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ABSTRACT

A cyclic constitutive model to simulate the biaxial
behaviour of reinforced concrete was implemented into
FEMIX computer program, which is based on the finite
element method. This model allows the simulation of the
nonlinear concrete behaviour in plane stress elements
submitted to cyclic loading. The biaxial model assumes
a rotating crack criterion to simulate the characteristic
cyclic features of concrete in terms of nonlinear
unloading and reloading curves with reloading stiffness
degradation. In addition, the partial unloading/reloading
rules were also incorporated in both tension and
compression states. Using experimental results it was
verified that the implemented model can predict with
high accuracy the behaviour of RC structures subjected
to cyclic loading.

INTRODUCTION

Plane stress finite elements are used in the scope of
FEM-based design to analyse bridges, high rise
buildings, offshore structures and and all type of
structures that have essentially three inplane stress
components. Constitutive material models for concrete
proposed by Chang and Mander [1] were implemented
in Femix to predict the response of RC structures in
condition of biaxial stresses.

ROTATING SMEARED CRACK MODEL

To predict the non-linear behaviour of RC planar
structures, smeared rotating crack model is followed,
being simple and yet numerically stable. The rotating
crack proposal of Gupta and Akbar [2] was
implemented in the Femix computer code. In biaxial

analysis for predicting the response of RC structures, an
equivalent uniaxial model is used to generate the
response of the constituting materials in each direction.
In this approach, the direction of principal stresses is
calculated for every load increment, anew; without
retaining the previous principal stress orientation.The
recent principal stress orientation of it may not coincide
with the previous one, still the newly generated crack
pattern follows predominant crack pattern at that point.
The rotating crack approach introduces implicit shear
softening and shear-normal stress coupling, without the
need of choosing shear interface modeling, which is
necessary in other crack models.

MODEL APPRAISAL

To validate the implemented model, a barbell-shaped
shear wall B2, tested by Oesterle et al. [3] at the
Portland Cement Association, was used for the
numerical analysis. The isolated shear wall B2 (see
Fig. 1) was approximately 1/3-scale model of full size
walls, and was composed of wall web and boundary
elements which were sandwiched between stiff base
block and stiff top slab. The wall was tested like a
vertical  cantilever  with  reversing  horizontal
displacements applied through the top slab. The
boundary element was 4570 mm high, 305 mm long
and 305 mm thick; the vertical reinforcement is
composed by 12 ¢ 20. On the other hand, the wall web
was 4570 mm high, 1910 mm long and 102 mm thick,
and was reinforced with 12 ¢ 6 in the vertical direction.

The horizontal reinforcement was placed uniformly
throughout the wall web at 203 mm and, was extended
inside the boundary elements. Fig. 2 shows the
relationship between the horizontal force and the
corresponding  displacement  experimentally and
numerically obtained.
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Figure 1: Nominal Dimension and Cross-sectional
details of Shear-wall B2

Up to the last cycle the present model predicts with high
accuracy the obtained results not only in terms of
maximum peak load in each cycle, but also during the
unloading and reloading phases.
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Figure 2: Force vs. Deflection Curve for Shear-wall B2
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