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Composite structures consisting of brittle and ductile materials such as FRP or RC are widely used in engineer-
ing. However, topology optimization problems of such nonlinear materials are non-convex and discontinuous, and
many material parameters are associated with the design variables in nonlinear constitutive equations. Therefore,
it is usually difficult to define their interpolation form to guarantee enough numerical convergence and physical
consistency. This study proposes an alternative approach based on the SIMP (Solid Isotropic Material with Pe-
nalization) method to give a suitable material model for FE analysis of brittle-ductile composite structures and

topology optimization.
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Fig. 1 Boundary condition for optimization example
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Table 1 Material parameters for optimization example

| | Brittle Ductile |
Young’s modulus (MPa) | 24000 20000
Poisson’s ratio 0.2 0.2
Ky 0.001 0.01
Aq 0.98 0.98
B, 200.0  200.0
Ac 0.98 0.98
B, 150.0 150.0
oy(MPa) 300 60
E(MPa) 7500 7500
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Fig. 2 Results of optimization example 1
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Fig. 3 Results of optimization example 2

BRAERTEL © 75
SEERTRL 5

BE XK

1) M. P. Bendsge, O. Sigmund : Material interpolation
schemes in topology optimization, Arch. Appl. Mech.,
69(9)(1999), pp.635-654.

2) J. Mazars and G. Pijaudier-Cabot : Continuum damage
Theory-Applocation to concrete, Journal of Engineering
Mechanics, Vol. 115, 1989, pp.345-365.

3) THARW, MEEEs, SEEs, SFHE B, 718
Z MR OB DR LEMEER L LT
7 = — R bR Y-l X ORI O ER
AF, AR CE A2, Vol.70, No2, pp.317-328,
2014.

06-05 -



