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01/ Casting versus 3DCP

Casting concrete 3D Concrete Printing [3DCP]
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01/ Digital workflow (design to manufacturing)

From 3D model to physical object: a standard 3D printing workflow
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01/ Freedom of form
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01/ Printing resolution



Global design Material distribution Printpath planning



3DCP objects, various sources

01/ Printing resolution
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01/ New workflow

From 3D model to physical object: our approach



01/ Previous work



01/ Development of a design tool



Westerlind, Helena, and Jose Hernández 
Vargas. “Knitting Concrete.” In 
Proceedings of DC 2020: Second RILEM 
International Conference on Concrete and 
Digital Fabrication, July 6-9, 2020, 988–97.

01/ Knitting concrete
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02/ Casting versus 3DCP

Casting concrete 3D Concrete Printing [3DCP]



Micro scale
≤ 10-2 m

Macro scale
> 100 m

02/ Concrete scales



Meso scale
10-2 – 100 m

02/ The meso scale

Micro scale
≤ 10-2 m

Macro scale
> 100 m



02/ Research objectives



01/ Research objectives



01/ Research objectives

To develop new means to optimize the use of concrete 
in wall elements by locally adapting printpaths and 
material distribution at the meso scale according to 
local design criteria.

PROJECT GOAL:
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03/ Digital Concrete



Physical testing Computer simulation (FEM)

03/ Evaluation of mesostructures



A B C

03/ Print pattern generation



Concrete mix = Sikacrete-751 3D + 15% water (53 MPa after 28 days)

03/ Fabrication of prototypes

Robotic setup at KTH School of Architecture



03/ Printed prototypes and extraction of test specimens

150 mm
100 mm

150mm

3 x

Pattern A Pattern B Pattern C



03/ Test specimen 

Test specimen A.3 Test specimen B.3 Test specimen C.2



STEP 1: Flattening of top and base surfaces STEP 2: Length measurements STEP 3: Mass measurement

STEP 4: Measuring volume of specimen STEP 5: Calculating top and base surface areas

03/ Preparation of test specimen 



03/ Compression testing

 Compressive test after 28 days.
 The samples were loaded perpendicularly to the print direction 

under constant displacement control at 0,1 mm/s 

Test specimen A.3



Test Specimen C.2Test Specimen B.3Test Specimen A.3

03/ Cracking behaviour

PATTERN A PATTERN B PATTERN C

PATTERN A PATTERN B PATTERN C

LOAD – DISPLACEMENT

STRESS – STRAIN CURVES 



03/ Conclusions

A B C

Table 2. Mean values of test results



03/ Conclusions

 Density versus bulk density 
(unit weight of concrete over 
the printed volume)

 Bulk densities 1250-1580 kg/m3

 Mesostructure C was the most 
efficient in filling a given 
volume with the lowest amount 
of material

A B C

Table 2. Mean values of test results



 Mesostructure C was able to 
withstand a significantly lower 
load than pattern A and B

 But when also considering the 
given cross-sectional surface 
area it actually performed the 
best in terms of compressive 
strength

 Structural performance found 
to be less than half of 
conventional cast concrete

A B C

Table 2. Mean values of test results

03/ Conclusions
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 Mesostructure C was able to 
withstand a significantly lower 
load than pattern A and B

 But when also considering the 
given cross-sectional surface 
area it actually performed the 
best in terms of compressive 
strength

 Structural performance found 
to be less than half of 
conventional cast concrete

 When also taking account the 
lower bulk density of the 
pattern (strength/weight) the 
load bearing capacity of 
mesostructure C performed 
significantly better at 73% of 
the capacity of cast concrete

A B C

Table 2. Mean values of test results

03/ Conclusions



The placement of concrete through the programming of print 
paths represents a new way of controlling the bulk density and 
load bearing capacity of this traditionally massive material.

03/ Main take aways



These findings form the basis of future research looking at:

 how to design print paths to achieve maximum structural 
performance

The placement of concrete through the programming of print 
paths represents a new way of controlling the bulk density and 
load bearing capacity of this traditionally massive material.

03/ Main take aways



Crossing print path comparisonPrint patterns and buildability in 3DCP

03/ Ongoing explorations



03/ Compensation method for intersecting print paths in 3DCP

V1

V2

V1



03/ Compensation method for intersecting print paths in 3DCP

Compensation

No compensation



03/ Compensation method for intersecting print paths in 3DCP



03/ Variable flow method in 3DCP



These findings form the basis of future research looking at:

 how to design print paths to achieve maximum structural 
performance

 how to vary printing patterns according to local load bearing 
criteria to optimize the amount of material used in 3D 
printed concrete structures

The placement of concrete through the programming of print 
paths represents a new way of controlling the bulk density and 
load bearing capacity of this traditionally massive material.

02/ Main take aways



03/ Research objectives

Optimisation by:

• Geometry of print path
• Density of print paths
• Varying material flow of print path
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Thank you for listening!
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