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Figure 4.3. 3D model of the Horizontal Glass Optic Fibre Network Panel. 

Both toolpath techniques present a suitable technique for creating perforations. The �irst toolpath 
technique results in a regular grid of perforations with constant dimensions. For the second  
toolpath technique, each perforation is different, due to the randomness of the followed toolpath. 
The glass optic �ibre gives extra structure to the print, against cracking.  

Test results for horizontal printing
Horizontal printing is an ideal printing method for creating perforations. This is because, for 
horizontal  printing,  there  is  a  continuous  support  on  the  printed  material  from  the  print  bed,  
thereby avoiding gravitational issues such as bridging or overhanging. This allows for the creation 
of perforations that remain open and have a high degree of precision and control. The printed 
output  closely  resembles  the  original  design  from  the  digital  model  created  in  Rhino3D.  The 
results from these prints are shown in Figure  4.4. Since there are no gravitational problems, the 
variety in perforations is virtually endless. Both the shape as the size is controllable with the 
toolpath from the 3D geometry. This allows for variations in both shape and size of the 
perforations. The category of horizontal printing can produce perforations ranging from relatively 
small ones, about 1cm², to larger ones up to 50cm². Variations can be made within a printed panel 
with different shapes and sizes of perforations. Due to the horizontal printing character, a uniform 
and �lat texture is created on the printed lines, without any expressive texture being generated. 
The amount of material used by these panels is dependent on the resolution of the perforations 
and typically ranges between 12kg/m² to 40kg/m². 

Figure  4.4. Printed results of left) Horizontal Diagonal Grid, right) Horizontal Glass Optic Fibre Network Panel 
showing the opportunities and challenges of creating a horizontal perforated panel with a 3D concrete printer. 













































46 

These two components serve as the foundation for generating the panels in subsequent phases of 
the research. The inputs for each panel are derived by constructed data trees and/or lists, allowing 
for the generation of multiple outcomes. Each Greek Key can be de�ined with different input 
parameters, by the same Greek Key Component. These singular Greek Key Geometries are thereafter 
combined into one continuous toolpath. 

Figure 4.41. Python component implemented in the Grasshopper script, defines a single Greek Key Geometry (Rhino 
Grasshopper, 2022). 

Figure 4.42. A cluster component includes the mathematical commands for the height formula, for defining the 
toolpath height from a given real height and height ratio (Rhino Grasshopper, 2022). 
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Figure 4.49. Increasing toolpath height or c.t.c. distance show a quasi-linear growth with the perforation ratio. 

4.3.4 Side support 

To ensure the stability of a rectangular panel during and after printing, side support is necessary. 
Initial tests were conducted without any support, which resulted in the panel falling over after 
several layers. 

Greek Key based support. A �irst type of side support that was tested 
utilized the Greek Key Shapes, as depicted in Figure 4.50. The used 
Greek Key Shapes had no overhang and a close c.t.c. distance, resulting 
in a solid structure with almost no perforations. The Greek Keys were 
designed to have a similar height to the panel’s layers. However, 
failure occurred on the left support side, as seen in Figure 4.50 (right) 
The toolpath that results in this side support is illustrated in Figure 
4.52. The toolpath’s outermost line on the left side exhibited only a 
minor upward movement, as this connected the straight layer to the 
Greek Key Layer. This resulted in less material being deposited at this 
speci�ic spot. Consequently, the area at this spot was lower than that 
of the Greek Key Shapes. Therefore, subsequent layers also printed 
this area lower than the other Greek Keys. This cumulative error 
ultimately led to failure. On the right side, the toolpath’s outermost 
line had a longer vertical trajectory, controversy connecting the Greek 
Key Line to the straight line. This provided more material at that area. Therefore, this side had 
suf�icient support and remained intact. Since the failure of the side support affected the overall 
panel results, an improved side support structure is required. 

Straight line based support. A side support, based on the traditional 3D concrete method with a 
layer-wise built, proved to be a solution for side structure, as shown in Figure 4.51. The toolpath 
for this side structure is presented in Figure 4.52 Depending on the layer height of the Greek Key 
Layer, the side will consist of four or six layers to match the height of the straight line and the Greek 

Figure 4.50. Greek Key based 
support: left side shows 
cumulative failure, right side 
provides support. 
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Key Line. The printer is capable of printing layer heights 
approximately ranging from 6mm to 12mm. An algorithm 
is implemented in the Grasshopper code that uses the 
height equation to derive an estimated real height from a 
given toolpath height. This value is on its turn divided in 
an even number (four or six) of layers between 6-12mm. 
However, each layer will likely have different layer heights. 
Resulting in either thicker or thinner layers and making 
the side support not completely homogeneous. A smaller 
layer height will result in a wider layer and vice versa. This 
small error does not signi�icantly impact the overall result. 
Calibrating the printer’s speed with the layer height may 
offer a potential solution to this issue but requires careful 
calibration. To initiate the Greek Key Layer at the bottom, 
on the left side, a downward movement is necessary. 
However, this movement causes excess material to 
accumulate and to be pushed aside at this point, leading 
to a messy corner.  

Figure 4.52. Left) Toolpath used for the Greek Key based side support, with a small upward movement on the left side, 
resulting in failure. Right) Toolpath used for the straight line based support, with either four or six layers between 
each Greek Key Layer. Differences in layer height will cause small imperfections in the side support. 

Figure 4.51. Straight line base side support, 
left corner is sloppy due to excess material, 
sides show inconsistent widths. 
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layers was repeated multiple times. By adjusting the input number code, a new order of layers can 
easily be de�ined.  

With the panels no longer con�ined to straight shapes, more possibilities arise for utilizing the 
Greek Key Pattern. It can be used to fabricate curved façade panels, but also fabricate interior 
design elements or other applications. For example, the presented cylinder, was sometimes 
recognized as a �lowerpot. Additionally, a curved surface eliminates the need for side support, as 
the inherent stability of the shape ensures more structural stability. 

Seam. At the end of each layer, the printer must move up one layer and 
print the next layer. For a closed surface, like the cylinder, this 
movement will show a visible line across the layers. This line is called 
the seam. This seam is a discontinuity on the surface, that preferably 
should be as discrete as possible. Figure 4.61 shows the created seam 
on the presented cylinder surface.  

Figure 4.61. A seam is visible 
on a closed surface because 
the printer moves up from 
one layer to the next. 
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