S}oF - urm(vjslaloratul sl 3] 7)) EXPLOSIVES & BLASTING, Vol. 40, No. 3, 2022, pp. 44-53

A0 A3E, 202218 9%, pp. 44-53 hitps://doi.org/10.22704/ksee.2022.40.3.044
=yl =
7|12 2Y ols 29 H2d TIt

Assessment of the Applicability of Vapor Cloud Explosion
Prediction Models

Yong-Kyun Yoon

Abstract This study evaluates the applicability of the TNT Equivalency Method, Multi-Energy Method, and
Baker-Strehlow-Tang (BST) Method, which are blast prediction models used to determine the overpressure
of blast wave generated from vapor cloud explosion. It is assumed that the propane leaked from a
propane storage container with a capacity of 2000 kg installed in an area where studio houses and
shopping centers are concentrated causes a vapor cloud explosion. The equivalent mass of TNT calculated
by applying the TNT Equivalency Method is found to be 4061 kg. Change of overpressure with the
distance obtained by the TNT Equivalency Method, Multi-Energy Method, and BST Method is rapid and
the magnitude of overpressure obtained by the TNT Equivalency Method and BST method is generally
similar within 100 m from explosion center. As a result of comparing the overpressure observed in the
actual vapor cloud explosion case with the overpressure obtained by applying the TNT Equivalent Method,
Multi-Energy Method, and BST Method, the BST Method is found to be the best fit. As a result of
comparing the overpressure with the distance obtained by each explosion prediction model with the damage
criteria for structure, it is estimated that the structure located within 90 m from explosion center would
suffer a damage more than partial destruction, and glass panes of the structure separated by 600 m would
be fractured.

Key words Vapor cloud explosion, Overpressure, TNT Equivalency Method, Multi-Energy Method, Baker-
Strehlow-Tang(BST) Method
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Fig. 1. Scaled distance vs. overpressure of shock wave of
TNT charges from surface bursts(After Karlos and
Solomos, 2013).
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Fig. 2. Scaled distance vs. scaled overpressure with the
coefficients of strength of the explosion blast
(After van den Berg, 1985).
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Table 2. Baker-Strehlow-Tang method flame speed correlations

(After Baker et al., 1998; Pierorazio et al., 2005)

Flame Fuel Obstacle density

expansion | reactivity High Medium Low
High DDT DDT DDT

1D Medium 227 1.77 1.03
Low 227 1.03 0.294

High DDT DDT 0.59

2D Medium 1.6 0.66 0.47
Low 0.66 0.47 0.079

High DDT DDT 0.47

2.5D Medium 1.0 0.55 0.29
Low 0.50 0.35 0.053

High DDT DDT 0.36

3D Medium 0.50 0.44 0.11
Low 0.34 0.23 0.026
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number : 5.2(After Assael and Kakosimos, 2010)
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Table 4. Overpressure with distance from explosion center

Distance from P s
explosion (kPa)

center TNT Equivalency | Multi-Energy | BST

(m) Method Method method

23 603 1414 580

50 106 224 131

90 35 44 49

230 9 12 20

320 6 8 15

600 2.6 4 8.1

Table 5. Damages to structures(After Assael and Kakosimos,

2010)
Description of damage PS
(kPa)
Fracture 5% 0.7~1
Glass panes Fracture 50% 14~3
Fracture 90% 3~6
Movement of tiles 3~5
Destruction of doors and 6~9
Buildings Dwindo'w fra;nes -
consoton S0-1004 | 357
Near total demolition 80~260
Pillars Destruction 80~260
Large trees Destruction 50~100
Railway cars Derailment limit 80~190
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