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Fabrication methods

Subtractive Additive Formative



Additive Manufacturing; 3D Printing ’

Principle: Add 2D layers of material one at
a time to build the solid 3D part.
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SIS family of AM technologies

Invented by
B. Khoshnevis
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Realizations in 1994

- 3D printing builds layer by layer

- We have been 3D printing for several millennia in construction
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Invention of Contour Crafting

CC is an extrusion
based a layered
fabrication
technology that
builds objects with
successive “thick”
layers as it
smooths out
external surfaces




Small-scale ceramic to large scale concrete parts




|
W

CC Technology and its concrete t[uctures
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Many modes of fabrication




Concurrent object imbedding
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Numerous possibilit




History chart of large scale 3D printing

Rohotically Driven Construction of Buildings / 3.TU {TUD and TUle)
Bloom / Emerging Objects Corp. +CED Berkeley + Siam Cement Group
Cool brick / Emerging Objects Corp.

' Five-story apartment building / WinSun (Yingchuang building technology)
Experimental Architectural Robotics / RMIT architectural robotics

Quake columns / Emerging Objects Corp.

Solar Bytes Pavilion / Design Lab Workshop

TriDom / TriDom

PolyBrick / Cornell University, SabinLab

Steel structural node / Arup + 3dsystems + EOS

MiniBuilders / IAAC

World Largest 3D printer / Qingdao Unigue Products Develop Co., Ltd,
3D House Printers / BetAbram

3M futureLAB / 3M futureLAB + UCLA + HUD

10 houses in a day / WinSun (Yingchuang building technology)

Total Kustom / Total Kustom

3D print canal house / DUS architects
Endograft / Studio Smith|Allen

Even clay wants to be something / ELstudio
EGG / Studio Michiel van der Kley

Canopy 6 Bevis Marks office / Vector Foiltec Ltd
Saltygloo / Emerging Objects Corp.

| CyBe/CyBe

Echoviren / Studio Smith|Allen

Digital grotesque / Michael H yer + Benjamin Di
Serpentine 3D / Future Cities Lab + CCA

The Nematox system / Holger Strauss

L'habitat imprimé { Frangois Brument

WASP { WASP team

Proto house 1.0/ Softkill Design concrete
Fab Clay / IAAC 4
Kamermaker / DUS architects . cay
Stone Spray Robot/ IAAC

plastic
C O n tO U r Building Bites / Design Lab Workshop
NYC Waterfront Construction Competition / D-shape . artificial stone
C ra ft i n g La casa futta di un pezzo / D-shape + Marco Ferreri Design Studio
Organic printed brick / Biomason sand
Villa Rocce / D-Shape + James Gardiner
Plame} Bricks / Rael San Fratello Architects . meta
\ Radiolaria pavilion / D-shape + Shiro-studio nylon

Pattent D-shape nr 2/ Enrico Dini

Freeform construction / Loughborough IMCRC research salt
Pattent D-shape nr 1/ Enrico Dini

VinSun invents 3d print nozzle / WinSun (Yingchuang building technology)

CJOA]C)

L | | | | | | | | | | | | | 1 ELstudio, Amsterdam
1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 version 1.1

= Tontour Cratting / Dr. Behrokh Khoshnevis + USC University of Southem California
| | | | |
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Current focus of construction 3D printing community is on Building
Construction

Residential:
e Shortage of 800 million houses worldwide (UN statistics)

* Global markets are grossly under-served
* Nearly 2 Billion people are homeless or live in slums
* Annually 37 million people lose housing due to war and natural disasters

Commercial:

* Shortage of commercial and industrial buildings, especially in developing countries
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Why construction needs a change

 Construction is the largest sector ($5.6T/year) of almost all economies

* Labor efficiency is alarmingly low

 Skilled workforce is vanishing

* Work quality is low

* Control of the construction site is insufficient and difficult

e Accident rate at construction sites is high (> 400,000 / year in US); 60,000 fatalities/year globally

e Waste and trims are high (3 To 7 tons per average home; 40% of all materials used worldwide are for construction)
* Low income housing and emergency shelters are critical

* All other products are fabricated automatically — construction is still largely a manual task



The Homeless, Disaster victims, Refugees




ion targets of CC Corp

Building construct




Planning and Operations Control Software for Automated Construction

Automated Construction
(POCSAC) Software

Customized BIM Model

3D Model Data Extraction/Analysis

Geometry % Construction J
IFC Report , Construction

. 3D Model Slicing Generation . Robot
. Layers Geometry Generating Control

Robots . Robot Parameters Commands for
Construction Robot

Properties . Material Specification
’ and Material

. Environmental Parameters ° :
Based on Project Location Preparation Unit

Toolpath Material
Material Optimization - i
Sl s reparation
Specification Usit

Sensory System
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N28

Edge Category Total Counts Total Distance

Deposition 18 169
Idle 6 41.7
Rotation 11 22 Radian
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Barriers against implementation in building sector
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* Conservative industry
* Low profit margin

* Regulatory barrier

* Major paradigm change requirement with respect to inspection
e Labor unions

* At best impacts the cost of building shell only



FUTURE
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Infrastructure Construction

Application in automated
wind turbine tower
construction
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Pylon construction — Application example: Hyperloop project
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...
Space Applications

The next stage after our Earth-bound civilization is the
Solar System Civilization —and it is beginning




...
In-space fabrication
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...
Space mining companies

Company Target Body Objective
Astrobotic Technologies Moon Water
Shackleton Energy Corp. Moon Water
Moon Express Moon Metals
Shamayan Innovation Partnerships Moon/Asteroids Metals
Planetary Resources, Inc. Asteroids Water/Metals

Deep Space Industries Asteroids Manufacturing




Planetary Construction by CC







Hangar and road construction
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NASA awarded Contour
Crafting the Grand Prize
among 1000+ globally
competing technologies in the
Create the Future
Design Contest




ing Pads

Horizontal construction — Land
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SSS- A New Large-Scale AM Process

Single layer

Double layet

Double layer




SSS ( Selective Separation Shaping )

A new large-scale
powder-based 3D
printing Technology

CONTOUR

CRAFTING
CORPORATION




Planetary Deployment
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Landing on unprepared surfaces Is ﬁrﬂne to catastrophic
accidents as the redrock surface under the sand may be too slant.
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_ NASA awarded SSS the Grand

~ " Prize in the International In-Situ

Resource Based Fabrication
Competition
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Other research directions

* Process innovation and improvement
* Materials
* Impact on BIM and BIM integration

* |oT roles and synergies
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Contour Crafting Corporation (CC Corp)

Visit:  ContourCrafting.com




Please do not forget to fill the class survey form
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