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Non-Destructive Evaluation of Residual Stress in Welded Partial Zone
Using Continuous Indentation Test
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Kwang-Ho Kim* and Dengil Kwon

School of Materials Science and Engineering, Seoul National University, Seoul 151-742, Korea
*R&D Center, Frontics, Inc., Seoul 151-742, Korea

Abstract : In a welded joint, the formation of residual stress is inevitable. The stress can result in decrease of fatigue
life in a welded structure under superimposed external stress. On this account it is important to evaluate the residual
stress in use of structural steel. But conventional residual stress evaluating methods have difficulties of the derivation
of residual stress free state in the field and destructive or lab-scale experiments. In this study, new residual stress
evaluating model was suggested using continuous indentation technique. We theoretically induced load-depth curve
for residual stress free state from the hardness and strength of the material. From the curve, we evaluated the
residual stress in a welded joint using the difference from residual stress state. And we used invariant contact area
because it is uniform value regardless of residual stress in the material or plastic deformation at the indentation test.
The residual stress results from continuous indentation technique showed good agreement with conventional methods
such as hole-drilling and saw cutting methods for API X65 and SS400. Therefore, this method has possibilities in

actual application of industrial field.
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Fig. 1. AIS3000 of Frontics, Inc. used for residual stress measurement
on local region.

(a) Feld N o~ BAZ Base
i /
- /

Drilled hole

/7Axis strain gage

- 14
~ ~ ~ ~ ~ N
yo] §J] §o| §eo] §o| §o]

(B S A E R NN EREE RS RENENRHN.]

Indentation test
Polished area

A 4

300mm

Base

/
/

1-Axis strain gage

(b) Feld

=

=

Cutting line

Indentation test

Polished area

Y

300mm

Fig. 2. Schematic diagram for Continuous indentation and (a) 3-axis
strain gages and drilled hole and (b) attached 1-axis strain gages and
cutting line on welded joint of API X65 and SS400 specimens.
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Table 1. k' is indention loading curve curvature of the residual
stress free state at the welded zone. It is induced from 2hrs
annealing (real value) and various o ratios (induced value)

Inducéd

Induced  Induced Induced
ko After 2.hrs from from from from
annealing . . . .
o, ratio  orratio  orgratio  Gygratio
APL X65 0.00697 0.00696 0.00697  0.00695 0.00700
SS400 0.00510 0.00501 0.00497 0.00464  0.00553

Table 2. 15 cycle’s load values in residual stress free state and
residual stress state at indentation test for SS400. The residual stress
caused two values to be different

20 40 60 &0 100

Indentation Depth(um)

Fig. 3. Superposition of loadin% curves from indentation test, fitting
equation L=kh® and L=k(h+h,)* for S45C specimens.
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Fig. 4. HV is divided by various flow strengths. The result must be 1 if HV is proportional to flow strength.
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Table 3. f value is the ratio of contact depth (h.)) and sum of
indentation depth and additional effect depth (h+h,)

Materials S n E Poiss.on’ E f
(MPa) (GPa) ratio (GPa)
SuJ2 306.8 0.268 2149 0.286 194.4 1.033
X65 451.8  0.161 2042 0.300 187.6 1.105
X70 5929 0.129 1959 0.296 180.9 1.121
SKD61 3489 0303 2I1.5 0.268 190.0 1.005
SCM21 2902 0.221 199.4 0.300 184.0 1.067
SKH51 263 0.315 2468 0.241 2133 1.000
KP3 763.7 0.124  203.1 0.295 186.2 1.118
SKD11 2434 0.338  215.7 0.294 195.8 0.983
SK3 2441 0264 198.2 0.303 183.4 1.037
SCM4 5924 0.141  207.1 0.286 188.5 1.113
S45C 3729 0333 209.1 0.287 190.1 0.982
SK4 336.1  0.252 209.2 0.291 190.5 1.043
SUS304 3988 0.3 198.7 0.283 181.7 1.004
SUS316 3572 0276  198.5 0.298 183.1 1.024
SUS303 2644 0.39 188.1 0.301 175.3 0.943
Al106 3326 0223 199.6 0.292 183.4 1.064
Al20 206.5 0.243 65.0 0.352 69.7 1.040
Al50 829 0.287 70.9 0.338 74.8 1.022
Al70 526.2  0.089 66.0 0.343 70.2 1.114
Average : 1.043
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Fig. 5. Comparison of H;r (Contact area is calculated from f) and
Hop (Contact area is measured by optical microscope).
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Fig. 6. Comparison of the residual stress distribution evaluated from
continuous indentation test model and hole-drilling method and saw
cutting method for (a) API X65 and (b) SS400.
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