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Table 1 Distribution of uncertain parameters of spherical fragment

Uncertain parameter Distribution
Ratio of kinetic energy factor Right-sided triangular distribution on [0. 2,0. 5]
Pressure at the beginning of accident Uniform distributin on 90% ~100% of pressure of failure
Number of fragments Log-normal distribution with #=1.8875,6=0.6997
Mass and shape of fragment Assumed to be of equal mass and section from spherical shell

o Vertical angle:uniform distribution on [ —90",90°]
Projectile angle ) ) S . 3
Horizontal angle:uniform distribution on [0°,360°]

Degree of filling at the time of burst Uniform distributin on [0. 1,0, 8]
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Table 2 Parameters of spherical vessel
Volume/(m*) Wall thickness/(m) Pressure/ (MPa) Mass/ (kg)
1600 0.028 1. 34 146 529
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Fig. 2 Fragment trajectory by simulation Fig. 3 Comparison between simulation and accident data
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Fig. 4

The probabilities of projectile range

under different filling degrees

Fig. 5

The probability density functions of projectile range

under different filling degrees
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(b) Cylindrical vessel
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The probabilities of fragment impacting on objective vessels with different filling degrees
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Table 3 Impact probabilities and projectile distances under different filling levels

Projectile distance/(m)

Filling level Impact probability

Spherical vessel Cylindrical vessel
(0.01,1) (0,40) (0,10
0.8 [0.001,0.01] [40,120] [10,40]
(0,0.001) (120,°0) (40,00)
(0.01,1) (0,40) (0,10)
0.5 [0.001,0.01] [40,140] [10,30]
(0,0.001) (140,°°) (30,°°)
(0.01,1) (0,60) (0,10)
0.1 [0.001,0.01] [60,100] [10,60]
(0,0.001) (100,°2) (60,°0)
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Research on Hazard of Fragments from Spherical Tank BLEVE
QIAN Xin-Ming, XU Ya-Bo,LLIU Zhen-Yi

(State Key Laboratory of Explosion Science and Technology »
Beijing Institute of Technology ,Beijing 100081,China)

Abstract; Domino effect is a well-known cause of major accidents in the chemical process industries,
resulting in overall consequences which are more severe than those of the primary event. Fragment
projection is one of the major escalation vectors to cause domino effect. The present work took a
spherical tank with boiling liquid expanding vapor explosion (BLEVE) as an example. The probability
distribution density of uncertain parameters in the generation and flight of fragments were determined
by the data from literatures, and simulated by Monte-Carlo method. Then the projectile distances of
fragments were calculated. In this way,the impact probabilities of fragments on objective vessels were
attained. The impact probabilities of fragments on the different objective vessels have great gaps.
However,the impact probabilities of fragments produced by vessels with different filling levels on the
same object are almost same. This method is of great significance for the risk assessment and control
of fragments from explosion of spherical tank. It can be used to provide guidance and reference for de-
termining safety distance to prevent domino effect of fragments between storage tanks.

Key words: spherical tank;fragment; BLEVE;Monte-Carlo;uncertainty



