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Abstract 

In this paper we present a case-study of the recent and ongoing fabrication of doubly-curved GFRC 
panels for the Arnhem Station which are being produced using a flexible mould system and an 
innovative digital chain of information developed by the authoring companies. 
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Synopsis 

Using a digital chain to minimize the 
risk of fail from design to installation, 
dealing with ±1400 unique panels. 
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Figure 1 – file formats that carried information in the 
digital information chain described in the following 
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1. Panel Design (UNStudio) 

The unique geometry of the roof structure of the public transfer terminal in Arnhem is emphasized by 
a panel system that was designed to seemingly weave around the roof and to underline its main 
geometric features. (see also Van Veen et al. [2]). 
Starting from a regular grid of parallel lines on the east side representing the underlying office grid of 
the connecting K4 office building the lines start weaving and curving towards the west side 
articulating the busy transfer function underneath. 
Fields are created between these main curves in which the individual rows weave into each other. 
Each row then consists of panels of an approximate size of 3.6m x 1.2m each. The long seams are 
accentuated with a gap of 6cm whereas the seam between two panels of one row are as small as 2cm.   
The total system includes around 1400 individual panels which were all generated using custom 
VBScripts in Rhinoceros 3d.  
A numbering system based upon this design with 3x2 digits identifies each individual panel. The ID 
“11-03-10” refers to field 11 - row 03 - panel 10.  
 
 

 
Figure 2 – panel system that was designed 
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2. Additional geometry (UNStudio) 

As all panels were generated using custom scripts it was possible for the architect to generate 
additional geometry and data along with the panel geometry to make the translation from design 
surface to engineering of substructure and mould more fluent. A few basic agreements were made 
between all involved parties about what information was necessary to base the further engineering on 
this data. For that purpose a terminology was defined to talk about the information in one common 
language. The following abbreviations and sketches were made to start the process of generating 
additional geometry. 

ABP   Average Base Plane MOP    Mould Offset Plane 
PS   Panel Solid MPC   Mould Projected Contour 
GP  Gap Point MRCS   Mould Rib Cut Surface 
PGPL  Perpendicular Gap Point Line  PLA   Panel Longitudinal Axis 
PSA   Panel Secondary Axis POP   Panel Origin Point 
BCL  Bracket Center Line P1 – P21  Height adjustable point of framework 

 

Figure 3 – most agreements on the data exchange could be done in simple sketches explaining what 
the information needed to contain. 
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To obtain additional geometries from the designed panels each of the required information was 
translated into VBScripts in Rhinoceros 3d software which extracted the specific data.  
This way the panel geometry itself was only used for visual purposes and model checks further in the 
process. The data which defined the panel geometry and the interface with the substructure was much 
more abstract. For each panel reference lines and planes, points defining bracket attachment, vectors 
defining normals to the structural shell for surveying, and outlines of the panels were generated. 
Figure 4 and 5 give a visual impression of that data. 

 
Figure 4 – geometric representation of the generated data 

 
Figure 5 – batch of unique panels showing additional geometry  



Proceedings of the International Association for Shell and Spatial Structures (IASS) Symposium 2015, Amsterdam 
Future Visions 

 

Additionally, information for the flexible mould of every panel was generated. (Figure 6). This 
information contained 21 Δ-values for the adjustable pins of the mould. 

 
Figure 6: position of the 21 Δ-Z coordinates 

 
All information was then exported as a separate 3DM file for each panel and summed up in an Excel-
Sheet (Figure 7) for further processing during engineering.  

 

Figure 7: extraction of the generated Excel file  
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3.2 Work preparation flexible mould system 

Outlines and heights are combined in AutoCAD and exported to DXF R12 format. 

3.2.1 Outlines 

For every panel the architect generated additional 
geometry; the Mould Offset Plane (MOP) 
contains the projected outline of the panel (MPC), 
together with the panel axes (PLA & PSA). 
In Inventor the projected outline of all brackets 
are added to the MOP and the sketch is exported 
to AutoCAD. 

3.2.2 Heights  

The flexible mould system has a 600x600 mm 
grid for setting out the panel heights, total of 21 
vertical pins. 
The architect has generated the height from the 
MOP to the panel surface for every vertical pin, 
for every panel. (values stored in separate XLS 
file) 
In AutoCAD an attributed block with the 600x600 
grid is filled with these 21 heights. 

3.3 Work preparation building surveying 

All hardwood blocks in the 3D model assembly are labelled with an unique code (Figure 12), but are 
also an instance of the same part. Additional to the hardwood block definition, the part also contains 4 
work-points which are needed by the surveyor (Figure ). 
Using a custom written VBA routine for Inventor, all work-points inside all parts will be exported to a 
CSV file, translating the coordinates relative to assembly origin and orientation. 
 
 
 
 
 
 
 
 
 Figure 12: Unique part label in Assembly Figure 13: Part with points 

Figure 10: Projection of bracket position 

Figure 11: DXF file for each panel 
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The concrete is poured in a horizontal position of the mould. The high performance concrete makes it 
possible to curve the panel when the concrete is still in its hardening process. The concrete is 
reinforced using small glass fibres to make sure all different shapes can be made.  
 
 
 
 
 
 
 
 
 

 

Figure 17, 18, 19: Adjustable pin construction flexible mould  

The final curvature of the panel is shown on a 2D production drawing. The drawing shows all 21 
height dimensions of the adjustable pins. A measuring tool and hydraulic system is used to set out 
every pin to the correct height.  
 
 
 
 
 
 
 
 
 
 
 

Figure 20: Production drawing                                    Figure 21: GFRC curved panels  
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5. Building surveying (LBA Bouw B.V.) 

The exported CSV file from the 3D-modelling software contains the Name, X-, Y- and Z-coordinates 
of each point in meters. If the data is formatted as example Figure 22, it can directly be imported into 
the Total Station.  
To make sure the GFRC panels will fit on the S/S hanger bolts, the substructure needs to be set to the 
correct 3D position. 
 
 
 
 
 
 
 
 
 

5.1 Positioning of hardwood blocks 

Two normal vectors (Figure 23) are needed for the position of one hardwood block. 
The Total Station is equipped with software to define a vector (line) from a start point (S) to an end 
point (E). Using this method the distance from the tip of the detail pole (with a mounted 360° prism) 
to the defined vector can be measured continuously.  
The surveyor will move the detail pole along the defined vector until he hits the structural roof. The 
coordinates of this measured point (SO) will then be stored. (Figure 24) 
 
 

DS8A_E,113.135,-51.257,39.74, 

DS8A_S,113.135,-51.257,39.84, 

DS8B_E,113.135,-51.057,39.74, 

DS8B_S,113.135,-51.057,39.84, 

DS9A_E,113.135,-53.356,39.74, 

DS9A_S,113.135,-53.356,39.84, 

DS9B_E,113.135,-53.156,39.74, 

DS9B_S,113.135,-53.156,39.84, 

Figure 22: Text file input Total Station Figure 23: Normal vectors on 3D surface 

Figure 24: Normal vectors used for positioning of a hardwood block 
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Additional software calculates the distance (delta-value) between points S and SO, which is written 
down on the roof. (Figure 25) 

5.2 Positioning of S/S hanger bolts 

After applying the roof insulation and waterproofing, the surveyor uses the same vector approach for 
setting out the positions of the S/S hanger bolts, on top of the aluminium hat. (Figure 26) 
Figure 27 illustrates how the steel brackets of the GFRC panel fit on the installed hanger bolts. 
 

 

 

 

 

 

 

 

 

 

 

Figure 25: Position and height for installation of hardwood block on structural roof 

Figure 26: Position hanger bolts on 
top of hardwood block (covered with 

aluminium hat) 

Figure 27: Assembly of GFRC panel with hanger bolts 



Proceedings of the International Association for Shell and Spatial Structures (IASS) Symposium 2015, Amsterdam 
Future Visions 

 

6. Conclusion 

In order for a digital chain of information to work in a project it requires good common agreements on 
the data exchange (naming, formats, etc) between all parties. Next to these technical requirements 
there must also be trust between parties on the data that is exchanged. This is usually built-up in long-
term relationships with different projects that have been done together. Lastly, one has to overcome 
the contractual borders of responsibility and liability which is the hardest to let loose. 

In this example some parties already 
worked together on other projects 
and some parties were new to each 
other. During the process the trust 
was established with tests on the data 
exchange that were confirming the 
link between the different software 
packages or required alterations in 
the process. Full scale prototypes 
were produced to evaluate the visual 
result but also used as a real-world 
test of all the interfaces between data 
and production.  
As a result the process can be called 
a digital information chain as none 
of the data in the chain was altered or 
changed but was rather, through 
additional engineering, enriched with 
further information. 
 

There are still a number of improvements to be found in a process like this. Contractual hurdles are in 
the minds of many companies which make them fall back into the traditional habit of locking off 
communication after the initial exchange of information. What we have learned is that in a process of 
a digital chain all parties have to communicate closely during the whole process to gain the most out 
of the efficiency that can be brought to the project. 
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