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Abstract of Thesis

To reduce the harmful tensile residual stress, a strong interest has been expressed to low transformation
temperature (LTT) welding materials. LTT welding materials take advantage of volume expansion of martensitic
transformation to compensate for the thermal contraction during cooling process, resulting in reduction of tensile
residual stress in weld zone. Additionally, the elongated bead method using LTT welding materials can
significantly increase fatigue lives of boxing fillet joints.

This research work aims to develop a LTT welding wire available to CO2 arc welding and five different
welding positions for the elongated bead in order to extend the fatigue lives of boxing fillet joints.
Correspondingly, the thesis consists of 9 chapters.

Chapter 1 covers a literature review of recent developments in LTT welding materials. It also provides the
rationale for undertaking this research work and proposes the research objectives.

Chapter 2 investigates the transformation temperatures, mechanical properties and residual stress of two
types of low transformation temperature welding wires. It was found that martensitic transformation
temperatures and volume expansion strain played a significant role in generation of compressive residual stress,
which must be taken into account when designing chemical compositions of the LTT welding wire.

Chapter 3 provides the design criteria for the LTT welding wire. Accordingly, a new flux-cored 16Cr-8Ni LTT
welding wire was developed considering the base metal dilution, followed by a detail study to investigate the
weldability and material properties of the LTT weld metals, including martensitic transformation temperatures,
microstructure, tensile properties, hardness and corrosion resistance. Moreover, an intermittent welding method
was successfully developed for LTT elongated bead produced in five different welding positions.

Chapter 4 gives the correlation among residual stress, joint size as well as martensite start (Ms) temperature
in the single-pass LTT welded joints. It was found that heat dissipation and coefficient of thermal expansion of
LTT weld metal had a significant effect on residual stress. Furthermore, LTT bead with optimum Ms temperature
produced great compressive residual stress and was less sensitive to joint size.

Chapter 5 concentrates on the residual stress study in multi-pass T-welded joint using LTT welding wire
through numerical simulations and the experimental measurement. It reveals that reheating due to multi-pass
welding influenced the residual stress development and led to insufficient compressive residual stress.

Chapter 6 proposes a bionic-based mathematical design method of tensile triangles (MTT) to reduce stress
concentration in welded joints. It has been verified that a combination of MTT and LTT weld can result in both
the reduction of stress concentration and tensile residual stress at the weld toe.

Chapter 7 deals with the residual stress in the LTT elongated bead. Residual stress measurement by contour
method and X-ray technique prior to fatigue test showed that LTT elongated bead can produce greater
compressive residual stress close to yield strength. The compressive residual stress measured after fatigue test
was still large and this suggested that stress relaxation occurred during fatigue test is limited. Furthermore,
numerical results of the residual stress in the boxing fillet joints agreed well with the experimental
measurements.

Chapter 8 evaluates the fatigue properties of boxing fillet joints with the LTT elongated bead. The fatigue
testing with the stress range of 150-200 MPa and the stress ratio of 0 showed that the LTT elongated bead method
along with root reinforcement can greatly increase the fatigue lives of boxing fillet joints by 3.1-10.5 times.

Chapter 9 summaries the main findings of this study and gives suggestions for future work.
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