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Abstract 

Welding residual stress is critical to the safety of welded structure. Welding residual stress can cause 

defect, and even failure of the structure. Experiments had been done show that the residual magnetic 

filed of the weld is changed because of stress concentration. In this paper, different heat treatment had 

been done on the same type welds. The welds include butt weld of plate and longitudinal weld of pipe. 

The welding residual stress and the residual magnetic field had been measured before and after the heat 

treatment. Comparing the variation of those data, the result describes the relationship between the 

residual stress and the magnetic signal. That means evaluating the welding residual stress state utilizing 

the residual magnetic field is feasible. 

Keywords: welding residual stress ， residual magnetic field ， evaluation， state, ferromagnetic 

materials 

 

1.  Introduction 

 

Welding residual stress is one of the main reasons which induce the fatigue damage 

and crack of welded structure. Especially, the failure always occurs at the welding 

residual stress concentration region without any warning. Post-weld heat treatment 

(PWHT) should be done for releasing welding residual stress during the 

manufacturing process. But how to evaluate the result of welding residual stress 

released is very difficult. Sometimes, the small blind hole law is used to measure 

welding residual stress. Because the blind hole law is too complicated, it is not used 

widely. So, how to evaluating the weld residual stress state easily and quickly is 

urgent problem for industrial production.  

Residual Magnetic Field (RMF) Method is a novel magnetic NDT method which 

determines stress concentration zones according to the change of magnetic field due 

to concentration of stress at the stress concentration region. Residual Magnetic Field 

Method based on Magneto mechanical effect[1,2] can be used to monitor stress 

concentration levels and even predict the damage zones of the specimen through the 

distribution of magnetic field on the surface of a specimen without extra preprocess of 

magnetization. Prior study [3, 4] indicates that RMF signal is sensitive to 

micro-structure and local stress of ferromagnetic material. That is means that RMF 

method may be used to evaluate the effect of PWHT. 
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2.  Experiments in Lab 

To investigate the relationship between the RMF signals character of welding surface 

and the welding residual stress, a serious of experiments had been done in Lab. Two 

types of specimens had been designed. The material of the plate specimen used is 

Q235A (GB221-79) steel. The chemical components and mechanical properties are 

given in Table1 and Table2. The material of the pipe specimen is X60, and the 

chemical components and mechanical properties are given in Table3 and Table4. The 

magnetic field measurement equipment is Tsc-1m-4, the resolution of sensor is 1A/m, 

and the range is 2000A/m. 

 

  Table1.  Components of the material (Q235A) 

 

C /wt% Mn /wt% P S Si 

Less Than 

0.14~0.22 0.3~0.65 0.045 0.050 0.30 

 

Table2.   Physical properties of the material (Q235A) 

 

σb /MPa σs /MPa δ5 /% 

275~460 235 26 

 

  Table3.  Components of the material (X60) 

 

C /wt% Mn /wt% P S 

Less Than 

0.22 1.4 0.025 0.015 

 

Table4.   Physical properties of the material (X60) 

 

σb /MPa σs /MPa δ5 /% 

≥414 ≥517 
17 

 

2.1 Flat butt weld specimen 

 

The flat butt weld specimen, as shown in Fig.1, has a welding cross the specimen. The 

thickness and width of the weld is 30mm and 15 mm. This specimen is used to 

simulate the welding residual stress without force limited. 

The environmental magnetic field of machining is about 80A/m and the testing 

environmental magnetic is about 40A/m. the focus is variety of the vertical magnetic 

field on the welding. And the metrical step is 0.2mm. In order to avoid the 

interference of the edge effect, the testing route is vertical the welding and cross the 

middle of the welding. 



In order to evaluate the stress state and the location, the testing route includes the 

body, the Heat-affected zone and the welding, as shown in Figure1. The residual 

magnetic field had been measured before and after the heat treatment.  

 
Figure 1. Flat butt weld specimen and the testing route 

 

2.2 Longitudinal weld of pipe specimen 

 

The Longitudinal weld of pipe specimen, as shown in Fig.2, was Separated along the 

axial by flame cutting, then welded.  

 

 

Figure 2. The fabrication process of longitudinal weld of pipe specimen 

The thickness and width of the weld is 30mm and 15 mm. This specimen is used to 

simulate the welding residual stress with force limited. The specimens are shown in 

Fig.3. 

The environmental magnetic field and the testing method are same to charter 2.1. The 

testing route is along the outer circumference of the pipe cross the welding. 
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Welding 



 

Figure 3. The longitudinal weld of pipe specimen and the testing route 

 

3.  Experimental Data and Analysis 

 

Fig.4 shows the vertical magnetic field got from flat butt weld specimen. Fig.5 shows 

the stress measured by X-rate diffraction. The solid curve got before heat treatment, 

and the dotted curve got after heat treatment. Compared the two curves, the range of 

RMF value got before PWHT is from 144 t0 81A/m, and the maximum gradient 

(dH/dx) of the RMF curve is more than 18. The range after PWHT is from -68 to 

-10A/m and the maximum gradient is less than 4. So, it can be concluded that the 

RMF value induced by welding residual stress is reduced and the trend is flat. 

Because there is no limited on the specimen, the welding residual stress is free. That 

is means the RMF value is changed with the stress released. 

 

Figure4. The RMF curve from flat butt weld specimen 



 

Figure5. The Stress value from flat butt weld specimen 

 

Fig.6 and Fig.7 show the RMF data which got from pipe welding and the stress 

measured by X-rate diffraction. It shows that some important point from the curve. 

The point of maximum stress is where the value of RMF is 0. The curve of RMF is 

symmetrical at the center of welding. The stress distribution is symmetrical at the 

center of welding. That means the RMF signals is symmetrical according to the stress 

distribution. Especially, the RMF value is close to 0 A/m and the curve is reversed at 

the peak stress point. 

 

Figure6. The RMF curve from Longitudinal weld of pipe specimen 

 

 

 

St r ess bef or e and af t er  PWHT

- 80

- 60

- 40

- 20

0

20

40

60

80

100

- 40 - 20 0 20 40

di st ance/ mm

St
re

ss
/M

pa



St r ess bef or  and af t er  PWHT

0

50

100

150

200

- 60 - 40 - 20 0 20 40 60

Di st ance/ mm

S
t
r
e
s
s
/
M
P
a

 

Figure7. The Stress value from Longitudinal weld of pipe specimen 

 

4.  Discussion 

Compared Fig.4 to Fig.7, the RMF curve of simulated the real welding is similar to 

stress released, and the value of RMF are not symmetrical at 0 gauss. 

Because of the different geometry, the stress distribution is not the same and the 

maximum of stress is not at the same zone. So the RMF curve is not the same and 

variation is relation with the stress concentration. It can be assumed that the RMF 

curve is the other representation of the stress distribution. 

Though, the corporation between the RMF signals and the stress is not linear. It is 

easily to find the RMF curve is changed according to the change of stress released. 

 

5.  Conclusion 

1) The RMF signals of stress concentration zone are symmetrical at the point where 

stress is the maximum and RMF value is 0.  

2) The trend of RMF induced by welded residual stress can be used to evaluate the 

effect of PWHT or the state of stress.  
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