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Abstract 
Design of timber gridshells using physics simulation tools is normally done in a bottom-up approach 
where a flat network of laths with a constant nodal length is bent into a desired shape. Another approach 
is to apply the compass method from two geodesic curves onto a target surface. While these approaches 
are valid for conforming to many different target surfaces, they are hard to control along boundary 
conditions where the geodesic curve ends are not evenly spaced, and control of supports might be 
complicated. This paper presents an alternative method for deriving timber gridshell geometries from 
geodesic curve networks on translation surfaces based on boundary support spacing. Using parametric 
modeling, a geodesic curve network from a parabolic translation surface is obtained. Further trimming 
operations of the base surface can allow for design intent. The resulting curve network does not have a 
constant nodal length, but it can be flattened using Kangaroo. The design tool can calculate different 
geodesic networks of varying orientations. The parametric workflow allows optimization of the curve 
network orientation while maintaining uniform support spacing using evolutionary solvers. With a 
selected curve network, the straightening of laths into a flat configuration is simulated. Finally, a 
physical model is built to validate the results and determine viability. This approach is based on the 
intrinsic geometric simplicity of translation surfaces. With insights from Eike Schling’s analysis of 
Zhuchov’s Vyksa gridshell, the Darboux frame construction on the model is implemented to better 
approximate lath geometry. Finally, an accurate model is constructed using the straightened lath 
drawing. This model proved that the flat configuration can be deployed into shape while presenting other 
problems like complicated translations during bending. This approach can be a viable solution where 
even spacing between supports along the boundary of a timber gridshell is required. 

Keywords: timber gridshells, parametric design, geodesic curve networks, elastic timber gridshell modeling.  

1. Introduction 
Elastic timber gridshells have been an important area of research in recent years. The availability of 
digital tools to model their behavior, along with the benefits of using timber as a renewable construction 
material area some of the reasons that timber gridshells are a viable solution for low weight efficient 
structures.  

Another advantage of using elastic timber gridshells is the relative simplicity of node geometry 
compared to other structural systems. Node geometry in these structures is normally composed of a bolt 
that fastens several layers of planks arranged in a net-like mesh.  

The fundamental aspect of the design of timber elastic gridshells is the correct computation and 
implementation of an accurate network of flat laths that is bent to achieve a target surface. There have 
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been different approaches to this challenge. The main approaches are physical modeling, physical 
simulation, and analytic or numerical models.   

In the case of physical modeling, Elastic timber gridshells are normally designed using a bottom-up 
method where a model of flat grid of connected laths is deformed, into shape. The Mannheim Multihalle 
by Frei Otto, and the Downland Gridshell was designed using a metal wire mesh model [1] [2]. These 
models were constructed with constant nodal lengths, and the grid was laid out flat and deformed into 
shape. When doing a scale model, the nodal length is approximated, and a higher nodal length is used 
to have a manageable model. In the Mannheim model, the scale model represented every third lath in 
the actual structure.  

The computational modeling of geodesic curve networks relies on the correct computation of the 
geodesic curve. A geodesic curve that lies on a surface is a curve that with curvature around the normal 
vector of the surface at all points on the curve approaching zero. Pirazzi and Weinand’s work describes 
a method for this computation that has as an input a start and ending point on the surface [3]. Once these 
curves can be computed and modeled, the challenge remains of deriving a suitable network.  

Another approach is to digitally simulate the bending of a lath network. Soriano presented a method for 
simulating the bending of a net of lines to approximate the shape of a bent network which is close to the 
geodesic network on the target surface [4]. This approach starts from a flat net of curves that are 
simulated as rigid rods. The supports or boundary conditions are then moved towards a target anchor 
point, and the network’s curvature is found through the simulation of the rods’ stiffness. 

Both Weinand [3]and Soriano [4] draw their curve networks onto a surface with four sides, and the 
boundary conditions normally have equidistant node spacing as well as nodes with valence 2, meaning 
that there are two curves that start or end in a given boundary node. This level of control along the 
boundary conditions is highly desirable for ease of construction and structural performance. Equidistant 
supports reduce complexity on construction. The disadvantage of this method is that one must accurately 
find the support points along all four boundary curves. This is problematic when using trimmed surfaces 
as every support along a boundary of a trimmed surface is hard to calculate. There is a deviation between 
the geodesic network along the untrimmed and trimmed surface.   

Finally, a third approach is the so-called Chebyshev method. This is also called the compass method. It 
starts with a pair of geodesic curves that intersect at a point on a surface. A network from these two 
curves is calculated. A specified distance is computed from the starting point along both curves. Once 
these two points are found, a final point is found by computing a point on the surface that is equidistant 
from these two points. A starting quad is found by connecting the original point with the three found 
points. This process is repeated recursively in all directions, and the resulting curve network is called 
the Chebyshev network [5].  

When using the Chebyshev method, there are an infinite number of Chebyshev nets that can be applied 
to the surface [6]. The angle between the starting curves is what allows to have many different networks. 
However, this method has the disadvantage of being unpredictable along boundary conditions. One 
cannot easily control support spacing or the number of elements on any given support along the boundary 
curve. Such is the case in the gridshell described and designed by Lara Bocanegra [5]. The advantage of 
this method is the regular spacing between nodes, as the nodal length is always the same.  

All the above methods are focused on the computation of the flat network of curves from a curve network 
on the target surface, however, the control of the supports along the boundaries are not discussed in their 
work. Analysis of these methods found the need to study support simplicity for ease of construction as 
a starting point in the design phase.  

This work is an implementation inspired by these methods into a simple workflow for using translation 
surfaces and their simplicity to generate viable curve networks. We automate the generation of a curve 
network based on boundary conditions (support spacing) that can help optimize the performance of 
elastic timber gridshells in the design phase. The workflow is presented in the design and modeling of a 
13 by 23-meter timber elastic gridshell, and the construction of a 1:25 physical model.  
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2. Methodology  
There were some important criteria in defining the method to be used for our approach. Firstly, the 
structural behavior of the gridshell should have a catenary or parabolic geometry to ensure optimal 
structural performance. Second, the grid shell would be supported on an arched beam to have supports 
at the corner. Third, supports along the beam were to be simplified as much as possible. 

Our objective is to find ways of optimizing the structural performance of elastic timber gridshells based 
on translation surfaces while simplifying support conditions along the boundaries. To achieve this goal, 
we created a multi-step tool entirely within the Rhino/Grasshopper environment. We first created a 
parametric model of a translation surface. From the parametric model, a suitable geodesic curve network 
is computed using native Grasshopper components. The orientation of the curve network is a 
customizable parameter. Once we have a curve network, we analyze its structural performance using 
Karamba 2.0 Finite Element Analysis [7]. The results from this analysis are used as a fitness function 
for optimizing structural performance using simple Galapagos Evolutionary Solver native to 
Grasshopper. Curve network orientation and base surface geometry were the main customizable 
parameters that the solver could change.  

Once a design solution is found, we tested some of the initial assumptions. The first test was the 
computational simulation of a flattening of the curve network using Kangaroo Physics. This test was 
performed to validate the constructability of the model from a flat network. Second, we built a 1:25 
physical model to test the simplicity of assembly. Analysis of both the complexity of construction and 
the precision of the model will provide insights into the viability of our approach.  

2.1 Base surface 
Our base surface is a simple translation surface with a parabolic arch as a directrix and a smaller 
parabolic arch as a generatrix. The directrix and generatrix are orthogonal to each other. The parametric 
model allowed to change the ratio of rise to span. However, this ratio was constrained to less than 0.25. 
When the ratio of rise to span of a parabolic arch is less than 0.25, the deviation from a catenary arch is 
very small [8]. This approximation was done because drawing a parabolic arch from three points is 
significantly easier than drawing a catenary arch using Grasshopper native components. It is also 
computationally faster in our workflow. This base surface helped to codify initial design intent and test 
the overall form of the model.   

  

   

Figure 1: The parabolic arches that make up the base surface and the corresponding geodesic network calculated 
from the division of the directrices.  
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2.2 Geodesic Curve Network 
Once we had the base surface parametrically modeled, we extended the directrix curve to have a larger 
base surface. The surface extension is necessary because the curve network will be drawn from opposite 
division points along the two boundary curves parallel to the directrix. Both boundary curves are divided 
using one of two modes, equidistant mode, or using parallel planes. Equidistant mode uses distance 
along the curve. Parallel planes mode uses parallel planes intersected with the curve to find the division 
points. This allows for a high degree of control of the support spacing along the boundary of the surface. 
The geodesic curve network is modelled by drawing the geodesic curve from a point along the boundary 
to a shifted point along the division points of the opposite boundary. This shift helps to control the 
average angle at the nodes. Smaller shifts will result in steeper angles in one direction, larger shifts result 
in more shallow angles in the same direction.  

2.3 Model Optimization 
Once the initial curve network is generated, the structural performance was evaluated as a straight beam 
model in Karamba 2.0. Straight sections between nodes were the chosen approximation. The prestress 
induced by bending was considered as a lower allowable stress for the overall model. We used generic 
Young’s modulus and other material properties for medium quality timber. Dead and live load cases 
were calculated using local building code combinations. The output from this stage was a maximum 
displacement value that could be used as a fitness function in simple evolutionary solver Galapagos. We 
also had a maximum stress both in compression and tension.  

 

Figure 2: Different rise to span ratios of the evolutionary solver. Option marked (a) showed the optimum rise to 
span ratio. Maximum stress was +/- 8kg/cm². Maximum displacement was 0.1cm. Note that these options do not 

show change in curve network orientation, rather change in rise to span ratio.   

The evolutionary solver then iterated through several options of curve networks, where parameters like 
the spacing between support points, and the angle of the gridshell, controlled by the shift on the opposite 
division points were the main parameters that could be changed. We also allowed the solver to iterate 
through some very constrained   ranges for the rise and span of the generatrix arch. The orientation of 
the gridshell, the average angle of the laths at the node, rise to span ratio of the base surface arches, and 
the rotation of the trimming planes at the ends of the gridshell were the parameters that the evolutionary 
solver could modify. The evolutionary solver iterated through many different curve networks to find an 
optimal gridshell geometry on the same base surface. 

 

Figure 3: With similar rise to span ratios, several different curve network orientations. The shift of the curve 
network controls the curve network orientation. Note that the trimming of the base surface is different in this 

iteration.  
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3. Analysis of the resulting curve network 

Once a geodesic curve network is found, we used Kangaroo Physics to simulate the flattening of the 
curve network. This analysis is made to determine if, as is the case in Soriano’s G-Shells[4], we have a 
developable curve network. The resulting curve network was flattenable. The simulation only included 
bending and did not include torsion.  

   

Figure 4: Different stages in the flattening process of one of the curve networks. Color in the flat state indicates 
deviation from the starting nodal length. This deviation was under 1mm.  

The curve mesh was again approximated as straight sections between each node, and the angle on each 
continuous lathe was targeted to approach 180°. Also, the straight sections were constrained against 
compression or tension. The first simulations showed that this straightening force was not enough to 
flatten the network swiftly. Gravity was introduced and equilibrium was much more swiftly found. This 
gravity force, while it doesn’t necessarily represent an actual physical process, does not change the 
geometry of the laths. The geometry that changed on the flat configuration was the angle between laths.  

The simulated flattening of the network validated the approach as expected, but further testing with a 
1:25 physical model was done to determine the inverse process: to have the flat network and bend it into 
shape. 

4. Modeling Layered Elastic Timber Gridshells   
Once a suitable curve network is found, there remains the challenge of modeling the gridshell layers. In 
these structures, layers are used because added layers increase rigidity of the structure, however, the 
elastic bending is harder for larger sections. Laths are normally bent along their weaker direction, and 
the layering technique, present since Mannheim Multihalle is the solution for bending the elements while 
adding a correct depth to the overall shell. To model the different layers of the gridshell, we used the 
normal direction of the surface at every node location and computed the Darboux frame from this 
information. The Darboux frame is constructed using a curve on a surface. At a point along the curve, 
the normal direction to the surface is one direction of the frame. The tangent direction to the curve is the 
second direction of the frame, and the cross product between these two vectors corresponds to the third 
direction of the frame [9]. Using this frame on the nodes of the curve network, it is easy to model the 
different layer geometry.  

 

Figure 5: The Darboux frame construction is essential to accurately model all the layers of the gridshell. From 
the information in the model, the Darboux frame is essential in all the stages of the construction of the model.  

 



Proceedings of the IASS Symposium 2024 
Redefining the Art of Structural Design 

 

 

 6 

 

 

4.1. Physical model 
For the physical model, a suitable scale of 1:25 was chosen where the laths were modelled using 
ponderosa pine that was laser cut to have the required nodal distance and bolt slots. The first layer was 
mounted on the supports one lath at a time, while the second layer was first bolted on flat, and bent into 
position on top of the first layer.  

 

Figure 6: The completed physical model shows the viability of the construction process. The curved laths were 
easily assembled thanks to laser cutting the laths. Note the regularity of the support points along the boundary of 

the longitudinal arch.  

The second validation test that we performed was the ability to bend the network from the flat 
configuration in the physical model. The flat configuration, as well as the curved state, have different 
nodal lengths. For the construction of the model, we first constructed the first layer of the laths directly 
onto the support arches. The second layer of the laths was then fixed onto the model from the flat state. 
One observation from this process is the compaction of the flat state as compared to the curved state. 
This is necessary because of the different nodal lengths which do not allow for a flat configuration that 
spans the whole model. The flat state is compact, and the quadrilaterals are elongated on the transverse 
direction of the gridshell. However, on the curved state, the quads are elongated on the longitudinal 
direction, expanding the curve network on that direction. These translations are significantly large 
proportional to the length of the gridshell and correct manipulation of this process in a full-scale 
environment would be difficult.  

 

Figure 7: A single layer of the flat network was tested onto a first layer already in place in the model. This 
process was accurate, and the network was able to bend into shape at the desired nodes and supports, showing 

that the flat network is indeed deployable.  
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4.2. Support mount geometry  
While the curve network was generated using the same points as the start and end points of the curves, 
meaning that each support point of the gridshell receives two curves, one for each layer, a further 
modification was done to make construction of the model easier. To have one single lath arriving at each 
support, the network was trimmed a given direction from the support. Since the curve endpoints were 
regularly spaced, the resulting individualized supports were also regularly spaced.  

 

Figure 8: Drawings of the regularly spaced location of the support mounts in the physical model, and a 
representation of the support mounts in the digital model.  

Each support was created using the new curve end points and their tangent vectors at those points, from 
there, also using the explained Darboux frame construction, a support mount geometry was 
parametrically developed from this frame and a vertical plane at the curve endpoint. This allowed for 
laser cutting support mounts from aluminum and each support only has a single fold line. This approach 
made the assembly of the model much easier. A double support mount was considered but discarded 
due to the difficulty of bi-directional support. Our review of different design methods regarding supports 
and boundary conditions did not find a lengthy discussion of support geometry generation, but this was 
one of our main considerations because of the simplicity of construction. Our support mount geometry 
proved easy to assemble in the physical model, and a similar geometry could prove viable in a full-scale 
construction setting with little changes to the methodology. While in the model we used thin aluminum 
sheet, in a full-scale implementation these would be steel sheet metal supports.  

5. Conclusion  
The method we used takes the shortcomings of the methods described in the first section into 
consideration for creating a curve network from a translation surface. The method we are using first 
calculates a geodesic curve network of an untrimmed translation surface using evenly spaced support 
endpoints at opposite boundary edges of the surface. This approach has regularity and ease of 
construction in untrimmed edges of the base surface.  

Our method uses native grasshopper components in a parametric workflow to calculate all the model 
geometry and curve network. The resulting curve network is flattenable into a flat configuration and the 
physical model able to be built using the flat network as a starting point.  

This frame is presented by Eike Schling in his analysis of Zuchov’s bent networks [9]. Our final model 
is inspired by this important project, but our focus is on the structural optimization of both the rise to 
span ratio of the base surface, and the curve network orientation to deal with different load cases. 

While the analyzed examples have solved many of the same problems that we encountered, boundary 
conditions are not the normal way of approaching the design of gridshells, but regularity in support 
spacing could be one of the most desirable features of a design intent. Our approach takes boundary 
condition requirements as a starting point and develops the ideas from important research in the field to 
present a viable workflow for simple gridshells.  

Further work is necessary to apply this level of control to with other types of boundary conditions like 
more complex three-dimensional space curves. Also, different base surface geometries need to be 
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explored. Our base surface used parabolic arches as directrix and generatrix curves to construct the 
model of the surface, but using catenary curves is yet to be explored.  

The method we present does have the disadvantage of using large translations and rotations in order to 
bend the flat network into the curved state. This could prove difficult in a larger scale where large 
hoisting equipment might not be available. Other methods to deal with this constraint are the 
segmentation of the gridshell into pre-bent discrete parts. This approach might be studied further.  

The methods described can be effective in computing suitable curve networks that can be used to model 
elastic timber gridshells, particularly when using translation surfaces and a high degree of control of 
support geometry is required. 
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