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NURBS and Isogeometric Analysis

dune-iga

Challenges and Summary

Outline
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NURBS and Isogeometric Analysis

History

ALASTAIR TOWNSEND: ON THE SPLINE: A BRIEF HISTORY OF THE COMPUTATIONAL CURVE (FULL) - HTTPS://ALATOWN.COM/SPLINE-HISTORY-ARCHITECTURE/

GALLO AND WIRZ 2021: THE EVOLUTION OF THE DIGITAL CURVE: FROM SHIPBUILDING SPLINE TO THE DIFFUSION OF NURBS SUBDIVISION SURFACE AND T-SPLINES AS TOOLS IN ARCHITECTURAL DESIGN

Ship 
Building 
(1600s)

…

Paul de 
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(1960s)
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…

Hughes, 
Cottrell, 
Bazilevs
(2005)
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https://alatown.com/spline-history-architecture/
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NURBS and Isogeometric Analysis

Basis Functions, Continuity, and Patches

B-spline basis functions: 

Cox-de Boor recursion formula

𝑝 = 0: 𝑝 = 1, 2, 3, … :

COTTRELL ET AL. 2009

𝐶−1 𝐶0 𝐶0 𝐶0 𝐶0 𝐶−1

Curve:
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NURBS and Isogeometric Analysis

Basis Functions, Continuity, and Patches

B-spline basis functions: 

Cox-de Boor recursion formula

𝑝 = 0: 𝑝 = 1, 2, 3, … :

COTTRELL ET AL. 2009

𝐶−1 𝐶3 𝐶2 𝐶1 𝐶0 𝐶−1

Curve:
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NURBS and Isogeometric Analysis

Basis Functions, Continuity, and Patches

Non-Uniform Rational B-Splines (NURBS):

Surfaces: (Tensor product)

COTTRELL ET AL. 2009
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NURBS and Isogeometric Analysis

Basis Functions, Continuity, and Patches
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NURBS and Isogeometric Analysis

ℎ-, 𝑝-, and 𝑘-refinement

COTTRELL ET AL. 2009

ℎ-refinement 𝑝-refinement

𝑘-refinement



dune-iga
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Interface (Example)
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Additional features

• Create another Grid from NURBS geometry (PR)

• Python Bindings

• …

Geometry of a grid entity
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Example 1 – Kirchhoff Plate

PDE:

Weak form needs 𝐶1-continuity

𝑞𝑧

𝑥

𝑧,𝑤

𝑦

𝑡
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Example 1 – Kirchhoff plate theory – simply supported circular plate with distributed load
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Example 2 – Python bindings
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Trimmed NURBS

• Tensor product nature restricts possible geometries

• Trimmed NURBS (Typical CAD representation)
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dune-iga

Trimmed NURBS
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Untrimmed NURBS
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Trimmed NURBS
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Trimmed NURBS - Interface
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Trimmed NURBS

Import possible from RHINO
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Interlude

Ikarus – a DUNE module

• Our in-house DUNE front-end 

• Global assemblers

• local assembler expression templates (dune-localfefunctions)

• Some non-linear solvers, …

ikarus-project.github.io

Micro-magnetics

Linear elasticity

Non-linear Von-Mises Truss



Outlook
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Outlook

• Generalize notion of reference Elements dune-geometry_Issue32

(GeometryType::none is not always checked)

• Add hierarchic grid features (only leafGridView() available)

• Multiple Patches

• Interface for higher derivative transformations?

Similar interface as for grid element intersections?

TESCHEMACHER 2023

https://gitlab.dune-project.org/core/dune-geometry/-/issues/32
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E-Mail

Telefon +49 (711) 685-

www.ibb.uni-stuttgart.de

Universität Stuttgart

Institut für Baustatik und Baudynamik

Pfaffenwaldring 7, 70569 Stuttgart

Vielen Dank!

@Uni_Stgt_IBB
Universität Stuttgart – Institut für 

Baustatik und Baudynamik (IBB)

Alexander Müller

66572

mueller@ibb.uni-stuttgart.de

ikarus-project.github.io
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