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ABSTRACT

To prevent the spread of smoke, penetrations must be tightly sealed with fire-resistant filling
structures and properly maintained. However, once the fire-resistant filling materials are installed, it
becomes difficult to determine whether the fire compartment gaps have been properly constructed and
maintained until they are dismantled. Under laboratory conditions, this study used an acoustic camera
to measure the acoustic energy transmitted to the opposite space to check the construction and
maintenance status of a fire-resistant filling structure of the internal penetrations of a building. In
addition, the airborne sound insulation performance was measured and compared. Four types of fire
compartment gaps were adopted: Pipe penetrations (metal and non-metal), wall-to-wall linear joints,
and cable trays. The fire compartment gaps were tested at each construction stage by removing some
of the components. When the fire compartment gaps were not constructed tightly and penetrations
occurred, the airborne sound insulation performance decreased at frequency bands higher than 1000 Hz.
It was confirmed that the performance was low in most of the airborne sound measurement frequency
bands when refractory fillers were not partially applied. Filming the transmission of the acoustic energy
through the refractory filler structure using the acoustic camera determined the location of the
transmitted acoustic energy in bands higher than 1000 Hz. The results confirmed that refractory filler

structures can be checked if they are properly constructed and maintained using an acoustic camera.

22), Sound Transmission(2}<), Sound Leakage(*7<), Fire Compartment

7F A8 aL, 35 A 2 Abe] Rl 3HE S5 A7)
.M E 7} &akate] olmlalrl WA Ao g Yk,
AFE - WETE B9 AF] B 7
20221 89 AR o] W) O shR so] A} AN4E WS R AAIE @Fe] 2014 o
npslal 42Ho] A7)2 Beleh= BARS elolt) o] sk HFE ARelel Fol AR wiuh sk - w1 Nt
=020 FAZALS sk F A7) v o3 s WOl WATHOR Hof Sl B #Edshs A
f  Corresponding Author ; Member, Fire Insurers Laboratories of Korea,
Senior Researcher
E-mail : jhjeong92@gmail.com
*  Fire Insurers Laboratories of Korea, Researcher
** Korea Institute of Civil Engineering and Building Technology, i Recommended by Editor Cheolung Cheong
Researcher (© The Korean Society for Noise and Vibration Engineering
Trans. Korean Soc. Noise Vib. Eng., 35(4) : 365~372, 2025 | 365


https://crossmark.crossref.org/dialog/?doi=10.5050/KSNVE.2025.35.4.365&domain=http://journal.ksnve.or.kr/&uri_scheme=http:&cm_version=v1.5

Dae-Hoi Kim et al.; Airborne Sound Transmission Characteristics of Fire Compartment Gaps

T Qlste] Wet g Fol A7l wee 1 55
Wi AllSe] W& yshAIRH W sAed ol g
T2 A9AE 74 Al AEEe sk
airhyold A4 skl 5ol 144 +
%2 WS Ao® FAsta Qi)

Ankd o g AFE wWelE Abele] wjy, HE

2~ 0l
T ORT

3} %4 248 KS F ISO 10140-1 -4 Jof
wo] Jom® Fajel 1] sl
O] F7IAES A Aol MstE e As @
e 4= Q. o] AY AE
st T2 AHE JAE e s g
Nkatarat gkt

(3

S FE IS A AHgh 2ol
A5 AT AR A3} 25 Ato]e] FAlel
5 A R e} Sor nekshd 2dB ~3dBe A
w50l AEE AeR Hausglul. A W &
HA] roje] A5 ] el ohel s S
= Q) 1dB~5dBe] s71dE A A 2polrh
Aohs Aoz BT o)z Afunle] A
s B AR A= AEA A STk F
A A 28R SAE AAR S 155} 9
M 5% A EdFo] FA3 TrkekE Aom n
WSRO, TETE Ay FEe) AEAe A
& flall &2l 78 Q] 53 FhEkE ofgstko]
A5 HEE A A3 AFske g &
2 BAe] dFe] Ha FFASE o U 25
frfol 2 Bl slo wEagt?. gk 9
Ho| Vst A ed Hud A3, A
S/t weh 19T A Te we e
7= A8 SQleglt®. Aakd S kel A
w54 AT AN E S PR g FE

366 | Trans. Korean Soc. Noise Vib. Eng., 35(4) : 365~372, 2025

o] Wug HRET 2557 1dB~3dB ES Ao
2 AU, o] w3t oHe] SAE B3t A
w45 A As TuFds g 5% oyA7t
FE A S & ol ofd dve TR R
I o) A5 S AE AT

olel o AyelM= &
APl BEe Aei-s g4sta
Y AF-E ArEA 87
skl nlESe Wi
Aste] A ek AlE &
714G A sl wals]

N
)
i
>,

N o

iy
ot do g

o
o Y
Jg v To
o
=
=
18

g N
pod)

2. st g 7= 37IHE

ojo
0x
or
A%
0

a8l gt Al R AlE © B wE F
7G-S 2 e B4 HEE 2Abel] 9, &
gals g8 FUIAYS At A A WHEKS
F ISO 10140-2)Z 7]¥to & 3 tji0. 7] dd-g A
@ A SAS 58 AT B e dF dsd A
-9 Fu gl B4 WskE v uskSitk 240 mm

S Az 2 4
s Ae FEE AT £ T S5 9
s Fig. 17} 2o A4aath. 4 garaEe 4
4 20 Aol BN ABYES S
gtk #e49) Ug A% T2 % Im Aol &
% leE olgstel Alg FEE Fal AEuE &
o rATe S4e

S B&K PULSE®] 1434
A oS FAl =

01 dB LS01 X3 A9A=R
Aol ZE WA F L SoundCAMOA] A %3t %



Dae-Hoi Kim et al.; Airborne Sound Transmission Characteristics of Fire Compartment Gaps

Receiving Room Omni-directional

Sound Source

RC Concrete Wall 240 mm

r 1

Microphone S4 Microphone S5

Microphone RS

?

Microphone R3

Acoustic Camera

Fireproof Sealing

Microphone R4 Materials

Microphone S3

r

Microphone S2 Microphone S1

Im

? Microphone R1

Microphone R2

Source Room

Fig. 1 Experimental setup for sound leakage of fireproof sealing system using acoustic camera based on KS F
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Table 1 Fire

seal systems

Fire sealing

Section detail

#750 Fireproo
sealant

Thermal insulation materia (PVC sheet covering)
[Ceramic wool blanket

Thk. 13mm, Width 100mm, 96kg/m3]

ipe insulation

Cross-linked polyethylene insulation

toie | = L [Thk. 25mm, Width 100mm]
Steel pipe ) \
Steel pipe GSA/ T T
compartment [Outer diameter 76.3mm] ! i
Z-7 Fire-resistant filler - both side
PVC Sleeve 125A: Expansion tape
[Inner diameter 131.6mm] [Thk. 2mm, Width 50mm] +
Ceramic wool blanket
Light-weight steel stud [Thk.38mm, Width 45mm, 96kg/m"]
Silicone sealant:
[F-12.5E Grade]
(
PVC pipe 5
]
compartment PVC 1°°A/

[Outer diameter
114mm)]

[Inner diam

e
PVC Sleeve 150A-

155mm)] YA

Light-weight steel stu

Z-7 Fire-resistant filler - both side
Expansion tape [Thk. T0mm, Width 50mm] +
Rubber foam insulation
[Thk. 13mm, Width 50mm]

Wall to wall
linear joint
1 Layer co

Ceramic wool(96 kg/m®, 50 mm

mpressed installation)
Silicone (Thk.19)

Cable tray
- Fire-resistant foan
Cable Tray N Fire-resistant putty
Thermal insulation material
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Fig.2 Frequency characteristics of airborne sound
insulation of steel pipe opening filling system

Table 2 Sound leakage of steel pipe openings taken using
acoustic camera

Fire sealing Acoustic camera photo

Steel pipe opening
filling system
(R, +C, 52 :-1)

+

Steel pipe
opening filling 2 layers
(R, +C, 52 :-1)

-

Steel pipe
opening filling 1 layer
(R, +C, 52 :-2)

s

Steel pipe opening
(R, +C, 30 : -3)

2| HIVHE 47 : -2 dBE Yol on, 1000 Hz ©]4+
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Fig.3 Frequency characteristics of airborne sound
insulation of PVC pipe opening filling system
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Table 3 Sound leakage of PVC pipe openings taken
using acoustic camera

Table 4 Sound leakage of wall to wall linear joint
taken using acoustic camera

Fire sealing Acoustic camera photo

Fire sealing Acoustic camera photo

PVC pipe
opening filling system
(R,+C, 53 : -1)

+

Wall to wall linear joint

(R,+C, 51 : -4)

PVC pipe
opening filling 2 layers
(R,+C, 53 : -3)

o}

Wall to wall linear joint
with CW filling
(R, +C, 52 :-2)

PVC pipe
opening filling 1 layer
(R,+C, 47 : -2)

s

Wall to wall linear joint
without CW filling
(R, +C, 27 : -3)

PVC pipe opening

(R,+C, 28 : -3)
[
|
[ |

—e— Reference

--A--Wall to Wall Linear Joint Sysem

® Wall to Wall Linear Joint with CW Filling

<&~ Wall to Wall Linear Joint with CW Opening

70+

Sound Reduction Index [dB]
8

100 10‘00
Frequency [Hz]

Fig. 4 Frequency characteristics of airborne sound in-
sulation of wall to wall linear joint
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Table 5 Sound leakage of cable tray taken using acoustic
camera

Fire sealing Acoustic camera photo

Cable tray
(R, +C, 50 : -2)

R s

—_

Cable tray
(thermal insulation material
in source room side)
(R,+C, 49 : -2)

R s

o

Cable tray
(some thermal insulation
material removed

(R,+C, 43 : -2)

—o— Reference
--A- Cable Tray Sealing System
# Cable Tray Sealing System without Some Filler in Receiving Part
< Cable Tray Sealing System without Some Filler |

Sound Reduction Index [dB]

100 000
Frequency [Hz]

Fig.5 Frequency characteristics of airborne sound
insulation of cable tray
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