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Editor’s Note: Chapter 24 of the 2010 edition of the National Fire Alarm and Signaling
Code is a new chapter that covers the requirements for the installation and performance
of emergency communications systems for in-building fire emergency voice/alarm com-
munications systems and other communications systems. This supplement focuses on
those systems where the design includes the use of speakers. These systems often present
the most design challenges and include in-building fire EVACS, in-building MNS, wide-
area MNS, distributed recipient MNS, two-way emergency services ECS, area of refuge
ECS, and elevator ECS.
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Almost 30 years ago, NFPA began work on NFPA 72F, the
first installation Standard for the Installation, Mainte-
nance and Use of Emergency Voice/Alarm Communication
Systems.1 Finally published in 1985, the document con-
tained approximately two pages of requirements, including
additional pages of Appendix (Annex) material for
“Voice/Alarm Signaling Service” and “Two-Way Tele-
phone Communication Service.”

In contrast, the 2010 edition of the National Fire
Alarm and Signaling Code, Chapter 24, provides the re-
quirements for Emergency Communications Systems with
a total of 23 pages, including the Annex material. The
major difference: the fact that this chapter of the National
Fire Alarm and Signaling Code now covers more than just
in-building fire emergency voice/alarm communications
systems (EVACS). It also requires much more in terms of
system arrangement and performance.

Chapter 24 is structured to include many types of
emergency communications systems (ECSs). These have
been divided into two basic categories, one-way and two-
way. The one-way emergency communications systems in-
clude in-building systems as well as wide-area and

distributed recipient mass notification systems. The two-
way emergency communications systems provide require-
ments for both wired and radio emergency services
systems, area of refuge systems, and elevator communica-
tion systems.

Chapter 24 includes a section that pertains to informa-
tion, command, and control. This is for the communica-
tions methods and equipment used to receive and transmit
information between premises sources or premises sys-
tems and the central control station(s). These may include
wired or wireless networks for one- or two-way communi-
cations and/or control between a building or area and a
central control station and could include an emergency
services organization or public alarm reporting system. In
a very basic configuration, a system and the receiving fa-
cility could be a supervising station system. However,
there can be more complex systems that allow control of
building systems and communication to building occu-
pants from a remote location, including a municipal or
other public alarm reporting command center or possibly
even from a mobile command vehicle using secure com-
munications.
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Although prescriptive-based, mass notification sys-
tems will be required to serve very specific yet very varied
needs. As such, mass notification systems design will re-
quire significant reliance on the risk analysis. Section 24.7
provides a performance-based design approach.

Each of these sections addresses requirements for
pathway survivability. The arrangement of the sections
containing the requirements for the different emergency
communications systems presented is shown in NFPA 72®

Figure A.24.3.6, which is reproduced here as Exhibit S2.1.
In recent years, the use of communications systems,

both inside buildings and outside, has become more com-
mon for many different reasons. With the advent of terror-
ist activities, shootings on college campuses and high
schools, and extreme weather issues, the public increas-
ingly demands actionable information in real time. As a re-
sult of that demand, mass notification systems (MNSs)
have become the norm in all Department of Defense build-
ings and sites. These systems have begun to make their
way into other government and commercial buildings, col-
lege campuses, and outside environments. Many, if not
most of the MNS designs, have combined or integrated
these systems with the in-building fire EVACS.

During the 25-year history of EVACS, the Code did
not allow for the sharing of the fire alarm textual audible
notification appliances (speakers) or control equipment by
any other system. The Code did not allow the use of the
EVACS for anything other than fire alarm signaling, except
under very strict control and approval by the authority hav-
ing jurisdiction. However, for the first time in the history
of the Code, the requirements permit the combining or in-

tegrating in-building fire emergency voice/alarm commu-
nications systems with other communications systems,
such as mass notification systems, public address, and pag-
ing systems. In addition, again for the first time in the his-
tory of the Code, certain mass notification messages may
take precedence over a fire alarm signal.

The technology has become available to ensure that
fire alarm or priority mass notification messages — as de-
termined by a careful and thorough risk analysis — can
take precedence over any other announcements from non-
emergency systems, including paging from a telephone
system or other public address system. Speaker system de-
signs have become available that incorporate volume con-
trols and components that allow occupants to lower or turn
off the speakers in their area or office, but switch the
speakers back on to operate at their required power output
when the fire alarm system or MNS actuates. This is one
of the safeguards now available to meet the requirements
of the Code and allow integration of in-building fire emer-
gency voice/alarm communications systems with other
communications systems.

No one would question that using one speaker system
to serve multiple functions offers financial benefits to the
owner of the facility. Using one system reduces the costs
of design, installation, and maintenance throughout the life
cycle of the system. In addition, regular use of the system
for normal paging functions provides an end-to-end test of
the audible notification components and circuits. As occu-
pants become familiar with use of the system for normal
paging, they will also more likely become comfortable and
proficient with use of the system during an emergency.
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gible.” Although the Code does not yet require a system to
meet a specific level of intelligibility, it does provide a new
Annex D, entitled Speech Intelligibility, that treats the sub-
ject of measuring intelligibility levels in detail. In most de-
signs of typical sound and communications systems,
stakeholders measure intelligibility by whether or not the
designers, installers, authorities having jurisdiction, and
occupants can understand the messages. The stakeholders
do not expect anyone to actually quantify intelligibility
through measurements or tests.

Since 1999, additions to the Code have required both
audibility and intelligibility of voice communications.
Prior to the introduction of intelligibility requirements,
EVACS might have met the audibility requirements, but
nothing ensured that occupants could comprehend and
then react properly to the voice message. Typically, fire
alarm system designers, installers, and authorities having
jurisdiction had a limited background in the science of
sound and communications. In previous editions, the Code
offered only limited guidance on how to provide intelligi-
ble voice messages.

Users of the 2010 edition of the Code will find much
improved design guidance for the layout of effective, audi-
ble, and intelligible communications systems. Of course,
neither the Code itself nor this Supplement intends to serve
as a complete design guide. See the References and bibli-
ography at the end of this Supplement for additional de-
sign information.

Table S2.1 provides a list of emergency communica-
tions systems with their specific requirements. Integration
of each of these systems can provide emergency informa-
tion to the building occupants and meet the communica-
tions needs required by the owner.

TABLE S2.1 Emergency Communications Systems

One-Way ECS Two-Way In-Building ECS

In-building fire EVACS Two-way wired emergency services
ECS (ECS)

In-building MNS Two-way radio emergency services
ECS (ECS)

Wide-area MNS Area of refuge ECS
Distributed recipient MNS Elevator ECS

According to Wikipedia, communication is the
process to impart information from a sender to a receiver
with the use of a medium. The first step in any design
process is to determine what ECS the owner or occupants
of a building or area require or desire. In most situations, a
voice communication system will need to include a com-
bination system providing in-building fire EVACS, in-
building MNS, and paging to meet the operational goals
and cost savings objectives of the owner.

The next step is to evaluate the expected or measured
ambient noise conditions of the building. Exhibit S2.2
shows typical levels of ambient noise.

As stated previously, one of the major operational
goals is to ensure the messages distributed by the ECS are
intelligible. The 2010 Code defines intelligible as “capable
of being understood; comprehensible; clear” and defines
intelligibility as “the quality or condition of being intelli-
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EXHIBIT S2.2 Typical Operational Level Over the
Dynamic Range of the Ear. (Source: Bob McCarthy,
Sound Systems: Design and Optimization, Elsevier, Ltd.,
2008, Figure 1.14, page 15)2



speaker must deliver 105 dB at the listener to overcome the
noise. Such a level from the speaker could exceed 120 dB
nearer the speaker, depending on the location of the lis-
tener in relationship to the placement of the speaker. The
Code permits a maximum sound pressure level (SPL) of
110 dB. The SPL of 120 dB could result in hearing dam-
age. The Code requires the use of visible notification ap-
pliances (strobes) in locations with such high ambient
noise levels; see 18.4.1.2. In addition, the occupants of
areas with such a high ambient noise level would need
training to respond to the visible notification appliances
and relocate to an area where they could hear the message
from the speakers.

The Code also recognizes that some ambient noise
signals are made up of different frequencies and states “in
areas where the background noise is generated by machin-
ery and is fairly constant, a frequency analysis can be war-
ranted.” See A.18.4.3.1.

One must understand that proper microphone tech-
nique presents one of the uncontrollable factors in any de-
sign. The installer of an ECS system must provide the
operators of the system with proper training in the use of a
microphone, as well as for the other operation use of the
system. In many cases, designers may prefer to use prere-
corded messages or digitally compiled phrases rather than
let untrained users operate the microphone. Recorded mes-
sages provide a consistent sound level output and a con-
trolled speech pattern generally performed by recording
professionals. Such output will provide a more intelligible
message than a nonprofessional who makes an unpracticed
announcement using a microphone.

Designers must consider other intelligibility issues,
including possible distortion introduced by the amplifier
and signal processing equipment. It should come as no sur-
prise that equipment quality plays an important part in the
delivery of an intelligible message to the listener. Although
the Code requires the use of products listed by an organi-
zation acceptable to the authority having jurisdiction, such
listings do not guarantee the equipment’s quality to repro-
duce clear, understandable messages. Assuming that the
control and amplifier equipment meets the quality goal and
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The issue in design becomes how to ensure that the
system “delivers” intelligible messages through an instal-
lation of cabling and equipment consisting of amplifiers
and speakers. See Exhibit S2.3.

The “source” shown in Exhibit S2.3 could consist of a
person orally giving emergency instructions via the micro-
phone. Or, the source could consist of a prerecorded mes-
sage. Once either of these signal sources are present, the
next step occurs in the signal processing and amplifier
equipment.

The NEMA Emergency Communications Audio Intel-
ligibility Applications Guide3 provides a description of fac-
tors that affect intelligibility:

There are many factors that affect the intelligibility of
messages presented over public address systems in
public and private spaces. Some major intelligibility
factors include:

● Background noise.
● The configuration of the space being addressed.
● The acoustical properties of the materials on the

walls, floors, and ceilings.
● The distortion and bandwidth of the sound equip-

ment.
● The characteristics of the person speaking (male/fe-

male, accent, microphone technique, etc.)

The ECS system designer cannot control all of these
factors, but he or she must design the system to compen-
sate for those factors not under his or her control. The de-
signer must address background noise or “ambient noise
levels” as part of the design. In order for the system to
meet the intelligibility goals, the system must have an ad-
equate signal-to-noise ratio. If the system provides a
speech signal at least 15 dB higher than the ambient noise
level, this will minimize the intelligibility loss from the
ambient noise levels.

However, if the ambient noise levels reach exceed-
ingly high levels — greater than 90 dB — then attempting
to present a signal with sufficient level to overcome the
ambient noise level will likely decrease the intelligibility
of the message. Using the example of an ambient noise
level of 90 dB, such as in a noisy manufacturing area, the
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ity. When a speaker broadcasts a message, the listener
hears direct sound from the speaker and somewhat delayed
sound from reverberation. The degree of intelligibility of
the sound will depend on the listener’s physical location in
relation to the location of the speaker.

Reverberation in a room or space depends on the na-
ture of that space: dimension of the space, construction
materials used in the space, whether or not the space in-
cludes occupants, and furnishings in the space. The
amount of reverberation in a room diminishes when the
room or space includes construction features, people, or
furnishings that absorb sound. The amount of reverbera-
tion varies from space to space, depending on the absorp-
tion characteristics of the materials in a particular space.
Hard surfaces reflect sound rather than absorb it. Soft sur-
faces, such as drapes and carpeting, tend to absorb sound.
The more reflection in a space, the greater the reverbera-
tion that space will have. The more absorbency in a space,
the less reverberation that space will have. To help reduce
reverberation in a room, designers should locate speakers
away from hard surfaces, such as walls, and point the
speakers towards soft, absorbent surfaces.

Increasing the power (wattage) of the speaker often
distorts the message content from a speaker. Generally, a
more efficient design locates the speakers in occupied
areas of the space and uses more speakers at reduced
power for each speaker. Both of these design considera-
tions help reduce the effects of reverberation, provide a
better direct signal to the listener, and increase the intelli-
gibility of the messages. This guidance applies best where
the ceiling heights do not exceed 10 to 12 ft (3.0 to 3.7 m).
In rooms or spaces with high ceilings, the designer should
use a more “focused” or directional speaker than a stan-
dard ceiling- or wall-mounted speaker.

UL Standard 1480, Standard for Speakers for Fire
Alarm, Emergency, and Commercial and Professional
Use4, requires a reverberant chamber test and an anechoic
rating as defined by CAN/ULC-S541-07, Speakers for Fire
Alarm Systems, Including Accessories5. The reverberant
chamber test measures the total sound power output of a
speaker in a chamber specifically designed to reflect a cer-
tain amount of the sound. Yet, it has proven difficult to cor-
relate a speaker’s reverberant chamber sensitivity rating
with real-world acoustics. Typically, the anechoic rating at
1 kHz is more representative of real world performance.3 A
designer should consult a manufacturer’s product informa-
tion sheets to determine the speaker characteristics avail-
able. Because speakers are “point source” appliances,
ideally the sound radiates outward in a near spherical pat-
tern. As the sound moves away from the speaker, the in-
verse square law relates a drop of 6 dB of sound pressure
level every time the distance is doubled from the speaker.

operational needs of the design, the next important consid-
eration must include an analysis of the effect of the envi-
ronment on the speakers and the speaker placement
throughout the facility.

The designer must understand the acoustics of the
space. In addition, the designer must understand and ad-
dress the acoustic performance properties of the proposed
speakers. These considerations help ensure that he or she
chooses the right speaker, its output, and placement. The
analysis may disclose that the only way to achieve a proper
design for the ECS is to include the modification of some
architectural design features of the space.

As stated in Annex D of the 2010 edition of the Code,
D.1.5, “The designer and the authority having jurisdiction
should both be aware that the acoustic performance pa-
rameters of the chosen loudspeakers, as well as their place-
ment in the structure, play a major role in determining how
many appliances are necessary for adequate intelligibility.
The numerical count of appliances for a given design and
protected space cannot, by itself, be used to determine the
adequacy of the design. Sometimes, the acoustic problems
of certain placement constraints can be satisfactorily over-
come through the careful selection of loudspeakers with
the requisite performance characteristics, rather than by in-
creasing their number.”

Chapter 18 of the Code requires designers to specify
“acoustically distinguishable spaces” (ADSs) when de-
signing an ECS. Annex D states that an ADS may be a
physically defined notification zone or part of a notifica-
tion zone. An ADS is a space “distinguished from other
spaces because of different acoustical, environmental or
use characteristics such as reverberation time and ambient
sound pressure level.” The Code allows the designer to de-
fine an ADS as a space that “might have acoustical design
features that are conducive for voice intelligibility, or it
might be a space where voice intelligibility could be diffi-
cult or impossible to achieve.” In essence all parts of a
building are a part of an ADS. There can be many different
ADSs in a building. Some ADSs might require intelligible
voice and others may be designated by the designer as re-
quiring only tone signaling, or no occupant notification at
all. See Exhibit 18.13, which is a decision tree that can be
used for determining the requirements or needs for each
ADS. Annex D encourages designers to review all of the
information it provides regarding acoustically distinguish-
able spaces.

Reverberation time — also known as RT60 time — is
defined as the amount of time it takes for a sound to di-
minish 60 dB below the original level. Sound reflecting off
hard surfaces such as wood or tiled floors, concrete walls,
ceilings, or other hard surfaces produces reverberation. Re-
verberation can seriously contribute to reduced intelligibil-
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The sensitivity of a speaker is defined as the amount of
sound a speaker can produce with a known signal fre-
quency, power level, and distance from the speaker. For
fire alarm speakers listed under UL Standard 1480, the
sensitivity is rated at 1 Watt of power measured 10 ft (3.0
m) from the speaker.

Speaker sensitivity may prove useful for comparing
different models and manufacturers of speakers. However,
a designer may find a polar distribution plot for a speaker
more useful when choosing a speaker for a particular de-
sign. This is because speakers in the direct line of the lis-
tener actually produce the loudest sound. As the listener
moves away from that centerline, speakers produce less
loud sounds. This directionality information is useful when
determining the coverage area of a speaker. The “coverage
angle” is defined as the angle where the SPL drops 6 dB
from the on-axis SPL. As stated in the NEMA Guide,3

Speakers used for emergency voice/alarm communica-
tion system are wired as ‘Constant Voltage’ systems,
where the maximum power output of the amplifier is
obtained at a certain speaker voltage, such as 25 V or
70.7 V. The power output of a speaker, and thus the re-
sulting SPL is controlled by wattage taps on the speak-
ers themselves. The minimum wattage tap for a UL
Standard 1480 listed speaker is 1/4 W. Typical 4-inch
speakers have wattage taps in 3 dB increments: 1/4 W, 1/2
W, 1 W, and 2 W. Each wattage tap doubles the power
delivered by the speaker, and so increases the SPL out-
put by 3 dB for each increasing tap. An increase of 3 dB
is considered a just noticeable increase in SPL, chang-
ing the wattage tap from 1/4 W to 2 W increases the per-
ceived loudness by slightly less than double.

A designer may choose one of many speaker layout
options. The layout will obviously depend on the room or
space geometry. See Tables S2.2 and S2.3 and Exhibit S2.4
for some recommendations for ceiling-mounted speakers.
As stated in the NEMA Guide, in general low ceilings re-
quire more ceiling-mounted speakers per square foot of
area than high ceilings.

Designers have also used wall-mounted speakers in
many applications, especially in corridors and other nar-
row spaces. The NEMA Guide lists some of the advan-
tages and disadvantages of wall-mounted speakers, which
are extracted below:

Advantages

● For narrow areas such as hallways, fewer speakers
and less amplifier power may be needed to cover the
same size area. This is because all of the speaker’s
sound contributes to useable audibility.

● Mounting can be on more than one wall. This fur-
ther improves the distribution of direct sound to the
listener.

TABLE S2.2 Examples of Typical 4-in. Speaker Coverage
for Varying Ceiling Heights

Listener Height = 5 ft

Ceiling Height Coverage Diameter Coverage Area

8 ft 7.7 ft 46 ft2

10 ft 12.8 ft 129 ft2

12 ft 17.9 ft 252 ft2

14 ft 23.0 ft 417 ft2

16 ft 28.2 ft 623 ft2

18 ft 33.3 ft 870 ft2

20 ft 38.4 ft 1158 ft2

Listener Height = 1.5 m

2.5 m 2.6 m 5.1 m2

3 m 3.8 m 11.6 m2

3.5 m 5.1 m 20.6 m2

4 m 6.4 m 32.2 m2

4.5 m 7.7 m 46.3 m2

5 m 9.0 m 63.0 m2

5.5 m 10.2 m 82.3 m2

6 m 11.5 m 104.2 m2

Source: NEMA Standards Publication SB 50-2008, Emergency
Communications Audio Intelligibility Applications Guide,
Table 2-1.3

TABLE S2.3 Layout Pattern Selection Guide

Layout Description

2� Edge-to-edge Not recommended except for tone only
signaling or small rooms with low 
noise or low reverberation.

1.4� Edge-to-edge Uses fewer speakers than edge-to-
edge pattern. Only appropriate for 
rooms with low noise and low 
reverberation.

Edge-to-edge Preferred layout pattern for most areas.
Minimum overlap Use with areas of high reverberation 

and/or high ceilings.
Full overlap For the worst areas, generally provides

excellent intelligibility for even 
difficult areas.

Use with caution. This type of pattern 
can result in lower than expected 
intelligibility due to multiple speaker 
interaction.

Modeling is recommended for areas 
that would need this layout pattern.

Source: NEMA Standards Publication SB 50-2008, Emergency
Communications Audio Intelligibility Applications Guide,
Table 2-2.3
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speakers at heights not less than 90 in. (2.29 m) above the
floor. When provided with a visible notification appliance,
the unit is required to be installed such that the entire lens
is not less than 80 in. (2.03 m) and not greater than 96 in.
(2.44 m) above finished floor. With wall-mounted speak-
ers, designers must determine coverage for each speaker
using the diameter of coverage rather than the coverage
area used for ceiling-mounted speakers. The speaker spac-
ing is then determined using the width of the wall coverage
defined by the diameter of coverage. See Table S2.4.

● Wall mounted speakers put sound directly into the
listener area. This can reduce the excitation of the
reverberant field.

● Combination speaker strobe units permit voice and
visual notification in a single appliance.

Disadvantages

● The sound field from wall mount speakers is more
likely to encounter obstructions from furnishings
such as cubicle walls in office environments or
movable partitions in conference rooms. If the fur-
nishings in a room are likely to change, a distributed
overhead system or a combination wall mount and
overhead design should be considered. This mini-
mizes the variation of audibility and intelligibility.

● In rooms with low, hard ceilings the sound emitting
from the top hemisphere of the coverage pattern is re-
flected off the ceiling and down to the listener. This
can increase the reverberant field sound level and re-
sult in delayed arrival of sound. These factors both
contribute to a reduction in intelligibility.

The principal difference between a wall-mounted
speaker system and a ceiling-mounted speaker system is
the influence speaker location has on the distance from the
speaker to the listener’s location in the room.

The Code requires installers to locate wall-mounted
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EXHIBIT S2.4 Speaker Layout Patterns. (Source: NEMA
Standards Publication SB 50-2008, Emergency
Communications Audio Intelligibility Applications Guide,
Figure 2-7)3

TABLE S2.4 Wall-Mounted Speaker Coverage Width vs.
Room Depth

Wall-Mounted Speakers (in Feet)

Coverage Width 3 ft (1 m) from Wall
Room Width Opposite Speaker

10 ft 18 ft
12 ft 23 ft
14 ft 28 ft
16 ft 33 ft
18 ft 38 ft
20 ft 44 ft

Wall-Mounted Speakers (in Meters)

2.5 m 3.8 m
3.0 m 5.1 m
3.5 m 6.4 m
4.0 m 7.7 m
4.5 m 9.0 m
5.0 m 10.2 m
5.5 m 11.5 m
6.0 m 12.8 m

Source: NEMA Standards Publication SB 50-2008, Emergency
Communications Audio Intelligibility Applications Guide, Table 2-4.3

Wall-mounted speakers generally consist of a single
row on one side of a space. However, a designer must take
care to not overextend the expected sound penetration into
a room larger than 20 ft (6.1 m) wide. When the opposite
wall is greater than 15 ft (4.6 m) away from the wall where
the speakers are installed, a second group of speakers
should be installed on the facing wall with full overlap of
the speaker coverage. See Exhibits S2.5 and S2.6 for a typ-
ical wall-mount coverage layout.

For both ECS and MNS systems, intelligibility of the
voice message is one of the most important aspects of a
well-designed system. But equally important is the devel-
opment of the messages to be used during an emergency.
Additional information on planning, design, and testing for
speech intelligibility can be found in Chapter 18, Annex D,
and Supplement 3.



● Must be zonable — able to allow addressing only
those population groups affected by the situation.

● Must be intrusive — must gain and retain the popula-
tion’s attention. Warning style is also crucial; it must
be specific, consistent, certain, clear, and accurate.

The design of an ECS should also allow informed
emergency managers to provide live and correct informa-
tion to the population as a situation develops. For example,
consider an incident where a vehicle strikes the wing of a
fueled aircraft resulting in a significant fuel spill at a ter-
minal gate. Just sounding the fire alarm with no instruc-
tions would result in passengers exiting to the tarmac. In
this example, live messages to the occupants near the inci-
dent could instruct them to move away from the gate wait-
ing area to a safe location.

Another example to consider would occur when the
MNS initiates amber strobes (labeled ALERT) in an air-
port terminal and all monitors in the terminal change to
display information on the nature of the emergency and the
action needed by passengers. Will the passengers and staff
know what the amber strobes mean? Will they know to
look at the monitors for instructions? Will all the passen-
gers read English?

In addition to the information about message use and
content stated above, it becomes very important to repeat
the messages and provide timely updates to avoid incor-
rect actions by the building occupants. Empirical research
of natural disasters, technological events, terrorism, and
more has developed some general guidance. This infor-
mation will provide direction on the following generic is-
sues:

● Deciding to warn (how, when, who, where)
● Writing the warning message(s) — content matters
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Research shows that the message is one of the most
important factors in determining the effectiveness of a
warning system6. The warning style is also crucial and
should be specific, consistent, certain, clear, and accurate.
All emergency communications systems used to commu-
nicate emergency directions or messages should ensure
the information provided meets the following general cri-
teria:

● Must be real time — should not rely solely on prere-
corded messages, although they might provide limited
value in some scenarios.

● Must be rich in content — actionable information. An
informed population will respond more efficiently.
The message must provide the following content:

– Information on the hazard and danger
– Guidance on what people should do
– Description of the location of the risk or hazard
– An idea of when they need to act
– The name of the source of the warning (who is giv-

ing it, i.e., the identity of the authority)

● Must be intelligible — audibility is not the same as in-
telligibility; the message must not just be loud, it must
be understood.

Wall

Wall

Room depth

Critical polar angle

Coverage width
3 ft (1 m)
off wall

52° off axis

On axis
–6 dB

EXHIBIT S2.5 Wall-Mount Speaker Coverage Pattern (Viewed from Ceiling). (Source:
NEMA Standards Publication SB 50-2008, Emergency Communications Audio Intelligibility
Applications Guide, Figure 2-8)3

EXHIBIT S2.6 Typical Wall-Mount Speaker Coverage
Layouts (Source: NEMA Standards Publication SB 50-
2008, Emergency Communications Audio Intelligibility
Applications Guide, Figure 2-9)3
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Guide, National Electrical Manufacturers Association,
Rosslyn, VA, 2008.

4. UL 1480, Standard for Speakers for Fire Alarm,
Emergency, and Commercial and Professional Use,
Underwriters Laboratories Inc., Northbrook, IL, 2003.

5. CAN/ULC-S541, Speakers for Fire Alarm Systems,
Including Accessories, Underwriters Laboratories of
Canada, Toronto, ON, 2007.

6. Gray, R., “Taking it From the Experts When Crafting
Your Messages,” Campus Safety Magazine, May/June
2008.
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● Disseminating the message (channels, frequency)
● Monitoring real-time response and updating
● Testing the warning systems

Once stakeholders have made decisions on the basic
information needed in a message, they should refine the
message to accommodate specific needs. Such needs in-
clude addressing unique community demographics — eld-
erly, disabled, non-English speaking — and any unique
geographical feature of the location where the message
will be delivered. In addition, the stakeholders must con-
sider how sudden or protracted events, large or even con-
current disasters, will change the message.

In order to ensure the maximum effectiveness of the
messages, the recipients of the messages must receive
training and education. In the case of a mass notification
system, the training and education of the public becomes
critically important. They must understand the nature of
the messages they may receive and how the technology
will deliver those messages in an emergency.

The system and its components must remain secure.
The design of speakers and control equipment — hardware
and software — must render them tamper-proof and
hacker-proof. The ECS must include interoperability, so
that it can complement other local and regional emergency
response systems. And finally, the system must be surviv-
able. Chapters 12 and 24 of the Code have specific levels
of survivability for various emergency communications
systems. The system must be able to withstand attack
based on the planned ECS use. Also, the stakeholders must
determine the use of the system by a rigorous risk analysis,
following guidance provided by the Code and other appli-
cable codes and standards.

Emergency communications systems — whether they
consist of stand-alone in-building EVACS or MNS or in-
clude some other form of integrated ECS — provide a crit-
ical emergency capability that can save lives and property.
Designers must keep in mind that for any design of an
ECS, intelligibility, security, survivability, and the proper
use of messaging all represent important aspects of a com-
plete design.

REFERENCES

References Cited

1. NFPA 72F, Standard for the Installation, Maintenance
and Use of Emergency Voice/Alarm Communication
Systems, 1985 edition, NFPA, Quincy, MA.

2. McCarthy, B., Sound Systems: Design and Optimiza-
tion, Elsevier, Ltd., London, 2008.

3. NEMA Standards Publication SB 50, Emergency
Communications Audio Intelligibility Applications



nation of System Power Requirements for Enclo-
sures,” Proceedings of the IRE, March 1948.

Molloy, C. T., “Calculation of the Directivity Index for
Various Types of Radiators,” J. Acoustical Society of
America, 1948;20:387–405.

Peutz, V. M. A., “Articulation Loss of Consonants as a Cri-
terion for Speech Transmission in a Room,” J. Audio
Engineering Society, 1971;19(11).

Peutz, V. M. A., “Quasi-steady-state and Decaying Sound
Fields,” Ingenieursblad, 1973;42(18) (in Dutch).

Various, “Loudspeaker Arrays — Design and Perform-
ance,” J. Audio Engineering Society, 1990;38(4).

898 Supplement 2 ● Emergency Communications Systems Design and Application Challenges

2010 National Fire Alarm and Signaling Code Handbook

Various, Sound Reinforcement, an anthology of articles on
sound reinforcement from the Journal of the Audio
Engineering Society, volumes 1 through 26. (Avail-
able from the AES)

Papers

Boner, C. P., and Boner, R. E., “The Gain of a Sound Sys-
tem,” J. Audio Engineering Society, 1969;17(2).

Haas, H., “The Influence of a Single Echo on the Audibil-
ity of Speech,” J. Audio Engineering Society, 1972;
20(2).

Hopkins, H. F., and Stryker, N. R., “A Proposed Loudness-
Efficiency Rating for Loudspeakers and the Determi-


