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Table 1 Basic mechanical parameters of high-toughness (HT) and high-strength (HS) steels

Material o/(kg'm™) E/GPa v o /MPa &

HS steel 7 830 210 0.30 660 0.18

HT steel 7 650 190 0.26 330 0.58
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Fig.3 Comparison of test results for case 1 and case 2

TE TNT 2255 0 1200 g, S0 100 mm 23 B A VR HITR, 200 2 e S B9 A A v s DX s
LT A O, B TR BB, BARZY R 70 mm, 8 T HHE AR TE By 108.8 mm. i — 20 LR 1T,
S BB 3R AT AR W] A9 BT I W 2, OF A — S ROREAR TR . DRI, 55 iR A0 B4 1 11 32 B BT DT A K
Ro X T AT A AR AR T, 1A r A A ok B A i AR At X SR 1 2B A 5 5 A X AR I
B ERBHETE AR M A i AR B TR MRS T A A ) N W AR T, K A TR MR T
FREE 20.8 mm, 1] N ILAE 2T 18 mm.

B TO0 15 T 00 2 BP0 45 R AT X L3 B, T LAt 238 25509 1200 g, 474 100 mm
(2 FR AT VR T, B B AR AR B A, RAE ] DX Ay 8 s, {ELR 1 B T v
S BT A RO DI B T W B T o R R, S AR LTS, e B A A B BE I S
T[S B e SR AR, SR T B A AR R A BT A
22 SHMBIFRIR ST

B4 g5 7 T80 3 HPik B 9 7 T AR Y
BEIRAE Ol o T LR M, e 30 80 5 T8 A s DX s
M BLR B o LS O SR T, s 0 5 A
BRI SO FEMTT 2, WA AEIECH 4. BE—
A X B0 3 H AE TR RS 11 A4 A1 DL AT LA,
PR 10 300 2 A JE R W S/ T R R, U
VT A R A AR 2RI AT, A L XU
AT B OR R BE B B AR AR SR, DA T 5 B0 AR R
Wi Sk
PRt B8 B L ST A 45, T 3 o B4 T S B

TR e HiF 2 76 YmE EL by o7 el
M LA A 0 2 R 1, = e i 48 Fig. 4 Damage morphology of high-toughness
T square plate in case 3

054103-4



%38 % HSRHEAE s UTREZS B ATV AT o ) B LA RE S M R R 5 55

3 HEERA

31 ARTEE

KA BRI A4 ANSYS/LS-DYNA %} 7
T A Rk AR 1 2l 25 e B AT BB RS, 3 B
PR AR o K R DL 2 SR 5 6 2 Sk AT X Nen-reflection
bl AT LSS R A BR oA R S 00 A Rk - TNT charge
r TR 56 A T AR, o iR i 2 X8 1Y)
FLEEREB N Daktioh o E 5%, @ K
TRz Ak, KMTE R E N 300 mm, & A
360 mm. AR AR R SE R 300 mmx600 mm, J&E Symmetry
910 mm, L MG 305 T4 AT plane
X AR, AT ST AR 0 172 AR, H LR A AR R
A FROTE LN & 5 BT .
AR /A S A% B H - Solid #LoT, HLoTM
& RE 2R 2 mm; 23 S8 /19 A5 Solid HAot, ¥
PR S AT R HIA% B H -BK$7 (arbitrary Lagrange-Euler,
ALE) ZY B 1553, R 3 mm @ 50 R4
153 PR A, 28 S AR R T8 RO I R AR A
FHRAATC R 23 [R] A At (o FH OG5 - *INITIAL
VOLUME_FRACTION GEOMETRY ¥ 4k 25 H1 75 K5 ATBROTHE R
@J :’—E/ﬁﬁz?’é‘ i{ﬁﬁ’ ;F”}EH %%?*INITIAL_DETON A- Fig. 5 Finite element model
TION K b s i B AENE LG bt o0y, i TR FF—3. R A OGS *CONSTRAINED_LAGRANGE _
IN_SOLID & ikt 52 AR E - E LR
32 MEERESH
K H] Johnson-Cook 4 6} 45 75 i i 2 4500 X A A9 77 449k - Johnson-Cook #4 AR Y e 7R Sy
o=A+Be)[1+cln(&/e)](1-T™) (1)
e o R B E IR BL F15 ARy AR08 o 8 25 T RN 15 BRI AR 5K ZR B8 n Sk L AR BB AL AR B ¢ A By AR
R G H o WIBTERI AR e MW AR R, &0 S5 R AR R m IR ERAIEEG T = (T-T)/(Tw-T), TH
RIGRE, T AENSHIRRE, T4 BRI CRE
SN 7R (&) K i Johnson-Cook 35 447 5 R R AU A
& = [Dy + Dyexp(Ds0™)][1 + Dyln(6/80)] (1 + DsT") 2)
K Dy ~Ds WM BHRASHL, o R ) =Ml B . %8 D, = Dy = Dy = Ds = OB}, ] HID, 1 Ry R A0
A5 X F R AR R, BUD, =0.58 1F Jhy 2k RN AE o BOEASE R v = AN A R 4 AH G A RS Boin 3 2 i
Ro Hh GBI YIR R

Fully clamped

Testing
plate

®2 BERURAOSTRMESH

Table 2 Material parameters used in numerical simulation for high-toughness steel

pl(kgm™) E/GPa v G/GPa A/MPa B/MPa n c m T, /K T/K
7650 190 0.26 75.4 330 1502 0.79 0.001 0 1765 300

25U B 1.29 kg/m?, SR I ZME 2 IR 2S5 72 *EOS_LINEAR_POLYNOMIAL i 25 < )
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Fig. 6 Simulation dynamic response of high-toughness plate for test case 1
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Fig. 10 Simulation results of dynamic response of high-toughness stiffened plate
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Study on the Blast-Resistant Performance and Influence Factors of
High-Toughness Steel Subjected to Close-Range Air-Blasts

CHANG Xiaokang', LUO Benyong’, CHEN Changhai', CHENG Yuansheng'

(1. School of Naval Architecture and Ocean Engineering, Huazhong University of Science and Technology,
Hubei 430074, Wuhan, China;
2. Marine Design and Research Institute of China, Shanghai 200011, China)

Abstract: To study the blast-resistant performance and influence factors of high-toughness steel, dynamic
response processes of high-toughness (HT) steel flat and stiffened plates were analyzed by numerical
simulations and air-blast experiments. Firstly, air-blast experiments for both HT steel and high-strength (HS)
steel flat plates were carried out. Comparisons of deformation and damage between HT and HS flat plates for
experimental results were performed. Subsequently, deformation and failure processes of HT steel flat plates
under close-range air-blast loading were analyzed by nonlinear finite element code LS-DYNA. The validity
of numerical simulation method was verified by experimental results. On the basis of verification, the
dynamic responses and failure mechanisms of HT steel flat and stiffened plates were further investigated by
numerical simulations. Results show that under the close-range air blast of 1 200 g TNT charge and 100 mm
stand-off distance, the HT steel flat plate of 10 mm thickness only produces large stretching deformation,
whereas the HS steel flat plate of the same thickness appears a big crevasse at its central region. To the same
thickness, HT steel flat plates behave obvious superior blast-resistant performance. Under close-range air-
blast loading, HT steel flat plates mainly exhibit overall stretching deformation, whereas HT steel stiffened
plates produce shear damage along stiffeners. As load intensity increases, three different failure modes occur
for HT steel stiffened plates. The local shear stresses in the panel of the HT steel stiffened plate increase with
the increase of stiffener’s height. This instead deteriorates the blast-resistant performance of HT steel
stiffened plates. This study demonstrates the blast resistance superiority of HT steel, and can provide a
technical support for the potential application of HT steel in warship protective structures.

Keywords: ship structure; high-toughness steel; close-range air-blast load; dynamic response; failure mode
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