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Stronger, tougher steels are always needed to reduce weight and improve safety in transportation, enhance
architectural flexibility in construction, and improve performance in heavy machinery. For structural steels to be both
strong and tough, they must not be used at temperatures below the ductile to brittle transition temperature (DBTT) at
which the steel loses its toughness and fractures in a brittle mode. This transition results from a competition between
plastic deformation and brittle fracture at the tips of cracks in the steel. It can be controlled by techniques such as
grain refinement that inhibit brittle fracture, or by techniques such as controlled delamination that facilitate plastic
deformation. In this work, the main objective is how to control fracture mechanisms to get higher toughness in the
ductile mode and decrease the DBTT. The other challenge is how to overcome the harmful effects of phosphorus in
steels, in an economical manner, which always exists at some level. Its strong segregation to the grain boundaries
during tempering or in long term application at elevated temperatures enables the steels to fracture intergranulary by
decreasing the grain boundary cohesion, resulting in a decrease in the upper shelf energy and an increase in DBTT.
This thesis comprises of 6 chapters. Chapter 1 is an outline of the background of the proposed ways for structural
steels to be both strong and tough. In chapter 2, we explain at first ductile fracture, then intergranular fracture as a
consequence of temper embrittlement, and finally cleavage fracture including quasi-cleavage fracture and delamination
cleavage fracture. In chapter 3, transition in fracture mode from ductile to intergranular and cleavage in 0.05 %P doped
high strength steel is studied. Using the results in chapter 3 the critical stress for intergranular fracture was obtained to
be 3800 MPa at 150 ‘C and 6000 MPa at -196 ‘C . Besides, the critical stress for cleavage fracture was evaluated to be
around 6000 MPa. Enhancement of upper shelf energy by ultrafine elongated grain structures in a high strength steel
is investigated in chapter 4. The aim of the study in chapter 5 is to evaluate whether it is possible to suppress the
embrittling effects of P grain boundary segregation and obtain high upper shelf energy by introducing the UFEG
structure in a 0.05 %P doped high strength steel. We try to find out the role of texture, grain boundaries, and second

phase particles along with P segregation on the delamination fracture. In addition, BCC iron cleaves on {100} planes
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and since delamination is a kind of cleavage fracture, {100} planes are known as delamination planes. Thus, we try to
show the validity of this idea in UFEG structure by the aid of electron backscattering diffraction (EBSD) method. In

chapter 6, the work carried out in the thesis is summarized and general conclusions are drawn.
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