Numerical Methods for Structural Mechanics Problems and Non Linear Materials

V. Comincioli^∗ I. Comodi^† L. Della Croce^‡ G. Naldi^§ T. Scapolla^¶

P. Venini^‖ C. Viganotti^{∗∗}

Unità operativa di Pavia

We consider and analyse mathematical models, numerical methods and algorithms for problems arising in the mechanics of structures and in the simulation of the mechanical properties of linear and non linear materials. In the following we summarize the topics involved in this work.

First we analyze some finite elements for the numerical solution of Naghdi cylindrical shell problems. Its discretization with standard finite elements suffers of the locking phenomenon, i.e., when small thickness shells are solved, the numerical results are affected by a large error. We have proposed several ways to avoid the numerical locking: mixed formulations, reduced and/or selective integration. The performance of the new elements is tested by solving some benchmark problems involving very thin shells, representative of membrane and bending dominated situations. To assess the robustness of the finite elements, computations have been carried out with uniform and distorted decompositions of the domain. The numerical results show both properties of convergence and robustness [1, 2, 3, 4, 5, 6, 7, 8, 9, 10].

Often the behaviour of the engineering materials is non linear, since the acting forces bring the material beyond the elastic limit. The classical theory of plasticity is mostly used since it allows a modelling that can be experimentally corroborated. In this framework we have developed a new numerical scheme using wavelet bases and a suitable variational formulation of the physical problem [11, 12]. We show the basic properties of the new numerical approach showing some numerical test both in static and dynamical case. In particular we consider the possibility to state adaptive algorithms for the computation of the plastic wave.

References

[1] C. Chinosi, L. Della Croce, T. Scapolla, Hierarchic finite elements for thin Naghdi Shell model, International Journal of Solids and Structures, 35, pp. 1863–1880 (1998).

[2] C. Chinosi, L. Della Croce, T. Scapolla, Numerical results on the locking for cylindrical shells, Computer Assisted Mechanics and Engineering Sciences, 5, pp. 31–44 (1998).

[3] C. Chinosi, L. Della Croce, T. Scapolla, Hierarchic finite elements for plates and shells, Computer Assisted Mechanics and Engineering Sciences, 8 (1998).

[4] C. Chinosi, L. Della Croce, T. Scapolla, Unconventional finite elements for cylindrical shells, in Advanced Computational Methods in Engineering (R. Van Keer, B. Verhegghe, M. Hogge, E. Noldus, eds.), Shaker Publishing B.V., Maastricht, The Netherlands, pp. 729–736 (1998).

[5] C. Chinosi, L. Della Croce, T. Scapolla, Solving a Membrane Dominated Shell with Non–Standard Finite Elements, Proceedings of International Conference on Scientific Computing and Mathematical Modeling (S.K. Dey, J.P. Ziebarth and J.M. Ferrandiz, eds.), Alicante, Spain, pp. 202–209 (1998).

∗Dipartimento di Matematica, Università di Pavia, comi@dimat.unipv.it. †Dipartimento di Matematica, Università di Pavia, comodi@dimat.unipv.it. ‡Dipartimento di Matematica, Università di Pavia, luciadc@dimat.unipv.it. §Dipartimento di Matematica e Applicazioni, Università di Milano-Bicocca, naldi@matapp.unimib.it. ¶Dipartimento di Matematica, Università di Pavia, terenzio@dragon.ian.pv.cnr.it. ‖Dipartimento di Meccanica Strutturale, Università di Pavia, venini@cpmec.unipv.it. ∗∗Istituto di Farmacologia, Università di Pavia, viganotti@unipv.it.

[6] L. Della Croce, T. Scapolla, em On the robustness of mixed interpolated elements for cylindrical shells, Numerical Methods in Continuum Mechanics NMCM‘98 (V. Kompis, M. Žmindák and B. Hučko, eds.), George Ed., Žilina, Slovak Republic, pp. 22–28 (1998).

[7] L. Della Croce, T. Scapolla, High order finite elements for cylindrical shells, 4eme Colloque en Calcul des Structures, Ed. CSMA/Teknea, Toulouse, pp. 727–732 (1999).

[8] L. Della Croce, T. Scapolla, Effect of mesh distorsion on Serendipity and mixed finite element solution of thin shells, International Journal of Applied Science and Computations, 5, pp. 220–237 (1999).

[9] C. Chinosi, L. Della Croce, Mixed-interpolated Elements for Thin Shells, Communications in Numerical Methods in Engineering 14, (1998).

[10] L. Della Croce, T. Scapolla, Solving Cylindrical Shell Problems With A Non-Standard Finite Element, Mathematics and Computers in Simulation, in print (1999).

[11] V. Comincioli, G. Naldi, T. Scapolla, P. Venini, Optimal shape design and identification using wavelet based methods, Numerical Methods in Continuum Mechanics NMCM‘98 (V. Kompis, M. Žmindák and B. Hučko, eds.), George Ed., Žilina, Slovak Republic, pp. 530–536 (1998).

[12] V. Comincioli, G. Naldi, T. Scapolla, P. Venini, A Wavelet like Galerkin Method for Numerical Solution of Variational Inequalities arising in Elastoplasticity, Communication in Numerical Methods in Engineering, to appear (1999).