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THE SELECTION AND SPECIFICATION 0F AUDIBLE ALARM SIGNALS
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INTRODUCTION

In complex petrochemical, industrial and power plants, audible alarms
are used to provide warnings for fire, gas, evacuation and security,
in addition to the indication of process or equipment malfunction.

Each alarm signal is effective only if it draws the attention of a
person involved in some other task, and is correctly recognised as
having a specific meaning

This paper presents objective criteria for the selection and specifi-
cation of audible alarm signals to ensure their effectiveness. The
criteria have beensuccessfully applied to the design of major plant
alarm systems.

SIGNAL LEVELS

Level criteria .
The major factors In the selection of type, number and location of
alarm sounders are the signal level criteria, which are :

(I) the HINIHUM SIGNAL-TO-NDISE ratio, to ensure perceptlon and
recognition;

(2) the MXIMUH SlGIIAL-TO-NDISE ratio, to prevent startle;
(3) the MINIMUM absolute SIGNAL level, to ensure audibility;
(h) the HAXIHUH absolute SIGNAL level. to prevent temporary or

permanent hearing impairment.

 

Si naI-to-n se ratio
The concept of signal-to-noise (S/N) ratio is fundamental to alarm
system design. In the presence of background noise, recognition of
an alarm is determined by the ratio of alarm signal level to back-
ground noise level. If the S/N ratio is inadequate, the signal will
be totally or partially obscured (masked) by the noise.
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The SIN level at which the alarm is just audible is the masked
threshold level. The masked threshold, or audibility levelI is not

the same as the effective recogni ion level. Reliable recognition of

an alarm requires a considerably higher S/N ratio than mere

audibility.

Wilkins (1) has shown the 1/3 octave band (38] masked threshold 5/" to
be approximately -3dB for noise levels <35d3(A), Dds for noise levels
between 85dB(A) and 100dB(A) and +5dB for noise levels >100d5(A). To

ensure we: probability of recognition, Wilkins has reported that the

5/“ should be +lld3 relative to the masked threshold. For noise
levels between SSdS(A) and 100dB(A), this corresponds directly to a
1/3 OB S/N of HMS. Wilkins suggests that, to ensure attention
demand, there is some evidence to support the requirement for a

signal level +15d8 above the masked threshold. This requirement has
been proposed for offshore installations by the Norwegian Petroleum

Directorate (2).

 

A S/N of +15dB is easy to achieve in low noise environments. In
noisy plants, however, the number and output power of alarm sounders
required to produce +l5dB over a large area can be prohibitive. For
these situations, a basic 1/3 03 S/N of nous has been successfully
applied (from Wilkins, this corresponds to a probability of recog-
nition of approximately 952).

Most design data are available not in 1/3 08‘s, but in 08's, or over-
all dB(A). It is therefore necessary to derive minimum 5/“ criteria
for (i) 03's and (ii) d5(A).

Consider the typical distribution ofplant noise within one 03. The
overall level of 83dB is produced by a summation of the II} 03 levels,
e.g. 86dB, Shdfi and SZdB: with a S/N criteria of “NB. the required
overall signal levels for the three 1/3 octaves would be 96, 3k and
32d3 respectivelyu To apply an o_a SI” of Kids (i.e. a signal level
of seas) would result in over-design in many cases.

A minimum S/N ratio of Eda in at least one 03 (a signal level of 97d3
in this instance) is therefore recomended. This 5/.“ will be
adequate in the vast majority of cases, but is not applicable where

the noise is tonal in content (i.e. where all the noise energy is
contained within one of the three US 03's). Conversely, if it is
reliably knmn that the noise spectrum is flat. i.e. that the three
US 03's are equal in level, the DB SIN may be reduced to SdB.

Follwing the above philosophy. the minimum overall dS(A) S/ii ratio
recommended is 5dS(A). This is in agreement with British Standard
855333 (3). and appears to be gradually gaining general acceptance.
dBiA) calculations should only beapplied where Oil data are not

available, however, since dB(A) noise levels include contributions
at frequencies not affecting the signal masking.
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S/h‘ ratios in excess of 25d5(A) should be avoided. to reduce the risk
of personnel startle reactions, and to avoid unnecessary interference

with aural communication.

Minimum signal level

Notwithstanding the S/rl requirements, a minimum absolute signal level

of 70d3(AJ is recommended for quiet environments. \Jhere persons are

sleeping this level s'hould be increased to 75d3(A). as stated in

355333. '

Maximum signal level
To reduce the risk of permanent or temporary impairment of hearing,

it is recomended that the maximum alarm signal exposure level

should not exceed lZSdSUl). with a preferred limit of 120dB(A).
Alarm sounders with higher output levels may be used. provided that

personnel access is restricted adjacent to the units.

SIGNAL FREQUENCIES

(ieneral reguirements
The general recomended frequency range for audible alarms is SODHz

- ZkHz, the hearing mechanism being sensitive to sounds within this

frequehcy band. The installation of alarms with fundamental fre-

quencies above 2kHz is disadvantageous in public areas, or where the

work-force may include persons with noise-induced hearing loss.'due

to the cannon loss in hearing sensitivity at high frequencies.

The sound insulation of building elements generally increases with

frequency, as does the sound absorptive performance of internal

finishes. To minimise the number of sounders within buildings the

frequency should not exceed lkHz. as recommended in 555333.

Similar considerations apply to external barriers and vehicle cabs.

In high noise level areas the masking spectra of the various noise

sources must be considered, and the overall most appropriate alarm

frequency selected. Also of interest are the type(s) and fre-

quency(ies) of other warning devices on the site. An alarm will

generally more effectively mask a second alarm if the second alarm

has a higher frequency. This implies that over-riding alarms in

multi-stage alarm systems should have lower fundamental frequencies

than earlier-sounding local alarms.

External alarm systems
A further consideration in the design of alarm systems for large out-

door areas (e.g. process plant sites) is the frequency-dependent

excess attenuation of sound with distance. Signal frequencies -in

the ZkHz OB and above should be avoided because of excessive air

absorption losses. A standard prediction technique should be used

to account for ground and meteorological effects, particularly in

the ZSOHz and SOOHz octave bands.
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System design implications
The directivity of many sounders is frequency-dependent, with

implications for system complexity and cost. As an example, typical
horn loudspeakers have an output at 90° off-axis which is -22dB re the
on-axis level at a frequency of 2k‘dz; this difference is reduced to
'llda at lki-lz.

TEMPORAL CHflRACTERISTICS

The temporal characteristic of the signal, 2.9. wail, whoop or inter-

rupted tone. should he considered. The signal selection is related

to
(1) the maximum number of distinguishable signals;
(2) the specific meaning'of each signal, and individuals‘

learnt responses;
(3) the possibility of confusion between similar signals.

particularly where the S/N is inadequate;
('4) the effective translation of audible. signals into

written descriptions.

In many cases the selection will be governed by national or industrial
standards.

Work by Patterson and Hilroy (A) has indicated that 5 different warn-
ing sounds can be reliably learnt, whilst warnings with similar
rhythyms are often confused.

Signals with a distinct temporal pattern are generally recognised more
readily than simple continuous or interrupted notes. which may be con-
fused with.tones produced by equipment.
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