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Abstract. The emergence of computational parametric design tools, a 
method that allows the design of element behaviour thru linkage 
methods with changing dimensions, it’s enabling the use of complex 
geometries, and has recently produced a multitude of highly sugges-
tive freeform projects. This research theorizes that parametric design 
it’s not just a product of digital intelligence, but an important “logic” 
found persistently within the history of architecture, especially during 
the 20

th
 century, when several architects and engineers started to for-

mulate parametric concepts without the use of computation. This 
study proposes a comparative analysis of over fifty unique paradig-
matic projects built before the use of digital tools, which are recon-
structed using current parametric software, to unveil their generative 
logics and underlying codification. Multiple associations between pro-
jects can be traced, allowing further relationships among innovative 
research agendas, positioning current manifestations within larger his-
torical developments.  
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1. Introduction  

Architecture’s progression into the digital age is fundamentally changing 

contemporary practice, largely due to the fast development of powerful digi-

tal tools. The emergence of computer aided modelling tools, commonly 

known as Building Information Modelling (BIM), has reached unprecedent-

ed relevance within some academic and practicing architectural sectors. 

Usually based on parametric design, these modelling tools have recently 

produced a multitude of highly suggestive freeform projects, which are 

commonly seen as banal proposals product of digital intelligence (Meredith 
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2008), highly superficial (Leach 2010), representing a mature style (Schu-

macher 2008), or even changing the basis of architectural practice. These po-

sitions coexist, gravitating from strong supporters to harsh critics, creating 

concern and widespread confusion amongst academia and practicing archi-

tects due to the generalized ambiguity with respect to their underpinning 

principles. The main consequences of these manifestations are several: an 

apparently increasing banal architectural practice, a systematic loss of coher-

ence within design processes, and an alarming ignorance on how they are 

positioned within a larger context of architectural knowledge.  

The key questions raised by this phenomenon are several: What is para-

metric design?; can it be found in projects before computation, or is it just 

product of digital intelligence?; why is it preferable to traditional design 

methods?; how can influence contemporary architectural production?; and 

what is the potential that these strategies offer for the 21
st
 Century?. 

2. Parametric Design  

In order to construct a relevant theoretical discourse, this research questions 

some of the superficial and misinformed opinions that are currently abundant 

within architectural digital production. Some of the most relevant definitions 

around parametrics related to architecture today, are referring to:  

 “The utilization of parametric modelling software (…) linking dimensions 

and parameters to geometry thereby allowing for the incremental adjustment 

of a part which then affects the whole assembly.” (Leach, 2009);  

 Models that serve to constrain geometry to construction fabrication methods 

(…) and tied to the engineering analysis (materiality and structural load). The 

iterations of geometry are optimized and resolved to produced specific design 

parameters”  (Burry and Burry 2010); 

 A mature style rooted in digital animation techniques (Schumacher, 2008); 

 A design logic present in architecture throughout history (Monedero, 2000); 

In simple terms, parametric design can be defined as a dynamic method 

that allows the design of element behaviours (parameter) through powerful 

linkage relationship with changing dimensions, which propagates into larger 

assemblies (Figure 1). This system has been widely implemented in comput-

er aided design, as a system organized around a set of variables, which are 

feeding a statement (algorithmic equations), and linked to a resulting geome-

try.   

Since parametric modelling must master skills different from that re-

quired for non-parametric representation (Woodbury, R, Williamson, S, 

Beesley, P.: 2006), it becomes critical to recognize key elements when estab-
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lishing associative relationships early in the design process. These relation-

ships can be easily understood through the study of exemplary design solu-

tions and methods contained in prominent constructed buildings, which offer 

valuable references for the implementation of design strategies and theoreti-

cal approaches, providing a much needed coherence to current architectural 

digital production.  

 

Figure 1. Designed object (left), parametric object  (centre), and parametric assembly (right) 
(taken from Vogler, Verena 2010 and Bravo, 2013).    

3. Parametric Logics   

Despite the generalized notion that parametric design is only a product of 

digital intelligence, this research argues that is a significant logic found per-

sistently within the history of architecture. In particular, several architects 

and engineers formulated parametric concepts initially without the use of 

computation during the 20
th
 century, inspired by the spirit of a new century 

offering novel production systems, unexplored materials, pioneering struc-

tural models, and distinctive construction practices. But despite their pivotal 

contribution to innovation, their legacy is currently absent from theoretical 

discourses and architectural practice, which lacks a larger framework of ref-

erents, narratives, history, and forces (Meredith 2008). Unveiling exemplary 

solutions as referents for contemporary academia and practicing architects, 

rescuing a body of knowledge that still remain unknown to a vast architec-

tural community. 

This study identifies relevant projects using parametric logics during the 

20
th
 century, developed and constructed before the use of digital tools (from 

1890-1980), in some cases representing pivotal examples within architectur-

al history (Figure 2). Generated through a design strategy derived from pre-

cise parameters throughout their conception, design and construction, these 

projects share important common characteristics, such as:  

 Formal configuration linked to an exterior surface, performing as the exterior 

envelope as well as the structural system; 

 Presence of a clearly identifiable base module propagated into a larger as-

sembly, exhibiting dimensional and geometrical variations;  
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 Existence of members and connectors with changing conditions, all encom-

passing a parametric system. 

 

Figure 2. Some of the selected projects built between 1890-1980, generated using parametric 
logics, with their base parameters. (Bravo, 2013).    

Over fifty projects were selected for the study, and each one was digitally 

re-constructed using a parametric digital platform (Grasshopper for Rhino). 

This process confirmed the existence of three important logics (Figure 3): 

 Hosting geometry: Projects were defined by a specific geometry, deducted 

through a clear parametric mathematical formula;   

 Base component: Each element proliferate throughout the hosting geometry;  

 Node Intersection: Each component is defined by specific links and con-

strains.  
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Figure 3. Main parametric logics for six selected projects: (1) Hosting geometry with mathe-
matical formula, (2) Base Component, and (3) Node connector (Bravo, 2013).    

In order to detect how these logics were implemented, two distinctive 

workflow strategies (Figure 4) were used: whole to part, or part to whole. 

These strategies include: establishing a system to obtain the base parameter 

through a sequential and systematic subdivision, or defining the base com-

ponent and proliferating it throughout a geometric system.  

 

 

Figure 4. Parametric Models showing 2 strategies (Whole to Part and Part to whole), featur-
ing 2 projects: (1) Top: K. Tange ‘s St. Mary’s Cathedral Church, Tokyo, (1963), and  (2) 

Bottom: L. Simon & A. Morisseau’s Royan Market (1955), (Bravo, 2013).     

The novel aspect of parametric design compared to other traditional de-

sign methods, is the peculiar use of a strict rule system translated as a precise 

form making protocol, where parameters are formulated in advance with ex-
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plicit characteristics. The formal bases of components and systems are fully 

disclosed as an integral part of an interrelated design process, intimately 

linking form to construction systems, materiality and structural performance. 

This research studies each selected project in terms of their precise genera-

tive parametric rule based system (Figure 5): 

 

Figure 5. Selected projects with generative rule system: 1) Shukhov 1897, 2) Taut 1914, 3) 
Tange ,4) Utzon 1957-73, 5) Nervi 1964-71, 6) Simon & Morisseau 1955, 7) Candela 1958. 

(Bravo, 2013).    

4. Parametric Design Associations 

The results of this study reveal that the use of parametric design strategies 

during the 20
th
 century derived in the formulation of previously unexplored 

architectural projects, structural systems, and construction methods. Radical-

ly innovative solutions (first worldwide) appear in about 12% of the studied 

projects, such as the 1
st
 tensile steel gridshell (Shukhov, 1895), 1

st
 double 

curvature lattice steel shell (Shukhov 1897), 1
st
 hyperboloid steel structure 

(Shukhov 1896), or 1
st
 Thin Shell geodesic dome (Bauersfeld 1922-3), Thin-

nest Shell Structure (Candela 1950’s), 1
st
 long span brick structure (Dieste 

1960), among others (Figure 6). Sadly, these crucial referents are rarely 

acknowledged within current academic and professional research.  

 

Figure 6. Selected projects with innovative solutions: 1) Shukhov 1895, 2) Shukhov 1897, 
3)Shukhov 1896, 4) Bauersfeld 1922-3, 5) Candela 1950’s, 6) Dieste 1960, (Bravo, 2013).    

These logics were pursued repeatedly in projects by a group of architects 

and engineers, often called “Form Finders” (Oxman 2009), producing over 

68% of the selected projects, and including relevant figures such as Shu-

khov, Gaudi, Torroja, Nervi, Fuller, Candela, Dieste, Otto, Tange, and Isler, 
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among others. Driven by a strong spirit of innovation, they explored para-

metric logics as a mean to test pioneering forms, materials, construction and 

structural models. Furthermore, the use of these logics was part of a larger 

body of knowledge, revealed by the frequent professional or academic col-

laborations between several of these architects and engineers (Figure 7).  

 

Figure 7. Project authors (engineers noted with a letter E), with selected projects (squares), 
and additional collaborations (dashed lines), (Bravo, 2013).    

After the digital reconstruction of selected projects, this study compares 

the data obtained according to different parameters, such as: 

 The most used hosting geometry strategy was conics & ellipses (60% of the 

case studies), followed by ruled surfaces (20%), and sinusoids (8%). These 

geometries were used because they were deducted through simple mathemat-

ical calculations adjusted easily according to changing parameters, and were 

simply constructed physically based on lines and points (Figure 8).  

 

Figure 8. Genealogy based on hosting geometry. (Bravo, 2013).    

 Base Parameters were commonly defined geometrically as quadrilateral 

(20%); barrel vaults (20%); triangular (15%); linear (10%); rib (10%); and ir-

regular (5%);  

 Connector: Nodes used were commonly either rigid (>60%), simply support-

ed (<35%), or articulated (<5%). 

Given the pioneering nature of the solutions proposed, the authors extensive-

ly used physical simulation strategies, implementing prototypes tests in over 

20% of the selected projects. These included: load tests (Nervi 1964, Torroja 
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1963-5, Dieste 1962, Candela 1953); minimal surface with soap bubble ex-

periments (Otto 1960’s); or inverted catenaries models (Gaudi 1898-1908, 

Otto 1950’s, Isler 1987). Simulations prove to be an influential part of para-

metric design processes, becoming an active element with changeable inputs 

& outputs, especially when considering similar components proliferated 

across a surface, each affected by changing forces, displacements, danger 

levels, and deformations. 

To prove the suitability of this design methodology, this study generates 

digital structural performance simulations for each project, using a finite el-

ement (FE) analysis (Scan & Solve Rhino Plug-in), which considers geome-

try, material, restraints, and loads (Figure 9). This step facilitates understand-

ing the behaviour of the proposed form and components, especially their 

dependence to material, restrain system, and loads. 

 

Figure 9. Stress Test Model for three of the projects under study: (1) P.L. Nervi, Saint Mary’s 
Cathedral, USA., 1971; (2) K. Tange St. Mary’s Cathedral Church, Tokyo, 1963, and (3) L. 

Simon & A. Morisseau’s Royan Market, France,1955; (taken from Bravo, 2013).    

However, the software warn that “simulations are not intended to replace 

physical testing on prototypes, which is required to validate any design” 

(Scan & Solve 2013), corroborating the suitability of the design methodolo-

gies used by the early pioneers of the 20
th
 century, which must be actively 

pursued in current proposals, in both digital and analogue formats.  

5. Legacy  

This study confirms that parametric design has been introduced as a relevant 

field within architectural practice during the last century, even prior to the 

emergence of digital tools. The selected projects reveal that parametric 

logics require the implementation of a precise design methodology, where 

projects are formulated as an interrelated system composed of parts (parame-

ters), describing critical relationships (associations), and linked through 

adaptable connectors. Each project displays a precise ruled based strategy 

that must be carefully formulated in advance, which imply a particular think-

ing structure about design.  

Within parametric design, decisions are not simply formal, but must re-

late to others disciplines (mathematical, construction, material, or structural), 
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confirming the use of these logics it’s deeply interwoven into the interdisci-

plinary nature of innovative architectural practice.  

The original impulse to explore these design strategies in the 20
th
 Centu-

ry, was related to rather traditional design goals, such as achieving long 

spans or increased height, seeking material economy (member size), reduc-

ing the number of different construction connectors (member length and ver-

tex angles); and to find intelligent solution of nodal connectors that were 

usually exposed as an important aesthetic element (Knippers 2011). To 

achieve these goals, the effectiveness and flexibility provided by parametric 

logics proved to be a substantially more robust design methodology than tra-

ditional methods, because of its ability to change parameters in order to op-

timize certain conditions, especially prior to the appearance of digital tools. 

Some of the advantages of using parametric design over traditional design 

methods include:  

 This form-generative processes allow that algorithms can be used as genera-

tors and provokers of novel architectural forms (Hsu and Krawczyk, 2003), 

reclaiming mathematics as an important discipline for architects; 

 Designers are able to use parametric definitions not only to analyze architec-

tural form, but as a powerful way to derive strategic solutions and principles, 

optimizing a given solution in several aspects, such as construction, structur-

al, and material;  

 This design methodology follows a process of systematic optimization 

through deformations sequences to help generate the final form, seeking the 

improvement of associative elements such as structural performance, material 

economy, or nodal connectors.  

However, parametric design has received wide criticism lately among 

skilled users, claiming that the associative relationships set up between pa-

rameters is based on a reductionist approach considered “top-down”, render-

ing organizations, forms and effects selected in advance, rather than emerg-

ing from a complex set of conditions (Snools 2009). The challenge is to 

understand parametric logics not as hierarchical and sequential, but to in-

clude non-linear logics and debug sequences, to explore the creative and un-

expected territories that these methodologies offer to designers (Woodbury  

2010). Parametric users must learn to “sketch with code” (Whitehead 2010), 

a process that requires proficient skills, crafted abilities, and increased tech-

nical knowledge.  

Despite its relevance in innovative projects, parametric design still re-

mains largely unexplored within academic research. Its relevance at a meth-

odological and theoretical level must be further explored, in the areas of:  
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 Studying architectural referents of exemplary built projects;  

 Exploring design methodologies based on specific rules and precise parame-

ters, instead of just imagery; 

 Generating rules of thumb for designers and architects to be implemented 

early in the process for the deployment of parametric design, including non-

linear logics; 

 Investigating experimentation and simulation techniques, both analogue and 

digital, to facilitate the formulation of unexplored design solutions.  

Architectural practice is experiencing profound transformations, which 

can only be understood as part of a larger process fostered by prominent dis-

ciplinary examples, with the objective to situate innovation within a coherent 

and rigorous architectural knowledge.   
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