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GENERAL INFORMATION

Location Empa, Dübendorf
 Überlandstrasse 129
 AKADEMIE

Cost The event is sponsored by Empa 
 and free of charge for the participants,
 but registration is required.

Registration www.empa-akademie.ch/multiscale

Deadline May 26, 2018

Contact Empa
 Dr Thijs Defraeye
 Phone +41 58 765 47 90
 thijs.defraeye@empa.ch
 www.empa.ch

How to Please do use public transport. 
get here There is only very limited parking available.

TOPICAL DAY

High-performance 
multiscale modelling V

Empa, Dübendorf, Überlandstrasse 129
Thursday, May 31, 2018, from 9:00 to 16:00

Online registration: 
www.empa-akademie.ch/multiscale

Abstract of keynote speaker Harald van Brummelen

Skeleton-stabilized immersed isogeometric analysis for 
porous-media flows in imaging-based geometries
Isogeometric Analysis (IGA) of incompressible flow problems has 
been an active topic of research over the last decade. In particular, 
IGA of mixed formulations for incompressible flow problems based 
on inf-sup stable velocity-pressure pairs has been demonstrated to 
have excellent stability and approximation properties, which has 
led to the development of a range of isogeometric element families. 
In recent years, it has been shown that direct application of these 
element families in an immersed (Isogeometric Finite Cell) setting 
leads to local oscillations in the pressure field near cut boundaries. 
In addition, such formulations may suffer from ill-conditioning 
induced by excessively small cut elements. In this presentation,  
I will give an overview of our recent work on stabilization methods 
and preconditioning techniques for IGA-FCM for incompressible- 
flow problems in complex geometries, with particular emphasis on 
pore-scale porous-media simulations for geometries that have  
been extracted from imaging data.

Abstract of keynote speaker Sergey Churakov

Coarse-grain simulations of ions uptake in cement
Calcium-(Aluminium-)Silicate-Hydrates (C-A-S-H) control to a large 
extent the uptake and transport properties of hardened cement 
paste. C-A-S-H has a foil-like structure with very small coherent 
diffraction domains. The composition of C-A-S-H varies with the 
activity of its constitutive species in solution, i.e. silicate, calcium 
and hydronium ions. Molecular level mechanistic understanding of 
C-S-H reactivity is essential for reducing the carbon footprint of 
cement manufacturing. In this context I will present a coarse-grain 
simulation concept capable of describing the pH dependent 
development of the surface charge due to deprotonation of the 
surface OH groups, adsorption of aqueous ions on the surface and 
exchange equilibrium between Al and Si bearing structural sites on 
C-(A-)S-H surface and the aqueous solution. The model successfully 
describes the thermodynamic and transport properties of cement 
material without use of adjustable parameters and provides insight 
into the spatial distribution of ions in gel pores of C-A-S-H which  
is indispensable for pore scale modelling of the ion transport in 
cement.



PROGRAM

8:30 Welcome Coffee / Registration

9:00 Opening Remarks
 Dr Thijs Defraeye and Dr Marta Bon

9:15 Skeleton-stabilized immersed isogeometric analysis 
 for porous-media flows in imaging-based geometries
 Prof. Harald van Brummelen, Eindhoven University of
 Technology, The Netherlands

10:15 Coffee Break

10:45 Talks of Empa Colleagues

 Fruit quality evolution during drying using 
 hygro-thermo-mechanical multiscale modeling
 Kevin Prawiranto, Biomimetic Membranes and Textiles

 In-depth analysis of biological nanocomposites using
 continuum micromechanics
 Dr Jakob Schwiedrzik, Mechanics of Materials 
 and Nanostructures

 Challenges and necessities of CFD in 
 urban microclimate modeling
 Pasha Piroozmand, Multiscale Studies in Building Physics

11:45 Modeling Software at Empa: Status Update
 Dr Thijs Defraeye

12:00 Lunch

13:15 Coarse-grain simulations of ions uptake in cement 
 Prof. Sergey Churakov, Paul Scherrer Institute

14:15 Coffee Break

14:45 Talks of Empa Colleagues

 Doubled quasi-bound states in metallic zigzag 
 carbon nanotubes: an ab initio perspective
 Kristjan Eimre, nanotech@surfaces

 Computational approach to transmission 
 electron microscopy
 Dr Marco Campanini, Electron Microscopy Center

 Dynamics of sub-nm Pt clusters on carbon-based
 materials: Computation meets STEM measurements
 Dr Marta Bon, Electron Microscopy Center /
 nanotech@surfaces

15:45 Computational Hardware at Empa: Update
 Dr Daniele Passerone

16:00 Closing

TOPIC

Advanced simulations at nano- to environmental scales 
and linking of multiple scales, including electronic 
structure calculations, molecular dynamics, discrete 
element modelling, Lattice Boltzmann methods, con-
tinuum hygro-thermo-mechanical FEM and environ-
mental computational fluid dynamics.

TARGET AUDIENCE

Scientists, PhDs and postdocs working with advanced 
computational models at different scales.

OBJECTIVES

This series of Topical Days offers a platform to experts 
in high-performance multiscale modelling on the latest 
developments and for sharing experiences. The focus 
is on solving computationally demanding problems in 
physics, chemistry, material science and engineering, 
ranging from nano- to environmental scale. Another 
point of interest is how to couple such simulations at 
different scales in an efficient and accurate way. These 
Topical Days particularly aim to bring together the 
community at Empa and to link people with different 
backgrounds and skills.

For this 5th Topical Day, two keynote speakers have 
been invited to share their latest research: Prof. Harald 
van Brummelen (Eindhoven University of Technology, 
The Netherlands) and Prof. Sergey Churakov (Paul 
Scherrer Institute).

For the remainder of the day, several Empa scien-
tists will present examples of their modelling work  
at different scales. The progress regarding the available 
commercial modeling software at Empa (COMSOL 
Multiphysics, ANSYS, …) as well as the computa- 
tional hardware at Empa and access to other clusters 
are also discussed.

REGISTRATION

High-performance 
multiscale modelling V

Empa, Dübendorf, Überlandstrasse 129
AKADEMIE
Thursday, May 31, 2018, from 9:00 to 16:00

Deadline for registration: May 26, 2018

Please register online:

www.empa-akademie.ch/multiscale

You will receive a confirmation by e-mail.


