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The residual stresses are one of the most important characteristics of microstructure, especially in 
materials with functionally graded structure generated by technology or/and due to exploitation of 
defined structural elements. Each of the microstructure heterogeneity (e.g. inter-phases, “foreign” 
phase, soldering/welding areas, and cracks) can become a potential region of stress accumulation, 
which determines – to a large extent – degradation processes of the material. The degradation is 
possible especially in presence of mechanical loading and chemical active exploitation conditions. 
Progress of the degradation depends on the nature of destructive factors and on the resistance of 
material. From viewpoint of the efficiency of construction as well as the safety of its exploitation, 
the possibility of controlling the profile of decay zone spreading in material represents a base 
question. Based on developed X-ray diffraction techniques and advanced methods of stress and 
texture analysis [1, 2] and a high-energy photon beam of synchrotron facility, a new type of 
experiment on identification of space arrangement of stress-texture characteristics in advanced 
materials (ISA_ST) has been proposed.  
The first stage of the investigations, identification of a 3-D distribution of residual stresses in area 
of the laser remelting path produced on the structural steel 45H slab [3] was performed. 
Experimental set up was based on a high-energy photon beam of 88 keV at the High Energy 
Materials Science (HEMS) beamline of GKSS situated in PETRA III source. Scheme of the 
experiment (given in Fig. 1) enabled to examined relatively large sample area consist of the 
remelted (and hardened) volume of the sample, heat affected zone (HAZ) and a non-treated bulk, 
surrounded the laser-treated material. Diffraction signals in the form of Debye rings 200, 112 and 
220 for the ferritic phase generated by the photon beam (300 μm x 500 μm in vertical and 
horizontal dimension, respectively) for examined volume of the sample were registered. 

Figure 1: Scheme of experimental set up with marked examined  
area of the sample and microstructure of its cross-section 

Figure 2. Exemplar view of 
registered diffraction signals 
(Debye rings) for the ferritic phase 

 
Experimental data processed by the MAUD procedure [4] (regarding the assumed tensor of X-ray 
elastic constants c11 = 231.4 GPa, c12 = 134.7 GPa, c44 = 116.4 GPa) revealed the changes of 



residual stresses in the welding area given in Fig. 3. Regarding the geometry relations of the 
experiment (see Fig. 1), a spatial configuration of the residual stresses field was identified as 
presented in Fig. 3.  

 
Figure 3: cross-section of the stress field identified in examined area of the sample and related 
microstructure zones  
 
Final remarks  
The obtained results of the first stage of the project have a preliminary character. Due to the applied 
experimental solution, registered diffraction profiles allow to indentify an averaged (over sample 
thickness) projection of the stress field only. The first results allow modifying the experimental set 
up in the next stage of the project.  
The presented stress picture (Fig. 3) reveals a complex nature of the strong (compressive) stress 
field in surrounding the laser-remelted area of the examined steel. Maximal values of the stresses 
(ca. -2.3 GPa) were identified at the bottom zone of the remelted area. The same it indicate 
localization of the most probable area of destruction during, e.g. mechanical loading. Moreover, 
distribution of the local maxima reflects the localization of the HAZ and its influence on 
configuration of the post-processing stress field remains in the laser-modified steel.  
More detail reporting the results discussed above will be given in publications and conference 
presentations planned by the authors. The stress mapping applied in the ISA_ST project can be use 
in prediction of exploitation behaviour of the laser- modified (and welded) structural elements of 
steel. 
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