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Lightweight structures have the advantages of being ecological, virtuous, and beautiful to the eyes. The transparency and the fluent geometry that can be achieved with these structures, make them a reference point in modern structural engineering. Their design and production attain to many challenging fields in engineering such as the digital fabrication, the control and optimization theory, and the smart structures. However, their slenderness returns an high sensitivity to instability problems. Stability of equilibrium has a key role in structural engineering: the multiple nature and the vast set of influencing factors makes necessary a constant investigation and development of focused approaches. Above all, the sudden character that distinguish the instabilities requires a consistent effort to assure the safety of large and slender structures. Lastly, the interactive and dynamic essence of the instability demands a complex composition of solution schemes to treat it from a static point of view.
Aim of this thesis is to study the interaction between the snap-through and the buckling and its effect on maximum load reduction, imperfection sensitivity, and especially on the variation in the structural behavior. Even if the dangerousness of the phenomenon is known, the problem requires a systematic treatment that concerns the study of the equilibrium paths. The path shape and characteristic provides crucial information about variation of inner forces regime, shallowness and slenderness effects, imperfections and connections influence. Hence, in the first part of the manuscript, a focused theoretical approach is devoted to the establish the describing and discriminating parameters.  Additionally, a series of numerical simulations are presented to validate the formulations. Obtained results fulfill a first step in covering the gap between the physical knowledge of the problem and its actual scientific connotation. The results find an application in the stability of reticulated structures, commonly geometrically non-linear, but also a useful tool for the design and analysis of MEMS and micro-switchers. In this scale, the interaction phenomenon is too much often used for triggering a device without being completely grasped. The heinous data about mems collapse due to pull-in instability, about more than 40% of mems broke in this manner, is a reliable witness. In the structural engineering field, from the famous collapses of the 60's and 70's to the 2014 emblematic collapses of more than 100 reticulated domes in China caused by some exceptional snow storms. International organizations, such as the IASS, redacted new guideline for design, constructions and reliability of metal roofs, demonstrating a renewed interest in the interactive collapses. Among all, new methods for taking into account the imperfection sensitivity has been presented, based on probabilistic approaches. In the second part of the thesis, using the results obtained for a simple structures, the structural weaknesses and flaws are investigated. The results suggest that the methods adopted, commonly used for Fracture Mechanics, are useful for studying the local instability occurrence and consequences. For classical morphologies, such as diamatic and geodesic domes, the elastic local collapses of lateral and compressive buckling appears to be responsible for sharp load decreases.  At the same time, for grid shells, the high stiffness connections required, proves to be a trigger to progressive and catastrophic collapses. Identification of snap-back phenomena in the equilibrium path of these structures are similar to the shell and cylinders collapses, where the intensity of flexural and axial regime of forces determines the catastrophic degree of the fail. The concept illustrated in this manuscript can be used for the safety assessment of lightweight structures and for optimization criteria for mems and micro-scale material structure.
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				Lightweight structures have the advantages of being ecological, virtuous, and beautiful to the eyes. The transparency and the fluent geometry that can be achieved with these structures, make them a reference point in modern structural engineering. Their design and production attain to many challenging fields in engineering such as the digital fabrication, the control and optimization theory, and the smart structures. However, their slenderness returns an high sensitivity to instability problems. Stability of equilibrium has a key role in structural engineering: the multiple nature and the vast set of influencing factors makes necessary a constant investigation and development of focused approaches. Above all, the sudden character that distinguish the instabilities requires a consistent effort to assure the safety of large and slender structures. Lastly, the interactive and dynamic essence of the instability demands a complex composition of solution schemes to treat it from a static point of view.
Aim of this thesis is to study the interaction between the snap-through and the buckling and its effect on maximum load reduction, imperfection sensitivity, and especially on the variation in the structural behavior. Even if the dangerousness of the phenomenon is known, the problem requires a systematic treatment that concerns the study of the equilibrium paths. The path shape and characteristic provides crucial information about variation of inner forces regime, shallowness and slenderness effects, imperfections and connections influence. Hence, in the first part of the manuscript, a focused theoretical approach is devoted to the establish the describing and discriminating parameters.  Additionally, a series of numerical simulations are presented to validate the formulations. Obtained results fulfill a first step in covering the gap between the physical knowledge of the problem and its actual scientific connotation. The results find an application in the stability of reticulated structures, commonly geometrically non-linear, but also a useful tool for the design and analysis of MEMS and micro-switchers. In this scale, the interaction phenomenon is too much often used for triggering a device without being completely grasped. The heinous data about mems collapse due to pull-in instability, about more than 40% of mems broke in this manner, is a reliable witness. In the structural engineering field, from the famous collapses of the 60's and 70's to the 2014 emblematic collapses of more than 100 reticulated domes in China caused by some exceptional snow storms. International organizations, such as the IASS, redacted new guideline for design, constructions and reliability of metal roofs, demonstrating a renewed interest in the interactive collapses. Among all, new methods for taking into account the imperfection sensitivity has been presented, based on probabilistic approaches. In the second part of the thesis, using the results obtained for a simple structures, the structural weaknesses and flaws are investigated. The results suggest that the methods adopted, commonly used for Fracture Mechanics, are useful for studying the local instability occurrence and consequences. For classical morphologies, such as diamatic and geodesic domes, the elastic local collapses of lateral and compressive buckling appears to be responsible for sharp load decreases.  At the same time, for grid shells, the high stiffness connections required, proves to be a trigger to progressive and catastrophic collapses. Identification of snap-back phenomena in the equilibrium path of these structures are similar to the shell and cylinders collapses, where the intensity of flexural and axial regime of forces determines the catastrophic degree of the fail. The concept illustrated in this manuscript can be used for the safety assessment of lightweight structures and for optimization criteria for mems and micro-scale material structure.
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					simulazione ASN

					
				

				
					Il report seguente simula gli indicatori relativi alla propria produzione scientifica in relazione alle soglie ASN 2023-2025 del proprio SC/SSD. Si ricorda che il superamento dei valori soglia (almeno 2 su 3) è requisito necessario ma non sufficiente al conseguimento dell'abilitazione.
La simulazione si basa sui dati IRIS e sugli indicatori bibliometrici alla data indicata e non tiene conto di eventuali periodi di congedo obbligatorio, che in sede di domanda ASN danno diritto a incrementi percentuali dei valori. La simulazione può differire dall'esito di un’eventuale domanda ASN sia per errori di catalogazione e/o dati mancanti in IRIS, sia per la variabilità dei dati bibliometrici nel tempo. Si consideri che Anvur calcola i valori degli indicatori all'ultima data utile per la presentazione delle domande.

La presente simulazione è stata realizzata sulla base delle specifiche raccolte sul tavolo ER del Focus Group IRIS coordinato dall’Università di Modena e Reggio Emilia e delle regole riportate nel DM 589/2018 e allegata Tabella A. Cineca, l’Università di Modena e Reggio Emilia e il Focus Group IRIS non si assumono alcuna responsabilità in merito all’uso che il diretto interessato o terzi faranno della simulazione. Si specifica inoltre che la simulazione contiene calcoli effettuati con dati e algoritmi di pubblico dominio e deve quindi essere considerata come un mero ausilio al calcolo svolgibile manualmente o con strumenti equivalenti.
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