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PC PMMA PET
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o
¥

S-coating

<l

JulE AP e A

PMMA D
S-coating

PC
K-coating

Ei

 PMMAG
K-E}Uﬂr_if‘lg

S s Agke] uhet
<= 23£2°C, 5= 50+5%°1 4]
=S dotstrl fldl PMMA 25, P
skl KS F ISO 5660-1(A & A1 g -
gl upeb Alge] YT

i PMMA® PMMA® PC 22j(0]&)
AEH 7 (mm) 100%x100%8 100%x100%8 100%x100%8 100x100%38
A9 W= (kg/m) 1,185.6 1,174.5 1,173.3 713.2
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ANe Ay 58 A F duEFS PMMAOS PMMA@= 5 99 &%
°] 107.8~159.8 MJ/m, 126.0~149.6 MJ/m'= “Ebts PCE 45.3~545 MJ/
m, 27 (0 4)E 223~31.6 MJ/m'® PMMA®] duZEo] PCo T u], 2
o] 5uf B sfFate] stAA AN APt As °—J T AUtk

10+ 43A TEHEZFS PMMAOS PMMA@YE & dWEFo] 2731~
289.3 MJ/mr, 233.0~2669 MJ/m'® et PCE 114.2~129.6
(M%) 382~555 MJ/m'® vheld

©

TolnlHeot Relonse (MI/m' }
Total Heal Release (MJim© )

8MJ/m 015}2 B_?o}”ﬂ Hop d¥=E2 10
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E

g

g 8

200 +°

Maximum Heat Release Rate (KkWim? )

PMMAG PMMAD

<ay 35> &

PC

WOooD

ZRen g Algel o3 Al A d¥EE

= =g ]‘ﬂ AFo A B3 da7tAE CO, COy, 99 7H2ae AEHA
oo thS<iE 3-4>3 )
<H 34> 2 A2 E AgolA BAT Axvfre FE
T PMMA® | PMMA® PC =4 LE
CO 109.15ppm | 109.15ppm | 109.15ppm | 109.15ppm o gk
CO, 109.15ppm | 109.15ppm | 109.15ppm | 109.15ppm o gk
NO, NO, AENHE AENHE AEd AENHE
SO, A&tk AENHE AEdE AENHE
HCI, HCN AENHE AENHE AEd AENHE
3. A7IE =AY
A7IEE AlF2 A Bt A7]e] Foll uwel Ho] Fipgo] W)
S o] &35ty PMMADS PMMA®) :LE] PCE ASTM E6629] 23k A]&ls-

Algskaitt,. PMMAOSH PMMA® |
! 7}°§(ﬂaming mode) ¥}

75X [omm=

A 7hy

C 2% 8mm F79 W3 A=

30 -

H] 7} <4 (non—flaming mode)



o2 Algsitt

Zy A gl tis] ASTM E6629] 9]t A7 Alge] ostd Hujdr] 2
== 7t 2AE A PCrF 432.99F 3134% 71 3 7ta =31

=

stoll Al = PMMAQD ©] 56.2, 64.0, 64002 =4 UELY

S PCOl A% ABF A@7h wohlHe ol wAHUT olF A§
]_

FAAY el ASTM E6620] 93 AldeA X 87} Zolggls 49 A8
g FHo R AMA3h= KS F ISO 5660-291 9& 7|4 es 54T S &

=]

o%
o’
R

Al A S 71Tl A stkal 9l

L

7

7} A zo] skl KS F ISO 5660-201 &8 AP A 7tz sl A Aoy
d7lW == PMMADe] 306.80~348.65, PMMA®@7} 295.25~393.83, PC2 7
T A EA 1ol ARF 924.000.2 =2 @S YEHL H7FE st A H g4
7] 9% PMMA®De©] 180.32~347.02, PMMA®@7} 548.14~660.89, PC:
182.33~260.330. % U} E}FRk
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<3} 3-5> PMMAMS ASTM E662¢] 93t A71dx A& Az

flaming mode Non flaming mode
1 2 1 2 3

Property Test Method

Maximum specific
. . 84.2 82.3 56.3 64.4 64.3
optical density

Time = to - Maximum |00 10 | 00 | 1200 | 1196

specific density ASTN E662
Clear beam transmission 715 67.7 99.7 99.3 996 | 2009(25kW/
Clear beam specific m)

. . 19.2 22.3 0.2 0.4 0.3
optical density

Corrected Maximum

o . . 65.0 60.0 56.2 64.0 64.0
specific optical density

<3} 3-6> PMMA®@¢ ASTM E662¢] 93t 71D % A& Az

Property flaming mode Non flaming mode Test Method
1 [ 2 1 | 2 | 3

Observations During melted material overfiowing

Test the sample holder trough

Maximum specific
. . 24.2 245 359 22.7 18.8
optical density

Time to Maximum 1044 | 1110 | 1114 | 1200 | 1000 |AOEN EOEZ
specific optical density 2009(25kW/

Clear beam transmission 88.6 88.6 98.4 98 989 | m)
Clear beam specific

. . 7.0 6.9 09 1.2 0.6
optical density

Corrected Maximum

172 175 35.0 21.5 182

specific optical density

_32_



<3 3-7> PC9 ASTM E662¢] 93+ dd71dx A& Ay}

Property

flaming mode

Non flaming mode

Test Method

1| 2 1 ] 2 3
. . melted material overfiowing
Observations During Test
the sample holder trough

Maximum specific

] ) 4883 | 3588 | 18.0 18.0 19.1
optical density
Time to Maximum specific - 613 1900 | 1200 | 1200 ASTN E662
optical density 2009(25kW/
Clear beam transmission 38.0 45.2 99.9 | 100.0 | 100.0 | m)
Clear beam specific optical

. 55.4 455 0.1 0.0 0.0
density
Corrected Maximum

. . . 4329 | 3134 | 179 18.0 19.0
specific optical density

<3t 3-8> PMMAO®®] KS F ISO 5660-2¢l 93t A7|d= Al A3

B flaming mode Non flaming mode Test Method
1 2 3 1 2 3
7 (mm) 8.0 8.0 8.0 8.0 8.0 8.0
7t A FA(g) 54.3 54.6 54.4 55.0 549 54.6
7tE & FA(g) 12.8 24.7 162 | 233 16.8 125 ks M 150
- TTE ' ' ' ' ' 2| 5659-2(25kW
7FE = (g) 415 19.9 38.2 32.7 38.1 42.1 /)
Ho A7 =
393.83 | 311.50 | 306.80 | 180.32 | 347.02 | 285.86
(Max Ds)
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<3 3-9> PMMA®@9®] KS F ISO 5660-2¢] 93t A7|d= Al A3

flaming mode Non flaming mode
T Test Method
1 2 3 1 2 3
7 (mm) 79 8.0 8.0 79 79 79
7t A FA(g) 53.7 .1 53.9 53.8 54.0 53.6 KS M ISO
7t & FA(g) 11.8 135 11.6 10.3 95 82 | 5659-2(25kW
7FE = (g) 419 40.6 426 435 445 454 | /mt)
Ho A7 =
b 348.65 | 295.25 | 336.70 | 548.14 | 598.69 | 660.89
(Max Ds)
<3 3-10> PC9 KS F ISO 5660-2¢ 23t A7d = Alg Az
flaming mode Non flaming mode
T Test Method
1 2 3 1 2 3
7 (mm) 8.0 8.0 8.0 8.0 8.0 8.0
7t A FA(g) 54.7 54.7 54.8 54.7 54.5 549
7tE & FA(g) 40.9 52.8 49.8 53.3 51.8 515 KS M 150
- e ' ' ' ' ' 2 5659-2(25kW
7FE = (g) 13.8 1.9 5.0 14 2.7 3.4 )
Ho A7E=
924.00 | 17659 | 117.13 | 182.33 | 261.58 | 263.30
(Max Ds)
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Study on the appropriate materials to use in
soundproof tunnels and firefighting facility
installation methods according to fire intensity

Lee, Uk Beom
Major of Fire Protection and Disaster Management
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Kyonggi University

The increase in suburban roads causes noise problems due to passing
vehicles, so various types of soundproof hills, soundproof forests,
soundproof covers, soundproof walls, and soundproof tunnels are being
installed to create a pleasant living environment.

According to the Ministry of Land, Infrastructure, and Transport’s
survey, as of January 23, 170 soundproof tunnels and 12,118 soundproof
walls were installed and operated nationwide. Among the soundproof
tunnels, sealed structures account for 110, or 65% of the total. In terms
of materials, PMMA accounted for 58 (34%), PC accounted for &7
(51%), and glass accounted for 25 (15%). According to the National Fire
Agency’'s Fire Statistics Yearbook, roads are the fourth most common
place for fires after industrial facilities, so the frequency of soundproof
tunnel fires 1is increasing due to the increase in the number of

soundproof tunnels installed and the increase in their extension.
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As soundproof tunnel fires occur frequently, the national road
soundproofing facility fire safety reinforcement measures were revised in
August 2024 in relation to the “2022. 12. 29 Gwacheon Galhyeon Overpass
Soundproof Tunnel (830m) Fire, 49 casualties including 5 deaths”.

The structure of the soundproof tunnel installed using transparent
soundproof panels made of PMMA and PC and steel frames is effective in
blocking noise, but due to the physical and chemical properties of the
transparent soundproof panels and the characteristics of the steel structure,
it has almost no fire resistance according to fire growth, making it very
vulnerable to fire.

According to the extension criteria grades according to the “Guidelines
for Installation and Management of Road Tunnel Disaster Prevention
Ventilation Facilities,” there are no grade 1 soundproof tunnels installed in
Korea, 17 grade 2 tunnels (8%), 33 grade 3 tunnels (15%), and 4 grade
77%. Most soundproof tunnels are grade 3 or 4, accounting for 92% of the
total.

In addition to the extension grade, the disaster prevention grade 1is
determined based on the risk index. In the case of the disaster prevention
grade, grade 1 is 9 grade 8%, 7 grade 2 tunnels (7%), 4 grade 3 tunnels
(4%), and 81% of the total. The sum of grades 3 and 4 also accounts for
85% of the disaster prevention grade. Disaster prevention grades of grade
3 and lower correspond to a risk index of 19 or lower, and 85% of all
soundproof tunnels correspond to grade 3 or lower.

In this study, we will examine the fire intensity and fire load according
to the combustion experiment of PMMA and PC materials, analyze the
experimental results, and study the improvement plan through the materials
used, the improvement plan for the legal standard through the analysis of
the problems according to the installation standards of fire facilities, and

the appropriate materials used for soundproof tunnels and the installation
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plan for fire facilities according to the fire intensity through the analysis of
the structural problems of the existing soundproof tunnels.

In addition, we will examine domestic and international soundproof tunnel
accident cases, conduct a fire simulation to analyze the fire, and present
the direction of the materials used for soundproof tunnels, the direction of
the improvement of the fire facility installation standards, and the
improvement plan for the evacuation measures through the analysis of the
combustion experiment of PMMA and PC materials.

As an improvement plan according to the materials used, in the case of
combustible transparent soundproofing panels, the heat resistance standard
should be strengthened to increase the load deformation temperature to 10
0C or higher and the melting point to 300C or higher to secure the
evacuation time in the event of a fire and improve the safety of life. In
addition, the transparent soundproofing panel material should be replaced
with ETFE (ethylene tetrafluoroethylene), which complements the
shortcomings of combustible transparent soundproofing panels and tempered
glass.

In order to secure the safety of the soundproof tunnel structure by
reflecting the thermal load in the fireproof coating and design of the steel
structure, the safety of the structure should be reinforced by considering
the thermal load of the soundproof panel in the design load during the
structural design. In addition, it is suggested to add an evaluation item
that considers the risk of the structure to the disaster prevention grade
calculation items.

As for the improvement plan for the fire facility installation standards, in
the case of the tunnel risk index (X) evaluation criteria (soundproof tunnel)
in the “Road Tunnel Disaster Prevention Ventilation Facility Installation
and Management Guidelines,” the difference in the risk index between

flame retardant materials and non-combustible materials should be set to
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2.0 or more, and when the thermal decomposition temperature of the
material is less than 4507C, it should be 8.0, so that it is reflected in the
risk index (X) evaluation. In addition, the current “Road Tunnel Fire
Safety Performance and Technical Standards (NFPC 603, NFTC 603)”
needs to be newly established as the “Soundproof Tunnel Fire Safety
Performance and Technical Standards” that reflects the materials and
structures of the soundproof tunnel.

As a measure to improve evacuation measures, the target of automatic
fire detection equipment and entry blocking equipment should be expanded
to quickly notify of fire occurrence and block entry to reduce damage.
Evacuation connecting passages were revised to be installed every 100m
from August 9, 2024, but since the existing soundproof tunnels are not
retroactively applied, the regulations should be applied retroactively.

In addition, smoke exhaust equipment is a recommended facility for
disaster prevention level 3 tunnels, so the number of installation targets is
very small, so it needs to be improved so that it can be installed as a
basic facility. In addition, it is necessary to install evacuation doors,
enhance visibility, and install additional evacuation facilities for the

transportation vulnerable.
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