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One of the key benefits of AM is the enabled “What You See Is What You Build” (WYSIWYB) feature. 
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, σ represents the stresses, u is the displacement vector, and Γ is the 

 lim௰→0 ∫௰0[… ߁݀ [ lim௰→0


 δ

 σ


డ௨௜డ௝௜
 : The outward normal vector. It simply points perpendicular to the contour line Γ at any given spot, 

The mechanical work being done by the internal stresses (σ  డ௨௜డ௝௜



For quasistatic conditions, the closed contour, Γ* = Γ + Γ + Γ Γ

Figure 2.2 Inner and outer contours, which form a closed contour around the crack tip when connected by Γ+ , Γ

“infinitely narrow” path at the crack tip
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where Γ+, Γ is the outward normal on Γ*, and q is an 
arbitrary but smooth function that is equal to unity on Γ and zero on Γ on Γ

= ±1 on Γ and Γ



is the area enclosed by Γ
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sity in the direction of the crack axis. This is the mathematical ’“engine” which 

It is convenient at this point to divide ω into elastic and plastic components
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(stresses σ , strains Ɛ

ition. Because the strain energy density (ω) inherent to the J

—
roblem ( σ , Ɛ ) and State 2 being the analytical auxiliary field (σ , Ɛ —

௧௢௧𝑎௟ܬ  = (1)ܬ   + (2)ܬ  + (1,2)ܫ 
(1,2)ܫ
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I1 = 2E∗ kI1



 Factors, Kᵢ) 

ΔL, along the continuous crack front, η. To evaluate the local fracture parameters at any given point on this 



Rather than relying on a simple 2D contour (Γ
around the specified segment ΔL. Under typical quasistatic loading 

integral, J(η), does not remain constant but varies continuously along
η

η

 over the increment ΔL. The full expression demonstrates that this weighted average is ̅,ܬ

h ΔL.


ment ΔL. Beyond this segment, 

 At any given point along ΔL, the local virtual crack advance, Δa(η), is 
unction of its position via the relation Δa(η) = (η) . Δa
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over the segment length Δ



it smoothly transitions to zero at both longitudinal ends of the segment Δ

3 (Δ

ij௉ߝ
thermal expansion (ϴ), and body forces (

the segment Δ

ment Δ
J(η)



his integration region is bounded by an inner contour, Γ
typically assigned directly to the crack tip. The outer boundary of this region, Γ

J(η), usually needs to be evaluated at multiple discrete locations along the continuous crack front.
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 he function begins at q = 1 at the crack tip (the inner contour, Γ



outermost ring of elements making up the defined integration domain (Γ1). 
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within the standardized normalized range of 0.45 ≤a/W≤ 0.55. Furthermore, following the conventiona











45 ≤ 
a/W ≤ 0.55). Figure 4.



—
governed by K₁ is dominant. A radius of 0.6 mm satisfies both criteria for the mesh density employed in this 

can accurately reproduce the 1/√r stress singularity required by LEFM.



validity and convergence of the extracted stress intensity factor K₁.
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fall within the range of 0.45 ≤ a /W ≤ 0.55.
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0.45≤a/w≤0.55. The plot compares the analytical baseline 
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(0.45 ≤ a/W ≤ 0.55)

(MPa√mm)



FB√W  F( aW)

ܨ ( ܹܽ ) = ௄಺ ஻√ௐிܨܹ√ܤ ூܭ ܨ ( 𝑎ௐ)( 𝑎ௐ)

ܨ ( 𝑎ௐ) = ܨܨܹ√ܤ ܫܭ ( 𝑎ௐ) = ܨܹ√ܤ ܫܭ

(MPa√mm) (MPa√mm) (MPa√mm)



ASTM E1820 range 0.45 ≤ a/W ≤ 0.55. Both datasets are fitted with third
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Є = 0 , γ =0 , γ

restricted (Є plane normal stress (σ

stress σ





௄ூఙ

ܫܭ = ߪ ∗ √ௐ−𝑎2.5

ܫܭ = 800 ∗  √50−252.5 √݉

௄ ஻ √ௐி ( ೈೌ)
ࡲ ( (ࢃࢇ  ( (ࢃࢇ ( (ࢃࢇ ( (ࢃࢇ
ࡲ ( (ࢃࢇ  (૛૞૞૙) (૛૞૞૙) (૛૞૞૙)

௄ ஻ √ௐி ( ೈೌ) 80 MPa√௠ ∗25 ௠௠ ∗ √50 √௠௠9.6671



√ܹ √0.05 √݉√݉ √݉
·m² and Since 1 MPa·m² = 10⁶ N: So, 





௄಺ఙ

ூܭ ߪ ∗  √ௐ−𝑎2.5

ூܭ = 800 ∗  √50−252.5 √݉
௄಺ ஻ √ௐி ( ೈೌ)

ࡲ  ( (ࢃࢇ ( (ࢃࢇ – ( (ࢃࢇ ( (ࢃࢇ –

ࡲ  ( (ࢃࢇ (૛૞૞૙) – (૛૞૞૙) (૛૞૞૙) –

௄಺஻ √ௐி ( ೈೌ) 80 MPa√௠ ∗25 ௠௠ ∗ √50 √௠௠૚૞.૚૛૜ √ܹ √0.05 √݉√݉ √݉15.123 = 0.029570 MPa·m² and Since 1 MPa·m² = 10⁶ N:
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fracture mechanics solution (σ ݎߨ2√
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tributions along the uncracked ligament, including both the normal force and σ
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