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TESSELLATION

DEFINITION

Tessellate (v) /'tesalert/

Cover (a plane surface) by repeated use of single
shape, without gaps or overlapping.

-definition by Oxford Dictionary-

The word ‘tessera’ in latin means a small stone cube.
They were used to make up ‘tessellata’ - the mosaic
pictures forming floors and tilings in Roman buildings
The term has become more specialised and is often
used to refer to pictures or tiles, mostly in the form of
animals and other life forms, which cover the surface
of a plane in a symmetrical way without overlapping or
leaving gaps.




TESSELLATION

PATTERN LOGIC

There are 4 basic ways to generate and applying pat-
tern on a surface according to mathematicians, Maurits

Cornelis Escher

TRANSLATION

A translation is a shape that
is simply translated, or slid,
across the paper and drawn
again in another place.

The translation shows the
geometric shape in the same
alignment as the original; it
does not turn or flip.

REFLECTION
A reflection is a shape that has
been flipped. Most common-
ly flipped directly to the left or
right (over a “y” axis) or flipped
to the top or bottom (over an
“x” axis), reflections can also
be done at an angle.

An imaginary line right throu-
gh the middle, and the two
parts will be symmetrical “mi-
rror” images. To reflect a sha-
pe across an axis is to plot a
special corresponding point for
every point in the original sha-

pe.

ROTATION

Rotation is spinning the pat-
tern around a point, rotating
it. A rotation, or turn, occurs
when an object is moved in
a circular fashion around a
central point which does not
move.

A good example of a rotation
is one “wing” of a pinwheel
which turns around the center
point. Rotations always have
a center, and an angle of rota-
tion.

In glide reflection, reflec-

tion and translation are used
concurrently much like the
following piece by Escher,
Horseman. There is no reflec-
tional symmetry, nor is there
rotational symmetry.



TESSELLATION

EXAMPLES FROM NATURE

There is a variety of tesselation in nature. It can be
found in plants, animals, honey combs, bugs and shells,
etc. Majority of tessallation examples in nature are not
mathematically precise. The typical ones are random
tessallation.

The most well known examples of tessellation in
nature is honeycomb which is made of hexagonal cells.
Some patterns are created more from random cracks,
which are described by Gilbert Tessellation. Another
example of tessallation in nature are foams.

Division of a surface having no gaps makes
tessellations suitable for divisions of shells and skins.

source: https://s-media-cache-ak0. source: http://farm4.static.flickr.
pinimg.com/236x/8a/0e/eb/8alee- com/3049/2591093721_678b6026fd.jpg
b46e986314a2a0e24d9be536¢c60.jpg
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source: http://rawdiet.com/wp-content/
uploads/2011/01/Raspberry.jpg

source:http://generic.pixmac.com/



TESSELLATION

HISTORY & ORIGIN

Earliest exmples of tessellating techniques can be
referenced to early Roman mosaics.

A 3D representation of a tessellating mosaics can be
seen in Gaudi’s sculptural forms in Barcelona.

Paving as 2 dimensional expression forms a
pattern through repetition of an element with a chan-
ge in angle. Connected densely, a figure emerges. The
surface can follow an irreular contour according to the

initial shape adaptability.

A kaleidoscope as a collection of prisms, light play
and illusion occuring due to the material properties-
reflection; transparency.

Antoni Gaudi, Park Guell,
Mosaic salamander, 1914

Antoni Gaudi,Batlo house
paving, 1904

Ulysess, Roman mosaics

Kaleidoscope



TESSELLATION

HISTORY & ORIGIN

Surface shapes directly related to connecting elements
form. Assemblage in segments; regular and irregular
surface examples. Thematic relation to the function of

the space.

North Outter Rose House
Paris, Notre-Dame Cathedral

02

Otto Il and Konrad Il
Strassburg, Minster of Our Lady

03

Canterbury, Cathedral of Christ Church



TESSELLATION

HISTORY & ORIGIN




TESSELLATION

HISTORY & ORIGIN

2D Tessellation example- stained glass technique.
Varied irregular surfaces connected to form an image.

Differences occur regarding shapes, connecting mate-
rials, surface treatment.

Thematic relation to the function of the space.

Design the composition

Apply finishing

Draw necessary detail

Frame the piece




TESSELLATION

TYPOLOGY & CLASSIFICATION
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TESSELLATION

MATERIALS

EXAMPLES

West coast pavilion, Atelier Manferdini, -

Beijing

Metal sheet prefabrcated panels, Technicolour Bloom, Brennan
lasercutting technique Buck

Plywood lasercut pannels, double
side overlapping, painted,grouped
for assemblage.

Pluya de Llum, 2015, Barcelona, laaC
Reflecting surface, light effects

Research Pavilion 2011
Plywood

Landesgartenschau
Exhibition Hall, 2014

Wood construction,
lightweight optimisation




TESSELATION

SOFTWARE AND LANGUAGES
USED BY THESE MACHINES

CNC machine

In general, CNC involves the following kinds of software
from start to finish:

- CAD Software: Used to design the parts. The output of
CAD are drawings and solid models.

- CAM Software: CAM software analyzes the CAD
drawing, takes input from the machinist or programmer,
and outputs g-code for the machine controller.

- Other CNC Programming Software: A variety of other
kinds of g-code software helpful to CNC programmers is
available including G-Code Simulators, G-Code Editors,
and G-Code Verification Software.

- Machine Controller Software: The Machine Controller
may be stand alone software, or it may be a proprietary
combination of software and hardware. It’s job is to take
g-code and produce the right electrical outputs to make
the machine move.

- CNC Utilities: There are a variety of CNC Ultilities avai-
lable for calculating feeds and speeds and many other
functions.

- Other Shop Floor and Manufacturing Software: Softwa-
re is available to help manage tooling inventory, estimate
job costs, and perform many other functions associated
with managing the operations and maximizing the profi-
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TESSELLATION

TOOLS & MACHINES

LASSER CUTTER MACHINE

LASER CUTTING is a HIGH-ENERGY-BEAM MANU-
FACTURING technology that uses a laser to cut mate-
rials, and is typically used for industrial manufacturing
applications. In LASER BEAM MACHINING (LBM), a la-
ser source focuses optical energy on the surface of the
workpiece. Laser cutting directs the highly focused and
high-density output of a high-power laser, by computer,
at the material to be cut. The targeted material then ei-
ther melts, burns, vaporizes away, or is blown away by
a jet of gas, in a controlled manner leaving an edge with
a high-quality surface finish.

USAGE AND CAPABILITY

The laser cutter is a machine that uses a laser to cut
materials such as chip board, matte board, felt, wood,
and acrylic up to 3/8” (1 cm) thickness. The laser cutter
is often bundled with a driver software which interprets
vector drawings produced by any number of CAD sof-
tware platforms.

The laser cutter is able to modulate the speed of the
laser head, as well as the intensity and resolution of the
laser beam, and as such is able both cut and score ma-
terial, as well as approximate raster graphics.

Objects cut out of materials can be used in the fabrica-
tion of physical models, which will only require the as-
sembly of the flat parts.




TESSELLATION

SOFTWARE FOR MACHINE

DMC SOFTWARE

DMC software is used for various laser machining appli-
cations

DMC software is a great tool to pre

pare and control laser additive manufacturing / 3D
printing processes like Selective Laser Sintering SLS,
stereolithography and others.

DMC laser machining software controls both, galvano-
metric scanners and positioning stages, so processes
can be optimized for large field and high speed.

DMC: drilling holes in a wafer
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TESSELLATION

SOFTWARE USED

MODELLING SOFTWARE

. Rhinpceros 5

Z i

grasshopper

SENERATFIVEHOBELNG

E&F RRRRRRR

Rhino3D rasshopper

AUTODESK®
r 123D DESIGN

Autodesk 123D Design

AUTODESK"
3DS MAX"

Autodesk 123D Design
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TIMES EUREKA
PAVILION

PROJECT OUTLINE

| ocation
Royal Botanic Garden at Kew, Richmond
Surrey, TW39 3 AB, United Kingdom

Project Architects
NEX Architecture

- Alan Dempsey

- James Chung

- Michal Piasecki

- Paul Loh

- lomas Starczewski

| andscape Design
Marcus Bamett

Structural Engineer
Buro Happold

Clients
Royal Botanic Gardens Kew
The Times Newspaper

Main Contractor
Outdoor Room

Structural Engineer
Blumer Lehmann
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ichalpiasecki.com/2011/05/1 6/nex-architecture-times’-eu‘n‘n/



TIMES EUREKA
PAVILION

PROJECT DESCRIPTION

As part of small garden which designed to communi-
cate the significance of plants to science and society

By the principles of biomimicry, the translucent pavili-
on is developped by using algonthms which replicates
leaf capillaries.

The final structure was designed using computer al-
gorithms that mimic natural growth and is intended to

allow visitors to experience the patterns of biological
structure at an unfamiliar scale

May 2011 - June 2011

SOURCE: htip://inhabitat.com/beautiful-times-eureka-pavilion-mimics-the-cellular-structure-of-plants/






PAVILION N N/LAAN

PROJECT FABRICATION

Floor area ; 26 m?
Dimension . 5500 mm x 4000 mm x 3000 mm

136 timber cassettes > g f = ”‘fj:.j; . ;_:-;f_:_:;;;;;;;;;;__;_____. [ ]
586 plastic cells - recycled translucent polypropylene g ' ' '
Glass panelled roof

£70.000

Double layered voronoi tessellation
Implementations of L-system, algorithms simulating
the growth of frees in processing.

Confrolling form by “voronoi diagram’

5 Axis CNC milling for timber structure
Laser cutting for plastic infill

Grasshopper for ‘voronoi diagram’, final fabrication
data, including layout and labelling

SOURCE: http.//www.archdaily.com/142509/times-eureka-pavilion-nex-architecture/
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TIMES EUREKA
PAVILION

PROJECT MATERIAL

136 timber casseties

586 plastic cells - recycled translucent
polypropylene

Glass panelled roof

SOURCE: hitp:.//www.archilovers.com/projects/54312/times-eureka-pavilion.himittdrawings



TIMES EUREKA
PAVILION

PROJECT MODELLING

Grasshopper for “‘voronoi diagram’,
final fabrication data, including
layout and labelling

5 Axis CNC milling for timber structure
Laser cutting for plastic infill

Folding and selecting
structural components

1st Generated Voronoi 2nd Projection of Voronoi,

1st Voronoi as Components labelling
spatial boundaries

SOURCE: http.//www.archilovers.com/projects/54312/times-eureka-pavilion. htmi#drawings



TIMES EUREKA
PAVILION

PROJECT SUPPORTING TOOLS

5 AXIS CNC MILLING MACHINE
for cutting the timber cassettes

= ®
Rhinoceros
NURBS Madeling for Windows
RS

LASER CUTTING MACHINE
for cutting the plastic cells



TIMES EUREKA
PAVILION

PROJECT COMPUTATIONAL

1st Voronoi diagram to make the
fimber structure.




TIMES EUREKA
PAVILION

PROJECT COMPUTATIONAL

Plastic Cells infill are created by voronoi
diagaram by using surface created from
first voronoi as boundanes




TIMES EUREKA
PAVILION
PROJECT COMPUTATIONAL




SOURCE: htip://michalpiasecki.com/2011/05/16/nex-architecture-times-eureka-pavilion/
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‘ Seattle Library
Project OUTLINE

Project Architect / Artist: OMA, Rem Koolhaas
Location: Seattle, Washington, United States
Investor: Seattle Public Library

Function: Library

Construction Year: 1999-2004

Dimmensions: 38,300m2 (footprint)

Structural engineer: Magnusson Klemencic Associates,
Arup

Materials Used: Glass, steel, concrete
Budget: $111.9 million

Type Of Construction: Steel frame

kcdn.com/group1/building1297/med




Seattle Library

Project DESCRIPTION

Seattle Public Library has a simple concept of
separation of the skin from the main platforms of
\ program spaces, in this way creating open intercon-
" necting spaces in between.

The envelope of the building is a glass and met-
al skin which has a simple diamond module mullion
framing across it. This is a consistent pattern repeat-
ing all over the building.
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Seattle Library

Project FABRICATION

The envelope was entirely prefabricated in Ger-
many and then installed on site in Seattle. The build-
ing has two structural systems:

-the layered system (seismic system)
-the central block of concrete as the core structure

The layered system (seismic system) is com-
posed of two mullion types: the typical (slope) mullion
which is supported by seismic steel structural support
and vertical mullion which is supported by | beams.
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Seattle Library

Project FABRICATION
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Seattle Library

Project MATERIALS

Seattle Public Library Quantity Survey

Facade

Material Quantity
Steel 4 644 tn
Glass (diamond) 9 994pcs




Seattle Library

GRASSHOPPER

Modelling




Seattle Library

GRASSHOPPER
Modelling
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Seattle Library

GRASSHOPPER

Modelling




Seattle Library

GRASSHOPPER
Modelling
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Seattle Library

GRASSHOPPER
Modelling
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VAULTED WILLOW

Project DESCRIPTION

VAULTED WILLOW, a sculptural pavilion desig-
ned by Marc Fornes and THEVERYMANY is an ar-
chitectural folly which aims to resolve and explore the
structure, skin and ornamentation into a single unified
system. It has lightweight structure and self supported
shells. It is developed of custom computational proto-
colsof structuralform-findinganddescriptive geometry.

This project is comprised of 721 alumunium stri-
pes, 14.043 connectors and 60 epoxy concrete an-
chors. This pavilion uses three different thickness of
alumunium shells and it gets thicker nearer the bottom.
The striated skin is an intricate assembly of structural
structure. The skin are similar, unique, and digitally fa-
bricated. These stripes are located at the edge of the
surface increase tab overlap to help transfer additional
loads through lamination and increase connectivity.

The pavilion is created of a reciprocal relations-
hip that encompasses experiments in non-linear ar-
chitectural typology (multiple entries, distributed feet
with branching and spiral leg), structural differentia-
tion (bifurcation of structural download forces, tighter
radii of leg profiles for rigidity) and programmatic pos-
sibilities for a winding playground (hide and seek).

Source: theverymany.com, www.designboom.com
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VAULTED WILLOW

Project FABRICATION

The studies elaborate on 2D geometry of catenary
curves by exploiting a computionally derived dynamic
spring network with behavioral attributes.

The springs come in various types (tensioner, straig-
tener) associated with multiple parameters (rest len-
ght, angle constraint.)

Running bonds split the stripes, shortening them to
ease fabrication, assembly, and decrease material
usage through more efficient nesting.

The extensive, computationally driven, descriptive
geometry protocol developed for the project embeds
axis of bending, angle measurements, part nomen-
clature, and color information for each stripe.
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VAULTED WILLOW

Project MATERIALS

Component Material Quantity
Stripes Alumunium 721
Connector 14.043
Anchors Epoxy concrete 60

This pavilion project uses aluminum of three different
thicknesses. 24 base plates are anchored to a con-
crete pad of 240 cubic feet.

It took four days, and a crew of four to assemble the
prefabricated parts.

Source: theverymany.com, http://thenewstack.io/

Source: httpillwww /




VAULTED WILLOW

GRASSHOPPER
Modelling




VAULTED WILLOW

GRASSHOPPER
Structural Analysis

Vaulted Willow is the latest iteration of the studio’s
continuing research into self-supporting, lightweight
monocoque shells, consisting of hundreds to thou-
sands of assembled pieces. The pavilion’s overall,
curved catenary form is “inflated” along various pla-
nes to create double curvatures, which intrinsically
creates stiffness without the need for a supporting
structure, while optimizing anticipated forces and
snow and wind loads. The structure is held together
with a dynamic network of various types of connec-
tors, determined by parameters like length, angle
constraints and strength.

Various characteristics are computationally deter-
mined, like the density of the gaps between the
shingles. The frequency and size of these openings
increase with height to allow light to filter through,
and also because less material is needed for struc-
tural strength near the top. Details like rivet density,
the size of the overlapping tabs and color patterning
are all driven by computational protocols, creating a
resulting work that looks like a trippy, quasi-natural
outgrowth of the park itself.

Source: theverymany.com, http://thenewstack.io/

Dynamic Analysis
natural frequency of beam model

3D view

MARC FORNES
& THEVERYMANY

plan view ’

side sway

1% natural frequency = 6.145 > 1.5 Hz for wind generated vibrations — ok

Maximum Deflections
DL + WL at 135 degrees + Snow

3D view

MARC FORNES

& THEVERYMANY

wind direction

plan view ’

maximum deflection = 25 mm = H/240, flat long beam elements are not strong in weak axis. In reality horizontal bands would follow
each other with minimum distance bracing one another.




VAULTED WILLOW

Project Suporting tools

CNC MACHINE for cutting and bending

Rhinoceros

NURBS modeling for Windows

Source : http://i00.i.aliimg.com/photo
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Capital Gate

Project

RMJM (Robert Matthew Jo-
hnson Marshall)

Abu Dhabi (United Arab Emirates UAE)
Abu Dhabi National Exhibitions Company

5-star Hyatt Capital Gate hotel and additional
office space.

2011
160 m (520 ft) and 35 stories

Al Habtoor Engineering Enterpri-
ses

Concrete,steel,glass,metals,
$231million
Regular tessellation
Steel gridding
Diagrid technology
Diagrid lattice arrangement of

the fagade which supports
Rhino + Grasshopper
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Capital Gate b I8
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Capital Gate is a skyscraper in Abu Dhabi adjacent - 3 .'i.' J
to the Abu Dhabi National Exhibition Centre desig- VU P'
ned with a striking lean. At 160 m (520 ft) and 35 AN !'
stories, it is one of the tallest buildings in the city and 1 YRy
inclines 18° to the west.[3] The owner and developer I ; '."5' I-'
of Capital Gate is Abu Dhabi National Exhibitions " |
Company.

The building has a diagrid especially designed to
absorb and channel the forces created by wind and
seismic loading, as well as the gradient of Capital
Gate. Capital Gate is thought[by whom?] to be the
Middle East’s first building to use a diagrid; others
around the world include London’s 30 St Mary Axe
(Gherkin), New York’s Hearst Tower and Beijing’s
National Stadium.

The Capital Gate project was able to achieve its
inclination through an engineering technique that
allows floor plates to be stacked vertically up to the
12th storey, and staggered, one over another by be-
tween 300 mm to 1400 mm.

Capital Gate was designed by architectural firm
RMJM and was due for completion in 2011. Upon
completion, Capital Gate will house the 5-star Hyatt
Capital Gate hotel and additional office space.

) ource http archltlzer com/blog/a paV|I|on-that makes-a soundtrack-out -of-your- recorded ootstepsl
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Capital Gate

The gravitational pressure caused by the 18°
incline is countered by a technique called pre-cam-
bered core, using a core of concrete reinforced with
steel, with the core deliberately built slightly off-cen-
tre. It is also anchored to the ground by 490 piles
which are drilled 20—-30 metres underground.

The building has a diagrid especially designed to
absorb and channel the forces created by wind and
seismic loading, as well as the gradient of Capital
Gate. Capital Gate is thought[by whom?] to be the
Middle East’s first building to use a diagrid; others
around the world include London’s 30 St Mary Axe
(Gherkin), New York’s Hearst Tower and Beijing’s
National Stadium.

The Capital Gate project was able to achieve its
inclination through an engineering technique that
allows floor plates to be stacked vertically up to the
12th storey, and staggered, one over another by be-
tween 300 mm to 1400 mm.




}3 Capital Gate
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Capital Gate

E:% Capital Gate Quantity Survey

Metal Hangers

= - Material |Quantity
= Ay Pre-stressing bars [65x16 M |160
Anchor plates 30 de-| 195
grees
Concrete
Concrete core 6000m3

Stainless Steel Wire
Diagrid 13000 T
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Glas and steel




Capital Gate

Software used: Rhino and Grasshopper
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Capital Gate




Capital Gate




Capital Gate
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International Con- N
ference Center

Project OUTLINE

Project Architect / Artist: Coop Himmb(l)au
Location:Dalian,China

Investor: Dalian Municipal People’s Government, P.R.
China

Function: Conference Center : q ' .
Construction Year: 2011
Dimmensions: 59m High, 4.3hectare floor area

Construction Team: China Construction Eighth Engi-
neering Division

Materials Used: Pressed steel , Aluminum, Concrete, :
glass "

Budget: 40 million Euro

Major Fabrication Method Used: dem-regular tesse-
llating

Fabricated By: Unilateral fixed twisted axis bending
equipment , Crane , BIM

Type Of Construction: Space Steel Frame

Modelling Software: Rhino + Grasshopper

http: Ilwxﬂ_arch dail coml40

e — I



International Con-
ference Center

Project DESCRIPTION

Dalian International Conference Center is desig-
ned by Coop Himmelb(l)au,located in Dalian China.
The skin can be categorised into demi regular tes-
sellating as it is formed by different types of triangles
and quadrangles.It costed400 millions for the struc-
ture and 3 billions for the whole program.Program
year is from 2008 to 2011.The structure and cover
was built from April 2009 to August 2010.

http:IIwww.archdaiIy.coml405787/da'z;ﬁ4;&e

rnational-conference-center-coop-himmelb-l-au/-



:[iwww.archdaily.com/4(

—




International Con-
ference Center

Project FABRICATION

International conference center was considerd
as the hardest program to be built at that time.The
fabrication process pruduced 21 key technologies,

5 construction method and 20 patents.They use uni-
lateral fixed twisted axis bending equipment to pru-
duce the panels.BIM (Building Information Modeling)
to locate every panel.

http:/lwww.archdaily.com/105752/in-progress-dalian-international-conference-center-coop-himmel-




International Con-
ference Center

Project FABRICATION

http://bbs.ncf-china.com/forum.php?mod=viewthread&tid=10874&page=1&authorid=2 http://bbs.ncf-china.com/forum.php?mod=viewthread&tid=10874&page=1&authorid=2



International Con-
ference Center

Project MATERIALS

EKKO Pavilion Quantity Survey
Material Quantity

Steel 35,000tons
Aluminum panel 300,000 m’
Concrete

http://lwww.archdaily.com/405787/dalian-international-conference-center-coop-himmelb-I|



International Con-
ference Center

Project MATERIALS

http:/lv.youku.com/v_show/id_XOTA2MTM5NzM2.html http://file.zcwz.com/img/images/201207/20120717143655864.jpg




International Con-
ference Center

Project MACHINE / SOFTWARE

MACHINE: Unilateral fixed twisted axis bending
equipment , Crane
SOFTWARE: Rhino + Grasshopper

http://v.youku.com/v_show/id_XOTA2MTM5NzM2.html http://bbs.ncf-china.com/forum.php?mod=viewthread&tid=10874&page=1&authorid=2



International Con-
ference Center

GRASSHOPPER
Modelling




EKKO Pavilion

GRASSHOPPER
Modelling

[ Number Slider | © 16

[ Number Slider | o 16

[ Number Slider | o1

=V ol
Pl po=
‘. -

q L f L e T T === P V=Y
4 e I\

ngzm\
N

s
N @i s

0
5]
-

=] el o §=)

[ variable y |

{0:0}
0.0
-0.3085495

.560899
-0.757348

oW
|
@

-0.887598




EKKO Pavilion

GRASSHOPPER

Modelling
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The Eden
Project

Project OUTLINE

A Project Architect / Artist: Nicholas Grimshaw & Part-
¥ ners Ltd, London

Location: Cornwall, UK
Investor: Public funding, Private investors

Function: Ecosystem biomes: Tropical, Temperate,
accommodating plants

Construction Year: 2001

Dimmensions: Dome diameters: 60 m, 48 m, 42 m,

\ 26 m; 47 m; 31 m, 31m ;maximal structural spans of
124 m, maximum height:55m, maximal width: 65 m,
overal length of clusters: 135 m

Construction Team: General Engineer: Anthony Hunt
Associates, Cirencester

Bauphysik Ove Arup & Partners, London

Wind channel test: BMT Fluid Mechanics Limited Lon-
don General Contractor McAlpine JV

Steel & Cladding: MERO GmbH & Co.KG, Wirzburg
subcontractor : Foiltec GmbH, Bremen

Materials Used: ETFE( Ethylene Tetra Fluoro Ethylene)
cushions, insulation foil, cable net reinforcement, Alu-
minium frame brackets, triple layer pneumatic cushion
within a frame, Concrete fondation,

Budget: Brought economic benefits of 1.1 milion
pounds to the local area
Major Fabrication Method Used: Radial Sectioning




THE EDEN
PROJECT

Project DESCRIPTION

The Eden Project: The Biomes is a permanent
structure in Cornwall, UK. It is housing plants, whi-
le simulating varying ecosystems. It comprises of
two clusters of domes, enclosing vast internal space
for the visitor center. The structure provides unique
experience on paths and bridges around the planta-
ges.

Each dome is comprised of a space frame on
two layers. Hexagonal and pentagonal models build
- the structure. Dimensions between 5 to 11 m of the
cushion ellements provide opportunity for different
sizes of the domes and adjustment at connection
points. Galvanised steel tubes form the frame of the
cushions. The structure has been hold with semi ri-
gid connections and concrede cast nodes of the
elements connecting to the ground.

Initial steel truss model of the structure has ..
been associated with the segments of corved tﬁb’/ﬁ!g,
and the welding of the comprising elements.

Largest possible size of the ex-tri-hex modules
have been used in order to maximize light transmis-
sion and minimize cost. Other consideration is about
reducing the number of connections and the length
of aluminium framing.

Connections are possible even on the uneven
contour of the ground, which has been a guiding de-
sign principle.




iz -~ , a . Ve
i '.I‘T - = g

:lflgrimshaw-architects.com/project/the-eden-project-the-biomes/




THE EDEN
PROJECT

Project FABRICATION

Eden Project uses steel framing technique of
ETFE coushions.Insitu concrete has been used for
the base.

ETFE Smooth surface provides self cleaning
unaffected by ultra violet radiation, atmospheric po-
llution life expectancy of less than 40 years.

t-is-the-eae'n-pro-




HE EDEN
ROJECT

Project FABRICATION
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Project MATERIALS




THE EDEN
PROJECT

Project MACHINE / SOFTWARE

3D modelling techniques have been
implemented for the design of the domes.

LY

Solar gain modelling is another technique that
has been used.

Analogies to natural forms have been taken into
consideration during the design process.




THE EDEN
PROJECT

GRASSHOPPER
Modelling
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THE EDEN
PROJECT

GRASSHOPPER
Structural Analysis
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BUTTERFLY EFFECT PAVILION

GENE KAO

Maja Udilovic

Source: http://www.geneatcg.com/
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+y | Butterly E.

¢ Project OUTLINE

} Project Architect / Artist: Gene Kao

Location: Taipei, Taiwan

Investor: |-Lan Green Expo
Function: Pavilion

Construction Year: 2014
Dimmensions: volume aprox. 3x5x5
Construction Team: Architecture students
Materials Used: steel sheets, plywood sheets
Budget: 1000 Euro

Major Fabrication Method Used: Laser, cuiting
Fabricated By: kasercutter

Type Of Construction: plywood joints

Modelling Software: Rhino + Grasshopper



Butterly E. Pavilion

Project DESCRIPTION

Project was built for E-Lan expo happening annualy
in Taiwan. It is designed by Gene Kao and team of
students.

Pavilion wants to test the limits of light bendable ma-
terial such as plywood. It uses curves on surface to
strengthen its structural system.

It works as a canopy and lightning installation.
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"% Bultterfly E. Pavilion |

Project FABRICATION
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The elements are laser cuted out of plywood. Each
element has a curved line which is cutted along its
surface and which provides the flexing of the every
single panel.

Each panel connects on both sides though zig-zag
connection.

The panels are being tagged in Grasshopper so
each has specified position.

There are 7 metal elements on which the whole pa-
vilions sits- they provide support in staticaly fragile
parts.

5 X




Butterfly E. Pavilion

Project FABRICATION

Ipavilion -02-for-i-lan-greenexpa
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Butterly E. Pavilion

Project MATERIALS

source: http://www.discountsteel.com http://www.sunriseaxiom.com/




Butterly E. Pavilion

Project MACHINE / SOFTWARE

Laser Cutter- for cuttin sheets of plywood and
steel.

Source: https://labccc.wordpress.com/2014/03/04/pa-
vilion-02-for-i-lan-greenexpo-process/




Butterfly E. Pavilion

GRASSHOPPER

Modelling
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Butterfly E. Pavilion

GRASSHOPPER
Modelling

Spit Surface into Multiple Units
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Butterfly E. Pavilion

GRASSHOPPER
Modelling

opening curves

opening curves

Making opening curves refer to curvature



Butterfly E. Pavilion

GRASSHOPPER

Fabrication Definition
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Butterfly E. Pavilion

GRASSHOPPER

Fabrication Definition

Source: http://www.geneatcg.com/

—-Geometry Size Selection Filter Python Code-

(e R I R e L

#r - -Written by Gene Ting-Chun Kao-- #H##
import rhincscriptsyntax as rs

ids = rs.GetObjects ("select surfaces™, rs.filter.polysurface)
area = rs.GetInteger(“selected area limits™, 16, &)

rs.EnableRedraw{False)
print “"Results: All", len{ids), "surfaces selected.”

Count = &
for 1 in 1ds:
b = rs.5urfacefrea(i)
if b:
if b[@] < area:
rs.SelectObject (i)
Count += 1

print "Results: Get™, Count, "small objects.”

rs.EnableRedraw (True)
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Source: http://www.geneatcg.com/
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Decay of a
Dome

Project OUTLINE

Project Architect / Artist: WWang Shu, Vito Bertin, Lu
Wen Yu

Location: Venice, ltaly
Investor: The Venice Biennale
Function: Pavilion
Construction Year: 2010

Dimmensions: 4m High, 15m Circumference

Construction Team: XXXX

Materials Used: Wood sticks and metal hook-and-eye
connections

Budget: 700 Euros
Major Fabrication Method Used: Semi-tesselating
Secondary Fabrication Methods: XXXXXXXXXX
Fabricated By: (type of machine ie. CNC, Milling, etc)

Type Of Construction: Wood structure
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Decay of a
Dome

Project DESCRIPTION

The ‘decay of a dome’ installation by Wang Shu, Vito
Bertin, Lu Wen Yu of amateur architecture studio from
china is a very light structure, with a shape similar to
the dome of western buildings, but its construction
principle is also like those of traditional chinese buil-
dings. it does not need a base, so the construction
does not damage the ground.

It contains the least components and the simplest
construction principles.

It can be both quickly constructed and dismantled.
Therefore it is also easy to move.

i
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Source: http://www.designboom.com/architecture/amateur-architecture-studio-decay-of-a-dome/



Source: http://www.designboom.com/architecture/amateur-architecture-studio-decay-of-a-dome/



Decay of a
Dome

Project FABRICATION

This structure adopts a very clear and simple prin-
ciple: one principle and sticks all the same size; It
is small, everyday material but many people working
together can build a huge space. Ten people working
together could finish it in one day. Here, we had just
three people and they finished it in three days, so it is
a very exciting process.

It is made from only one element that, repeated, for-
ms a domed shape almost of its own accord.

Source: http://www.designboom.com/architecture/amateur-architecture-studio-decay-of-a-dome/




Decay of a
Dome

Project MATERIALS

Amateur Architecture Studio’s dome is constructed
entirely of rough wood sticks and metal hook-and-eye
connections.

As the architects note, the structure requires no base
and can be built anywhere in one day by twenty peo-
ple; it can be taken apart just as easily, leaving no
trace of its presence behind.

Source: http://www.designboom.com/architecture/amateur-architecture-studio-decay-of-a-dome/



Decay of a
Dome

GRASSHOPPER
Modelling




Decay of a
Dome

Structural Analysis

The basic structure logic is leverage theory. They
are simply placed on each other and their rectan-
gular shape and gravity do the rest.

They are architecural form but this structure is
not Western. It is very similar to traditional Chi-
nese architectural structures, made with simple
wood sticks and a simple fixing system. This one
is simpler than traditional Chinese architecture
because the sticks are not fixed together. Wang
Shu used window fasteners just for safety but

they weren’t necessary.

Source: http://www.designboom.com/architecture/amateur-architecture-studio-decay-of-a-dome/




Decay of a
Dome

GRASSHOPPER
Fabrication Definition
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MEXT IMAGE

SYDNEY Pavilio

Project OUTLINE

Project Architect / Artist: Students of UTS

Location: Sydney

Investor: This is initiated by the Architure students :
Function: Pavilion and lighting :

Construction Year: 2014
Dimmensions: 3.2m High, 5.6m long
Construction Team: Counlsulting engeneers PL Ma-
terials Used: Aluminum panels, LED lights, glass Bud-
get: 56.000 Euro

Major Fabrication Method Used: Cellular tesselating

Secondary Fabrication Methods: honeycomb

Fabricated By: Hand-made

Type Of Construction: Aluminum structure
Modelling Software: Rhino + Grasshopper
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... OYDNEY Pavilion _

"~ " Project DESCRIPTION T
oz ‘ﬂ

i

L S Positioned in coordination with Sydney Harbor Bri-

dge and the Utzonis Sydney Opera House, the Ce-

llular Tessellation pavilion emits a colored light to fall

on visiting pedestrians, traveling through its tunnel

and 200 meters of LED lights. The basic structure

is formed with digitally-fabricated aluminum panels,

folded and aggregated, created by a project algori-

thm that can work with nearly any surface. Coordi-

nating with Abedian on the project were architecture

student assistants from the University of Technology |
Sydney, University of South Wales, and University of .f
Sydney..

Cellular Tessellation is a small yet generous pavilion

put on display as part of the Sydney Vivid Light festi- .

val in 2014. The project is both spatial and aesthetic, S =
bringing the quality of architectural inhabitation and =
visceral experience to an urban festival which is typi- " B

cally limited to visual.engagement.
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SYDNEY Pavilio

Project FABRICATION

The initial steps involve a sphere-packing routine
which distributes equal size spheres over the base
surface as tightly as possible without overlapping.
The centre of these spheres, which are now evenly
spaced across the surface in both U and V direc-
tions, can be then used to generate Voronoi cells
that intersect the base surface at even increments.
Before the cells are generated, the points are jittered
in the X, Y, and Z directions by a small amount (+/-
60mm in this case) to generate more irregular forms,
otherwise they will generate nearly perfect hexago-
nal cells.

O R i e -

< PREVIOUS : - - ez R NEXT IMAGE »

This method proved proved ideal as it solved some
very common issues with the generation and fabri-
cation of Voronoi cells: controlling the range of final
cell sizes, the even distribution of cells over dou-

bly-gdiee: pudaceshinBst tmpavertinntRis/e7188129/stude
Il segments and faces.

Source: http://archinect.com/features/article/117185429/student-works-cellular-tessellation-pavilion-




Sydney Pavilion

Project MATERIALS

SydneyPavilion Quantity Survey
Lumber

Material Quantity
Surrounding “fence” | 3.2x6;6, 3M

Main structure 3, 6M 800
Aluminum panel
Pathway 64.2M3

Metal Hangers

Nunber of panel 1071
Glass

Source: http://archinect.com/features/article/117185429/student-works-cellular-tessellation-pavilion



Sydney Pavilion

GRASSHOPPER
Modelling




Sydney Pavilion
GRASSHOPPER
Modelling




Sydney Pavilion

GRASSHOPPER
Structural Analysis

TON




Laborat
Matthew Wong

urce: http://I-e-a-d.pro/w/wp-content/uploads/2011/07/iws17-1.jpg -
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PROJECT OVERVIEW

ProjectArchitec

Laboratory for he Architecture&
Design Ltd. and EDGE Laboratory for Archi-
tectural and Urban Research

Location:
Hong Kong

Investor:
2011-12 Hong Kong & Shenzhen Bi-City Bien-
nale of Urbanism\Architecture

Function:
Temporary pavilion

. ConstructionYear:
2012

MaterialUsed:
Post-formable plywood

MaterialSpent:
163

MajorFabricationUsed:
Tessellatoion

FabricationBy:
CNC milling

SoftwareUsed:
Rhino - Grasshopper

Internal View - http://www.archilovers.com/projects/71372/

|



FABRICATION METHODS / process

Using one single mould, all panels were
bent into the same shape, and within six
hours the numbered shells were slot-
ted into place without using any plan
drawings, glue or screws. The underly-
ing equilibrium surface geometry re-
moved all internal forces and deforma-
tions from the pavilion, which became
a self-supporting, free-standing, light-
weight skin with highly tactile tectonic
properties and unique lighting effects.

http://www.archilovers.com/projects/71372/dragon-skin-pavilion.html



Side of the larger arch




MATERIALS AND MACHINES

1. Parametric Modelling
2. Cutting Drawing
3. CNC Milling (2Axis)

4. Heating Up

5. Moulding Pressing

6. Assemble

https://vimeo.com/92013261
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http://www.archdaily.com/215249/dragon-skin-pavilion-emmi-keskisarja-pekka-tynkkynen-lead



http://l-e-a-d.pro/w/wp-content/uploads/2011/07/iws17-1.jpg
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Elytra Filament Pavilion

ProjectArchitects:
Achim Menges with Moritz Dorstelmann
and Jan Knippers

Location:
V&A Museum London

Investor:

Getty Lab

Kuka Roboter GmbH + Kuka Rebotics UK L.td
Hexion

Covestro AG

FBGS International NV

Arnold AG

Function:
Garden installation

ConstructionYear:
Opening on Wednesday, 18 May 2016

ConstructorsTeam:

Marshall Prado, Dylan Wood, Aikaterini
Papadimitriou, Niccolo Dambrosio, Roberto
Naboni, Daniel Reist, Nikolaos Xenos, Thu
Nguyen, Pedro Giachini, Christian Arias,
Andre Kauffman

MaterialUsed:
Tightly-woven carbon fibre.cells

MajorFabricationUsed:
Tessellation

OtherFabricationUsed:
Coreless Filament Winding

FabricationBy:
Kuka Robot

SoftwareUsed:
3dsMax / Rhino - Grasshopper

Elytra Filament Pavilion, render, V&A John Madejski Garden 2016.
Image © ICD/ITKE University of Stuttgart/

http://icd.uni-stuttgart.de/?p=15826



FABRICATION METHODS / process

The installation — designed by architect
Achim Menges - features an undulat-
ing canopy of tightly woven carbon
fibre cells, drawing on the shells of
insects called elytra. Visitors will also
be able to watch the robots in action
over the course of the summer as they
continue to add new sections to the
evolving ‘Elytra Filament Pavilion’

Comparison of internal elytron architecture in flying and flightless beetle
- Courtesy of Dr. Thomas van de Kamp, Prof. Dr. Hartmut Greve

http://www.arch2o.com/elytra-filament-pavilion-achim-menges-john-madejski/



Kuka Robot KR QUANTEC ULTRA

The solution: a coreless winding process
in which glass and carbon fibers soaked .
in resin are wound onto frames guided by -
two cooperating KUKA robots of type KR
QUANTEC ULTRA. The thin frames merely
constitute the edges of the workpiec-

es — the workpiece geometry is created

by the interaction of the fibers that are
freely located in space. The fibers initially
form segments with a linear structure.
New fibers are laid on top of fibers that
have already been wound, resulting in an
alternating form and linking the seg-
ments together to create complex curved
surfaces.

Based on a simulation of the frictional
connection of the overall structure, the
number of fibers in each individual com-
ponent and their alignment are calculated
and transferred as a sequence of winding
instructions for the robots. The winding
syntax, the motion planning of the robots,
the mathematical coupling of external
axes and robots, and the control of the ro-
bots themselves have been implemented
in a specially developed, integrated, dig-
ital planning and production process. It
was possible to adapt the frames located
on the two KUKA industrial robots to the
different component geometries, thereby
enabling the production of all 36 modules
with a single robot tool.

Result: A structure manufactured fully
automatically that enables an innova-
tive, resource-saving, high-performance
load-bearing design and component
composition for architecture.

http://www.kuka-robotics.com/germany/en/pressevents/news/nn_20140908_robots_in_architecture.htm



Carbon Fibre

A carbon fiber is a long, thin strand of ma-
terial about 0.0002-0.0004 in (0.005-0.010
mm) in diameter and composed mostly
of carbon atoms. The carbon atoms are
bonded together in microscopic crystals
that are more or less aligned parallel to
the long axis of the fiber. The crystal align-
ment makes the fiber incredibly strong
for its size. Several thousand carbon fibers
are twisted together to form a yarn, which
may be used by itself or woven into a
fabric. The yarn or fabric is combined with
epoxy and wound or molded into shape
to form various composite materials. Car-
bon fiber-reinforced composite materials
are used to make aircraft and spacecraft
parts, racing car bodies, golf club shafts,
bicycle frames, fishing rods, automobile
springs, sailboat masts, and many other
components where light weight and high
strength are needed. Thirty years ago,
carbon fiber was a space-age material,
too costly to be used in anything except
aerospace. However today, carbon fiber is
being used in wind turbines, automobiles,
sporting goods, and many other applica-
tions.

http://zoltek.com/carbonfiber/
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PROJECT OVERVIEW

ProjectArchitects:
MATSYS

Location:
Wan Chai, Hong Kong

Investor:
Detour 2012

Function:
Temporary Pavilion

ConstructionYear:
2012

Dimensions:
8mx8mx3m

ConstructorsTeam:
Art Lab

MaterialUsed:

4mm Translucent Coroplast, Nylon Cable
Ties, Steel Foundations, PVC and Steel
Reinforcement Arches

Budget:

MajorFabricationUsed:
Tessellation

= e o
OtherFabricationUsed: gt -0k S i
e ] ;:_-u ..-L' L et
FabricationBy: ] S A BRI ; : :, : SH EI_I_ STAR
Laser cut Corrugated Polypropylene o e g | e N :

-

Sheet + Zipties SR : i, T e il o S

SoftwareUsed:
Grasshopper, Kangaroo

Photography: Dennis Lo Designs



FABRICATION METHODS / process

Form-Finding

The form emerged out of a digital
form-finding process based on the
classic techniques developed by
Antonio Guadi and Frei Otto, among
others. Using Grasshopper and the
physics engine Kangaroo, the form
self-organizes into the catenary-like
thrust surfaces that are aligned with
the structural vectors and allow for
minimal structural depths.

Surface Optimization

The structure is composed of near-
ly 1500 individual cells that are all
slightly non-planar. In reality, the
cells must bend slightly to take on
the global curvature of the form.
However, the cells cannot be too
non-planar as this would make it
difficult to cut them from flat sheet
materials. Using a custom Python
script, each cell is optimized so as
to eliminate any interior seams and
make them as planar as possible,
greatly simplifying fabrication.

"

01: CONCEPT 02: BASE MESH
Create a vortex that draws people in towards the center and sends them out in Create a simple, low-resolution mesh that responds to the vectors of movement.
a new direction

03: SUB-D MESH 04: HEX CELL CURVES
Increase the mesh resolution by subdividing each face of the base mesh by a Convert the trianglular mesh into mostly hexagonal closed curves
factor of two.



FABRICATION METHODS / process

Structural Analasys

A new mesh was rebuilt from op-
timitized surfaces. The result was
verified that it performs like a shell
structure and to find the critical
areas of stress. The initial geometry
was changed as needed in regards
to bending moments (left), deflec-
tion (center) and in-plane stress
(right) and analysis were repeated
until satisfied with the results.

-
o

Sk
S

—
S

S
o

05: HANGING MESH SIMULATION 06: OPTIMIZE PLANARITY OF CELLS
Apply mass to each mesh node and convert each mesh edge into a spring and In order to reduce the number of seams when unfolded, find a point near the
simulate phyical interactions until system comes to rest. center of each cell whose angle summation with its vertices is 360 degrees.

07: STRUCTURAL ANALYSIS




MATERIALS AND MACHINES

Fabrication Planning

Using more custom python scripts,
each cell was unfolded flat and
prepared for fabrication. The cell
flanges and labels were automati-
cally added and the cell orientation
was analyzed and then rotated to
align the flutes of the Coroplast
material with the principal bending
direction of the surface.

08: POPULATE CELLS WITH OPENING
In order to reduce wind load, add openings to each cell. Make the size of the
opening propotional to the height of the cell so the lower cells remain solid.

09: UNFOLD CELLS
Unfold each cell so that it is flat on the XY plane. Offset the cell to take into ac-
count material thickness. Add primary and secondary tabs, labels, and holes.




MATERIALS AND MACHINES

Preparing for transport

The cells were organized into groups
and sub-groups of prefabricated
panels that would be assembled
off-site.

10: CELL ORIENTATION
Analyze the principle curvature of each cell and rotate the unfolded cell such
that the direction of curvature runs parallel with the flutes in the material.

01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 20 30 31 32 33 34 35

OZZIrNX« " IOMmMmMOO®>

11: NEST CELLS 12: ORGANIZE ASSEMBLY LOGISTICS
Nest all cells in groups according to the original base mesh (step 2). Organize cells into sub-groups and groups of prefabricated panels that will be
assembled off-site.

Photography: Dennis Lo Designs



MATERIALS AND MACHINES

Assembling

The cells were organized into groups
and sub-groups of prefabricated
panels that would be assembled
off-site.

“ E / .—‘:“. e "< _‘...\__.“‘M_“ R : e 5
../ Photography: Dennis Lo

L




MATERIALS AND MACHINES

Adding edge reiforcement

A reinforcement structure was
planned to maintain the plastic
shelter above.

13. LOCATE ANCHOR POINTS 14. ATTACH PRE-FABRICATED PANELS
Using simple triangulation, set out the inital support points on the site ground. Attached footings to the anchor bolts. Add each of the 15 pre-fabricated panels
Drill anchor holes into site ground at all 16 support points. to the footings.

15: ADD EDGE REINFORCEMENT

Add reinforcing arches along edges of mesh.
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Elena Shepeleva

Source: http://www.vladtenu.com/ Photos: Rebeca Stelea



PROJECT OVERVIEW
MINIMAL COMPLEXITY
ProjectArchitects:

Vlad Tenu

Location:
London

Investor:
Tex-Fab,
Repeat Competition

Function:
sculpture

ConstructionYear:
2010
re-assembled in 2012

Dimensions:
4.7 x4.7 X 4zz.0 (metric)

ConstructorsTeam:
TEX-FAB team (Andrew Vrana, Brad Bell
and Kevin McClellan)

MaterialUsed:
aluminium

MaterialSpent:
2400 aluminium components

MajorFabricationUsed:
Tessellation

FabricationBy:
a 4000 Watt AMADA laser-cutter

SoftwareUsed:
3dsMax / Rhino - Grasshopper

http://www.vladtenu.com/ Photos: Rebeca Stelea




FABRICATION METHQODS / process

This project was developed around
the design problem of minimal sur-
face structures, in order to create
an alternative algorithmic method
for generating minimal surfaces as
well as for building them from mod-
ular components. Using the prin-
ciple of simulation of virtual soap
films in order to generate minimal
surface geometries, while optimiz-
ing them for a modular fabrication
system.

http://www.vladtenu.com/



FABRICATION METHODS / process
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The algorithm is materialized
through a concept derived from the
principle of natural organisms, Each
iteration is programmed to up-
date the relationships between the
components of the system, reapply
the defined rules and minimize the
energy, in our case the tensional
energy in order to achieve a state of

equilibrium.
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FABRICATION METHODS / process

Plans and Elevations
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MATERIALS AND MACHINES

From the fabrication point of view,
the project is focused on modu-
larity and repetition while creating
very complex differentiated minimal
surface geometries.The prototype

is following a series of different
fabrication systems that have been
tested.




MATERIALS AND MACHINES

The 14 gauge aluminium compo-
nents were cut by CROW Corpo-
ration on a 4000 Watt AMADA la-
ser-cutter. After being cut, all the
components (around 2400 pieces)
were passed through an automatic
tumbler in order to make the as-
sembly a safer process and to give
the material a better finish quality.
Several tests on tolerances and dif-
ferent types of fasteners were con-
sidering factors such as the overall
weight of the final piece or the one
of the separate sub-assemblies. The
usage of ladders and special tools
needed for the 1:1 scale model were

. all criteria that lead to a very spe-
cific order of the sequences of the
whole assembly process. The team
was lead by Thomas Behrman.

B mm e — o p——









Tessellatlorr .

ArboSKin PaV|I|on

ITKE - Stuggart University
Nabil Rajjoub

‘ Source: http://ge.archello.com/en/project/arboskin-durable-and-recyclablebioplastics-facade-mock




PROJECT OVERVIEW

ProjectArchitects:

Students and professors from Stuggart Uni-
versity’s ITKE

Institute of Building structures and structural
Layout

Location:

Stuggart University located in Stuggart,
Germany

Investor:

ARBOLEND research

project

Function:
Pavillion

ConstructionYear:
2013

ConstructorsTeam:
Students and professors from Stuggart Uni

MaterialUsed:

biobased thermoplast (equipped with flame
retardants) made

from >90% renewable resources

MaterialSpent:
$1.75/lb

MajorFabricationUsed:
Tessellation

FabricationBy:
CNC, milling

SoftwareUsed:
Rhino - Grasshopper
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FABRICATION METHODS / process

The pavilion is constructed from 388
bioplastic pyramids

which are braced with rings and joists,
creating a loadbearing,

waterproof facade. The modules to-
gether create

a complex, double-curved surface
based on a network of

triangular shapes of different sizes. The
double curved

skin is made of 3.5 mm thick bioplastic
pyramids that are

mechanically assembled to create the
free form surface.

The bioplastic sheets can be freely

shaped and adapted to
fit any requirement for building exteri-
ors

Robot arm

Adjustable legs
Component




MATERIALS AND MACHINES

Extruded sheets made of the bioplas-
tic materials developed by TECNARO
throughout the project are
thermoformed into identical pyramidal
moulding components.

Thenecessary process of contour
milling allows for multiple variations
among the moulding components as
identical thermoformed parts can be
processed differently using various CNC
milling paths. This allows for the
cladding of freeform areas with a single
moulded component.

The plastic waste that results from

CNC millingprocess is regranulated
and directly returned to the extruding
process.

At the end of their useful life, the
facadesheets can be composted or dis-
posed of almost carbon-neutrally.

thermo- =
forming

removal of
edges

eet waste is
recycled




MATERIALS AND MACHINES

Arboblend meets other important
criteria for construction materials. It is
durable, and complies with flammabil-
ity standards, all of which mean that it
is considered quite suitable for a wide
range of building purposes. It is hoped
that this project could be the start of

a new building resource. These sheets
can be used both for cladding and for
building exteriors. As a flame-retardant
sheet material, Arboblend is also being
considered for other applications in
building interiors. This makes it ideally
placed to address two current trends in
the design world. The growing demand
for sustainable materials, and ecolog-

ically sound buildings, and the devel-
opment of double-curved geometrics
and planar facade components in many
modern buildings.

1),;
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https://www.materialist.com/arboskin-pavilion-demonstrates-new-bioplastic-solutions-2/



GRASSHOPPER MODEL / def.

GRASSHOPPER DEFINITION
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ArboSkin Pavilion

Design, functionality, sustainability, this struc-
ture has it all! The ArboSkin Pavilion in Stutt-
gart, Germany stood out to us as a building
that went above and beyond to provide a
beautiful, socially-responsible space.

While the ArboSkin pavilion certainly has a
distinctive appearance, it is the sustainable
materials from which it is made, rather than
what it looks like that is causing interest in the
building world.
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PROJECT OVERVIEW

ProjectArchitects:
Toby Burgess and Arthur Mamou-Mani.

Location:
Black Rock Desert of Nevada.

Investor:
Diploma Studio 10 at the University of
Westminster

Function:
Small scale project (Temporary Pavilion)

ConstructionYear:
2013 Burning Man festival

Dimensions:
290 m

ConstructorsTeam:

Toby Burgess and Arthur Mamou-Mani a.k.a.
Ratchet and Baby Cup (Project Directors) -
Students - Ramboll Computational Design
(RCD) - Stephen Melville, Harri Lewis, James
Solly

MaterialUsed:
Timber pods - Metal joins

MaterialSpent:
Unkown

Budget:
Unknown

MajorFabricationUsed
Tesellation

FabricationBy:
CNC

SoftwareUsed:
Rhino - Grasshopper
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The geometry of the installation

is based on the work of Swedish
mathematician Niels Fabian Helge
von Koch and in particular his in-
vention of the Koch Snowflake, one
of the earliest fractal curves to be
described. Is a three-dimensional
environment that essentially starts
with a regular tetrahedron and
recursively generates new tetrahe-
drons on each of its faces resulting
in a complex, yet simply and effi-
ciently defined, end result.

The installation is consisted by 4
timber-made, fractal pods that sym-
metrically surround a space frame-
like structure of a similar fractal na-
ture and with climbing nets dressing
the faces of the geometrical shape
that is created.

The timber pods, during daylight,
are the first structure that a vis-

itor encounters and both initiate
and welcome the exploration of its
symmetric but complex structure.
Visitors are also able to enter the
pods and experience an even more
intriguing spectacle of the forma-
tion of faces and joints that create a
kaleidoscope-like effect.

BEFORE STARTING, SORT ALL PIECES INTO THE FIVE CATEGORIES AS LISTED OVER THE NEXT THREE
PAGES - THIS CAN BE DONE USING THE TRIANGLES EDGE LENGTHS - EACH OF THE FIVE TYPES ARE A
DIFFERENT LENGTH

TO ORIENT THE FACES CORRECTLY USE THE BOLT HOLE OFFSET DISTANCE TO DETERMINE WHICH
EDGES ARE TO BECOME ACUTE ANGLES [72°] AND WHICH ARE TO BECOME OBTUSE ANGLES [109°]

OBTUSE =31MM
ACUTE =18MM

TRIANGLE DIMENSIONS - SMALL

ACUTE =31MM
OBTUSE = 18MM

X

Small AAO x108[1[Orange

Note off centre holes on one
Obtuse edge of the Small AOO

This edge connects to the Small AAO piece
The red dot is the corner to which the holes are closest

Acute

Small AOO x54l

[Dark Green]

TRIANGLE DIMENSIONS - MEDIUM

ACUTE =31MM
OBTUSE = 18MM

Acute

Obtuse Acute

Obtuse

Medium AAO x9[l[Turgoisel



MATERIALS AND MACHINES

They start making Fractal Cult scaf-
Large AAO x12[][Magenta folding test model with wood sticks
TRIANGLE DIMENSIONS - LARGE and and tying them with ropes.

ACUTE =31MM
OBTUSE =18MM




GRASSHOPPER MODEL / def. DEVELOPMENT - EXAMPLE

CNC Layout for Quote — Fractal Cult - Dan
The Fractal Cult was redrawn using Dodds

rules defined by the hinge connec- ' ! :_ : e m = =
tion suggested by Ramboll. There il i et : o M—?_-_:.;,;;:f] » ‘A T / AA AA

are 5 different types of piece that

make up each of the four fractal W\ 4 S o - : T S ., . Y9e
cults. Extracts from the rules as 7 Pl e = e ; s . - g
specified by Dan Dodds and Thana- v Y ik : o NI D A NS ., _ = %
The Acute angles on all triangles i S - N / K
all have bolt holes with an offset of - | . . )

32mm
The Obstuse angles all have bolt
holes with an offset of 22mm
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Wieland Schmidt Architekten

~JuanLee

Source: http://www.plas.me/project/the-swarm-a-parametric-pavilion/



THE SWARM

ProjectArchitects:
Wieland Schmidt Architekten

Location:
Bavarian chamber of Architects.

Investor:
3A Composites GMBH, Aluform, Metalbau
Bohn, Erco, Terrafix, Thalerkies and Boals

Function:

Exhibition in the Bayrische
Architektursummer - Technische
Universitat Miinchen.

ConstructionYear:
2012

Dimensions:
14 mt x 4.75 mt x 4.0 mt (metric)

ConstructorsTeam:
Sabrina Appel

Max Langwieder
Sascha Posanski
MaterialUsed:

MaterialSpent:
77 Plaques of Alucebond 1.25 cm 3/m
Total Material spent 94.71 ¢cm 3/m

Budget:
Unknown

MajorFabricationUsed:
Tessellation

OtherFabricationUsed:
None

FabricationBy:
Computer Numerical Control Machine

http://www.plas.me/project/the-swarm-a-parametric-pavilion/




FABRICATION METHODS / process Flock of birds.

3d Model making and analyse.

Unfolding.
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http://www.plas.me/project/the-swarm-a-parametric-pavilion/



Sistematic unfolding.

http://www.plas.me/project/the-swarm-a-parametric-pavilion/



Detailing

http://www.plas.me/project/the-swarm-a-parametric-pavilion/
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http://www.grasshopper3d.com/profiles/blogs/the-swarm



http://www.grasshopper3d.com/profiles/blogs/the-swarm
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CNC MACHINE.

CNC is the short form for Computer
Numerical control. The CNC machine
comprises of the mini computer or
the microcomputer that acts as the
controller unit of the machine. While
in the NC machine the program is
fed into the punch cards, in CNC
machines the program of instructions
is fed directly into the computer via a
small board similar to the traditional
keyboard.

In CNC machine the program is stored
in the memory of the computer. The
programmer can easily write the
codes and edit the programs as per
the requirements. These programs
can be used for different parts, and
they don’t have to be repeated again
and again.

ComparedtotheNCmachine,the CNC
machine offers greater additional
flexibility and computational
capability. New systems can be
incorporated into the CNC controller
simply by reprogramming the unit.
Because of its capacity and the
flexibility the CNC machines are
called as “soft-wired” NC.
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How the CNC Machine Works?
Part Programmes

The CNC machine comprises of the

computer in which the program is fed Machine Control Unit )
for cutting of the metal of the job as R e e e

per the requirements. All the cutting Data 1 Control

processes that are to be carried out Processing! Loop [«

and all the final dimensions are fed Unit ! Unit [«

into the computer via the program.
The computer thus knows what

Motion Data Miscellaneous

exactly is to be done and carries Funetion
out all the cutting processes. CNC
machine works like the Robot, which
has to be fed with the program and it

Position Veloci
Feedback| |Feedb:

follows all your instructions. ll:lj
Driving I ‘Feedback -
System > - Device
Machine
Tool

http://www.editsworld.com/cnc-machine/#.VyJuajB96Uk
http://www.grasshopper3d.com/profiles/blogs/the-swarm




Alucobond

Is a composite panel consisting of
two aluminium cover sheets and a
plastic core. The superb properties of
this material boost one’s inspiration
and offer architecture a whole new
range of solutions - whether your
project is a residential or public
building, a corporate headquarter, an
office building, a trading or industrial
complex - or if your organisation
wants to create a new image-building
Corporate Design - whether for petrol
stations, car showrooms, banks or
supermarkets.

The composite structure of
Alucobond results in an impressive
strength-to-weight ratio, even
when comparing large panel sizes.
Despite its low weight, which makes
Alucobond easy to transport and
handle in the factory and on site, its
rigidity and high strength make the
panels keep their shape and remain
flat, even when exposed to extreme
temperature changes.

Plastic core

0.5 mm aluminium

Characteristics

Advantages

Low weight, high rigidity,
perfect flatness

Low cost for substructures and fasteners, Smooth handling on the site

Large variety of colours

Unlimited planning and design

Weatherproof

Supplied ready to install

Vibration-damping

Mo additional sound-damping needed

Can easily be folded and hent

Simple processing using conventional tools

Large panel sizes, fastinstallation,
pre-fabricated panels

Short construction times, adherence to schedules, low cost

ALUCOBOND® Aluminium
Rigidity (E J} Section modulus Thickness Weight Thickness Weight
1250 KM cmAim 1.25 cm®im Jmm 4.5 kg/m? 2.7 mm 7.3 ko/m?
2400 kKM cm®im 1.75 cm®/m 4 mm 5.5 kg/m* 3.3 mm 3.9 kg/m*




GRASSHOPPER MODEL / def.

% Untitled - Rhinoceros (Corporate) - [Perspective]

F)l. Edit Wiew Cuwve Sudace Solid Mesh Dimensmon  Transform Tools Ansbze Rem:ter Munkev P}umllesl H?ln

The prOject was made in GraSShOppel" |Drag a window ta zoom (Al Dynamic Extents Factor In Out Selected Targst 1701}

|Command'

with the help of the scripting

language C#; this means that

the swarm that gave the general
shape of the pavillion was coded
by the designers themselves.

After having the final behaviour set,
the team thought together a module
which will then follow the digital
produced swarm in grasshopper. To
proceed, they end up designing three
different modules and continued with
the tesselation and numeration of
each separate piece; this was crusial
when working with the CNC machine
(cutting phase).
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prepare the joint trim tool
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Rules of my symbol tag

Making plane position of tag

symbol tag

=)

opening curves

Making opening curves refer to curvature

https://www.youtube.com/watch?v=gfzNeavlYSg



THE SWARM PAVILION - Wieland
Schmidt Architekten

http://www.hangar-7.com/en/art/exhibitions/the-swarm/




http://www.hangar-7.com/en/art/exhibitions/the-swarm/
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