
Isogeometric Analysis in G+Smo

A Hands-On Tutorial with Nonlinear Shells

H.M. (Hugo) Verhelst 1,2,*

1Numerical Analysis, Faculty of Electrical Engineering, Mathematics and Computer Science (EEMCS)
2Maritime and Transport Technology, Faculty of Mechanical, Maritime and Materials Engineering (3mE)

Delft University of Technology, The Netherlands

*h.m.verhelst@tudelft.nl

04-08-2020



Introduction

Research
• Thin shell analysis

• Isogeometric Analysis (IgA)

• (Post-)buckling methods

Hugo Verhelst, MSc
EEMCS/DIAM and 3mE/MTT
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G+Smo Demo

Features
• Linux, Mac OS, Windows

• Templated C++ library

• Isogeometric Analysis (integration of CAD and
analysis) Geometry + Simulation Modules 1

gismo.github.io
github.com/gismo

1B. Jüttler et al. (2014). “Geometry + Simulation Modules: Implementing Isogeometric Analysis”. In: PAMM 14.1, pp. 961–962
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G+Smo Demo
Isogeometric Analysis

Splines

B-spline surface with control points R ∈ R3

S(ξ, η) =
N∑

i∈I

ψiR i (1)

Solution to PDE:

u =
N∑

i∈I

ψiαi (2)

Figure: B-spline description
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G+Smo Demo
Isogeometric Analysis

Example: Poisson Equation

Strong form:

−∆u = f in Ω

u = uD in ΓD

∇u · n = g in ΓN

Weak form: 
Find u ∈ ΣuD such that∫

Ω

∇u · ∇ψ dΩ =

∫
Ω

f ψ dΩ +

∫
ΓN

gψ dΓ

∀ψ ∈ ΣuD
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G+Smo Demo

Geometry and BVP

Paraview

.xml

.vtk

Process geom-
etry and basis

Assemble system

Solve system

Geometry

A, b
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The Shell Physics
Thin-Walled Structures

Slender structures; L� t (L/t > 100)
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The Shell Physics
Nonlinearities

Geometric Nonlinearity
• Large displacements

• Stiffening

Material Nonlinearity
• Linear material: σ = Eε

(Hooke’s Law)

• Nonlinear material:
σ = C (ε)

• e.g. rubbers, plastic
deformation

Loading Nonlinearity
• The load ‘follows’ the

deformation

• e.g. (hydrostatic)
pressure p = pn
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The Shell Physics
Kirchhoff Hypothesis

Definition (Kirchhoff Hypothesis)

In the Kirchhoff hypothesis, the following is
assumed

1 Straight lines perpendicular to the mid-plane
before deformation remain perpendicular to
the mid-surface after deformation;

2 The normals rotate such that they remain
perpendicular to the mid-surface after
deformation;

3 The normals do not experience elongation
(i.e. they are inextensible).
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The Shell Modules

Geometry and BVP

Paraview

.xml

.vtk

Process geom-
etry and basis

Material module
gsMaterialMatrix

Shell module
gsShellAssembler

Analysis module
gsStructuralAnalysis

Geometry

C, n, m

K (u),F ,R(u)
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The Shell Modules

H.M. Verhelst IgA in G+Smo 04-08-2020 14 / 15


var ocgs=host.getOCGs(host.pageNum);for(var i=0;i<ocgs.length;i++){if(ocgs[i].name=='MediaPlayButton0'){ocgs[i].state=false;}}





Isogeometric Analysis in G+Smo

A Hands-On Tutorial with Nonlinear Shells

H.M. (Hugo) Verhelst 1,2,*

1Numerical Analysis, Faculty of Electrical Engineering, Mathematics and Computer Science (EEMCS)
2Maritime and Transport Technology, Faculty of Mechanical, Maritime and Materials Engineering (3mE)

Delft University of Technology, The Netherlands

*h.m.verhelst@tudelft.nl

04-08-2020



References I
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