The Society of Naval Architects of Japan

307

(FERMS7 11 HRBMYAKSBHERC 3V THR)

15 REE O BEH AR R EAT 200 o)

— VPR ERETNC L AREREDY § s — g v

ER H @t ER J| # om e

Discrete Limit Analysis of Thin-Walled Structures (Part 3)
——Computer Simulation on the Stability Problems by using the Flat Rigid Plate Element——

by Yutaka Toi, Member Tadahiko Kawai, Member

Summary

In the previous paper? the rigid flat plate element was derived for the discrete limit ana-
lysis of thin shell structures of arbitrary shape, and numerical results under the assumption
of small deformations were shown on the standard elasto-plastic problems. In general the
effect of geometrical nonlinearity such as large deformations and buckling behaviors is one of
the main factors which determine the ultimate strength of thin-walled structures, however,
the method for the general treatment of geometrical nonlinearity is not necessarily given in
the conventional plastic analysis?~4,

In the present report the general computational algorithm for the discrete limit analysis of
thin-walled plate and shell structures is presented, by using the flat rigid plate element of
triangular shape. The present algorithm is characterized by the following statements :

(1) The discrete analysis on the limit strength is possible for arbitrary thin-walled struc-
tural members, in which the effects of geometrical as well as material nonlinearities are
taken into account.

(2) In the application to the structural stability problems a family of simulation models
with low degrees of freedom can be derived, including Shanley model in the plastic buckling
problem of columns and Yoshimura buckle pattern observed in the non-axisymmetric buckling
behavior of circular cylindrical shells, which can be effectively used in qualitative investiga-
tions on the instability phenomena of thin-walled structural members.

(3) The formulation expressed in terms of stresses and strains is adopted instead of
resultant. forces, so that all kinds of constitutive equations can be easily introduced and the
application to general material-nonlinear problems such as visco-elasto-plastic problems is
possible.
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Fig.1 Definition of Eulerian
angles -
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Fig. 2 Flat rigid plate elements
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Table 1 Matrix [B] in eq. (14)
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Table 2 Matrix [kg] in eq. (18)
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Fig. 3 Plastic buckling of axially-
compressed columns
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(a) Rigid element representation
Fig. 4 Plastic buckling of compressed
square plates

l§ 00 0 JAu { 0 1
%CkzzﬁkaW—tH) + Lol o o V=] —9LH
V2

2
LTkn(w—tH)z

el

(41a)
DOl I DA —F EELX L WD w/L=10"3
FBETIL Bleich @ V7 A% (ZOROHIITH 14)
W X5) 7o & BHBMERCIT - (i) ShMEE
TREFEET X% Bleich D7 AR (BA WX ILAC X 5
Shanley ZERTHR) (TEEMR L HE L Tois D B4
whbh, BREEEMEOTREELOIS, ThbHOR

Initiat deflections

0.6 —— oyl 21073
—— wsL 107"

05 —o— W/l 210"

04 Plaslic buckling siress
. @ Handelman . Prager
® Bleich {7}

® Bleich ( T ). Yamamoto

0 1 2 1 L J
0 0t 0.2 0.3 0.4 0.5 0.6

W/H

(b) Load~deflection curves (L|H=20)

Elastic buckling stress

Initial detections
o WL =107
o w/L =10
o w/L 21070

Plastic buckling stress
(@ Handelman, Prager EJ/E
0.5 @ Bleich (vT) 1
® Kaufman

@ Fujita '
® Ros, Eichinger E
® Bleich {t). Yamamoto 0

(c) Comparison between calculated
maximum stresses and theoretical
buckling stresses

Fig. 4 Plastic buckling of compressed

square plates
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