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Fig .1. The pressure-time curve caused by the blast wave [13]
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Equivalent Distance from Scaled
Blast Weight of The Explosive,  Distance, Z
TNT, W (Kg) R (m) (m/Kg'?)
1 2993 20 1.38
2 2005 20 1.58
3 1200 20 1.87
4 594 20 2.36

Table 2. Characteristics of explosions
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Component (MPa) DIF (MPa) (MPa) DIF (MPa)
Beam 353 1.19 420 510 1.05 535.5
Column 353 1.12 3954 510 1.05 535.5

Table 3. Specifications of materials used in explosive loading
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(m/ Fi F2 F3 Fs Fs Fe F7
Koy (MN (MN (MN (MN (MN (MN (MN
3g) /m?)  m?)  /m?) /m’) /m?) /m?) /m?)
1.38 148 7.39 271 1.87 286 143 0.71
1.58 987 494 181 145 219 1.09 0.54
1.87 589 295 1.08 1.07 155 0.77 0.38
236 297 149 055 066 097 048 0.24

Table 4. The maximum loads applied to the frame for 4
explosion modes
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Fig. 6. Pressure-time explosive load diagram of the front face
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Fig. 8. Pressure-time diagram of the explosive load on the
back face
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[4] Qb&».h}a.ﬂl)c Alae ;‘JG é:.'&‘ ql:.pj,.a;- .0 d).k’

]\S/{Iggﬁﬁ;ss Yield Strength Strain-Hardening
T s T e T v
20 210 20 399 20 0
100 210 300 399 300 0
700 84 700 59.9 400 0.032
1100 0 1000 0 900 0

Table 5. The mechanical characteristics frame in the article by
Izzuddin and et al [4]
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Fig. 15. First scenario - vertical deformation in the middle of
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Z=1.38 m/kg'?
Analysis Method Dwellin  Shoppin  Offic Tl}eatre
(Cinema
g g Center e )
Independent -
First Composite -048.5 5996 s5pp9 4803
Scenari Chain B
o Coml;matlo -777.4 -715.9 618.6 -567.1
Independent
Second Composite -165.6 -104.4 -11.2 10.4
Scenari Chain
0 Combinatio -242 -169.2 -57.6 -40.2
n

Table 6. Deformation values caused by fire

53 dstaide gl 5 gl olsil 51 S0 OB ol IS s Y gl

[Egvgitom
Deformation of First Deformation of Second
Z Scenario Scenario
(m/kg'®)  Vertical Horizontal Vertical Horizontal

(mm) (mm) (mm) (mm)
1.38 -224.6 163.9 -368.6 85.8
1.58 -135.3 68.5 -236.8 26.8
1.87 -125.2 232 -150.1 9.1
2.36 -108.8 5 -115.9 -0.7

Table 7. Final frame deformation due to explosion for first
floor beams in scenarios
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Abstract

Fire and explosion are often synergistic. A fire may occur after an explosion or a fire may occur first and
then an explosion occurs. The consequences of a combined fire and explosion scenario about each
component must be considered in the design or evaluation of the structure. Fire and explosion analysis
should be done together and the effects of one on the other should be carefully considered and calculated. In
most research and design guidelines, fire and explosion phenomena are investigated independently and their
interaction is less considered. In this research, this issue is addressed and the fire after the explosion and the
interaction and synergy of these two phenomena are studied together. The studied structure is a two-story
steel structure with different occupancies (dwelling, office, etc.), which is subjected to various surface
explosions and consequently to fire caused by the equipment inside the building. Explosive loading has been
calculated using UFC 3-340-02 instruction charts and fire load using the concept of fire density and
relationships of EUROCODE 1 and EUROCODE 3 regulations. In order to simulate explosive and thermal
loading, Abaqus finite element software and combined thermal-deformation dynamic analysis have been
used. The temperature caused by the fire has been used as a natural fire, and the cooling and post-cooling
stages of the fire have also been investigated. Validation of the proposed simulation, both for explosive load
and fire load, was done with two valid laboratory works, and the proposed simulation with Abaqus finite
element software was in acceptable agreement with the results of laboratory research. After ensuring the
correctness and accuracy of the proposed numerical model, the structure response analysis against explosive
loads and subsequent fires was performed by the numerical model. The results of these investigations
showed that the response and deformation of the structure in the chain combined analysis (applying the
interaction of explosion and fire on the structure) is increased by 15% compared to the independent
combined analysis (independent analysis of the structure against explosion and fire and collecting the
responses together); Therefore, in the simulations and designs made for multiple chain accidents (such as
explosion and subsequent fire), the change of the structure's characteristics after one incident for the next
incident should be considered so that the results have sufficient accuracy. Also, in addition to the inaccuracy
of the independent composite method, the results of the structural analysis in this method are less than reality
and non-conservative and will lead to an unsafe design; Therefore, in chain events, considering chain
combination analysis is not only important but also necessary. Also, the results of the fire analysis showed
that the location of the fire plays an important role in the amount of damage to the structure. If in the first
scenario (fire in the first bay and the second floor of the frame), the damage and deformation of the structure
were much higher than in the second scenario (fire in the second bay and the first floor of the frame).
Therefore, it should be noted that if flammable materials are to be stored in structures to reduce the risk of
fire, these materials should be stored in parts of the structure that have less contact surface with the structure
(such as the second scenario) so that in case of fire, damage to the reach the minimum amount.

Keywords: Explosion, fire, Abaqus finite element software, Interaction between explosion and fire,
multiple cascading incidents.
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