to (10 mFS 
height), wall absorption. Given the relative treatment areas, the 
ceiling treatment was generally most cost-effective. In both cases, 
the RT decreased in proportion to the amount of absorbent material 
introduced;

c. Full vi partial wall coverage - SP levels were lower with 
ceiling baffles and full wall absorption. Again, the RT decreased 
in proportion to the amount of absorbent material introduced. 
Applying absorbent material in patches is not particularly cost 
effective;

d. Partial-coverage ceiling baffles - SP levels at all distances 
decreased significantly with introduction of 50% coverage, then 
farther decreased slightly with increased coverage. Again, RTs 
decreased in proportion to the amount of absorbent material 
introduced. Smaller coverages are more cost-effective at reducing 
SP levels, but not RTs;
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e. Flat local suspended absorbers - Decreased height, increased 
lateral extent and the presence of reflecting barriers reduced SP 
levels slightly. The presence of a rigid backing increased levels 
near the source. Generally the treatments were ineffective at 
reducing RT;

f. Novel local suspended absorbers - These absorbers were 
generally more effective than flat absorbers. Partial boxes with 
absorbent dividers were most effective at reducing SP levels. 
Generally the treatments were only marginally effective at 
reducing RT.

Figure 2a compares 1000-Hz SPs measured in the model 
workroom with no absorption / local flat absorber / full-height, 
full-coverage ceiling baffles / local divided box. At short 
distances, the local absorbers were more effective than ceiling

baffles - the divided-box configuration was much more effective 
than the flat one. At large distances the divided-box and the full 
ceiling baffles were most effective.

Figure 2b compares RTs measured in the model workroom with no 
absorption / full-height, full-coverage ceiling baffles / flat local 
absorber and reflecting barriers / open pyramid with reflecting 
barriers. At all frequencies full baffles were more effective than 
local absorbers. The open pyramid was more effective than the flat 
absorber.
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Figure 1. Illustration of the flat and novel local absorbers.
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Figure 2. Results of measurements in the fitted 10-mFS-high scale-model workroom without and with absorbent treatments as shown 
above: a) 1000-HzFS SP; (b) third-octave-band RT.

-  62  -



Rion's new NA-29 
provides unusual 
capabilities for 
a pocket-size 
acoustical 
analyzer 
weighing only 
2.2 lbs. It's 
displays include:

□  Lmax, Ln, Lavg, Leq.

□  Real-time octave  analysis centered 
31.5 Hz. through 8000 Hz.

□ Sound level in large digits.

□  Level vs. time, each frequency band.

□  1500 stored levels or spectra.

□  Spectrum comparisons.

Italsofeaturesexternaltriggering.AC/DCoutputs, 
and RS-232C I/O port. A preset processor adds 
additional versatility for room acoustics and HVAC 
applications. To minimize external note taking, 
users can input pertinent comments for each 
data address, Specify the NA-29E for Type 1 
performance or the NA-29 for Type 2.

Our com b ined  distribution o f Norwegian 
Electronics and Rion Company enables us to 
serve you with the broadest line o f microphones, 
sound and vibratfon meters, RTAs, FFTs, graphic 
recorders, sound sources, spectrum shapers, 
multiplexers, and room acoustics analyzers, plus 
specialized software for architectural, industrial 
and environmental acoustics. You'll also receive 
full service, warranty and application engineering 
support. Prepare for the '90s.

Call today. (301) 495-7738

SCANTiKINC
\ 916 Gist Avenue • Silver Spring, MD 20910 /«

PALM SIZE 
FFT

J r*

Amazingly smaller 
and lighter than a  

lap-top

Our new SA-77 FFT Analyzer is a 
true miniature. Yet it is very big 
in capability.

• 0 -1  Hz to 0 -  50 kHz,

• Zooms to 800 lines.

• FFT, phase and PDF analysis 
and time waveform.

• External sampling for order 
analysis.

• Stores 150 screen displays 
plus 30K samples of 
time data.

• Single/double integration 
or differentiation,

• Arithmetic/exponential 
averaging or peak-hold.

• Built-in RS-232C.

• 8 4 X 4 8 X 1 2 inches.

• 23 ounces.

Call today. Discover how much 
noise, vibration and general 
signal analysis capability you 
can hold in the palm o f your 
hand. And a t how reasonable 
a cost.

SCANTEK INC*
916 Gist Avenue, Silver Spring, 
MD. USA 20910 » (301) 495-7738



H old  the 
So u n d  of the W orld

in  the Palm

of YOUR
H and

Bruel & Kjaer has introduced 
a sound level analyzer 

which is the most advanced 
in the world and yet is so compact 

that it can be held 
in the palm of your hand



The Type 2260
REAL TIME ANALYSIS
• 2 channel capability

with 80 dB dynamic range
Fully programmable

due to DSP design 
Uses New Type 4189 microphone

PCMCIA Technology

Spectral statistics 
• Back-Lit LCD display 

Multi-Language 
1.3 Kg weight

BRÜEL & KJAER CANADA LTD
90 Leacock Road, Pointe Claire, Quebec H9R1H1
Tel.: (514) 695-8225 Fax: (514) 695-4808



The TRUTH !
Tie 700 and 000 series of sound level meters and dosimeters...

Adaptable to a variety of measurement applications.

é
 JBKbèÊ Completely configurable to meet any legislation you

to a wide range of printers.

0030

Q Q Q Q

0QS9
QQQQ

High speed serial interface for transfer of data to a computer or 
directly to a printer.

Large internol memory for logging your noise meosuremenls.

WINDOWS and DOS based software for data retrieval, analysis, 
reporting and archiving.

Reliable instruments backed with a two year warranty.

Dalirni fJ l  J L  J L C ' l  M. Instruments Inc.
193, Joseph Carrier Tel. : (514) 424-0033 Toronto: (905) 508-8345
Vaudreuil-Dorion, Québec J7V 5V5 Fax: (514) 424-0030 Fax: (905) 508-8344


