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Effects of Explosion on Structures

Yong-Kyun Yoon

Abstract Information on overpressure, positive phase duration, and impulse are required to assess the effects
of shock waves or pressure waves on the structure. In this study, the overpressure and positive phase
duration were determined by applying the Multi-Energy Method, which is found to be effective in
analyzing the explosion of vapor clouds. Based on the total heat of combustion estimated in the
cyclohexane vapor cloud explosion in the Nypro Ltd(UK), overpressure and positive phase duration at the
distance of 40, 80, 120, 160, 200, 240, 280, 320, 360(m) from the source of explosion were evaluated.
Overpressure was shown to decrease exponentially and positive phase duration increased almost linearly
with distance. A probit function was used to assess the probability of damages for the structures at each
distance using the overpressure and impact obtained at the above mentioned distances. The Analyses of
probability of damages have shown that there is a high probability of collapse at distances within 120m,
major damage to structures within 240m, and minor damage and breakage of window panes of structures
occur over the entire distances.

Key words Overpressure, Positive phase duration, Impulse, Multi-Energy Method, Probit function, Probability
of damages
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(a) Shock wave

Fig. 1. Simplified diagrams of blasting wave.
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Table 1. Overpressure, positive phase duration, and impulse at each distance

Distance from the source of explosion
Parameters of
(m)
shock wave
40 80 120 160 200 240 280 320 360
P, (kPa) 891.4 172.2 65.8 374 26.6 20.1 15.9 13.0 10.7
tp (ms) 71.3 66.2 87.1 104.7 120.6 133.5 144.0 151.4 159.3
i, (Pa-s) 31,796 5,700 2,867 1,957 1,604 1,344 1,146 984 848
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Fig. 3. Possibility of damages at each distance.
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Table 2. Probability of damages at each distance
Damage probability for Distance from the source of explosion
level of damages (m)
(%) 40 80 120 160 200 240 280 320 360
Collapse 99.9 99.1 79.1 455 25.3 13.2 6.6 33 1.5
Major damage 99.9 99.9 99.7 95.1 81.9 62.0 41.8 25.7 13.9
Minor damage 99.9 99.9 99.6 98.3 96.2 93.2 89.5 85.3 80.2
Breakage of window panes 100 100 99.9 99.9 99.9 99.9 99.7 99.1 97.0
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Fig. 4. Probability of damages with distance from the source of explosion as a function

of each damage level.
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Table 3. Overpressure based on the level of damages at the Flixborough(Nypro Ltd.) accident

Distance from explosion point Type of structures Overpressure
(m) (kPa)
120 Offices 50
130 Restaurant 40
220 Communications 25
230 Machine shop 25
290 Storage tanks 18
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