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[ROBOTIC BUILDING INTRODUCTION VIDEO- SEE VIDEOS FOR DETAILI
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[SITE INTRODUCTION VIDEO- SEE VIDEOS FOR DETAILI
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RESEARCH QUESTION?

CAN THE EPHEMERAL NATURE OF KUMBH MELA SERVE AS A
RICH CASE STUDY OF SPATIAL, SOCIAL, AND LOGISTICAL ELE-
MENTS THAT CAN LEAD TO UNDERSTANDING AND DEPLOYMENT
OF THESE SYSTEMS IN A VARIETY OF PLACES AND SITUATIONS,
IN PARTICULAR CAMPS FOR REFUGEES OF WAR AND NATURAL
DISASTERS?
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[MACRO SCALE-URBAN_STRUCTURE]

\ \\ / ;
~ - \'\\“‘-»,.,__7 ~ //// _
N T
N ‘
! 1N /
/ \
| — /

[Dense figure ground] [Traditional Relaxed Structure]



[AVERAGE CAMP AREA PER PERSON]

Shelter + public facility
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Average camp area 45 sqm/person
Minimum covered area 4.5 sgm
* Figures in accordance to UN Refugee agency emergency standards Minimum ceiling height 2m
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[BUILDING/FUNCTIONAL LIFESPAN = MATERIAL LIFESPAN] [BUILDING/FUNCTIONAL LIFESPAN < MATERIAL LIFESPAN]




SUB QUESTION

CAN WE CREATE A SYSTEM WHERE
THE MATERIAL LIFESPAN IS EQUAL
TO THE SITE FUNCTIONAL LIFESPAN?
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[DESIGN STRATEGY MACROI]



Size :16 x Family | 80pax | 2600sqm
Size :16 x Community | 1,250pax | 56,2505 ¢m

[m]Block
Size : 4 x Bleck | 5,000pax | 225,000sqm

[s]Community
[x1]Settlement

[xs]Family
Size :1.0 | 5pax | 225 sqm

[1]Sector

Size :4 x Sector | 20,000pax | 000,000sqym
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[URBAN CATALOGUE]

[FUNCTION SCHEMEI]

[PUBLICI] [COMMUNITY]I
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Food Court
- 400 sqm

Market Place
=350 sgqm

- 1500 sgqm

- 120 sqm

- 300 sgqm

Police Station

=300 sgqm

Average Cluster Area -3500sgm

[PROGRAM_CATALOGUE]
[Public Functions]
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[PROGRAM_CATALOGUE]
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[PROGRAM_CATALOGUE]
[Community Cluster]

Urban Rules

Sacred Space - Mid Point
Dwelling >>> Sacred Space

Water Tap >>> Sacred Space
Water Tap >>> Shower

Latrines > Shower
Latrines > Water Tap
Latrines () Dwellings | 6m>X>50m
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[view from mainland]
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[PERFORATION CONCEPTI

[MESO FRAGMENT]—[[INTEGRATED FURNITURE CONCEPT]
[DETAIL PATTERN CONCEPTI]
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[Anthro_min-areas




[Meso_Fragment] [Anthro_min-areas]



[Seating_Plan] [Anthro_min-areas]



[Seating_Plan-A] [Sectional_Deformations]






[Courtyard/Sanctum]
[Prayer cells]

‘ [Entry from mainland]

[Main Hall]

S
[Entry from bathing ghats]



[Courtyard/Sanctum]
[Prayer cells]

‘ [Entry from mainland]

[Main Hall]
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[Entry from bathing ghats]
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[Noise Location]

e [(Quiet Location]



[Wind_Direction-Jan to Mar (43%)]

Ventillation & light for inner parts






Afternoon sun vector
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Evening sun vector
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[Perforations at different angles to
Accommodate diffused lighting]



[Perforation Pattern]
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[Micro-Detarling/






[Banyan tree roots induced pattern]
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[Material Extraction - Primary Stress lines]




[Material Extraction - Primary Stress lines]




[Fraction]
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[MicaheL Hansmeyer-Digital Grotesque/Engraving]
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TEMPLE FORM GENERATION
ALl these progression and iteration have some spe-
cific behavioural attributes of action.

L

SUBSIVISION ALGORITHMS

The algorithm divides a square area
into four small areas, which are
divided again until the corners

for the naked eye to be recognized
as a concave or convex shape,
whereas, in fact, be quite small
polygons.



MANDELBULB FORMULA

The Mandelbulb is a three-dimensional fractal,
constructed by Daniel White and Paul Nylander

using spherical coordinates in 2009
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[BASE_GEOMETRY ]

[iteration] [10]

[n] [2.4]

[resolution] [1]
formula jlial

[DETAIL_GEOMETRY]
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[Fraction]
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[Building-"Technology/



[Drone 3D aerial photogrammetry]

[Digital Terrain Model]

[Digital Terrain Model]

[Global & Local navigation]

[Autonomous Robot digging according to cloud points]

[Autonor®eb oRxlro t adefseepei pen reddom sand ]

[HEAP-ETH Zurich, Prototype Autonomous Digger]







[Construction Strategy_Meso to Micro Scale]




[Particle Bed 3D-Printing]
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[Particle Bed 8d Printer]



granular material in a range
of diameter starting from

0,1 to 4 mm ( and

theoretically also up to 20
mm, if requested), and any
liquid Binder having a
viscosity between water and a

[Particle Bed 3d Printer] cementitious slurry.
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[Robotic Swarm Printing]



[MINI-BUILDERS, IAAC] |
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[MINI-BUILDERS, IAAC]
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Crane system to hoist rovers

srm: |

Feeder Tanks for material & binder
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[MINI-.BUILDERS, IAAC]
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Crane syst




Feeder Tanks

Rover[b]

Rover[d]

Rover[c]

Rover[a]
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Feeder Tanks

Rover[d]

Rover[a]




Feeder Tanks

Rover[a]




Rover[b]

Rover[a]

Feeder Tanks

Rover[e
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Extruder_1 Extruder_2
Extruder_1 Extruder_1 Material Binder

Caterpillar Arduino
rubber treads control

Vacuum generator Top rollers

Gripping wheels

[Robot_A] [Robot_B] "[Robot_C]






Total sand = printer bed Total sand = support volume

volume including the design 19000 cu.mts plus design mesh 7200 cu.mts
KL Design mesh volume 3100 cu.mts
Design mesh volume 5100 cu.mts

Print time e 6 cu.mt/hr 1200 hrs/50 days

Print time e 6 cu.mt/hr 5166 hrs/131 days Print time with 5 robots 10 days




[Specifications & Requirements]






LIFE CYCLE OF A BUILDING

Embodied energy (GJ)
0 50 100 150 200
. steot N

RAW
MATERIALS Stainless st. i
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]
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Plaster - E E i

TRANSFER Stone ‘ : ) :
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___.‘____________________________________m



] TOTAL EMBODIED EMERGY 5.6 MEGA JOULES / KG

MINING MANUFACTURE TRANSPORT

CONCRETE

HGREDIENTS
SAMD
CaLCILM
UREA

BICLOGICAL MANUFACTURE o VS 5 . 6 m o/k

TOTAL EMBODIED EMERGY 0.9 MEGA JOULES [/ KG



Calcium + Urea Solution

Sand + Bacteria[ Bascillus Pasteurii]

"Bio-SandStone

[Peter Trimble-Sand Stool]

-, W




[Magnus Larsson - Soil interaction Laboratory,University of California] %
[BINDER INGREDIENTS] 12— L@
10 ] ] Z
Bascillus Pasteurii g | <
’ /://'/// :
Sand = =
4
l'-",l:lll “ 9p o
— o -
iy Urea solution : _ﬁ.”//qn/
o
) CaC03 content[g/ml]
Calcium Chloride 0.0 0.|1 o3 0.|2 20% a.la 0.|4 Jox a.ls 40% 0.5
Reaction with q
Bascillus Pasteurii & urea + Water = Ammonium + Carbonate Lo < flowing water > Di€N
CO[NH2]2 + 2H20 = 2NH4 + C03

Ammonium & Carbonate + Calcium Chloride = Calcium Carbonate Crystals[CAC03]

Calcium Carbonate Crystals[CAC03] Reacts with flowing water to disintegrate

[Binder]




5500 PSI 5000 PSI 2400 PSI

Concrete

Compression Strength| psi[pounds per square inch]




[Integrated Railings]

[Semdl | Brnder |

[Integrated Furniture]

[Fraction Detail]|



[VR In construction]
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Architecture in Motion
[MAHAKUMBH | POP-UP CITY]



