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A Study on the Propagation Characteristics
of Fire Alarm Sound in Buildings
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ABSTRACT

This study aims to review the propagation characteristics of fire alarm sound in building through
computer simulation. In order to achieve this goal, the sound power level of existing three different
emergency alarms were measured in an anechoic chamber. Sound power level of alarm bell was
98.6dB and electronic-siren speaker was 95.7dB, and electronic-siren phon was 101.8dB at the voltage
of DC 24V in the condition of anechoic chamber. As the results of acoustic simulation, it was shown
that sound levels at the corridor of the building were relatively high and even. But, there were large
difference in sound level at all the frequency bands between corridor and lecture rooms. This mean
that alarm sound couldn't be recognized sometimes in lecture rooms. Through the computer simula-
tion, the propagation characteristics of fire alarm sound could be forecasted and compared due to
plans of buildings.
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Figure 1. Fire detection system.
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Figure 4. Composition of measuring system.
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Table 1. The Dimension of the Subject Building

Area (m?) 1311.0
Volume (m?) 3146.4
Length (m) 57.0
Width (m) 23.0
Height (m) 24
o Floor Terrazzo
I;IAIZ:;;E% Wall Finishing by Water Paint
Ceiling Absorption Board
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Figure 5. Plan of subject building and location of
machinery tool & sound-receiving point.
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a) modeling of object space and
sound-receiving point position
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b) ray-tracing method through simulation

P > 08

Figure St thde] o 0 ng3u e 9
Ao} AGEXLS o 28 Byl Jojdor] £8xL c) distribution of sound pressure level
UERHAL AT Figure 6. Method of computer simulation.
Table 25 AR HE 2 Jeldel viriAlE
¥ FSE dolEst #9 FieA ghe Yehhx
AT, o7k 32k AFFE AlEE oS ol &l AR
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Table 2. Sound-absorption Rate of Finishing Material
Location Material Frequency (Hz)
125 250 500 1k 2k 4k
Floor Terrazzo 0.01 0.01 0.02 0.02 0.02 0.02
Ceiling Absorption Board 0.30 0.20 0.16 0.12 0.15 0.20
Wall Water-paint 0.01 0.01 0.01 0.02 0.02 0.03
Window Doble Window 0.15 0.15 0.03 0.03 0.02 0.02
Door Wood Door 0.14 0.14 0.10 0.06 0.08 0.10
Wood Door 8 13 10 12 24 27
T Con'c 31 35 45 32 56 56
SR LY B3] =R, A23E A58, 20094
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Figure 7. Receiving point and measurement scene.

ojt},

e BxolAe ohald 4lE E47](Rion,
SA-01 8-channel), 724 WHolMEe HALHELSA
(Svantek, SVAN 945B)E AR&-3}9iT}. nlo] A2 E9] =
ol SR 1m BoiZl AN SFER] 9
SN =ololA SAEAL A nle|ARES] &
ol 12mE Atk A weighting 313, G| 7He
2022 A4St

S |
Al

4.

I

@Y o

i/

4.1 V]3A RN 9 S3FukeEhd

Figure 82 WHEgFAo|A F49 v HAR ¢
T 548 YEhd Ao 2H A 24velA &
P42 FHE AolE R

AE2 T Skl met 3ol Sotst
3L 5kHze| 253 oA F2 gile Rolsu vt
s AApAfeldle] EFF 2 AFL 135~200Hz00 A
HAZFLEE S Holgrt o]% F438] FUksk=
S VeI gk dxpatolale] E£3-2 500~1.6kHz
o] IS Ho|i 2kHz ©]/de] AFTg gide
AME Sgude] WolxE S HAh

Table 3& AZAZHS DC 24V +20%°) Tt ztzte)
S 9] S|t}

100

80 A

St (dB)
8

'S
S

20 w

,,,,,,,,,,, :
80 125 200 315 500 800 125k 2k 315k 8k 8k
1/3 SEtHYME Foip(Hz)

20 315 50

Figure 8. Frequency PWL (24V).

Table 3. PWL by Boltage (dB)

Sound Source 19.2V 24V 28.8V
Bell 97.9 98.6 99.8
Siren-speaker 93.0 95.7 97.6
Siren-phon 100.1 101.8 102.1
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Table 4. Sound Pressure Level Due to Distance Increasement (dB(A))

Source Bell Speaker Phon

Location Voltage (V)
Distance (m) 192 | 24 288 | 192 | 24 288 | 19.2 | 24 28.8
. 10 853 | 86.1 | 87.3 | 82 84.3 | 86 91.2 | 92.8 | 93.3
Light 87.9 | 88.7 | 90.0 | 84.4 | 86.8 | 88.5 | 93.3 | 949 | 95.5
Standard 0 90.0 | 90.7 | 92.0 | 86.2 | 88.7 | 90.4 | 94.7 | 96.3 | 96.8
86.7 | 87.4 | 83.7 | 83.1 | 855 | 87.2 | 91.9 | 93.6 | 94.1
10 844 | 852 | 86.4 | 81.1 | 83.5 | 85.1 | 90.4 | 92.0 | 92.5
15 789 | 79.7 | 80.7 | 754 | 77.7 | 79.4 | 84.8 | 86.5 | 87.0
25 76.2 | 77.0 | 78.0 | 73.0 | 75.4 | 77.0 | 83.1 | 84.7 | 85.2
et 30 758 | 76.6 | 77.6 | 72.6 | 749 | 76.5 | 82.4 | 84.1 | 845
35 7571765 | 770 | 71.9 | 743 | 759 | 81.8 | 83.5 | 83.9
40 75.6 | 76.5 | 77.7 | 72.8 | 75.1 | 76.7 | 83.0 | 84.7 | 85.1
45 75.0 | 759 | 77.1 | 724 | 747 | 763 | 82.7 | 84.4 | 84.8

Table 5. Sound Pressure Level of Lecture Room (dB(A))
Source Bell Speaker Phon
Voltage (V)

Lecture Room 192 | 24 28.8 192 | 24 28.8 192 | 24 28.8
1 57.0 | 57.1 59.1 593 | 61.6 | 632 | 725 | 745 | 764
2 58.0 | 579 | 60.0 | 60.1 | 624 | 64.0 | 73.2 | 752 | 772
3 592 | 592 | 613 | 60.6 | 63.0 | 64.6 | 73.6 | 75.6 | 774
4 54.1 54.1 55.5 556 | 579 | 59.5 | 68.7 | 70.7 | 72.6
5 50.6 | 50.6 | 52.7 | 529 | 552 | 56.8 | 66.1 | 68.1 | 70.1
6 454 | 453 | 469 | 47.1 | 494 | 51.0 | 603 | 623 | 64.2
7 451 | 452 | 472 | 475 | 498 | 514 | 60.7 | 62.7 | 64.6
8 438 | 43.7 | 46.0 | 464 | 487 | 503 | 59.7 | 61.7 | 63.5
9 439 | 44.0 | 46.1 | 465 | 488 | 462 | 598 | 61.8 | 63.6
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Table 6. Comparison Estimated Numerical Value with Surveyed Numerical Value of Sound Pressure Level

Source Bell Speaker
Location Voltage (V)
Distance & Room 19.2 24 28.8 19.2 24 28.8
. 10m -3.4 -3.0 -3.2 -3.2 2.2 2.7
Right
5m -19 | =13 | -14 | -1.7 | =13 | -14
Standard Om -14 | =17 | =22 | 2.1 -1.8 | 2.0
) 5m -0.6 | +02 | -0.1 | —1.1 -13 | -12
Lift
10m -1.2 -0.7 -1.1 -1.9 -0.2 -1.7
Lecture 1 42 | 52 | 40 | 53 | 38 | 4.0
Room 3 37 | 50 | 40 | 5.0 | 42 | 46
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