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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
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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

56

B Funded by The European Union

/. BEEYONDERS
»>

)



Bio-receptive, 3D-printed caisson

Partner contributions:

4 MANUFACTURING

C

CAIDI

Concrete Intelligence
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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
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
Involvement of partners and their major contributions:

=, COBOD

%acciona
SEABOOST#

Organization and resources: 7 HOLCIM

- 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.

¢ f...~4.3 MPa considered as the limit for design:
¢ o, (maximum tensile stress obtain in the model)<f_,
~!‘>
.v N : BEEYONDERS Funded by The European Union

6.1. Mechanical properties of the
materials

The most relevant mechanical properties of the materials included in the FE model may be found in the table
below.

Table 4: mechanical properties of the materials

s oy 1o

- - 1026 kg/m? -
3 4,3 MPa
Concrete 37000 MPa 0.2 2400 kg/m
sand fill 20 Mpa 0.35 1630 kg/m? =

6.3.1. Caisson standing

In this stage, the caisson is considered just printed, standing on the rigid surface of a dry dock and totally

empty.
To simulate this situation, only gravity loads are applied, and the bottom surface of the caisson is supported

with a rigid compression only boundary condition.

The following figure shows the principal stresses for this case. The maximum stress at this stage is 1,37 MPa,
well below the tensile design cracking stress of the material (4,3 MPa).
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Caisson design

" Material testing:

Prismatic samples were tested according to

EN14651, different orientation of the printing

planes.

Printed samples : cutted inprinted walls
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Flexural stress (MPa) f [MPa] (Residual flexural strength)

Caisson design

" Material testing:

EN14651, different orientation of the printing

planes.

Prismatic simples were tested according to

Printed samples : cutted inprinted walls

g

8

7

6

5

o | %

3 : : I?cm
1 1

1 : : 'O 28cm Q lfé'cm
1 1

o i
olf 05 f 1 1,5 2

L R1 Deflection (mm)

333

%\ BEEYONDERS

|

—AH Bl —AH B2
—AHB3 —AHTI

—AH T2 AHT3

Funded by The European Union

Flexural stress (MPa) fx [MPa] (Residual flexural strength)

35

6,00 -

500 -

4,00 -

3,00

2,00

1,00

0,00

Standars/codes/recommendations:

Must have a fz; enough to bear the stresses

under ultimate limit state; plus:

fR1k/fctk;0.O52 0.5

&

fraw/frik= 0.5

Printed samples : cutted inprinted walls
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Caisson design

Adjustments

- According to standards/codes/recommendations.

| Minimum conventional Steel rebars should the printing layers:
A4 ... =0.0012-4 =0.0012200 mm - 1000 mm = 240 mm® = 548 = 4¢10 = 3412

Three vertically placed 12-mm diameter bars per meter are recommended for the entire height of the
caisson. Depending on the site-specific meteorological conditions, the loading conditions may need
adjustment, and the reinforcement design may vary accordinglv.\
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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

Load cases: Caisson standing

$12 each 30 cm -> 0.48 MPa

N: Y24 Empty standing
Normal Stress

Type: Normal Stress(Z Axis)
Unit: MPa

Global Coordinate Systerm
Tirne: 15

11/12/2024 8:18

0,94698 Max
048

0

-1,5683 Min

Normal stress z axis
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Caisson design

Load cases: Floating caisson

$12 each 30 cm -> 0.48 MPa

0: Y24 Floating compensated
MNormal Stress

Type: Normal Stress(Z Axis)
Unit: MPa

Global Coordinate Systern
Time: 15

11/12/2024 817

1,1828 Max
0,95

0,79

0,63

048

0

-1,7701 Min

Normal stress z axis

/X BEEVONDERS Funded by The European Union 66
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Caisson design

Load cases: Sinking of the caison, low tide sinking

$12 each 30 cm -> 0.48 MPa

P: ¥24 Compensated standing
MNormal Stress

Type: Normal Stress(Z Axis)
Unit: MPa

Global Coordinate System
Time: 15

11/12/2024 9:22

0,96461 Max
0,79

0,63

048

0

-1,9299 Min

Normal stress z axis
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Caisson design

Load cases: Sinking of the caison, high tide sinking

$12 each 30 cm -> 0.48 MPa

R: ¥24 high tide sinking
MNormal Stress

Type: Normal Stress(Z Axis)
Unit: MPa

Global Coordinate System
Time: 15

11/12/2024 9:27

0,89598 Max
0,79

0,63

048

0

-1,9023 Min

Normal stress z axis
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AG: ¥24 ULS Low tide wave suck
Mormal Stress 9

Type: Normal Stress(Z Axis)

Unit: MPa

Global Coordinate System

Caisson design

Load cases: (ULS) low tide wave suck, front view

Time: 15

10/12/2024 16:28

X
N
N

3,3438 Max

1,58
0,95
0,79
0,63
048
0

-5,2515 Min

N
N
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Normal stress z axis

AG: Y24 ULS Low tide wave suck
Mormal Stress 11

Type: Mormal Stress (£ Auxis)

Unit; MPa

Global Coordinate Systern

Tirne: 13

101272024 1639

3,3438 Max
1,58

0,95

0,79

0.63

048

0

-5,2515 Min
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AG: Y24 ULS Low tide wave suck
Marmal Stress 9

Type: Mormal StressiZ Axish

Unit: MPa

Global Coordinate System

Tirme: 15

1011242024 16:22

3,3438 Max
1,58

0,95

079

0,63

048

0

-5,2515 Min



— — AG: Y24ULS Low tide wave suck
alsson aesign
Type: Mormal Stress(Z Axis)
- - Unit: kPa
Load cases: (ULS) low tide wave suck, back view Globl Coordinate System
10/12/2024 16:38

3,343 Max
1,58

0,95

07

0,63

048

0

-5,2515 Min

AG: Y24 ULS Low tide wave suck
MNormal Stress 11

Type: Normal Stress(Z Axis)

Unit: MPa

Global Coordinate System

Time: 15

10/12/2024 16:39

3,3438 Max
1,58

0,95

0,79

0,63

048

0

-5,2515 Min

Normal stress z axis
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Caisson design

Load cases: (ULS) low tide wave push

N
N
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AH: Y24 ULS Low tide wave push

Mormal Stress 3
Type: Mormal Stress(Z Axis)
Unit: hPa

Global Coordinate Systern
Tirme: 15

10/12/2024 16:50

2,7317 Max
2

1,58

095

079

0,63

043

0

-5,6577 Min

BEEYONDERS
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Normal stress z axis
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Caisson design

Load cases: (ULS) high tide wave push

fl: Y24 ULS High tide wave push
Maormal Stress 2

Type: Mormal Stress(Z Buxis)
Unit: hMPa

Global Coordinate System
Time: 15

02,/0,2025 1459

3,062 Max
1,58

0,95

0,79

0,63

048

0

-6,4271 Min

b = 2250

1200 ’—

Normal stress z axis

R
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Caisson design

- -
Drawing caisson
Y,
’5{;; /-\ /‘ 975, - A2y 4926
£
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Caisson reinforcement

Reinforcement quantity

Cuantia armado del cajon
Face A

Exterior

Central curve

First curve

Corner A-B
Corner curve

Face B

Straight

Mini curve central
Straight

Corner straight
Outside wall

Face B interior
Complete curve

Corner B-C
Corner curve

Face C
First curve
Central curve

FaceD
Outside wall

Face D

Curve clase corner C-D
Twao straight parts
Corner D-A

Face D interior
Complete curve

O Il B B B [ e = Em

4926
4689

8206

2575
5673
2013
2051
3670

14797

5841

4987
4892

4338

8786
3122
12375

19385

mm
mm

mm
mm

n? 5 Total 24630 mm
n? 2 Total 9378 mm

n? 2 Total 9974 mm
n? 5 Total 24460 mm

Espesores Barras

200
200

200*

82.10
31.26

27.35

858
18.91
671
6.84
12.23

49.32

19.47

3325
8153

14.46

2929
10.41
41.25

Curve B1
Carner
Struts

Curve B2
Struts

Curve B3
Carner
Struts

Face B central
Strut, straight
Strut, oblicuo
Strut central
Curve B4
Struts

Curve D1

Curve D2
Struts

M O M@0 Wm0

Curve D3
Strut vertical
Strut central

SUMA TOTAL
Huecos para barras, cada 300 mm

2776
1759

4822
1634

Face B, central curve

1090
4822
1634
5213
4356
4175
2776
1759
3127

5678
1901

3127

15846
4175

430065
1434

mm

mm
mm

mm

mm
mm

mm n2 2

mm n2 7

mm

mm ng 2

mm

mm
mm

mm

mm n?
mm n? 14

mm Altura [mm]

barras 18700 12

Total

Total

Total

Total

Total
Total

phi [mm] peso [ke/mi]
0.92

3518

8712

29225

3518

126768
58450

Cantidad [tons]

24.67

mm

mm

mm

mm

mm
mm

Espesores

200
150

200
150

150

200
150

200

200
150

Suma parcial

Barras

9.25
11.73

16.07
5.45

16.07
5.45

17.38
29.04
97.42
9.25
1173
10.42

1893
6.34

10.42

422.56
194.83

1434

El color es para identificarlo en el plano

width
[mm)

Corner D-A 1000
Outside wall B 1000
Central curves C 24460
Outside wall 4000

height
[mm]
4300

13000
2000

18700

rebar

[mm]
16
20
20
5

Todo el acero considerando este extra

space Weigth

[mm]
300
300
300
300

Este ajuste es para sumar directamente
estas barras al acero que ya nos daba rellenar todo con phil2

Contando con poner cada 300 mm barras del 12 en todos los elementos.

Steel reinforcement required for the minimum reinforcement ratio (¢12 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)

gy,

L)
A

T
\ X, BEEYONDERS
»>

Funded by The European Union

[kg/m]
163
255
2.55
398

Peso extra
restando lo que ocupan los phi12
que estamos sustituyendo
Weight*

[ke/m] Peso [kg]
0.71 10.18
163 7063
163 265.80
3.06 762.96

suma 1110

2578  tons
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Caisson reinforcement

Reinforcement quantity

1.11tons

24.67 tons

m Minimum reinforcement
m Localized reinforcement

Steel reinforcement required for the minimum reinforcement ratio (¢12 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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