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Abstract of Thesis

Corrosion is one of the most severe diseases in engineering, which brings about significant damage to the safety and
durability especially for steel structures, and causes huge economic losses. Weathering steel has been developed and widely used
to improve the anti-corrosion performance of steel structures in harsh environment, while the high wt.% P in weathering steels
often results in solidification cracks if joined by conventional fusion welding technologies. The friction stir welding (FSW) and
linear friction welding (LFW) can join steels at low temperature (as low as A1), which are expected to inhibit the P segregation
and solidification cracks. The main purpose of this study is to investigate the possibility of joining the high wt.% P weathering
steels by FSW and LFW, and ensure high mechanical properties. This study is composed of six chapters as follows.

In Chapter 1, the current status of weathering steels and friction welding was briefly reviewed. The challenges of weathering
steels in engineering were outlined to highlight the advantages of FSW and LFW.

In Chapter 2, the optimization of welding parameters and process of FSW and LFW was elaborated. The anti-corrosion
properties of conventional and high-phosphorus weathering steels were compared and assessed by the corrosion resistance index.
The experimental procedure was introduced, and accuracy of measuring methods was also explained.

In Chapter 3, the conventional weathering steels SMA490AW and SPA-H were successfully joined by FSW below the A1
temperature. The weldment without heat affected zone (HAZ) softening and solidification cracks was confirmed. The weld
section was basin-shaped with fine-grained ferrite and strengthening phase cementite. The FSW joints experienced two steps of
yield under the monotonic loading due to the high microhardness of weldment. The joint efficiency of obtained FSW joints was
as high as 100%. The fatigue tests were conducted on the FSW and base metal (BM) specimens under a stress ratio of 0.1. The
BM and FSW specimens had almost identical fatigue strength due to the absence of HAZ softening and notches, indicating a
favorable weldability. The fatigue strength of the FSW joints was much higher than the design curve IIW-FAT112.

In Chapter 4, three types of weathering steels with higher wt.% P, i.e., stronger anti-corrosion performance than
conventional weathering steels, were developed and successfully joined by FSW below the A1 temperature. The FSW joints with
no solidification cracks and HAZ softening were obtained for all steels. Influence of wt.% P and other alloying elements on the
microstructure characteristics and microhardness of FSW joints was discussed. The monotonic and fatigue tests showed that
FSW could achieve a joint efficiency of 100% and high fatigue strength for three high-phosphorus weathering steels. LFW joints
with weld defects due to the inadequate welding parameters were also tested. The weld defects resulted in the fatigue fracture at
the weld nugget and decreased the fatigue life by as long as 14.7 times, but they barely had no influence on the tensile stre ngth.

In Chapter 5, the conventional weathering steels were successfully joined by LFW above the Az temperature. Due to the
higher welding temperature than FSW, the bainite with high microhardness was formed at the weld center zone of LFW joints.
The tensile strength of polished and as-welded specimen was very close to that of BM, resulting in a joint efficiency of about
100%. The fatigue strength of the polished LFW specimens was close to that of the BM specimens and much higher than the
design curve IIW-FAT112, while that of the as-welded LFW specimens was greatly decreased due to the local stress
concentration. In addition, the possible unbonded flash at the edge caused the quick crack initiation and propagation at the weld
interface, and it was suggested to remove the flash near the edge to ensure the high fatigue strength.

In Chapter 6, this dissertation was concluded, and some suggestions for further works were also proposed.
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