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Thesis Summary

Resistance spot welding of advanced high-strength steel (AHSS) significantly alters the
mechanical properties of the heat-affected zones (HAZs), impacting the prediction of joint fracture
and failure. This study clarifies the local mechanical properties of HAZs in various spot-welded
AHSSs, establishing correlations between hardness, strength, and ductility, and develops a finite
element modeling (FEM) approach to predict fracture behavior under diverse stress triaxiality
conditions. The main objectives and content of each chapter are as follows.

Chapter 1 introduces the background and previous research, summarizes the aim of this study.

Chapter 2 describes the nano-hardness measurements and miniature tensile tests that were
conducted to correlate Vickers hardness with tensile strength and strain. These analyses enabled the
development of an assumed shift formula for the MMC (modified Mohr—Coulomb model) fracture
criterion under uniaxial tension. FEM analysis results show that the above methodology offered
reliable predictions of ductile fracture strain and tensile strength within a range of 3.3% ~ 17.2%
and 1.4% ~ 6.3% across three different AHSS grades.

Chapter 3 focuses on the shear fracture behavior of HAZs for spot-welded AHSS, advancing
beyond uniaxial tension, a novel miniature shear test (MST) was designed and performed, revealing
distinct shear mechanical properties across HAZs in AHSSs. Building on the theoretical
foundations established in Chapter 2, an empirical hardness-based model for the strength coefficient
and work hardening exponent in Hollomon’s law was created and integrated into FEM calculations,
with precision confirmed by a maximum strength deviation of 5.4% to 13.5%. As a result, the
establishment of MST enhances the understanding of local shear fracture behavior in spot-welded
AHSS and refines triaxiality-based fracture criteria, broadening their applicability.

Chapter 4 extends the MMC fracture criterion using a series of miniaturized tests, including
shear, uniaxial, and multiaxial tension, to refine fracture predictability across a range of stress
triaxialities. Furthermore, the methodology in Chapter 3 was refined, addressing the challenges of
material dependency and complex calibration in fracture prediction modeling for spot-welded
AHSS. The results indicated satisfactory accuracy in predicting fracture behavior compared with
cross-tension and shear-tension testing, with strength errors within 7.2% and peak load within 1.16
kN, and strain within 0.02 validating the adaptability of this fracture predicting approach.

Chapter 5 summarizes the results and conclusions of each chapter, as well as the future
challenges of this study.




