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ABSTRACT

A constitutive model unifying plasticity and crack damage models was developed to address the cyclic behavior of
reinforced concrete planar members. The stress of concrete in tension-compression was conceptually defined by the
sum of the compressive stress developed by the strut-action of concrete and the tensile stresses developed by tensile
cracking. The plasticity model with multiple failure criteria was used to describe the isotropic damage of compressive
crushing affected by the anisotropic damage of tensile cracking. The concepts of the multiple fixed crack damage
model and the plastic flow model of tensile cracking were used to describe the tensile stress-strain relationship of
multi-directional cracks. This unified model can describe the behavioral characteristics of reinforced concrete in cyclic
tension—compression conditions, ie. multiple tensile crack orientations, progressively rotating crack damage, and
compressive crushing of concrete. The proposed constitutive model was implemented to finite element analysis, and it
was verified by comparison with existing experimental results from reinforced concrete shear panels and walls under
cyclic load conditions.
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Fig. 2 Multiple fixed crack orientations in mohr's
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Fig. 3 Existing plasticity model of tensile cracking : (a) Overall tensile stress-strain relation; (b) Tensile stress-
plastic strain relation ; and (c) Tensile stress—elastic strain relation
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Table 1 Marerial properties and reinforcement (Stevens et al.(1991) and Ohmori et al.(1987))

c Reinforcement
. comtossie X-direction Y-direction
pecimen ; :
strength (fer ), : Reinforcement ) Reinforcement
MPa Yield sil;lepss (fy), ratio ( 0 ), Yield stress ( f, ), ratio (0 ),
a percent MPa percent
SE8 370 492 2.94 479 0.98
SR10 36.6 393 1.02 398 1.02
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Table 2 Material properties of PCA wall specimens (Oesterle et al., 1976)
Concrete Yield stress of reinforcement ( /5 ) Reinforcement ratio ( o )

. compressive Vertical Horizontal Vertical Horizontal
Specimen strength (Fa ), Boundary web rein- web rein- Boundary web rein— web rein-
elements, ' ) elements,

MPa MP forcement, forcement, i forcement, forcement,
a MPa, MPa percen percent percent
B1 53.0 449.6 520.6 520.6 111 0.29 0.31
B2 53.6 410.3 532.3 5323 3.67 0.29 0.63
246 skaE3e|Esls| =24 M143 25(2002)
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Fig. 13 Load versus top deflection curve for wall B2 :
(a) Experiment; and (b) Numerical response
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