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PREFAB SHELL STRUCTURES
METHOD FOR CHECKING CONNECTIONS
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Deitingen Service Station
- Heinz Isler
- 26 m x 31 m
- 3 supports

Sagrada Familia
- Antoni Gaudi
- 40 m dome
- 135 m towers

EXAMPLES
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PROBLEM STATEMENT
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PREFABRICATING SHELL
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TOPIC SELECTION

MONOLITHIC SHELL PRODUCTION

SEGMENTING

ASSEMBLY

OPTIMIZE PRODUCTION

LIMIT SUPPORTS

REDUCED FORCES

for the deformed situation. In the first 
tests, a thin plate was used as sub-
layer formwork to cast the concrete on. 
In later tests, a strip mould was used 
(Fig. 12 top image). This strip mould 
uses a setup of perpendicular and 
crossing single curved splines, 
vertically adjusted by the pin bed.  

Three elements taken from the virtual 
building envelope in Fig. 13 were 
chosen as example, one element with 
positive Gaussian curvature, and two 
with a negative (saddle-shaped) 
Gaussian curvature.  

The strips accurately followed the 
required pin height following from the 
panel geometry in Fig. 13. At some 
points around the edges the formwork 
had to be pulled slightly downwards 
to the pins, because a negative support 
reaction was needed. This was indeed 
predicted by the mechanics model. 
The polyethylene edge profiles hold 
the concrete in the mould before and 
also after deformation, even though 
the concrete is still plastic. Under the 
horizontal load of the fluid concrete, 
the edge stays practically 
perpendicular to the mould surface. 

For each element circa 100 litres of 
the E2 mixture concrete was used. The 
surface quality of the different 
elements in some cases was quite 
uneven, as a result of both inequalities 
in the finishing layer of the mould and 
difficulties in smoothening the casting 
side manually. The thickness of the 
element, however, appeared not to 
change significantly as a result of the 
deformation process. 

4. Conclusions 

From the theoretical and practical work the 
following conclusions are drawn: 

1. The manufacturing of single- and double-
curved precast concrete elements is possible 
through the use of the flexible mould system 
described in this paper. 

2. In order to control the process, it is necessary 
to predict the support reactions and exact 
deflection in the deformed shape by using a 
suitable structural mechanics model. Several 
model have been developed in this research 
that describe the behaviour of the flexible 
mould accurately. 

Fig. 12: Flexible strip mould used for validation of the 

structural mechanics model and testing of the principle of 

casting double curved concrete elements  

 

Fig. 13: Example of a NURBS-surface of a virtual 

building envelope drawn in Rhinoceros 
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CONNECTIONS ESTABLISH SCALE
Choose a Project
- Recently build
- Modern methods used

ANALYSIS
- Research project
- Build digital model
- Analysis with FEA
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Fig. 2-28:  Connection between a double-T floor unit and a wall. Connecting reinforcement is placed directly 
there where the compression strut is meant to develop 

Fig. 2-29: Longitudinal connection of a hollow core slab with a wall 

In general strut-and-tie models are valuable tools in understanding the flow of forces within the 
floor and between the floor and the stabilising units and find how tie bars should be arranged and 
anchored so that a safe equilibrium system is obtained.  
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RESEARCH QUESTION
How can we prove that a connection is suitable for use 

in a segmented prefabricated shell structure?

	 -	 Which demands are made for a connections in a segmented prefabricated 			 
		  shell	structure?
	 -	 How can we test the strength of a connection?
	 -	 How can we implement a connection in a digital model?
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OCEANOGRAPHIC VALENCIA
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OCEANOGRAPHIC VALENCIA
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OCEANOGRAPHIC VALENCIA
- Valencia
- Restaurant
- 47 x 47 m
- 60mm thickness
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DISPLACEMENT
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STRESSES
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DISTRIBUTED MOMENT
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Total: 200 days
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CONNECTION
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COUNTERTOP CONNECTOR
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COUNTERTOP CONNECTOR
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COUNTERTOP CONNECTOR



P5 Guido van der Straten - 4159039 - 02/07/201832/51

COUNTERTOP CONNECTOR
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COUNTERTOP CONNECTOR
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COUNTERTOP CONNECTOR
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COUNTERTOP CONNECTOR
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PROTOTYPE PRODUCTION
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PROTOTYPE PRODUCTION
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TESTING
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RESULTS
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K-Constant (spring stiffness)
=

10702026.94 N/mm

K-CONSTANT CALCULATION
𝜃𝜃𝜃𝜃𝐵𝐵𝐵𝐵𝐴𝐴𝐴𝐴𝐵𝐵𝐵𝐵 + 𝜃𝜃𝜃𝜃𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 + ∆𝜃𝜃𝜃𝜃𝐵𝐵𝐵𝐵 = 0 

𝜃𝜃𝜃𝜃𝐵𝐵𝐵𝐵𝐴𝐴𝐴𝐴𝐵𝐵𝐵𝐵 =
𝑀𝑀𝑀𝑀𝐵𝐵𝐵𝐵 ∗ 𝑙𝑙𝑙𝑙

3𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸
− 𝜃𝜃𝜃𝜃 

𝜃𝜃𝜃𝜃𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 =
𝑀𝑀𝑀𝑀𝐵𝐵𝐵𝐵 ∗ 𝑙𝑙𝑙𝑙

3𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸
− 𝜃𝜃𝜃𝜃 

∆𝜃𝜃𝜃𝜃𝐵𝐵𝐵𝐵 =
𝑀𝑀𝑀𝑀𝐵𝐵𝐵𝐵

𝑘𝑘𝑘𝑘
 

Subsitueeren geeft: 

�
𝑀𝑀𝑀𝑀𝐵𝐵𝐵𝐵 ∗ 𝑙𝑙𝑙𝑙

3𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸
− 𝜃𝜃𝜃𝜃� + �

𝑀𝑀𝑀𝑀𝐵𝐵𝐵𝐵 ∗ 𝑙𝑙𝑙𝑙
3𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸

− 𝜃𝜃𝜃𝜃� + �
𝑀𝑀𝑀𝑀𝐵𝐵𝐵𝐵

𝑘𝑘𝑘𝑘
� = 0 

 

𝑀𝑀𝑀𝑀𝐵𝐵𝐵𝐵 = 𝑅𝑅𝑅𝑅𝐴𝐴𝐴𝐴 ∗ 𝑥𝑥𝑥𝑥 − 𝐹𝐹𝐹𝐹(𝑥𝑥𝑥𝑥 − 𝑎𝑎𝑎𝑎) (Zie afbeelding 1) 

𝜃𝜃𝜃𝜃 = 2
𝜔𝜔𝜔𝜔𝐵𝐵𝐵𝐵

𝑙𝑙𝑙𝑙
 

Subsitueeren geeft: 

�𝑅𝑅𝑅𝑅𝐴𝐴𝐴𝐴 ∗ 𝑥𝑥𝑥𝑥 − 𝐹𝐹𝐹𝐹(𝑥𝑥𝑥𝑥 − 𝑎𝑎𝑎𝑎)� ∗ 𝑙𝑙𝑙𝑙
3𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸

− 2
𝜔𝜔𝜔𝜔𝐵𝐵𝐵𝐵

𝑙𝑙𝑙𝑙
+
�𝑅𝑅𝑅𝑅𝐴𝐴𝐴𝐴 ∗ 𝑥𝑥𝑥𝑥 − 𝐹𝐹𝐹𝐹(𝑥𝑥𝑥𝑥 − 𝑎𝑎𝑎𝑎)� ∗ 𝑙𝑙𝑙𝑙

3𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸
− 2

𝜔𝜔𝜔𝜔𝐵𝐵𝐵𝐵

𝑙𝑙𝑙𝑙
+
�𝑅𝑅𝑅𝑅𝐴𝐴𝐴𝐴 ∗ 𝑥𝑥𝑥𝑥 − 𝐹𝐹𝐹𝐹(𝑥𝑥𝑥𝑥 − 𝑎𝑎𝑎𝑎)�

𝑘𝑘𝑘𝑘
= 0 

Veerconstante naar een kant halen geeft: 

2�
�𝑅𝑅𝑅𝑅𝐴𝐴𝐴𝐴 ∗ 𝑥𝑥𝑥𝑥 − 𝐹𝐹𝐹𝐹(𝑥𝑥𝑥𝑥 − 𝑎𝑎𝑎𝑎)� ∗ 𝑙𝑙𝑙𝑙

3𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸
−

2 ∗ 𝜔𝜔𝜔𝜔𝐵𝐵𝐵𝐵

𝑙𝑙𝑙𝑙
� = −

�𝑅𝑅𝑅𝑅𝐴𝐴𝐴𝐴 ∗ 𝑥𝑥𝑥𝑥 − 𝐹𝐹𝐹𝐹(𝑥𝑥𝑥𝑥 − 𝑎𝑎𝑎𝑎)�
𝑘𝑘𝑘𝑘

 

𝑘𝑘𝑘𝑘 = −
�𝑅𝑅𝑅𝑅𝐴𝐴𝐴𝐴 ∗ 𝑥𝑥𝑥𝑥 − 𝐹𝐹𝐹𝐹(𝑥𝑥𝑥𝑥 − 𝑎𝑎𝑎𝑎)�

2 �
�𝑅𝑅𝑅𝑅𝐴𝐴𝐴𝐴 ∗ 𝑥𝑥𝑥𝑥 − 𝐹𝐹𝐹𝐹(𝑥𝑥𝑥𝑥 − 𝑎𝑎𝑎𝑎)� ∗ 𝑙𝑙𝑙𝑙

3𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 − 2𝜔𝜔𝜔𝜔𝐵𝐵𝐵𝐵
𝑙𝑙𝑙𝑙 �

 

𝑅𝑅𝑅𝑅𝐴𝐴𝐴𝐴 =
𝐹𝐹𝐹𝐹
𝑙𝑙𝑙𝑙

(𝑙𝑙𝑙𝑙 − 𝑎𝑎𝑎𝑎 + 𝑏𝑏𝑏𝑏) 

𝑘𝑘𝑘𝑘 = −
�𝐹𝐹𝐹𝐹𝑙𝑙𝑙𝑙 (𝑙𝑙𝑙𝑙 − 𝑎𝑎𝑎𝑎 + 𝑏𝑏𝑏𝑏) ∗ 𝑥𝑥𝑥𝑥 − 𝐹𝐹𝐹𝐹(𝑥𝑥𝑥𝑥 − 𝑎𝑎𝑎𝑎)�
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⎝

⎜
⎛�

𝐹𝐹𝐹𝐹
𝑙𝑙𝑙𝑙 (𝑙𝑙𝑙𝑙 − 𝑎𝑎𝑎𝑎 + 𝑏𝑏𝑏𝑏) ∗ 𝑥𝑥𝑥𝑥 − 𝐹𝐹𝐹𝐹(𝑥𝑥𝑥𝑥 − 𝑎𝑎𝑎𝑎)� ∗ 𝑙𝑙𝑙𝑙
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𝑙𝑙𝑙𝑙
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VERIFYING RESULTS

Test 1 Test 2 DIANA
Applied Force 200.7787 200.092 200.347
Deformation 0.143249 0.192506 0.13104
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VERIFYING RESULTS
- 4 Segments
- 2 Connections per 
edge
- Own weight and 
Windload

- Deformation at the 
corners
- Max 0.46 mm
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CONCLUSION
How can we prove that a connection is suitable for use 

in a segmented prefabricated shell structure?

	 -	 Which demands are made for a connections in a segmented prefabricated 			 
		  shell	structure?
	 -	 How can we test the strength of a connection?
	 -	 How can we implement a connection in a digital model?
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CONNECTIONS ESTABLISH SCALE
Choose a Project
- Recently build
- Modern methods used

ANALYSIS
- Research project
- Build digital model
- Analysis with FEA
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Fig. 2-28:  Connection between a double-T floor unit and a wall. Connecting reinforcement is placed directly 
there where the compression strut is meant to develop 

Fig. 2-29: Longitudinal connection of a hollow core slab with a wall 

In general strut-and-tie models are valuable tools in understanding the flow of forces within the 
floor and between the floor and the stabilising units and find how tie bars should be arranged and 
anchored so that a safe equilibrium system is obtained.  

θ

a) b)
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COLLECT REFERENCES
- Concrete connections
- Wood connections
- Steel connections
- Organize references

CONNECTION DESIGN
- Use references
- Use existing design
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CONSTRUCTION TIME
Shoring Towers, 

15

Wooden 
Formwork, 45

Reinforcement 
Placing, 30

Concrete Pouring, 
60

Prefab 
Placement, 0

Drying Time, 28

Support Removal, 
15

Days

Total: 88 days

30
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CONNECTIONS ESTABLISH SCALE
Choose a Project
- Recently build
- Modern methods used

ANALYSIS
- Research project
- Build digital model
- Analysis with FEA
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Fig. 2-28:  Connection between a double-T floor unit and a wall. Connecting reinforcement is placed directly 
there where the compression strut is meant to develop 

Fig. 2-29: Longitudinal connection of a hollow core slab with a wall 

In general strut-and-tie models are valuable tools in understanding the flow of forces within the 
floor and between the floor and the stabilising units and find how tie bars should be arranged and 
anchored so that a safe equilibrium system is obtained.  
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CONNECTIONS ESTABLISH SCALE
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Fig. 2-28:  Connection between a double-T floor unit and a wall. Connecting reinforcement is placed directly 
there where the compression strut is meant to develop 

Fig. 2-29: Longitudinal connection of a hollow core slab with a wall 

In general strut-and-tie models are valuable tools in understanding the flow of forces within the 
floor and between the floor and the stabilising units and find how tie bars should be arranged and 
anchored so that a safe equilibrium system is obtained.  
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REFLECTION

MONOLITHIC SHELL PRODUCTION

SEGMENTING

ASSEMBLY

OPTIMIZE PRODUCTION

LIMIT SUPPORTS

REDUCED FORCES

for the deformed situation. In the first 
tests, a thin plate was used as sub-
layer formwork to cast the concrete on. 
In later tests, a strip mould was used 
(Fig. 12 top image). This strip mould 
uses a setup of perpendicular and 
crossing single curved splines, 
vertically adjusted by the pin bed.  

Three elements taken from the virtual 
building envelope in Fig. 13 were 
chosen as example, one element with 
positive Gaussian curvature, and two 
with a negative (saddle-shaped) 
Gaussian curvature.  

The strips accurately followed the 
required pin height following from the 
panel geometry in Fig. 13. At some 
points around the edges the formwork 
had to be pulled slightly downwards 
to the pins, because a negative support 
reaction was needed. This was indeed 
predicted by the mechanics model. 
The polyethylene edge profiles hold 
the concrete in the mould before and 
also after deformation, even though 
the concrete is still plastic. Under the 
horizontal load of the fluid concrete, 
the edge stays practically 
perpendicular to the mould surface. 

For each element circa 100 litres of 
the E2 mixture concrete was used. The 
surface quality of the different 
elements in some cases was quite 
uneven, as a result of both inequalities 
in the finishing layer of the mould and 
difficulties in smoothening the casting 
side manually. The thickness of the 
element, however, appeared not to 
change significantly as a result of the 
deformation process. 

4. Conclusions 

From the theoretical and practical work the 
following conclusions are drawn: 

1. The manufacturing of single- and double-
curved precast concrete elements is possible 
through the use of the flexible mould system 
described in this paper. 

2. In order to control the process, it is necessary 
to predict the support reactions and exact 
deflection in the deformed shape by using a 
suitable structural mechanics model. Several 
model have been developed in this research 
that describe the behaviour of the flexible 
mould accurately. 

Fig. 12: Flexible strip mould used for validation of the 

structural mechanics model and testing of the principle of 

casting double curved concrete elements  

 

Fig. 13: Example of a NURBS-surface of a virtual 

building envelope drawn in Rhinoceros 
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QUESTIONS


