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Abstract:  Since the elastoplastic damages occur in concrete structures and components in plastic stage under a
severe earthquake, precise prediction of nonlinear behavior of structures in the earthquake is important to assess
the seismic safety of the structures. A structural elastoplastic analysis program MEASP which bases on macro
elements is compiled with object oriented language and three kinds of nonlinear beam-column elements are
implemented in MESAP: stiffness-based fiber element, flexibility-based fiber element and flexibility-based plastic
hinge element. Differences between the elements are compared by case study. Four kinds of integration methods
for obtaining the flexibility matrix of the plastic hinge element are studied. The results show that a
flexibility-based plastic hinge element is an accurate macro element with low computation cost. Only two
integration points are required by the Gauss-Radau integration method handling a nonlinear analysis. It is
accuracy and its computational efficiency is applicable in the entire structure nonlinear analysis and practical in
engineering.
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Table 1 Material parameter, stirrup and axial compressive ratio of specimen

Y E £ 1% 20 HE(E A% 12
B s AT 20mm) G 12mm) BB SR
YK 38 /MPa Jat I3 &/ MPa T B 58 i/ MPa Jit IR i /MPa % B 58 i /MPa
#1 25.6 474 721 333 481 80 0.2
#5 32 511 675 325 429 110 0.1
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Fig.9 Section moment-curvature curve of specimen 1
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