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Abstract: To enhance the scientific rigor of the optimization of equivalent bulkhead thicknesses for ships
under underwater near-field explosion loads and to improve the accuracy of damage assessment, the arbi-

trary Lagrangian-Eulerian (ALE) method was employed to numerically simulate the dynamic response of
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equivalent target plates under the impact wave generated by a near-field underwater explosion. Based on
the principles of geometric and physical equivalence, an equivalent target plate model for key ship compo-
nents was established. Using an ALLE-Lagrangian finite element method that couples the JWL state equa-
tion, the Griineisen state equation, and the Johnson-Cook constitutive model, the impact processes of six
different TNT equivalent loads (50-320 kg) on five different thicknesses of equivalent target plates
(3-15 mm) at a blast distance of 1.5 m were simulated. The results indicate that: 1) using a central
deflection =120 mm as the damage criterion, the critical reflected overpressure corresponding to target
plates with thicknesses of 3, 5, 8, 10 and 15 mm s 172.83, 214.04, 252.14, 295.25 and
327.82 MPa, respectively; 2) under an equivalent load of 320 kg (327.82 MPa), the central deflection
of the 15 mm target plate reaches 127.00 mm, yet the boundary failure rate remains at 0% ; the marginal
benefit of increasing the thickness in enhancing resistance to boundary tearing decreases significantly.
Numerical verification shows that the simulated peak overpressure of the free-field shock wave differs from
the result obtained using the Cole empirical formula by less than 5%. The simulated values of the equiva-
lent target plate deformation response exhibit deviations from experimental and numerical results reported
in the literature that fall within an engineering-acceptable range. The aforementioned critical overpressure
represents an upper-bound estimate under fixed-boundary conditions and given target plate dimensions,
considering only the shock wave phase while excluding bubble pulsation loads; in the near-field regime,
however, the contribution of bubble pulsation to large deformations of the containment wall cannot be
neglected, and this conclusion is applicable to early damage assessment in protective design.

Key words: ship protection; equivalent thickness; underwater explosion load; shock wave overpressure
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Tab.1 The equivalent target plate thickness of key components

A SR /mm A SRR /mm A SRR /mm
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Fig. 2 Numerical simulation model
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Tab.2 Material parameters of water

o/(kgem™?) C/(mes™1) S, S, S, Yo a E/Pa \%
1000 1480 2.56 —1.986 0.226 8 0.5 0 2.895%10° 1
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Tab.3 Material parameters of air

o/(kgem ?) C, C C, C, C, Cs Cs E/Pa u
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Tab.4 Material parameters of explosives

o/(kgem™?) D(mes 1) A/GPa B/GPa

R, R, ® E/Pa

1600 6 930 373.77 3.747 1

4.15 0.9 0.35 6.62>10°
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Tab.5 Parameters of the Johnson-Cook material model for 921A steel

o/(kg'm?) E/GPa G/GPa v A/GPa B/GPa n
7850 200 779 0.3 0.89  0.356 0.586
c éo/s ! D, D, D, D,
0.022 1X107¢ 08 0 0 0
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Tab. 6 Parameters of the Griineisen state equation for 921A steel
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Tab.7 Maximum deflection at the center of the target plate

AR PO R EREE /mm
2kt /kg BUARUJE S /mm
3 5 8 10 15
50 91.48 75.49 64.69 61.30 55.87
90 127.00  102.71 85.96 79.52 70.03
140 166.83  130.77 107.73  98.98 85.08
200 209.98  161.68  130.07 118.23  100.74
260 253.97  211.68 151.12 135.66 114.61
320 296.64  260.53  180.01 152.23  127.00
F 8 MG R AR
Tab.8 Boundary failure rate of target plate
FOARH AR
2t kg FOARJEEHE /mm
3 5 8 10 15

50 0.00 0.00 0.00 0.00 0.00

90 0.00 0.00 0.00 0.00 0.00

140 47.94  26.52 0.00 0.00 0.00

200 71.22  62.22  31.62  0.00 0.00

260 100.00 78.43  62.22 33.66  0.00

320 100.00  100.00  79.56  56.10  0.00
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Fig. 7 Target plate damage condition
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Tab.9 Peak shock wave pressure at the center of the target plate
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Tab. 10 Damage assessment of equivalent target
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