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Definition of scaled distance of close-in explosion
and blast load calculation model
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Abstract: How to accurately define “close-in explosion” has always been a hotspot in the field of protection engineering
research. In this paper, based on the fully validated 2D axisymmetric fine finite element model, the characteristics and laws of
the propagation of air shock waves and high-speed expansion of detonation products generated by TNT spherical charge were
studied. It is found that there is a significant influence of the detonation products on the blast load on rigid wall when the range
of the scaled distance less than 0.8 m/kg'”. It is recommended to use the scaled distance range from 0.30 m/kg"” to 0.80 m/kg'”
as the definition criterion of close-in explosion for spherical TNT charge explosion. It was found that: due to the
inhomogeneity and randomness of the detonation product rapid expansion, the peak value of the rigid-wall reflected
overpressure experienced a sharp drop within a range of incident angle of 0°~5° in the case of close-in explosion defined in
the paper. In addition, there were two peaks on the reflected overpressure curve in close-in explosion cases, and the first peak
overpressure was caused by the interaction between the shock wave and rigid wall while the second peak overpressure was
generated by the interaction between the detonation products and rigid wall. Based on curve fitting, the formulas for calculating
the two peak values were proposed, respectively, and a simplified load model suitable for calculation of engineering structure
response was put forward; The distribution law of the reflected overpressure on the rigid wall under close-in explosion was
revealed.
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Table 1 Parameters for modeling TNT explosive!"”

#4/(kgm™) i/ (m-s™) P /GPa A/GPa B/GPa w R, R, E/(MJ'm™)
1630 6930 21 371.2 3.231 0.3 4.15 0.95 7000
122 =&
23R LS-DYNA H*MAT_NULL AP RHE AL &, 344 JH*EOS_LINER_POLYNOMIAL AR J7
p=Co+Cipu+Col® + Cy’ +(Cy + Csp + Copt*)E )

KH: Cp. Cp. Gy Gy Cy Gy Co A HAE LFREL u=plpy—1, plp, ST EE S SH S EEZIWER
H SRR REE . A BRI S H OIS T RSB 2,

*2 TSEBSY

Table 2 Parameters for modeling air

%/ (kgrm™) G, (o G, G, C, C; C, E/(MJ-m™)

1.2929 0 0 0 0 0.4 0.4 0 0.25
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Fig. 4 Incident free-field overpressures versus scaled distances
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Fig. 5 Reflected overpressures versus scaled distances
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Fig. 6 Expansion of detonation products
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Fig. 7 Reflected overpressure curves at five types of scale distances
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Fig. 9 Scaled arrival times and peak pressures of shock wave and detonation products
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Fig. 11 Load distributions at different types of scale distances
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