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Nowadays, computational and digital design play an important role surrounding 
architecture practice, to the point its almost dependable on. Technological 
advancements have allowed computers to be an integral design tool for architects, as 
have parametric design tools which have allowed designers to quickly explore many 
ideas within a given set of parameters and quickly adjust them to visualise different 
results. These advances have allowed architects to push boundaries of geometrically 
more complex structures and, with the use of specialised programming softwares, 
any parametric model can be defined.

The initial subject being studied for this research was structural design with 
parametric tools. After thorough research to give focus to this broad subject, and 
after various third-parties showed interest in contributing to the development of 
this project, we narrowed down the main focus: Develop, with a programming 
language, an optimised digital design-to-production tool for a timber reciprocal 
frame structure.

We aimed the development of this project towards the its exhibition in the 2º Forum 
of Timber Constructions but, due to the unexpected Covid-19 pandemic, the 
congress got postponed, as did the proposal and construction for its final design. 

Due to this, this dissertation results in an extensive research and explanation for 
developing said tool and focuses mainly on explaining the development of the 
script and its possibilities to adapt to any surface geometry, which will further be the 
main tool used when proposing a final design for the next Forum. 
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My interest in the subject parametric design, a design approach based on the use 
of parameters, began less than a year ago when I had the opportunity to see first-
hand the possibilities it provided architects for design, and what started like a typical 
internship in a London studio I now believe was the best thing that could have 
happened to me and it may have given a completely new direction to my career in 
the future. 

The initial subject being studied for this research was structural design with parametric 
tools. Structural design is a method in which we find out the specifications of an 
overall structure and each member of itself, and parametric tools are all specialised 
programming softwares that allow the manipulations of variables by writing generative 
algorithms.  Because these topics cover so many complex subjects, its focus had 
to be narrowed down for this research. A very general research was done at first 
considering all the possibilities and, after this, its main focus had to be established.

Jose Manuel Cabrero, Professor of Building Construction, Services and Structures of 
the School of Architecture in the University of Navarra, and supervisor of this research, 
got contacted by what was going to later give the project its way and purpose but, it 
should previously be noted that, he is also the organiser of the 2º Forum for Timber 
Constructions. 

The Forum is a congress annually held at the Palacio de Congresos Baluarte in 
Pamplona, Navarra showcasing first-hand the developments of timber construction 
worldwide. It focuses on the technical and practical issues found in the professional 
field. Conferences are presented in the congress by speakers of the highest 
international relevance in addition to an exhibition where the latest advances in the 
products and techniques are showcased. 

Among all the people who reached Jose Manuel due to his participation in the 
Forum, three of them gave way to the development of this project and played an 
important role in it. These were FINSA, a manufacturer specialised in manufacturing 
timber products, Centro Integrado FP Donibane, a profesional training center, and 
Markus Hudert, an architect with background in timber construction and parametric 
design projects. 

FINSA, as previously mentioned, is a company that manufactures a diverse range 
of timber products. They developed a new timber panel which combines the main 
advantages of both MDF and chipboard panels and agreed to donate this material 
to be used in any way at the 2º Forum of Timber Constructions. SuperPan, as they 
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among those, the desired result. The goal for the algorithm is to create a flexible and 
adaptable logic compatible with any surface geometry and generate the desired 
RF structure. This design process will allow the optimisation of various processes 
such as design, structural analysis, physical simulations and digital production, while 
maintain a very precise result in the final model.

The phases for developing the structure will be divided in the following stages: 
design and structural analysis, model testing, and production.

In the design stage, the reciprocal frame structure will be generated using Rhinoceros 
and Grasshopper. Rhinoceros is a 3D design application software that “can create, 
edit, analyze, document, render, animate, and translate nurbs curves, surfaces and 
solids, point clouds and polygon meshes” (Rhino), and “Grasshopper is a graphical 
algorithm editor included within Rhino” that, unlike other programming languages, 
it “requires no knowledge of programming or scripting, but still allows developers 
and designers to develop form generation algorithms without writing code” (Rhino). 
Every information that is scripted in grasshopper will present itself in the rhinoceros 
interface but it will only be editable in the grasshopper interface. This is furthered 
explained and illustrated in a step-by-step process (see pages 25 - 47). In the 
grasshopper interface, with the input surface geometry that will serve as a guide for 
the form of final structure, the pattern for the reciprocal frame will be established, 
sections for all members will be given, intersections will be determined, and the 
joints for each connection will be created. This will then be followed by the structural 
analysis, where we will study the behaviour of the model in the physical world.

For the model testing, all pieces will be tagged to facilitate their assembly and the 
grasshopper generated script then takes this into the rhinocerus interface where the 
pieces can be sent to print. A smaller scaled model will then be cut using a laser 
printer, and further on a mock-up test of a smaller version of the model with the 
Rover A Smart will be produced. When assembled, these models will allow us to test 
the structures´ feasibility and check for possible problems in the script that are also 
due to show up when building the real-scaled one and be able fix them beforehand. 

After the final retouches to the script, the next step would be the production stage. 
Just like we did for the model test, the tagged pieces will be layed flat and organised 
in the panels donated by FINSA, always taking into account its dimensions. They will 
then be organised so that there´s minimal waste of the material and then, with FP 
Donibane´s Rover A Smart, the pieces will be carved and their team will then build it 
as part of their final project.

named it, consists of two external faces of wood fiber and a core of chipboard. Its 
outstanding mechanical and physical properties makes it a highly versatile panel, 
highly appropriate for multiple applications and, when coated with melamine, it 
provides perfect cutting significantly reducing surface chipping and increasing tool 
service life. 

The Department of Timber and Furniture studies at the Centro Integrado FP 
Donibane offered the Faculty or Architecture of the University of Navarra their new 
acquired Rover A Smart, a 5-axis NC processing centre wood carving machine that 
provides high quality and high precision milling while producing complex geometries 
(“ROVER A SMART 16”). Their interest is to test this new machine and, possibly, build 
something that they could use as a final project for one of their classes. 

Markus Hudert, assistant professor of the department of Engineering at the Aarhus 
University,  who later became co-supervisor of this research, expressed his interest 
in working with Jose Manuel in a timber-related project. Markus´s background 
showcased several parametrically designed projects using this material and, among 
his projects, a study about Interlocking Particle Structures gave way to what would 
eventually be the focus of this research. 

The integration of these three parties to the making of this research, and a now oriented 
design focused on building something for 2º Forum for Timber Constructions, 
gave this research a clear starting point. And after general studies of the different 
possibilities we had for this project, we concluded that a study of reciprocal frame 
structures, a three-dimensional assembly of mutually supportive elements, would be 
the best way to go. 

That being said, the main focus of this research is to develop, with a programming 
language, an optimised digital design to production tool for a timber reciprocal 
frame structure. 

Reciprocal frames are structures with a composition of at least three load bearing 
elements, which are mutually supported and interlocked, that are able to span a 
length greater than its own. These types of structures are suitable for temporary 
displays with rapid assembly of its members due to its simple assembly techniques 
that may carried out by techniques as simple as only friction and pressure. The 
reciprocal frame will be developed to its production stage with a parametric design 
approach based on algorithmic thinking. This approach allows the user to manipulate 
certain established parameters and variables to achieve a range of options and, 

“Rhino 6 Features.” Rhino Features, www.rhino3d.com/6/features#modeling.
“ROVER A SMART 16.” ROVER A SMART 16 | Wood Processing Biesse Worldwide, www.biesse.com/ww/wood/cnc-work-cen-
tres/rover-a-smart.
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The terms parametric and design have long been in our vocabulary, each of them 
in the mathematical and artistic world respectively, but theres a debate as to when 
designers began using the word parametric in their practice. 

The oxford dictionary defines parameter as “a numerical or other measurable factor 
forming one of a set that defines a system or sets the conditions of its operation,” 
or as “a limit or boundary which defines the scope or a particular process or activity”  
(Parameter). Based on this, a “parameter” can then be regarded as any measurable 
factor that defines a system or determines its limits. Design is defined as “a plan or a 
drawing produced to show the look and function or workings of a building, garment, 
or other object before its made” (Design). In architecture, design involves a response 
to a problem but the nature of the problem is not always clear. Therefore “design” 
can be defined as a task that involves defining a problem, generating a drawing 
of the solution, and then searching amongst alternatives to find the best one that 
satisfies the problem. 

David Gerber, in his thesis Parametric Practice, credits Maurice Ruiter for first using 
the term in a paper from 1988 entitled Parametric Design. But Robert Stiles argues 
that the real provenance of parametrics was a few decades earlier, in the 1940s´ 
writings of architect Luigi Moretti (Daniel Davis 2013). Moretti wrote extensively about 
“parametric architecture,” which he defines as the study of architecture systems with 
the goal of  “defining the relationships between the dimensions dependant upon the 
various parameters” (Caetano, Santos, & Leitão 2020). “Parametric design” can then 
be understood as a design approach based on the use of parameters. Said process 
holds a description of a problem which was created using variables. By changing 
these variables a wide range of alternative solutions can be created, and then, based 
on some criteria, a final solution selected. 

Computational and digital design play an important role surrounding architecture 
practice, to the point it´s almost dependable on. Contemporary designs from the most 
renowned architecture studios such as Zaha Hadid Architects, Foster and Partners, 
Herzon & De Meuron, BIG, SOM and Ateliers Jean Nouvel, among many others, are 
all present examples of what computational and parametric design is capable of. 
Figure 1, the Great Court at the British Museum by Foster and Partners dates back to 
the year 1994 when its design first started until 2000 when it was finished. Figure 2 
(Stott 2016) and figure 3, BIGs´ 2016 Serpentine Pavilion and Jean Nouvels´ Louvre 
in Abu Dhabi, dating from 2006 to 2017, are also examples of parametric design 
projects ranging from a temporary small-scaled project to a 100,000 m2 project for 
permanent and constant cultural use.

Parametric design allows us to manage complexity, offering a new method for 
architects to define design constraints in order to deal with complex issues and 
visualise opportunities. By using a specific programming language, any parametric 
model can be defined by writing a code. Specialised programming softwares, such 
as Grasshopper, are available “for designers who are exploring new shapes using 
generative algorithms.” By linking the parameters to a visual output, designers can 
quickly see and experiment through a range of design variables. With parametrics, 
the design rules are explicitly described, and the form emerges directly from the 
parameters and relationships decided on. This tool, Grasshopper, which is the 
one being used throughout this research, is “a graphical algorithm editor tightly 
integrated with Rhino´s 3D modeling tools” (Rhino), and Rhino is the interface where 
the visual output is generated, and every alteration made to the parameters within 
Grasshopper will cause the form in Rhino to automatically change with it. This is 
why the design process improves and becomes more quick and versatile, providing 
designers with multiple solutions in a very short time. 

Figure 3 (Jean Nouvels´ Louvre)Figure 2 (BIGs´ Serpentine Pavilion)Figure 1 (Foster & Partners Intervention)

“Parameter: Definition of Parameter by Lexico.” Lexico Dictionaries | English, Lexico Dictionaries, www.lexico.com/en/defini-
tion/parameter. 

“Design: Definition of Design by Lexico.” Lexico Dictionaries | English, Lexico Dictionaries, www.lexico.com/en/definition/
design.

Daniel Davis. “A History of Parametric.” Daniel Davis, 7 Aug. 2013, www.danieldavis.com/a-history-of-parametric/.

Caetano, Inês, et al. “Computational Design in Architecture: Defining Parametric, Generative, and Algorithmic Design.” Fron-
tiers of Architectural Research, Elsevier, 23 Jan. 2020, www.sciencedirect.com/science/article/pii/S2095263520300029.

Stott, Rory. “BIG Presenta Su Diseño Para El Serpentine Pavilion 2016.” Plataforma Arquitectura, 24 Feb. 2016, www.plataform-
aarquitectura.cl/cl/782645/big-presenta-su-diseno-para-el-serpentine-pavilion-2016.

“8 Reasons Why Parametric Design Is Changing Architecture.” Thor Architects, 12 Apr. 2020, www.thorarchitects.com/para-
metric-design-is-changing-architecture/.

“Rhino 6 for Windows and Mac.” Rhino 6 for Windows and Mac, www.rhino3d.com/.

BACKGROUND | What is Parametric Design? (PD)
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Algorithmic design is a design process based on algorithms. An algorithm is 
“a process or set of rules to be followed in calculations or other problem-solving 
operations, especially by a computer” (Algorithm). This design process is a highly 
logical one,  and it requires a clear statement  of the design intention and the steps 
to achieve them. 

ADVANTAGES | Benefits of Parametrics

As it was mentioned before, most of the design-related practices depend on 
the use of computers. Technology advancements have allowed computers to be 
an integral design tool for architects, as have parametric design tools which have 
allowed designers to quickly explore many ideas within a given set of parameters 
and quickly adjust them to visualise different results. By being able to quickly visualise 
many possible design solutions, the designer is able to provide the ideal one. Also, 
by acting as an interface between the physical and the digital world, parametrics also 
provide the capability to physically construct the digital model. 

The advances in computational design are not only optimising the design of structures 
but allowing architects to push boundaries of design and technologies and enabling 
the design of geometrically more complex structures such as reciprocal frame (RF) 
structures. Although these structures go way back in history (see figure 4) (Geiger, et 
al. 2013), due to these advances, the past decades have been showing an increased 
interest in RF and optimisation of timber structures.

Figure 4 (Example of RF structure used in history) 

Figure 5 (Pugnale´s explanation of RFs) 

Gustafsson, Joel. “Connections in Timber Reciprocal Frames.” Connections in Timber Reciprocal Frames, 2016, https://odr.
chalmers.se/bitstream/20.500.12380/243237/1/243237.pdf.

Pugnale, Alberto. “Form-Finding of Reciprocal Structures with GH and Galapagos.” Albertopugnale.com, 14 Apr. 2018, www.
albertopugnale.com/2013/04/05/form-finding-of-reciprocal-structures-with-grasshopper-and-galapagos/.

“Algorithm: Definition of Algorithm by Lexico.” Lexico Dictionaries | English, Lexico Dictionaries, www.lexico.com/en/defini-
tion/algorithm.

Geiger, Owen, et al. “Reciprocal Roofs as an Art Form.” Natural Building Blog, 5 Sept. 2013, www.naturalbuildingblog.com/
reciprocal-roofs-as-an-art-form/.

RF structures can be defined as a 
composition of at least three load bearing 
elements which are mutually supported 
and interlocked that are feasible by 
means of compression or tension 
interactions between their constituent 
elements (Gustafsson 2016). Alberto 
Pugnale explains this concept with 
figure 5. “Let us consider three glasses, 
arranged on a table at the vertices of a 
hypothetical equilateral triangle, and 
then imagine covering that area using 
just three kitchen knives. Considering 
that the glasses are the only supports, 
the knife handles should first be placed 
over the glass openings, and the blades 
should be made to overlap one another, 
like a fan. The resulting configuration is the simplest reciprocal structure made of 
three elements.“ (Pugnale 2018).  With no structural hierarchy in the system, each 
element supports one element and, at the same time, supports another, ensuring 
both stability and functionality of the whole system. When multiplying the number of 
units, complex, multi-unit RF assemblies can be made, and by collaborating in this 
way, elements can span a longer distance together than what they can do alone and 
can form either a flat or curved three dimensional frame system. 

The inner supports in an RF assembly have the characteristic that they do not meet 
each other at the longitudinal extension of the element - the extremities - but 
somewhere along the length of the supporting element. The connections are a 
whole with the individual elements and they determine the structural behaviour and 
geometrical design of the whole structure. Each type of possible arrangement of 
the units creates a distinctive appearance and, sometimes, without a clear structural 
morphology. 

As said before, this structural method makes it possible to span large distances 
usually by using relatively small individual member lengths and these can be joined 
together using simple and low-tech techniques making the system perfectly suitable 
for temporary and rapid-assembly structures and, by varying the connection typology 
by using concentric or eccentric connections, the surface of the structure can take 
the form of a flat or a curved geometry.

What is Algorithmic Design? (AD) BACKGROUND | Reciprocal Frame (RF) Structures 
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The structural principle of RFs allow to span greater distances or areas than the 
length of the individual elements. This is demonstrated by history that shows that 
the principle of reciprocal frame structures was adopted in timber structures in times 
when the availability of timber was scarce. However, the shortage of material has not 
always been the prime reason to choose RFs, but the fascination for its aesthetical 
beauty. Figure 6 and 7 show the Rokko-Shidare Observatory in Japan (ARUP), a 
perfect example of its promising beauty potential. 

RFs can be used to construct bridges, floors, and even to span large hall roofs in 
which timber often is the preferred material. In RFs, choosing timber has economic 
and implementation arguments for the building industry. Short lengths, inferior 
scrap wood, slender and buckling sensitive sheet materials, recycled wood, and 
locally grown wood species can all be used in RF structures and are often less sought 
after. It shows that the RF principle lends itself for using residual flows from industrial 
timber production, and the fact that the individual elements can be similar or even 
identical and that the length can be adopted to enable easy transport without heavy 
equipment shows the systems´ potential. 

Furthermore, wood is a renewable and carbon storing material approving its use 
in an ecological and sustainable sense with the advent of climate change. This 
makes wood one of the most promising building materials which has been shown 
by numerous contemporary studies. These studies cover innovations and resulting 
technologies that are mainly driven by advances in computation technologies. 

Figure 6 (ARUPs´ Rokko-Shidare Observatory) Figure 7 (ARUPs´ Rokko-Shidare Observatory)

From designing RFs to the choice of the main material, this introduction results in the 
aim of this graduation project which is to develop, with a programming language, an 
optimised RF structural design-to-production tool using an optimal jointing system 
and a sustainable timber-based material. 

The objective is to develop an algorithm that will generate the desired RF structure and 
allow the manipulation of certain established variables and parameters. Rhinoceros, 
a 3D design application software and Grasshopper, an algorithm editor included 
within Rhino, will be the parametric tools being used to develop said algorithm. While 
writing the script, the manipulation of certain established variables and parameters 
must be allowed, while aiming for the optimisation of some processes such as the 
the design and structural analysis, and its link to the digital production stage. 

After this, a few smaller scaled model testings will done in order to foresee any issues 
and fix them before producing the pieces and building the final structure. 

ADVANTAGES | RF Structures and Timber Construction AIMS & OBJECTIVES

RESTRICTIONS

It´s expected that many challenges will 
present themselves in the course of this 
project, especially when understanding 
the logic of the geometry behind the RF 
and expressing it with the appropriate 
algorithm. But, apart from this, the 
followup of the design stage to the 
production stage must be compatible 
with the materials  donated by FINSA and 
FP Donibane´s Rover A Smart limitations. 
The panels provided  to us have specific 
dimension to which the pieces must 
accommodate to, and then panel size 
must also fit in the Rovers´ minimum 
admitted dimensions.

The panels´ dimensions are 2500 x 1250 
x 15 mm and 2501 x 1210 x 25 mm, and 
the Rover can withhold panels up to 
245mm thick and 1900 mm of depth. 

ARUP, www.arup.com/projects/rokko-shidare-observatory.
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S Scripting, commonly used when referred to writing, has a similar meaning when 
it comes to digital technologies. The oxford dictionary defines script, in relation to 
computing, as “an automated series of instructions carried out in a specific order” 
(Script). In order to set out the instructions that will generate the reciprocal frame 
structure, there must first be an understanding of the process that lies within this 
geometry, and then set a strategy or method that will give both shape to our RF and 
order to the script.

An RF, as it was previously mentioned, is a three-dimensional structure of mutually 
supported elements arranged in a tiling pattern that can take form of many complex  
surface geometries. This type of patterns ensure that the entirety of a surface area 
will be covered without any overlapping, and this shares a direct connection with 
the underlying pattern of any RF structure. In fact, a research article on reciprocal 
frames posted in the ACM Journal stated that “an RF-tesselation with rotationally-
symmetric  RF-units is structurally equivalent (dual) to an edge-to-edge tiling by 
congruent regular polygons” (Sont, et al. 2013). Figure 8 illustrates this relationship 
with six different RF structures and their corresponding tiling patterns. The RF graph 
(bottom row of figure 8), with its blue dots that consider the RF-units as vertices and 
their connections with other RF-units, and with its dashed red line that connects the 
centroids of every pair of adjacent faces in the mesh, in fact show the underlying 
tiling pattern. This helps simplify the understanding of the geometry behind it which 
is essential for the RFs proper design and construction and, consequently, the script. 

BACKGROUND | Geometry

“Script: Definition of Script by Lexico.” Lexico Dictionaries | English, Lexico Dictionaries, www.lexico.com/en/definition/script. 

Song, Peng, et al. “Reciprocal Frame Structures Made Easy.” ACM Transactions on Graphics (TOG), 1 July 2013, dl.acm.org/
doi/10.1145/2461912.2461915.

Figure 8: Relationship between tiling patterns and RF structures (Song, et al. 2013) 
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Next, RF pattern must be associated to the guiding surface. This 2D to 3D reflection 
allows us to have a real-time preview of the structure. 

Because the arrangement of the RFs is placed in a closed circuit, one would expect 
that the most obvious plan form would be a regular polygon or circular but, in reality, 
RFs offer a great variety of possible morphologies ranging from regular forms such as 
circular, polygonal, and oval, over to completely irregular and organic forms. Figure 9 
perfectly shows how this is possible. 

In order to achieve this and go further in detailing the construction of the real-scaled 
model, we must first go deeper in understanding the step-by-step process that figure 
8 illustrates that will eventually allow us to generate the script. 

Tom S. Godthelp, in his master thesis in Timber Reciprocal Frame Structures, explores 
the geometry behind the construction of RF structures. Among his researched 
methods to achieve the RF patterns, one of them will serve as a guide for this project.

Figure 9: Structure designs with different guiding surfaces and RF-tessellation patterns (Song, et al. 2013) 

Godthelp, in his thesis, states that “to understand, study, and visualise structures, 
designs must be made”. And although “regular structures can be easily designed and 
drawn by hand or CAD, it should be underlined that this feature does not completely 
apply to RFs.” 

Nowadays, when designing any structure, it´s necessary to have adequate design 
methods that may vary depending on the type of structure being designed. Design 
methods are procedures, techniques, aids, or tools for designing that offer a number 
of different kinds of activities that a designer might use within an overall design 
process. These methods are essential when designing RFs, making the process less 
problematic, “especially when looking at three-dimensional RF grids with eccentric 
jointing.”

Design methods can vary between elementary and modifying. Elementary design 
methods can be established, in this case, with basic geometries that need no 
further modifications to achieve the desired result. Contrary to the modifying design 
methods who need to further elaborate on that basic geometry. Due to the principal 
condition of the RFs, that they mutually support each other, the method needed will 
be a modifying design method.

An  elementary design method can be established by considering a two -or three- 
dimensional grid structure that is made from series of intersecting members. In 
elementary geometries, polygons share this property since their sides are shaped 
by finite chains of linear line segments that can be defined as structural members 
that meet each other at their extremities. In other words, their polygons share a tiling 
pattern that establishes the two or three-dimensional grid structure.  RFs members, 
on the other hand, do not meet at their extremities but somewhere along the length 
of each member. This small difference on their behaviour prevents us from being able 
to use elementary design methods but, with certain modifications on the geometry 
of the basic polygons, it  can be achieved. 

“The following four polygon modifying methods can be used to construct an RF 
from basic polygon starting point: rotation, translation, rotation and translation, and 
center to center and offset.” These four methods are demonstrated in figure 10 and, 
although Godthelp did explain the logic behind each geometry in detail, we will only 
be focusing on the one being used to develop this project: center to center and 
offset (Godthelp 2019). 

Godthelp, Tom S. “Timber Reciprocal Frame Structures.” Timber Reciprocal Frame Structures, 2019, https://pure.tue.nl/ws/
portalfiles/portal/131842016/Godthelp_0946277.pdf.

METHODOLOGY | Center to Center & Offset

Song, Peng, et al. “Reciprocal Frame Structures Made Easy.” ACM Transactions on Graphics (TOG), 1 July 2013, dl.acm.org/
doi/10.1145/2461912.2461915.
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“The center to center method naturally creates a regular divided grid when using 
multiple basic polygons. First, by scaling the arbitrary convex polygons towards its 
center point, a smaller duplicate is created. Second, the midpoints at each side of 
the basic and scaled polygons must be determined. Third, the midpoints of the basic 
polygon relate to the midpoint of the neighbouring side of the scaled polygon and 
can be jointed with a linear line. Fourth, the created lines must be enlarged to the 
intersection points that can easily be found since the lines share the same plane. 

The resulting RF is thus determined using scaling. The scaling factor S is the same in all 
directions and linear transforms the basic polygon with a factor 0<S<1. Furthermore, 
by creating the RF lines with the polygon center points and considering multiple 
polygons of RF units, member intersections are naturally created.” (Godthelp 2019).

A step-by-step process of the script for this process will be further explained on 
pages 30 - 33.

Figure 10: Geometrical RF design methods applied at three different polygonal shapes: triangle, quadrilateral, hexagonal

Godthelp, Tom S. “Timber Reciprocal Frame Structures.” Timber Reciprocal Frame Structures, 2019, https://pure.tue.nl/ws/
portalfiles/portal/131842016/Godthelp_0946277.pdf.

The script will now be explained in a detailed step-by-step process accompanied by  
an identification of each component and parameter. Components and parameters 
are what all script consist of. If we consider them as boxes, then the boxes that 
contain only data are the parameters, and the boxes that contain actions are the 
components. An explanation will serve as a guide through what is happening in 
each section accompanied by images of the 3D structure throughout the entirety 
of the process. The images will be portrayed mostly in red, and the green elements 
will highlight what is being explained. This allows a very clear followup through the 
entire process.

Figure 11 (see the next two pages) shows the entire script from a very general view 
where it´s sectioned into its main component areas: surface geometry + grid division, 
RF pattern, intersection of lines, sorting lines by orientation for intersection, extrusion 
of sections, intersection of members, and tagging.

It´s important to emphasise that the geometry generated from this script is an 
example of the scope of the script and not the definite one that´s going to be used 
in the next Forum. The versatility of the script to adapt to different surface geometries 
will be an advantage when designing the final model. 

For further interest in this project the QR code located below will grant access to 
both the Rhinocerus file with the baked structure and the Grasshopper file with the 
script. 

INTRODUCTION TO THE SCRIPTING PROCESS
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The number of divisions of this gird 
must then be stated, and this will further 
determine the number of RF units being 
used overall. The greater the number of 
divisions means greater number of units, 
which will eventually result in more pieces 
for its assembly, but the smoother the 
surface will be. The number of divisions 
will always depending on how much the 
surface is curved.

We decided upon a division of 10x10 
for this surface, which resulted in an 
appropriate number of units with a good 
curvature of its surface. 

SURFACE GEOMETRY + GRID DIVISION

The script starts by defining the basic 
geometry (the guiding surface) that 
will give form to the final structure. This 
surface is a hyperbolic paraboloid that 
will be used as an example for generating 
its corresponding RF structure. 

Deciding upon the type of division of 
the initial grid (the tiling pattern) is very 
important.  A triangular grid will result in 
units of 3 members and a rectangular 
grid will result in units of 4 members, and 
so on. A rectangular grid will be used for 
this structure, although any grid division 
can be used for any surface geometry. 

Figure 13 .1: Top view of surface with basic grid division Figure 13.2: Perspective of surface with basic grid division 

Figure 12
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from a grid of points

Mesh
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Decompose a mesh into 
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Face Vertices
Get the corner vertices 

of a mesh face

List Item
Retrieve a specific item from 
a list (in this case points)

Polyline
Creates a specific 
polyline connecting a 
number of points
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2nd step: A smaller duplicate of the basic polygon must be created by scaling the 
polygon towards its center point. The scaled polygon must now go through step 1 
where it is exploded and then evaluated at its midpoint. To create a scaled duplicate 
we take the unexploded polygon and determine its center based on its vertices (Cv). 
Then, using as reference point this centerpoint and a scaling factor of 0.4, the scaled 
polygon is created. The variation of the scaling factor will not affect in any way the 
behaviour or the RF structure. We then repeat the 1st step on the smaller polygon.
These midpoints are then joined but, since we shifted one of these points, the pattern 
for the RF will now take a different orientation, achieving the desired result for the 
basic pattern of our RF structure. 

The images on the next page will show the process  of generating the RF pattern.

In order to generate the pattern for the RF, the polygon being introduced from 
the grid must all be exploded. The Polyline component to the left holds the yet 
unexploded polygon. 

Based on the methodology being used 2 steps must be made before achieving the 
pattern “Center to Center & Offset”. 

1st step: The midpoints of all curves of the exploded polyline must be determined.  
With the Evaluate Curve component, the curve is evaluated at 0,5 (its midpoint). 
Since each lines´ length is considered 1 whole piece, when evaluating it a 0.5 we 
are indicating the component that each line must be marked at its middle point. By 
definition of the “Center to Center & Offset Method”, we know that this midpoint 
must relate to the neighbouring midpoint of a smaller polygon. To do this we shift 
the position of the midpoints by the value of 1 using the Shift List component.

RF PATTERN 

Figure 14 
Explode

Explode a curve into smaller 
segments

Shift List 
Offset all items 
in a list

Polyline
Creates a specific polyline 
connecting a number of 
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Evaluate Curve 
Evaluate a curve at a 
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Panel
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that the curve is being 
evaluated at its midpoint

Panel
The items are being 
shifted by 1 
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by a factor if 0,4
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Evaluate Curve 
Evaluate a curve at a 
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Figure 16.2: Top View 

Figure 16.1: Perspective

Figure 17.2: Top View 

Figure 17.1: Perspective

Figure 18.2: Top View 

Figure 18.1: Perspective

Figure 15.2: Top View 

Figure 15.1: Perspective 

Initial grid division (colored in green) that follows the guiding 
surface (shaded in red) exploded into smaller segments.  

Midpoints, shown as the green points, of exploded curves 
evaluated. 

Centerpoint of original polygon with its scaled duplicate. The 
original polygon is shown is red while its centerpoint and the 

scaled duplicate are in green.

RF pattern (green lines) created by connecting the midpoints 
(green points) of the evaluated curves of both scales and 

original exploded polylines
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this, the recommended way to go would 
be the second option.  

The would-be intersection point on 
the intersected curve is evaluated and 
then joined with the endpoint of the 
intersecting line. This will assure a clean 
intersection throughout the whole 
surface. Figures 20.1 and 20.2 show in 
green this new curve. The lines are then 
joined to create a clean and single curve 
for each member.

The generated pattern holds the basic 
geometry for the RF structure but the 
members still have not intersected.

There´s two ways that this could be done: 
by extension of lines with a specified 
length or by evaluating their would-
be intersections and then creating a 
curve that connects the curve with their  
established intersection points. The 
first option generates certain level of 
inaccuracy since the distance for each 
itersection may vary due to the curved 
and irregular surface so, in order to avoid 

INTERSECTION OF LINES

Figure 19

Figure 20.2: Perspective of intersection linesFigure 20.1: Plan view of added intersection lines 
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In figure 21 above, panel #1 shows the 
coordinates of 3 tangent vectors and it 
shows that they are organised randomly. 
To sort them we take as reference their 
absolute value in the x-axis and then 
organise the original list based on this. 
Panel #2 now shows these tangent 
vectors organised properly and it states 
that after point #71 the orientation of the 
members change. Its at this point that we 
can separate the list of points, therefore 
automatically sorting the list of lines. 
Now we may proceed to the extrusion 
and intersection of the volumes.

With the intersected members, the next 
step would be to extrude their volumes 
and intersect them but, in order to do this, 
we need to establish which members will 
be intersecting the others. This is defined 
by their direction, therefore we need to 
evaluate each members´ tangents. 

In this case its very easy to distinguish that 
the members that go in one direction 
are intersected by those perpendicular 
to them. When evaluating each curves 
tangents vectors at their middle points 
we can then sort them out by orientation. 

SORTING LINES BY ORIENTATION FOR INTERSECTION

Figure 21

Figure 22.2: Perspective of sorted membersFigure 22.1: Top view of sorted members 

Line
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Evaluate Curve
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Sort List
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EXTRUSION OF SECTIONS

Geometry
Contains a collection of 
generic geometry

Extend Curve
Extend a curve by a 
specified distance

Unit Z
Unit vector parallel to 
the world z axis

Move
Translate an object 

along a vector

Evaluate Surface
Evaluate local surface 
properties at a uv 
coordinate

Scale
Scale an object uniformly 
in all directions

Extrude
Extrude curves and 
surfaces along  a 

vector

Number Slider
Specified factor (x1) that 

the object will move

Number Slider
Specified factor (x1) that 
indicates the thickness of 
the panels

Number Slider
Specified distance to 
extend curve by

Loft
Create a lofted surface 
through a set of lofted 

curves

curves to create the face of the section, each member will have a height of 150mm 
(10 times its width) (see figure 26.1 and 26.2 on page 41). 

Second, for the extrusion of each members´ width, the direction of this action must 
first be determined. The Evaluate Surface component gives us a vector normal to 
this surface. We will use this to have a perpendicular extrusion of the volume and 
its width is then determined by scaling the extrusion value (which is 1 by default) by 
0,015 which would result in a 15 mm thickness of the panels (see figures 27.1 and 
27.2 on page 41).

We may now proceed to determine and generate the intersections of each member. 

With the curves already sorted out by direction, we may now proceed to extrude 
the sections of each member. Before we do this, we must first understand how the 
intersection of members work. There must be not only an overlapping of the curves 
but also an extension of those that will guarantee a correct and strong intersection. 
Because of this reason, the sorted lines that are contained in the Geometry parameter 
to the left must then go through the Extend Curve component which will add 0,05m 
to each endpoint (see figures 24.1 and 24.2 on page 40)

Now, the next steps would be to first, create a face of the section and second, extrude 
it with the width of the SuperPan panels which come in two different widths: 15mm 
and 25 mm. For this project the 15mm will be the one being used. 

First, the extended curve is copied in a vertical direction (z-axis movement) 0,075 
and -0,075 (see figures 25.1 and 25.2 on page 40). When lofting both new copied 

Figure 23
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Figure 25.2 

Figure 25.1

Figure 26.2 

Figure 26.1

Figure 27.2 

Figure 27.1

Figure 24.2 

Figure 24.1

Extensions of the curves at each endpoint by a value of 
0,05m to ensure a proper and steady intersection. The green 

lines are the original RF pattern and the added extensions 
are colored red.

Curves are copied in a vertical (positive and negative) 
0,075m value. These curves are then lofted, or joined, 
together to create the face of the member. The green 

lines serve as a visual separation of the members that go in 
different directions. 

The curves have already been lofted and the faces of each 
member created. The green and red colored surfaces serve 

as a visual separation of the members that go in different 
directions. 

The extrusion of the faces by a value of 0,015m, which is the 
thickness of the SuperPan panels that will be used. The green 
and red colored extrusions serve as a visual separation of the 

members that go in different directions. 
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Before positioning the bounding boxes in their correct place generate the joints, 
they must first be slightly scaled up to allow a 1mm range of movement per request 
from FP Donibane who will be assembling this structure. The bounding box is then 
scaled only in 2 directions, its X and Y,  by a very small factor to give each member 
this intended imperfection. 

The box is then moved, along its Z-axis, half of its length. This would be done in both 
a positive and negative movement (see figure 31.1 and 31.2) to create equal and 
opposite joints on the intersecting members. The volumes that go in one orientation 
will have extracted this bounding boxes on their lower middle side while the ones on 
the other orientation will have their upper middle side extracted. This will ensure a 
very simplified assembly method and perfect fit of all members. The final intersected 
members with their joints are shown in figures 32.1 and 32.2. 

To generate the intersections, they must first be determined and then arranged in 
the correct way to achieve the desired joints. For this structure we´ll be considering 
lapped joints that work purely by friction and will simplify the structures´ assembly 
process.  

The extruded volumes must first go through the Solid Intersection component that 
recongises the intersection areas of the members (this component is the reason why 
sorting the curves by their orientation was important). After this, a bounding box is 
generated around the intersection areas. If looked closely on figure 29.2 and 30.2 
(on page 44) its shows that the recognised intersections´ bottom and top sides are 
not in a horizontal position but slightly angled due to the curvature of the guiding 
surface. To generate the joints in further steps, these intersections with angled faces 
would cause imperfections. We must therefore create the bounding box shown in 
figure 30.2 to avoid any issues. 

INTERSECTION OF MEMBERS

Figure 28

Extrude
Extrude curves and 
surfaces along a vector

Number Slider
Sets the degrees for 
the plane rotation

Number Slider
Sets the point 
where each box 
is evaluated

Evaluate Box
Evaluate a box in a 
normalised UVW  space

XY Plane
World XY 
plane

Move
Translate an object along 
a vector

Solid Difference
Perform a solid 
difference on two 
Brep sets

Radians
Convert an angle specified 

in degrees to radians

Number Slider
Specified factor for 
scaling the intersection 
to have enough margins 
to fit the pieces together

Solid Intersection
Perform a solid intersection 

on two Brep sets

Point
Contains a collection 
of three-dimensional 
points

XY Plane
World XY 
plane

Rotate Plane
Perform plane 
rotation around 

plane z-axis

Bounding Box
Solve oriented 
geometry 
boudning boxes

Plane Origin
Change the 
origin point of 
a plane

Vector 2Pt
Create a vector 
between 2 points

Scale NU
Scale an object with 
non-uniform factors



42 43

Figure 29.1

Figure 29.2

Figure 30.1

Figure 30.2

Figure 31.1

Figure 31.2

Figure 32.1

Figure 32.2

Analyzing and determining the intersections between these 
two solids. The green shaded areas are these intersections. 

Bounding boxes are generated around these intersections. 
The boxes are shaded in green.

The bounding boxes are moved vertically halfway up and 
halfway down to generate the half lapped joints. The green 

boxes shows their displacement. 

The extrusion of the faces by a value of 0,015m, which is the 
thickness of the SuperPan panels that will be used. Figure 

32.1 shows a rendering of the separated pieces for a better 
understanding of the joints. 
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To tag in grasshopper, the Text Tag 3D 
component must be used but, before, 
the plane and position of the text had 
to be identified. For this, one of the 
larger faces of each volume is used 
as reference. All tags are then placed 
either on the middle upper or lower 
area of the volume depending on where 
its intersections are located. If looked 
closely, on figure 34.2, the B tags (located 
on the green members) are located 
always on the upper middle area and the 
A tags (located on the red members) on 
the opposite side. 

Tagging is the first step when moving 
from the design to the production stage. 
It is  essential for the final assembly of any 
structure, even more when the pieces are 
very similar, to have them all identified. 
Tagging will not only be needed for 
its final assembly, but also for the laser 
model testings and the mock-up trials 
with the Rover A Smart carving machine. 

The pieces will be identified by their 
orientation, given the letter A or B, 
followed a number. Figure 34.2 shows a 
clear view of this tagging arrangement. 

TAGGING

Figure 33

Figure 34.1: Perspective view of all tagged members Figure 34.2: Closeup of tagged & colorcoded members 
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To verify the technical feasibility of the script and the generated geometry it´s 
necessary to analyse the structure of the model. Computer simulation techniques 
provide multiple useful strategies for predicting the performance of an object in the 
physical world. Architects and engineers, when analysing a structure, intend to find 
out how the overall structure and each member behaves when subjected to certain 
workloads. For the analysis of this model we will be using Karamba 3D, a parametric 
structural engineering tool that is “fully embedded in the parametric design 
environment of Grasshopper” which “provides accurate analysis of spatial trusses, 
frames, and shells” (“parametric engineering”). This tool will allow us to understand 
the model virtually instead of only testing it by building models and the fact that this 
program works in the same environment as grasshopper makes it possible to easily 
export the model´s geometry and analyse it.  

Usually, we consider reciprocal frames as structures with sloping beams which can 
either take form of a flat, horizontal structure or a three-dimensional frame system. 
For flat-structured types of RF structures, there are no axial forces being applied to 
the members because the vertical load is transferred to the supports purely through 
bending and shear. On the other hand, our model, which consists of planar members 
that follow a hyperbolic paraboloid surface which results in a three-dimensional 
RF structure, will not only be subject of its own weight, which will result in bending 
moments and shear forces, but will also have to endure the axial forces. 

To fully understand,  and if possibly predict, the internal forces that act on the structure 
we need to first take a look at the initial guiding surface geometry of the model. A 
hyperbolic paraboloid is a shell “bounded by a doubly curved surface.” Shell surfaces 
can be described as “three-dimensional curved surfaces, in which one dimension 
is significantly smaller compared to the other two,” usually resulting in very thin 
geometries. “They are form-passive and resist external loads, predominantly through 
membrane stresses,” transferring “external loads to its supports predominantly 
through forces acting in the plane of the shell surface.” These types of surfaces are 
“normally stressed in compression, or in combined compression and tension”, and 
have to be “sufficiently thick to carry these compressive stresses without buckling” 
(Rocha Peña 2017) and, although they are usually analyzed as a continuous surface, 
these structures can be constructed from discrete elements following that surface 
such as reciprocal frames. 

In this type of RF structure like ours, with sloping beams and planar systems, each 
beam will deliver a point load at the inner end of the adjacent beam, and this load will 
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“Parametric Engineering.” Karamba3D, www.karamba3d.com/. 

Rocha Peña, Ana Laura. “Shell Structure: Analysis of Hyperbolic Paraboloid in Paper.” ArchiDOCT, vol. 5, no. I, July 2017, p. 78., 
doi:ISSN 2309-0103.
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for the analysis, the sections of the members (which Karamba consideres them as 
beams) and the material they´re made of had to be specified. The sections for the 
members were the same used in the script for generating the model, and the default 
settings for ordinary wood were set as the material. After generating the simulation 
model with this specifics we would now be able to proceed to the results of the 
analysis. 

Figure 36, showing the axial inner forces diagram of the structure, shows where 
the structure is in tension or compression with the blue or red shaded areas. For 
hyperbolic paraboloids type-like structures, “an arch-like action will be present in 
the direction of convex curvature and a cable-like action in the concavely curved 
perpendicular direction. The stress field in the plate is thus compressive in one 
direction and tensile in the perpendicular direction” (Schodek). The tensioned areas, 
shaded in red, appear mostly around the center of the model and slowly decreases 
towards the edges of the higher vertices of the convex parabolas of the structure, 
while the areas in compression show completely the opposite. The blue-shaded 
members, which appear mostly at the edges of the whole model show an increase 
from the higher convex parabola vertices of the structure (which holds little to none 
axial inner forces) towards the concave parabola´s lower two supporting vertices.

Figure 37, a deformation gradient resulting from a stress diagram, shows which areas 
have to resist more the deformation that this model will tend to have when it is built 
and assembled. This diagram resulted very similar to a stress diagram for a hyperbolic 
paraboloid, which usually results in a much higher requirement of resistance towards 
its lower supporting edges than its higher ones. 

The diagrams not only showed these results because of its reciprocal frame system, 
but because of the surface geometry that lies behind it.  Which is why any alteration 
or change in this initial surface´s geometry will always see changes in the structural 
analysis. Nevertheless, this must always be present when building the real-scaled 
model to foresee its behaviour in the physical world. 

create shear forces in the supporting member. The amount of shear force transferred 
through the beams is related to their slope. This is important to bear in mind when 
designing RF structures with timber members because shear forces can be critical 
due to the relatively low shear strength of timber. 

The structural analysis that will be described next was done with help from Markus 
Hudert and Lasse Rahbek, a PhD student from the Aarhus University, who developed 
the script that generated the resulting diagrams (shown in figures 36 and 37). These 
show the shear forces of each member and stress diagram of the overall structure. 

To perform the structural analysis in Karamba the model had to be reconsidered 
and basically rescripted in a geometry that would allow this analysis to be done. For 
this, the wireframe of the structure had to be converted from a 3D geometry to a 
simulation model. This is done using the Assemble node in the Karamba library which 
“collects all necessary information about a structural analysis problem and produces 
a model that is ready for analysis” (Nagy 2017). At minimum, this node requieres 
the specifications of the element or elements being analysed, points for its rigid 
supports, and the loads applied to the model. The elements introduced where all 
the members that made up the structure, of which the ones that touched the ground 
were introduced as points for the support. For the loads, gravity, the simplest type of 
load, and its own weight, based on the material properties of ordinary wood, were the 
only two loads that where considered for this study. Besides this basic requirements 

Figure 37: Deformation gradient based on the stress 
diagram provided by Lasse Rahbek

Figure 36: Normal forces diagram provided by Lasse Rahbek

Schodek, Daniel. Structures.
Nagy, Danil. “Structural Analysis with Karamba.” Medium, Generative Design, 19 Feb. 2017, medium.com/generative-design/
structural-analysis-with-karamba-a73b959587c0.
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A feasibility study is an evaluation of the proposed project that determines whether 
it should be implemented or not by assessing its technical, economical, legal, 
operational and scheduling aspects of it. Out of these 5 areas, all except for the legal  
and scheduling studies will be done. The three remaining will be evaluated to review 
the project and see if its worthy of proceeding with it. 

Technical Feasibility 
This assessment considers the technical requirements of the proposed project 
and compares them to the technical capability of the organisation. The following 
questions will provide the answer to this study.

Is the project feasible within the limits of the current technology? Does the technology 
even exist at all and, if so, is it available within the given resource constraints?

This must be evaluated in three different aspects: 
Writing the script: A script has been developed which is able to adapt to a 
variety of geometries. Thanks to the existing technologies that facilitate the 
generation  and editing of algorithms while being linked to a visual 3D output, 
writing the required script becomes possible. 

Producing the pieces: There are many ways and available technologies to 
produce and build the pieces for an RF structure. The pieces of this model will 
not have all edges perpendicular to each other, especially in the intersections, 
due to the curvature of our guiding surface and the arrangement of the RF 
pattern. Because of this we will need a machine with a 5-axis movement ability. 
In this case we will be using the Rover A Smart, a 5-axis CNC processing centre 
capable of producing any type of complex-shaped pieces ensuring quality and 
precision.

Building the RF structure: These types of structures have existed for a very long 
time even before computational technology was introduced to us which is why, 
with the capabilities of our current technologies, building this type of structures 
will present no problem at all. Nevertheless, model (see figure 36) and mock-
up tests will be done previous to producing and assembling the final model to 
test our resources constraints, the assembling process, and the stability of the 
whole structure. The operational feasibility gives a more detailed explanation 
of this.

“Chegg.com.” Solved: What Are Four Types of Feasibility? Which Type Focuses ... | Chegg.com, www.chegg.com/home-
work-help/four-types-feasibility-type-focuses-total-cost-ownership-typ-chapter-2-problem-4q-solution-9781285633190-exc.
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desired behaviour of the structure and determine whether it could be built or not. 

We will divide this assessment into three main areas: analise the behaviour of the 
proposed system by model testing, identify wether the technical and/or financial 
resources are available to form the project and test it by building a mock-up of the 
structure with the chosen material and the Rover A Smart and then, based on these 
results, propose a detailed plan and schedule for the future construction of this 
structure. 

Model Testing: Analyzing the behaviour of the proposed system

Building a smaller-scaled model of the structure allowed us to test the 
behaviour during its assembling process and its overall structural behaviour. 
This first model was done parallel to the design and scripting, and its purpose 
was to test if the reciprocal frame system worked and how would the process of 
building it be. For the model, the pieces where cut in a laser cutting machine 
and then assembled. Overall, the results were positive, although the model 
did show some problems that were directly caused by the script. Figures 35, 
36, and 37 shows images of the first attempt on this model that, as expected, 
shows some areas that needed improvement. Some of the pieces are missing 
due to problems in the intersections, mostly around the center, and others 
seem weak at their ends. This helped us improve the model by fixing the script 

Figure 35: Close-Up of the model test analyzing the behavior of the proposed system

Are the current technical resources sufficient for this project, and are they capable to 
handle the solution?

Yes, the technical resources that will be used to generate the script for the 
structure (with Rhino and Grasshopper) and produce the pieces for its assembly  
(with the Rover A Smart) are more than sufficient and capable to provide the 
necessary solution with a very high quality and precise result.  

Do we possess the necessary technical expertise?

The aim of this project in not only to generate and produce the RF structure but 
to learn how to use the required programs and softwares. Aside from this, all 
the background information and research for the geometrical understanding 
of this structure and its patterns are available provided a thorough research of 
itself. Due to this, the technical expertise for this will be gained parallel to the 
research and scripting process of this project.

For the structural analysis, Karamba 3D was the tool that helped analise the 
behaviour of the model. Due to the complex knowledge needed to use this 
tool  Lasse Rahbek, PhD student from Aarhus University, and Markus Hudert 
helped generate the script for this model. 

Economic Feasibility 
Also considered a cost/benefit analysis, this study assesses if the value of the 
investment required underweighs the benefits of the proposed project. In this 
case, this economic evaluation is not applicable thanks to the contributions of FP 
Donibane, Finsa, and the Forum. FP Donibane kindly offered to produce the pieces 
of the model with their 5-axis carving machine and assemble them with their students 
specialised in timber constructions, FINSA donated the material to be used in any 
way to showcase it in the Forum, and the Forum is providing the space for its display.  
Because of this, no additional funding will be needed. 

Operational Feasibility
This study measures how well the proposed project solves the problems and 
analises the inside operations on how the deemed process will work and how it 
will be implemented. In this case, a model-based testing approach would be the 
appropriate method. This will not only serve to identify any issued with the models 
and, consequently, with the script, but it can also be used to represent and study the 
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and, although this model was in significantly smaller scale than its intended 
size, this issues would have also presented themselves if we hadn´t fixed them 
based on this test. 

Mock-Up: Availability of technical and financial resources for its development

The technical resources for the development of this project, besides the 
algorithm generator and 3d modeling programs that i´ll be using (Grasshopper 
Rhinoceros and Karamba), are provided by FP Donibane who will be assuming 
the role of developing the final structure, from producing it to assembling it 
with their students specialised in timber construction. 

This second proposed model, which is currently being produced, came after 
the design process and the structural analysis was completed. The structural 
analysis, which will be later explained in detail, was developed with the help 
of Markus Hudert and Lasse Rahbek, while the mock-up was developed with 
the help of FP Donibane and FINSA. The makings of this model would now 
serve the purpose to test the 5-axis CNC milling machine on the SuperPan 
panels. Two panels with different dimensions where given to us for previous 
testing: 1 Superpan H Tech P5 SA 2500x1250x15 mm, and 1 SuperPan H Tech 
P5 SA 2510x1210x25mm. For this test we scaled the model at a 1:2 scale to fit 
all pieces in the 15mm thick panel. With all pieces layed out and tagged for 
printing, the document was then sent to FP Donibane for a virtual simulation 
test previous to using the CNC machine. 

Future Construction: Detailed plan and scheduling 

The proposal for the final structure design that will be exhibited in the 2º Forum 
for Timber Constructions has been postponed for the next congress due to the 
current situation. Keeping in mind that the surface geometry that´s been used 
to explain the development of this project was not considered to be displayed 
in the congress, it will most likely go through some changes when we retake this 
task but, since one of the advantages of the script is its ability to adapt to any 
input surface, this will present no problems. 

The final structure will also be produced and constructed with help from FP 
Donibane and FINSA but the schedule for its construction can´t be established 
until further notice of the Forum dates. When these are established, we will then 
resume the final design for this project and set a schedule for its construction. 

Figure 36: Close-Up of the model test analyzing the behavior of the proposed system

Figure 37: Close-Up of the model test analyzing the behavior of the proposed system
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CONCLUSION

Reciprocal frame structures provide a broad range of possibilities for future designs. 
Among their advantages, we find that their ability to adapt to any formal shape 
makes them a viable option to be considered for different applications providing a 
large scope of possibilities for creating new spatial configurations, the simplicity in 
their repeated process of assembly and jointing techniques stands out from more 
complex constructions that require a more thorough and careful process of assembly, 
the similarity, if not identical, production of the pieces that compose it make up for 
the complexity in the formality of such structures, and the extremely small size of its 
members makes them very easily manageable and transported. These characteristics, 
among many others, makes reciprocal frames a structural system unlike any other. 

Recently, RFs have resurfaced due to the advances in computational technologies. 
Specific tools are now available that are aimed to help designers, architects, and 
engineers develop new and more sophisticated designs. In the case of reciprocal 
frame structures, this new high-tech technologies helped resurface this system that 
has always been a low-tech solution, but a very complex one nonetheless. Despite all 
this, only a limited number of projects with reciprocal frames have been constructed, 
even with all of the new research and studies that have been published. 

At starters, this project was supposed to be developed until a final proposal for the 
Forum was approved and then built for its exposition, which was supposed to be held 
at the beginning of June of this year. Unfortunately, due to the unexpected Covid-19 
pandemic, the congress was postponed. This situation interrupted the research in the 
midst of its development and caused it to change its final course of action. Instead 
of proposing a final design for the Forum, this research focused on developing the 
script with the best solution for generating the RF structure, besides building the 
models and mock-ups to test said script and its production and assembly process. 

The advantage of creating this script, apart from generating the structure, is that 
it allows the manipulation of variables and parameters giving us the possibility to 
produce multiple solutions, with multiple shapes, while adapting these variables in 
search for the most optimal design. Not only was this accomplished, but we also 
gained a deep understanding of this particular structural system and its wide range of 
possibilities, which will be put to test when proposing a final design for its exhibition 
in the 2º Forum of Timber Constructions. 

To show a better understanding this, the following figures show a small selection of 
possibilities of what the script is capable of.
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Figure 39.2: Example B
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Figure 39.1: Example B elevation

Figure 38: Example A

Figure 40: Example C
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