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Abstract

This paper first reviews the physical meanings and the expressions of two representative
strain rate models: CSM (Cowper-Symonds Model) and JCM (Johnson-Cook Model).
Since it is known that the CSM and the JCM are suitable for low-intermediate and
intermediate—high rate ranges, many studies regarding marine accidents such as ship
collision/grounding and explosion in FPSO have employed the CSM. A formula to predict
the material constant of the CSM is introduced from literature survey. Numerical simulations
with two different material constitutive equations, classical metal plasticity model based on
von Mises yield function and micromechanical porous plasticity model based on Gurson
yield function, have been carried out for the stiffened plates under impact loading.
Simulation results coincide with experimental results better when using the porous plasticity
model.

#Keywords: Stiffened plate(22E); Impact test(E= &&); von Mises yield function; Gurson
yield function; Equivalent plastic strain(SJt A8HEE); Void volume fraction(JIZ2E); Strain

rate(HEE £5).
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Table 1 Geometric and material properties and

collision test results 41 R AlLIEILR

Stiffened plate 22e S5 A0 UCAM, Fig. 2 Ol 221 bt

Plate[mm] Stiffenerlmm] | oo [MPa] ot 20l E=HM= EIt=2 AR &0 W0l

CS3 | 670%x470%1.87 100x20x1.87 295.5 =29 RAZ| I8  SFH==Z=(2.0mmx

CS6 | 670%x470%1.87 100x20x1.87 297.6 2.0mm)ZA 012 AMMIGIH 26 Fig. 5 =

Striker CS3 & CS6 ol et 5= 2SS LIEIWHLL 22

Mass[ton] Velocity[mm/s] | Energy[J] ool HAIZAHC=Z A, B2E XX D&

CS3 0.4148 2330 1126 = & = Fig. 3 A 670mmx470mm 2| 2=

CS6 0.5148 2520 1635 FE 2™ 2HSIRULE SSHe 2HLHMZ IS

SIRCH, S=SH 2 & =) 55&= Table 1
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=1 UL Y BLAWE ez FH =0 FOH ZSSHa RASHUAM N 2 242
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0 Hel= & 16.6 mm A =2 HERAUCH Fig
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Table 3 Ol LIEtH HiQt 201 M=ol E&H = Table 4 Identified material constants
= B 206GPa S MU CS3 L CS6 O G | 92 | a3 | fo | fr | fo | en | fn | Sn
Mol xJ| g5 882 2 X01Jt Bz 33| 150 | 1.00 | 225 | 0.00 | 0.06 | 0.05 | 0.30 | 0.05 | 0.1
295.5MPa 2 ZE25I%LH SSAE 20l st
HEE ASSH0l ASHR LUCH Ot =D UBEHOl Aol AL SAXQl Deg = 40/s
£8!(Choung, 2008)0l I2H AN BIEE A £ XNE5I0, A9l 28t Deg £ & 13,404/s
K= HBe FR0UT S4& 20%0/40122, 01B2 S ERE EF ALz 4E806t
0.2 2 JIEGIYCE 21 Al(17)0 2901 Biek & Ch. =20 2Mst AHHEE £5IF 2 400/s
2 Swift AStHEZS 01860 ME2 =SS Y BR EHH RSSE0| 42 e 3EE
HEZoIRUCH Fig. 6 2 =Xoi&0 2EEHCZ HE Fig. 6 Ol HImStO! LIEFLHACE qeg Ol 2Tt SH
g SO RAgeE-27) MHYE [WS LIEHCH S=2S80] HE2 AGHK X222 SAEQ0I 50
2 XN ZSIUCE Table 5 = oA AlL2I2 QEL4E
&P n Ol Fig. 7 & ==Xloia 2E S LIEHHCEH A
“Y=“0[1+g] (7 SSSHN HETE RYS NEw AS LA
St= ZHAE=S #olot)|l fotol, HZul ol
CIIIA S4 MB5l= 20% DIt HEES =S5 AL
€0 T &= HEE(=og/E) & SAIO Z=HIGHATHNTSI 2004)
Table 3 Applied mechanical properties Table 5 Scenarios for impact simulations
E 0 n Scenarios Strain Rate [/s] Yiel.d
206 GPa 2955 MPa 0.2 function
CS3-D00-GUR Dcg =13404, qcs =5 Gurson
CS3-D40-GUR Dcs =40, qcs=5 Gurson
CS3-D00-MIS Dcs =13404, qcs =5 Mises
Static flow stress, oy =295.56 MPa
&—9—® Dynamic flow stress at 400 0s (D=40.0 & p=5.0) CS3-D40-MIS Dcs =40, qcs =5 Mises
B—6—6 Dynamic flow stress at 400 Vs (D=13404.0 & p=5.0)
CS6-D00-GUR Dcg =13404, qcs =5 Gurson
CS6-D40-GUR Dcs =40, qcs =5 Gurson
CS6-D00-MIS Dcs =13404, qcs=5 Mises
CS6-D40-MIS Dcs =40, dqcs=5 Mises

Fig. 6 Equivalent true stress—true strain data
applied to FE model
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Fig. 7 FE model for numerical analyses
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(a) CS3-D00-GUR
(b) CS3-D40-GUR
(c) CS3-D00-MIS
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(d) CS3-D40-MIS
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