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ABSTRACT

Due to the complicated plan structure of the apartment units and the improved room-to-room sound insulation
performance, it is difficult to communicate and recognize the fire situation by emergency broadcast equipment. In this study,
speech intelligibility was measured and analyzed for three types of apartment unit by emergency broadcast equipment on
various measurement points. Simulations were also conducted to improve the speech intelligibility. As a result of field
measurements 72, 84, and 101 Type were not satisfied with NFSC standard of 90 dBA at the point of 1 m distance from
source. In addition, it was evaluated that 75 dBA and CIS 0.7 of NFPA standard was not satisfied at all measurement points
except for the 72 Type at living room point with door opened condition. Based on the door opened condition of the
bedroom, it satisfied the NFPA of 75 dBA and CIS 0.7 in each bedroom when more than 90 dBA was satisfied at the
1 m separation point provided in NFSC standard.
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2.1 CHALMICH

SAWEE A ST 24 O0RHER 77} 72, 84, 101
Type2] AlthE thgAIh 2 ARkl om, Aldh Wi 3+4e
Table 13} 2t} Figure 12 thdAt] Hst 4= 9]X]0]
w ZF SHAE AFARES Table 200 AAISAT:

22 Fgdry

ZF 3 Typeol thiste] SAAHE 4= CIS A
FE =4S WA

e 79 I vIEAARI(INFSC 202)9 4
© 712 §la, 49" 3 W 7S5 WA E th
olofl MR B GEAHR YDA SAIbH T E

(NFSC 201)oll4] AAstE S8 FHCEHE | m

Table 1. Description on the Experimental Conditions of Measured Apartment Units

Classification | Area of Exclusive use Space [mz] Measured Floor [F] | Number of Measured Points | Number of Bedrooms
72 Type 72.5 20 6 3
84 Type 84.0 8 6 3
101 Type 101.8 10 7 4
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(a) 72 Type

Figure 1. Floor plans illustrating the location of the measurement points and speakers.

BedroomB +  BedroomC

(b) 84 Type

B : Speaker
® : Receiver

(c) 101 Type

Table 2. Description on the Experimental Conditions of Measured Point

. Lineal Distance (Source to Receiver) [m] Walking Distance (Source to Receiver) [m]
Measured Point

72 Type 84 Type 101 Type 72 Type 84 Type 101 Type
1 m Distance R1 1 1 1 1 1 1
Living Room L1 4.5 7 7 4.5 7 7
Bed Room 1. RAl 5 6 9 7 9
Bed Room 2. RBI1 4 6 5 5 8 7
Bed Room 3. RC1 8 7 8 10 9
Bed Room 4. RD1 - - 9 - - 11
Dress Room RA2 8 4 5 9 6 7

Figure 2. Photographs of speaker source.
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Table 3. Measured Results of SPL and CIS According to Door Opening Conditions of Different Plan Types

- SPL [dBA] IS
Classification
72 Type 84 Type 101 Type 72 Type 84 Type 101 Type
RI 822 80.8 80.6 0.81 0.79 0.81
L1 79.8 73.5 68.7 0.74 0.66 0.64
RAIL 67.1 717 75.3 0.62 0.68 0.64
RBI 71.6 69.8 717 0.66 0.62 0.64
Door RA2 58.9 735 66.2 0.55 0.60 0.60
Open
RC1 67.1 66.1 67.4 0.60 0.62 0.63
RDI - - 59.6 ] - 0.60
RAIL 53.6 583 52.6 0.53 0.56 0.57
RBI 60.4 55.1 53.9 0.58 0.54 0.57
D
oor RA2 492 55.0 543 0.44 0.50 0.51
Closed
RCI 525 526 56.8 0.50 0.49 0.48
RDI - 43.7 - - 0.43
T3 A o|AAR Y AYA Hu B o]AAT e W
Skl B Cise) Aol & o Fud ses B
Ut} ol 2ulARRE BAH O] AR Wekee
AR F, 371D 2T oA o] HAo| ¥

Figure 3. Photographs of measurement condition using 1ch.
portable audiometer.
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Figure 4. Comparison of SPL and CIS by distance type according to distance of source to receiver.
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Table 4. Input Data of Source According to Case

Fo]gF - oW F - g0

Classification Applying Method Note

Case A Apply field Measurement PWL Reference Case
Case B Apply PWL Considering the Limited SPL (110 dBA)
Case C Calculate PWL to Satisfy CIS 0.7 in All Locations Adjust the Source PWL
Case D Calculate PWL to Satisfy CIS 0.7 in All Bedrooms
Case E Apply Field Measurement PWL .

- - - Two Speakers Applied
Case F Calculate PWL to Satisfy CIS 0.7 in All Locations

o=

L
i) Aftid

| If‘"
i N |
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(a) 72 Type (b) 84 Type (c) 101 Type
Figure 5. 3D modeling of each floor plans.
Table S. Input Sound Absorption Coefficient
Classification Frequency [Hz]

125 250 500 1k 2 k 4 k

Concrete (Rough) 0.02 0.03 0.03 0.03 0.04 0.07

Concrete (Painted) 0.01 0.01 0.01 0.02 0.02 0.02

Tex 0.30 0.20 0.16 0.12 0.15 0.20

Door (Wood) 0.14 0.10 0.06 0.08 0.10 0.10

Ordinary Glass 0.30 0.25 0.18 0.12 0.07 0.04

Floor (Wooden Set in Mortar) 0.08 0.17 0.45 0.45 0.65 0.35
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Figure 6. Reliability review of prediction model.
Table 6. Prediction Results of SPL and CIS on Each Cases
Classification SPL [dBA] c1S
Case A | Case B | Case C | Case D | Case E | Case F | Case A | Case B | Case C | Case D | Case E | Case F
PWL | 92.0 dB|119.0 dB|114.0 dB|97.0 dB |92.0 dB |{102.0 dB|92.0 dB |119.0 dB|114.0 dB|97.0 dB|92.0 dB |102.0 dB
Rl 82.2 109.2 104.2 87.2 83.2 98.2 0.85 0.87 0.87 0.86 0.82 0.83
7 L1 78.1 105.1 100.1 83.1 83.6 98.6 0.77 0.82 0.82 0.79 0.83 0.85
Type RALl 71.7 98.7 93.7 76.7 78.0 93.0 0.65 0.77 0.76 0.70 0.76 0.81
RBI1 77.7 104.7 99.7 82.7 77.7 92.7 0.78 0.83 0.83 0.80 0.71 0.77
RC1 76.0 103.0 98.0 81.0 79.7 94.7 0.72 0.82 0.81 0.76 0.77 0.82
RA2 66.3 93.3 88.3 71.3 71.5 86.5 0.53 0.72 0.70 0.59 0.60 0.70
PWL | 89.5 dB|119.0 dB|101.0 dB|98.0 dB | 89.5 dB |103.0 dB| 89.5 dB |119.0 dB|101.0 dB|98.0 dB | 89.5 dB |103.0 dB
R1 80.8 110.3 92.3 89.3 81.7 94.3 0.86 0.89 0.88 0.88 0.84 0.84
84 L1 76.1 105.6 87.6 84.6 78.0 91.7 0.78 0.83 0.83 0.82 0.78 0.82
Type RAl 68.8 98.3 80.3 77.3 74.2 87.8 0.60 0.79 0.72 0.70 0.73 0.79
RB1 69.3 98.8 80.8 77.8 77.5 91.0 0.64 0.79 0.72 0.71 0.79 0.83
RC1 69.0 98.5 80.5 77.5 77.1 90.5 0.65 0.80 0.74 0.72 0.78 0.83
RA2 66.2 95.7 77.7 74.7 68.8 82.6 0.60 0.76 0.70 0.69 0.58 0.70
PWL | 90.5 dB |119.0 dB|107.0 dB|98.0 dB | 90.5 dB |{101.0 dB|90.5 dB |119.0 dB|107.0 dB|98.0 dB|90.5 dB |101.0 dB
R1 80.6 109.1 97.1 88.1 82.3 92.8 0.85 0.88 0.88 0.87 0.85 0.87
L1 76.4 104.9 92.9 83.9 78.9 89.4 0.77 0.83 0.82 0.81 0.79 0.82
101 | RAIL 69.0 97.5 85.5 76.5 73.8 84.3 0.62 0.77 0.75 0.70 0.73 0.79
Type | RB1 72.2 100.7 88.7 79.7 77.6 88.1 0.69 0.81 0.79 0.74 0.77 0.81
RC1 71.0 99.5 87.5 78.5 78.2 88.7 0.67 0.81 0.78 0.73 0.79 0.83
RD1 71.6 100.1 88.1 79.1 77.0 87.5 0.69 0.82 0.79 0.76 0.76 0.80
RA2 66.4 94.9 82.9 73.9 70.2 80.7 0.57 0.75 0.70 0.64 0.61 0.70
dErdo] A HFS 93] Mean absolute percent HH Typed 7+ SAHA|HoA CIS 3He] A=x]9} o=
error (MAPE)®] S RS o] 833tk MAPEE= thZ] A& B’k 3= Figure 63 2t o] of, Pot M2 o=
ZPYoR oxfe) YRS ME g FASH AFEE A9 AZAE 22 Yshia ne 24 A5E Ykt
BHo g AAl ool g eAte] s WEEFE EL 72 Typedt 84 Type® MAPE FXI= 242t 9.4%, 7.7%E |}
o] 7}Fetr] ol g #ESTE Ad v ASEH 3 e i A8 502 YERsth 101 Type®] 734
B A S $EAS AUT MAPE #e) Azlel mel  101%2 $5% 202 yepgt. dndos A&l
0 < MAPE = 10 wj-%- &3t 011%, 10 < MAPE = 202> A d3g& A SAA viad o 284 e s

943} o| & 20 < MAPE < 502

o H
- T
2

n (| P— M,
MAPE—lZ(7|Z i

A5 ol Zolgka HrHETY. MAPES] A&

o},

ni=1

M,

%100 (%)

3] d o|=, MAPE > 50

A Aoz Atsd

4.3 o Zut

HH Type H Case® cIS5A[ 3ol W& S4#E 2 CIS
&4 3= Table 69} 2T}

72 Type 71, H& %717431«] A s 110

dBAZ 11 3}e] PWL 119 dBE =33} Case B A% =
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Figure 7. Comparison of CIS results by each cases according to measurement points.
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Figure 8. Example of spectrum analysis of sound pressure level
on the measurement points at 72 Type [Case Al].
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