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Blast—Resistant Door Structures under Explosive Shocks
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Abstract: In recent years, the risk of underwater public facilities being impacted by sudden explosive
shocks has been increasing, with explosions typically occurring at the project entrances. Underwater
blast-resistant doors are crucial protective structures at the project entrances, designed to resist explo-
sive shock loads and ensure the safety of underwater projects. This study aims to investigate the dy-
namic response and failure modes of steel plate blast-resistant door structures under underwater explo-
sive shocks. Using finite element software, a fully coupled numerical model of underwater explosion
with a backing plate was developed based on the Arbitrary Lagrangian-Eulerian (ALE) algorithm. The

shockwave load obtained was compared with empirical values, validating the accuracy of the numeri-
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cal calculations. The results of the direct loading method were compared with those of the coupled
model to verify the effectiveness of the direct loading method. To further explore the damage charac-
teristics of the steel plate blast-resistant doors under underwater explosive shocks, a three-dimensional
numerical model was developed. The study analyzed the effects of factors such as explosive equiva-
lent, detonation distance, hydrostatic pressure, thickness of the explosion-facing and back-facing sur-
faces, and thickness of the surrounding support panels on the doors’ blast resistance performance. The
results showed that as the explosive equivalent increased and the detonation distance decreased, the
peak displacement of the doors gradually increased. The structure primarily had two failure modes: lo-
cal buckling deformation of the skeleton beams and overall bending failure accompanied by buckling in-
stability of the skeleton beams. Under identical explosion conditions, increasing the thickness of the
explosion-facing surface, back-facing surface, and surrounding support panels enhanced the blast resis-

tance of the doors. In practical engineering design, panel thickness can be increased to improve blast-

resistant performance.

Keywords: underwater explosion; steel plate blast-resistant door; dynamic response; failure mode
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Fig.1 Free-field backing plate underwater explosion model
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Table 5 Coefficient values in the empirical formula
HE2h P,/MPa
3 a
52.16 1.13

TNT

R 6 0y A [] 8 K B T AR KT A e LT Oy 5 AL

F6 AERETHTHRIEEEIILE
Table 6 Comparison of peak shockwave pressure at dif-

ferent detonation distances

BIE/m P BIRUE/MPa P, PIEME/MPa %/ %
4 107.30 94.50 11.93
5 81.58 73.44 9.98
6 64.05 59.76 6.70
7 52.17 50.21 3.76
8 43.74 43.18 1.28
9 37.43 37.80 —0.99
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Fig.11 Effect of the thickness of explosion-facing and back-

facing surfaces on the displacement at the center point
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