=4k 7| 71 3 8rE =23
A38 A45 20079 12¥€ pp. 9-16

St AH| SRHTEE)

A sas 9fs

1 —

ARst etelAlEo] Xg

Z=Zg.o0lde - Fon - AEs” - ASY'

Application of Instrumented Indentation Technique to
Integrity Assessment of Welded Structures in Power Plants

Kug-Hwan Kim , Kyung-Woo Lee , Min-Jae Choi , Kwang-Ho Kim and Dongil Kwon'

ABSTRACT

The repair and replacement of worn components in the power plants is safefy-critical because they

operate in severe environments involving high temperatures, high pressures, and strong neutron irradiation. In

order to prevent accidents, it is thus essential both to assess accurately the materials properties in current

power plant facilities and also to develop alternative materials that can enhance safety and durability. Our

research focuses on establishing standards for repair/replacement and integrity assessment in welded structures

of power plants. The present work adopts an instrumented indentation technique (IIT) to assess the safety

based on material properties, a technique developed as a novel method for nondestructive testing of

in-service structures. The tensile properties and residual stress of each component were evaluated using IIT

and the results suggest the feasibility of safety assessment of power plant facilities by in-situ IIT monitoring

of mechanical properties.

Key Words : Instrumented indentation technique(Al743t %4 UAIE), Integrity assessment(1F4 7}, Tensile

property(2174E), Residual stress(XH7-5-3)

7|5 4Y
h. = contact depth
a. = contact radius
A. = contact area
S stiffness
W plastic constraint factor
a = strain coefficient
P, = mean pressure

gurs = ultimate tensile strength
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oys = Yyield strength

n = work-hardening exponent
K = strength coefficient
p = stress ratio
Ores — residual stress
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Step 1: Determining contact area
A =n(2Rh,—h)
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Step 2: Defining true stress & true strain
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Step 3: Fitting to constitutive equation
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Step 4: Evaluating tensile properties
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Fig. 2 Schematic flow for measuring tensile pro-
perties using IIT
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deviatoric stress
Fig. 4 Stress interaction between residual stress and
hydrostatic stress in the incompressible core
of an elastic/plastic indentation
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Fig. 5 Test for welded joint
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Table 1 Tensile properties obtained from tensile
tests and instrumented indentation tests

Yield strength [MPa] |Tensile strength [MPa]

Materials = :
Tensile| IIT Error |Tensile| IIT Error

S45C | 372.9 | 3364 |-9.8 %]| 883.2 | 843.7 |-4.5 %

SCM21 | 290.2 | 3149 | &5 % | 626.5 | 609.3 |-2.8 %

SUS420 | 431.3 | 3985 | 8.2 % | 844.7 | 797.7 |59 %

SKD61 | 348.9 | 361.8 | 3.7 % | 896.5 | 882.2 |-1.6 %

API X70| 5929 | 5509 [-7.1 %| 782.2 | 770.9 |-1.4 %
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Fig. 6 Comparison between tensile curves from
tensile test and instrumented indentation test
for (a) SCM21 and (b) SUS420
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Fig. 7 (a) Test positions and (b) load-depth curves

Table 2 The results of strength distribution for

weldment
Position oys ours n Region
1 359 546 0.173 Base
2 398 529 0.127 HAZ
3 412 576 0.144 Weld
4 433 566 0.093 Weld
5 399 583 0.184 Weld
6 362 549 0.171 HAZ
7 367 517 0.149 HAZ
8 321 508 0.185 Base
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Fig. 8 Residual stresses measured by indentation test
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