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The Evaluation of Residual Stresses in the Welded Joint of Steel Materials
by the Optimum Selection of the Advanced Indentation Technique

Seung Jong Yu' and Joo Hyun Kim*

ABSTRACT

Most of materials receive forces in use so that the characteristics of materials must be considered in system
design to prevent deformation or destruction. Mechanical properties of materials can be expressed as responsible
level of material itself under the exterior operation. Main mechanical properties are strength, hardness, ductility
and stiffness. Currently, among major measure facilities to measure the mechanical properties, advanced
indentation technique has important use in industrial areas due to nondestructive and easy applications for
mechanical tensile properties and evaluation of residual stress of materials, This study is to find the optimum
experimental condition about residual stress advanced indentation technique for accurate analysis of the welded
joint of steel materials through indentation load-depth curve obtained from cruciform specimen experiment.
Optimum selection was applied to the welded joint of real steel materials to find out non-equi-biaxial stress state
and the results were compared with general residual stress analyzing method for verification. ‘

Key Words : advanced indentation technique (¥4 ¢4 A18), cruciform specimen (A A3 A]H), residual stress
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indentation loading curves by the change of
stress states; applied load increase and
decrease by the effect of compressive and
tensile residual stresses
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Cruciform specimen (API X65. $5400, SM490)

Specimen annealing
-Residual stress removal
- Micro structure reform
- Properties of matter improvement
1
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Fig. 2 Flowchart of experimental steps for optimum
selection of residual stress analysis
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Table 1 The experiment schedule built by design of

experiment
Max. load Number of Innm?l Unloading
for . unloading .
No.||. . unloadings . ratio
indentation (th)) point (%)
(kef) ' (%.) '
1 50 15 0 70
2 50 7 10 30
3 50 10 20 50
4 80 15 10 50
5 80 7 20 70
6 80 10 0 30
7 65 15 20 30
8 65 7 0 50
9 65 10 10 70

Table 2 The stress condition schedule built design of

experiment
.. X-axis Stress Y-axis Stress
t .
Stress Condition || <-4 Srength %)|(Vield Strength %)
1/4 1/4
tensi
ension 1/4 12
+tension
172 0
tension 1/4 -1/2
+compression 1/2 -1/4
-1/4 -1/4
compressnf)n 14 1N
+compression
-1/2 0
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[ Analysis curve for Residual-Stress I
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Fig. 4 Superposition of indentation loading curves for
various applied stress states on reference curve
for the experiment schedule No. 1
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Fig. 5 Examples of analyzed residual-stress curve
through the reference curve of experiment
schedule No. 1 and applied stress curve of x-y
1/4 tensile states
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