Generative Design for Earth & Masonry Architecture

Course Introduction

Course Coordinator:

A Developing the syllabus

A Teaching maths

A Teaching programming

A Teaching computational design

NPC;LOr;J:n A Teaching earth architecture
Computational Designer, A Playing with mud
Architect, A Getting my hands dirty
Research Software Engineer, A Shovelling dirt
Maker

A Etc.
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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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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.

. AModular Computational
Method The vision for the redevelopment of the camp is 3 method and
one 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



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

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
usage intensities (considering social, cultural, and ethical aspects); making a synthesis
of these analyses; and accordingly proposing an idea for a building specified in a
functional configuration with an added value for the context.

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

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.


https://studiegids.tudelft.nl/a101_displayCourse.do?course_id=60520
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structural properties of materials
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https://studiegids.tudelft.nl/a101_displayCourse.do?course_id=60520
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What not

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

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

A not about making the simplest structure but the
most elegant, human, and dignified

A 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
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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

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

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)
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GENERATIVE DESIGN FOR EARTHY ARCHITECTURE

@

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

\_EARTHY
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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
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s SPATIAL COMPUTING DESIGN STUDIO

“ In collaboration with the Chair of Computer Graphics & Visualization, EEMC
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Fé van Lookeren Campagne, Max Ketelaar, Ruben Schonewille

Student Work Samples from EARTHY 2019: COHO



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)

CRRERA,

Vecotorized Dynamic Relaxation for
Masonnry Shape Optimization
(2019 onward)

r

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)

AR Fe)Fe)Fe)Fe
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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A domes & vaults

A wattle & daub

A rammed earth

A cave architecture (e.g. Cappadocia)

A ——

A

A brick and/or stones

https://en.wikipedia.org/wiki/Earth structure
https://www.designboom.com/architecture/earth -a-building -material -of-the-future/
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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
TU Delft 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/
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WHY EARRTHY ARCHITECTURE?

Mid -term Alternative to Tents for Displaced Communities

A External: designing decent dwellings for displaced communities

Haiti Prototype by Cal Earth Institute
http://www.calearth.org/

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

WHY EARTHY ARCHITECTURE?

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

Teachers

Generative Design

o Aehtecture A Computational Design (form -finding)
Motivation: EA A 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 [ . My
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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

Topology Optimization (a.k.a. Generative Design)

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

Discrete Construction Design (for ultimate constructability)
Elegance, Repeatability, ProcesdDocumentation
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THE VERNACULAR & THE MODERN
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Left: Historic City of Yazd, a Unesco World Heritage Site, Image courtesy of Yazd.Today

%
TUDelft 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/
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MATERIAL-FORM-STRUCTURE

Z~ F >
A Y 0

Elliptic Euclidean

ol
PR

Hyperbolic

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
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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
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WHAT WE DO IN THE COURSE EARTHY

1. coni
disp
ame

iguring: arrangement of a settlement for a
aced community considering accessibility of
nities, and functional layout of communal/public

ouildings;

7. Forming: devising the 3D shape of the buildings

pased on their functional configuration, climatic

functionality, and structural performance,;

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

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

ENTRANCE ALWAYS TO
THE LIVING

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

SERVICES CONNECTED TO
FAMILY TROUGH VARANDAH

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

SIZE THE COURTYART
TO THE UNITS

DEFITION OF CLUSTER SIZE
BY DENSITY FROM CONTEXT

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

ENTRANCE ON ONE SIDE AT
LEAST 8 MODULES FREE

FARM TO THE MIDDLE

SIZE THE FARM TO UNITS

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

VARANDAH
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LN o

/
"'
/

” # ” ”
’ >

/ //, 7 3
®—» O
¥r @
£ o

v /,"
T

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
P o i \' s
————— ‘a Y
DEFLECTION ’ O
’ 3 ' ’ )
(cM i |
- \ - ' ', !
STEP | 0.25 | 0.077 N Far
: — . ko
Ster2| 0.22 | 0.059 0.055 | SalAly
STEP 5 0.32 | 0.075 0.084 |
|

W -

ASSEMBLY FORM PRINCIPAL STRESS |

. -

v

" S . A
=g \ g 2 /1D
| y 1 1} "
< o . i STEP 2
N /
~

INITIAL DIVISION

TESSELATION DYNAMICALLY RELAXED FORM PRINCIPAL. STRESS |

BN I"

T P, N
"»’p' ‘Qﬂ Q’ .

CATENARY CURVES EXTRUSION FORM PRINCIPAL STRESS |

“@

APPROXIMATION OF CATENARY
CURVES
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Structuring

~ CONSTRUCTION ~

CONSTRUCTION
PHASES

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
y ARCHES ARE MADE WITH
COMPASS.

1 JUNCTION OF THE TWO RIBS
ARCHES FROM OPPOSITE
SIDES CLOSED WITH A
TRIANGULAR BRICK
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o To To Do o To T Po I T Do

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;

massE UUUOOPAEUDPOOwWbPDPUT ws #( B8wUOE
making prototypes with real materials;

open-source development;

tool-development;
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Do To Io I

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 29 40 41 42 43 44 45
Quarter Quarter 1
5 6 7/

28-5ep| 05-Oct| 12-Oct
29-Sep] 06-Oct] 13-Oct
30-5ep| 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-Sep| 03-Oct| 10-Oct| 17-Oct| 24-Oct| 31-Oct| 07-Nov

Sun:iay 06-Sep| 13-Sep| 20-Sep| 27-Sep| 04-Oct| 11-Oct| 18-Oct| 25-Oct| Ol-Nov| 08-Nov
Motivation: GD DULE !
F AN ILLUOS MR H the '50+h editjon or

Learning Goals

Teachers

Generative Design

Earth Architecture

Motivation: EA

-

Vernacular & Modern JUS] T il be i

. -1 e ue W‘ e
-Form- ok figial sch 0
Material -Form-Structure o“\’l:’ EDThe the course btieH o _g
Learning Activities 9@"’ = 1) 80 = (G
,5\'2’ E E c c E
Typical Agenda & = 5 BO g ] 60 ©
Evaluation & oD = o 8] S =z —
) o) c o = o g8
Exhibition ) o O 7 & I = i
AO Al Document

0 Pts 15 pts 10 pts
due dates 04-Sep| 11-Sep
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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

N\
S
QY
%O‘Q‘Q/OO X
1° @
Ressar ?E;;v\(e::n:nert
N
(7
<<:|f</ obo\
S
SIS
S

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(AQ+15A1)+25A2)+30A3)+100D) +20P)= 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 questig
Poor 3-4.5 Has done things sporadically but has not had a sufficiently meaningful contribution to the project.

Has contributed to all deliverables but not done enough to reach a sound design, has not fully taken the comple:

Deficient 5.5 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 dp
Sufficient 6-6.5 present any innovation. The complexity of the problem has been not been taken into account and the results arg
primitive or incomplete.

Has adequately utilized existing techniques to produce sound designs, however, the approach is still simplistic &
Fair 7-7.5 does not fully take into account the complexity of the problem. There are a few useful methods developed in GH
Python.

Has gone at least a few small steps beyond existing techniques and attempted to achieve not only sound but alg

Good 88.5 elegant designs. A few useful and noteworthy methods are developed and well documented in GH or in Python|

Has gone quite a few steps beyond existing techniques, extended the presented knowledge, and achieved not [

Excellent 9-10 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) .,



Learning Goals
Teachers

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

Exhibition

]
TUDelft

Peer Evaluation

Group Work
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