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One of the most important in engineering metallic materials is determining a residual stresses 

in the welded areas of metal structures, in the field of mechanical construction and other, is 

a very important operation as for the reliability and sustainability of these metal structures. 

Residual stresses due to welding can degrade buckling strength, brittle fracture strength, and 

fatigue life. It is thus important to estimate the distribution of welding residual stresses and 

their effects on the performance of a welded structure [1]; have now made the 

characterization of residual stresses practical [5]. A non-destructive experimental approach 

using an X-ray diffraction technique was used to investigate the generation of residual 

stresses. The generation of residual stresses is not only dependent upon the coating process 

but also on the coating thickness and substrate geometry [2]. The X-ray method does not 

measure stress directly but measures strain from which stress values are calculated it is that 

of Sinψ2 Method. In this work we have undertaken to apply this method for the assessment 

of the rates of residual stress in the welded steel X70. 
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1. INTRODUCTION

There are many techniques used to measure residual stresses, 

which are broadly categorized into destructive (Contour 

Method, Slitting (Crack Compliance), Block 

Removal/Splitting/Layering, Sach's Boring), semi-destructive 

(Deep Hole Drilling, Centre Hole Drilling, Ring Core) and 

non-destructive techniques (Neutron Diffraction, Synchrotron 

Diffraction, X-Ray Diffraction, Ultrasonic, Magnetic). The 

selection of the technique depends on the information required 

and the nature of the measurement specimen. Factors include 

the depth/penetration of the measurement (surface or through-

thickness), the length scale to be measured over (macroscopic, 

microscopic), the resolution of the information required, and 

also the composition geometry and location of the specimen. 

Additionally, some of the techniques need to be performed in 

specialized laboratory facilities, meaning that "on-site" 

measurements are not possible for all of the techniques [18]; 

but only a few may be applied in practice on components 

ranging from small to very large, such as bridges and aircraft. 

This few include X-Ray diffraction (XRD). 

This paper illustrates the importance of residual stress 

characterization in welds and presents examples where x-ray 

diffraction techniques were applied in the characterization of 

various kinds of welds including arc welds, the purpose of this 

study is to estimate the residual stress state in X70 steel 

weldments by using X-RAY diffraction (XRD) technique.  

2. WELDING RESIDUAL SOURCE

Several approach to define the origin of the internal stress 

in welded metal such as: 

1. Engineering metallic materials and alloys, when subjected

to tensile loading beyond a limiting value, undergo plastic

deformation resulting in lattice defects such as voids and

dislocations. These imperfections interact with the crystal

lattice, producing a higher state of internal stress, also

known as residual stress, which can be associated with

reduced ductility. Residual stresses are also generated in

welded metals due to rapid solidification and the resultant

dissimilar metallurgical microstructure between the weld

and the base metals. Development of these internal stresses

is often influenced by incompatible permanent strain

resulting from thermal and mechanical operations

associated with plastic deformation and cold work [17].

2. The main cause of residual stress formation is in

homogenous deformation, the processes involving high

temperature often lead to residual stresses as different

regions cool at different rates causing in homogenous

deformation [3].

3. Welding introduces high heat input to the material being

welded, as a result of this, non-uniform heat distribution and

phase transformations occur on the material; these changes

generate different residual stress patterns for weld region

and also in the heat affected zone (HAZ). Shrinkage residual

stresses and transformation residual stresses occur on the

material as a result of cooling; each stress generating

mechanism has its own effects on the residual stress

distribution, in single pass welds relatively simple residual

stress distributions are expected, however some variations

in the residual stress state can be seen due to

inhomogeneous cooling and phase transformations [15].
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3. MATERIAL STUDY 

 

Studied the material is a steel with high API degree of yield 

point X70 used for the constriction of pipelines. The 

mechanical tests are carried out on API X70 steel specimens 

taken from a pipe in both directions, longitudinal direction and 

Transverse direction. 

 

Table 1. Chemical composition of the steel X70 

 

chemical composition (weight % max) 

C Si Mn Ni Al Cu Cr Ti Nb 

0.04 0.39 1.48 0.08 0.31 0.16 0.03 0.02 0.05 

 

This is a steel ferritic-pearlitic structure; to achieve the 

study microstructure of this material by micrographic 

examination, we conducted the following samples the 

transverse and longitudinal directions. Samples are taken with 

and without warming up, and then each slice sample is 

embedded in Bakelite, polished with abrasive papers of 

increasingly fine, followed by polishing with diamond paste of 

6 and 3 microns. Micrographic analysis of the X70 steel made 

using an optical microscope was carried out after etching the 

Nital reagent (alcohol 95% + 5% nitric acid). The 

microstructures obtained are as follows: 

 

 
 

Figure 1. Microstructure of X70 steel in the Transverse 

 

 
 

Figure 2. Microstructure of X70 steel in the longitudinal 

direction 

 

These microstructures consist mainly of polygonal ferrite 

grains (white) and pearlite (dark) organized in bands. These 

types of microstructure are generated by the segregation of Mn 

and P during rolling; they are common to the X70 steel. A 

cross section in the plane perpendicular to the axis of the tube 

is performed in order to examine the evolution of the 

microstructure in the weld seam area. 

 

 

4. TECHNICAL STUDY 

 

X-ray diffraction method is based on the measurement of 

the change in lattice spacing of planes of atoms to get the 

results of the strains, which are correlated to the stresses [6]. 

As the only requirement for the X-ray diffraction method is a 

crystalline state of the specimen, the examination of a wide 

range of materials and components becomes possible. The 

working equation for the strain vector ϕ may be written as 

[7]. 
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If d0 is considered as the unstressed lattice spacing, and d3 

and d are measured spacing at  = 0 and  = , it follows 
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There is a negligible error when one substitutable d3 for d0 

in the  
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By substituting Eq. (5) into Eq. (3), the following simplified 

from results: 
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The X-rays are emitted from a cathode Cu kα = 1.54A°. The 

parameters of the process for all the samples are 40 KV and 50 

mA with a step size of 0.020 and a count time per step of a 

second. The angle of orientation sample and normal to the 

surface of sample, was changed between 0°, 45° and 90° in the 

experiments. Diffraction peak for X70 steel using CrKα, peak 

(211) at 2θ = 156 deg. The measurements of residual stresses 

from welding have been obtained by analysis and calculation, 

using the method of sinψ2 and the program Visual Basic (VB) 

[16]. 

Table 2 shows the conventional sound and traction results 

of the evolution of the stress versus the strain of the material. 

The general shape of this curve showed ductile behavior [8]. 
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Table 2. Mechanical properties of steel API X70 grade 

 
E(MPa) Ν σE 0.2 σU A % K n 

2,22.105 0,3 483,03 673,14 40.55 855,70 0.094 

 

 

5. RESULTS AND ANALYSIS 

 

All figures must be embedded in the document when the 

paper is submitted to review. In the final version, however, we 

need figures in separate files. 

 

 
 

Figure 3. Hardness results of API 5L X70 plate 

 

Hardness measurements with 1 mm interval were conducted 

along the measurement lines. Hardness profile on the front 

surface given in Fig.1 Shows the effect of grain coarsening 

near the weld the value up in Heat Affected Zone (HAZ) at 

236 HV but down at 214.3 HV in Base Method (BM). 

 

 
 

Figure 4. X and Y direction Residual stresses after welding 

 

The measured stresses are given by the Figure 2 which 

shows the value of the maximum stress that is approximately 

of 300±17 MPa in transverse (RS) but in longitudinal (RS) at 

260±17 in the Fusion Zone. The stresses in Base Metal are 

relatively low, on the order of 76,25±17 MPa. Whereas in the 

Heat Affected Zone, the value is approximately 241±17 MPa 

in transverse (RS) other direction the value approximate 

220±17 MPa. 

 

 

 

6. CONCLUSION 

 

The mechanical properties of the weld bead API 5L X70 

steel according to [O. Bouledroua Mr. Ouled Mbereick] 

experience piratical are presented. The different tests hardness, 

show that the mechanical properties are suitable for the results 

obtained from sin2 method. The experimental results are in 

good agreement with numerical value of Programming sin2 

method (VB) Visual Basic language confirms the law and the 

behavior of our X70 steel. 
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NOMENCLATURE  

 

             is the quantity of strains 

𝜃𝑑       is the diffraction angle in a stress free condition 

       The stress 

     is the angle between the sample normal and 

diffraction plane normal 

M         gradient of the data regression line representing the 

stress results for various  angles. 

K      is an elastic constant for the X-ray stress 

measurement. 

 

Greek symbols 

  

n             is an integer 

             is diffraction angle 

d             is inter-planar spacing of two crystal lattices 

          is the wavelengths 

 

Subscripts 

  

NDT     non destructive method testing  

BM       base metal  

HAZ      zone heat made  

ZM         molten zone  

VB        Visual Basic  
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