Analysis of Stress Concentration Factors
for Biaxially Loaded Plates

I. Introduction to Stress Concentration

In mechanical and structural engineering, a stress concentration is a location in an object
where stress is significantly higher than in the surrounding region." These concentrations, also
known as stress raisers, typically occur at geometric discontinuities such as holes, notches, or
fillets that disrupt the uniform flow of stress through a component.” The severity of a stress
concentration is quantified by the Stress Concentration Factor (

Kt), a dimensionless value defined as the ratio of the maximum local stress to a nominal or
reference stress applied far from the discontinuity.

Understanding and quantifying Kt is critical for robust design, as these high-stress regions are
the primary sites for the initiation of material failure, particularly through fatigue cracking
under cyclic loading conditions.* Even if the nominal stress is well below the material's yield
strength, the magnified stress at a concentration point can initiate micro-cracks that
propagate over time, potentially leading to catastrophic failure.® This report presents the
calculated stress concentration factors for a circular hole in an infinite plate under various
biaxial loading conditions, based on established analytical formulas.

ll. Governing Formula for Biaxial Loading

The theoretical Stress Concentration Factor (Kt) for a circular hole in an infinite plate
subjected to biaxial stresses—with tension (oT) along one axis and compression (cC) along
the orthogonal axis—is derived from the principles of linear elasticity. The factor is calculated
relative to the applied tensile stress, oT. The governing formula is:

Kt=3-0ToC



This equation reveals that the stress concentration is not a fixed constant but is directly

dependent on the biaxial load ratio, (cC/oT).

lll. Calculated Stress Concentration Factors for Key
Loading Scenarios

Using the governing formula, the theoretical stress concentration factors for several
fundamental and illustrative biaxial loading cases have been calculated. The results are
summarized in the table below.

Loading Condition

Biaxial Ratio
(oC/oT)

Calculation:
Kt=3-(cC/oT)

Resulting Stress
Concentration
Factor (Kt)

double the tension)

Uniaxial Tension 0 (since oC=0) 3-(0)=3 ¢

Equibiaxial 1 (since oC=0T) 3-(1)=2 9%

Tension

Pure Shear -1 (since oC=-0T) 3-(-1)=4 4°

(Tension-Compre

ssion)

General Case A -0.5 (Compression 3-(-0.5)=3.5 3.5
is half the tension)

General Case B -2 (Compression is 3-(-2)=5 5

IV. Discussion and Engineering Implications

The calculated results highlight several critical points for engineering design and failure




analysis:

e Severity of Tension-Compression Loading: The case of pure shear (equal magnitude
tension and compression) results in a Stress Concentration Factor of 4. This is
significantly more severe than the well-known factor of 3 for uniaxial tension and the
factor of 2 for equibiaxial tension.” This loading scenario is often the least favorable from
the point of view of material strain and is a major cause of micro-crack initiation.”

e Dependence on Biaxial Ratio: The calculations clearly demonstrate that the stress
concentration is a direct function of the biaxial load ratio."” As the magnitude of the
compressive load increases relative to the tensile load (i.e., the biaxial ratio becomes
more negative), the stress concentration factor increases. This underscores the
importance of accurately characterizing the complete biaxial stress state in a component
rather than relying solely on the uniaxial solution.

e Fatigue and Failure Risk: A higher Kt value directly translates to a higher risk of fatigue
failure. The magnified local stresses at the edge of the hole act as nucleation sites for
fatigue cracks.” A component subjected to a tension-compression state with a
Kt of 4 or higher will have a significantly shorter fatigue life than an identical component
under simple tension. Therefore, engineers are advised to treat components with holes
under biaxial tension-compression loads with special consideration, often by adopting a
higher safety factor in the design."

V. Conclusion

The analytical solution for stresses around a circular hole provides a powerful tool for
quantifying the impact of biaxial loading. The calculations confirm that the Stress
Concentration Factor (Kt) is not a static value but varies linearly with the biaxial load ratio. The
tension-compression loading state is particularly damaging, yielding a Kt of 4, which poses a
significant risk for fatigue-driven failure. These findings are essential for the safe design and
structural integrity assessment of components containing geometric discontinuities.
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