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Why «additive manufacturing»?

To achieve 15% cost reduction by Material efficiency and Construction Efficiency 
through Innovative Design, enabled by 3D printing technology 

L=41.30 m B= 20.50 m H=17.50 m
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Why «additive manufacturing»?

To enable the new caissons to increase their bioreceptivity characteristics

Habitation (macro)
- Created by 3D printing

Material surface (micro)
- Fertiliser release
- Texturation 
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Bio-receptive, 3D-printed caisson

DESIGN MANUFACTURING MATERIAL S

Partner contributions:
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3DCP caisson design with 
biodiversity promoting function
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3DCP caisson design with biodiversity 
promoting function
Status: Deliverable submitted

59

Actions realized in this tasks: 

● Choice of reference caisson design example

● Evolution of 3DPC caisson structural design and integration of ecological considerations

● Structural calculation and structural design refinement with material in-situ performance

Lead Caisson design 

3D printable caisson design

Ecological consideration

Coordination, material properties

Involvement of partners and their major contributions: 

Organization and resources:
- Modeling and calculation done by Acciona
- Regular update meetings 1-2 times per months with COBOD, Holcim and Seaboost
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Caisson design

▪ Initial design material properties:

• During the 3d printed caisson design, tensile

strength of concrete was considered isotropic.

• fctd=4.3 MPa considered as the limit for design:

• σ1 (maximum tensile stress obtain in the model)<fctd
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Caisson design

▪ Material testing:

• Prismatic samples were tested according to

EN14651, different orientation of the printing

planes.
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Caisson design

▪ Material testing:

• Prismatic simples were tested according to

EN14651, different orientation of the printing

planes.

2.17 mm
fL fR1

fR3

fL fR1

fR3=0

▪ Standars/codes/recommendations:

• Must have a fR3 enough to bear the stresses

under ultimate limit state; plus:

• fR1k/fctk;0.05 ≥ 0.5 &        fR3k/fR1k ≥ 0.5
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Caisson design
Adjustments

▪ According to standards/codes/recommendations.

▪ Minimum conventional Steel rebars should the printing layers:
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Caisson design
Adjustments

▪ Initial design material properties:

• During the 3d printed caisson design, tensile

strength of concrete was considered isotropic.

• During material testing, strong ortotropic

behaviour was found.
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Caisson design

ϕ12 each 30 cm -> 0.48 MPa

Load cases: Caisson standing

Normal stress z axis
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Caisson design
Load cases: Floating caisson

ϕ12 each 30 cm -> 0.48 MPa

Normal stress z axis



67Funded by The European Union

Caisson design
Load cases: Sinking of the caison, low tide sinking

ϕ12 each 30 cm -> 0.48 MPa

Normal stress z axis
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Caisson design
Load cases: Sinking of the caison, high tide sinking

ϕ12 each 30 cm -> 0.48 MPa

Normal stress z axis
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Caisson design
Load cases: (ULS) low tide wave suck, front view

Normal stress z axis
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Caisson design
Load cases: (ULS) low tide wave suck, back view

Normal stress z axis
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Caisson design
Load cases: (ULS) low tide wave push

Normal stress z axis
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Caisson design
Load cases: (ULS) high tide wave push

Normal stress z axis
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Caisson design
Drawing caisson
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Caisson reinforcement
Reinforcement quantity

Steel reinforcement required for the minimum reinforcement ratio (ϕ12 each 30 cm): 24.67 tons
Steel reinforcement required including localized stresses pointed in the model: 25.78 tons (25.78-24.67=1.11 tons for specific locations)
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Caisson reinforcement
Reinforcement quantity

Steel reinforcement required for the minimum reinforcement ratio (ϕ12 each 30 cm): 24.67 tons
Steel reinforcement required including localized stresses pointed in the model: 25.78 tons (25.78-24.67=1.11 tons for specific locations)
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