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The primary effect of the far—field underwater explosion (UNDEX) is the whipping of the ship hull girder, This paper aims to verify
why inelastic effects should be considered in the whipping response estimations from the UNDEX simulations, A navy ship was
modeled using Timoshenko beam elements over the ship length uniformly keeping the constant midship section modulus, The
transient UNDEX pressure was produced using two types of the Geers—Hunter doubly—asymptotic models: compressible and
incompressible fluids, Because the UNDEX model based on incompressible fluid assumption provided more increased fluid
volume acceleration in the bubble phase, the incompressible fluid—based UNDEX model was adopted for the inelastic whipping
response analyses, The non—linear hull girder bending moment—curvature curve was used to embed inelastic effects in the
UNDEX analyses where the Smith method was applied to derive the non-linear stiffness, We assumed two stand—off distances to
see more apparent inelastic effects: 40.5 m and 355 m, In the case of the 355 m stand—off distance, there was a statistically
significant inelastic effect in terms of the average of peak moments and the average exceeding proportional limit moments, For
the conservative design of a naval ship under UNDEX it is recommended to use incompressible fluid, In the viewpoint of
cost—etfective naval ship design, the inelastic effects should be taken into account,

Keywords : Underwater explosion, UNDEX(£=5 Z41) Whipping response(EE &), Direct integration(Z1& ME28) Far—field UNDEX
(EH2| = Z4), Stand—off distance(0|23 7{2|). Doubly—asymptotic model(01%= &2 22, Smith method(Smith 2)
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(ABS, 2021). MHE TASHE 22l LTS 7.85 ton/m’2
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Table 1 Pr|nC|pa| dimensions 0 0.0004 0.0008 0.0012 0.0016
tom Value | | Curvature (1/n’1)
LOA (m) 130 Fig. 3 Idealized M-k curve from Smith's method
Breadth B (m) 15
Draft T (m) 15 Table 2 Natural frequencies of the beams
Depth to main deck (m) 8 Number of Natural frequency (Hz)
Displacement A (ton) 4,200 elen;gnts 1511 n;oYde 2nd3 n;gde SfdGn;(;de 4th9r203de
Added mass A,(ton) 5,500 30 1.28 341 6.37 9.59
Section area (m’) 1.0 40 .28 3.42 6.37 9.62
2" moment of area | (m’) 15 50 129 | 842 | 638 | 964
Young’s modulus E (N/m?) 2.06E+11 60 1.29 3.43 6.39 9.65
70 1.29 3.43 6.39 9.66
Smith 2 S510] TEE BHE- ZF JMofA AT L 80 129 | 343 | 639 | 966

JSNAK; Vol, 58, No. 6, December 2021

403



&
¥
&

ofg atH|e| BIEk 21E SEol| ket o7

- 100.0%
3
99.6% >
[ . 0 -
Q
2
g
- 99.2% S
)
—1st mode . §
~2ndmode [ 98-8% §
~3rd mode ©
- 2
. 4th mode 98.4% 3

5.25% 4.25% 3.25% 2.25% 1.25%
Element length/Total length

Fig. 4 Nondimensionalized natural frequencies for
convergence study

8120| 1.4%91 77| 242 AIBHS 1 XA 20| 1 S
S7h st 2ol SBHE S L 4 ek RN, 4%t B
o| obxiiol SEH2 27| $i3i0d 707hel 24 (24 Zolu] 1.4%)

£ ARSI £ Edk A|Zalo|Md zUlg mUlalsiict

=238 =k HBX-1 600kge ARSSINCE 3 SEO|

A Hel-k= B SYR 2 SloE W X2 MY
o, 0|4 Helof 2 Y S HMS s 271X o4 A
2| (35.5m, 40.5m)E 715K (Fig.
SflolMe Qs A= Fot 24 FE=Ql Abaqus Explicit
(Simulia, 2018)& ARSI 20, Abaqus Explicit® 26l &
UREHS AlZE HEHOZ ARSI} AlS2| 010l ALSE =
oko| Z¥E AE Table 30 LERHACH (Samuel et al.
(1957), Price (1979)).

Free surface L=130m
S\ VAR |

Stand-off distance

- Case 1 =355m
OY¥--- Case 2=40.5m

Fig. 5 UNDEX geometry
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Fluid particle acceleration (m/s"2)
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Table 3 Charge properties (HBX-1)
Item Value Item Value
K 5.35E+7 g (m/s?) 9.81 -4.E+01 1
k 920E_5 patm (Pa) 101 ,325 —Compressible
A 0.144 ¢ (m/s) 1,500 -8.E+01 ' ---Incompressible
B 0.247 me (kg) 600 0 05 _ 1 15
v 1.35 pe(ka/m’) 1,720 . . - Time(s) .
Kc (Pa) 1.0E+9 o (kg/m°) 1.025 Fig. 7 Acceleration of fluid particle at stand-off point for
Case 1
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