The Japan Society of Naval Architects and Ccean Engi neers

HANRRLOEE £%KT ISUM EXRORR
— BN FMWER =T 55 EDRBEZEOFR—

i

EFE A
B K E

M m
¥

gl
m***

**

ER B AR B B

Development of ISUM Element for Rectangular Plate with Cutout

by Kinya Ishibashi, Member
Tetsuya Yao, Member

Masahiko Fujikubo, Member

Summary

The Idealised Structural Unit Method (ISUM) is known as a simple but efficient method to simulate buckling/plastic collapse
behaviour of structural systems. To perform collapse analysis of structures composed of girder webs and plate flanges such as a
ship” s double bottom structure, it is necessary to develop a new ISUM element which can simulate buckling collapse behaviour of a
girder web with a cutout. In the present paper, a series of collapse analyses with conventional FEM is firstly performed changing the
size, the shape and the location of a cutout. On the basis of the results of FEM analyses, a new ISUM element which can simulate
the buckling collapse behaviours of a rectangular plate with a cutout subjected to thrust in the transverse direction is developed.
Through comparison of the calculated results with those by FEM analysis, the applicability and the accuracy of the new ISUM plate

element are demonstrated.
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Fig.1 Model of Rectangular plate panel with cutout under
transverse compression (As2Cir400,t=12mm)

Table 1 Calculated models

Model ASPCCt Cutout size Cutout position
ratio and shape
As3Nohole 3 without N/A
As2Nohole 2 cutout
As3Cir800 3 Circle
As2Cir800 2 - d=800mm
As3Cird00 3 Circle Center of panel
As2Cird00 2 d=400mm
As3Cir200 3 Circle
As2Cir200 2 d=200mm
shifted with 1000mm
As301£1000 3 in x-dir. from center
of panel
As301£500 3 . shifted with 500mm
Circle . .
AS20£5500 ’ d=800mm in x-dir. from center
of panel
shifted with 250mm
As2011250 2 in x-dir. from center
of panel
As30val1000 3 Oval
As20val1000 2 Iln(ii)l()XSOO
A30vall200 3 Oval Center of panel
1200x800
As20val1200 2 mm
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(b) Average stress-central deflection relationship
Fig. 2 Results of buckling collapse analysis
(As3Nohole; ¢ = 16 mm)
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Fig.3 Transition of deflection mode (As3Nohole,t=12mm) 04 b J
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(b) Average stress-central deflection relationship
Fig. 5 Results of buckling collapse analysis
(As30ff500; £ = 16 mm)
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Fig.4 Transition of deflection mode(As30ff250,t=12mm)
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Table 2 Strength performances of each models (t=16mm)

Effective | Initial Buckling | Ultimate
sec.area | stiffness | strength | strength

As3Nohole 1.000 1.000 1.000 1.000
As3Cir800 0.733 0.750 0.791 0.894
As3Cir400 0.867 0.876 0.888 0.952
As3Cir200 0.933 0.951 0.958 0.979
As30£f500 0.733 0.757 0.753 0.875
As301f1000 | 0.733 0.744 0.721 0.737
As30val1000 | 0.667 0.677 0.759 0.870
As30vall1200 | 0.600 0.636 0.729 0.850
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Fig.6 Definition of effective section area
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Fig.7 Coefficients f}, f> and f; and aspect ratio relationship
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Fig.8 Definition of the arca where strains are modified
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Fig.10 Comparison between FEM and ISUM results (As3Cir400)
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Fig.11 Comparison between FEM and ISUM (As30ff500)
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Fig.12 Comparison between FEM and ISUM results (As30val1200)
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Fig.13 Comparison between FEM and ISUM results (As2Cir800)
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(a) Result of FEM analysis
(As2cir400, ¢ = 16 mm, &,/ey=3.0)
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(b) Result of ISUM analysis
Fig.14 Comparisons of distributions of equivalent strain
(As2cir400, t = 16 mm, g,/ex=3.0)
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