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Removing size effect on 3D-printed material’s
strength by controlling its microstructure
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Additive manufacturing, commonly called 3D printing, is increasingly applied in numerous disciplines. The
most common type, Fused Deposition Modelling, manufactures 3D-printed parts by extruding a filament of
molten material layer upon layer. Upon solidification of the molten filament which cross-section has rounded
corners, air gaps are created between each layer (Biswas, Guessasma, and Li 2020). Given the presence of
those air gaps, this 3D-printed material can be defined as a porous material, for which mechanical properties
are then dictated by the classical laws of poromechanics. Considering the internal length scale introduced
in the system via porosity, we postulate that these manufacturing imperfections influence the 3D-printed
material mechanical size effect, which has been shown to exist in various studies (Bell and Siegmund 2018;
Wu, Chen, and Cheeseman 2021). Here we show that this size effect can effectively vanish if air gaps and
sample size are simultaneously scaled. By fine-tuning certain printing parameters such as printing speed
(Lanzotti et al. 2015) and printing temperature (Afonso et al. 2021), we find it feasible to maintain the shape
and distribution of air gaps while varying sample size. Given the possibility of scaling the 3D-printed material’
s microstructure along with the sample size, we are left to check whether this is enough to effectively remove
the size effect phenomenon previously observed. From our results on cubic samples of 3D-printed polylactic
acid (PLA) (Figure 1), we obtain similar stiffness (3.1% differences) and uniaxial compression strength (3.2%
differences) when the microstructure is scaled with the sample size, whereas 19.8% differences in stiffness and
12.6% differences in strength are obtained when the microstructure is fixed, see Figure 2. With this study,
3D-printed material mechanical size effect can be linked to the printing parameters straight-forwardly, which
is a starting point towards predicting more directly the mechanical behaviour.
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