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Course Coordinator:

* Developing the syllabus

* Teaching maths

* Teaching programming

» Teaching computational design
» Teaching earth architecture

* Playing with mud

» Getting my hands dirty

* Shovelling dirt

* Etc


https://d2k0ddhflgrk1i.cloudfront.net/TUDelft/Onderwijs/Opleidingen/Master/MSc_Architecture_Urbanism_and_Building_Science/Building_Technology/Earthy_fall_semester_2021.pdf
https://studiegids.tudelft.nl/a101_displayCourse.do?course_id=52581&_NotifyTextSearch_
https://www.youtube.com/watch?v=pmEX1Pj_q08
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LEARNING GORALS
COLLECTIVE INTELLIGENCE

Image Credit: Professor Richard Dawkins https://www.dailymail.co.uk/sciencetech/article-5110527/Mysterious-creators-cathedral-like-structure-revealed.html



https://studiegids.tudelft.nl/a101_displayCourse.do?course_id=60520
https://www.dailymail.co.uk/sciencetech/article-5110527/Mysterious-creators-cathedral-like-structure-revealed.html
https://www.researchgate.net/publication/350978312_Collective_Intelligence_in_Generative_Design_A_Human-Centric_Approach_Towards_Scientific_Design
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Terra Tetris is @ system that accomodate communal

s and communal dwellings. It gives
the camp dweliers o participate

system level inste:

Terra Tetris consists of oferent scales. The

developed in scale 2 and the urban aggragation
was created in the largest scale, scale 3

Al the scales work on feedback loops of each
other 10 form an integrated tool.

The vision for the redevelopment of the camp is 3 method and
not a singular building. To give the camp inhabitants a way to
learn new skills while at the same time revitalizing the camp
economy, this must both host the existing me cantile side of the
camp, while at the same time educate the next generation in a
craft that directly benefits the camp. The goals are as follows:

The design must:

* Provide a system that could help restructure the urban
fabric of the camp

« Contribute to the improvement of education and
development of new skills

* Provide the means to improve the architectural quality of
the camp

Image Credit: Student Project Terra_Tetris , Student Project Adobe_CC, Student Project Bazaar , Student Project Makers’ Bazaar



https://github.com/Pirouz-Nourian/earthy_20/tree/master/Terra_Tetris
https://github.com/Pirouz-Nourian/earthy_19/tree/master/Adobe_CC
https://github.com/Pirouz-Nourian/earthy_19/tree/master/Bazaar
https://github.com/Pirouz-Nourian/earthy_20/tree/master/Makers_Bazaar

LEARNING GOALS

Learning Goals Having successfully finished the course, the student is expected to be able to:

Teachers a 0) systematically develop open-science content (including but not limited to open-source
Generative Design software) towards producing open, explainable, and reproducible knowledge.

Earth Architecture a 1) analytically develop an urban/architectural configuration though analysing the urban

context of the given site in terms of access to opportunities, diversity of activities, and

Motivation: EA . g . . . . . .
usage intensities (considering social, cultural, and ethical aspects); making a synthesis

Motivation: GD of these analyses; and accordingly proposing an idea for a building specified in a
Vernacular & Modern functional configuration with an added value for the context.
Material-Form-Structure U 2) develop a computational workflow consisting of procedures/algorithms to generate a

masonry architectural form, satisfying both the spatial/configurational and structural
requirements; optimize it for a desired structural performance given material properties;
and propose a construction approach for building the form.

3) construct a Finite Element Model of the building as a masonry structure for

Exhibition performing structural analysis and validation; proposing a building method for the
designed vaults through a low-tech construction process (relying on low-cost, recycled,
reused materials, and local labour); and checking the stability of the structure
throughout the proposed construction process.
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LEARNING GOALS

The objectives of the course are:

d
d
d

0) to learn to develop open-science content
1) to learn to analytically develop an urban/architectural configuration

2) to learn to utilize complex geometry and topology in designing form-effective and
functional buildings and settlements by means of (visual) programming, Python (NumPy),
C#, or MATLAB.

3) to learn and utilize the physical relation between structural functionality of forms and
structural properties of materials


https://studiegids.tudelft.nl/a101_displayCourse.do?course_id=60520
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What not

* it is about things that do not exist (methods and
tools), so inherently a WIP (always)

* not about pushing buttons, but learning how to
build your own tools

* not about making the simplest structure but the
most elegant, human, and dignitied

 we do not have all the answers and solutions; we
will find/create them together

https://en.wikipedia.org/wiki/Earth structure

https://www.designboom.com/architecture/earth-a-building-material-of-the-future/

v


https://www.designboom.com/architecture/earth-a-building-material-of-the-future/
https://en.wikipedia.org/wiki/Earth_structure

Learning Goals
Teachers

Generative Design
Earth Architecture
Motivation: EA
Motivation: GD
Vernacular & Modern
Material-Form-Structure
Learning Activities
Typical Agenda
Evaluation

Exhibition

%
TUDelft

EARTHYE TERCHERS

Dr. Ir. Pirouz Dr. Ir. Fred
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EARTHYE GUEST LECTURERS

Genesis Lab:

e Ir. Shervin Azadi GENES IS LHB

LEVS architecten:
Lerrsstiog Gaells Ir. Jurriaan van Stigt L E " S
Matierra
Teachers Ir. Pietro Deeli E i .
. . * |Ir. Pietro Degli Esposti M T
Generative Design Arup Amsterdam /.\ l e r r/.\
Earth Architecture

* Dr. Michele Palmieri

Motivation: EA * |Ir. Shibo Ren A RU P
Motivation: GD * Ir. Kotryna Valeckaite

Vernacular & Modern Forensic Architecture

Material-Form-Structure * Ir. Nour Abu Zaid
Learning Activities Block Research Group

Typical Agenda * Prof. Philippe Block EHG

Evaluation * Dr. Tom van Mele
* Dr. Robin Oval

Exhibition Buro Happold BURO HAPPOLD

* |r. Dirk Visser

Pieters Bouwtechniek o
-i-‘u Delft Ir. Rick van Dijk Plete rS

BOUWTECHNIEK



https://www.levs.nl/
https://www.levs.nl/
https://www.matierra.org/about
https://www.arup.com/offices/netherlands/amsterdam
https://forensic-architecture.org/
https://www.block.arch.ethz.ch/
https://www.burohappold.com/
https://www.pietersbouwtechniek.nl/en
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RABOUT Mme

Dr. Ir. Pirouz Nourian

PhD Design Informatics, MSc Architecture, BSc Control Engineering
Assistant Professor of Design Informatics

Department of Architectural Engineering & Technology
Faculty of Architecture and Built Environment

http://abe.tudelft.nl/

Architecture 2016
and the
Built environment

*t Conﬁ gra ph1cs

Graph Theoretical Methods for Design and Analysis of Spatial Configurations

Pirouz Nourian
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https://books.bk.tudelft.nl/index.php/press/catalog/book/546
https://books.bk.tudelft.nl/index.php/press/catalog/book/546

Learning Goals
Teachers

Generative Design
Earth Architecture
Motivation: EA
Motivation: GD
Vernacular & Modern
Material-Form-Structure
Learning Activities
Typical Agenda
Evaluation

Exhibition

]
TUDelft

OBJECTIVE

GENERATIVE DESIGN

4

GENERAT IVE DESIGN SPECTRUM

Design
Optimization

Decision Support Systems
&
Serious Gaming

INTER SUBJECTIVE

GAMIFICATION
>

https://genesis-lab.dev/about/

Design
Customization

SUBJECTIVE

11


https://genesis-lab.dev/about/
https://www.youtube.com/watch?v=51HcapJ5w34
https://www.youtube.com/watch?v=APKmDYFQ1yU&feature=youtu.be

COURSES ON GENERATIVE DESIGN

Applications: Computational Design (Spatial Analysis, Synthesis, Simulation, Evaluation, and Optimization
Methods: Linear Algebra, Computational Geometry, Topology, and Graph Theory), Programming (C#, Python)

7T |
Learning Goals \\\//"

Mathematics

06:55:42

arim Daw

sDome’ by Wikimedia Commons
by Shervin Azadi and K.

Teachers ao
Generative Design - * P 4G
Earth Architecture Future Models Seminar I, Future i\/it&;;els‘s.en:i;ar 11, The Why%:ct':ry @
Motivation: EA @ nJ e SPATIAL COMPUTING
Motivation: GD NET

Vernacular & Modern P

Material-Form-Structure

Learning Activities PYTHON

Typical Agenda @ s ‘ _
Evaluation A = / e
HOUDINI Ly ] .
Exhibition 35
zh tech design
low tech construction 3§

Gitlab design - computation - structure &S

%
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GENERATIVE DESIGN FOR EARTHY ARCHITECTURE

@

In collaboration with the Chair of Structural Design & Mechanics, AET, ABE

\_EARTHY

MODUL _AB

AR3B011 Earthy - 2019

_ITY

BUSTAN.  BUSTAN | i Wsk)  meons
i To accommodate the dynamic population of the Zaatari camp, the o ng Mol
- goal of this project is to design an adaptive and modular system that Raikonad
Mathematics B mhm oo ;:';m" wm can grow organically. In this system, houses have communal open R o R [ ¥
© modularly in  ther constuction  whilst spaces and configurations can serve for different uses in the future. - s 3 LR ) -
A, mainlaining the fiexibiity and eoch To achieve a community integrated district, clusters are created by
o b g M merging the families together and sharing the facilities between A -
s fo s by kA for them. In order to have a flexible built area, second stories are used. Certral Colurm Moduie
 organic growth in an wrban context. BUSTAN For the feasibility of construction which is a crucial part of the —e— reeee Y ;‘
. develops ol the way from the smakest concept, 3 construction catalog is designed in which the PEisl Pl PRIN
I copeene ;"mmmmmn:n;‘nx components’ list for all the modules is available. Each module is A ' b
family size, considers a unit as famiies. i for safe and future growth. L - s 4 -

By setting the required 20 and 3D connections between the

LowDome Module 2 Small Rooms + Rwaq
modules as rules, the modules are translated into domino pieces. s
The code can generate d cl resulting == r 7 -t S 4N 2
in the design of the whole district. P s 44— b4 — 5

¢ atarm and recreates @ whole communiy that
fhives on culture and a sense of belonging. |-

el LSS

The modules are built with the material on site and the mixture of il ) Py

‘adobe with straw is the suggested one.
Group 6 - Flexible Housing Mentors High Dome Modle Shared Kachen
Alessandro Passoni Dr. Pirouz Nourian -

A T
Alessio Vigorito Ir. Mans Hoogenboom T A r 3 | .5 | 5 2
Fredy Fortich Ir. Shervin Azadi - B — B —s
Kiana Mousavi Dr. Fred Veer . o *0 | O¢
Stephanie Moumdjian It. Dirk Rinse Visser L ) L ) 9 |

A

PYTHON

ol

HOUDINI

Student Work Samples from EARTHY 2019: MODULABITAT

Allesandro Passoni, Alessio Vigorito, Kiana Mousavi, Fredy

Student Work Samples from EARTHY 2019: BUSTAN
Akash Changiani, Shasan Chokshi, Kazi Fahriba Mustafa, Thai
Fortich Mora, Stephanie Moumdjian

Wannasawang, Yarai Z. Montemayor, Elisa Vintimila Salas

Q

-]

‘ AR3BONT EARTHY  Prof. DX. . Sevi Sarlyldz ¥. Dirk Rnze Visser | Yorol Zenteno 4922204 Akash Changloni 4813715 13
. Or.r.P. Nouian ¥.Snein Aodi | Kaz fohiba Mustofa 4842960 £ Vinfimika 4833600
1tia e t Dr. i, fred Veer r. Frank Schnater | Palrofiokom Wannasawang 4892380 Shosan Choksi 4906691
It Hars Hoogonboom



s SPATIAL COMPUTING DESIGN STUDIO

“ In collaboration with the Chair of Computer Graphics & Visualization, EEMC

. COMPUTING )

Atrium

YAS

Mathematics

ted living <

optimalic

<
)
=
)

PYTHON

—

Variant2 Varian

HOUDINI =

fuDelt A L * y

Gitlab

Student Work Samples from EARTHY 2019: COHO
Fé van Lookeren Campagne, Max Ketelaar, Ruben Schonewille



https://www.tudelft.nl/bk/studeren/minoren-en-keuzevakken/spatial-computing-in-architectural-design/
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Tools

DIGITALIZATION OF DESIGN

Applications

------

A python library for topological
voxelization & synthesis of configurations
(2020 onward)

Vecotorized Dynamic Relaxation for
Masonnry Shape Optimization
(2019 onward)

~N

Vecotorized Solar Evaluation Tools for
Generative Design

(Wip)

Raster3D tools for voxel field modelling
and Isosurface Design
(2014 onward)

~N

Space Syntax for Generative Design
(2013 onward)

€|V
000000

Urban Configuration Analysis for Walking
and Cycling Accessibility
(2012 onward)

15



https://genesis-lab.dev/projects/

TOPOGENESIS

Title: topoGenesis: a python library for topological voxelization and voxel generative design

Type: Research Software Development
Year: April 2020-Present

Team: Ir. Shervin Azadi & Dr. Pirouz Nourian

Page: https://genesis-lab.dev/products/topogenesis/
GitHub Repository, Documentation

Nexus: Spatial Computing, GoDesign, EquiCity, Earthy, RasterWorks
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https://github.com/shervinazadi/topoGenesis
https://topogenesis.readthedocs.io/
https://genesis-lab.dev/courses/spatialcomputing/
https://genesis-lab.dev/products/godesign/
https://genesis-lab.dev/products/equicity/
https://genesis-lab.dev/courses/earthy/
https://genesis-lab.dev/products/rasterworks/
https://genesis-lab.dev/products/topogenesis/
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* domes & vaults

* wattle & daub

* rammed earth

* cave architecture (e.g. Cappadocia)

* brick and/or stones

https://en.wikipedia.org/wiki/Earth structure
https://www.designboom.com/architecture/earth-a-building-material-of-the-future/

17


https://www.designboom.com/architecture/earth-a-building-material-of-the-future/
https://en.wikipedia.org/wiki/Earth_structure
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EARTHYE ARCHITELCTURE
NOT ABOUT WALLS; I T 1S ABOUT CEILINGS!

READ MORE

MODEULAR EARTHYE ARCHITECTURE

Chehel Sotoun Palace. Isfahan, Iran

Jeronimos Monastery Church of Santa Maria in Lisbon, Portugal

18


https://www.researchgate.net/publication/343696362_EARTHY_Computational_Generative_Design_for_Earth_and_Masonry_Architecture
https://www.researchgate.net/publication/330344875_Earthy_Honeycombs_Construction_Design_of_Adobe_Shell_Structures_by_Topological_Polyhedralization
https://www.researchgate.net/publication/330344875_Earthy_Honeycombs_Construction_Design_of_Adobe_Shell_Structures_by_Topological_Polyhedralization
https://www.alamy.com/gothic-style-ribbed-vault-ceiling-of-the-jeronimos-monastery-church-image69008559.html
https://www.freepik.com/premium-photo/golden-muqarnas-vaulting-with-mirror-work-chehel-sotoun-palace-isfahan-iran_4118943.htm

MODERN MASONRSYS ARCHITECTURE
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Carnegie Mellon University Hall, Architect: Rafael Gustavino

https://en.wikipedia.org/wiki/Earth structure
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https://www.designboom.com/architecture/earth-a-building-material-of-the-future/ *°



https://www.designboom.com/architecture/earth-a-building-material-of-the-future/
https://en.wikipedia.org/wiki/Earth_structure

BACKGROUND
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TUDelft ° e Image Credit: Shervin Azadi & Karim Daw


http://www.calearth.org/

WHY EARRTHY ARCHITECTURE?

Mid-term Alternative to Tents for Displaced Communities
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Haiti Prototype by Cal Earth Institute
http://www.calearth.org/
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TUDelft

https://www.designboom.com/architecture/haiti-prototype-by-cal-earth-institute/ =



https://www.designboom.com/architecture/haiti-prototype-by-cal-earth-institute/
http://www.calearth.org/

WHY EARTHY ARCHITECTURE?

Learning Goals ¢ Internal: learning math, programming, and structural design

Teachers

Generative Design

o et «  Computational Design (form-finding)

Motivation: EA *  Finite-Element-Method

Motivation: GD

Image Credits: Karim Daw, Shervin Azadi, Pirouz Nourian, Hans Hoogenboom
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WHY GENERATIVE DESIGN® METHODS & TOOLS

Learning Goals [ A, A
’ ] ; B =
Teachers S : e St
) ) ; : - : X
Generative Design . :;?; = , E:
Earth Architecture : A= = : 7R P

Motivation: EA
Motivation: GD

Vernacular & Modern - : SR ’n ‘y" "\J

- |
Material-Form-Structure ~r \.X Lk ‘
Learning Activities - [P0 S /_‘_..‘,‘ ' ¢
Typical Agenda » ‘ e b ,«. . ‘
Evaluation ’ v
Exhibition e :
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Image Credits: https://www.techtricksworld.com/charles-babbage/ & https://ig.intel.com.au/ada-lovelace-the-first-computer-programmer/



https://www.techtricksworld.com/charles-babbage/
https://iq.intel.com.au/ada-lovelace-the-first-computer-programmer/

WHY GENERATIVE DESIGN® METHODS & TOOLS

Learning Goals *  Topology Optimization (a.k.a. Generative Design)

Vemghens *  Shape Optimization (a.k.a. Form-Finding)

E:;;rz:;ziiz »  Discrete Construction Design (for ultimate constructability)
e ons DA * Elegance, Repeatability, Process-Documentation

Motivation: GD
Vernacular & Modern
Material-Form-Structure
Learning Activities
Typical Agenda
Evaluation

Exhibition

]
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THE VERNACULAR & THE MODERN
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Exhibition

Left: Historic City of Yazd, a Unesco World Heritage Site, Image courtesy of Yazd.Today

]
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Right: Armadillo Vault, Block Research Group, Image courtesy of BRG 25


https://www.block.arch.ethz.ch/brg/project/armadillo-vault-venice-italy
https://yazd.today/unesco/

MATERIAL-FORM-STRUCTURE

Teachers

. P Y ] \:/
\3/ : /:\

Generative Design

Earth Architecture

Elliptic Euclidean Hyperbolic

Motivation: EA
Motivation: GD
Vernacular & Modern
Material-Form-Structure
Learning Activities
Typical Agenda
Evaluation

Exhibition

T U D e | ft http://original.britannica.com/eb/art-322/Contrasting-triangles-in-Euclidean-elliptic-and-hyperbolic-spaces
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http://original.britannica.com/eb/art-322/Contrasting-triangles-in-Euclidean-elliptic-and-hyperbolic-spaces
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MATERIAL-FORM-STRUCTURE

http://www.instructables.com/id/How-to-Build-Dirt-Cheap-Houses/

http://original.britannica.com/eb/art-322/Contrasting-triangles-in-Euclidean-elliptic-and-hyperbolic-spaces

27


http://www.instructables.com/id/How-to-Build-Dirt-Cheap-Houses/
https://www.colourbox.com/image/ancient-fisherman-s-wooden-hut-in-ethnic-park-of-alesund-norway-image-1723627
https://www.colourbox.com/image/ancient-fisherman-s-wooden-hut-in-ethnic-park-of-alesund-norway-image-1723627
http://original.britannica.com/eb/art-322/Contrasting-triangles-in-Euclidean-elliptic-and-hyperbolic-spaces

WHAT WE DO IN THE COURSE EARTHY

Learning Goals . -

o 1. Configuring: arrangement of a settlement for a
Generative Design displaced community considering accessibility of
Earth Architecture amenities, and functional layout of communal/public
Motivation: EA OU'IC |ngS,

Motivation: GD 2. Forming: devising the 3D shape of the buildings
S e pased on their functional configuration, climatic
EEE— functionality, and structural performance;

Typical Agenda 3. Structuring: construction design of an earth building
Evaluation for a zero-waste circular construction process.

Exhibition

%
TUDelft 28
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Configuring

~ CONFIGURATION "

CLUSTER

Student Work Samples from EARTHY 2019: Project Bustan
Akash Changiani, Shasan Chokshi, Kazi Fahriba Mustafa, Thai
Wannasawang, Yarai Z. Montemayor, Elisa Vintimila Salas

UNIT

FAMILY

NUMBER OF ROOMS DEPENDS
ON FAMILY SIZE

LIVING AND COURTYARD
CONNECTED WITH
VARANDAH (3 MODULES WIDTH)

BEDROOM ALWAYS
CONNECTED TO LIVING

SERVICES CONNECTED TO
FAMILY TROUGH VARANDAH

DEFITION OF CLUSTER SIZE
BY DENSITY FROM CONTEXT

SEVICES TO OPPOSITE
CORNERS: SERVICE PLAZAS
(MIN 48 MODULES)

ENTRANCE ALWAYS TO
THE LIVING

ROOM SHIFTING: MIN. 3 MODULES
AND IN 3 MODULES RANGE

WALKIG DISTANCE FROM SERVICES
TO FAMILY = LENGHT OF
VARANDAH (MAX. 72 MODULES)

SIZE THE COURTYART
TO THE UNITS

ENTRANCE ON ONE SIDE AT
LEAST 8 MODULES FREE

FARM TO THE MIDDLE

SIZE THE FARM TO UNITS

]

':ﬂmi

-
g
PUT IN THE UNITS LEAVING

AT LEAST 3 MODULES
BETWEEN UNIT AND FARM

SIZE THE LENGHT OF
VARANDAH BETWEEN UNIT AND
FARM

MODULES LEFT ARE
COURTYARD

BeproOMS

VARANDAH NO CONNECTION

VISUALLY CONNECTED
PHYSICALLY CONNECTED
PHYSICALLY CONNECTED
EITHER ONE OF THIS PROGRAM

LN o

ENTRANCE 16


https://github.com/Pirouz-Nourian/earthy_19/tree/master/Bustan
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Forming

~ STRUCTURING -~

Student Work Samples from EARTHY 2019: Project Bustan
Akash Changiani, Shasan Chokshi, Kazi Fahriba Mustafa, Thai
Wannasawang, Yarai Z. Montemayor, Elisa Vintimila Salas

SIMPLIFICATION OF FORM PRINCIPAL STRESS 2
VECTORS

—[Derieer

STEP | 0.25 \ 0.077 0.093

STEP 2 0.22 | 0.059 0.033

STEP 3 0.32 | 0.075 0.084

PRINCIPAL STRESS |

-1 7 P g 7 « i + Sy E v 4N
‘ ) A il ih
< | gy J STEP 2
-~ P
N
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ASSEMBLY FORM
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CATENARY CURVES EXTRUSION FORM PRINCIPAL STRESS |

TESSELATION

“@

APPROXIMATION OF CATENARY
CURVES



https://github.com/Pirouz-Nourian/earthy_19/tree/master/Bustan
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Structuring

~ CONSTRUCTION ~

CONSTRUCTION
PHASES

r:"".'

-0.00904
0.00452

00113
0.0225

Student Work Samples from EARTHY 2019: Project Bustan

Akash Changiani, Shasan Chokshi, Kazi Fahriba Mustafa, Thai
Wannasawang, Yarai Z. Montemayor, Elisa Vintimila Salas

STEP 6: THE CORNER RIB
ARCHES ARE MADE WITH
COMPASS.

JUNCTION OF THE TWO RIBS
ARCHES FROM OPPOSITE
SIDES CLOSED WITH A
TRIANGULAR BRICK
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https://www.designboom.com/architecture/earth-a-building-material-of-the-future/

WHAT WE DO IN THE COURSE EARTHY

participatory planning and design;
form-follows-function (structure, climate, ergonomics);
shape-active structures;

masonry/compression-only materials;

not making the thinnest shell, but making the most liveable
building;

participatory construction;

learning spatial mathematics & computation;
mass-customization with ‘DIY robotics’;

making prototypes with real materials;

open-source development;

tool-development;

32



https://www.designboom.com/architecture/earth-a-building-material-of-the-future/

Learning Goals
Teachers

Generative Design
Earth Architecture
Motivation: EA
Motivation: GD
Vernacular & Modern
Material-Form-Structure
Learning Activities
Typical Agenda
Evaluation

Exhibition

“]
TUDelft

PRACTICAHL MATTERS

Groups of 3-5 students, with clear-cut responsibilities (not roles)
Check the online course description.

There will be some costs for making the prototypes; but we will
do our best to keep the total cost low.

You do not have to be an expert in programming or structural
design; but you have to be interested to learn these skills.
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https://studiegids.tudelft.nl/a101_displayCourse.do?course_id=52581&_NotifyTextSearch_

Week No. 36 37 38 28 40 41 42 43 44 45
Quarter Quarter 1
Teachingwesk | 1 2 3 4 5 6 7

Monday| 31-Aug| 07-Sep| 14-Sep| 21-Sep| 28-Sep| 05-Oct| 12-Oct
Learning Goals 29-Sep]l 06-Oct] 13-Oct

Teachers Wednesday| 02-Sep| 09-Sep| 16-Sep| 23-Sep| 30-Sep| 07-Oct| 14-Oct
01-Oct] 08-Oct] 15-Oct

Friday| 04-Sep| 11-Sep| 18-Sep| 25-Sep| 02-Oct| 09-Oct| 16-Oct
Sd[lthv 05-Sep 12-Sep 19-Sep 26-5Sep 03-Oct 10-Oct 17-Oct 24-Oct 31-Oct| O7-Nov
Sun:iay 06-Sep| 13-Sep| 20-Sep| 27-Sep| 04-Oct| 11-Oct| 18-Oct| 25-Oct| Ol-Nov| 08-Nov

Generative Design

Earth Architecture

Motivation: EA

Motivation: GD DULE "
- STRATVE - £
Vernacular & Modern JU§1 P\\ N “;‘:jje will be i} the 5ot editfon © _
21-Form- £figial sc ol
Material-Form-Structure .3,0&’ EDThe o the course b‘r\ep. ?:D g
: - = 50 = (C
Learning Activities &@"@ = = ED = =
Typical Agenda & - 5 B0 = ¢ 2
¥ © o0 c = £ Z L
Evaluation & o0 = o = = = =
) O = © - 8 S &
Exhibition & & S 5 & A > i
AD Al Document

0 Pts 15 pts 10 pts
due dates 04-Sep| 11-Sep
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TUDelft
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Week Day Date

Toeshyy|  01-Seq

1 Tlarsdy| 03 Sep
Tooahyy|  05-Sep

2 Tharsdsy| 10-Sep
Tooahay|  15-Seq

3 Tharshy| 175
Tooshyy|  22-Seq

q Tharshy|  24Sep
Tooshyy|  29-Sep

5 Tharsdy|  0-0c
Thesdy| 060t

6 Theraly| 05-0d
Thieady| 130

7 Tlarsdy| 150ct
Thedy| 2000

8 Tharshy| 0o
Tuesdy| 27-0ct

) Theralhy| 250d
Tiesiayr|  03-Moy

10 Tlarsdy| 05-Mov

To Do

AL Configuing AD: warmnup

ANL (9:00-9:45) A2 (10:00-10:45) AMS (11:00-11:45 AW 12 00-12:45 Break

Course Intra. and grouping, P21

Cormputer Geometry & Topalogy, P2

Earthship Architecture, 352

Graphs & Fields, P

llaterial 3cience of Eath, PYR

FEM far Earthy Buildings, PYR Structural Design with Earth, DRZ

Crvnarnic Relacation, PE

FEM ard Research, PYR

NP
0 N
\f" \o<

Y\@O
G

esew @evelnpmert

PML (14:00-14:45]  PMZ2 (15:00-15:45)

Rudirments of Linear Al gebra and Computer
Graphics P

P13 (16:00-16:45

Prid (17:00-17:45
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RUBRIC

Grade Constituents
0(A0)+15(A1)+25(A2)+30(A3)+10(D) +20(P)= 100 pts

Grading Rubric

Label Mark Explanation
Wretched 1-2 There is not enough evidence for assessing any meaningful contribution attributed to the individual in question.
Poor 3-45 Has done things sporadically but has not had a sufficiently meaningful contribution to the project.
Deficient 555 Has contributed to all deliverables but not done enough to reach a sound design, has not fully taken the complexity of
the assignment into account, and thus the final results, as well as processes lack sophistication.
Has done everything necessary at a basic level to get to a sound design but the result as well as the process do not
Sufficient 6-6.5 present any innovation. The complexity of the problem has been not been taken into account and the results are
primitive or incomplete.
Has adequately utilized existing techniques to produce sound designs, however, the approach is still simplistic and
Fair 7-7.5 does not fully take into account the complexity of the problem. There are a few useful methods developed in GH or in
Python.
Good 3-8.5 Has gone at least a few small steps beyond existing techniques and attempted to achieve not only sound but also
elegant designs. A few useful and noteworthy methods are developed and well documented in GH or in Python.
Excellent 9-10 Has gone quite a few steps beyond existing techniques, extended the presented knowledge, and achieved not only

sound but also elegant designs. There are noteworthy technical contributions in GH or in Python.

Important change compared to the previous rubric:

Learning programming and delivering assignments in Python/MATLAB is optional

(highly appreciated but not mandatory or necessary even for getting the highest grade) .,
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On Earthy On Generative Design

Gamification of Design
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https://www.researchgate.net/publication/343696362_EARTHY_Computational_Generative_Design_for_Earth_and_Masonry_Architecture
https://www.researchgate.net/publication/350922877_Open_Source_Participatory_Design_and_Construction_of_Open_Buildings_Affordable_'Haute_Couture'_for_the_Masses_by_means_of_Design-Build_Games
https://www.researchgate.net/publication/350978312_Collective_Intelligence_in_Generative_Design_A_Human-Centric_Approach_Towards_Scientific_Design
https://issuu.com/rumoer/docs/final_digital_copy_rumoer_issue74
https://issuu.com/rumoer/docs/issue_number_76_digital_edition

To improve the refugees’ iile by creafing o
co-housing system that adds value fo the land,
enhances living conditions ond economic
developmen! through agricullure, we created
BUSTAN, BUSTAN (Arabic: <) means
ogricuitural gorden - a farm near the house and
comes from basic rural fraditional Syrian houses.
BUSTAN Is composed in o sel of guidelines ond
systems thot dliows the refugee enough
modularity in  ther  construction  whilst
maintaining the fiexibiity ond identity eoch
family needs and possesses. Its modular, brings
back ther fraditional courtyards,
services and communal spaces and allows for
orgonic growth in on wbon context. BUSTAN
. develops ol the way from the smalest
Learnlng Goals component, the earth brick. 1o 1he largest, the
mokeshift city. The project goes through the
family size, considers @ unit os fomilies living
fogether, creates o cluster of units that protect
a larm and recreates ¢ whole community that

Teachers "fivcson:uﬂuewomemeolbeiongng.
Generative Design «‘/ o

Earth Architecture & ,:-,/ Se. <
Motivation: EA W e
Motivation: GD R N

Vernacular & Modern

Material-Form-Structure T i
1.
. . RN
Learning Activities . M v
| ‘Mtrearec '
Typical Agenda — W
Evaluation N

Exhibition

o & . B of
r from the st Relati budt ana farm vir " : tre 7 with
Course: Instructors: Authors:
AR3BO11 EARTHY Prot. Dr. Ir. Sevil Soriyiliz Ir. Dirk Rinze Visser | Yorol Zenteno 4922204 Akash Changloni 4813715

Dr. Ir. P. Nourian Ir. Shervin Azodi | Kaz Fahiba Musiola 4842960 Elsa Vintimila 4833400
e t Dr. Ir. fred Veer Ir. Frank Schnater | Palrottakom Wannasawang 4892380 Shasan Choksi 4906691
Ir. Hans Hoogenboom




MODUL _AB _ITY

AR38011 Earthy - 2019

To accommodate the dynamic population of the Zaatari camp, the Low-Viault Module

goal of this project is to design an adaptive and modular system that - v 2

can grow organically. In this system, houses have communal open

spaces and configurations can serve for different uses in the future. - & 3

To achieve a community integrated district, clusters are created by

merging the families together and sharing the facilities between Low-Dome Module Large Room with
them. In order to have a flexible built area, second stories are used. Cunral Colurmn Modle
For the feasibility of construction which is a crucial part of the | o e 1 ey
concept, 3 construction catalog is designed in which the L Z

Le arning GO als components’ list for all the modules is available. Each module is

structurally independent for safe construction and future growth. - s 4 & s 4

[ S0 0 e B S B

By setting the required 2D and 3D connections between the
T h modules as rules, the modules are translated into domino pieces. = el s
eacners The code can generate various configurations and clusters, resulting | o, e ffYA"
in the design of the whole district. e ko) — |

. The modules are built with the material on site and the mixture of | Y Ve P
Generatlve Des gn adobe with straw is the suggested one.

Group 6 - Flexible Housing Mentors High-Dome Module Shared Kachen

Alessandro Passoni Dr. Pirouz Nourian e R——

Earth Architecture freo ot oo S G S S

Kiana Mousavi Dr. Fred Veer . .
Stephanie Moumdjian Ir. Dirk Rinse Visser & s 4 s d

Motivation: EA
Motivation: GD
Vernacular & Modern
Material-Form-Structure
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Evaluation
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]
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ARABO1-EARTHY Ouyp
Derckevan Gamarn Doy ok, _ o Sy Glancaro Marzanarss
i 4372087 4800559 9163

a ﬁAZMRsFOR REFUGEE CAMPS

A solétlon for more than only Zataari

N & A steadily gfowing number of people are moving into - e A —
»”Lé’ ‘. \ muqn camps. At the moment, amost'80.000 Syrian refugees ive o _.\\Nh i A"‘z:f OR FUGEE £ cans
: ;} 7 ] S

pz&n.mmwmovmwnam is on establishing

mmwmm-mlorywswyuu

 the pecple fiving in refuigee camps wil not move back

" thouulummmbwmnoqeﬂwnmhmnstn,
- ues the

lost in their past, inhis case the bazaar: For this
comj mandnma nsleadohaew\
used inany ,,'c

For the construction oi the bazaar an ifiatable s:mchra 3
'*"mmmtouseamod\wsyunbrhwmpmol
£ \ system is that thexmould is compact for transport, framework and -
S r® > -’ structural support in one and reducing the change on mistaxes as itis a.

4 ‘'shape which is followed. Due to the ‘approacn of the design

9 types of inflatable mouid to make the bazaar. The . &

< uum:wnmﬁ pe il st th tonsion =
directions.
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JANNAT AL-TOHR

A RETREAT FROM EVERYDAY LIFE 2

Nikulels Sidiropoulou 882255, Hens Garrerschleg 4783190, \uah van den 2erg 4282620 e -
Homidreza Shahriari 4931963, Rick vor Dijk 4373618, Moximilian Mandat 4931068

Located in the north of Jordzn the Zzztari camp
houses over 80.000 Syrian refugees for and —~
undetermined period ¢” time, JANNAT AL-TOHR
The meinidea behind Lhis project was Lo give Lhe ARETALAT FAOM EVERTDAT LSE
inhabitants of Zaatari z temporary retrieve from = RS R =
their daily lives in the camp. Hammarns are a
big pert of islamic culture, they serve as a plece
of relaxation and purification. By introducing
hammams into the camp we want to give the
- s inhabitants back something they lost during the
site plan war,

Curing the cesign process ot the project the emphasis was placed on
the use of the computational approach, 2s we set out to designing a
methodology of designing a hammam that could be used in other

2 locations not just for this cemp. This made it so that the construction
Birdeye view will not the easiest thing to realize, with the large spans and the irregular
shapes we are trying to push the limits of what one can builc with adobe.

Learning Goals

Chosen Mixture Malerial peopertics used in structural calculations [Mpa)
clay 304 Youngs modulus 76
Te a Chers fine sand 30% maximum compressive strenght 188
oane sand 2% aximum campressive strengh after safety factar 1,27
[T SRPIPTRR |23 maximum lensile strenght 0,254

material properties

Generative Design
Earth Architecture
Motivation: EA " I—
Motivation: GD
Vernacular & Modern
Material-Form-Structure
Learning Activities

construction method

Typical Agenda e

Evaluation

Exhibition

I U D e | ft floor plan mugamas elements and dome

EARTHY 2018 AR3B011
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Adobet: . ®
A Sicl based Communty Canter [l

Ad b Creative
O e Community
A Skill based Community Center

Adobe Creative Community is a vocational and technical training center
forunskillod peoplo, locatod in tho rafugoo camp Zatoari in Jordan, This
cantar aims to help unskilled youth in improving their statura based an
Maslow's Pyramid of basic needs and, simutaneously. in contributing
to the community.

Computational means ware applied in the dasign process in order
to tind only-compressive structure. whilst considering both spatial
connectivities. mechanical properties of adobe bricks and construction
Orientation, and odj

compitational parametars to datermine a raugh layout plan. Topolagical
tessellation rules were applied 1o the mesh 10 siructurally optimize the
tinal shape. In the construction process. firstly the main ribs are built by
using bent steel rebars to define the shape and, then, bricks are laid o
fill tho romaining parts.

As a result, Adobe CC is a free-form and only-compressive structure
where people can not only leam and practice masoney skills, but also
see what it is possible to achieve through them.

Weshing Rules Structure Model Structural Validation - 1 Structuro Model Structural Validation - 2 Brick Testing Results
T Free Form Vaults & Domes Ground Floor (G+1 Spaces)
. s

. P e

1}

:l:]l%l:g
HAEMMN
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Sandcastle - Elementary School

Abstract -
o Jos
Proposec are ubon ond 3 b4 1 ¢ ®
chitectural solutions for th ¢ “
Srenratogees n tcdiancam, 1 L et Sandcastle - Elementary School
Jorden. An uban masler plan a2 r I
of scheol placemenls ond *

uvpgrades  was  delemined
Based on number of unenroled
chicken  within  400m  ond
proximity 1o other tacifics. Analysis Urban Plan Layout i c

Earthy architecture con provide
« high quality solution, and yet
« lemporary structure since it's
“demountoble/destructible
ord circulon, However  earth
can ony be used usec in
comprossion-only structures.

i
1

i

i

One school project has been
eloboraled nlo o deloiled
M design emorocing o casle
Learnlng oals v o
design woukd create o serse
ot belonging crd ¢ sate school
onvirormont that kids would bo
mefivated 10 go fo.

Teachers i e B

for the layout  of spaticl

configuations of flaer plans

was used first, This included RFI

2 2 charts and bubble  diograms.
enerative Design Lar g, o on
grasshopoer tessellation. Ansys

and Karamba 32 struciurally

verified The dynamically reloxed

ceilings by Kergooo. Fylhon
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EARTHY 2.0

. M ) EARTHY 2.0: Generative Design for Earth and Masonry Arch... © ~»

ot e
- Watch laters _Share

v - g
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s ,,f — -
w -~ ’ - -_ ._ - - .
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https://youtu.be/pmEX1Pj_q08
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EARTHY 3.0

ADR NN o =~ N2 - »
» ".".‘.‘."'.i:."'.'.“?':i agneiajive D‘{S_',.LQ” for Earth and Masonry Arch...@pﬂ ngla e |
R 50 AN G Sty oo s iy o' SN o 3 28 4
= R ., » } o:‘)—'}"-,\“

erra

Watch on BB Youlube
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Urban Analysis

Spatial Planning

Configuring

Shaping: Dynamic Relaxation

Shaping: Marching Cube

EARTHY 4.0

topogenesis_workflow.ipynb @
flow.ipynb Shaping: Mart

Markdown Run All Clear Outputs of All Cells O Restart earthy (Python 3.8.5)

2 8 -

- Shaping: Marching Cube

lattice_path = os.path.relpath

= tg.lattice_from_csv(lattice_path

e

_  EAGENESISLAB

= @ & 9 010
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https://www.youtube.com/watch?v=8uIEmbZmHC0
https://www.youtube.com/watch?v=8uIEmbZmHC0

EARTHY 5.0?

EARTHY 4.0: Project’s eBook DOI Coming Soon!

Learning Goals

EARTHY 3.0: Project’s eBook DOI 10.5281/zenodo.4297471

Teachers
EARTHY 2.0: Project’s eBook DOI 10.5281/zenodo.4297469

Generative Design

Earth Architecture

Motivation: EA EARTHY 1.0: Project’s eBook DOI 10.5281/zenodo.4297480

Motivation: GD

Vernacular & Modern

Material-Form-Structure Acknowled gemen ts
Learning Activities We, the instructors of EARTHY, would like to thank the great students of the classes 2018, 2019, 2020, and 2021, as
R weI.I as the guest Iect.u_rers and coIIeague.s who have supported our initiative so far by adding valuable pieces, sharing
their knowledge, or giving helpful suggestions:
Evaluati
varaton From TU/e: Ir. Shervin Azadi, from LEVS architecten: Ir. Jurriaan van Stigt, from Arup Amsterdam: Dr. Michele Palmieri
Exhibition & Ir. Shibo Ren, Ir. Kotryna Valeckaite, From Forensic Architecture, Ir. Nour Abu Zaid.
Special thanks to the Block Research Group (Prof. Philippe Block, Dr. Tom van Mele, Dr. Robin Oval, Dr. Mariana
Popescu, and Ir. Selina Bitting) in ETH Zurich for delivering excellent guest lectures.
" Additionally, we will be indebted to the veterans of Earthy 2.0 and 3.0 for giving amazing motivational lectures: Ir.
TU Delft Prateek Wahi, Ir. Aditya Pravin Soman, Ir. Bezawit Zerayacob Bekele, and Ir. Anastasia Florou 48


https://www.levs.nl/
https://www.arup.com/offices/netherlands/amsterdam
https://forensic-architecture.org/
https://www.block.arch.ethz.ch/
https://github.com/Pirouz-Nourian/earthy_20
https://github.com/Pirouz-Nourian/earthy_18
https://github.com/Pirouz-Nourian/earthy_19
https://bouttudelft.nl/earthy-and-swat/
https://github.com/Pirouz-Nourian/earthy_20
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GENESIS LAB

LABORATORY OF GENERATIVE SYSTEMS AND SCIENCES

Questions & Finswers

p.nourian----at----tudelft.nl

I'm not a robot
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https://genesis-lab.dev/courses/earthy/

