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Abstract 
Residual stresses are those present in a material or structural component  free of external loads or 
temperature variations. All manufacture process, casting, welding, molding, heat treatment, etc., introduce 
residual stresses in structures and equipments. An other common cause of the residual stresses 
introduction are repairs or modification of the in service components. In most cases residual stresses are 
injurious and there are several documented cases in which these strains were predominant reasons for 
fatigue failure. A particularly dangerous aspect of the residual stresses is that their presence is generally 
not noticed. The knowledge of surface residual stresses is important to predict the onset of failure when 
the component or structure is under loading. This work presents the results of the residual strain 
measurements and the residual stress calculations from these strains in a sample welded carbon steel 36 
and the stainless steel AISI 304, using as filler metal stainless steel AISI 316L. s from these strains in a 
dissimilar welded sheet metal- carbon steel ASTM a 36 and AISI 304 stainless steel, with AISI 316 L 
filler metal. 
Keywords: Residual stress, Dissimilar welding, Strain gage technology. 
 
1. Introduction 
 
The welding of dissimilar metals has many applications in industry. Notably in the food 
industry and nuclear industry, this type of joint, common between carbon steel and 
stainless steel or between stainless steel and copper, is always subject to analysis and 
special care in view of the need to maintain the integrity of the equipment. Thermal and 
dimensional changes during use of equipment that have joints of dissimilar materials are 
worrisome because they do not always know the history of the manufacture or recovery, 
when it was made. 
In this work the dissimilar weld was made using the MIG / MAG welding process, and 
the residual stresses are calculated and compared. It was used for the strain 
measurements, the  Blind-Hole-Drilling Method. We also present the metallographic 
study of specimens taken from the weld bead, and the results of micro hardness 
obtained in them. 
 
2.  Methodology 
 
2.1 Dissimilar weld 
 
To perform the dissimilar welding of the ASTM A36 carbon steel with AISI 304 
stainless steel  was used as filler metal the AISI 316L stainless steel. The type of 
material transfer of the addition material was the  globular transfer. The gas used was 
commercial Argon with a flow of 23 L / min. The wire speed was 6m/min, the stick-out 
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was 25 mm. The external diameter of the nozzle used was 25 mm and the internal 
diameter was 15 mm. The length of the weld bead was 230 mm. Were performed eight 
passes. It was necessary to heat the carbon steel plate between 80-100 ° C and not let 
the temperature range exceeding 200 ° C. The maximum temperature between the 
passes was approximately 100 ° C. 
In TAB1. are presented the values of current, voltage and welding time employees at 
each pass. 
 
           Table 1 - Parameters used in each weld bead. 

 Welding 
Pass 

Electric 

current 
Voltage Time 

[Amperes] [Volts] [Seconds] 

1 156 21 82 

2 148 21 55 

3 152 21 52 

4 152 21 54 

5 144 23 62 

6 144 21 50 

7 140 21 52 

8 156 21 49 

 
2.2  Residual Stresses 
 
Strains were measured and the residual stresses were calculated in 24 points (R) in the 
welded specimen. Six of these points at in the weld root  and 18 points at in the top 
specimen being 6 points in stainless steel plate,  6 points in the weld bead  and 6 points 
in carbon steel specimen. In FIG.1, are presented these points. The letter P means 
position and the letter R  means rosette. 

 
Figure 1 - Points of residual strain measurements  in welded specimen. 
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The methodology used to measure the residual strain was the "Blind-Hole-Drilling 
Method" [1], in other words, technique of machining of the center hole or just method 
of central hole. This is a semi-destructive method , or in some cases may be considered 
non-destructive. 
In this method, after installation of strain gages (R, special rosettes), Fig 2, on the 
surface of the component to be investigated, a small and shallow hole is machined in the 
center of these rosettes. 

 
Figure 2: Typical rosette for residual stress measurements [2] 

 
After machining the hole, the change of strain in its immediate vicinity  is measured and 
the residual strain are calculated from such data. 
The calculation of strain relief is done using the formula [3]: 

K
R

R∆
=ε  (1) 

 
Where: 

if RRR −=∆  (Ohm) for each drilling increment; 

iR is the reading of the resistance strain gage before the first drilling increment; 

fR is the reading of resistance strain gages for each drilling increment. 

After the calculation of the strain relief, is necessary to verify if the field of residual 
strain is uniform or not. From this investigation, following the recommendations 
contained in ASTM E 837-01 and in Technical Note Tech Note TN 503-6 [4] calculates 
the stresses: if the stress field is uniform, calculate the values and orientations of the 
principal stresses stresses. If the stress field is not uniform calculate the equivalent 
uniform principal  residual stresses and their orientations. 
In FIG 3., is presented the measurement system used for residual strain measurements. 
 

 
Figure 3 –Residual strain measurements system by the Blind-Hole-Drilling Method, mark Vishay Model 

RS-200 
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After strain gages bonding, the equipment presented in FIG.3, was positioned by having 
the center of the cutting drill coincide with the center of the rosette. 
The initial values of the electric resistances of each strain gage were measured and 
recorded. The hole depth in the center of the rosette to obtain the stress relief was in 
steps of 0.209 mm to a depth of Z = 1.981 mm. At each step the variations in electric 
resistance were measured. The test temperature was 25 º C. 
In Fig.4 is presented the equipment positioned and the hole being performed. 
 

 
Figure 4 – Drilling the hole at the center of the rosette 

 
3. Results 
 
3.1 Tensile tests 
 
The tensile tests results obtained for each specimen are presented in Tab.2. The blue 
values was obtained from ASME. 
 
   TABELA 2 -Comparison of tensile tests results for the studied materials with tabulated values 

Material 
Yield 

strength - σ0,2 
(MPa) 

Tensile  
strength 
(MPa) 

Elasticity 
Module (MPa) 

Poisson’s 
ratio 

Carbon Steel 
A 36 

280 466 202000 0,3 

248 400 203000  

Stainless 
Steel  

AISI 316L 

538 672 205000 0,3 

172 483 195000  

Stainless 
Steel  

AISI 304 

309 664 220000 0,3 

207 517 195000  

 
 
 
3.2  Microhardness tests 
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To determine the micro hardness was selected a specimen that corresponds to the 
maximum value found for the residual strain. The values for hardness are shown in 
FIG.5. 

Micro hardness Carbon steel A36 - Stainless steel AISI 304
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Figure 5 - Microhardness profile of the dissimilar weld A36 carbon steel with 304 stainless steel. 

 
3.3  Determination of the residual stresses 
 
In Figure 1 are presented the welded sheets and the position of the studied points. The 
rosettes are also identified. The letter  P means  “position” and the letter R means  
“rosette”. 
The direction of welding was from thee position P7 to the position P12. 
The Tresca criterion was introduced in the stresses treatment with the purpose of 
analyzing the overall state of the residual stresses obtained. 
The results of the residual stresses obtained for dissimilar welding A36 carbon steel and 
stainless steel 304 are presented in Figures 6 to10. 
 

Uniform equivalent residual stress, Carbon steel A 36
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Figure 6 –  Uniform equivalent residual stress at the top of the plate of  A36 carbon steel. 
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Uniform equivalent residual stress, AISI 304
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Figure 7 – Uniform equivalent residual stress at the top of the plate of  stainless steel AISI 304. 

 

Uniform equivalent residual stress - Weld bead
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Figure 8 –Uniform equivalent residual stress at the top of the plate of  weld bead. 

 

Uniform equivalent residual stress - Weld bead
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Figure 9 – Uniform equivalent residual stress at the weld root.   
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Residual stresses,  Tresca  Criterion 
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Figure 10 – Tresca criterion for the studied points. 

 
 
4. DISCUSSION OF RESULTS 
 
4.1  Mechanical characteristics 
 
The results obtained for the materials are higher than those found tabulated. See Table 
2. 
 
4.2  Micro hardness 
 
To the welded sheet A36 with AISI 304 observe lower values for the carbon steel A36 
than those observed for the weld bead, AISI 316L and the base material AISI 304. The 
values of micro hardness in the carbon steel A 36 grow in the direction of the weld 
bead, and remains constant in the weld bead and the base material AISI 304, FIG. 5. 
The residual strain measurements obtained by the blind-hole-drilling method are valid if 
the stresses obtained from the measured strain are less than 70% of the yield strength of 
the material under study. 
It is observed in Fig.6. that the method for measuring residual strains applies to all 
positions studied in the A36 carbon steel. With the exception of position 10, all points 
have compressive stress. Analyzing the tensions from the perspective of the Tresca 
criterion can be observed that the stresses show little variation in the direction of the 
weld bead: from the beginning to the end (position 7 to position 12). 
For AISI 304 sheet (FIG.7) only one measurement position has compressive stress and 
for the position 9 the measuring method does not apply. 
Residual stresses calculated, taking into account the Tresca criterion, are higher for 
stainless steel sheet AISI 304 than for the carbon steel sheet A36. 
Regarding the weld bead made with stainless steel AISI 316Lfiller metal, the residual 
stresses calculated are less than 60% of the yield strength of the material. Therefore, the 
method of measurement of residual strain is valid for all locations studied. 
 
Except for the position 10 and the position 12, all positions have compressive residual 
stresses. 
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Regarding the Tresca criterion the highest values obtained for the residual stresses are 
AISI 316L stainless steel (weld bead), AISI 304 stainless steel and, finally, A36carbon 
steel. 
To welding root, all positions studied exhibit compressive stress and only one position 
the measurement method is not applicable (point 3). 
Regarding the criterion Tresca the highest values measured for the weld bead are for the 
positions at the top of the sheet. 
The point 3, at the root of the weld bead, presents the highest residual stress calculated, 
(FIG. 10). 
This calculated value of 488 MPa is greater than 70% of the yield strength of the AISI 
316L stainless steel used as filler metal. However, it is less than 538 MPa which is the 
value found for the yield stress. 
In the  point 10, located on AISI 304 stainless steel sheet the calculated stress was  273 
MPa. This value is less than the yield strength of steel plate AISI 304 which is 309 
MPa. 
Excluding these two points, which are practically in the middle of the sheet, one at the 
weld root, P3, and the other on top, P10, higher calculated stresses are on points at the 
top of the weld bead. 
The highest residual stresses in the weld bead occur at the positions P3 (weld root) and 
the position P9 (weld top). Both positions are in the middle of the weld bead, FIG. 11. 

 
Figure 11 – Location of the highest residual stresses (Tresca criterion). 

 
5. CONCLUSIONS 
 
The obtained results show the validity of the method used to measure the residual strain. 
The positions P3 and P9, present the highest values for the residual stresses uniform 
equivalent, which are located in the central region of the sheets, at the weld bead. Their 
values of  stresses minimum and maximum are both tensile. 
The highest values found for the residual stresses are for points at the top of the weld 
bead. 
Residual stresses developed during the dissimilar welding process are higher for the 
AISI 304 stainless steel sheet than the  obtained for the A36 carbon steel. 
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