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S1. Structural characterization via WAXD
To examine possible changes in the crystallinity of the ABS during the 3D printing process, wide angle X-ray diffraction measurements (WAXD) were performed on ABS samples before and after 3D printing using a Philips X’Pert Pro with Cu Ka radiation at 45 kV and 40 mA. It was clearly visible from the XRD plots that ABS filament is showing amorphous nature with no crystalline peaks (see Fig. S1). However, in 3D printed DENT specimens crystalline peaks are observed at 2θ = 27.3° and 2θ = 29.4°, suggesting that the polymer underwent structural changes during 3D printing. However, the effect of the raster angle on the crystallinity changes seems to be negligible. 
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Fig. S1. XRD patterns of the ABS filament and the 3D printed samples for different raster angles.
S2. Mechanical testing of the baseline material (ABS)
To determine the material response of the 3D printed ABS, we performed quasi-static tensile tests on dogbone specimens (width 5 mm, gauge length 35 mm, thickness 2 mm, ASTM [1]  printed with different raster angles (0o, 900 or +45/-45o). These tests were conducted using a Zwick-Roell universal testing machine (UTM) with a 2.5 kN load cell. The strain field in the gauge section of the specimen was measured via digital image correlation (DIC). For this purpose, a random speckle pattern was applied to the sample surface by spraying acrylic paint using an air brush. All the samples were tested at a constant crosshead speed of 5 mm/min and images of the specimen’s surface were captured during the test using a CCD camera of 5.0 MP at 2 Hz. The obtained stress vs. strain curves are plotted in Fig. S2 which show that the choice of raster angle has a significant effect on the elastic modulus, ultimate strength and failure strain of the 3D printed ABS. 
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Fig. S2. Engineering stress vs. strain responses deduced from uniaxial tensile tests on dogbone specimens with different raster angles. 
S3. FE predictions of failure modes
The Hashin failure criterion for orthotropic materials can differentiate between axial, transverse and shear modes of failure for both compressive and tensile loading. The contour plots of the damage variable for the three modes of failure are presented in Figs. S3a-c for DENT specimens (L = 4 mm) with raster angles of 0°, +45/-45° and 90°, respectively, noting that the contours plots were evaluated at the peak load for each specimen. It is seen that the shear mode of failure is active for all infill patterns. The axial mode of failure is critical only for the specimen with 0° raster angle, while the transverse mode of failure dominates for the +45/-45° and 90° specimens.
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Fig. S3. Predicted contour plots of damage variables (tensile failure, transverse failure, shear failure) associated with the Hashin failure criterion for L = 4 mm DENT samples with different raster angles. The contour plots shown were taken at the point of the peak load.




S4. Other supporting figures
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Fig. S4. Post-test photographs of fractured ligaments (L = 12 mm) for different raster angles: (a) 0°, (b) 90° and (c) +45/-45°.
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