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In this study, a semi-nondestructive procedure for stress – strain curve estimation was developed using 
instrumented indentation technique. Additionally, to estimate local stress – strain curve in the welds with 
mechanical heterogeneity, a relation between spherical indentation size and measuring range of mechanical 
property was quantified by using finite element analysis of spherical indentation technique. The developed 
technique was applied to estimate mechanical properties of low alloy steel and its welds. To obtain mechanical 
heterogeneity in welds, two pass welding was performed on the surface of material with a certain level of 
transverse distance. With appropriate indentation size, distinguished stress – strain curve was successfully 
obtained at each position, such as weld metal, heat affected zone and base metal. Thus, it was concluded that 
the developed technique was useful to estimate mechanical heterogeneity in the welds with a high degree of 
accuracy through simple process.  
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Fig.1 Indentation load – depth curve  

 

2.2

R R (1)
(2)  

 

R = (1/ ) (L/ a2)    (1) 
 

R =  {1/[1-(a/R)2]1/2}}(a/R)   (2) 

 
3.0 L

a 0.10
0.14 R

0

Fig. 2 pile-up sink-in
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(a) Pile-up 

 

(b) Sink-in 

Fig. 2 Deformation of material around spherical indenter 

 

 
Fig. 3 Flow of the stress–strain curve estimation   
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2.3

a (3)  
 

a = {(5/2)[(2-n)/(4+n)]}1/2 [0.991+0.039log(h/R)] (2Rh-h2) (3) 
 

n h R
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Fig. 4 Finite element model of spherical indentation  
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Fig. 5 Width-directional heterogeneous layer model  

 

 

(a) Selected points 

 

(b) Stress – strain curve used 

Fig. 6 Stress – strain curve used for different strength layer  
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Fig. 7
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(a) Material M (center) & Material L (circumference) 

 

(b) Material M (center) & Material H (circumference) 

Fig. 7 Effect of mechanical heterogeneity on indentation 

load – depth curve  
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(a) Material M (center) & Material L (circumference) 

 
(b) Material M (center) & Material H (circumference) 

Fig. 8 Relation between normalized indentation load factor 

and W/w  
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Fig. 9 Relation between plastic region and penetration 

depth  
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wm/R = 9.1(h/R)0.62 n0.27   (4) 
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Fig. 10 Relation between plastic region and indenter size  

 

 

4.1

A533B Table 1
100mm 80mm

30mm 180A 1.33mm/s
10 15mm 2

2  
 

Table 1 Chemical composition of low alloy steel 

C Si Mn P S Ni Cu Cr Mo Al Fe 

0.12 0.26 1.43 0.006 0.002 0.53 0.02 0.01 0.51 0.038 Bal. 
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Fig. 11  
 

 
(a) Distance between two weld beads is 10 mm  

 
(b) Distance between two weld beads is 15 mm 

Fig. 11 Vickers hardness distribution in welds  
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(a) Distance between two weld beads is 10 mm 

 

(b) Distance between two weld beads is 15 mm 

Fig. 12 Estimated stress – strain curve   
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