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A General and Versatile XFINAS 4-node Co-Rotational Resultant Shell Element
for Large Deformation Inelastic Analysis of Structures
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Kim, Ki Du * Lee, Chang Soo

Abstract

A general purpose of 4-node co-rotational resultant shell element is developed for the solution of nonlinear problems of rein-
forced concrete, steel and fiber-reinforced composite structures. The formulation of the geometrical stiffness presented here is
defined on the mid-surface by using the second order kinematic relations and is efficient for analyzing thick plates and shells
by incorporating bending moment and transverse shear resultant forces. The present element is free of shear locking behavior
by using the ANS (Assumed Natural Strain) method such that the element performs very well as thin shells. Inelastic behav-
iour of concrete material is based on the plasticity with strain hardening and elasto-plastic fracture model. The plasticity of steel
is based on Von-Mises Yield and Ivanov Yield criteria with strain hardening. The transverse shear stiffness of laminate com-
posite is defined by an equilibrium approach instead of using the shear correction factor. The proposed formulation is com-

putationally efficient and versitile for most civil engineering application and the test results showed good agreement.
Keywords : an ANS 4-node shell element, elasto-plastic concrete fracture, ivanov plasticity
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I 1. Duddeck's &2iE2| M=2X EM LOAD-DEFLECTION CURVE FOR DUDDECK'S SLAB S$3 (19x19 mesh)

.—Tr_ig]E w7y Ao v
Q1A 27} v
E=16 400 N/mmz 8
£.,=16400 N/mm? 5 o ;
/=3 N/mm? E=~201000 N/mm? s o :
G~0.2 N/mm? Ez=0.0 N/mm? g . " & —¢—Experiment
=0.0 £=670 N/mm?2 e —s=— Perfect Plasticity Model
£=0.0035 Total reinforcement ratio p=1.82% SR S e Eg?:”;qur?enmg Model
Tension stiffening parameter o1 ode
a=0.6
£,=0.02 o
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X% Y- X% Y- o)
S1 0.193 mm 0.193 mm 0.397 mm 0.397 mm
S2 | 0.252 mm 0.133 mm 0.520 mm 0.273 mm o _ "
S3 | 0283 mm | 0.103mm | 0.582mm | 0.212mm 3& vlwgk oot 19 83} o], FEfre] 371A] a4
AE vt ZHtel gide wet SR =3t skl
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9x 9 vl 19X 19 v 9% 9 wlj] 19X 19 v+ 9x 9 ujj% 19X 19 v
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S2 21.7 11.5 27.2 18.5 25.6 17.8
S3 22.9 17.6 279 20.3 26.2 19.3
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Fixed Support LOAD-DEFLECTION CURVE FOR SHARPE'S SLAB (CENTER OF SLAB)
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tooee ®m Simo & Kennedy-50
— Ivanoves-50

Load factor

] 50 100 150 200 250

Displacement

J8 12 S Etad i skEzt HWE D 24|

T4 ST
lE-ﬁ 284
57999
Mns3
41427
33042
14856

J s8N
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