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Abstract of Thesis

This study proposes a local MIL-HDBK-5D equivalent stress (LMES) based fatigue assessment approach to
investigate the fatigue life of the HFMI-treated out-of-plane gusset welded joints made of SM490 steel. The
LMES range is identified by the elastic-plastic local stress cycle (EP-LSC) which is simulated by the muti-
process finite element (FE) analysis including welding, HFMI, and fatigue load process. The LMES based S-N
curve can be used for evaluating fatigue life comprising the influence of HFMI-induced RS, cyclic stress

relaxation, and local weld toe geometry welded joints studied in this work.
The thesis is composed of six chapters, as follows.

1)In chapter 1, the background of this work is presented, including numerical simulation of HFMI treatment

and the fatigue assessment approaches. The main objectives and framework of this thesis are also discussed.

2)In chapter 2, the numerical and experimental investigations of an HFMI-treated flat plate made of SM490
steel are performed to better understand the features of HFMI-induced residual stresses and local shape profile.
A dynamic explicit elastic-plastic FE model is developed based on MSC. Dytran. Mesh sensitivity analysis is
conducted to determine the suitable FE element sizes near the treated zone with a balance of computational
accuracy and efficiency. The effects of HFMI parameters including peening length and indentation are

investigated numerically.

3)In chapter 3, a practical and efficient numerical simulation procedure for the HFMI treatment of welded
joints is proposed. The local residual stress (RS) and shape profile are studied by performing thermal-elastic-
plastic FE welding and subsequent dynamic explicit FE HFMI analyses of the out-of-plane gusset welded joints.
The zooming technique is employed, and the as-welded stress calculated by using a coarse FE mesh is
transferred to the ultra-fine mesh as the initial loading of HFMI analysis. In HFMI analysis, an optimized DCS
method is developed. The validation is carried out by comparing calculated HFMI groove profiles and the RS

distributions with those measured by the 3-D Scanner and X-ray equipment.

4)In chapter 4, a local MIL-HDBK-5D equivalent stress (LMES) based fatigue assessment approach is
proposed. This new stress parameter called LMES is calculated based on local elastic-plastic stress cycle, which
allows quantitative assessment of residual stress effect on fatigue life. To validated this approach, a set of as-
welded and PWHT gusset joints is fabricated using SS400 steel, followed by stress measurements and bending
fatigue tests. To obtain the stress distributions of specimens, welding, PWHT, and cyclic external load analysis
were performed by using elastic-plastic finite element (FE) code JWEIAN. The mean stress effect related to RS
is analyzed by using the equivalent stress parameter in MIL-HDBK-5D approach.

5)In chapter 5, the LMES range is employed as the stress parameter for fatigue assessment of HFMI-treated
gusset joints. This stress parameter is identified from the local stress cycle along the surface of the HFMI groove
for specimens subjected to cyclic loads. The local stress cycle is simulated by a muti-process simulation system.
To validate the proposed fatigue assessment approach, a set of AW and a set of HFMI out-of-plane gusset joints
are fabricated using SM490 steel, followed by uni-axial fatigue tests with stress ratios of R = 0. Combined with
the simulated stress results, the LMES based S-N curve is calculated, which enables a quantitative evaluation

of the improvement effects of HFMI treatment.

6)In chapter 6, the overall summary of the thesis is presented. Recommendations for future research of fatigue

assessment of welded structures improved by HFMI are also concluded.
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