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[ Scrikdiisk 11 The first elements with distributed non-linearity were formulated with the classical stiffness method
using cubic Hermitian polynomials to approximate the deformations along the element. Shear effects were first included in
the model proposed by Bazant and Bhat. Menegotto and Pinto interpolated both section deformations and section flexibilities
and accounted for the axial force-bending moment interaction. Recent efforts to develop more robust and reliable reinforced
concrete frame elements have shown a trend toward flexibility-based formulations that permit a more accurate description of
the force distribution within the element. Mahasuverachai and Powell” proposed flexibility-dependent shape functions that
are continuously updated during the analysis. Kaba and Mahin presented a flexibility-based fibre element, that was later
improved by Zeris and Mahin.

B S TAT R B A 1 4 A7 B S TR R R B o, BB B T o 4037 K R 3 2K Hermitian 4 8 £ 1 . Bazant and Bhat
BREX BB A4 T HYEH, Menegotto and Pinto xf % T 4% & fn 4 B b 3 ] B Y AR AH R T e fE 0 (8
PR, WA RES, ERAEREFARBRAABIESAHEEE, REALE. FRAEDRA BHELAE
% . Mahasuverachai and Powell & 7 4t % W 7 B 890 B 40, 7 E AT 53 72 P BB € #7. Kaba and Mahin 2 1 7
ETZEEWETHE T, 5 Zeris and Mahin B # € & . (Earthquake Engineering and Structural Dynamics, Vol25,
711-725, 1996)

[SCHRHE3% 21 In nonlinear material analysis problems, the most popular method for analysis is the displacement
method. -+---* Furthermore, significant mesh refinement is often required to capture the transition from elastic to plastic
behavior. Consequently, a number of researchers (e.g., [8,9,11,14]) have directed their efforts toward the force method for
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analyzing structural problems with nonlinear materials. The main unknowns in this method are the internal element forces
instead of the nodal displacements as in the displacement method. In many cases, this provides a much more efficient
representation for elastoplastic problems.

The two problems will be solved by the LIM method and the finite element program ABAQUS [2] which utilizes the
displacement method. We used the B23 element from the beam library in ABAQUS and a very fine mesh with an element
length of 0.01m. Both problems will be loaded until the failure point. For the baseline analysis, a total of 25 integration points
were employed through the beam depth in the ABAQUS analysis in order to obtain accurate results near the collapse load.
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KA 25 BEHEM S, URSEAHIA T ER E . (Computers and Structures, Vol83, 2453-2462,2005)



