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MOTIVATION

3D printing, as known as Additive manufacturing, the beginning of the third industrial
revolution. 3D printing originally referred to a process that deposits a binder material
onto a bed layer by layer, and one of the main 3d printing categories and the most
famous technique is material extrusion. 3D printing has been always an interest for
everybody because of the potential it has as a technology. On the other hand, the
material properties is also a very important aspect in the 3d printing world.

In this project, the thermal and the structural properties of uncooked locally sourced
clay is being explored in order to get a performative 3d printed architecture.

A 3d printing approach that allows optimizing the geometry design to adapt with the
material behaviour.

The research is defined based on climatic phenomenons and structure findings and
conclusions. In this study, It determined to examine the relationship between physical
and digital analysis as two monotonous elements and consider how both can improve
the design decision. This will provide essential mutual understanding of the principles
and problems which govern each other’s work.

PROBLEM

Structure refers to the methodical investigation of the stability, strength and rigidity of
elements.

Shrinkage has been always a problematic material behaviour that relates to structure
and strength and an unpredictable property to observe and difficult to analyse due to
climate, environment, material consistency and other uncontrolled parameters.
Shrinkage is the reduction in volume of hardened clay due to loss of moisture by
evaporation. This loss is due to difference in the relative humidity of clay and the
environment, and it increases with higher clay content, higher water content, lower
aggregate content, low relative humidity, high temperature, small thickness of the
member, etc, and these parameters cause cracks.
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Throughout the process a set of design tool was developed that analyses to get
conclusions out of it. The Flow of this design strategy is applicable for all climatic
phenomenons, however, the focus would be on analysing shrinkage as a part of
structure studies. The comparison feedback loop between digital and physical analysis
in order to get the best readings and try to apply these results on the final print. Does it
need to be a straight line or a curved line?, if it is a straight line what could be the
longest line and if it is a curved line what could be the suitable radius?

APPROACH

A grasshopper plug-in ‘Karamba’ to simulate and analyse different lines printing
scenarios. There are few parameters that need to be considered and measured while
analysing shrinkage such as lines contact, line curvature and kink curvature, under
controlled and constant curve length to compare. The target for this project would to
have an optimised geometry due to material shrinkage to prevent crackings in the
drying process.
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The RESULTS of the three parameters are:

Simulation 01 | Lines Contact

L

test 1 test 2 test 3 test 3

1 point of contact 2 points of contact overlap overlap and knot

displacement: 3.1e-03 cm displacement: 3.2e-03 cm displacement: 3.2e-03 cm displacement: 3.1e-03 cm

axial stress:1.22e-2 KN/cm2 axial stress:1.66e-2 KN/cm2 axial stress:1.89e-2 KN/cm2 axial stress: 1.55e-1 KN/cm2
Simulation 02 | Line Curvature

test 1
’ axial stress: 1.67e-02 KN/cm?2

displacement: 3.96e-03 cm

test 2
axial stress: 7.30e-03 KN/cm2
displacement: 4.41e-03 cm

parameter 1: curve length (not constant)

parameter 2: curvature test 2 test 3 test 1
test 3

axial stress: 2.63e-03 KN/cm?2
displacement: 5.86e-03 cm

test 3: high curvature-small
displacement (x)

test 2: medium curvature- me-
dium displacement (2x)

test 1: low curvature-high displa-
cement (4x)

curvature graph: displacement in relation to curvature radius



Simulation 03 | Kink Curvature
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Simulation 01 Conclusion | Lines Contact
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test 1:

high curvature

2 degrees of freedom
displacement: 5.00e-03 cm
axial stress:2.68e-14 KN/cm2

test 2:

high curvature

1 degrees of freedom
displacement: 8.4e-03 cm
axial stress:5.68e-02 KN/cm2

test 3:

high curvature

0 degrees of freedom
displacement: 2.6e-03 cm
axial stress:7.41e-02 KN/cm2

comparison chart displacement in relation to points of contact

Conclusion:
The most performative intersection is the one that incorporates both overlap and knot



Simulation 02 Conclusion | Line Curvature
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test 1
) test 2
axial stress: 3.54e-02 KN/cm2
displacement: 7.7e-03 cm

displacement: 4.41e-03 cm

axial stress: 7.30e-03 KN/cm2

test 3
axial stress: 6.34e-03 KN/cm2
displacement: 2.11e-03 cm

test 3: high curva-
ture-small displace-
ment (x)

test 2: medium
curvature-medium
displacement (2x)

test 1: small curva-
ture-high displace-

curvature graph: displacement in relation to curvature radius

Simulation 03 Conclusion | Kink Curvature

test 1: curvature 1

2 degrees of freedom
displacement: 5.00e-03 cm
axial stress:2.68e-14 KN/cmz2

test 2: curvature 1

1 degrees of freedom
displacement: 8.4e-03 cm
axial stress:5.68e-02 KN/cm?2

test 3: curvature 1

0 degrees of freedom
displacement: 2.6e-03 cm
axial stress:7.41e-02 KN/cm2

ment (4x)

If the curve is closer to forming a full circle, the displacement is lesser. This happens be-
cause stability and contraction is based also in geometry

test 1: curvature 2

2 degrees of freedom
displacement: 5.00e-03 cm
axial stress:3.7e-14 KN/cm2

test 2: curvature 2

1 degrees of freedom
displacement: 7.7e-03 cm
axial stress:4.1e-02 KN/cm2

0 degrees of freedom
displacement: 2.5e-03 cm
axial stress:5.71e-02 KN/cm2

Cenctsion:
Highest performing kink are the ones with curvatures that come close to full circle, thus,
geometry acts as second parameter and hold the shape together.



