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ROBOTICALLY AUGMENTED CEILING FABRICATION
The Autodesk Build Space in Boston opened recently as one of the main hubs for researchers
within the scope of architecture, engineering and design. The facilities have an impressive fabLab, with numerous robotic arms, CNC routers, waterjet machines, lasercuts, 3D printers, etc.
This hub is intended to be a collaborative space, where groups of research are next to each
other in a vast open space. It promotes collaboration not only between researchers, but with
the rest of the office floors above the hub.
Carnegie Mellon was committed to complete an installation within two weeks of scope, that
would live on the ceiling of one of the common meeting areas.

Robotically Incremental Forming
Workshop at Autodesk BUILD space
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INTRODUCTION    The workshop was led
by Prof. Jeremy Ficca, director of dFAB,
CMU, and Manuel Rodriguez Ladron de
Guevara, architect and MAAD student.
A group of undergraduate and graduate
students worked together to help develop a workflow capable of satisfy the
needs of the program.
Incremental metal forming was the medium to ellaborate the instalation, departing with a generous amount of 48”x48”
Aluminum sheets, donated by CENTRIA.
Incremental sheet forming process is an
advanced flexible manufacturing process
to produce complex 3D products. All the
work done in this workshop was fabricated with a 1600 ABB Robotic arm.
We shipped our tools and workcell from
Carnegie Mellon to Boston, as we had a
tight schedule. Although in dFAB we work
with different ABB Robots, 4400 and
6640 ABB, the end of the arm mechanism
is universal accross all models of ABB.

The workflow designed for this work was:
Geometry generation in Rhinoceros +
Grasshopper with Kangaroo, Dynamo +
BRobot and RobotStudio.

Fig. 0 Parallel view of the robotically incremented metal forming ceiling installed at Autodesk BUILD Space, Boston.
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Fig. 1  Examples of double-sided incremental forming. The registration of the material to the fixture and tool while flipping the
material is critical to achieve controllable and repeatable results.

already waterjet cut 48x24” metal sheets
donated by Centria, a construction industry supplier. The robot used was an ABB
IRB 4600, 40kg/2.55M Reach. The robot
end effector was equipped with a universal forming tool with a spherical head
that follows the contours of the geometry
to be formed, causing the sheet to be deformed along the tool-path. Between the
universal forming tool and the tool plate
of the robot, a spring was inserted as a
resource to absorb any possible inaccuracies in the horizontal plane of either the
metal sheet surface or the workObject
plane.

Fig. 2 End of the arm tool used for incremental forming. The
sharper the tool is, the more risk to tear the metal sheet. However, it is suitable for engraving the material

PROCESS    The process consisted of designing the workflow in Grasshopper +
GHPython to generate the geometry,
indexing the connection between incremental forming metal pieces. In a second
stage, we generated the toolpaths with
RobotCam software and prototype an array of different geometries to test which
case would fit better in the overall design.
This closes the feedback loop to then fabricate all the pieces we needed.
The robotic cell was conceived to handle

Fig. 3 Single Point Incremental Forming (SPIF). Detail of the
process of incremental forming. Failure angle 65 degrees.
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Fig. 4  Composition of the assembly of the pieces. Each pair correspond to different tested angles so the distance between panels
was optimized to ensure the maximum separation at strategic areas responding to the context of the room it was hung.

the robotic forming. Before closing the
sandwich, we glued at the end of the
bowl a magnet, to register the position
of each metal sandwich once they were
hang from the ceiling. This research was
closely linked to teaching, as under the
supervision of Prof. Jeremy Ficca, I taught
the students the computational programming aspects of the workflow, as well as
design advices. Teaching is pivotal when
it comes to research, as the communication and sharing of concepts and knowledge is critical in order to succeed.

During the phase of testing panels, we
discovered that angles stepper than 60 to
65 degrees, were not suitable for this type
of incremental forming. As well, varying
the step-over and step-down parameters
could change substantially the aesthetic
component of the piece. The assembly
process was handmade by means of the
following steps: assembling two panels to
sandwich and glue them together with a
metallic u-shape bracing. This removed
some deformation that panels suffered
(in a range from 0 to 150mm) during
7

The fixture could work with either 4x2
feet panels or 2x2 feet panels. For testing purposes and avoid wasting material,
prototyping was made with 2x2 metal
sheet panels. Then, the information is
translated to a bigger size.

Fig. 5 U-shape channel between panels. It adds rigidity and
absorbs deformations due to the strech of the material.

Fig. 6 Different geometries were tested. The image shows a
faceted geometry instead of a smoother curve.
Fig. 8,9  The image above captures the moment duriing the process in which the algorithm is finding the optimized form. The next
image shows the end of the process, in which the algorithm has founded the optimized form responding to given design demands.

COMPUTATION    In the computational
side, an algorithm is created to search an
optimized solution for the incremental
forming geometry and connection points
between panels. Given a maximum angle,
distance between panels and a radius for
the end of the bowl, the algorithm finds
an stable form that lays on the safe side,
which means, it is fabricable.
The software used to generate the algorithm is Grasshopper and GhPython. The
base geometry in 2D that forms the base
of the bowl is designed prior to this stage,
which the algorithm computes the result-

ing overlapping between panels, and creates the 3D surface.

Fig. 7 Separated panels (right) are indexed and magnets
are glued at the end of the bowl. In the assembly process,
the magnets ensure they keep their place once hung on the
ceiling (left).

8

created and laid out to be fabricated.

As for the time constrain, two weeks for
the whole process: design ideas, coding
the algorithm, testing, fabrication and
assembly, I had to increase the flexibility of the computational side in order to
work for different design ideas. A feedback loop is then initiated with 2 systems
working in parallel. On the one hand, the
algorithm informs the fabrication by input geometries and test them in the Robotic cell. Then the outcome of the fabrication feeds back the algorithm by culling
angles, distances, or proximity towards
the rim of the fixture.
Therefore, a map of valid curvatures is

Fig. 10 Map of curvature analysis.
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Fig. 11  Elevation drawing of the assembled piece. Dots represent the connection points between pieces.
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Workshop Leaders:
Jeremy Ficca
Manuel Rodriguez Ladron de Guevara
Participating Students:
Meghan Chin
Jack Fogel
Erin Fuller
Zain Islam-Hasmi
Min Young Jeong
Zhuoying Lin
Atefeh Mahdari
Ryan Smith
Nitesh Sridhar
Annabelle Swain
Thanks to Autodesk Buld Space that made this possible. Also thanks to Centria for the donation of the
material. Special thanks to:
Rick Rundell
Autodesk Build Space Staff
Link to video:
https://vimeo.com/232470937
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ABSTRACT
Advanced design and fabrication methods seek to control economies such as
material, environmental and functionality. However, architects are still far away from being
computationally efficient.  Inefficiency is innate to the system, therefore, the target is not about
eradicating it but giving it a particular role. Unresolved gaps unleash loss of information and
unexpected results that require post edition work. This process can be improved by tailoring
the amount of information that is exclusively required during the whole operation of design and
construction.
This Research aims to further develop the concept of ‘Arxel’ and its implementation in construction
technology. Arxel is a digital architecture unit that may provide insight in the construction of
digital architectures through the lens of genotype and phenotype, but particularly through the
lens of affordability, fundamental in furnishing sustainable alternatives.
A holistic process flow is designed for additive manufacturing of multiresolution surfaces
suitable for use as architectural components. This holistic process is compounded by input
parameters, geometry generation, topology optimization, FEM analysis, feedback loops and
robotic fabrication. The procedure intends to democratize the fabrication industry, implementing
bespoke design and manufacturing in emergent markets that may bring new opportunities of
appraising constructive requirements of an ever more digital society.

Multi-resolution in Computational
Design and Robotic Fabrication
voxelization of the space
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INTRODUCTION     Research focuses on
the generation of a tool that introduces
resolution at early design stage, which
will inform the rest of the design by scrutinizing different types of data responding to some initial inputs. These inputs
or demands are tightened to the needs
of the context, making the geometry as
responsive as possible.
Among the different objectives are: development new software tool that help
design according to strict necessities
and testing whether or not it could be
practical in real world. Development of
a tool for the end of the arm robot with
the ability to extrude mono-material/
multi-material. Testing of materials such
digital resins
unit ‘arxel’
as plastic or/and
andmapped
fabrication

and comparison of same object tested in
different contexts.

Fig. 1 Different instantiations of the geometry of an arxel. Arxel
is an intelligent architectural unit that overlaps information,
is the overlap of information,
geometryarxel
and material.

through diﬀerent resolutions

material and geometry
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JUSTIFICATION    Provide bespoke, efficient, optimized, digital design and fabrication alternatives in emergent markets
may bring new opportunities of assessing the constructive requirements of
an ever more digital society. Research
towards widening the additive manufacturing construction realm by generating larger scale construction solutions
of a wider and more specific economy
solution space may prove useful in approaching a more sustainable and efficient construction of digital architecture.

part. Due to the closed cycle and continuous feedback between the design
stage and fabrication, a decent amount
of testing geometry through 3d printing/ wire printing will be necessary.
During Spring Term, I will address fabrication issues, such as material adjustments,
robotic components, work cell and tooling design and development, workflow
process review and material verification.
This stage will require an important economic support, as the tool prototyping
will be composed by some pneumatic/
mechanic pressurized system, a canister for material containment and delivery, and a single/multi nozzle, which will
have crucial determination in the final
quality of fabrication. Material will be
tested and the object is intended to be
“furniture size’ which will require a decent amount of plastic / resin / concrete.

METHODS     This section contains a brief
description of the different stages of the
Research. The holistic process flow will
mainly have three major parts. Software
design, testing, fabrication, testing. I will
focus most of the time during Fall Semester on the first half of the system, i.e.
component selection, input requirement,
computational morphogenesis design,
topology optimization for additive manufacturing and finite element analysis.   
The target of this phase is to generate a
viable software that engenders the information needed for the fabrication

DESIGN STRUCTURE      There are a decent array of variables in this stage that
I will mention. It is possible that some
of them are not necessary and on the
other hand, there are also missing ones.

DESIGN INFORMATION

GEOMETRY DATA

FABRICATION DATA

USER INPUTS

POTENTIAL TERRITORIES + GRID: INFORMED ARXEL

Material available

Neighboring relationships

ROBOTIC ADDITIVE MANUFACTURING
ROBOTIC ASSEMBLY

Material type

Geometrical connections

Economic budget

Material matching

Prioritization

Multi-scale matching

associa
Quality associated
to each territory

Optimization

Aesthetics

Structural calculation

Indexing
Tooldata
Objectdata

Structural capacities

EXCEL Database

Rhino GH Python - GA - Karamba

HAL + ABB RoboStudio

Fig. 2  Programming workflow: using provided information input, all fabrication realted geometry is generated in Rhino through
GhPython script. Structural calculation and optimization are done through the FEM software Karamba.
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AMinimum unit, gen or arxel The
main element of the algorithm is the arxel or resolving power. This unit will house
different layers of information, such as:
A.1 - Material quantity
A.1 - Material characteristics                                                          
A.3 - Thermal and visual properties
A.4 - Weight
A.5 - Size
A.6 - Shape and limit condition
The last one is crucial for the rest of the
process. Depending on the limit condition the growing pattern will be one or
another. Open to discussion.
BMaterial Research
This will inform the fabrication and the
design process. PLA can be the option.
Regarding the fabrication method, it
could be either fused deposition, extruding the material with the robot arm, or
just assembly of 3d printed pieces.
CMaterial system and computation: Evaluation of structural performance
This is a pivotal constituent of the generative computational framework. Recurring
evaluation cycles that expose the system
to embedded analysis tools. Analysis will
play a critical role during the entire morphogenetic process, not only establishing and assessing fitness criteria related
to structural capacity, but also in revealing the system’s material and geometric
behavioral tendencies. In parallel to the
growing factors the continual structural
evaluation informs the development pro

Fig. 3 Mass instantiations of a particular typology corresponding to an informed ‘potential territory’.

Fig. 4 Computational aggregation of arxels responding to a
specific typology based on geometrical vaults.
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cess or even directly interacts with the
generation of the system’s morphology
through processes of evolutionary structural optimization.

“bounding box”
F.6 – Dimensional accuracy
F.7 – Loading conditions
F.8 – Residual stresses and strains
F.9 – Component size
F.10 – Quantity of arxels

DMaterial system and computation:       Growth and evolutionary processes
Here is the difference between a topdown design and a bottom-up. The
growth of individual instance and the evolution of the system across generations of
populations of individual instances. Here
we encounter two critical factors: on the
one hand, the internal dataset or growth
rules (see below), the genotype, and on
the other hand the variable gestalt that
results from the interaction of the genotype with the environment, the phenotype.  
Genotype variables:
D.1 - Shape: Agent based modeling
D.2 - Density
D.3 - Limit condition

GFabrication
Funding will be required to design, develop and prototype tools needed for the
robotic arms in dFAB of CMU, as well as
material purchase.
As a way to test the research, a decent
amount of 3d printing will be needed
during the whole process. This stage will
be crucial as a proof of concepts.

Fig. 6 Computational instantiations: Breadth search. Arxel typologies informed by fabrication technology and computational algorithm

The analysis and comparison of digital
and physical models of computational
pieces, robotically fabricated, provide
the knowledge base in which a theory of
relationship between complexity and resolution for affordable digital design and
fabrication is developed.

The main mechanism to fabricate will be
the ABB 6640 and ABB 4400 robots that
live in dFAB at Carnegie Mellon University, with some testing in delta 3D printers.
The aim of this stage is to create a refined
tool that satisfies the scale and manufacturing characteristics and constrains envisaged during the design stage.

FInput parameter
To prototype the design of the geometry, some inputs will be demanded to activate the engine. These inputs talk about different economies:
F.1 - Material economy (available material)
F.2 – Cost
F.3 - Material characteristics (color, transparency, etc.)
F.4 – Surface quality (geometrical degree,
smoothness vs roughness)
F.5 - Object or targeted general shape as

Fig. 5 3D pen tool for the end of the robotic arm. Preliminary
design to test the fidelity of the extrusion with the motion of
the robot

24

METHODOLOGY
Multi-resolution
methodology of design and fabrication.
The scrutiny of architecture resolution
and performative measurements of the
digital form will increase the applications
of additive manufacturing and computation by making more affordable fabrication up until theoretical saturation.
25

*Note: This research approaches a
Grounded Theory Research Design type:
this approach examines the same event
or process in several different settings or
organizations. The researcher carries out
a process of sampling, making comparisons between samples, using these to
evolve a theory. When no new insights
emerge from new data, the researcher
has reached theoretical saturation

MASS PRODUCTION
MASS INSTANTIATIONS
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EXPECTED RESULTS
A nomenclature
of multi-resolution based novel tectonics
related to digital design and fabrication
of assemblage pieces that encompasses
both the theoretical framework of the
model (algorithm analysis) and the application framework of physical model
(paradigm analysis) is to be developed
in order to identify the areas in the construction process in which such technologies represent a competitive, sustainable
alternative.
A nomenclature of geometrical discrete
forms susceptible of additive manufacturing of the meso and macro scale is beforehand necessary.
Both measurements may provide insight
of the relationship and control between
complexity of the model and affordability
of fabrication, critical in providing an alternative construction system.

CONTEMPORARY AGENDAS
The efficient use of computational,
economical and natural resources is a
priority on global agendas as stated in
the Sustainable Development Goals of
the United Nations agenda and the past
HABITAT III conference.
Jeremy Rifkin, in his book The Zero
Marginal Cost Society, forecasts that
capitalism will go into an irreversible
decline within the next three decades.
The end of its hegemony is designed
and will come due to the simultaneous
advance of the internet of things and
collaborative commons.

-This, alongside the evolution CAD/CAM
and intelligent parametric softwares,
brings production back to our hands,
incorporating it into the design process.
-The ‘killer app’ in digital fabrication, as in
computing, is personalization, producing
products for a market of one person.
*Gershenfeld N., (2012) How to Make
Almost Anything. The Digital Fabrication
Revolution. Foreign Affairs.
-Consequently, in a near future, Small
Digital Factories (SMD) would irrupt in
our economical system, co-establishing a
small scale fabrication trading economy
with a global digital trading structure.
Fig. 8 Preliminary tool for the end of the roboti arm. In this
attempt, printed extrusions were made with no extra airjets
added to the extruder.

The expansion of the opportunities
to offer goods and services from the
collaboration between people (and less
and less by the market), hinge on the
reinforcement of the fortitude of the
civil society.

-Efficiency eludes construction Industry.
*The economist (2017) Printed version of
Business section of  ‘The least improved’

HYPOTHESIS
Research advocates
for computational design and digital fabrication through the implementation of
multi-resolution tools in order to achieve
affordable architectures.
THEORETICAL FRAMEWORK
This
Research believes in a post-industrialized
era in which society no longer relies on
heavy industry and mass production
systems.
Each year is ever more digital than its
preceding, therefore, we are switching
towards a ‘bits information’ based society.
*Negroponte N., (1995) Being Digital

Fig. 7 Different material thickness achived with the same tool,
varying speed of the motion of the robot and speed of the
airjets.
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Fig. 9 Physical instantiations of the computational intelligent architectural unit ARXEL. The material instantiation of the geometry in
this image is 3D printed ABS.
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Computational abstraction: ARXEL©

Computational system

Think of architecture as a collection of
rows, columns and heights of arxels. For
any given volumetric space you can decide how many rows, columns and heights
you wish to use. The more of each, the
smaller the arxel, the finer the grain, and
the better the result. The constrains are
the fabricability of the arxel.

Spatial grid: acts as the canvas to generate geometry, it is a voxelized space. The
goal is to have a multi-dimensional voxelized array which can house different
scales within the same system. It is a data
base that stores as much information as
one can design. This information is the interaction between the grid and different
classes of agents.

The same way as when pixels are represented by colors, you have three numbers (R,G,B), that correspond to 24 bits or
3 bytes, arxels can compute as many bits
as memory you can have. Those bits will
be different types of information.

TER
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AR

Fig. 10 Early version of the development of the multi-resolution algorithem. Computational strategies: 2D grid + ABM
interaction

A

Fig. 12 Screenshot of the algorithm showing how the spatial grid is filled when the agents interact with it. The geometry at this moment is a placeholder. The geometrical instantiation is the outcome of the rules behind the agents. Each agent belongs to potential
territories, spatial dimensions that have specific rules to define that will define the architectural element.
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Under the hood: Rhinoscriptsyntax and
VectorMethods as libraries. Classes define grid and agents.
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Different classes: structural agents, light
agents, quality agents, circulations, wet
agents, vegetation agents, etc.

Agents: The agents will wander around

The power of the arxel comes from its
digital nature, in that an arxel can be
part of anything, from walls, to floors, to
furniture. With enough arxels and with
enough bits per arxel, one can achieve
multiple resolutions within the same element, directly depending on the user’s
different economies.
EX

the space of the grid with some clear instructions, thus specific behaviors that
respond to divergent necessities or demands from the user.

EA

S
LE

B
DA

N
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EX
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AR

COMPUTATIONAL SPACE:
GRID # (0,0,0,0,3,2)

COMPUTATIONAL INSTANTATION:
ARXEL # [0,1,4,6,0,7] i:1 j:2 k:0

code = [0,0,0,0,0,0,('i:{}, j:{}, k:{}'.format(i,j,k))]
temp1dCode.append(code)
temp1dInd.append('i:{}, j:{}, k:{}\nCode:'.format(i,j,k))
odVisited.append(0)
odCont.append([None,None,None,None,None,None])
odCont.append([
temp1dBases.append([None,None,None,None,None,None])
temp1dBasesCode.append([0,0,0,0,0,0,('i:{}, j:{}, k:{}'.format(i,j,k))])
temp1dBranchPts.append([None,None,None,None,None,None])temp1dBranchCode.append([0,0,0,0,0,0,('i:{}, j:{}, k:{}'.format(i,j,k))])

c.potTerr: wetAreas
c.size = .35m
c.volume = 1.3m3
c.material = ABS
c.conections = 4
c.strucPerformance = 0.4

Fig. 11 Computational 3D grid. Space is voxelized and indexed, so each cell has a number and acts as an empty container to be
filled with information that the agent provides when interacting with it. Each unit is called arxel. The word arxel is a portmanteau of
ar (from “architecture”) and el (for “element”).
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Optional intelligence
The arxel is
a piece of communicative infrastructure
that offers an optional intelligence unit
across a system. The arxel is an informed
cell. This information comes from a multiagent system with competing agendas.

This agendas correspond to structural
agents, system agents, plenum agents,
and so forth. The overlap of the interaction between them determines the result
of the arxel, which is the instantiation of
the immaterial system.
31
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OVERVIEW
As part of the ASO Studio at Carnegie Mellon University, the design and fabrication of a sample
of a structural truss happened in the academic year Spring 2017. The project is mainly divided
by two parts, design and development of a natatorium center at Schendely Park, Pittsburgh,
and the corresponding digital design and robotic fabrication of a portio of a wooden truss. The
design is done with computational tools and all fabrication files were extracted from the digital
model.
The process is compounded by computational design (grasshopper + kangaroo), optimization
loop feedback, robotic fabrication workflow (HAL + RobotStudio) and physical development of
tools for the end of the robotic arm. The fabrication was made in a ABB 6640 and ABB 4400
robotic arms coordinated together. The project was directed by Josh Bard. This work was done  
collaboratively by Sinan Goral, Rachel Sung, Brian Bollens and myself.

Robotically Augmented Steam
Bending Fabrication
34

Fig. 1,2 Robotic Cell installed in dFAB, Carnegie Mellon University. ABB 6640 on 5m track (left) and ABB 4400 (right).
Fig. 3 (Left) Hoop fabrication indexing in dry jig.
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Fig. 4 Robotic Cell installed in dFAB, Carnegie Mellon University. ABB 6640 on 5m track (left) and ABB 4400 (right). Robots collaborative interacting to fabricate and bend the wooden quarter of a hoop.

DESIGN          The design exploration of
this course is oriented towards fabrication. A more tectonic oriented strategy
is deployed in a feedback loop workflow.
Fabrication constrains of the robotically augmented steam bending process
inform directly the design stage. Thus,
there is no a parallel system in which
computational design and fabrication are
correlative methods, but they are parallel, both informing each other from early
stages.
The target is to develop a truss sample
close to a 1:1 scale. The design strategy
focuses on a cell-growth approach, where
a truss is understood as a multi-linear
cell-based growth. In order to do that,

the initial design is oriented to a four sided cell, growing in the main stress direction. Each side of the cell is composed by
a wooden hoop, made out of four pieces
of steam bending wood that overlap each
other and are screwed to maintain curvature and tangencies.
COMPUTATION           The software used
to compute the geometry of the cell, its
growth, and the overall design is Grasshopper and GhPython. Once the desired
design is achieved, this information is
translated to fabrication files to the Robot using HAL, a plugin for Grasshopper
that generates the RAPID code that the
ABB robots use.
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Fig. 5 Array of prototyped tools during the design and fabrication process.

A security checking in RobotStudio is required, thus, final simulations of the motion of the robot are made in said platform.

wood, to understand the material behavior. A parallel prototyping process is developed with foam, to test the motion and
orientation of joints of the robot needed
to fabricate the targeted geometry.

PROTOTYPING            Initial model are
tested at smaller scales, fabricated with
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ROBOTIC FABRICATION          In order to
fabricate the final prototype, a numerous
number of tools are made to test their
functionality in the whole system. Each
step of refinement, a more intelligent
tool was developed after testing it.
A set of three tools are needed to mass
customize as many different variations
as needed. Firstly, a fixed jig is designed
and fabricated. It is anchored to the table
and register the position of the steamed
strip of wood before bending. Once registered, the first robot (ABB 4400) knows
its position, and based on the coordinates of fixed wood, moves a roller into
the maximum curvature of the bent. The
roller acts as a fixed position in which the
second robot (ABB 6640) bends the wood
around it. The side of the roller is perpendicular to the normal of the bent surface.
The third tool needed for this process is
a gripper. It is installed at the end of the

Fig. 8 Frame of fabrication process. 6640 and 4400 ABB Robots coordinated mass customizing the parts of the sample truss.
Fig. 7 Drying jig

arm of the ABB 6640 robot. This robot
makes the main movement which bends
the wood, fixed at the initial position,
around the roller held by the first robot,
and continues the motion until getting
the desired twisted shape.

Fig. 6 Form finding simulation to create tool path for robot. Kangaroo software is used to determine angles and curvature, thus, to
simulate the whole motion of the robot. The information is then translated to HAL software in order to create the RAPID code.
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POST PROCESS             After the coordination between the two synchronized
robots, the wood is left in place to dry
for ten minutes. Then, we cut the surplus
length of the piece that we don´t need

it and the bent wood is tight to a registration cast. This cast helps the piece dry
and maintain its new shape. A dry jig is
built to have all the parts of the cell registered in place, to later on assemble by

Fig. 9 Roller tool perpendicular to the surface at maximum curvature at the moment of bending.
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OVERVIEW
The design process is based in an ‘inside look-out’, in order to liberate space between the
partywalls and the house. The design creates a new geometry which allows the house to have
better visuals and make the patios bigger due to the diagonals.
The entrance patio is widened at the end of it following a visual line which separtes the house
in two areas. Parallel to this line, the stairs are disposed, being the axis and principal  element
of the house. With this gesture, the house is divided and organised around it. Due to the continuous earthquakes in Granada, and the self-condition of being succesfully well-structured, a
steel structure with a composite steel deck is chosen. It reinforces the tolerance against the
earthquakes.
Three floors and a terrace on the top complete the house. Made to enjoy as maximum of the
natural weather during the warmer months, and to be comfortable during cold time. A low cost
house which has efficience as the main aim.

GENERAL CONCEPTS     In general, the house embraces elegant concepts. White, grey
tones, with a brush of yellow. Minimal design to achive maximum efficience and elegance. Continuous grey floorings with white ceilings and walls. Cantilevered stairs in
yellow that goes with the rest of the house
and matches with the countertop.

Built Work: K-house, a single family
house in Granada, Spain

GROUND FLOOR      As it can be seen, the
client enters through the facade to the first
patio. It is used when required as a car parking (exterior). Partially covered by the column of bathrooms on the first and second
floor. Inside the house, a double-high space embraces us as a welcome, placing the
living room here. As we turn left, the only
partition on this floor is the core of stairs+service bathroom.
Fig. 1 Foundation. Two stages of retaining wall construction.

40

41

The rest, is a generous kitchen, requested
by the client, as it will be the most used
space. The kitchen’s geometry achieves a
panoramic view with two patios in each
side. Secondly, it’s  really lit due to its location, having three areas with natural light. Lastly, an island will be on one of the
sides, while the other will house all the
cabinets and the electrical appliances. So
it’s divided into a living part (the island
side), and a functional side.
FIRST FLOOR     As the client arrives to the
second floor, she has the main bedroom
on her right hand side. It is, alongside the
kitchen, the biggest space of the house.

TERRACE     The rooftop will be essential
for the house. Granada, in the south of
Spain, has a really warm weather, making
the outside life joyful. Apart from the
patios sited on ground floor, the terrace
will be a space ready to be used mainly in
summer, with a pool and a relaxing area.

of the map. It should be a must to design
informing, acquiring sense when it comes
to free shapes.
Digital fabrication will allow the construction of the facade. Steel sheets of 3 by 1.5
meters cut by numeric control. Assembled on site.

FACADE       The facade is a parametric
design which informs the city about its
properties. It’s a conceptual map of the
green areas and parks and squares of
Granada. Thanks to the parametric design, I could accomplish the function of a
ventilate facade while it adopts the shape

The building is drawing a line in the neighborhood. Surrounded by old and small
dwellings, a regenerating plan is in process to make the city look nicer. This
building particularly meets the required
points to participate in the innovation
and urbanism of the city.

Fig. 3 Terrace entrance steel frame. Sierra Nevada on the
background.

The main bedroom is lit through the two facades and has a
cloakroom and an ensuite bathroom.
The bathroom plays a special role in the
house. It’s hung from the bathroom on
the second floor, so it doesn’t lay on the
pillars. It’s structurally held by braces.
This gesture is made to have a permeability of the main facade which faces the
patio. The double height is covered with
a net which allows the client to lay down
and relax.
SECOND FLOOR         The second floor
has a total of three bedrooms and a bathroom. It belongs to the future children
of the client. This floor is destined for
them because it’s the most controlled
floor in the house.

Fig. 2 Detail of the foundation of the H-shape steel column.
Vertical forces are transmited to the foundation through a steel
plate and a concrete sitting.
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Fig. 9 Roller tool perpendicular to the surface at maximum curvature at the moment of bending.
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AMPO MASTERPLAN
AMPO Masterplan is a long project, claimed by Jeremy Rifkin as ‘Ampo Masterplan is the first
project of industrial retroffiting of the world’.
It consists in regenerate the territory through two premises. Green energies and New technologies. To establish a Smart grid in order to join both, building and nature. Buildings must behave
climaticaly as nature. Inteligence and green energies will help to win to the climate change. We
are starting the third Industrial Revolution, and we must continue investigating new techs.

Cloud9, Ampo Masterplan, Basque
Country, Spain.
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INTRODUCTION     The Creativity House
for Ampo is the solution to a problem.
The absolescence of a 20th century’s
house, heritage, that had acquired the
cooperative Ampo S. Coop.
The intervention is a retroffiting project,
ie, applying new technologies, materials
and know how to an old building non ruled by any valid regulation.
Ampo start the project of Masterplan and Retrofitting with the Creativity House. The main reasons for
the climate change are movility
and construction. Ampo Creativity House
is a pilot project in self-sufficient energetic into a refurbishment of heritage and
industrial edification. Cloud9 learns from
the coperative and territory through retrofitting. The Creativity House harbours
the expression of cooperativism from the
point of view of architecture and sustainability. It is part of the philosophy of
Ampo and Ner group, fostering creative
spaces for workers, betting on nature and

enviroment, betting on innovation and
technology.

Fig. 1,2 and 3 3D scan of the front garden and digital implementation of the welcome pavilion. Fig 3 shows modifications
of the soil firm to make its geometry accordingly.
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GENERAL CONCEPTS    Knowledge elevator. The house is designed as a route
of knowledge and raises awareness of
visitors. It articulates experiences series.
Home-Creativity-History-Culture-Territory-Innovation. Each floor evokes one of
these sensations which means that visitors can know Ampo from these points
of view. Clients, suppliers, and members
can realise the value of the history, of the
people who have formed part of the com-

AMPO MASTERPLAN     Ampo’s Masterplan is a sample of green energy project
with new technologies and the respect of
the existency at the same time. It is one
of the more important projects of the
year. It generates a grid of elements that
form an vital ensemble to enhance the
company.
This combination is formed by changing
roofs into a green ones, transforming
the energy system into a green energy
system. It fosters the electric vehicles.
We propose reforestation when it needs.
Vegetable patches and agriculture areas
as self management for neighbours.

pany, of the view of future, of the region
and of the landscape. Ampo is a leading
company, commited with society and enviroment. Energy, efficiency, A certificate
of green energy. New green technologies
such a geothermia, wind turbines, photovoltaic, solar energy.
WELCOME PAVILLION     The first high-tech item that is implanted in the
whole retroffiting masterplan.

Fig. 6 Fiberglass bridge connecting Ampo’s factory with
Ampo’s creativity house.

Fig. 4  Engineering drawings for the fabrication of the fiberglass welcome pavilion.

Fig. 5  Front view of the welcome pavilion built on the front garden of the Creativity House.
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This item is based on the 3d-points-scan
of the terrain which look for the optimal
slope to operate. The concept is to cut off
the terrain as a thin fissure, and lift the
terrain to create a covered space with the
own nature.
It’s made with fiberglass of 50mm thick,
covered with the terrain. Because of its
shape, the item gets a self-supporting
structure capacity.
FIBBERGLASS BRIDGE       Second high-tech element. A bridge which structure is made by fibberglass. Heavyless, its
skin outweighs the bridge itself. As a cloud
is lighter than the rain that produces, the
concept is the same. A lighter element
connecting two roofs. Meanwhile, a 360
degrees view due to its glass skin.

Fig. 7 3D Scans of the current factory
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Smart grid which relates vegetation and
buildings. New ephimeral architectures.
Recovering the river to use it and not
only see it in a passive manner. The river
is a gift we should use. Re-industrializate
current factories, improving the layout in
order to be more efficience.
DOUBLE CURVED SAP2000
GLASS      As high as
possible. This is what the factory allowed
it to be. The double curved glasses raised  
to 4m tall.

12/4/13 11:55:31

4.00m
R1141.3

3847.0422
ext skin development

R2660.0

30° 32°

Fig. 8 (left) Scale drawing. (Right) Stress color code engineering drawing.

EMPATHIC TREE    Retrofitting the nature. This steel tree contains multiple vegetation inside, thanks to a hydroponic
system. The idea is to materialise synergy between the steel factory and the sorrounding nature in one element. It respects the environment and establishes a
dialogue with the visitors.
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Fig. 10 Scale and view of the crystal dome.
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Fig. 9 (left) Raw pipe radii drawing. (Right) Fabrication conceptualization of the empathic tree.

Fig. 11 Empathetic tree.
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DIGITAL VILLA
This pavilion is a place to be relaxed, a place to work, and a place to play in harmony with the
landscape. It is an interior space, enclosed, protected from the weather changes. It is lanscape
integration.
This multi-purpose pavilion should be designed with feasibility, functionality, and presence. This
new pavilion will combine media integration, environmental design, and digital fabrication, to
create a unique structure which utilizes the latest technology and architectural research in its
construction.

INTRODUCTION    The digital pavillion is
a collaborative project between Cloud9
and the Art Center College of Design, Pasadena.
A digital complex system is developed in
order to build a bespoke studio annex to
the client’s house in Catalunya, Spain.
Fabric concrete casting is used for construction. An inflatable geotextil is anchored to the ground and air is injected to be
used as scaffolding system for the fabrication.

A two layer geotextil fabric is laid on top
to get the desired shape. Wooden pieces
are screwed in both sides of the geotextil to from the voids for the windows and
avoid any concrete in these areas.
The concrete is pumped through strategic punctual valves through 20 cm diameter hoses.
After the concrete is cured, the fabric is
torn down and the concrete shape is unveiled.

Cloud9, Digital Villa. Aiguablava
Fig. 1 The digital pavilion at the moment of the uncasting process.
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Fig. 2 and 3 (Up) 8 valves for extraction and 20 valves for
pumping concrete. (Bottom) System of valves for concrete

Fig. 4 and 5 Concrete preassure and flow trajectory simulations.
Fig. 7 Aireal view of the fiberglass house and annexed digital pavilion.

GENERAL CONCEPTS    The fabrication of
the pavilion is done after simulations of
form finding and FEM processes suit the
requirements. Fluid symulations is required in order to understand what densities
of concrete are suitable for this particular
geometry and to satisfy the structural requirements. The location of the valves is
key to determine the correct functioning
of the fabrication process. Although digital simulations and assessments are reliable to build the pavilion, some problems
arose in site due to the complex geometry of the pavilion and the flexibility of the
fabrication tools. Fabric could stretch to a
certain tolerance due to variations in the
pressure of the scaffolding system.

The inflatable layer that serves as scaffolding, needs to be anchored to the ground
and properly sealed in order to accomplish both functions, avoid air leaking and
avoid floating up.

Fig. 6 Conceptual scheme of the forces of the scaffolding
layer.
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Fig. 8 Scaffolding and final fabric layer on top with wooden pieces to form the windows voids.
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elBulliFoundation
elBulliFoundation is placed in a protected coast in Catalonia, due to the proximity of the sea and
a natural area as a surrounding. The strict relation between the nature and the building is required. But not only in terms of shape or materials, the behaviour of the building impersonate the
natural elements. Reefs, seaweeds and trees, for instance, determinate humidity, temperature
levels inside the building. Arduinos on trees detect the humidity and the building automatically
responds to this feature making it environmentally comfortable. It is a self-sufficient building.
Green energy to be according to the protected area.

Fig. 1 and 2 Local biologic diversity information used to design and fabricate for the Venice Biennale 2012

Cloud9, elBulli Foundation
Fig. 3 and 4 Venice Biennale pavilion picture (left) and drawing
plan (right).

54

55

Acknowledgements
Throughout my career, I have had the support
of many people, whose advice has always
been critical in the development of my works. I am grateful to the many colleagues and
friends with whom I shared and discussed the
ideas over the course of the last year at Carnegie Mellon, in particular to: Jeremy Ficca,
Josh Bard, Mary-Lou Arscott, Daniel Cardoso,
Kai Gutschow, Stefan Gruber and Dave Koltas.
I am also thankful to Luis Borunda, my friend
and partner at Cloud9, for all the tips and advice received from him, while working together
in Cloud9, and other projects, as well as while
collaborating in my Thesis research at Carnegie Mellon University. Special thanks to Enric
Ruiz Geli for hiring me as a recently graduated
architect in Barcelona. Without him my career
would  have taken a completely different path.
New York, December 2017

56

