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Abstract

The production of artificial marble requires a large amount of flammable materials, which increases the risk
of fire. This study analyzed the range of damages caused by explosion pressure and radiant heat when
fire in artificial marble manufacturing process. It is found that, when the worst-case scenario was applied,
the damage distance due to VCE was expected to be the largest. MMA was estimated to be 251m, UPE
resin was estimated to be 129m, and NG was estimated to be 41m. When a chemical accident occurs
due to materials such as MMA, UPE resin, NG, a prompt evacuation out of the damage area would be
critical. This finding suggests that safety management such as safety check, budget input and equipment
maintenance should prioritize and manage these materials in the order of MMA, UPE and NG.
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Figure 1. Artificial marble manufacturing process block diagram.

o W
N
)
v
i
é
H
o,
_—%
_I_4

AR AMEE= =4
QATHEL MMA, UPE °4], NG, Fullf- 5]
PE A= Qztg|Ale] Yd=olal, NG
AlE At Al ot 95 %—%ﬂﬂi A= & H
HA2E &l 7tEEo] $4oR 3uHH ol &
= B4 Qlskde] 200C EB} o tf7] Fo=
FEE A 54 227t WobA Sy FEe) £
o] HojRug o At tol| A A|L]stSict, wt
2hA] MMA, UPE 44|, NG7} o 9] /o]t
(Table 1)< of#l e’ 37k =49] 24,
Cas 1%, QI3kd, ZHhi9] 5 & vehdl #olth. UPE
TA9] EAPE AR R 5 3 SRl YRS A
4 ShRRS A BrolE|of| A | 2 (Unsaturated
Polyester)”7} 64.5~67 5%©]1L SM(Styrene Monomer)
7} 32,5~36.5% = O] Qlrt, EX} o] AH 2=
AL = RA IR0l A glort SMofl gl o]

Cutting &
g Polishing
Process

Inspection
& Delivery

lll. QU=CHA 2 SlelEE AR 24

240 %i}sa MMA %fnﬂ iﬁ*ol Fstel 1190

Al A 5

R

3}t Yeonhapnews, 2012). 0] Aln= ga 2o

A EYOR MMAS $71% 24 3 Eglo] Zutstu

A AR FAA L Afaleln

2013 9¢ 23Y = Plaskolite West Atof|A] |l
AAEHo| 9= MMASt Ethyl acrylic, 12]il

trigonox 1010]2}=

Zlo] /Ho:] H]"Q—O}Cf}\,l_ :_‘-';_,,l:l]-

g2 =30 19yl 22 HART, 22 2l v
5 Bal0] Laueln s} whe 2o et
S-S QIITHU.S Occupational Safety and Health
Administration, 2013), ﬁﬂ‘ﬂi—% et o= ZF =

58 Aol Bslste] &3t A

il
QLOEE QIEMY AR SMOR A§aHALY, LAY 4 gl ) rﬂolw HEslo] W 91
o] = =2ol o 2] Hystojof spARE o] 5

Table 1. Materials related to produce

Abbreviation MMA NG UPE Resin
Material name Methyl methacrylate Natural Gas Unsaturated Polyester Resin
CAS No 80—-62—6 68410-63-9 100-42-5
Molecular Weight 100,12 16 104.14
Flash Point(C) 10 ~222 31
LEL(%) 1.7 5 0.9
UEL(%) 12,5 15 6.8

% Source: Korea Occupational Safety & Health Agency, 2017,
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Table 2. Weather condition(Worst case scenario)

Ambient Wind speed Humidity Stability
temperature(C) (m/s) (%) category
36.7 1.5 58.8 F

(Stable conditions)
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Table 3. Weather condition(Alternative scenario)

Ambient Wind speed Humidity Stability
temperature(C) (m/s) (%) category
D
2 3 0 (Neutral conditions)
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Table 4. MMA operation condition(Worst case scenario)

Table 5. MMA operation condition(Alternative scenario)

Pipe Size  Hole Size Discharge Operation
(mm) (mm) Pressure (MPa) Temperature(C)
80 30 0.15 25

Pipe Size Hole Size Discharge Operation
(mm) (mm) Pressure (MPa) Temperature('C)
80 50 0,15 36.7
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Table 6. Flammable damage prediction of MMA.(Worst case scenario)

Calculation Damage
Type of Threat Model basis Distance(m)

Overprfessure from Vapor Cloud 0.07 ke/ert 951
Explosion
Flammable Area of Vapor Cloud LEL 102
Thermal Radiation from Jet Fire 4 KW/m’ 51
Thermal Radiation from Pool Fire 4 KW/m’ 118
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Figure 2. Distance and explosion pressure when VCE occurs (Worst

case scenario, MMA)
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Table 7. Flammable damage prediction of MMA.(Alternative scenario)

Type of Threat Model Oal,;:ls?;ion Di]sD; ?jffm)
g;;ga;isnsure from Vapor Cloud 0.07 ke/eri 60
Flammable Area of Vapor Cloud LEL 22
Thermal Radiation from Jet Fire 4 KW/m’ 33
Thermal Radiation from Pool Fire 4 KW/m’ 96
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Table 8. NG operation condition(Worst case scenario)

Pipe Size  Hole Size Discharge Operation
(mm) (mm) Pressure (MPa) Temperature(C)
100 50 0.85 36.7
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Table 9. MMA operation condition(Alternative scenario)

Pipe Size  Hole Size Operation Operation
(mm) (mm) Pressure (MPa) Temperature(C)
100 35 0.85 25
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Table 10. Flammable damage prediction of NG(Worst case scenario)

Calculation Damage
Type of Threat Model basis Distance(m)
Overpr.essure from Vapor Cloud 0.07 kejer Al
Explosion
Flammable Area of Vapor Cloud LEL 13
Thermal Radiation from Jet Fire 4 kW/m’ 29
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Figure 3. Distance and explosion pressure when VCE occurs (Worst

case scenario, NG)
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Table 11. Flammable damage prediction of NG(Alternative scenario)

Table 14. Flammable damage prediction of UPE resin(Worst case

Caloulat 5 scenario)
Type of Threat Model dlewation - Uamage
basis Distance(m) -
Calculation Damage
Overpressure from Vapor Cloud Type of Threat Model basis Distance(m)
e P 0.07 kefert 17
Xplosion Overpressure from Vapor Cloud 0.07 ke/ert 199
Flammable Area of Vapor Cloud LEL 7 Explosion ’
Thermal Radiation from Jet Fire 4 KW/m’ 20 Flammable Area of Vapor Cloud LEL 37
Thermal Radiation from Jet Fire 4 KW/m’ 45
Thermal Radiation from Pool Fire 4 KW/m’ 124
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Table 12. UPE resin operation condition(Worst case scenario)

Pipe Size  Hole Size Discharge Operation
(mm) (mm) Pressure (MPa) Temperature(C)
50 50 0.3 36.7
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Table 13. UPE resin operation condition(Alternative scenario)

Pipe Size  Hole Size Discharge Operation
(mm) (mm) Pressure (MPa) Temperature(C)
50 25 0,15 25
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Figure 4. Distance and explosion pressure when VCE occurs (Worst

case scenario, UPE Resin)
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Table 15. Flammable damage prediction of UPE resin(Alternative

scenario)
Calculation Damage
Type of Threat Model basis Distance(m)
Overprfessure from Vapor Cloud 0.07 kg/cii 36
Explosion
Flammable Area of Vapor Cloud LEL 14
Thermal Radiation from Jet Fire 4 KW/m’ 21

Thermal Radiation from Pool Fire 4 KW/m’ 114
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