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"Parametric Planning of Complex Facades and shell-structures”
Automation of engineering and manufacturing Dato

Presented by Dr.-Ing. Alamir Mohsen
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Intfroduction Problem statement - Projects

- Munch Museum, Oslo
- Mainzero, Frankfurt

- Hangar &, Salzburg

© Bollinger + Grohmann Ingenicure, Frankfurt




Intfroduction Munch Museum

- Stick system.
- High technical demands.

- Highly customized.
- Highly engineered.

Munch Museum, Oslo @ Bollinger + Grohmann Ingenicure, Frankfurt




Intfroduction

Geometrical challenges.
loae cases challenges

= Customized solution.
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Intfroduction Mainzero

- Unitized system.
- High technical demands.

- Highly customized.
- Highly engineered.
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I\/Igmzero, Frankfurt © Bollinger + Grohmann Ingenieure, Frankfurt




Intfroduction Mainzero

- Design challenge.
- Assembly challenge.

> Customized solution.

T

Mainzero, Frankfurt © Bollinger + Grohmann Ingenieure, Frankfurt




Introduction Hangar 3

= Deme siuciure.
- High geometrical demands.

- Highly customized.
- Highly engineered.




Introduction Hangar 3

- Geometrical challenge.
- Manufacturing challenge.

........

- Customized solution.
= Intense amount of labor in
olanning and realization.

Hangar 8, Salzburg © Bollinger + Grohmann Ingenieure, Frankfurt




Lid Vision Application in Architecture

Crystalized Architecture.
Utilization of Standard
Facade Systems.

Expanding Architects' vision.
More Transparency.
Economical unique
solutions.

3D printed Facade Node
‘N-AM_Li3".

© Lithium Architects GmbH




Lid Vision Application in Architecture

Crystalized Architecture.
Utilization of Standard
Facade Systems.

Expanding Architects' vision.
More Transparency.
Economical unique
solutions.

3D printed Facade Node
‘N-AM_Li3".
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Jlae O ine A Additive Manufacturing of Metals

AdlelV@ MOﬂUfOCTUFiﬂg Of Laser Lenses Laser beamn x-Y scanning Mirror

Metals (SLM).
Direct Modelling vs. \ \\ /\/

Parametric Modelling. Recoater am

Built parts

Metal powder supply

Support Structure

Build enuvelope

Build platform

Selective Laser Melting (SLM).

© Lithium Architects GmbH 11




State of the Art Direct- vs. Parametric-Modelling

Predefined
Additive Manufacturing of Cgem%gﬁds_ > Results.
Metals (SLM).
> -

' ' “§ Direct
Direct Mgd@|||ng vs. b g gt
Parametric Modelling. / B g.

a ®
Defined Set of
Parameters. > Results.

Parametric
Modelling.

G Instructions R

Change If Needed =i Hnalysis

© Lithium Architects GmbH 12




Proof of Concept

- Li3_Method:

> Digital Planning concept.
> Manufacturing Planning

concept.
> N-AM_Li3

© Lithium Architects GmbH

Digital Planning concept

-N-AM st Generation
-N-AM 2nd Generation
- Voronoi Facade

- Paneling Free-form

- Voronoi Shell Strucutre

13



Li3-Method N-AM [st generation

Global Geometric/Structural
Phase.

Local Geometric/Structural
Phase.

Validation of Manufacturing
Phase.

Facade erection Phase.

- _—*‘ k.

Design scenarios of N-AM 04,

© Lithium Architects GmbH



Li3-Methoo N-AM 2nd generation

Global Geometric/Structural
Phase.

Local Geometric/Structural
Phase.

Validation of Manufacturing
Phase.

Focade erection Phase.

N-AM [0 - Topology optimized Steel Node.

© Lithium Architects GmbH




Lid-Method Voronoi FQCQd@
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! 4 Facade

W

/oom-In of the 1:20 model. The

& model is made of wooden sticks
A and 3D-printed FDM plastic
I' nodes. -

© Lithium Architects GmbH




Li3-Method Paneling Free-Form

Global Geometric/Structural
Phase.

Local Geometric/Structural
Phase.

Validation of Manufacturing
Phase.

Facade erection Phase.

Optimzation Optimzation
not possible not possible

Form finding of planar glass surfaces out of Free-Form surface.
© Lithium Architects GmbH




Lid-Method

Global Geometric/Structural
Phase.

Local Geometric/Structural
Phase.

Validation of Manufacturing
Phase.

Facade erection Phase.

© Lithium Architects GmbH

Paneling Free-Form
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Visualization of an optimized Dome that is made of planar glass
surfaces, straight profiles and 3D-printed nodes.
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Lid-Method

- Clobal Geometric/Structural
Phase.

- fecallCeomairie/sirvejural
Phase.

- Validation of Manufacturing
Phase.

- Facade erection Phase.

© Lithium Architects GmbH

Voronoi Shell Structure

19



Lid-Method

Global Geometric/Structural
Phase.

Local Geometric/Structural
Phase.

Validation of Manufacturing
Phase.

Facade erection Phase.

© Lithium Architects GmbH

Voronoi Shell Structure

Result Types
Displacement
Factor of Safety
Percent of Yield
Tension/Compression
Max Shear Stress
von Mises Stress
Major Principal Stress

von Mises Stress
Max: 1.041e+002 MPa
— 1.041e+002 MPa
— 9.374e+001 MPa
— 8.337e+001 MPa
— 7.300e+001 MPa
— 6.262e+001 MPa
— 5.225e+001 MPa
— 4.188e+001 MPa
— 3.150e+001 MPa
— 2.113e+001 MPa
— 1.076e+001 MPa
01 MPa
Min 3.820e-001 MPa

4

Topology optimzation of a Welded connection at 38% Mass target.

Result Types
Displacement
Factor of Safety
Percent of Yield
Tension/Compression
Max Shear Stress
von Mises Stress
Major Principal Stress

von Mises Stress
Max:  1.165e+002 MPa
— 1.165e+002 MPa

— 1.261e+001 MPa
4 — 1.066e+000 MPa
Min 1.066e+000 MPa

Topology optimzation of a Welded connection at 28% Mass target.

Resut Types
Displacement
Factor of Safety
Percent of Yield
Tension/Compression
Max Shear Stress
von Mises Stress
Major Principal Stress

von Mises Stress
Max: 1.041e+002 MPa
— 1.041e+002 MPa
— 9.374e+001 MPa
— 8.337e+001 MPa
— 7.300e+001 MPa
— 6.262e+001 MPa
— 5225¢+001 MPa
— 4.188e+001 MPa
— 3.150e+001 MPa
— 2.113e+001 MPa
— 1.076e+001 MPa
» — 3.820e-001 MPa
Min:  3.820e-001 MPa

Resuk Types
Displacement
Factor of Safety
Percent of Yield
Tension/Compression
Max Shear Stress
von Mises Stress
Major Principal Stress

von Mises Stress
Max:  1.165e+002 MPa
— 1.165¢+002 MPa
— 1.049e+002 MPa
— 9.340e+001 MPa
— 8.186e+001 MPa
— 7.032e+001 MPa
— 5.877e+001 MPa
— 4.723e+001 MPa
— 3.569+001 MPa
— 2.415¢+001 MPa
— 1.261e+001 MPa
4 — 1.066e+000 MPa
Min:  1.066e+000 MPa
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Proof of Concept

- Li3_Method:

> Digital Planning concept.
> Manufacturing Planning

concept.
> N-AM_Li3.

© Lithium Architects GmbH

Manufacturing Planning Concept

- [ensile Tests
- Validation [ests

21



Lid-Method Tensile Tests

Global Geometric/Structural
Phase.

Local Geometric/Structural
Phase.

Validation of Manufacturing
Phase.

Facade erection Phase.
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© Lithium Architects GmbH Tensile specimens and breaking pattern of ALSi 10 Mg




Lid-Method

Global Geometric/Structural
Phase.

Local Geometric/Structural
Phase.

Validation of Manufacturing
Phase.

Facade erection Phase.

© Lithium Architects GmbH

Validation Tests

Validation Tests of X-form specimens made of Stainless-steel 3 16L




Proof of Concept

- Li3_Method:

> Digital Planning concept.
> Manufacturing Planning

concept.
> N-AM_Li3.

© Lithium Architects GmbH

N-AM_Li3

- Facade Element Design.
- Structural Analysis.

- Connection design.

- lopology optimization.

- building Component test.

24



Lid-Method

Global Geometric/Structural
Phase.

Local Geometric/Structural
Phase.

Validation of Manufacturing
Phase.

Facade erection Phase.

© Lithium Architects GmbH

Facade Element Design

Conception of I:1 Mockup (1,5*3,0 m Facade element)

25



Li3-Method Structural Analysis

Clobal Geometric/Structural ; ’ = D
Phase. .
Local Geometric/Structural \ 8 -
Phase. i . 4 |
Validation of Manufacturing L e i TR
Phase. | 1 . A
Facade erection Phase. ] . -
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5
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© Lithium Architects GmbH Load cases analysis and support definition of the facade element. 26



Li3-Method Connection Design

Global Geometric/Structural
Phase.

Local Geometric/Structural
Phase.

Validation of Manufacturing
Phase.

Facade erection Phase.

Investigating possible ways of connecting.

© Lithium Architects GmbH 27




| i3-Method

Global Geometric/Structural
Phase.

Local Geometric/Structural
Phase.

Validation of Manufacturing
Phase.

Facade erection Phase.

© Lithium Architects GmbH

Topology Opftimization

28



Li3-Method Duilding Component Test

Global Geometric/Structural
Phase.

Local Geometric/Structural
Phase.

Validation of Manufacturing
Phase.

Facade erection Phase.

Conception of Building Component Test

© Lithium Architects GmbH 29




| i3-Method

Global Geometric/Structural
Phase.

Local Geometric/Structural
Phase.

Validation of Manufacturing
Phase.

Facade erection Phase.

© Lithium Architects GmbH

Building Component Test

B: Statisch-mechanische Analyse

Vergleichsspannung 2

Typ: Vergleichsspannung (von Mises)

Einheit: MPa
Zeit: 0,857
03.08.201915:31

295,75 Max
289

253,8

218,61
183,41
148,22
113,02
77,829
42,634
7,4389 Min

Simulative

evaluation for the node structural behavior

30



Li3-Method Bwldmg Compon@m T@sT

Global Geometric/Structural
Phase.

Local Geometric/Structural
Phase.

Validation of Manufacturing
Phase.

Facade erection Phase.

O Tl Architoctsa@ miE Building component test physical construction




Li3-Method Duilding Component Test
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Global Geometric/Structural
Phase.

Local Geometric/Structural
Phase.

Validation of Manufacturing
Phase.

Facade erection Phase.

O Tl Architoctsa@ miE Building component test physical construction




Proof of Concept

Li3_Method:

Digital Planning concept.
Manufacturing Planning

concept.
N-AM_Li3.

© Lithium Architects GmbH
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DIGITAL CONCEPTION MANUFACTURING CONCEPTION
~

Width, Length. Height

( Generation of basic geometry >

Curvature
L 4

Tessellation types .
Planar / curved surfaces Segmentation .process
(Tessellation)

’ Stress analysis

Planar / curved profiles

¥

( Profiles engineering >

Structural the structure

( Geometry optimization )

( Finalvdesign )

CNode design and assembly )<

Geometrical

Max. Stiffress
.
( Topology optimization ) Min. Mass

modelling

RApproval in ir

Re

Reanalysis of the remodeled
optimized nodes Logistics

[ Final data set of the structure) <

Global Geometric/Structural Phase
Local Geometric/Structural Phase
Validation of Manufacturing Phase

Facade Erection Phase




IV

- First Free-Form facade in the
Werle io be constiuclica oul
of standard facade systems
and 3D Printed Facade
node N-AM_Li3.

- N-AM_Li3 will be the first
worldwide 3D printed
iacadcieeen N aline
certified to be used in
Building industry for the
German market.

- Project completion is June
202

Day time visualization of HivE

© Lithium Architects GmbH




IV

- First Free-Form facade in the
Werle io be constiuclica oul
of standard facade systems
and 3D Printed Facade
node N-AM_Li3.

- N-AM_Li3 will be the first
worldwide 3D printed
iacadcieeen N aline
certified to be used in
Building industry for the
German market.

- Project completion is June
202

Night time visualization of HivE

© Lithium Architects GmbH







~ollow Us!

- Linkedin:

@Lithium Designers GmbH
- FB:

@Lithium Designers GmbH
- Instagram:

@liddesigners
- Youtube:

@Lithium Designers GbomH

© Lithium Designers GmbH

Thanks for being here.
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http://www.li3designers.com/



