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Introduction
“Architects think constructively; that is, the principles they apply are conceived in generative terms.
The notion of design as computation captures this
constructive attitude and indicates, at the same
time, basic possibilities for utilizing the generative power of computers in design education” [5].
According to Ulrich Flemming, architectural design can be regarded as a form of computation, a
generative process that transforms the initial idea
into the final building through the application of
successive operations. Following this approach,
William Mitchel highlights the appropriateness

of using Boolean operations (i.e. union, subtraction and intersection) in solid modelling since they
provide the necessary path from the simplicity of
a vocabulary of elementary solids to three-dimensional complex forms [8]. Within the field of architecture, of particular interest is the subtraction
operation, which has the potential to be employed
to hollow out interior spaces from an initial solid
mass. Based on this operation, a generative design method for architecture is here introduced,
which makes use of the stereotomic approach to
integrate spatial and structural parameters in the
conceptual phase of the design process.
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The stereotomic approach
On the one hand, as described by Robin Evans,
stereotomy (or the science of cutting solids) was
a Seventeenth Century French rubric under which
were gathered several existing techniques including stonecutting [4]. According to Evans, “The
basis of stonecutting was the trait, a collection of
layout drawings used to enable the precise cutting of component masonry blocks for complex
architectural forms, especially vaults”. From this
perspective, recent researches can be found that
explore the application of stereotomy to the analysis or design of vaulted systems [10].
On the other hand, in the words of Francesco Cacciatore, “the term stereotomic, from the Greek
stereos (solid) and tomia (cut), introduces an idea
of building, which is not conceived as the assemblage and juxtaposition of elements typical of the
tectonic approach, but rather as the gradual removal of matter from an initial shape”. Based on
this point of view, the application of the stereotomic approach to architecture results in the generation of monolithic and compact forms, where
the individual parts cannot be discerned from the
whole and in which the removal of matter produces the intended architectural spaces [1]. From
this perspective, if the tectonic approach puts the
emphasis on the constructive and technical aspects of the building and on the expression of the
detail, the stereotomic approach is grounded on
the generation of the voids and on the definition of
the boundaries of the building. In this way, the accumulation and distribution of matter produces at
the same time both space and structure.

The poché in architectural design
Subtractive design methods in architecture and
the stereotomic approach in particular, result in
the generation of a poché, both in its meaning of
rendering technique and a compositional device
[5]. Poché is a term introduced by the École des
Beaux-Arts of Paris to define the hatched texture
used to differentiate the massive elements and
the residual spaces drawn in architectural plans.
According to Jacques Lucan, “with construction
by masonry of piers and load-bearing walls, the
poché helped to bond rooms of varied geometry

by a sort of spatial stereotomy” [7]. A modern approach to the use of the poché as a tool for the formal analysis of architecture emerges in the theoretical work of Robert Venturi [12] and Colin Rowe
[11]; this was then further developed by Peter Eisenman. Within his research on the formal basis
of modern architecture, Peter Eisenman defines
poché as an interstitial entity, an articulated solid
mass between two void conditions, either between
an interior and an exterior space or between two
interior spaces. “Such a condition of space might
require a process which could begin from a process defined as spacing rather than a forming. …
The interstitial, then, is the result of a process of
extraction which produces a figural as opposed
to a formal trope, and it exists as a condition of
spacing as opposed to forming” [2]. In the design
approach supported by Eisenman, all those elements (such as the program and the site) that are
not directly related to a formal process have no
real relevance from an architectural point of view.
According to Eisenman, among these negligible
elements is also the structure, which consists in
those solid elements such as beams and columns
that are confined inside the interstitial spaces.
Another remarkable use of the poché in contemporary architecture can be found in a series of projects developed by Rem Koolhaas in the early ‘90s;
here the Venturian poché is applied to represent
the idea of spatial voids hollowed out from a solid.
Actually, in some of these projects physical models are built as sculptural and three-dimensional
versions of the poché [6]. On the one end, like in
the case of Eisenman, the structural elements are
confined within the interstitial spaces and materialized in the form of beams, columns and trusses.
On the other hand, as opposed to Eisenman, in the
design approach promoted by Koolhaas the program represents the driving force of the process.
In fact, Koolhaas compares the work of the architect to the one of the screenwriter, since “both
processes are based on editing, on the art of creating programmatic, cinematographic or spatial
sequences” [7].
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Formalization of the design method
In light of the design approaches introduced by
Eisenman and Koolhaas, the aim of the present
research is to define a design method for architecture that is grounded on the stereotomic approach. The proposed design method consists in
the production of a three-dimensional poché at
the scale of architecture through the iterative application of simple geometrical operations, specifically Boolean subtraction, on an initial solid
mass. This eventually leads to the generation
of a stereotomic model, where spatial voids are
contained within an interstitial solid mass. In this
way, the solid mass becomes an active element of
the architectural design process, with the potential to be activated by incorporating both spatial
and structural parameters from the early stages
of the process. In its current state, the method is
material independent and it is fully developed in
three-dimensions. Furthermore, it takes advantage of the potential offered by contemporary digital tools for solid modelling to generate, transform and proliferate multiple design solutions.
The design method is grounded on three main
steps (generation of the stereotomic model, evaluation of the static stability and hierarchical iteration), which are not intended to be implemented in
a linear sequence; in fact, after the first iteration,
it is possible to re-execute them following a nonsequential order.

Step 1: Generation of the Stereotomic
Model
The main aim of the proposed design method is
the generation of interior spaces and the control of
their spatial qualities (such as proportion, lighting
condition or visual appearance). Therefore, based
on a specific architectural program, the first step
of the process is undertook to define, formalize

and adjust the interior spaces in the form of spatial
voids. The spatial voids are then subtracted from a
solid mass to generate a stereotomic model.
Generation of the Spatial Voids
In line with the design approach conceived by Koolhaas, the proposed method requires the definition
of specific programmatic requirements, such as
a set of activities to be accommodated within the
building, to initialize the design process. Afterwards, spatial concepts associated to the activities defined in the program are developed. These
spatial concepts are then translated into volumes,
here defined as spatial voids (SpV), which are the
interior spaces where the various activities defined in the program take place (Fig. 1). With the
help of a solid modelling software, the volumes
representing the spatial voids are independently
generated in three-dimensions according to the
specific design requirements. The relevance given by the proposed method to the spatial voids follows from Eisenman’s design approach; according
to him “volume is the dynamic condition of space”
and, consequently, “the generating property of all
architectural forms is volume, since architecture
alone among the plastic mean of expression demands comprehension both internally and externally” [3].
Furthermore, to each spatial void is associated an
implicit negative weight. The latter is represented
by a force Ri (Fig. 1), whose length is proportional
to the volume of the spatial void, whose points of
application is the volume centroid and whose direction is opposite to gravity. The introduction of a
negative weight can be explained considering that
each spatial void will be subsequently subtracted
from the initial solid mass; that is, the weight of
the solid mass will be reduced by an amount proportional to the sum of the volumes of the spatial
voids.

Figure 1:
Generation of the Spatial
Voids (SpV)
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Generation of the Solid Mass
After the spatial voids have been defined, the initial solid mass (M) has to be modelled (Fig. 2A).
This solid mass represents the bounding volume
within which the interior spaces can be allocated.
The geometry of the solid mass can be modelled
freely following a particular formal exploration or
in relation to specific boundary conditions of the
site; its volume could coincide, for example, with
the maximum buildable volume regulated by the
urban code of the site.
The weight of the solid mass is described by a force
RM , whose length is proportional to the volume of
the solid, whose point of application is the volume
centroid of the solid itself and whose direction is
the same as gravity.
Articulation and adaptation of the Spatial Voids
The next sub-step of the process is related to the
articulation and adaptation of the spatial voids
within the solid mass (Fig. 2B). This consists in
the definition of a topology that enables to create
relationships between the individual spatial voids,
such as their mutual interaction and their connectivity through the internal circulation of the building. This sub-step is grounded on the application
of two specific operations, namely composition
and organization. Composition is defined as “the
establishment of formal relationships between

the elements of architecture”, whereas organization, a complementary concept, is the “formation
of relationships between the functional, circulatory and spatial elements of architecture” [9]. In
line with the design approach of Koolhaas, the
here generated topology is the result of a process
of “creating programmatic, cinematographic or
spatial sequences” [7]. According to the defined
topology, the spatial voids are distributed into the
solid mass and their geometry is then adapted to
respond to the constraints given by the solid mass
itself. Taking advantage of the use of parametric
tools, several different articulations of the spatial
voids can be explored according to diverse compositional and organizational criteria.
Boolean Subtraction and Production of the Stereotomic Model
Through the Boolean subtraction of the spatial
voids from the initial solid mass (Fig. 2C) the stereotomic model (SM) is obtained (Fig. 2D) in the
form of a three-dimensional poché. This is, in
fact, the first formalization of the architectural
concept, what Eisenman calls the generic form,
which is defined by properties such as volume,
mass and movement [3]. Furthermore, this generic form also complies with the initial specific
programmatic requirements and responds to the
requested spatial qualities.
Figure 2:
Generation of the Stereotomic Model (SM)
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Step 2: Evaluation of the Static Stability

Step 3: Hierarchical Iteration

Given the positive weight RM related to the initial
solid mass and the negative weights Ri of the spatial voids, the weight of the stereotomic model
resulting from the Boolean subtraction is represented by the resultant force R SM obtained by the
vectorial addition of RM and the Ri (Fig. 2C).
As the organization of the spatial voids results in a
specific distribution of matter within the stereotomic model, the force R SM depends directly on the
particular articulation of the spatial voids. That is,
different distributions of the spatial voids within
the solid mass produce changes in the point of
application of the force R SM . Therefore, the global equilibrium of the stereotomic model has to
be evaluated in relation to its support conditions
after every reorganization of the spatial voids.
Given the points Si representing the location of the
supports of the stereotomic model, in order to fulfill the global static stability, the line of action of
the force R SM must intersect the footprint A of the
stereotomic model, defined by the convex hull of
the points Si . In fact, in case this condition is not
met and assuming that the supports can just take
compression forces, the stereotomic model would
be subjected to static overturn. To avoid this, the
spatial voids have to be re-arranged until the line
of action of the force R SM intersect the footprint A.
As a result, due to the mutual dependency between
the distribution of the spatial voids within the solid
mass and the static stability of the stereotomic
model, a dialog between spatial and structural
parameters is established starting from the early
stages of the design process.

The stereotomic model previously generated introduces a radical dichotomy between solid and
void, producing a three-dimensional poché. In the
proposed method, this poché is not regarded as a
passive instance in the design process but as the
basis for further design iterations to explore new
spatial and structural configurations. Hence, additional secondary spatial voids hierarchically depending from the ones previously generated, such
as the servant spaces defined by Louis I. Kahn [1]
(spaces containing for example circulation elements and installations) can be incorporated in
the poché. This results, in turn, in the introduction
of hierarchical porosity in the stereotomic model.
The production of these hierarchies of spatial
voids within the stereotomic model increases the
complexity of the spatial configuration, eventually
generating a lighter and more porous structure.
In this step of hierarchical iteration, the stereotomic model defined in the previous steps is taken
as the new solid mass (Fig. 3A). Additional secondary spatial voids are introduced that activate
spatially and structurally the new solid mass (Fig.
3B). After the Boolean subtraction operation is
applied (Fig. 3C), a new stereotomic model is generated (Fig. 3D) characterized by different spatial
qualities in comparison to the previous one. At the
same time, the incorporation of new spatial voids
within the solid mass changes the magnitude and
the point of application of the force R SM and the
static stability of the stereotomic model has to be
re-evaluated (Fig. 3C).
Although the given example is generated in only
two iterations, the design operations can be iterated multiple times, as long as the sought spatial
qualities and the structural stability of the stereotomic model are still fulfilled.

Figure 3:
Hierarchical Iteration
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Figure 4:
Application of the design
method at ETH Zurich
(2014-2015).
Left: F. Leibowitz, A. Pascual, A. Vincenzi, F. Zecca.
Center: Q. Andreotti,
A.Stenholm, A.Forsberg,
M. Björnskär.
Right: M. Lallemand

Conclusion
The method for the generation of stereotomic
models in architecture introduced in this paper
constitutes an attempt in the search for contemporary design approaches that integrate spatial
and structural parameters from the early stages
of the design process. Furthermore, it facilitates
the exploration of design variations working in a
full three-dimensional design environment. Although based on an algorithmic approach, the
design method requires the continuous involvement of the architect to overlook the interaction
between spatial and structural parameters and
take conscious design decisions.
The design method has been tested by architecture students within the framework of the Master
Course “Experimental Explorations on Space and
Structure” at ETH Zurich (Fig. 4).
The application of the design method in this academic context has shown the potentials of using
the stereotomic approach in the conceptual phase
of the architectural design process. Nevertheless, this experience has also raised some open
questions that will be addressed in further developments of the research. Specifically, due to the
repeated iteration of the design operations and
the increment in number of spatial voids, occa-

sionally the generated model might reach a level
of complexity that cannot be easily handled by the
designer; in this regard, a more robust way to control the model has to be defined. Furthermore, in
its current state the proposed method addresses
the conceptual phase of the design only. That is,
the method still does not take into account aspects
related to construction and fabrication, which are
associated to a more advanced phase of the design process; in relation to this, the influence on
the design process of material properties and
construction constraints have to be addressed in
more details.
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