




















































































1/24/2016

1

•
–
–) (



1/24/2016

2

Manual Call 
Point

)(
)(

UV

IR

UV/IR
IR3



1/24/2016

3

•UV
–
–

•
•

–.. .
–.

•IR
–

)(
–

•
•

–
....



1/24/2016

4

•UV/IR
–)

(
–

•
•

–

•IR3
–

 )
(

–
•
•

–
–
–



1/24/2016

5

•
–
–

.
–

–

•:
–
–
–
–
–.



1/24/2016

6

(IR)
)IR

Cloud Image(

•
•

–
–
–
–
–

•
–
–
–
–.



1/24/2016

7

•
•

–
–
–

•
–
–
–IR
–
–
–70
–
–

•
•

–
–
–
–

•
–)15(
–
–(+- 0.1 atm)
–



1/24/2016

8

•IR
•

–
–
–
–
–LPG

•
–140(1-5 LEL.m)
–
–.

•
–

•
•
•

–
–
–
–
–

•
–10
–
–
–
–



1/24/2016

9

•IR Cloud Imaging
•

–)603015(
–)12(
–
–
–

•
–)

(
–
–

•

••



1/24/2016

10

•
–
–Cable Tray
–
–
–
–



1/24/2016

1

VCE/ BLEVE

(VCE)



1/24/2016

2

(Vapor Cloud Explosion)

(Dust Explosion)

(Physical Explosion)

(Boiling Liquid Expansion Vapor Explosion)

576512251%
60278737%
49136%
77146%

19702000150



1/24/2016

3

VCE...
•Flixborough1974

•1989

•2013

•1389

•1389



1/24/2016

4

(VCE)

.

.

.

)LELUEL (.

.

(VCE)

Detonation Deflagration



1/24/2016

5

•.De flagra tionDetonation.
m/s112

.

•.
7.

•
.

.

(Overpressure)
:



1/24/2016

6

(Overpressure)
REF: API RP 752 
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GS SAF 253: Impacted area, restricted area and fire zone
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TNT Equivalency Model

EnergyTNO Multi Model

Baker Strehlow Model
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TNT Equivalency Model
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Overpressure as a function of dis tance for the three methods  (TNT-equiva lency: = 10%; 
multi-energy method: blast s trength = 10 ; B-S-T method: 0.59). 
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So urce:  Loss P reven tion in Process In dust ries, Lees.
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Source:  CSB Com bust ible Dust Hazard Study (2006).
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• Class II

– Group E: Metal Dusts (Al, Mg, �.)
– Group F: Carbonaceous dusts including 8% 

volatile material
– Group G: not E or F, i.e. flour, grain, wood, plastic, 

chemical
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Source:  Understandi ng Explosion,  CCPS .
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• Containment
• Inerting
• Deflagration Venting
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