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Abstract

This paper presents a beam element capable of conducting material and geometric nonlinear analysis for applications requiring the
ultimate behavioral analysis of structures with composite cross—sections. The element formulation is based on co-rotational
kinematics to simulate geometrically nonlinear behaviors, and it uses the fiber section method to calculate the stiffness and internal
forces of the element. The proposed element was implemented using an in—house numerical program in which an arc-length method
was adopted to trace severe nonlinear responses(such as snap-through or snapback), as well as ductile behavior after the peak load.
To verify the proposed method of element formulation and the accuracy of the program that was used to employ the element, several
numerical studies were conducted and the results from these numerical models were compared with those of three-dimensional
continuum models and previous studies, to demonstrate the accuracy and computational efficiency of the element. Additionally, by
evaluating an example case of a frame structure with a composite member, the effects of differences between composite material
properties such as the elastic modulus ratio and strength ratio were analyzed. It was found that increasing the elastic modulus of the
external layer of a composite cross—section caused quasi-brittle behavior, while similar responses of the composite structure to those
of homogeneous and linear materials were shown to increase the yield strength of the external layer.

Keywords ' geometric nonlinearity, material nonlinearity, fiber section, co-rotational formulation, ultimate
analysis, composite
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Fig. 1 Undeformed and deformed beam element
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Table 1 Material parameters of composite member

Mat Elastic modulus|Yield strength| Hardening modulus
' (GPa) (MPa) (GPa)
A 70.608 1020 7.608
B 200 420 0
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ooO b
o @
o 8 5.0
@
o 1
(m) J 8
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g

De Souza (linear elastic model) P -15.0
O Current study (linear elastic model) 50° o®
—De Souza (elastoplastic model) 009
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Fig. 9 Vertical load-displacement curve
(homogeneous material)
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Table 2 Change in composite material properties for
parametric study

Case 1 | Case 2 | Case 3 | Case 4

Object
Ratio of elastic modulus
(a= EA/EIJ)
Ratio of yield strength
(8= U“A/Uy[,x)

0.176 | 0.353 | 1.000 | 2.000

0.500 | 1.000 | 2.429 | 3.644
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