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The role of anisotropy in the failure and function of 3D
printed soft composites

Spatial variations in fiber alignment produce mechanical anisotropies that are essential in determining the
failure and function of many biological materials. In this work, we consider the effect of fiber alignment in
3D printed short fiber soft composites, which can be controlled by the print path and nozzle characteristics
in extrusion-based printing processes. First, we will discuss the extension of classic shear lag models to
understanding the failure of unidirectional glass-fiber polydimethylsiloxane (PDMS) composites printed via
direct ink writing (DIW), and the critical effect of fiber volume fraction. Then we will consider the effect of
more complex arrangements of fibers, including fiber arrangements inspired by the aorta. By combining
the lessons learned from the above studies, we show how glass-fiber- PDMS composites can achieve a
combination of toughness, stretchability, and stiffness comparable to that of biological materials such as
skin. Additionally, anisotropies in fiber alignment have significant effects on function. With that in mind,
time permitting, we will discuss how anisotropic swelling in these (and related materials) can be exploited
to produce stimuli-responsive mechanical logic, with potential applications in soft robotics.
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Faculty Award. Raney is a member of the editorial boards of the journals npj Metamaterials and
Communications Engineering.
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