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Ervin Hauer — Church in Liesing, Vienna, Austria, 1952 Church in
Erdberg, Vienna, Austria, 1954
Sources: www.erwinhauer.com

Grimshaw Architects — Eden Project, Cornwall, United Kingdom,
2001
Sources: www.grimshaw-architects.com
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Antoni Gaudi — Casa Mila (La Padrera), Barcelona, Spain, 1910.
Sources: www.dianeobrien.wordpress.com, www.planetware.com

PTW Architects — Watercube — National Swimming Centre, Bei-
jing, China, 2003.

Sources: http://www.flickr.com/photos/xiaming/484446352/light-
box/
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Gramazio Kohler — The Dissolved Wall/Screens, 2006-2007.
Source: F. Gramazio and M. Kohler, “Towards a Digital Material-
ity,” in Manufacturing Material Effects: Rethinking Design and

Making in Architecture, 1st ed., B. Kolarevic and K. Klinger, Eds.

Routledge, 2008, pp. 103-118

Toyo lto, Taichung Metropolitan Opera House. http://www.tropo-
lism.com/2006/01/toyo_itos_structural_awesomene.php

Cellular Structures

qvonon NIX? N1y - 30%
n'o10 nwan - 30%
DI'T? NN IFTIVON N2 NIDNNWA - I'TIV0"7 NniNN - 10%

I"TIoon ""n
N'NINY 2N waonnl NI'Y'R NI'NanY YUTRI' VIAW2 TNX Uasn .NI'nxnp ni‘rnial ni'y'x nInanY |7'7I'l]']]'l I"TI00 NTIAYN

DA IT' NT W2A9N2 .0"IXIN NINNONNN 1D XY [I'T DN 0" N9N NINNONN DX VITIVO 72 A'¥' N NI}
| | |
JYUIRD ORMNON v 'DWIP'J/'UWINDH 19N NIN'S7 0'01 1IN'YW D'ONINN D'RYI)

12207 XXIN NITIj72
RN R NTNNN N1 I TIN0A |IJD]']'7 XXINN NI .D'0ITIVOY D''YWyYNI D"VIINN 07D 137* 1I'"'TIVO] DIIYRIN n'720Nn

“21¥W NNNKX [1DN NI0'Y 9'7NN7 XA NI'R IT NO'Y . DIMNIN/NIMonixa nidvna piowal (digital form finding) "xotarT
MIYIYN 7OMTRN 7Y (110NN NIV'YIE D790 NBIONA f011 |2ATA NIINA X7X 1Ay 1

.0"IX0A'T D'702 YIN'Y

0'NAN 0790 NIYYNNA QYYD 'TIV0A NTIAYN

NMUNINA NI'NAN 2D 1'K [DINNAN OP''NON TWND OXNYLZ0D NISOI NIDIN A7WY7 [N - 0N ,0M 1" 21T 7D
.0'9011 0721 DA TIX77XIRD ,19INOKIA 0'"VUNIS D7D

.02NPRI"'TT-'R,DIWIVID IIVIVOIT'X 0'"'91A 017D

.10 720 NNX N1DIN 1'DN7 Y7am D DX 'TIvoN N7NNN 1197 NIDINN DY T2 NN |'N

N727 niyy

JUNIN DIRN 97 120 |12 602 7 T1na 13:30-14:30 jlwxn or
.(m19 4041) 04-8294041 70 yasha@technion.ac.il
.0'vasnn 0IN'S

7NN 720N - IYNIN 720001 NnNanon L IMTIvon naxn 11 yviaw
7NN 720N 0'a nwan 22 vy



T_CODE 2013

Contemporary Architecture Practice (CAP) - Migrating Forma-
tions, New York, USA, 2008

Source: Y. Grobman and E. Neuman, Eds., Performalism: Form
and Performance in Digital Architecture. Routledge, 2011. P. 97

Kol/Mac architecture — INVERSAbrane - high-performance exte-
rior building, membrane prototype, 2006.

Source: Y. Grobman and E. Neuman, Eds., Performalism: Form
and Performance in Digital Architecture. Routledge, 2011. P.
120-121
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B. Kolarevic and K. Klinger, Manufacturing Material Effects: Rethinking Design and Making in Architecture,
1st ed. Routledge, 2008.

L. Sass and R. Oxman, “Materializing design: the implications of rapid prototyping in digital design,” Design
Studies, vol. 27, no. 3, pp. 325-355, May 2006.

M. Hensel and A. Menges, Morpho-Ecologies: Towards Heterogeneous Space in Architecture Design. AA
Publications, 2007.

A. Picon, Digital Culture in Architecture, 1st ed. Birkhauser Architecture, 2010.
H. Pottmann, A. Asperl, M. Hofer, and A. Kilian, Architectural Geometry, 1st ed. Bentley Institute Press, 2007.

D. Schodek, M. Bechthold, J. K. Griggs, K. Kao, and M. Steinberg, Digital Design and Manufacturing: CAD/
CAM Applications in Architecture and Design, 1st ed. Wiley, 2004.

F. Gramazio and M. Kohler, “Towards a Digital Materiality,” in Manufacturing Material Effects: Rethinking
Design and Making in Architecture, 1st ed., B. Kolarevic and K. Klinger, Eds. Routledge, 2008, pp. 103-118.

A. Menges, “Instrumental Geometry,” in Fabricating Architecture: Selected Readings in Digital Design and
Manufacturing, R. Corser, Ed. Princeton Architectural Press, 2010, pp. 22-41.
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Dom-In(fo) by Dagmar Richter (2002-2003)
Source: Anon, 2003. Architecture Non Standard, Centre Georges
Pompidou Service Commercial,France. P. 81
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M. Meredith, From Control to Design: Parametric/Algorithmic Architecture. Actar, 2008.

Y. J. Grobman and R. Ron, “Digital Form Finding — Generative use of simulation processes by architects
in the early stages of the design process,” in eCAADe 2011 - Respecting Fragile Spaces, Ljubljana, 2011,
pp. 107-115.

Y. J. Grobman and E. Neuman, Eds., Performalism: Form and Performance in Digital Architecture.
Routledge, 2011.

L. lwamoto, Digital Fabrications: Architectural and Material Techniques, 144th ed. Princeton Architectural
Press, 2009.

J. Krauel, Contemporary Digital Architecture: Design and Techniques. Links International, Ceg, 2010.
G. Kats, Greening Our Built World: Costs, Benefits, and Strategies. Island Press, 2009.
Benyus, J.M., 2002. Biomimicry: Innovation Inspired by Nature, William Morrow Paperbacks.

M. Weinstock, The Architecture of Emergence: The Evolution of Form in Nature and Civilisation, 1st ed.
Wiley, 2010.

M. Hensel, A. Menges, and M. Weinstock, Emergent Technologies and Design: Towards a Biological
Paradigm for Architecture. Routledge, 2010.

L. J. Gibson, M. F. Ashby, and B. A. Harley, Cellular Materials in Nature and Medicine, 1st ed. Cambridge
University Press, 2010.

M. Burt, “The Periodic Table of the Polyhedral Universe,” International Journal of Space Structures, vol.
26, no. 2, pp. 75-94, 2011.

Knippers, J. & Speck, T., 2012. Design and construction principles in nature and architecture.
Bioinspiration & Biomimetics, 7(1), p.015002.

Wiscombe, T., 2012. Beyond assembilies: system convergence and multi-materiality. Bioinspiration &
Biomimetics, 7(1), p.015001.
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Spatial Structure Facade

Bone Cell Structure

Human bone consists of two main cell types: The Cortical Shell and the Cancel-
los Bone. The former can be found in the outside of the bone, it is very dense (
it has porosity of about 5% to 10%). The latter is a light, porous bone enclosing
numerous large spaces, that give a honeycombed or spongy appearance. The
bone matrix, or framework, is organized into a three-dimensional latticework of
bony processes, called trabeculae, arranged along lines of stress. The spaces
between are often filled with marrow. Both types are intersting for biomimetic
methods, though for a building facade the Cancellos bone has more potential
since it's poros, light weight and strong as well.The Transition between those
two types is gradual, so one may say that porosity percentage of the spongy
tissue is between 5% to 60%. (Michigan Engineering, http://www.engin.umich.
edu/, Encyclopaedia Britannica)

Jnint cagside
Artivular cortilaee

Cortical Shell L
—_— e : fobit ravity
i b e Ieera-anicutor disk

Szl Fludd

I'abecular Bane

Up: the structure of a bone near the joint. Down , Left: The Cortical shell, Right: The Spongy struc-

ture of a Cencellus bone. All photos taken from http://www.engin.umich.edu/

IMRY AYALON
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Trabecular Bone Structure
Key Element of this project is to understand the basic cellular structure of the
Trabecula. When looking in the microscope, it looks like this:

Microcomputed Tomography.
phar.kufauniv.com/

Enlarged x40 http://eugraph.com/

Researches in the 3d modeling of the Trabecula are being held all over the
world, especially for the diagnosis of Osteoporosis. Here is two examples from
a research which held in Germany(Published at Acta Astrounatica in 2005 and
Accessed via http://www.ucl.ac.uk/ at 13/04/2013)

Section via the bone: Left is the Cortical Shell and to the right is the Cancellus bone.ucl.ac.uk
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Trabecular Bone Structure Case studies
Three Case studies Will bw shown, each of every one is on a different scale.

Zimmer Trabecular Metal Technology

“Zimmer” is an american based firm that design and create personalized joint
replacement technologies. They came with a new form of spatial structure of
metal for thier joints: Trabecular metal. Trabecular Metal consists of intercon-
necting pores resulting in a structural biomaterial that is 80% porous, and they
claim that it allows approximately 2-3 times greater bone ingrowth compared to
conventional porous coatings and double the interface shear strength.
Trabecular Metal implants are fabricated using elemental tantalum metal and
vapor deposition techniques that create a metallic strut configuration similar to
trabecular bone.

Left: Image shows trabcular metal in comparsion with real tubacular bone tissue. Right: enlarg-
ment of the trabcular metal. (zimmer.com)

IMRY AYALON

Cellular Structures

Trabecular Metal possesses a high strength-to-weight ratio, with mechani-
cal properties capable of withstanding physiologic loading. The compressive
strength and elastic modulus of Trabecular Metal are more similar to bone than
are other prosthetic load-bearing materials. The material’s low stiffness facili-
tates physiologic load transfer and helps minimize stress shielding.
(zimmer.com)

Left: an Image shows flexability of the component. rRight: a joint made from this material.
zimmer.com
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The Bone Wall- Joe Mcdonald

This project, by studio a&o from New York, is an exhibition at the Storefront for
Art and Architecture (gallery in New York) held in 2006. This exhibition featuring
a full-scale prototype of a wall screen demonstrating a 4D non-recursive pattern
designed with a parametric modeling program (CATIA).

From the storefront newsletter for this exhibition. http://www.storefrontnews.org/

Though it’s called the “Bone Wall”, in any of the references for this project was
mentioned that this component shape is derived anyway from a biomimicry of a
bone structure. It looks like the name was given afterthought.

Left: http://wynstanwu.blogspot.co.il/. Right: http://urbanao.com/news/?m=200905

IMRY AYALON

Cellular Structures

http://urbanao.com/news/?m=200905

Although it's not actually biomimicry, it's an intersting experiment. It's structure
comprised from a base “cell”, or rather, '5-cell, which was then inverted and
rotated to combine into a complete cellular unit. The base cell has six triangular
“horns”, 3 up and 3 down, a total of 18 corners, or “control points”.
(urbanao.com, storefrontnews.com, wynstanwu.blogspot.co.il)

Left: http://wynstanwu.blogspot.co.il/. Right: http://urbanao.com/news/?m=200905

http://arquitecturaenred02.
blogspot.co.il/

http://urbanao.com
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Trabecule- Dave Pigram, lain Maxwell, Brad Rothenberg,
and Ezio Blasetti

This project is more about the mimicry of an organic form, not specificly the hu-
man bone, although it's called Trabecule.
It's reference comes from a blog called Biomimetic Architecture.

Trabecule building is an office building with an atrium. It's atrium goal is to de-
liver as much light into the inner parts, especially in winter, and it is parametric
shape based on the movement of the sun in the sky during the year, mimicing
plants which moves along to get maximum sun light.

The inner spaces were used as a connectors for different places in the build-
ing and for meeting points. in the architects words:” the architectural project is
no longer regarded as a passive entity, but rather a typologically-free machine
of multiple possibilities more akin to the morphogenesis of an organism.”
(biomimetic-architecture.com)

Method and orders in which the parametric form took shape into a buildng which resembles a
trabecule bone structure. all photos from http://www.biomimetic-architecture.com/

IMRY AYALON 6
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Exercize- Making a Perfomance baesd facade in Rhino

Performance

Thisnot actually a performance but a photo based map. At first a picture was
chosen, and using photoshop its colors were emphasized. After, Using lllustra-
tor’s tracing command, a 7 color greyscale map was created.

The original photo, cropped to proportions.

The colors emphasized using photoshop levels command.

The greyscale map, a 12 color version

The final greyscale map with 7 colors and simplified.

IMRY AYALON

Cellular Structures

Rhino Paneling Tool experimemnts

Assuming the performance map stand for sun radiation on the facade, forms
was either block or allow for light exposure, depending on the performance.
Several tryout were made during the process, durind which the geometry was

getting more and more complicated. When creating the panel, “List” and “bit-
map” options were chosen.

First Step: 2d grid with only two shapes: circle and rectangular, just to understang the command.

Second step: using 3 shapes, with different opacity to light, creating first light sensitive facade.

Left hand :the 3 shapes, Right hand: close-up on the transition.
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Rhino Paneling Tool experimemnts Continued Next step uses an “x” like shape that can be attached with both sides. Still, it's
not a whole 3d shape.

Third step is quite similar to the the second, except 7 shapes were used in-
stead of 3, and the shapes were designed in a way they could be attached to
one another.

IMRY AYALON 8
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Rhino Paneling Tool experimemnts Continued Next step uses an “x” like shape that can be attached with both sides. Still, it's
not a whole 3d shape.

Third step is quite similar to the the second, except 7 shapes were used in-
stead of 3, and the shapes were designed in a way they could be attached to
one another.

IMRY AYALON 9
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First Model

This model is constructed of three elements: the cell, the network arrangment
and the network curvature.

The cell- is built from the basic unit, the “arched cross”. Arched cross is a
tryout based on the songy bone structure. Three crosses in each of thecartez
directons build one cell. There are three sizes for the cross- which supposed
to effect the radiation opacity.

The network arrangment is based on the “radiation” map mentioned before,
using the bitmap command in the paneling grid. More opac cells are put in the
less radiated parts and vice versa.

Third is the curvature of the network which built using heightfield command.
Sinked parts of the net are the one more radiated and vice versa.

Heightfield command

Surface Domain Number command creates an array curved like the surface.

Front view of the network after panelling command based on bitmap and lists options.

IMRY AYALON
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The three “Arched Crosses”

Curvature of the network
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Second Model

Second model is based on the first on the network scale (same arrangement
and curvature) but with different cells. The arched crosses showed before
curved themselves to get static height with less material (with assumption
they’ve made of steel). The curvature is also tryout to be based on the spongy
bone structure. Again, four differnet sizes were used to change opacity of the
network.

IMRY AYALON
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Curved Triangle

The “Curved Triangle” is derived from the previous “Arched Cross” but also
have a third dimension that allows it to form a 3d form.

The element function at first is to be as constructive and weight carry as pos-
sible while light in material. The elements will be the outer constructive shell of
the building and will carry the weight as long with the inner core.

The Triangle is constructed from a steel sheet, cut by laser or water jet, curved
in the edges by heat and pressure combined to each other with bolts.

IMRY AYALON 12
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Inspiration - Scissor Lift Load Transfer Scheme

<+

—1

_

——

t 1
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Production Method- Pressed Steel Sheet

The production of te cells will be done as cars are made: large steel sheets
are lazer cutted to shape and holes and then cold pressed into a specific
mold. In car industry ,those parts are welded together to craete a unibody
chasis. In the case of the building, they will not be welded together but bolted
to eachother. This because life span of a building is much longer then a car,
and replacements will have to be made over time.

totalcarscore.com

arthursclipart.com khulsey.com

IMRY AYALON 15
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Steel Sheet part

This part is a combination of two triangles, so loads could transfer directly.
area of the steel from the whole rectangle is depends on the sun radiation on
the wall.

IMRY AYALON 16
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Cell- Sand Clock
The sand clock is two steel sheets combined to make a whole cell. At first, only

one kind was made to check connectivity with other parts and ability to transfer
loads.
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Cell- Sand Clock

Second stage includeded some changes: First, a small fin was added at the
middle of the cell in a matter of reducing the danger of buckling in that direction.
Second, it become wider- 150 cm instead of 100.
Third stage was making a variety of 6 sheets: divded to two floor types (high
and low) and each is divded to three sheet areas.

IMRY AYALON 19
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Connection Detail

Cells serves for two major functions: Shading, and more iportant, Load bear-
ing wall. That to said, all cells together linked and combined to carry the load

made by the steel constructed floors and walls to the ground.

The detail showed is the connection between the stell construction, a heavy
200 INP beams, the narrow walls (built on a 100*100 RHS polls) and the cells,

or as | called them, the “sand clocks”.
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Making of a Single Cell

Outer Part

Notice the central axe is thinner and have folding fins Inner Part

Notice the small fins in the sides made to contain thermal insulation.
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Three Possible Sizes of Cells

Low Radiation- More Exposure Medium Radiation- Medium Exposure High Radiation- Minimum Exposure

IMRY AYALON 24
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Section and Detail
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Detail Plan ,cutting through window
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Detail Plan, cutting through wall
U-Value 0.453
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\

Perspective Views: Front Front,Cut through the wall Back,Cut through the wall

N —
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3 Sample Points for

each cell

Average (1+2+3)/3 @
Influence X vector

Ratio between 1 and 3 @

influences over Y vector

1093/ A

—_—
X Vector

Creation of a cell- Mathematical princiles

IMRY AYALON
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2 Attraction Point outside

the plane

Ratio between their dis-
tance control the Z Vector

J0}J98A 7

T

—_—
Y Vector

Cellular Structures
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Creation of all three parts of a cell- Geometry creation

IMRY AYALON 30
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Performance

Core of the algorithm, as one can say, is the Performance measure tool.
Based on an image, this command gets a gray scale image and a list of points
and it will return a numerical value, between 0 to 1.

In this algorithm it used in two ways, which control the coverage of one unit. It
controls both the total coverage are of one unit and the ratio of area between
the upper and the lower trapezoids.

Every subsurface is coverd by one unit. The code gets from every subsurface
it's central point, and make another two points in the upper and the lower third
of the subsurface. Those points are the inputs for the image sampler.

The values got from the sampler are calculated twice: First an avarege of
those three points is given to get the total coverage of a unit, ans secondly
the ratio between the upper and lower sample points is to use in the trapezoid
area ratio algorithem, which will be explained in the the unit chapter.

Those efforts are made because the units are quite big in comparasion to

the whole surface, and sampling only one central point might give inaccurate
results.

IMRY AYALON
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»
>

>Z Unit
Calculations . |,

y

’ Geometr
A
Z Unit
.Calculations _»__
-

Full code and Algorithem

IMRY AYALON 32



T_CODE 2013 Cellular Structures

youwall.com

Perspective

The image turned into greyscale and traced in adobe illustrator

Facade performance tryout with illustrated jpg image

Perspective reverse angle
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Northern Facade- jpg illustration

tapuz.co.il

Elevation

| Hf )|
mmmlllltl

ulmlllllll!\"
nmnmlllll'

Perspective

e Image turned Into greyscale anad In adobe Illustrator
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Facade Part with changable size cells
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TopOpt loads and forces check- opportunity of perforating
.the cells wall
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Perforated cells- Optional composition
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Autodesk Ecotect
Light simulation Program

IMRY AYALON 38
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Light Simulations

Southern Facade

Eastern Facade

Northern Facade
Western Facade
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East

West

Lightt Evaluation
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Sketches- Brief changes to the facade
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Corners Old Catalogue

Right Angle

Walls Wnd With Balcony Obtuse Angle
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North West corner

view of the northern facade, taperd to allow sun rights for
.the northern neighbor building

.The western facade with the court wall is seen as well
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South East corner-Stretched cells at the safety tower
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South West corner
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Brief
All Numbers given are total. i.e. include wall, serice areas etc. Total area is 2650 Gym 300 m?
m square.

Community
Senior Citizens Day Center 200 m? Center
300 m?
Library
300 m?
Kinder Garden 360 m?
Reception
Gallery 360 m? 135 m?
Cafe
135 m?
Auditorium
Below Ground
560 m?
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Youth ctr.
Kindergarten Community ctr.

Gallery . Library

Senior’s ctr. .
Reception
4 Stories Parking Lot
> Coffeeﬂh/op‘

/

Auditorium

Brief
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Brief Senstive cell design
Kindegarten with low windows
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Brief Senstive cell design
Gym with High windows
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Building>s Emergence

Site City Block
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Sun Rights , Inner Court and Elevators Dividing into Two Sub-Blocks -Morning/Afternoon
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Early Building design
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Court Ploes Scheme Floors Scheme
curved, organic shpae
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Vertical Movement Scheme
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Enveioment Plan, Includung Garden
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Parking lot and Garden are seen
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Court Entry from East
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Court as seen from above
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View in the court
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Final Presentation Cellular Buildings - Thematic Studio

By Lior hadar

Teacher: Dr. Yasha Grobman

Technion - Israeli Institute of Technology
Faculty of Architecture and Town planning
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Formal Criteria of the ground cell
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The Cell /

Formal Criteria of the ground cell

School building in Barcelona,
Spain \\ BAAS Architecture

http://ffilt3rs.net/case/vertical-pivot-
ing-louvers-school-baas-328

Lior Hadar
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Formal Criteria of the ground cell

Nano-engaineering center’s facade in barcelona university \\ Pere Joan RavetllatCarme
Ribas
http://filt3rs.net/case/glass-louvers-upc-building-179
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Additional cell usage
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Additional cell usage

www.mouse.co.il

Grobman AxlIrod Grobman AxIrod
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Final criterias

Vertical shading
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Providing ground for vegetation growth.
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The Cell /

Details

Lior Hadar

11

Structure

Mediation

Partitioning

Cellular Structures

Main facade structural sys-
tem is made of a spatial
truss system composed
of 100 m”m tubes.

As the cell contains all of
the partitions and windows
it required a mediation
system between the
tubed section and the
partitioning systems.
The mediation system also
serves a part of the isola-
tion system.

The partitioning system
composed of two types of
tailings - Double layered
isolation boards and a
Quad layered glazing
system.
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The Cell /

Details

Structure Isolation

Isolating Boards

Glazing isolation

Using EnergyUl TM
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The Envelope

The analog result
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How to Populate a triangular grid on a given surface?
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How to Populate a triangular grid on a given surface?

Lior Hadar 16

Cellular Structures



2013 Cellular Structures

I'he Cell / The Envelope / Massing / Atrium / The Building

Parametric Population & Responsiveness

Lior Hadar 17



2013 Cellular Structures

The Envelope

Parametric Population & Responsiveness

N
AN
/ - —-
- \
\
J / N /
\ | S
\ \ A
- [N
N \ [ \
S o / «
Data flow dividing 2D surface making

& 2D basic grid.
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The Envelope
Parametric Population & Responsiveness _ o
Rotation for condition 2 and
3.
_) -_—
PN
- Glazed face.

Rotation for condition 1.

—
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Parametric Population & Responsiveness

)
Point rotating /\ _ 7

& Extruding to
point.
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The Envelope
Parametric Population & Responsiveness

Another level of complexity was add to the system - us-
ing image sampling in grasshopper.

—

By controlling the length of the line between the high
lightened points in a performance based code of sam-
pling radiation levels analysis - a more fluidic transfor-
mation could be achieved.

Lior Hadar 23
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The Envelope

Parametric Population & Responsiveness

Using the image sampling to distinguish areas which are
less exposed.

Using image sampling tho emphasize exposer of certain
areas .

By adding additional levels, layers of information the en-
velope could response to other parameters such as pri-
vacy, hierarchy, function, directional views and more.

Thus making the building, through the envelop, more

readable and coherent to his environment - and by
that even more responsive!

Lior Hadar 25
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The Envelope

Parametric Population & Responsiveness

By using the fractal abilities of Using those new elements or even new volumes for ur-
the triangle several cell could ban agriculture adding a new use for the building with
be joined together in order to relatively low floor area being consumed for it.

create envelope elements in a ,

higher hierarchy. Elements that CITY

could fade the difference be-
tween envelope and building. O M M U N ITY
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The Envelope

Parametric Population & Responsiveness

The merging of several cells into a unified volume means
adding additional constrains: The structural loads are

now greater and will require a thickening of structural el-
ements, drainage - the cell size to drain is Significantly

bigger now and that will also require an enlargement of
pipes ex...

Lior Hadar 29

Cellular Structures

N
N

Those additional constrains could be a new level of hier-
archy! Contributing to the further understanding of the

building and further emphasizing important functions
and concepts.
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Skeches from the early stage of the project
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Skeches from the early stage of the project
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Image samplers
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north map a south map a

north map b south map b
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east map a

east map b
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west map a

roof map a roof map b
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Edge Detail _I_

How to meet the roof?

How to meet the floor?

Lior Hadar 40
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Should the facade stop at the roof meeting ?

Lior Hadar
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Lab conditions Design conditions
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Massing
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Massing

1. Community wing
2. Atrium
3. City wing
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Atrium

The Original Concept
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Atrium

Amplifying the atrium experience

Centeral Entrance point

Vertical community garden

Accessible public lane

57
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Atrium

Amplifying the atrium experience
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Atrium

Vertical garden interface
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Atrium

Vertical garden interface
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Vertical garden interface

Lior Hadar 61



2013

Go Trough Layers

The Building
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Go Trough Layers

_ Convention center
First Level With a large hall, lobby and a
cafe.

[ Community space

| City space E )
[ J )

Four story
parking lot.

[
Library and a senior
citizen day center
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Go Trough Layers

Second Level

[ Community space

| City space

[ ]
o Extra Curriculum
o Class - older

Seminary Rooms

Lior Hadar 65



2013 Cellular Structures

The Cell / The Envelope / Massing / Atrium / The Building

Go Trough Layers

Third Level Kindergarten B Extra Curriculum

Kindergarten A’s : Classes - Young

[ ]
@ Community space play yard .
[ ]
[

.| City space

Extra Curriculume ¢ ¢ ¢ o ¢ o o o o

Teachers room

Kindergarten A’s
play yard

Kindergarten A
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Go Trough Layers

Fourth Level Local Gym

[ Community space

1 City space

Cellular Structures

Eco Labs

Rooftop Greenhouse
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Go Trough Layers
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The Building

Simplifying the sections
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Section A-A, 1:200
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Simplifying the sections

Lior Hadar 71

Section B-B, 1:200
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Vertical Movement

72

Lior Hadar



Cellular Structures

2013

The Building

Go Trough Layers

73

Lior Hadar



2013 Cellular Structures

The Building

Lior Hadar 74



2013 Cellular Structures

Lior Hadar 75



vprmanep 177371 ATTID

N3 177y 1W7AN
122172 AWN? 7°T NN



T_CODE 2013 Cellular Structures

770 yp1 4

Idan Cohen 2



T_CODE 2013 Cellular Structures

1Nn1i119 /4

TON2 2NN S NMEN OX,0ON 5 INKN DX PPN NLUSNNY 11N ,1M2M0] NINTPN D'OTN1 UP™MI9N S 1P ,('N 65) 21ann Y 71Tan 10X
22,0 DN 21901 MNP OIX KV NN ,0M11n0 NNDA D210 101980 11NN LN 91X SV N1an 900 ann ponn TNX 9D .(1) Nn1an% ©aonh *Han
TIV0 MTN UNOD 0ODIX ,D1TA 1D TN 919201 VDD DN NN NNTN NN 19N, NM%2 0N Th O T

PN S NINpN T HY ,0NaNN A MNTNN 129 IMIYNn NTNN T2 T MY 05NN 21NN 9122 Y AN N1ann S¥ esnn NN, Y"ann mymMT o
.(2) N"MM9N MNTN2 MY NMLVAIXA DY DNINA INRA NN NNN S My

.(3) 012NN Y S¥ NYINN NIDVA 12 DA Y W 0P IWKD ,N2M0 MINKA NPEPNONY I'RAKY NYVIIN NOYA D'2nNn TNX 939

GG

Idan Cohen 3

NS



T_CODE 2013

Idan Cohen

WD 1N
V90 D7IR
TTIV0 TN

oY
wIWw2 N

1 .
12w
13

14 e
A5

m2wo NN .6 Il
T M L7 e
D'TWwn .8 el
090 NN .9 Il
mop m2 .10 em

Cellular Structures

VP19 M7XPNa90 NN
DTNOTIR L1
MmN NMo0 .2
mrRxIN 1IN L3 e
oawnn oM 4
nma2 .5



T_CODE 2013 Cellular Structures

ni1'1>1n §

Idan Cohen



Cellular Structures

T_CODE 2013

Idan Cohen



T_CODE 2013 Cellular Structures

Idan Cohen 7



Cellular Structures

T_CODE 2013

Idan Cohen



T_CODE 2013 Cellular Structures

[ T T T T T T T

-

[ T T T T T T [T

.
N h
i

[ T T T [ T T [ T

/E llllllj

[ [ T T T T T [T

[
\

[l

Idan Cohen 9



T_CODE 2013 Cellular Structures

NN X1

™20 SY MNN WX wRwN NIMP 0 XN 1S Mpvn VIS 79 201N NTNN XN
(N"NNY¥N ¥ pNn NOIVN DA NDDIAA 'YYY) DA NMAXK NDIVAL WAL MNNX ,NNAY 91T 11D ,0'001 D'VIK 119w Sy 0SMN IMNN9NN 19NN

MXDIA 6 1NXNIN ,2'DN MDY NN N'YPNONA D'WAN WX D'KN ¥ D MNTNO A0 MMT NMApya NTNY NN 1" wngin MM 072NN Mapya
.N12NN TMPON5 YININ WAL MR MAD IX NPT NINMMON NT'A 11D, 00 DIM0Mp 9% NN 1221 WK ,XNN YW

Idan Cohen




T_CODE 2013 Cellular Structures

n'Ttn [1aon

WO ,5 2PN 1wyl NNn S %20 0901PN N1ION1 TTIaN XNn 120N
DOV nr

NN NIMPY 202N ,NEP1N00NRN NX 90N WX NN 120105 V5NN

"N DX 1N2% NIn SV, NONA107IK XD NT¥pI00NR NTAIN IwXIN 252
JTNN NIXD XNN MAN

L\ N\ /7
-\ J B N\ N7
N F 1\ N\

7021, NTNN RN U212 MEPINVDPN T2 12 %N 18" ANMN NN
DO YTAND NN MY D, NN NIMPHY N9'WN Yy MY MANT W/OXN
JITNN AR RN NIMp DX D¥I%1 ,Mnnn Moipna 08Ny 0N

L

—

Idan Cohen 11



T_CODE 2013 Cellular Structures

n'Ttn [1aon

.Heightfield Nn'21y9 my¥nxa NrNin NOZN YTAIN IWXN 252
2900 MMp1 'O Y MY 1MX P2N% NaNd 1NN ,N0PAN SY T2 TN
XN N1 NTY 92 DYIXH NN, N¥p1nunnpa

:maonNn
PN XY 1

122211 XN R NNMoN nLYWY DTN XD 02X .2

.NINNN DY TN MM NDI02 N2l NYpna .3

DXNN TON AN TN DTN Y 0NN 12 ON09IX A¥N1 D) .4
MUY NN TN 12T H19102,M8pnuonp?

Idan Cohen 12



T_CODE 2013 Cellular Structures

n'n [11>n

ApMmy2 1YY N NN XND VAN N2D1 190N 1w/V)

.Heightfield N21y92 XN 270 NDY T NXAN NNDDN NNN21 12T Y/ 19102

Idan Cohen 13



T_CODE 2013

Idan Cohen

14

Cellular Structures

n'Ttn [1aon

“UDAP NNDD 9 PMTA TIA 1 TAND WWOXNY T XI¥NHY NN X2N 2A5wn
XNN NX DHIXD 1N A 12y ,Nopn

1TAND, D0 DMP DY NI NNRY NIoXN ptGridUVCurves N21yon
.DMpPN NP2 w2910 NTIPA D¥YA NN T2 NMpa 90 72, T by
OMp 1MVN ,NTNN S DM'0PNVDAPN DN NX NNPY N DYV
OXINN PMTA T2 92D 7221, MNP D TNYN 121 SY pmTnn Dipna
LNPNUDNPN NX



T_CODE 2013 Cellular Structures

n'n [11>n

Idan Cohen 15



T_CODE 2013 Cellular Structures

n'Ttn [1aon

ptOffsetPoints > PointAttractors
PRy NTNN IRD XNN PRIV NINN V1 8NN pRy Y nLHYY 'wenx
JINRNN MY 2 pRNNNA Va1 nynd XNn

Idan Cohen 16



T_CODE 2013 Cellular Structures

n'n [11>n

Idan Cohen 17



T_CODE 2013

Cellular Structures

n'Ttn [1aon

N2AIA7 oN'a 7¥0 IX
7¥NN LINTNND [1I9¥N 'Y DY ¥ N'IT
(4:35-18:43) y'y
115% 2N 1117 Ni7yn 95 8:00
45% AW D7 NIyn 75 10:00
20% NATA 117 Ni7yn 25 12:00
69% N [11'27 ni7yun 80 14:00
160% nam 1'% ni7un 100 16:00
(6:40-16:30) qun
690% 2N (1117 ni7yn 50 8:00
180% QYN |17 niyn 25 10:00
150% nmMm 17 ni7un 4 12:00
220% NATA 117 Ni7yn 35 14:00
960% NTA 1107 NI7un 96 16:00
(9:45-17:435)2un
190% 2N 17 ni7vn 70 8:00
85% 2N (1117 ni7yn 45 10:00
60% nam |11 ni7yn 4 12:00
100% Nt 117 Ni7yn 30 14:00
240% NATA N7 NI72un 73 16:00

Idan Cohen

.NN9N N2 'O DY wnwn Mp pRiv NX QN5 DMYOXNN 0'1N)
AWXD ,O0'NNO NYH¥NY NN NMMIVAYRN NMyn - NIN0NRN Mywn
XOX ,nwn NNRXY 9522 XpnT X159 M 02T XN 14:00 nyewin

18

ONM N'UMPR XN NN N Nyray 9521



T_CODE 2013 Cellular Structures

n'n [11>n

SV Y¥n nnipnnn PpoNaY NLYN TN MTN' S DY D'A10 p1T12% n'y
2N 91N NN 1901 MTNNN PN D ,nky

45% 2wn 7 nin 75 10:00
20% nmmT Y7 nitvn 25 12:00
65% nam 1117 nizun 80 14:00

NN Y N mavpn NN DXNNA NYapa NONN N

Idan Cohen 19



T_CODE 2013 Cellular Structures

n'Ttn [1aon

.nLYNN Sy wnyn N1Mp 1Mo

NN NTNN 2 952N NMLVNIRAN 1A NMKD Q011 XN 210 1TAIN 012 . T2 12 D2 TN 12015 002N XN NX PYNY n'y
Jmsy nHHenb JTNN S DMIXINN DMIPKA NN DYDY DXNNA 0N "A10 ¥ NTAIN

D'NN9Y O'XNN - INM 581N - 129
NMNNYY D'XNN - N'PHYN Y¥IN - 19X
PNYN NIMp NX 198 D'0INOXD D'XNN - INM QN - N

Idan Cohen 20



T_CODE 2013 Cellular Structures

n'Ttn [1aon

,ptOffsetPoints N21YD ™"y D11 T2 NMTAM) NTNN NVA DY T2 NNTAN
('n 1.25 ' 0.3 2 Y2 MNRNN MY 12 PRNNN XD

Idan Cohen 21



T_CODE 2013 Cellular Structures

n'Ttn [1aon

.DMMN D'NLYN] YNNPNS 21 My X271 pSN Nown aph n'y

Idan Cohen 22



T_CODE 2013 Cellular Structures

n'oo - n'rn [11ON

TAXQ N PRI MR PMIAN O MNXINYNN MIRND DY 10 WOXNN VD
A1MNNYD INY MY
2NN N DNIX NYYN NNTRA 12901 D'AN OMY NX NIINNA NOyNN

Wwww.greenscreen.com
MXRN PIY D'NIN DNAYN TYD

D'YVNN DX 021 WX ,NNYN SV DN D'V I8N 1T JAND 90N MK
"0 N 9K DINN PRI MR 8RN NN

Idan Cohen 23



T_CODE 2013 Cellular Structures

o'o1o - n'tn [12ON

Idan Cohen 24






T_CODE 2013

135 PP M1 RN Tnn

MY 112N DVIN7R

nTIn NN

W20 1MR NN9

no7W1 MR

0wl M NIIR? 70M

nT70 MNw1 / 0™M710 0719

Idan Cohen

oL I R SR

Cellular Structures

ST =—=

3

TTTTTTITITITTT %W
-

26

5 [T =




T_CODE 2013 Cellular Structures

(1?n?) N*yav 1R nNp2T ’ *
DI’] _]THN - TH T TH T T T T T T
P R 4o %&ﬂ
(YNnw) pwin nayn - -
omn RN Mpwn
o2 MN wInY e ~1H H
M)

i

Idan Cohen 27



T_CODE 2013 Cellular Structures

TAXQ N PRI MR PMIAN O MNXINYNN MIRND DY 10 WOXNN VD
A1MNNYD INY MY
2NN N DNIX NYYN NNTRA 12901 D'AN OMY NX NIINNA NOyNN

Idan Cohen 28



T_CODE 2013 Cellular Structures

O’NRN 7210 Yvp

AN

nmayn I9Y¥ Nt n'NAmM N9Y Nt nnam onT Nt nmMayn DNT Nt

NYOY¥N KN NINO NN XN M2 NN XN

| | )
_ WA0 MX NN | |

Idan Cohen 29




T_CODE 2013 Cellular Structures

i i \ | |
Y o wImwa M — S

| | st T DT W Im7wo_ 11N\

TI00 DY VDU D7 m?w9 ——— T —

90 [EIY | W1 7TN| \ /Twn|ommy| ombn jmkean| ojwnn | nmoa

sl LR . WD I nop / / mn [ommy | TN NMoo | nm7a
| | | |
| | | |

myn ONT MIN M1n 719X N NI 0T NN NI 719X N myn oNT N

YAV MR NN

' ' ' ' Mrna nna

Idan Cohen 30



T_CODE 2013 Cellular Structures

ONRNN TIPana na?an

N1l OYNRNN A0 119710

Idan Cohen 31



T_CODE 2013 Cellular Structures

T

Idan Cohen 32




T_CODE 2013 Cellular Structures
D112 27°ndy

D “ i
il >
s— | —
| P S NI
IR |
I — -

nnnnnnnnn



T_CODE 2013 Cellular Structures

YN NIDIN2 N N/Y1 00NN "W 12 DPNRN DAY AN NNYRNNN AMUVNIXAN NIX XI¥NY NN SY w10 NMUNIXAD TM9IXA DXaNN Y 1 55NN
N2 DAY D'KINS OXNN2 ,NONM09IXN N'YPINVDAPN OIX NX NANA

NN XN 25PN, TN WY D'RNN Yapnny D'wANN (1) Mpy Ypuoap D'wAN N5 10 ,MNNN 12Y5N DMK TN IR DMIPKN 1IN NNon
JINX NDYND DMAN N 110N

, 02NN S MZRIN N'Y¥PNLUDNPN DY NYXN D'VINDXN N1 N9 .(2) DMpY D'VINDX S D10 N1 NHY1D NM0PINVDNPN NOIVNN 1T DY 19102
. ¥V Ny NNy i NX i NP1y 2N NY1MOY NX XN Ni PMVONPI ynn NX nvy Y
3) ¥ MYOINN NANNN DX DM'aN 52N Nprayn DN NI%Y DK NIRZIIN NRY0UDIRD NM'0RN0DIPRN NDIWAN NX NYND 8r

Idan Cohen 34



T_CODE 2013 Cellular Structures

Idan Cohen 35



T_CODE 2013 Cellular Structures

1:5 N"IP 72121 17PY N7ITT RN M2 V9
MY NVIN VR .

MXPTIVONR .

orImiZRn 07719 .

nmM

2N 770 U NX 12N .

/ TN RN 2w NM1I9 MY 1200 .
e .

/ no7Wwl MR .

oUW

Idan Cohen 36






T_CODE 2013

Attractor Points

// Noam Yom tov

Tutor: Dr. Yasha J. Grobman

Technion, Faculty of Architecture and Town Planning, March 2013



Ha- Carmel market

Ha- Yarhon St.

Public Building
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Public Building

>> Accessibility
>> Availability
>> Flexibility
>> Contribution

Noam Yom Tov

Cellular Structures

Cell Design

The cell shape and structure will vary depending on the cell location on the
facade building and the function it meets.

>> Filtering air pollution
>> Shading

>> Natural ventilation
>> Construction
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Shading Facade

The umbrellas are fixed to a new high performance glass facade and Corian
panels and according to the sun position the umbrellas mechanically open or
close to provide shadows to the internal spaces. The ever changing sun cre-
ates an ever changing facade and at night, when all the umbrellas are open
and are flooded with artificial light, the building continues to be a true and new
city landmark.

Piraeus Tower in Athens, Greece by Marco Acerbis Studio. source: http://www10.aeccafe.com/
blogs/arch-showcase/2011/05/10/piraeus-tower-in-athens-greece-by-marco-acerbis-studio/

Noam Yom Tov 4
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Depolluting Facade

The modules contain superfine titanium dioxide (TiO2), a pollution-fighting
technology that is activated by ambient daylight. When positioned near pollu-
tion sources, the modules break down and neutralize NOx (nitrogen oxides),
VOCs (volatile organic compounds), SO2, and FPM directly where they are
generated. Inspired by fractals in nature, the undulating shapes maximize the
surface area of active coating to diffuse light, air turbulence and pollution.

Noam Yom Tov

Cellular Structures

Experts estimate that the 10-meter Torre de Especialidades wall will be able
to neutralize the equivalent of smog produced by 8,750 cars on a daily basis.
The best part is that the titanium oxide itself remains unaffected, so the tiles
do not have to be constantly re-coated.

Torre de Especialidades at the Hospital Manuel Gea Gonzalez, Mexico City. source: http://www.
evolo.us/category/news/
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The Prosolve3700e’s quasi-crystalline shape is not only designed to look
good, but to also, help slow down the wind speed and create a turbulence, al-
lowing the air pollutants to be exposed to a greater surface area.

http://www.dogonews.com/2013/4/6/revolutionary-mexico-city-hospital-facade-absorbs-toxins-
from-the-environment

Noam Yom Tov 6
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The idea behind this skyscraper is to recycle the old cars and use them as
building material for the new structure. The building is designed as a giant
lung that would clean New Delhi’s air through a series of large-scale green-
houses that serve as filters. Another set of rotating filters capture the sus-
pended particles in the air while the waste heat and carbon dioxide from the
recycling center are used to grow plants that in turn produce bio-fuels.

Delhi Recycling Center. source: http://www.evolo.us/competition/lo2p-delhi-recycling-center/

Noam Yom Tov 7
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Air Pollution Data The source of infection is low (passing cars) and therefore a massive filtering
is needed in the lower parts of the building.

“Ironi D” schhol station Gasoline vehicles tend to emit mostly carbon monoxide (CO), hydrocarbons

Period- 1.4.2012 - 1.4.2013 (HC) and nitrogen oxides (NOx). Diesel vehicles tend to emit mainly particles

Location- 24 Weizman Street, Tel Aviv (PM 2.5), some of which look like black smoke and nitrogen oxides.

Gush Dan Region

Owner- Ministry of the Environment
Purpose- Air Quality

Longitude- 34.789206

Latitude- 32.083847

Height Station- 0

— i ] e [l e, P ] e IL1) [ Pl 2 5 ]
= RHEY = Tawg['c] — THT ] Norcen ;ee] —— Toaden lpphl
http://www.svivaagm.net/Default.rtl.aspx http://www.kerem-israel.info/plans/acarmel-market
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Filtering Plants

At the end of the 80s, NASA and Landscape Architects Association of Ameri- The recommendation of NASA is to use 15 to 18 good-sized houseplants in
ca, conducted a study on the best purification plants common contaminants. six- to eight-inch (203 mm) diameter containers in a 1,800-square-foot (170
The plant root-soil zone appears to be the most effective area for removing m2) house.

volatile organic chemicals. Therefore, maximizing air exposure to the plant
root-soil area should be considered when placing plants in buildings for best
air filtration.

Tabla 2. Benzene Aemoved Irem & Sealed Experimantal Chambar by
Houssplants During & 24-h Expasure Perlod

Interior Landscape Plants for Indoor

Total Fland Leal Talal Micrgrams

Air Poliution Abatement e L Surisss AreR Aemowed par
fom3 Pland

r Garbers daisy 4,881 107 653 1

I (Geveore amesoni) I
Pl mudm 4337 T, 5

L _(Chvysanthemem momiclium) N
Enplishi vy (P 13, A

. . [Hagenr Raiin)
http://www.sandiegobotanicals.com/var/m_0/0b/0b0/227138/305867-nasareport.pdf

Motherin: s R 2B IB8.710
(ERFRERTE laurenti)
Warnsokel T.242 ¥a,1a7
fDvacgens deramendis "WamecEs

F ™ haace tily 7 060 41,382 L
(Sparaiphyiium CMeune Loa™]

L - — e e e e e e e = = = d
CHIRBAS Baangrenn 3.08% 144,500
ragizorems “Filver Juesn
Margenata S8 3024
{Dracagena manginars)
Bambon palm 16,338 LT3
fChameasniarna sedritol)
Janal Graig 18275 75 968
Ovacaens cererengid “Janel Crag®)

Chrysanthemum // Peace lily. source: en.wikipedia.org/wiki/List_of_air-filtering_plants http://www.sandiegobotanicals.com/var/m_0/0b/0b0/227138/305867-nasareport.pdf
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Structure and Function

The cells in the root cap are much smaller than the cells in body of the root, The holes collectively take on the role of a sieve, a two-way filtration mecha-
which allows filtering of water and minerals from the soil. There are dark nism across which water and nutrient molecules permeate the cell. The holes
staining suberin in the root cap, functions as an extension of the exodermis to can range from several micrometres down to 100 nanometres in diameter.

completely encase the root for protection during periods of inactivity.

http://mycorrhizas.info/root.html http://paws.wcu.edu/dperimutr/sponges.html

Noam Yom Tov 10
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Design Principles

>> Close packing

>> Maximize surface area
>> Plants growing

>> Maximize soil exposure
>> Variable density

Noam Yom Tov 1
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Fitering Plants

French designer Mathieu Lehanneur and Harvard professor David Edwards
employed the power of plants to create Andrea, the eco-friendly air purifier.
The idea is simple — air is sucked into the device, where it gets filtered through
the plant, soil and water. After that it gets recirculated back into the room. No
filters to change and no components to clean are required. Andrea is low on
energy consumption and works with any plant.

http://shoeboxdwelling.com/tag/appliance/page/2/

Noam Yom Tov

Cellular Structures

Spatifilus

Weekly shade and irrigation are the things Shsftiphilium need to live comfort-

ably. He reached the top list of NASA for removing the three main pollutants -

formaldehyde, benzene and ethylene tri - chloride. He also fought toluene and
xylene.

Chrysanthemum

The colorful flowers of the plant helps to filter benzene, which is common glue,
paint, plastics and detergents. This plant needs bright light, so to encourage
the buds to bloom it has to be placed near a window with direct sunlight.

Gerbera daisy

Blooms bright and effective plant in removing ethylene tri - chloride, which
may have brought you home with dry cleaning. Gerbera also good filters car-
tridge that comes with benzene.

http://en.wikipedia.org/wiki/List_of_air-filtering_plants



Cellular Structures

T_CODE 2013

Cell Design

104 cm

60 cm
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Construction
Triangle geometry is stable and resistant to side forces. Cellular system con-

sists a diagonal steel columns that creat diamonds, which are divided into two
triangles.

Noam Yom Tov 15
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Shading

Southeastern facade is exposed to direct rays during the morning hours until

12:30 p.m, when shading is required- May to October. According to a simula-
tion, a projection is necessary. Its depth varies depending on the length of the
window, so that the resulting angle is 50 degrees.

... f_
L )
L=H/tan~ 7 j?"
H Iy -
L «fT‘ 1)
(1 I’-\I
\N_7
{ B L]
A

Noam Yom Tov 16



T_CODE 2013

Natural Ventilation

Southeastern facade is exposed to direct rays during the morning hours until

12:30 p.m, when shading is required- May to October. According to a simula-
tion, a projection is necessary. Its depth varies depending on the length of the
window, so that the resulting angle is 50 degrees.
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Light Simulation

Simulation of the light rays shows that exposure varies along the building
facade, so custom shading is required.

Noam Yom Tov 19
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Parametric performance
NEEEE R
The cell was built using Grasshopper software, while the cell shape changes " AhAbhbdbdbdddddddd
depending on the image simulation. Ty
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Structure Organization

Sport Facilities

Kindergarten
Activity Rooms

Auditorium

Noam Yom Tov
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Conference Hall
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Library
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Organic System

Noam Yom Tov 22



Cell Design

>> Filtering air pollution
>> Shading

>> Natural ventilation
>> Construction

The cell shape and structure will vary depending on the cell location on the
facade building and the function it meets.
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Program
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Structure Design Principles

(.................)

Interal Street

Noam Yom Tov

Views
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Structure Organization

A central void was designed by the design principles and the main axis. The
volumes of the different functions are placed according to the void silhouette
and the contexts between them.

Noam Yom Tov 28
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Structure Organization

Amphitheater

Noam Yom Tov
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Geometry

The building facade is diverted in 58 degrees angle, so the passage through
the building will be shaded in summer (June - September) and exposed to the
sun during the winter.

June 21th

September /
March 21th

December 21th

http://www.srh.noaa.gov/abg/?n=clifeatures_summersolstice2010

Noam Yom Tov 30
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Grid
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Grid

The character of the envelope is determined by vanishing points in space,
which affect the grid along the building circumference.

Noam Yom Tov
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Radiation Program
Shading Grid Population
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Paneling Tool
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Paneling Tool
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Attraction points
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Manual / parametric Design

Noam Yom Tov 37



T_CODE 2013 Cellular Structures

Manual / parametric Design
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Manual / parametric Design
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Manual / parametric Design
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Surroundings

Noam Yom Tov
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Atrium
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Atrium
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Double Use

o
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Cell / Program
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Cell / Program

-
I
I
I
I
I
I
)

Noam Yom Tov 51



T_CODE 2013 Cellular Structures

Cell / Program
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Cell / Program
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Cell / Program
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Cell / Program
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Cnidaria

The colorful, radially symmetric cnidarians are the flowers of the sea. There
are about 10,000 species of cnidarians which classified into three main
groups:

Anthozoa: sea anemones, corals, sea pens, sea fans and sea pansies

Scyphozoa: box jellies, stalked jellies, flag-mouth jellies and root-mouth jellies.

Hydrozoa: hydra, seaweedlike hydroids, portuguese and reef-building corals.

Cnidaria

Anthozoa Scyphozoa Hydrozoa

Sea anemones, jellyfish, hydrozoa
(source: http://animals.about.com/od/cnidarians/ss/cnidarians_7.htm)

Cnidarians are invertebrate animals which live mainly in the ocean at a wide
range of depths and temperatures.

Their name comes from the Greek word for stinging nettles, ‘cnidos’, because
they have thousands of stinger cells on their tentacles. Although their beauty,
the cnidarians catch prey or discourage aggressors with tubules fired from
uniquely specialized stinger cells called cnidocytes. To humans, venomous
cnidarian stings feel like injection or hot needles.

Yamit Lazimi

Cellular Structures

n'm' pa'202 0'"XN DNAN
Form and symmetry

Cnidarians are diverse and come in many shapes and sizes but there are
some basic features of their anatomy that most share in common. The cnidar-
ian body as a shape of saccate. In basic form the body consists of a cavity
enclosed by a solid body wall. The cavity, called the coelenteron opens to the
exterior with a mouth surrounded by whorls of tentacles.

The cnidarian body exhibits radial symmetry around one axis, that extends
from mouth to base. Radially symmetric animals simultaneously face all com-
pass directions with their sensory organs and tentacles. Radial symmetry may
be useful when a resource- plankton, light or danger has an equal probability
of arriving from any dierctions.

Radially symmetric polyp, radially symmetric medusa. The diagrams above indicate their
radial symmetry. (source: http://www.bumblebee.org/invertebrates/Cnidaria.htm)

O"XTI 0130 7w N | wx ‘ronn B
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Body forms

Two different body forms occur in cindarians the polyp and the medusa.

Polyps - resembles a flower and its stalk. The stalk form is a cylindrial
colum, at the end of the colum, an elevation with the mouth that situated in the
center of the oral disc. The oral disc is surrounded by tentacles. Polyps are
sessile animals with a mouth-up orientation.

Tentacle

Stomach

Mesoglea

Polyp and medusa body shapes
(source: http://www.teara.govt.nz/en/diagram/4721/polyp-and-medusa-body-shapes,
http://animals.about.com/od/cnidarians/ss/cnidarians_3.htm)

Yamit Lazimi

Cellular Structures

Medusa - the shape of an umbrella or a bell. The oral disc is called the
subumbrella and the opposite side is the exumbrella. The mouth is at the tip
of a mobile appendage - the manubrium with a form of elephant’s trunk. The
tentacles surrounded the mouth. Medusa are known as jellyfish because their
connective tissue is thin.

Stomach
Mesoglea

Tentacle -)

Polyp and medusa body shapes
(source: http://www.teara.govt.nz/en/diagram/4721/polyp-and-medusa-body-shapes,
http://animals.about.com/od/cnidarians/ss/cnidarians_3.htm)
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The cnidarian body wall
The cnidarian body wall is composed of three layers:
1. Epidermis - outer layer

2. Mesoglea - middle layer
3. Gastrodermis - inner layer

1. Body wall of a polyp - Hydra
2. Body forma - polyp and medusa
(source:http://www.biocyclopedia.com/index/general_zoology/phylum_cnidaria.php)

Yamit Lazimi

Cellular Structures

The body is organized around a functionally diverse connective tissue. The
epidermis and gastrodermis layer called epithelia, between these two a gelati-
nous matrix - mesoglea layer is a connective tissue. Most cells ot the cnidrians
body confined to the epithelia, both epidemis anf gastodermis contain cnido-
cytes, muscle, nerve, glandular, interstitial and ciliated cells: sensory cells
occur in the epidermis and germ cells in the gastrodermis.

Cindarians were the first animals to exploit a body design based primarily on
two-dimensional sheets of epithelial tissue. Although they have a connective
tissue, the mesoglea, its function is chiefly structural. Cells concerned with
communication, movement, digestion, internal transport and reproduction are
part of the epithelia, not the connective tissue.

Mesoglea is enclosed by epithelia and can be extracellular compartments
physiologically tuned for distinct functions. Therefore, mesoglea is multifunc-
tional compartments. The mesoglea has a skeletal function, may be important
in buoyancy, and may provide a stable or nutritive milieu for the proper opera-
tion of muscles and nerves. as well as the growth of grem cells.
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Form of colonial Colonial forms analyze - architecture

Many cnidarian species adopt a colonial growth form and live in colonies A stolonate colony:
made up of large numbers of individuals joined together in some way. These

individuals, called zooids, can either be directly connected by tissues or share 7
a common exoskeleton made from chiton or calcium carbonate. /%

N . Unit
. . e A
Colonial growth forms can be divided to three themes: L N .Construction _ columns
A stolonate colony: like a strawberry runner, consists of a prostrate stolon T e .Construction _ walls

- a tubular body wall outgrowth from which zooids bud at intervals along its
lenght. The stolon is enclosed by periderm.

Coenosarcal colony: colony of several taxa consist of zooids that arise from
the surface of a continuous sheet ot tissue.

Fruticose colony: more complex colony that may be grassy, bushy, shrubby Coenosarcal colony:
or feathery in appearance, because the zooidal budding produces an upright,

plant like form. % ________________________ . Unit

__________________________ .Construction _ columns

.Foundation

Coloninal body forms.

A - Stolonate colony

B - Coenosarcal colony

C,D - Fruticose colony

(Ruppert, E.E., 2004, Inveertebrate Zoology: A Functional Approach 7th ed.)

Yamit Lazimi 5
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Nervous system

The cnidarian nervous system consists of superficial sensory neurons that
monitor the environmrnt, motorneurons that activate effectors and interneu-
rons that join the sensory receptors to the motorneurons. In cnidarians, sen-
sory neurons are usually bipolar, having a receptive dendrite at one end and a
transmitiing axon at the other.

In cnidaria, interconnected neurons form a pair of complex, tow-dimensional
nerve nets. One net lies in the base of the epidermis, and the other one int
he base of the gastrodermis. The two nets are joined by neurons that bridge
the mesoglea. Each nerve net resembles a map of city streets, the nervous
impulses can travel in any direction through the net, because the synapses of
some neurons conduct in both directions like two-way streets. If they conduct
in one direction only, they are paralleled by opposing one-way streets.

Epithelial layer of a cnidarian showing the epitheliomuscular cells with the myonemes.
(surce: http://biodidac.bio.uottawa.ca/thumbnails/filedet.htm)

Yamit Lazimi
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1. Nerve net of a polyp

2. Nervous system of medusa

3. Statocyst on the bell margin of hydromedusa

(Ruppert, E.E., 2004, Inveertebrate Zoology: A Functional Approach 7th ed.)
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Conclusion

The cnidarian nervous system, the nerve nets resembles a map of a city
streets. Analyze the nervous impulses, create a travel like a drawing of a city
lines.

= Toll Roads
D US Highways
. Interstate Highways

I T— P
0 SOKM 50 Miles e e jeology.com

City could grow and become part of an integrated network like the idea of
Garden Cies. The off-shoot city would grow organically, a ward at a time.
Eventually a central city would be surrounded by a number of smaller off-
shoot cities, conected by railroad and canal infrastructure.

New york roads map
(surce: http://geology.com/state-map/new-york.shtml)

Yamit Lazimi
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The nervous system as a parcellation of the City.

Net of nodes, conected with a roads, each road start and ends at the node
center.If we look on a city, this is a way for distribution and urban develop-
ment. In this city growth model, unlike the Garden city, there is no central
point, and the growth can be organically to any direction, influenced by envi-
ronmental conditions.

City Growth Model
(surce: http://lukebutcher.blogspot.co.il/2010/11/book-review-garden-cities-of-to-morrow.html)
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Anthozoa

Anthozoa its the scientific name of corals. The “flower animals” includes many
species and they are the largest cnidarian taxon. Anthozoa is the largest cni-
darian taxon, polyps only, and the body volume is veriable.

Anthozoa is divided into two main groups which are externally distinguished
by the number and form of a polyp’s tentacles.

Zoantharia: includes 4000 species of sea anemones, stony corals, coral
anemones and black or thorny corals. Zoantharians have a hexamerous plan
(of six or multiples of six) or polymerous symmetry and have simple tubular
tentacles arranged in one or more circlets on the oral disc.

Alcyonaria: includes the colorful sea plumes, fans, pens and pansies as well
as organ-pipe coral, red coral, blue coral and soft corals. Alcyonarians are
octomerous (built on a plan of eight) and always have eight tentacles arranged
around the margin of the oral disc

1. Zoanthria - Anthopleura xanthogrammica, Urticina lofotensis

(surce: http://seanet.stanford.edu/Anthozoa/index.html#Anthopleura_xanthogrammica)
2.Alcyonaria - Alcyonium glomeratum

(surce: tolweb.org/Alcyonaria/17642)

Yamit Lazimi
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Polyp form

The body consists of a tubular column surmounted by a wide plateau’ which
named the oral disc. In the center of the oral disc there is an oval mouth, the
mouth surrounded by a whorl of tentacles on its margin. The mouth leads into
a pharynx that opens into the actual body. The compressed pharynx and the
ciliated grooves called siphonoglyphs, confer symmetry on the anthozoan
body.

The coelenteron is divided by vertical partitions called septa, each septum is
an out fold layer.

In Zoantharia, the septa are not only coupled, they are also paired. The
muscular arrangement varies among the different groups, but usually features
circular muscles in the body wall and longitudinal and transverse muscles in
the septa.

http://www.google.com/imgres?um=1&hl=en&client=firefox-a&sa=N&rls=org.mozilla:he:officia
1&biw=1366&bih=612&tbm=isch&tbnid=XxKPjknbEeiJrM:&imgrefurl=http://www.marlin.ac.uk/
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Analyze anthozoa form

Zoantharia

This is a small solitary Zoantharian which lives embedded in sand. Its body

is divisible into three portions, an upper capitulum bearing the mouth and
tentacles, a median scapus covered by a friable cuticle, and a terminal physa
which is rounded.

Zoantharian symmetry usually is hexmerous- the septa occurring in multiples
os six. Septa typically sre not single but instead set in doubles called pairs. As
the polyp increases in size, a second round of six paired septa added along
with an additional 12 tentacles.

Anthozoa, Subclass Zoantharia, Order Zoanthidea
(surce: http://www.marinelifeuk.com/caring-for-zoanthids.html)

A group of cnidarians known as the Zoantharia, take on numerous differ-

ent forms and colors. Some live as individual polyps while others form large
colonies. Zoantharians are represented by colonial and solitary species. Most
Zoantharia species have tentacles that are arranged in two rows.

Septal arrangements in zoantarians corals: left, serial; right, cyclic.
(surce: http://tolweb.org/zoantharia)

Diagram of the arrangement of the septa Button polyp corals
(surce: http://chestofbooks.com/animals/Manual-Of-Zoology/Family-lll-Zoanthidae) (surce: http://animals.about.com/od/cnidarians/ss/cnidarianpictures_5.htm)

Yamit Lazimi 9
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Alcyonaria - Octocorallia

As a group, the colonail alcyonarians have widely diverse growth forms, but
they have similar polyps.

Octocorals have eightfold radial symmetry, as in all anthozoans, the adult form
is a polyp—a cylindrical organism that has, at its free end, the single body
opening, the mouth, which is surrounded by eight tentacles.

Alcyonacea, the soft corals, are littoral anthozoans, which form massive or
dendriform colonies with yellowish, brown, or olive colors. Most attach to some
solid substratum, however, some remain free in sandy or muddy places.

The only skeletal structures are small, elongated, spindle-shaped or rod-like,
warty sclerites which are scattered over the mesoglea. The colony is supple
and leathery.

Octocorals - Octocorallia - Achtstrahlige Koralle
(surce:http://www.starfish.ch/c-invertebrates/octocorallia.html)

1. Alcyonaceans
2. Arrrangement of septa in Octocorallia, Transverse section through an octocorallium Octocorallia of Bonaire - white telesto
(surce: http://www.answers.com/topic/alcyonacea ,www.metafysica.nl/turing/octactinota.html) (surce: http://www.cryptosula.nl/soorten/Carijoariisei.html)

Yamit Lazimi 10
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Conclusion

Anatomy and morphology

Solitary forms Gross morphology

Modes of colony formation

Anatomy and morphology of corals
(surce:http://www.guammarinelab.com/coral/textfig-a.html)

Yamit Lazimi 1
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Conclusion

Anatomy and morphology

Comparison between the structure of an urban building to a corals form. The coral’s colony structure can be compar with an urban building.
Coral structure - city formWWWW Coral structure - city building

(surce:Bnaya baur resarch, Comparative morphology study, technion) (surce:Bnaya baur resarch, Comparative morphology study, technion)

Yamit Lazimi 12
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Air flow
Variety of growth forms - body structure effect on the air flow system.

Coral growth forms Coral growth forms
(surce:Bnaya baur resarch, Comparative morphology study, technion) (surce:Bnaya baur resarch, Comparative morphology study, technion)

Yamit Lazimi 13
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Structure fearutres

The structure features of the coral can be divided to three main group. This
distribution as an effect on the air flow, this way of distribution teaching as
about the structure of cities and air quality.

In a study in graduate studies at the Technion, tested the three forms, by
mathematical calculations, to compare the quality of the air flow.

1. Porous
2. Warped
3. Equal diameter

Another observation is an examination of the building within a building, how
the distribution and internal structure affects airflow or organization system.
Thus three features as an influence on the morphology and arrangement of
architectural program.

Each fearutres reflects a different scale, the internal division, the arrangement

of multiple objects and their size reference.

Yamit Lazimi
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Internal division / program
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1. Alveopora gigas. Skeleton. Great Barrier Reef, Australia

2. Structure of coral found on Baracoa beach

3. Coral tentacles

(surce:http://www.e-cigarette-forum.com/forum/modding-forum.html, http://www.shutterstock.com/
pic.html, http://tidechaser.blogspot.co.il/2008/03/exploring-semakau-with-duke-university.html)
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Biomimicry

Biomimicry or biomimetics is the examination of nature, its models, systems,

processes, and elements to emulate or take inspiration from in order to solve
human problems. The term biomimicry and biomimetics come from the Greek
words bios, meaning life, and mimesis, meaning to imitate. Other terms often
used are bionics, bio-inspiration, and biognosis.

The term biomimicry appeared as early as 1982, the scientist and author
Janine Benyus in her 1997 book Biomimicry: Innovation Inspired by Nature,

is defined biomimicry “new science that studies nature’s models and then
imitates or takes inspiration from these designs and processes to solve human
problems”.

The architectural profession is rapidly embracing digital design technologies
developed and applied in the framework of biologically inspired processes.
The nature is the largest laboratory that ever existed and biomimicry may pro-
vide design methodologies and techniques to optimize engineering products
and systems.

Gecko feet
(surce: http://www.designboom.com/contemporary/biomimicry.html)

Yamit Lazimi
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A chair whose design is modeled on the cellular formation of human bone.

Mathias Bengtsson had the idea of creating a chair based on the cellular
structure of bone tissue. The result of his intensive work is the 'Cellular chair'
that not only is very funky in appearance, but also interesting from a technical
point of view.

Cellular chair
(surce: http://createyourcosmos.blogspot.co.il/2011/03/cellular-chair.html)
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Biomimicry in architecture
The cohesive morphology of the pavilion originates from a “Y” model referred

to as the basic representation and lowest level of multi-directionality.In order to
resolve such an issue, it is required to address morphological moels of change
and introduce split or recombination — or in other words, how can one become
two and two become one.

nonLin/Lin Pavilion

Project part of the permanent collection of the FRAC Centre, Orleans.
Design: MARC FORNES & THEVERYMANY,2011

nonLin/Lin Pavilion — is a prototype which engages in a series of architectural
experiments referred to as text based morphologies. Beyond its visual percep-
tion of sculptural and formal qualities, the prototypes are built forms developed
through custom computational protocols.

Custom computational protocols are describing the structure of the pavilion
as a set of linear developable elements. Those singular elements can then be
unrolled and cut out of flat sheets of material.

(surce: http://www.dezeen.com/2011/08/02/nonlinlin-pavilion-by-marc-fornestheverymany/) (surce: http://www.dezeen.com/2011/08/02/nonlinlin-pavilion-by-marc-fornestheverymany/)

Yamit Lazimi 16
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(surce: http://www.dezeen.com/2011/08/02/nonlinlin-pavilion-by-marc-fornestheverymany/)

Yamit Lazimi
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The project is conceived as a resultant product of a very explicit research line,
investigating the design and build component of a coherent environment. It is
considered to be self-supporting and to affect its participants, while engaging
basic notions of limitation, filtration, and spatial depth. The structure is forming
a eccentric universe where familiar elements such as openings or dimensional
measurements turn out of model or scale. This visual phenomenon is allowing
spectators to suspend disbelief while assigning cultural references or analgies
from nature - corals, flowers

(surce: http://www.dezeen.com/2011/08/02/nonlinlin-pavilion-by-marc-fornestheverymany/)



T_CODE 2013

Size and production

10+ m long, 6m large, 4.5m high ( 30" * 18" *15")
- 269,991 square inches (1875 square feet) Surface Area
- 155 780 holes (CNC drilled)

- 9 325 texts (CNC engraved)

- 6 367 stripes (CNC cut)

- 570 single components (CNC cut)

- 75 000 white aluminum rivets

- 145 sheets 4*8 (2/2.5 hours machining)

- 40 modules pre-assembled

- 4 weeks pre-assembly

Production
(surce: http://theverymany.com/constructs/10-frac-centre/)

Yamit Lazimi
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Production
(surce: http://theverymany.com/constructs/10-frac-centre/)

Cellular Structures



T_CODE 2013

Bibliography

Book

Ruppert, E.E., 2004, Inveertebrate Zoology: A Functional Approach 7th ed.,

Australia: Thomson/Brooks/Cole.

Websites
http://www.exploringnature.org/db/detail.php

http://www.rugusavay.com/information-on-anthozoa-structure-reproduction-
and-characteristics

http://www.bumblebee.org/invertebrates/Cnidaria.htm
http://www.sciencedirect.com/science/article/pii
http://tolweb.org/Anthozoa

http://en.wikisource.org/wiki/Popular_Science Monthly/Volume_7/May_1875/
Sea-Anemones

http://en.wikisource.org/wiki/1911_Encyclop%C3%A6dia_Britannica/Anthozoa
http://www.bio.utexas.edu/faculty/sjasper/Bio301M/animals.html
http://animals.about.com/od/cnidarians/ss/cnidarians_5.htm
http://education-portal.com/academy/lesson/cnidarians-types-examples
http://www.mesa.edu.au/cnidaria

http://www.answers.com/topic/alcyonacea-2
http://www.biocyclopedia.com/index/general_zoology/phylum_cnidaria.php
http://www.metafysica.nl/turing/octactinota.html

http://chestofbooks.com/animals/Manual-Of-Zoology/Family-11l-Zoanthidae-
Part-2.html

Yamit Lazimi 19

Cellular Structures

http://blog.archpaper.com/wordpress/archives
http://www.asknature.org/article/view/what_is_biomimicry

http://www.environment.gen.tr/biomimicry-bioneers/367-what-is-biomimicry.
html

http://www.dezeen.com/2011/08/02/nonlinlin-pavilion-by-marc-fornesthevery-
many

http://theverymany.com/constructs/10-frac-centre

http://www.morfae.com/1197-marc-fornes-theverymany



T_CODE 2013 Cellular Structures

of the cell concept:

The concept <> <>
The initial planning first step was to think about several components, Priciples <> <>

- Creation of two layers <>
- Increasing the surface area <>

- Variability / flexibility of form

- Fabric Structure - Principle of a lengthwise and crosswise grid

The Double-skin facade is a system of building consisting of two skins placed

in such a way that air flows in the intermediate cavity. The ventilation of the © ©
cavity can be natural, fan supported or mechanical.

Yarmit Lazimi 20 11207 TINN 7700 X1 | Y w11 BB
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The concept Passive cooling principles

Attempt to create double skin, there is some morphology experiences. According to the principle, a double skin is suitable and can be effective for a
passive cooling and natural ventilation.

Passive building cooling
(source: http://www.openideo.com/open)

Yamit Lazimi 21
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Double skin facades

The double skin facades also called double ventilated facade consist generally
of two glass facades separated by a cavity of a few centimetres to several
meters in some cases. The natural ventilation effect created by the double
skin is obtained by the air circulation within the wall, thanks to the phenome-
non of thermal draft. The greenhouse effect in the front creates a temperature
difference between the outside and the cavity or between the building and the
cavity. It is possible to create this movement artificially through air extractors if
the natural ventilation is not sufficient. The air circulation within the cavity will
determine the ventilation and thermal behaviour of the double skin facade and
therefore its influence on the building.
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Detail of a glass double skin facade
(source: http://www.noe21.org/site/images/stories/Noe21/pdf/report_jps_2012RF.pdf)

Yamit Lazimi
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The results indicate that a double skin facade system with single clear glazing
as the inner pane and double reflective glazing as the outer pane can provide
an annual saving of around 26% in building cooling energy, as compared to

a conventional single skin facade with single absorptive glazing. However,
the long payback period of 81 years makes the double skin facade system
economically infeasible. Support and motivation are needed from the local
government in order to foster successful and widespread application of the
double skin facade system in buildings.

Overall energy consumption
(source: http://www.sciencedirect.com/science/article/pii/S0960148106000474)
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Biological membrane

A biological membrane is an enclosing or separating membrane that acts as
a selective barrier, within or around a cell. It consists of a lipid bilayer with
embedded proteins that may constitute close to 50% of membrane content.
The cellular membranes should not be confused with isolating tissues formed
by layers of cells, such as mucous and basement membranes.

»~— Phospholipid Bilayer ———
Hydrophilic

Phospholipid bilayer membrane
(source: aecbio11.wikia.com/wiki/1.2_Cell_Membrane_Structure)

Yamit Lazimi
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Animels skin structure and textore

Snake skin
(source: hhttp://www.materialsgate.de/en/mcard/64215/Snakeskin.html)

Cellular Structures
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Minimal surfaces

Minimal surfaces are defined within the language of differential geometry as
surfaces of zero mean curvature. This means they are equally convex and
concave at all points and their form is therefore saddle—like, or hyperbolic.

They are called minimal because given a fixed boundary curve the area of

a “minimal surface” is extremal with respect to other surfaces with the same
boundary. A soap film minimizes its area under surface tension, so dipping a
wire frame into soapy water produces a minimal surface geometry, as the fol-
lowing example illustrates.

Triply periodic minimal surface

Three—periodic minimal surfaces have three lattice vectors, i.e., they are
invariant under translation along three independent directions. They are
also called triply—periodic or infinite periodic minimal surfaces, abbreviated
to TPMS and IPMS, respectively. Numerous examples are now known with
cubic, tetragonal, rhombohedral, and orthorhombic symmetries. Monoclinic
and triclinic examples are certain to exist, though difficult to parametrise. An
interesting open question is the existence of “glassy” infinite genus minimal
surfaces without any exact translational symmetry.

The symmetries of a TPMS allow the surface to be constructed from a single
asymmetric surface patch, which extends to the entire surface under the ac-
tion of the symmetry group. The most important local symmetries of minimal
surfaces are euclidean reflections (in mirror planes) and two—fold rotations.

These symmetries are readily detected from the geometry of a minimal sur-
face. Mirror planes result in plane lines of curvature on the surface (with the
jargon of differential geometry this means the principal directions on the sur-
face lie in a plane). Two—fold rotation axes lying in the surface are necessarily
straight lines (linear asymptotes). These symmetries, and special properties of
the Gauss map of minimal surfaces can be used to parametrise and exhaus-
tively enumerate the simpler “regular” TPMS.

(source:http://epinet.anu.edu.au/mathematics/minimal_surfaces)

Yamit Lazimi

1. Minimal surface soap film
2. Catenoid minimal surface, Helicoid minimal surface
(source: http://epinet.anu.edu.au/mathematics/minimal_surfaces)
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Triply periodic minimal surface - architecture

One area of mathematics which has advanced dramatically since the advent
of computers is the study of minimal surfaces = surfaces with zero mean cur-
vature, as approximated by soap films. Images of these surfaces have natu-
rally caught the attention of architects, and attempts to use them in the design
of buildings go at least as far back as the 1970s.

When analyzing the properties of surfaces with minimal area it immediately
turns out that smaller pieces of the surface also have minimal area with re-
spect to their own smaller boundary. Minimal surface saddles are even more
special: they look the same from both their sides.

O

Triply Periodic Minimal Surfaces Triply Periodic Minimal Surfaces
(source:http://synth-e-techmorph.blogspot.co.il/triply-periodic-minimal-surfaces.html) (source: http://www.susqu.edu/brakke/evolver/examples/periodic/periodic.html#psurface)

Yamit Lazimi 25
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The cell design - detail

A-A section
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The cell design - facade
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The cell design - facade

Yamit Lazimi 28
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The facade structural detail

Front Section

__construction
/

glass window

isolation
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steel grating

steel beam

syjuswald gels bulied
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The facade structural detail

A simulation demands for the facade structure:

2. Self shading - the width between the edges used for the construction
1. Construction - a spatial truss structure, creating a construction facade that demand, achieve the demand for shading according to the sun max angle at
carried all the structure stress. summer time, and at the transition seasons.
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3. Passive cooling - a dubbled skin facade, the air is going up. The use of
mashrabiya gives shade and protection from the hot summer sun while allow-
ing the cool air from the street to flow through.

Cell layers - enlarge

____.I_____.I
|
|
|
|
|
|

r o [¢] [¢]

mashrabiya  air  isolation
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The cell - creationg the form
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The cell - creationg the form
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Detail catalog
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Building arrengment

Design and calculate the building spaces according to the area regulations for

public building. DT A
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Building arrengment

From a one block to interior court. The building is organized around a main
core, when the main axis are meeting.

Moving the core from the middle make a variable width of the building space.
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The building schame
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The building schame
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The cavity arangment

The building is a attempting to be occupied all day, and there for the functions
suitable for a different activity in every part of the day. Some of the spaces can
be function as aW day activity such as kindergarten and be a class room for

an afternoon activity.

8:00 12:ooPM‘
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Building arrengment - step two
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41

Yamit Lazimi



T_CODE 2013 Cellular Structures

A street section
Daniel street
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Trying different forms of cell, make the shape less complicated Some sketches
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The idea

First step of the Grasshopper assignment, was to analyze and decided which Steps - part one
performances | liked to investigate and integrated to the facade creation.

1. Creating the facade geometry
The two main performances which chosen, are two of the three | used in my
studio project:
- Constructor
- Self shading

This tow performances have a dichotomous connection, in one hand there is
a need for thickness according to the constructor analyze, in the other hand
the need for sun lighting or shading according to the facade directing and the
period of time.
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Steps - part one

2. Definition of each point on the rectangular grid 3. Make a diamond grid, by connected the
relevant point together.

Using Item + line + end points orders
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Steps - part one

- The code:

] Make adiamond grid, by connected the relevant point together.
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Steps - part one

4. Some of the experiences of bubble grid creation: 5. Double grid facade

Using Fillet + Move orders Using Item + line + Move orders
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Steps - part one

6. Convert to solid

Using Extrude + 2 point vector orders

Yamit Lazimi
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Steps - part two

7. Making a new surface

Using 4 points surface + move orders

8. Dividing the surface

Using Contour order

Cellular Structures
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Steps - part two

9. Dividing the contour lines to points 10. Create a transformation on the points grid we get from the dividing step.

Using Divide order Using Image sample + move orders

The parametric transformation, is according to a constructor principles, chang-
ing the facade thickness, wider when we need more construction - and there
is a larger index, and the opposite for the narrow parts.

The image -

Getting narrow to the top
Disturbance - connecting to a floor/ceiling

F = = = =
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Steps - part three Steps - part four

1. Rebuild a new code in grasshopper, using image sampler for both constrac-

13. Create opening in the solid facade according to thickness
tion and opening.

Wide - - ----__ > large opening ' _
The code:
Narrow _______ > sma" opening o Part 1 - build the diamond surface

Using Remap numbers + offset orders

Part 2 - image sampler

Part 3 - create the back side
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Steps - part four
2. The result

Yamit Lazimi

2. Facade section
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Building form The ramp
Create a continuous building, using the main principle of a public space - ac- Development of a continuous ramp, all over the building volume. The ramp
cessible building 24 hours. Having structural complexity of relations between cross every function and lead you throw the building experience.

inside and outside spaces.
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Plans

The ramp create different levels inside the building

Yamit Lazimi
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Keep the main core, the idea of inside open space - at the center of the circu-

lation
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Ground floor plan First floor plan

Second floor plan
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Plans and section 1:1000 Plans 1:500

Ny

Yamit Lazimi 56

rground floor



T_CODE 2013

Cellular Structures

Plans 1:500
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Plan ground floor

The connection between the plan and the building shell
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The idea
The idea for this exercise was taking the main element in the building, and try For making it work in the grasshopper tools, | had to split the ramp to parts,
the topology optimization on it. and take each of the parts as a simple rectangle.

The ramp construction was planing with the grasshopper tool, in purpose for
creating a separate element that stand alone at the building space.

)
The ramp
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Steps - part one
1. The first try was taking the heights of each part, and create simple trap-

ezoid. This shape cant be translate with the tool, therefor the next steps are
with rectangles.

Using TopOpt plugin orders
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Steps - part one

2. Making a simple scheme of the forces, one is for a straight parts, and one Straight parts
for the rounded.

VILLIPLLPLLL]

A |

Rounded parts

LU
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A

Put one more force, from the side in X directtion
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Cellular Structures
Steps - part one

4. Create a stand section for part no. 2.
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Steps - part one

4. One section in the beginning and one section at the end on this part.
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Steps - part one

5. Join the three section, for creating 3-D ramp.
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Steps - part two
6. Changing the setting by the building program.

Using Solids + Voids orders I

| Keeping @ 20 cm of solid
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Steps - part two
6. Changing the setting by the building program.

Using Solids + Voids orders
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Steps - part two

7. Select the best of the experience, fixed it and join to the other section.
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Steps - part two Steps - part two

7. Select the best of the experience, fixed it and join to the other section. 8. Join the three section, for creating 3-D ramp.
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Steps - part two

8. Join the three section, for creating 3-D ramp.
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Design the ramp in 3d

Use inspire - solid thinking software, to create a 3-D form of the ramp. The
form of the ramp, is resulting the topology optimization, by defining the loads
and supports.

The best result at 30% of the design space volume
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Using Solid thinking
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Design the ramp in 3d

Rebuild the meshes in rhino.

Perspective Top

Front
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Design the ramp in 3d
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Design the facade

The facade of the building caused by the cell design. The creation of the
facade has to consider either the cell form and the building form, specially the
ramp.

ramp way. The idea was to focus on the entrance - the passage throw the

building, and to emphasize the main element. @

01. In the first sketch, the size of the cell influenced by the entrance and the The facade E
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Design the facade

02. This facade, changing the grid form. In this case, again, the entrance to
the building become a attraction point to the all changing.

03. The main factor in this facade is the program. Functions and spaces that
can be open to the street, get a bigger cell size, and spaces like the main core
or private offices gets a smaller cell size.

é AN
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Design the facade
04. The final facade created by using the grasshopper - make the ramp way
the attractor curve to changing in the cells opening size.

T_CODE 2013

B —

“Using Attractor curve + scale orders
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Design the facade

South facade

<P
\‘%ﬁvhv
X
5

g K

030

W

L
Y \’/\’V

W
’?"‘
e

3%

v,

3

P
%
e
N
23
2

&6
A
S
B
3
D

o
X
P>
--<$2\
o3
@

2

West facade

i : . “# & 4 4 :

*_ ‘_‘_ _.‘_._.‘_._ ‘._.‘_._.‘__ _‘_ ‘_‘_ I ‘_ "_ ‘_ * ‘_‘_ "_

> » O LS I N S S S
..-.*..-. ..-.".-.*..-.‘..-.*‘*“4‘4*‘*‘*4‘4*‘*4*4*41.'..-. Y T W e ¥ il L"..L A'!{:.L :*..-.

Soteledetasatetolotololelele e e tel tv a aTaletetetele

at0 %0070 200020 0 %00 20 %0 % e %!

RN ) _
IR R R R KK SO IHKK RIS
IR RIICH AR IR LRRILRIRRLRNL
09I RRIS B HLLLAIHK NS
Lt e 0 0 0 0.0 0000, 4‘4""‘"""‘"‘1‘L‘L‘I‘I‘l"‘l"‘;‘i A AP

Yamit Lazimi 76

» & i-*i*.

Cellular Structures

LAk
-3

gty

R )

-
AP
Jr
Rl

W
Ty
e

-
!

-

)

k

o



T_CODE 2013 Cellular Structures

Pasive ventilation

The last step in the cell development, was to improve ventilation throw the There are two example of making the perforation, one by using the diamond
cell, by taking care of the inner side. grid, and the other was making triangle.

Different ways of perforation the inner side, wound make a free path for cool

air getting inside the building, and hot air can be release at the top.

1. Using Diamond srf + scale orders

2. Using Polyline + scale + split orders
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SECTION A-A N0 111571 | M1Ann

SECTION B-B

GROUND FLOOR PLAN
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N10 111071 | 13N

UNDERGROUND
FLOOR PLAN

FIRST FLOOR PLAN
SECOND FLOOR PLAN
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Tutor- Professor Yasha Grobman // Student- Gal Medzini

House Of The Riﬁiﬂg SUN // Community Center // Tel Aviv
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Folded Structured Wall

This paaper model is supposed to show how the flat non constructive pice of
paper, hs becom self standing by giving it surtain folds.
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This is the font you use for title - use paragraph styles

The number pi (symbol: 1) is a mathematical constant that is the ratio of a
circle’s circumference to its diameter. The number pi is a mathematical constant
that is the ratio of a circle’s circumference to its diameter, and is approximately
equal to 3.14159....

o L
T is an irrational number, which means that it c_f‘
cannot be expressed exactly as a ratio of two TT= c/d & ;
integers (such as 22/7 or other fractions that : 'J
are commonly used to approximate 1r); con- e

sequently, its decimal representation never
ends and never settles into a permanent re-
peating pattern.

sorce: http://en.wikipedia.org/wiki/Pi

Throughout history, scholars have been trying to figure out the value of 1. The
polygon approximation era, infinite series, computer era and iterative algo-
rithms have brought scholars closer and closer to the true value of the mysteri-
ous constant

The first recorded algorithm for rigorously calculating the value of Tm was a geo-
metrical approach using polygons. It was devised around 250 BC by the Greek
mathematician Archimedes. Since 1T is the ratio of any circle’s circumference
and its diameter, it will be greater than the circumference of any inscribed regu-
lar polygon and less than that of any circumscribed regular polygon. the more
sides such a polygon has, the closer it will resemble an actual circle, and thus
the closer the length of its perimeter will be to that of the circle

0O

http://mathforum.org/mathimages/index.php/Pigeonhole_Principle

STUDENT NAME
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TT also appears as the average ratio of the actual length and the direct distance
between source and mouth in a meandering river. Hans-Henrik Stolum, a geol-
ogist at Cambridge University, calculated the ratio between the total length of a
river to the direct distance between its source and end point. He found the aver-
age ratio to be a bit larger than 3. It is actually around 3.14, which we recognize
as an approximation of 11. Rivers have a tendency toward a loopy path. A slight
bend will lead to faster currents on the outside shores, and the river will begin
to erode and create a curved path. The sharper the bend, the more strongly the
water flows to the outside, and in the consequence the erosion is in turn the
faster. The meanders get increasingly more circular, and the river turns around
and around in semi-circles. It then runs straight ahead again, and the meander
becomes a bleak branch. Between the two reverse effects a balance adapts.

http://mathforum.org/mathim-
ages/index.php/Pigeonhole_
Principle

40
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401T=C
c=125.663...
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Origami inspired architectural designs

Origami is an ancient art of Japan. It is a creative method of folding paper to
develop beautiful structures. These Japanese origami structures are made from
paper folding and feature chiseled cones achieved by making multiple folds and
layers of a single paper. The resultants are beautiful shapes and forms resem-
bling animals shapes like boar head, birds,etc. This splendid art has inspired
artists from all over the world. This form has also inspired creative brains from
the world of architecture to use this idea in architectural structures too. Thus,
the attempts to make architectural designs on the concept of origami designs
can be all over the world, ranging from residential buildings to hotels, amuse-
ment centers, offices, etc.

The Nestle Chocolate Museum ,Rojkind Arquitectos, Mexico City, 2007
http://europaconcorsi.com/projects/17370-Nestle-Chocolate-Museum

The Nestle Chocolate Museum // Rojkind Arquitectos

Created by the Rojkind Arquitectos, the Nestle Chocolate Museum in Mexico is
also a worth mentioning architectural structure inspired by origami. The com-
pany had an intention of exhibiting the process of chocolate production to its
viewers. So it suggested a two story building that would be perfect for the pur-
pose. But the construction company in charge of this project found out a more
innovative plan.Therefore, in an area of 634 sgqm. the factory was built, which
had a 300 meter long facade. This long corridor would lead the spectators on
a pleasure tour through the production unit and help them witness how cocoa
turns into dark, rich, tempting chocolate. The project took 2.5 months to get
completed and presents the look of origami bird or a spaceship

STUDENT NAME

Cellular Structures

An architectural experience. sensorial architecture, from the surprises, the
twists and folds. An architectural challenge. As much the forms and the spaces
they contain, like the times are taken to the limit. Foldings and record time: 2.5
months to finish and that included design and construction!

The Nestle Chocolate Museum ,Rojkind Arquitectos, Mexico City, 2007
http://europaconcorsi.com/projects/17370-Nestle-Chocolate-Museum
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http://www.life123.com/home-garden/flower-guides/
flower-meanings/what-do-daisies-symbolize.shtml

http://commons.wikimedia.org/wiki/File:African_dai-
sy_sept2006.jpg

http://www.flickriver.com/pho-
tos/72516920@N00/2438680813/
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Nature way of Self-
preservation

Bellis is a genus of 15 species of
flowering plants in the family As-
teraceae. Bellis perennis is a com-
mon European species of daisy, of
the Asteraceae family, often con-
sidered the archetypal species of
that name.The name “daisy” was
derived from “daes eage,” an An-
glo Saxon term witch mean “day’s
eye” because these flowers open
during the day and close during

It is an herbaceous perennial plant
with short creeping rhizomes and
small rounded or spoon-shaped
rosettes of leaves that are approx.
2-5 cm long, and grow flat to the
ground. The species habitually
colonises lawns, and is difficult to
eradicate by mowing - hence the
term ‘lawn daisy’. Wherever it ap-
pears it is often considered an in-
vasive weed.

During the afternoon, when the
light intensity is weakened, the
flowers bend to the center within
the scope of linguistic scalp. In this
way they form an umbrella over
linguistic and protected the flowers
tiny pollen grains from getting wet
by rain or moisture.

Nature Construction in
Leavs

MidRib
Veins

Mysophyll

The leaf is formed from a hierar-
chicy of elements wich provieds
the leaf organ the structure and
function that it needs in order to
idealy function.

The main goal in this project is
to create a building that has the
ability to

1) carry its own weigh.

2) confront the israeli weather,
by letting the sunbeam enter the
building during the winter and
avoid direct hit from the sun-
beam during the winter.

3) allows sunlight in, creating a
productive surroundings.

Cellular Structures

Natural construction by noistromo
http://noistromo.deviantart.com/art/Natural-construc-
tion-183454114

Taro Leaf
http://en.wikipedia.org/wiki/File:Taro_leaf _underside,_
backlit_by_sun.jpg

http://www.sunipix.com/plants/plants05.htm
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Daisies - Leafs as means of protection against the sun, heat,

.wind, and humid
Dinamic Facade that can protect itself
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Folded Structured and light Perfomance Facade
12 :00 pm 1/7 July
Thumb Rules for the folded Facade - The folding of the wall gives it Construc-
tive force
The more acute the wall angels are, the more pressure it can bear, and the
more obtuse the wall angels are it can carry less pressure.
The more acute the wall angels are, the thinner it will be, and the more obtuse
the wall angels are the thicker they will be.

12 :00 pm 1/3 march
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In order to allow the facade to self-shading, a change in the wall direcion is
needed- a mid fold, and a cange in the folded line angels, will allow the facade
to proform in the way chosen.

WA AW b v v b W
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Reuleaux Triangle- by Wikipedia

A Reuleaux triangle is the simplest and best known Reuleaux polygon. It is
a curve of constant width, meaning that the separation of two parallel lines
tangent to the curve is independent of their orientation. Because all diameters
are the same, the Reuleaux triangle is one answer to the question “Other than
a circle, what shape can a manhole cover be made so that it cannot fall down
through the hole?” The term derives from Franz Reuleaux, a 19th-century Ger-
man engineer who did pioneering work on ways that machines translate one
type of motion into another, although the concept was known before his time.

With a compass, sweep an arc sufficient to enclose the desired figure. With
radius unchanged, sweep a sufficient arc centred at a point on the first arc to in-
tersect that arc. With the same radius and the centre at that intersection sweep
a third arc to intersect the other arcs. The result is a curve of constant width.
Equivalently, given an equilateral triangle T of side length s, take the boundary
of the intersection of the disks with radius s centered at the vertices of T.

"\___‘___________‘__,.ﬂ""

Reuleaux Triangle - by Wikipedia
http://en.wikipedia.org/wiki/Reuleaux_triangle

The ratio of the perimeter Reuleaux triangle to its “distant across” (the line
segment AB, BC, or AC) is equal to
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Comunity Center in Tel-Aviv Program

Cellular Structures

First Floor Third Floor
Two story high 300 60 m2 car entrance and exit from 5 65 m2 Work- 540 m2 Subscribers only liber-
m2 indoor sport filed. parking-lot. operataed by elevator shops ary second floor
300 m2 small the- 4 small 35 m2 stores, and 1 40 === man and weman bath- m D elevatores- 1st 2x2, the
ater m2 coffee shop/ resturant. room 15 m2 each 2nd 2x3.4
= small 15 m2 office B ) elevatores- 1st 2x2, the 2nd 2x3.4 two bridges
man and weman bath- Three story high entrance
room 20 m2 each
Forth Floor

Second Floor

L:l 500 m2 offices
1 area
300 m2 open to pub- } 150 m2 dancing hall- with
lic liberary first floor || bridge to second building part
7 man and weman bath- .' 140 m2 roof garden % man and weman bath-
room 20 m2 each room 15 m2 each
two bridges B 2 elevatores- 1st 2x2, the 2nd 2x3.4

STUDENT NAME 10

2 100 m2 kinder Garden
classes a facilities space and
a 100 m2 closed roof garden

= 2 elevatores- 1st 2x2, the 2nd 2x3.4
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Folded Structured and light Perfomance Facade

Thumb Rules for the folded Facade - The folding of the wall gives it Construc-
tive force

The more acute the wall angels are, the more pressure it can bear, and the
more obtuse the wall angels are it can carry less pressure.

The more acute the wall angels are, the thinner it will be, and the more obtuse
the wall angels are the thicker they will be.

STUDENT NAME
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Folded Architecture - chapel for the deaconesses of st-loup

In the summer of 2007, Localarchitecture and Danilo Mondada renovated the
mother house of the Deaconess Community of St-Loup. The architects, had an
ongoing research in folded structures, which seemed particularly interesting
and appropriate for this project. The team developed a structure using timber
panels, which makes it possible to cover large areas with fine sections. The
shape was generated using computer software that calculates the load-bearing
structure, determines the dimensions and transmits this information to the ma-
chine that cuts out the 6-cm thick timber panels.

Built directly on the ground, the new chapel
blends subtly and delicately with the land-
scape. The structure, which lies along the axis
of the east-west valley and is open at each
end, lets in plenty of natural light. Interpreting
the traditional layout of protestant churches
with their variations in width and height be-
tween transept and nave, the design creates
a space whose horizontal and vertical dimen-
sions vary via a series of origami-like folds,
which give rhythm to the interior and exterior
of the building. The folded volume generates
a wide horizontal space at the entrance, be-
fore closing in and rising up to become ver-
tical towards the centre of the chapel. Each
fold in the facade reflects the light differently
and thus emphasizes the progression and
elongation of the volume. The structure punc-
tuates the interior space, while creating an
atmosphere conducive to reflection.

Hopital de St-Loup ,Localarchitecture & Danilo Mondada, Switzerland, 2008
http://www.archdaily.com/9201/temporary-chapel-for-the-deaconesses-of-st-loup-localarchitecture/

STUDENT NAME
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Hopital de St-Loup ,Localarchitecture & Danilo Mondada, Switzerland, 2008
http://www.archdaily.com/9201/temporary-chapel-for-the-deaconesses-of-st-loup-localarchitecture/
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EcoTect Analysis 2011

The idea of a folded facade will lead
into different shades depending on the
fold. Israel is Very hot and Humid Dur-
ing the summer, And quiet cold During
the Winter, A Good outcome will result
in the way which the facade will be ex-
posed to the sun light and heat during
winter, while it will be shaded and pro-
tected from the sun during summer.

Using Auto Desk -Ecotect program, Three kinds of Facade (different from one
another by the folding types) where entered to the program environment, and
checked to see the self shades they impose at noon during the mid summer and
winter while the faced is facing the south.

as it seems, the third facade kined is exposed to the sun during winter and pro-
tected from the sun during the summer.

12:00 PM 12:00 PM
March June

STUDENT NAME

Cellular Structures

The Community Center longest Facade is posited 58* from the North, meaning
it is faced mostly to the south east. Taking the same three facade models with
the thumb rules, and locating them to the specific position, we are able to check
if the sustainable ideas are still affective. and also to see their exposser to the
sun during the morning and evening.

12:00 PM 12:00 PM
MArch June
09:00 PM 09:00 PM
March June
17:00 PM 18:00 PM

March June

13
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Solar power offices in Ljubljana, Slovenia by OFIS architects

Solar power offices, OFIS architects, Ljubljana, Slovenia, 2010

AwoOX5 DN 0N ,AMNMYA0 NNODA NNYN MA™WA OMTIoN O'RNNK 1IN
http://www10.aeccafe.com/blogs/arch-showcase/2011/05/20/solar-power-offices-in-

D'XNN VAN VAN 0D'onan 1901 12 P .00 T DN HNSN5 0'Hm»
.NNY¥N M9 T TY1 O"DIXN

NNywn 02711 017712 1avn
D''DIXN D'XN7 TVI WY
NNXN IXYY? DNIK D'NNTAY

http://www.bbc.co.uk/
bitesize/higher/biology/

Leaf Structure by ~endprocess83
http://endprocess83.deviantart.com/art/
Leaf-Structure-326943468

https://www.123rf.com/pho-
to_17693699_illustration-wallpa-
per--vascular-structure-of-a-leaf.

D'72Y2Y D'RNN |2 DININ N2YN html
http://alevelnotes.com/content_images/i91_leaf.qgif
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Iron construction

3rd floor

Metal Plates

glass barrier
2nd floor

IPN profile

Metal Plates

Iron construction

Pompidou Centre, Renzo Piano and Richard Rog-  Digital Beijing Building ,Studio Pei-Zhu,

ers, Paris, France, 1977 Building, 2008

http://i-love-architecture.tumblr.com http://www.designbuild-network.com/proj-
ects/digital-beijing/digital-beijing3.html

glass barrier

2nd floor

/ / 1PN profile
ﬂ / Inner glass wall

STUDENT NAME 15
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Cellular Structures
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EcoTect Anaysis- Sun Contact with the Building Durin the EcoTect Anaysis- Sun Contact with the Building Durin the
Summer Winter

STUDENT NAME 17
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12 :00 pm 1/7 July 12 :00 pm 1/3 march

STUDENT NAME 18
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Thumb rules for the folded Facade- Light Performances
The wall are bent into or out of the inner building, in angels that enters or pre-

vent direct sun light. the sketches are correct to a south facing wall in mid sum-

mer or winter. II}
f
| i
.l k

Cellular Structures

The columns foundations
The columns foundations imitates The MIDRIB function by absorbing all of the leaf

weight or in this case all of the Building forces.
|
|

The angels for the wall are calculated for the longest day in summer, which the
sun beam reaches earth in 81 degrees, and for the shortest day in winter, which

the sun beam reaches earth in 35 degrees.

Y
L

[ ol

The Columns

The columns imitates The leaf vains by absorbing the leaf weight and allsow providing the leaf the nutrition it needs. or in this case control the amount of direct sun

~ 4
¥

that fit the facade surface .
: # ':’ I'L £\ | &

STUDENT NAME
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Mysophyll

The Facade suface

The Facade suface imitates The MYSOPHYLL function dividind the leaf into a
complex system weach control verious kindes of the leaf needs. or in this case,

Ve' ns the surface is divided into voroni based openings wich controls the amount of

M id Ri b sun light that enters the building.

Marc Newson * Unique Pieces
http://designgallerist.wordpress.com/2010/12/23/marc-newson-unique-

pieces/
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Facade Options
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Final Option
North west facade

STUDENT NAME 24
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Final option
South east Facade
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Try 1
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Try 2
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Foundations

floor tile

sand
concreet

20 mm
aluminume
bim profile

30

Cellular Structures

Tin surface
+ isolation

20 mm
aluminume
profile
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facade Surfaces types

Fully closed- doesn't let
any of the sunbeam in.
(places like the Theater)
small size openings- let
only a small amount of
light in.

Big size opening- let a
large amount of light in.
With door or wiondow
opening.

STUDENT NAME
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First Floor

Second Floor

third Floor

Fourth Floor

Bt e e P o e
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Cellular Structure
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0 1 water collecting
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Keystudy
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02 Sunlight control
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Keystudy

Sunlight control

Mashrabiyya

wooden screen with openable windows gives shade and protection from the hot summer sun
while allowing the cool air from the street to flow through. The designs of the latticework are usu-
ally with smaller opening in the bottom part and larger openings in the higher parts, hence causing
the draft to be fast above the head and slow in lower parts. This provides a significant amount of
air moving in the room without causing it to be uncomfortable.

The projection of the Mashrabiya achieves several purposes, on one hand it allows air from three
sides to enter, even if the draught outside was parallel to the house fagade; on the other hand it
serves the street and in turn the neighborhood. A row of projected Mashrabiyas provides shelter
for those in the streets from rain or sun. The shade in normally narrow streets will cool the air in
the street and increase the pressure as opposed to the air in the sahn, which is open to the sun
making it more likely that it would flow towards the sahn through the rooms of the house. The
Mashrabiya also provides protection and shade for the ground floor windows that are flat and usu-
ally unprotected.

DOAA’ SOWAN
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Keystudy
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circulation
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A Inspiration

THE MUSCLE

Gluteus Maxim
(Glutes or Bul

CQuadriceps ¥ Gastrocnemius
{Quads) | \ 17 (Calves)

! Hamstrings
{Hams)

Soleus

DOAA’ SOWAN
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Striated
muscle

Smaoath
muscle

Structure of skeletal muscle, from gross level
1o the malecular level.

Epimysium

Penmysium

-

Cellular Structures

Triangular Cruciate

Fusitorm Digastric  Tricipital  Unipennate

|
,-‘-'J e

Multipennate
Bipennate Radial Spiral

| Morphological forms of muscle |

Myosin molecule



T_CODE 2013 Cellular Structures

B cel

Unchosen cell chosen cell
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C Cell tybes

0 1 Sunlight control
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Sun analysis
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02 construction
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Cell material

Wood

Thermal Properties

Wood does not practically expand against heat.
The coefficient of thermal conductivity of the wood is very low.

Acoustic Properties

Sound isolation is based on the mass of the surface. Wood, as a light material, is not very perfect
for sound isolation; But it is ideal for sound absorption. Wood prevents echo and noise by absorb-
ing sound. For this reason it is extensively used in concert halls.

Sound velocity is faster in woods than gases and liquids, and it is close to that of metals. Sound
energy loss as a result of friction is also significantly low in woods due to its lightness and struc-
ture. Because of such properties, wood is extensively used in musical instruments.

Electrical Properties

Sound isolation is based on the mass of the surface. Wood, as a light material, is not very perfect
for sound isolation; But it is ideal for sound absorption. Wood prevents echo and noise by absorb-
ing sound. For this reason it is extensively used in concert halls.

Sound velocity is faster in woods than gases and liquids, and it is close to that of metals. Sound
energy loss as a result of friction is also significantly low in woods due to its lightness and struc-
ture. Because of such properties, wood is extensively used in musical instruments.

Mechanical Properties

Although wood is a light material, its strength is quite high. For instance, while the tensile strength
of wood with 0,6/cm3 specific gravity is 100 N/mm2, the tensile strength of steel with 7,89/cm3
specific gravity is 500 N/mm2. Dividing tensile strengh by specific gravity gives the breaking
length and quality of material. This figure means the breaking length of the material, when hung
as a result of its own weight. While the breaking length of steel is used for construction is 5.4 km,
chrome mobile steel is 6.8 km, hardened bow steel is 17.5 km, breaking length of spruce wood

is 19.8 km, and laminated wood made of beech is 28.3 km. For this kind of properties, wood and
laminated wood is used in wide-gap constructions like health centers and sport halls.

DOAA’ SOWAN 24

Cellular Structures

Aesthetic Properties

Wood is a decorative material when considered as an aesthetic material. Each tree has its own
color, design and smell the design of a tree does change according to the way it is sliced. It is
possible to find different wooden materials according to color and design preference. It can be
painted to darker colors of varnished, and can be given bright or mat touches.

Working Properties

It is easy to repair and maintain wood. While old woods can be renewed by special touches
other materials are highly difficult and costly to maintain and to repair. Therefore they are usually
disposed of.

Oxidation Properties

Although wood has oxidation characteristics in some way, it is not the kind of oxidation seen in
metals. Metals get rust, wood doesn’t. For such characteristics, use of wood is preferred to avoid
rust when necessary.

http://www.kultur.gov.tr/EN,35285/wood-as-a-building-material-its-benefits-and-disadvanta-.html
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0 3 water collecting
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water collecting

The water of air conditioner is known as it's high quality, These waters can be collected and refer-
ral to other uses. conditioners water are without minerals. On average, domestic air conditioner in
thee coastal plain during summer months can produce in 10 hours of work between 30-50 liters

a day. Office buildings and places with more than one air conditioner or air conditioner that works
long hours during the summer months, the amount of water daily can add up to hundreds of liters
up to thousands. This water can be reused in existing buildings and buildings under construction

Every year, 200 million cubic meters of rainwater are wasted and washed into the sea. An in-
novative project in Kfar Saba will make it possible to store rainwater and purify it with the help of
various plants, using biofilter technology.

Rainwater recycling

Rainfall Average in Tel Aviv : 0.55 m , 550 mm/year .
Roof size : 25*65 = 1625 m?
1625 m2* 0.55m= 893m3

facade size: 40*10 = 400 m?
400*0.55=220 m?

Air conditioners water recycling

1000 lit/h * 24 h = 24000 lit/day
24000 * 365 = 876*10*lit/year

Total: 8761113 lit/year

DOAA’ SOWAN
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Water uses

portable water
human consumption
drinking

cocking

gray water
domistic water
washing

bathing

black water

low risk water
toilet

irrigation

Cellular Structures
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Plants That Save Water

Trees

Terebinth

Christ’'s Thorn Jujube
Acacia

Atlantic Pistacia

Mt. Tabor Oak
Twisted acacia

Palestine Oak

Shrubbery

Mastic tree, Lentisk

DOAA’ SOWAN 28
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D Keystudy

water collecting

Solar Umbrella Project by Constantin Boincean, Ralph Bertram, Aleksandra
Danielak

http://cubeme.com/blog/2010/10/12/solar-umbrella-project-by-constantin-boincean-
ralph-bertram-aleksandra-danielak/

DOAA’ SOWAN
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Sunlight control

Mashrabiyya

wooden screen with openable windows gives shade and protection from the hot summer sun
while allowing the cool air from the street to flow through. The designs of the latticework are usu-
ally with smaller opening in the bottom part and larger openings in the higher parts, hence causing
the draft to be fast above the head and slow in lower parts. This provides a significant amount of
air moving in the room without causing it to be uncomfortable.

The projection of the Mashrabiya achieves several purposes, on one hand it allows air from three
sides to enter, even if the draught outside was parallel to the house fagade; on the other hand it
serves the street and in turn the neighborhood. A row of projected Mashrabiyas provides shelter
for those in the streets from rain or sun. The shade in normally narrow streets will cool the air in
the street and increase the pressure as opposed to the air in the sahn, which is open to the sun
making it more likely that it would flow towards the sahn through the rooms of the house. The
Mashrabiya also provides protection and shade for the ground floor windows that are flat and usu-
ally unprotected.
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E Connecting to the building

Roof

The bustan plan
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Floor Connection
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Space
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G Building program
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F Building concept
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Ha’Carmel Community Center

Cellular Structures Studio

Chen Zirinski \\ Teacher: Arch. Yasha J. Grobman
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Site location

The site is located in the southern area of Tel Aviv, near HaCarmel market.

The site currently facilitates a bus parking lot. A new city plan by Axelrod Grobman Architects
designates the site for public and commercial use.

This Studio’s goal is the planning of a public building which will be located at the site.

Alenbi st.

- <

~
~

Hayaarkon st. Magen David square

Hacarmel st

Dolphinarium

. Carmelit bus terminal
HaKovshim

public garden

| .
Alenbi st.

Chen Zirinski 3
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In the area’s new plan, as offered by Axelrod Grobman Architects, we can see the public building borders marked in orange. one of the main facts
is that there is an open public garden west to the building site, and a passage leads from the market to the building. in order to allow people to pass
the building and reach to the garden there should be an open path at the building’s groung floor.

Y

HaCarmel market

\4

e 4
planning area ' &
SUD %

/?\/

public garden

A\
%

N

N

base plan by Axelrod Grobman Architects

Chen Zirinski 4
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the cell

The first stage of the studio's exercise was to develop a generic unit in the
form of a repetitive cell that will eventually from the basis for the structure's
enveloping facade. In order to do so, it was necessary to develop a certain

concept, according to which, the cell must demonstrate some desired perfor-
mance and qualities.

Chen Zirinski 5
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The meaning of "Public” to me observed observer

“Public” is when you can see people wandering around, dancing, reading and inside >> out
talking while you drink your coffee.

“Public” is when you decide whether to be observed or the observer. or maybe
both.

“Public” is when the border between you and the surrounding get’s softer.
it is the scale between stiffer and softer, wide and narrow.

<

Chen Zirinski 6
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cell development

The starting point | selected was developing a cell with a rigid geometry,
which, when populated into a grid, will form a self-supporting stable construc-
tive structure. Inspired by the bee hive, | began my search with the hexagon.
Hexagons can be close-packed, allowing a perfect use of space if arranged
together, thus creating a cellular stable system.

Porous silicon

http://oasys2.confex.com/acs/234nm/
techprogram/P1108074.HTM

Chen Zirinski

honeycombs

Bees and honeycomb 21462 - Animal
Collection - Animal [WWW Document], n.d. .
URL http://www.freegreatpicture.com/animal-
collection/bees-and-honeycomb-21462

Cellular Structures

http://www.wisdomportal.com/Haikus/Number6inNature.html

6-Sided Hexagonal Honeycomb S ;
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When observing a hexagonal grid, one can note that every hexagon on the Here are some products of my explorations with sub-geometries within the
grid touches six other hexagons, and every two of them have a mutual edge, hexagonal grid.

and every vertex of a hexagon is mutual to a total and maximum of three

hexagons. Between the three hexagons sharing the same vertex there are

three angles, each of 1200.

1200 1/ ) J

60° ¥4

Eventually, two triangles stood out: (1 éround'.the point where one hexagon
meets two adjoined hexagons on the grid (the pink triangle); and (2) the center
of a single hexagon (the orange triangle). The two triangles have a mutual
edge.

A single Hexagon.

Two hexagons sharing a mutual Three adjoined hexagons, sharing three

edge. The edge is the base of common edges. It can be noticed that a

two equilateral triangles. new hexagon, made of six triangles, can
be drawn around the common vertex.

Chen Zirinski 8



T_CODE 2013 Cellular Structures

triangles A triangular grid

Here are some more results of the bontinueﬁion of my explorations with sub- The grid is made of "Top Up" ("TU") triangles and "Top Down" ("TD") triangles.
geometries in.fche hexagonal grid.

Experimenting with converting the inner lines of the TD triangles with perpen-
: R dicular lines.

By connecting the centers of three adjoined hexagons (the blue triangle) an

equilateral triangle is formed. This triangle is identical in size to every triangle

made in the same way on the grid, and also has the same size as the pink and

orange triangles. It is noticeable that the basic unit forming the hexagonal grid

is thus the triangle (and not the hexagon).

I resumed by creating a new grid, made of triangles.

A triangular cell \

*."Demonstrating a hexagonal

- gr?g overlapping the triangular An experimental joint
grid.

Chen Zirinski 9
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A 3D model of the TD joint concept. The inner lines where transformed to an
"exoskeleton" that will hold the TU and TD cells.

/

FRONT
Extracting the joints to the two the front and to the back
The consequent grid is built with TU inner joint facing inwards and the TD in- of the grid allows the grid better static stability.
ner joint facing outwards — to create balance.
i Sy ; The height of a single
i -,x.'!' SR s cell may be changed,
L T ok e according to needed
WA ey performance: shad-
AL . = ing, visibility, expo- SIDE VIEW
500 ' e "VA SE Tl T sure.
R ov,ov, oo
Al aAD I‘ VA |
4K TOP VIEW
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.Translations for possible constructions The result is a dual unit, made of TU cells facing outwards and TD cells cov-
ered with glass panels (or vice versa).

Problem: connecting cells by their centers may interrupt natural lighting and

visability.

Supportive triangular construction built of small RHS beams,
connected by discs.

GLASS PANEL
disk joint
construct&

Cell

A view from the top reveals a gap between to independent cells, not on the
same plane.

Chen Zirinski 11
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Combining the TU and TD cells to a continues fagade. The clear glass panels Experimenting with the option of connecting the fagade to a level floor. The
allow the viewer to see the continuation of the TD cells facing inwards. connection is made by steel tubes that connect to beams in the floor.

Chen Zirinski 12
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Experimenting with joints

Evolution of the joint from two discs to a complex system.

The joints seen here are able to support both sides
of the fagade, but a dual fagade is not the best
solution for one system.

Chen Zirinski 14
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conceptual inside view
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facade

exposure to
sun

cell diraction

—

natural illumination

cell freedom
degree

<>
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natural vantilation
air flow
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Tel aviv co2 emission
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Cell opening size - preformance
20NN NO'NN NMMpY - Tipn NN

“TAN - Y2NNN NS'NN
D'w21wn ™2 M

1 =nNnNX DTN 5T ,¥21%nNn T2 NNTAN

O'XNN DX N Nan by
nX1,MN% NHyn 019N
,TIN% NLN D'N9N O'RNN
NIV NTION KD 11OV
.cull pattern

NIYXY NT9N

YN NT9N5 wnna
MXYNIN NN NT9N -
N D02

cull pattern : true, false

MY NToON

Chen Zirinski 22



T_CODE 2013

Chen Zirinski

23

Cellular Structures

D190 DN 92 TINX
NPT .NNX N¥IAPD NLN
offset NTpo2 wA'W M"Y

mn'X

n¥1p Ny ¥ nriowa
D190 19X :0'KN DY

.NLN DNON 198 NHvn
92 Sy NP/ N8O 1M
.T1912 D'8NNN TNX

O'XNN NTOSN NM2'pN NP2

:offset M¥PNO NXD

NN TNX 929 5T NN
NIy2 M9MNH DXNN2 O'RN
image sampler



T_CODE 2013

Chen Zirinski

24

Cellular Structures

NN NXNN XN YD NTI9N
offset NP9 ©'DIAD O

DTN NMNYOX NI'NA
2O H i Hya o'RN

:TPN MMO NY'NN NXYIN
21,0'w21¥Nn D01 RN
N WX 0O'RN DN offset
.JN22 M9 NN 0NN



T_CODE 2013

Chen Zirinski

25

Cellular Structures

O'XNN S M9'MN NKS
D'XNN NNHYY 0NN
100N pNINY 0D"N9N
TIPNRN TN RN M1 loft
D'XNN 21 DT9INN M

.DwInn

mWwo S Nnbwn
Yapn Loft- 1 offset,m9n
NNON - N DWOwWNN
.NNM9 NLN



T_CODE 2013 Cellular Structures
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Envelope development
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the way leading from “Ha’Carmel market

Kk

areal view from the west
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solar trajectory

http://www.gaisma.com/en/location/tel-aviv-
yafo.html: Tel Aviv-Yafo, Israel - Sun path
diagram

Sun path

-Today
e 21
-December 21

Anraal variation
- Equiniox (Match and September)
Sunrise/sunset
- Buntise
- Hunset
T

ime
@ ooz
[ o305
[ sz
| [EE
| [ERE
sy

solar trajectory June 21st i

| B

http://www.gaisma.com/en/location/tel-aviv-
yafo.html: Tel Aviv-Yafo, Israel - Sun path
diagram
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() Gaisma.com

solar trajectory

Sal02. 208,205, 2013-07-21T0&:257 [

http://www.gaisma.com/en/location/tel-aviv-
yafo.html: Tel Aviv-Yafo, Israel - Sun path
diagram

Sun path

-Today
s 21
-December21

Anral vatiation
-Eqw'nox (Mlarch and September)
Sunrise/sunset
-Su.m'is [
-Suns et
Ti

1He
@ ooz

0305

0608
| [EBE
| ERE

| e
| il
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solar trajectory December 21st
http://www.gaisma.com/en/location/tel-aviv-
yafo.html: Tel Aviv-Yafo, Israel - Sun path
diagram
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Facade conceptual sketches
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Facade conceptual sketches
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Facade conceptual sketches
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Facade _ grid tests
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Desired performance mappings

illumination Mapping superposition

visibility Mapping

greyscaled superposition l

Facade force flow Mapping

Tiling l
I've decided to try the technique of tNing in order to ger an accurate

outcome concerning to a certain floor. eventually It wasn't a good
decition because it destroyed the "flow" on the facade.

superposition
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T_CODE 2013 Cellular Structures

Converting each mapping to a grey scale makes the mapping clearer. the
grasshopper image sampler sample the image for bright and dark points,
and gives an outcome of series of numbers between 0 - 1. these will deter-
mine the cell size.
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mappings

force flow along the facade
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superposition : illumenation + construction + function

superposition :in grey scale
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testink mappings outcomes.
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a grasshopper printscreen.
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applying the firt option - triangular iso-grid on part of the facade.
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applying the second option - triangular sub tessellated grid on part of the facade. the sub tesselation happens according to the mapping color scale
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A A b,

Sierpinski triangle evolution; https://en.wikipedia.org/wiki/Sierpinski_triangle

The Sierpinski triangle is a fractal and attractive fixed set named after
the Polish mathematician Wactaw Sierpinski who described it in 1915.
this is one of the basic examples of self-similar sets, i.e. itis a
mathematically generated pattern that can be reproducible at any
magnification or reduction.

https://en.wikipedia.org/wiki/Sierpinski_triangle
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the third suggestion - the grid size of the cells depends on the public - private scale. the ground floor has the mot public functions, as so it has the larger cell
sized grid. the 3rd floor has spacifc functions, which are not public, as so it has the smallest grid size. the cells opening size and depend on the mappings.
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ecotect test for the facade' using Geco plug-in
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planning scheme - main ideas

'%‘

main path and central crossing central hall circulation public to privet scale
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area +ground floor

T_CODE 2013

NN

R

S MR
SRR AN
S

«ﬂn@/ﬁ‘\\‘

AR
SO

W
W R5E s
e

=

SN
NN
RN

R
e

SNz

e
3%

-

%
Y
s

R

SO
e

R

X
o
R0

SN
SO
S

2
B

K

NG
SR
2
N ¥

73

VETRES

=

SCBAR_100

Chen Zirinski



Cellular Structures

T_CODE 2013

ground floor
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floors

construction

core

walls and partitions
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