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Abstract: Aiming at the problems of complex characteristics of explosion loads induced by fuel-rich explosives in confined
spaces, as well as the high cost of high-precision solution and engineering application, and based on the preliminary experiments,

a numerical calculation method for confined blast loading considering the afterburning effect was first established. The method
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was verified for its reliability by comparing the calculated quasi-static pressure, impulse within the saturation response time and
residual deformation with the experimental results, with all relative errors controlled within 10%. The spatiotemporal distribution
law of confined blast loading in confined spaces was systematically analyzed, and an equivalent load simplification method
considering both the saturation response time and quasi-static pressure was proposed. The reliability of this simplification method
was validated by comparing the calculated first peak deformation and residual deformation at the central point with the results
from full-coupling calculation, where all errors were within 10%. Through an investigation into the spatial distribution form of
the equivalent load and the influence of quasi-static pressure on structural response, the results show that within the scope of the
current research, the spatial distribution of the equivalent load has a relatively minor impact on structural response, while the
contribution of quasi-static pressure cannot be neglected. On the basis of the above findings, a two-stage load simplification
model based on the load characteristics at the central point of the target plate was finally proposed. Theyeliability of the simplified
model was confirmed by comparing the residual deformation values obtained from 10 groups Z/ model calculations

with the experimental data, with all errors within 15%. The research results indicate that thé model exhibits good

applicability under different working conditions; it can significantly improve the cal efficichcy while ensuring the

calculation accuracy, and thus provides a technical approach for the simplified anal ngineering problems related to
confined space explosions.
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2itt/g B 4%/mm 5 % /mm
28 25.2 36
35 30.1 31.2
42 30.1 37.6
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Table 3 Afterburning energy for three charge masses

Zid/g W/V/(kg/m3) Y (MI/kg) JEREbeBE /(MT/kg)
28 0.194 430 4.96
35 0.243 430 436
42 0.292 430 3.75
(2) X
AR B A AORESTT IR AR, BT
P=p(y-1e 3)

Hil, PREAES; p WA, p=1225  kgm®, y HEMEL, /= /@gﬁa@tmﬁa,
€=2.068x10°5 J/kg.
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Fig.3 Pressure time history curves in confined space
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Table 5 Comparison of central point deformation between equivalent load and full-coupling load calculation

X 35 k1) ZiE/g Rt HAR LR AT /mm A=A A /mm R
TR 17.53 17.55 -0.16%

5 &4y 35
LR 23.68 22.50 5.26%
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" BRI 20.42 19.44 5.03%

AR 25.65 23.86 7.52%

35 BT 17.52 17.55 -0.22%

PN BT 23.66 22.50 5.16%
” PR 20.44 19.44 5.09%

T AT 25.65 23.86 7.54%

BRI 17.53 17.55 -0.14%

AN » UL 23.68 22.50 5.25%
“ BT 20.37 19.44 4.75%

B IR 25.61 g@/‘\ 7.33%

BaRALTY 17.46 ﬁxgs?“ -0.55%

N » BT 23.61 2.50 4.94%
o BRI 20.27 1p.44 4.24%

e 28 7 25.55 \§. o\ 23.86 7.11%

35 BRI 16.80 17.55 -4.32%

| AR 22.0 22.50 2.12%
" TRARA IA&V‘:’ 19.44 -1.76%

BT ﬁ;ﬁl / 23.86 0.23%
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HSEHRNE 3 73 AT ZE /Do
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Fig.12 Target plate section deformation comparison diagram
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42g TNT &5 A belE T HIUERE SR S 804kPa, AN f& S MRBEVEFH T INHERRAS R /12 483kPa,

i a HX 0.60.
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Fig.13 Applied pressure load schematic diagram 7é
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Fig.14 Comparison of central point deformation time history curves under different quasi-static pressures
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R, WEZHAFRE. ARZEFIEE TR, 880w S RSR ISR R T, HE
I S H AT T A BT

X+ Geretto 25150 K SE LA T AR S 3.4 mm~5.1 mm. Z5& 20 g~70 g SHAHE, HMHZ
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PRI BT 75 2% PR JE RBERE B w/V I FHE 9 0.387 kg/m3R27), TiiZi & Tl i 25 B AR EL Wy 1)
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Table 6 Comparison of calculation results 7 6% O
T 52/%/mm Lt B /mm S’ B
y 4
FC-3-2 3.4 20 14.99 N}E -4.52%
FC-3-4 3.4 30 20.46 1.80 -6.15%
FC-3-5 3.4 40 25.36 27.50 -7.78%

FC-3-6 34 50 31.34 ﬁ/ 34.60 -9.51%
FC-3-7 34 60 35.1W -~ 39.80 -11.68%

FC-3-8 3.4 70 & 5 / 4330 7.25%

FC-4-1 4.0 20 11.60 7.76%
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Fig.15 Comparison of residual deformation
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