International Doctorate in Civil and Environmental Engineering
DOCTORAL COURSE

Introduction to Isogeometric Analysis (IGA)
with applications to shells and geometrically exact
beam problems
Teacher: Dr. Enzo Marino
DICEA, Università degli Studi di Firenze
enzo.marino@unifi.it

Calendar
27/03/2020, 15,00-18,00 – Room to be defined –
S. Marta – UniFi
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Program
Isogeometric analysis (IGA) is a method for the solution of problems governed by partial differential
equations. The method was introduced in 2005 by Hughes et al. [1] with the aim of representing the
exact geometry regardless of the mesh refinement level and simplifying the expensive operations of
mesh generation and refinement required by traditional Finite Element Analysis (FEA) [2]. This is
possible by using the higher-order basis functions adopted in Computer Aided Design (CAD), e.g.
NURBS [3], not only to describe the domain geometry, but also to represent the numerical solution of
the differential problem. The isogeometric collocation (IGA-C) method [4] is based on the
discretization of the strong form of the governing equations and, since there is no need for numerical
quadrature, the computational cost is drastically reduced. IGA has become a new paradigm for the
solution of a wide range of problems including structural mechanics, turbulent flow and fluidstructure interaction.
This course will give an overview of the main attributes and potentialities of the methods with the
focus on structural mechanics. After an introduction to NURBS basis functions, IGA formulations of
linear plates and shells (an example is shown in Fig. 1) [5], as well as 3D beams undergoing finite
rotations (an example is shown in Fig. 2) [6], will be addressed. Emphasis will be placed on
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geometrically nonlinear problems, which, due to the presence of finite rotations, require
geometrically consistent procedures for the linearization of the strong form of the governing
equations, for the configuration updates, and for the time integration of the dynamic problem.

Fig. 1. Linear IGA-C simulation of a partly
clamped hyperbolic paraboloid. Undeformed
and deformed (dark grey) configurations [5].
Fig. 2. Nonlinear IGA-C simulation of a helical spring under a pulling load [6].
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