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In welded structures, deformation and residual stress are inevitable due to the concentrated heat effect.
Effective prediction and control of those welding consequences are crucial for ensuring and improving the
dimensional accuracy and strength of structures. Transient thermal elastic-plastic FEM which is an accurate
numerical method is currently limited to solve small scale problems. Characteristics of welding phenomena are
that the strongly nonlinear region is confined in a small area and it moves with the heat source. Also the location
of fatigue initiation is limited to an area with high stress concentration. Thus it is desirable to employ fine mesh
only in these focused areas from computational efficiency point of view. For this, methods such as multi-level
refining technique, dynamic mesh refining method and heat transfer localization method are proposed.

Chapter 1 reviews the history of computational welding mechanics and the current stage of numerical
methods. The faced problems and challenges for computational welding mechanics are addressed. In addition,
the outline of this research is described.

Chapter 2 introduces Multi-Level Refining Technique (MLRT) which allows flexible subdivision in different
directions. The continuity of displacement between elements with different level of refinements is maintained
with a transformation matrix. The mesh size required for the focused area to ensure accurate thermal analysis is
investigated.

Chapter 3 presents the Dynamic Mesh Refining Method (DMRM) which employs locally fine computational
mesh and generally fine background mesh. The advantage of this method is that the high resolution is
maintained by background mesh and computational efficiency is achieved by computational mesh. Proposed
DMRM is applied to fillet welding joint model with more than one million degrees of freedom and the
computational efficiency is improved by nine times compared to conventional FEM.

In Chapter 4, Heat Transfer Localization Method (HTLM) is proposed as an alternative acceleration method
for welding thermal conduction analysis and compared with DMRM. In case of thermal analysis, HTLM is
superior to DMRM in saving computing time and memory.

Chapter 5 proposes DMRM* which is a combination of DMRM and existing Iterative Substructure Method
(ISM) for further improvement of computational efficiency. In case of pipe-to-flange welding model, it is
demonstrated that DMRM?¥ is over fifty times faster than the commercial code ABAQUS.

Chapter 6 delivers the application of developed methods to large scale practical problems such as plate
forming by line heating and manufacturing stiffened panel structure by welding. The numerical models have
more than one million degrees of freedom, and number of time steps are more than ten thousands. The analyses
of such large scale problems are all completed in one week using single CPU. The effectiveness and high
performance of DMRM and DMRM?* are proved through comparison with experimental results.

Chapter 7 shows the application of proposed mesh refining method to fatigue analysis and stress
measurement by contour method which requires locally fine mesh. In case of fatigue analysis, relatively coarse
mesh used for welding simulation can be employed with local mesh refinement. In the case of contour method,
the multi-level refinement technique is employed to generate fine mesh which is necessary for high resolution.

Chapter 8 summarizes the development and application of proposed numerical methods. The difficulties,

pending problems and outlook regarding this research are also addressed.
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