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Application of Continuous Indentation Technique
for Reliability Evaluation in Power Plant Facilities
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Abstract Reliability of welded structures in power plant facilities is very important, and their reliability
evaluation requires exact materials properties. But, the conventional PQR (Procedure Qualification Record) can
hardly reflect the real material properties in the field because the test is only done on specimens with
simulated welding. Therefore, a continuous indentation technique is proposed in this study for simple and
non-destructive testing of infield structures. This test measures the indentation load-depth curve during
indentation and analyzes the mechanical properties such as the yield strength, tensile strength and work
hardening index. This technique has been applied to evaluate the tensile properties of the weldment in the
main steam pipe and hot reheater pipe in power plants under construction and in operation.
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Indentation Load

hmax

Indentation Depth

Fig. 1 Schematic illustration showing the parameters
for analyzing indentation load-depth curve

Fig. 2 The schematic diagram of indentation (a)
sink-in and (b} pile-up phenomena
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Fig. 3 An example of flow curve derivation from
indentation load-depth curve

2.2. EFTx=E° =Y HIIE flgr g5

4 9 gEEHA g §HP Y3t 4
S4APe FPAT. AL FANTIE =
EES S 2000& <83ty ZHAEFoH, A
FxAL WA 500 ume} FAAE AAPel
0 xm, 4YEE 0.3 mm/min, =LY 15
2 ANsan By 4t 227189 §9%0 o

QAEE s Aol Fig 5= APER SHY
of Y BAl/AYPR/EHTEY dYsHF-E
205 Q424 adzelth YPNIE $I9 2
Eel £33 ARAFANE B A AP
ot dgNFeRE 81 4 R

=z
=2

e BAR & Qe Al Ik £F 29T
%

v

ApFs} §- Az Aoln, Table 2 &3 Ao |tk

Table 1 Specification of main steam pipe

Pipe size{mm) Operating Condition

Material
Out dia | Thickness | Pressure |Temperaiure

A335-P91 406 53 3621 Psi| 541 C

Table 2 Tensile properties obtained using continuous
indentation test

Yield Tensile

Testing position strength(MPa) strength(MPa)

Weld 1,128 1,501
HAZ 826 1,417
Base 598 810

Fig. 4 View of continuous indentation test to main
steam pipe
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load—-depth

indentation

Fig. 5 Comparison  of
curves at weldment
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Table 3 Specification of hot reheat pipe
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Fig. 9 Indentation load-depth curve variation with
residual stress
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Fig. 10 Residual stress values obtained by using
indentation  technigue before and after
PWHT
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Fig. 11 Indentation testing for tensile properties of

reheat pipeline used for 25 years
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Fig. 12 Tensile stress—strain curves derived by
indentation technigque in reheat pipeline.

Table 4 Tensile properties of reheat pipe

Horizontal | 3191 487.4 0.173 65
piping A part | 3581 | 4922 0.140 72
Average 337.6 480.8 0.157 69
Changle/new 197 o 80 o
material(%)

307.6 464.2 0.169 66

Honzontal | “aps 2 | 4gas | 0170 63
piping B

309.5 4834 0.180 64
Average 307.9 4771 0173 65
Changeimew | o, | _gg 205 13
material{%)
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