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NUMERICAL METHODS FOR THE STRUCTURAL ANALYSIS OF MASONRY CONSTRUCTIONS

A great number of models have been introduced during the last years to evaluate the vulnerability of ancient masonry constructions under static and dynamic loads. The Mechanics of Materials and Structures Laboratory of ISTI CNR has developed a finite element code (NOSA) specifically aimed at studying masonry buildings by implementing a no-tension constitutive equation [1, 2]. A different approach has been used by the LMCG Research Unit, which implemented a discrete element approach in the code LMGC90, modeling masonry trough assemblages of blocks interacting by means of non smooth contact laws [3 - 7]. Each method is able to catch different aspects of the complex behavior of masonry materials: on one side, the finite element approach allows for obtaining continuous information about the stress field and the crack distribution, on the other the discrete element method is able to model the complex dynamic interactions between blocks and the related energy dissipation. Both comparison and merging of the two numerical methods seem then to be very interesting. Two issues have been addressed during the STM stay in Montpellier:
a) performing comparisons among numerical results obtained via NOSA and LMGC90. 
Three case studies have been chosen from literature or from preceding analyses performed separately by the laboratories:
1) a masonry wall subjected to shear forces and vertical loads: the curves shear - horizontal displacement obtained numerically can be compared with the experimental results shown by [8];
2)  a masonry arch subjected to vertical loads and horizontal acceleration; the results obtained in [9] via the NOSA code can be compared with LMCG90, for different placements of the blocks in the discrete element model and for different values of the section’s height and of the excitation frequency;
3)  a stone dome building in Junas, France; the structure, whose design is nowadays under review, has already been studied in [10 - 12] with the LMCG90 code, highlighting a strong sensitiveness of the model to the values of the friction angle among stones. The NOSA model can add useful information on the distribution of stresses and cracking into the structure and on the collapse load.
b) 
coupling LMGC90 and NOSA code
The LMGC90 code allows to take into account the deformability of each block by means of a mixed discrete/finite elements approach [5, 12]. Different kinds of material behaviours are allowed and some integrations of LMGC90 code with external f.e.m. codes have already been implemented. Of course, using nonlinear constitutive equations makes the problem more complex and increases the computational efforts. Merging LMCG90 and NOSA can improve the assessment of the stress field and the crack/crushing damage inside the blocks and be particularly effective for modeling large stone structures of mixed stone/masonry walls.
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