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Abstract: In this work we demonstrate that the specific med® properties of polylactic acid (PLA) can be
enhanced by leveraging a combination of (a) adaithanufacturing (3D printing) and (b) initial pdstisioning of
continuous natural-fiber reinforcement. In thisdstioth tensile and flexural PLA specimens witHediént cross-
sectional geometries were 3D-printed with and withpost-tensioning ducts. The mechanical propeufesvo
continuous reinforcing fiber strands (i.e., jutgxj were experimentally characterized prior toettting, post-
tensioning to a prescribed level of stress, andrsgg in place with 3D-printed anchors. The effetffiber type,
matrix cross-sectional geometry, number of reirifigcstrands, and degree of post-tensioning on pexific
mechanical properties (i.e., strength-, stiffneggidity-to-weight) of PLA were investigated usithgth tensile and
flexural mechanical testing. Experimental resuibsfcmed that additive manufacturing alone can iover the
specific tensile and flexural mechanical properae®LA and that these properties are further inapdovia initial
mechanical prestressing of natural fiber reinforeetmData indicate increases of 116% and 62% fuilte specific
strength and stiffness and 12% and 10% for flexspalcific strength and rigidity, respectively, cargd to solid,
unreinforced PLA. A theoretical model of the prested composite tensile response was employedoand fo
accurately predict (<10% error) improvements in hagtcal behavior.

Keywords: B.Mechanical Properties; Bnalytical Modeling; E3-D Printing; Natural Fibers (nominated keyword).
1. Introduction

Polymers and composites from renewable resour@ebeaing engineered for target applications in thteraotive,
construction, and packaging industries at histdlyidaigh rates to address growing environmentalcgons of a
globally unsustainable dependence on petroleumebassources and to counter the proliferation ofthsgtic
polymers and plastics in the environment. A varietynatural alternatives to synthetic fibers (eaatbon, glass,

aramid) and petroleum-based polymers (e.g., popyteme, polyethylene) have been evaluated for abfilver-
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