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Fracture Prediction of Key-Hole Notched Graphite Plates by Using the Strain Energy
Density Based on the Equivalent Factor Concept

A.R. Torabi*", H.R. Majidi’>, M.R. Ayatollahi®
! Assoc. Prof., Faculty of New Sciences & Technologies, University of Tehran, Tehran, Iran.
2 M.Sc. Graduated, Department of Mechanical Engineering, Iran University of Science and Technology, Tehran, Iran.
% Prof., Department of Mechanical Engineering, Iran University of Science and Technology, Tehran, Iran.

Abstract

In this research, the strain energy density criterion is modified to predict the fracture load in engineering
components weakened by key-hole notches under tensile-shear mixed mode loading. This new approach is
based on the equivalent mode I factor concept as presented in a new closed-form solution. In fact, the new
proposed method is the governing idea of the equivalent local mode | concept, which has been formerly
applied to U- and V-notches; but in this investigation the new equivalent factor is introduced in order to
reduce the numerical analyses. Therefore, by applying the equivalent mode I factor, one can eliminate the
large part of the energy section calculation to predict the fracture load of the notched specimens. To verify
the validity of the presented new method, the theoretical predictions are compared with a large bulk of
experimental data reported in the literature which obtained from the fracture tests on the key-hole notched
graphite specimens. Finally, it is shown that new proposed model with a total discrepancy of about 6 % is an
appropriate failure criterion.

Keywords: Key-Hole Notch; Strain Energy Density; Equivalent Factor Concept; Mixed Mode I/IT Loading.
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® Maximum Tangential Stress (MTS)
® Mean Stress (MS)

" Cohesive Zone Model (CZM)

8 J-Integral

® Theory of Critical Distances (TCD)
10 Key-Hole Notch
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! Notch Fracture Mechanics (NFM)

2 Strain Energy Density (SED)

¥ Sih

* Strain Energy Density Factor (SEDF)
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Cracked U-notch (large crack) Key-hole notch
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" Equivalent Mode I Factor Concept
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* Stress-Based
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® Fracture Toughness
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2 Isostatic poly-granular graphite
% Combined Tension-Shear Loading
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! Key-hole notched rectangular graphite plates
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2 Water-Jet Machine
% Linear Elastic Notch Fracture Mechanics
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(a) Tangential stress distribution (MPa)
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