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INTRODUCTION
This paper presents part of the latest developments 
in the Digital Alberti research project. In this project, 
Alberti’s treatise on architecture, De re aedificatoria 
– actually its Portuguese translation, “Da arte edifi-
catória” (Alberti, 2011) – is decoded through the use 
of new technologies. The project’s main objective 
is to determine the influence of Alberti’s theory on 
Portuguese architecture in the Counter-reform pe-
riod.

This can be achieved by converting parts of the 
treatise into shape grammars, and then determin-

ing the changes required to those shape grammars 
to account for the generation of Portuguese classi-
cal buildings (Coutinho, et al., 2011). Therefore, two 
shape grammars were developed, one focusing on 
the design of the column system, the other focus-
ing on the design of sacred buildings, i.e., churches. 
Among so many issues addressed in the treatise, 
these two themes were chosen because Alberti’s de-
scription of the rules for both themes is particularly 
thorough.
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As a parallel task to the translation into shape gram-
mars, other types of models were developed – digi-
tal, physical, computational and virtual –, both for 
the column system and for the churches. The elabo-
ration of such models contributed to a deeper un-
derstanding of the treatise, and thus aiding to the 
construction of the shape grammars. This paper 
focuses on the development of both the computa-
tional and the physical models of the column sys-
tem. 

Methodology
Three main tasks, intertwined rather than sequen-
tial, are featured in the modelling process: a) the 
development of the computational model, b) its im-
plementation, and c) the production of the physical 
models.

De re aedificatoria can be interpreted as a set of 
instructions regarding the art of building (Coutin-
ho, et al., 2011). Therefore, Alberti’s treatise could 
be translated into a parametric generative system 
that carries out his instructions. Rather than an im-
plementation of the shape grammar developed for 
the column system, the parametric computational 
model was built directly from the treatise, aiming 
at complementing the grammar development. The 
two cooperative approaches enriched the research 
on Alberti’s column system, through sharing of 
ideas, namely during the reading and interpretation 
of the treatise.

The parametric computational model was im-
plemented as a generative computer program that 
automatically generates three-dimensional (3D) dig-
ital models of columns, according to Alberti, as well 
as plausible variations. From the 3D digital model, 
we produced the corresponding physical models 
through rapid prototyping and digital fabrication 
technologies. Both from the 3D digital model and 
the computational model itself, a virtual model 
could be developed, and the two-dimensional (2D) 
digital models, or drawings, can be extracted (Duar-
te, et al., 2011). 

Among the several physical models produced, 
particular focus goes to the production of a natural 

scale stone model of a Corinthian capital, which re-
sulted from the cooperation between the fields of 
academic research and industry.

DEVELOPMENT OF THE  
COMPUTATIONAL MODEL

Rules as single entities
The first step in understanding Alberti’s treatise 
was its analytical reading, focusing on the chapters 
describing the column system. In these chapters, 
several rules can be found regarding the various ele-
ments that form the system. All the elements were 
thoroughly analysed in order to better understand 
these rules, which were written down in tables. Most 
of these rules describe numerical relationships be-
tween elements of the column system, so they were 
translated into mathematics in a consistent fashion, 
whenever possible.

Table 1 contains part of the rules for the Corin-
thian capital, adapted to the English translation of 
the treatise (Alberti, 1988). Each row corresponds to 
a rule, containing a transcription of the original text 
and the corresponding mathematical interpretation, 
as well as the rule’s location in the treatise and its in-
ternal numbering (Castro e Costa, 2012, p. 47).

Relationships and hierarchical trees
Analyzing the tables, three main types of rules, or 
relationships, can be found. In subdivision rules, 
like for example rule #02, Alberti divides previously 
defined elements of the column system into smaller 
ones. By doing so, the author also determines the 
order of these smaller elements, assigning them po-
sitional relationships of “above” and “below”. In pro-
portion rules, like for example rule #01, the author 
assigns dimensions to the elements. These dimen-
sions are always determined in function of previ-
ously defined elements. In detailing rules, Alberti 
determines the shape of the elements; for example 
in rules #14 and #15, information is given about the 
sprouting stalks.

Analysis of the relationships within the system, 
namely of those defined in subdivision rules, sug-
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Table 1 

Interpretation table of Al-

berti’s rules for the Corinthian 

capital.
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gested that the elements of the column system 
could be organized into hierarchical tree structures, 
which are represented in the modelling schemes 
(Figure 1) (Castro e Costa, 2012, p. 50).

Filling in the gaps
However, Alberti is not as diligent prescribing shape 
rules as he is prescribing proportion and subdivi-
sion rules, as they are insufficient to determine the 
exact shapes of every element of the column sys-
tem. Therefore, it was necessary to look for solutions 
outside of the treatise, namely illustrations of later 

editions of De re aedificatoria, and observation of 
built examples. Illustrations of other treatises were 
also consulted, but only aspects not conflicting with 
Alberti’s rules were taken into account. Analysing 
these sources, it was possible to fill in the gaps, and 
to model the whole of the parts of the column sys-
tem. 

The Corinthian capital computational model 
poses as a paradigmatic example of this approach. 
The formal complexity of some of its elements, like 
the acanthus leaves or the sprouting stalks (Figure 
2), challenged both modelling skills and knowledge 

Figure 1  

Hierarchical modelling 

scheme of the Corinthian capi-

tal (Castro e Costa, 2012).

Figure 2 

Filling in the gaps for the 

Corinthian capital: sprouting 

stalks and acanthus leaves.
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of geometry. Observation of elements both drawn 
and sculpted was essential for the understanding of 
such geometries, whose modelling is still being im-
proved.

IMPLEMENTATION OF THE  
COMPUTATIONAL MODEL

Framework
The computational model was implemented into 
a computer program through the use of Grasshop-
per (GH), a visual programming language that in-
teracts with NURBS modelling software, Rhinoceros 
(Rhino). In GH, programs can be visually developed 
as instruction sequences that automatically gener-
ate digital 3D models in Rhino according to input 
parameters. The computational model was imple-
mented by translating Alberti’s instructions into 
GH instructions, called components, and feeding 
Alberti’s parameters into these components, creat-
ing a computer program that generates any column 
according to Alberti’s canon (Figure 3).

Optimization
As stated before, designing and implementing the 
computational model were not sequential but in-
tertwined tasks. Each design iteration was tested 

Figure 3  

Computational and digital 

models (Grasshopper and 

Rhino) of the Albertian 

column system.

through a subsequent implementation iteration, 
which provided clues on how to improve the model. 
These clues were then fed back into the model in 
the next design iteration, and so on. The first imple-
mentation iteration took place after the analysis of 
the treatise, and so the systematization process had 
been partially completed, allowing for a considera-
ble simplification of a significant part of the program 
(Castro e Costa, 2012).

However, the translation of some of Alberti’s 
instructions into GH components cannot be done 
directly, namely those concerning the shape of com-
plex column elements, such as the acanthus leaves. 
On the other hand, even the modelling of simpler 
elements did nevertheless imply a large number of 
operations, leading to complex and heavy programs. 
These GH compositions took a long time to process 
changes in some parameters, and thus compromis-
ing the performance of the models themselves.

Classes
Implementation of the first computational models 
suggested the need of and potential for optimizing 
the system’s design. On one hand, it became clear 
that most elements of the column system share 
common properties, allowing interpreting them as 
topologically similar entities. That pointed to a pos-
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sible implementation as computational classes. On 
the other hand, it often happened that the same 
groups of Grasshopper commands were used re-
peatedly, pointing to the use of subroutines (Scott, 
2006).

Since GH is not prepared for implementing sub-
routines, the need arose to find a scripting language 
that would. The selected language was VB.NET, an 
object-oriented language for which GH has built-in 
scripting tools, and so a custom class was created, 
and named coxel (COlumn ELement). Implementa-
tion of this class allowed both defining relationships 
more intuitively, as well as reducing the amount of 
code for the computational models (Figure 4), thus 
further simplifying the system (Castro e Costa, 2012).

However, there was a downside: since the coxel 
is a new, custom-made type of object, GH had to be 
informed about how to generate its shape, in other 
words, how to render it. It was then necessary to 
gain a deeper understanding of how shape and ge-
ometry is represented both conceptually and com-
putationally, since rendering of the elements had 
to be programmed directly, using RhinoCommon. 
Although the results were achieved, allowing for 
the coxel approach to be implemented, there is still 
room for improvement.

DIGITAL MATERIALIZATION

Rapid prototyping and digital fabrication
As stated before, digital models of the column can 
be generated using the computational model. These 
digital models can in turn be used to produce physi-
cal models of the column elements through digital 
materialization technologies, comprising both rapid 
prototyping and digital fabrication (Pupo, et al., 
2009). Different technologies were tested, aiming 
at two main goals: a) to determine the qualities of 
the previously modelled geometry, and b) to assess 
the suitability of each technology for producing the 
different elements of the column system, according 
to parameters such as shape or size. For the making 
of the physical models, three materialization tech-
nologies were tested: a) Fused Deposition Modeling 
(FDM), b) Three-Dimensional Printing (3DP), and c) 
CNC milling.

Additive technologies
As additive materialization technologies, FDM and 
3DP proved to be more suitable for smaller mod-
els that require more detail. Several smaller models 
were produced using FDM, namely some test mod-
els, and a collection of small scale models of all the 
elements of the column system is currently under 
production (Figure 6). This miniature collection will 

Figure 4  

Class implementation as 

means of simplifying the 

system.
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feature in the exhibition as an interactive installa-
tion, demonstrating the combinatorial nature of 
Alberti’s column system (Coutinho, et al., 2011). In 
fact, the collection was developed so that elements 
of different types can be combined. For example, a 
column with a Ionic capital may feature a Doric base, 
and be topped by a Corinthian entablature.

Compared with FDM, Three-Dimensional Print-
ing (3DP) technology features a higher modelling 
resolution, allowing for the production of more 
detailed objects, rendering it especially suitable 
for models that feature geometry curved in more 
than one direction. The Corinthian capital is an ex-
ample of such geometry. Figure 7 shows instances 
of the Corinthian capital produced through each of 

the two technologies. The FDM model is less devel-
oped in terms of shape, and was printed at half the 
scale of the 3DP model. Nevertheless, the problems 
caused by the anisotropy inherent to the FDM print-
ing process (Ahn, et al., 2002) were detected in the 
first case, and the computational model was edited 
in order to correct the problem.

CNC milling
Production of physical models featured the fab-
rication of a full-sized Corinthian capital in stone 
through a subtractive fabrication technology, name-
ly a 6-axis CNC milling machine. The success of this 
experiment resulted from the collaboration with a 
Portuguese stone-cutting company, which provided 
a good insight on the problems that arise within an 
industrial context.

One of the main limitations in CNC milling con-
cerns the existence of inaccessible regions. These 
are regions in the model that will not be accessible 
by the milling tool like, for example the inside of a 
hollow sphere. This is a process-related, unavoidable 
limitation (Lennings, 1997). During production of 
the Corinthian capital, this problem was identified 

Figure 6 

Collection of  miniature FDM 

produced models of the 

column system.

Figure 7 

Corinthian capital models 

produced through additive 

prototyping technologies.

Figure 8 

Five production phases of the 

Corinthian capital.
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but not addressed. However, it is planned to be min-
imized in a future model, both at production and 
design stage. 

Production of the stone capital comprised 5 
different phases (Figure 8). Each phase featured an 
increased level of detail from the previous one, de-
rived from the tool used in each phase. In total, pro-
duction took 15 hours.

Usually, milled stone models go through 
post-production phase, in which they are manual-
ly polished, and eventual production artifacts are 
corrected, also by hand. However, since one of the 
objectives of milling the capital was to evaluate the 
suitability of CNC milling technology, namely in 
terms of surface detail (Figure 9), post-production 
was skipped. Therefore, it is possible to observe the 

artifacts derived from the existence of inaccessible 
areas.

The production of this model is an example of 
the potential of establishing collaborations between 
academic research and industrial activities. Follow-
ing the production of the Corinthian capital, further 
production is planned, as well as further develop-
ment of the computational model according to 
the needs of the stone-transforming company. The 
ultimate goal is to add to the company’s and com-
petitiveness, increasing productivity through inno-
vation.

CONCLUSION
Regarding computational modelling, the implemen-
tation of the parametric generative model followed 

Figure 9 

Final capital stone model.
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a thorough analysis and an effort to better under-
stand and organize relationships between the pa-
rameters to be implemented, as well as to represent 
shape, in this case the shapes of Alberti’s column 
elements. Future research will focus on further op-
timization of the relationship system, as well as on 
development of a user interface. The achieved re-
sults are expected to aid in the development of the 
column system shape grammar. 

In terms of physical modelling, fabrication of 
the Corinthian capital poses as a case study of a suc-
cessful collaboration between an academic research 
project and an industrial company. This collabora-
tion is expected to be extended with the produc-
tion of a composite capital, larger than the capital 
presented above and with a different kind of stone.
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