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Fracture Analysis of Double-Edge Notched Tensile Specimens Additively Manufactured
From Polylactic Acid Using the Virtual Isotropic Material Concept and Equivalent
Material Concept

Soroush Sadeghi School of Mechanical Engineering, Iran University of Science and Technology, Tehran, Iran

Ali Reza Torabi College of Interdisciplinary Science and Technology, University of Tehran, Tehran, Iran

Majid Reza Ayatollahi* School of Mechanical Engineering, Iran University of Science and Technology, Tehran, Iran
Abstract

In this study, the fracture behavior of double-edge notched tension (DENT) specimens additively manufactured from polylactic acid
(PLA) with a symmetrical cross-ply stacking sequence of [0/90]s under Mode | loading was investigated. Based on the virtual
isotropic material concept (VIMC), and without directly considering the inherent anisotropy of parts fabricated by the fused
deposition modeling (FDM) process, the notch fracture toughness (NFT) of specimens containing U-shaped and rounded V-shaped
(RV) notches was predicted using the mean stress (MS), maximum tangential stress (MTS), and averaged strain energy density
(ASED) criteria, as well as the extended finite element method (XFEM). The specimens were fabricated with three different notch
tip radii (1, 2, and 4 mm). In addition, the equivalent material concept (EMC) and modified equivalent material concept (MEMC)
were employed to account for the observed nonlinear behavior. The results showed that the accuracy of the employed criteria
depends on the notch geometry; specifically, the ASED criterion provided better agreement with experimental results for U-notches,
while the MTS criterion showed superior performance for RV-notches. The novelty of this study lies in the simultaneous application
of the VIMC and MEMC to predict the fracture behavior of additively manufactured PLA specimens with a cross-ply layup and to
evaluate the effects of notch shape and notch tip radius. Overall, the combination of material simplification concepts with classical
linear elastic fracture mechanics criteria provides an efficient approach for predicting the fracture toughness of additively
manufactured DENT specimens.

Keywords: fracture, additive manufacturing, notch fracture toughness (NFT), virtual isotropic material concept (VIMC),
equivalent material concept (EMC), polylactic acid (PLA)
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2 Maximum tangential stress (MTS)
® Mean stress (MS)
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