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Abstract

In order to develop the reconstitution technology to standardize surveillance test
specimen reconstitution practices to deal with the extended service life of reactor
pressure vessels, the Japan Power Engineering and Inspection Corporation
(JAPEIC) has been carried out the project entrusted by the Ministry of International
Trade and Industry (MITI).

We focus on a correlation between the reduction of absorbed energy and the
interaction of the heat affected zone (HAZ) and the plastic zone, to establish
applicable reconstitution conditions for Charpy specimens.

The relationship between the plastic zone width and the absorbed energy has
been obtained by estimating the plastic zone width from the hardness distribution of
the Charpy specimens. Impact tests of reconstituted specimens with 10mm-length
insert using the surface activated joining method were performed and the test results
were compared to those obtained by the standard specimens. By comparing the
length of insert material to the sum of HAZ width and plastic zone width, it is clear
that the hteraction causes the reduction of the absorbed energy. Hence, the
applicable conditions of reconstituted Charpy specimens could be assessed by
comparing the insert length to the sum of HAZ width and plastic zone width.

Moreover the effects of the possible deviations from the standard shape and size



specimens for the reconstituted specimens were studied.

Introduction

Since the construction of first commercial nuclear power plant in 1966, 51 nuclear
power plants have been operating in Japan. Japanese first light water nuclear plant
has now been in service for more than 30 years and the aging of nuclear power
plants is steadily progressing in general. Surveillance specimens such as tensile
specimens, Charpy specimens and compact tension specimens are installed in RPVs
to monitor the effect of irradiation embrittlement on RPV steels which is one of
principal aging issues. The number of the specimens will be short in case of
long-term operation, although the monitoring of irradiation embrittlement is regulated
throughout plant life. Under these circumstances, the Japan Power Engineering and
Inspection Corporation (JAPEIC) has carried out the project entrusted by the Ministry
of International Trade and Industry (MITI) to maintain the monitoring of the irradiation
embrittlement. One of the targets of the project is to develop the reconstitution
technology to standardize surveillance test specimen reconstitution practices to deal
with the extended service life of reactor pressure vessels including the reconstitution
of the charpy specimens with 10mm insert length which enable the conversion from
LT-direction to TL-direction. For this purpose, surface activated joining method (SAJ)
4) has been selected as a welding method to reconstitution because of its low heat
input resulting the narrow HAZ width. Figure 1 illustrates the reconstitution
procedures of charpy impact specimen.

Because the tests are now in progress, this paper describes the preliminary test
results using un-irradiated specimens.
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Figure 1- Reconstitution procedures of charpy impact specimen

Concept of Test Scheme

It is known that the restriction of the deformation during impact test due to the
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hardened zone of HAZ by reconstitution welding causes the reduction of absorbed
energy 1)i2). In case of 100-200J of absorbed energy, the plastic zone width around a
notch tip would be 8-12mm 1). In this case, the reduction of absorbed energy would
occur for 10mm-length insert reconstituted specimens because of the interaction
between the hardened zone and the plastic zone. Figure 2 shows schematically the
reduction of the absorbed energy due to the interaction behavior. If plastic zone width
(Wp) + heat affected zone (HAZ) width (WHAZ) was greater than the insert length (WL)

represented as the curve (a), the reduction of the absorbed energy would occur. The
HAZ width is dependent on the welding method and welding conditions. A welding
method and condition, which can minimize the HAZ width should be selected. The
plastic zone width depends on the material fracture toughness and the test
temperature. The degree of the interaction between the hardened zone and the
plastic zone depends on the insert length, the material fracture toughness and the
test temperature. In order to evaluate the applicability of reconstituted specimens
which does not show the reduction of the absorbed energy, it is important to establish
the relationship between the reduction of the absorbed energy and the parameters.
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Figure 2-Schematic image of correlation between

interaction and reduction of absorbed energy

Moreover it is important to investigate the effect of the possible deviations from
standard size and shape of specimens for the reconstituted specimens on the
surveillance test results.

Considering the above issues for reconstitution technology, following fundamental
tests have been carried out using surface activated joining method (SAJ) 4) as a
joining method 5).

1) Measurement of the hardened zone
2) Establishment of the relationship between the absorbed energy and the plastic
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zone width

3) Measurement of the heat history while welding to investigate the possibility of
annealing

Test Materials

Test materials used in this project are shown in Table 1. Low and High toughness
RPV steels and weld metals which simulated material used for earlier RPV and those
for later RPV respectively were used to cover the whole type of LWR plants in Japan.

Table I-Test Materials

Materials

Low-toughness
base metal

High-toughness
base metal

Low-toughness
weld metal

High-toughness
weld metal

Direction

TL

LT

TL

*1

*1

Sy
(MPa)

487

-

473

-

551

Su
(MPa)

637

-

618

-

632

KTNDT
(°Q

-8

-

-40

-60

-55

USE
(J)

82

159

223

195

222

*l:parallel to the welding direction

Impact Tests of Reconstituted Specimens

Impact tests of original (i.e. without reconstitution) specimens and reconstituted
specimens with 10mm-length insert made from the materials listed in Table 1 were
performed to investigate the correlation of the reduction of the absorbed energy to
the interaction between the plastic zone and the hardened zone.

Figure 3 shows the comparison of the absorbed energy between original
specimens and reconstituted specimens with about 2mm HAZ width for both high
and low toughness base metals. The reduction of the absorbed energy occurs
especially in the high absorbed energy region for the high-toughness base metal. For
the low-toughness base metal, there are few differences between the absorbed
energy of original specimens and those of reconstituted specimens.

It is possible to evaluate the reduction of the absorbed energy by comparing
WL-2WHAZ and 2WP as shown in Figure 1, based on the concept that the interaction
between the HAZ and the plastic zone causes the reduction. Figure 4 shows the
correlation between the interaction rate defined as 2WP-(WL-2WHAZ) and the
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Study on Effects of Deviations from Standard Shape and Size Specimens

Charpy specimens are to be usually manufactured according to the standard such
as ASTM or Japanese Industrial Standard (JIS). However, there are possibilities for
reconstituted specimens to deviate from the standard due to the deformation of the
insert such as an anvil mark and the limitation of machining accuracy.

In order to investigate whether these deviations affect the test results or not, the
test results between the specimens with the deviations and the standard size
specimens were compared. Figure 5 shows the geometry of test specimens .
Figure 6 shows the Charpy impact test results of the specimens with the deviations
and the standard specimens for the high toughness base metal. From this figure,
there are few differences between the test results of the specimens with the
deviations and those of the standard size specimens.

Hence, it can be concluded that the effects of the deviations considered from the
standard size and shape specimens are negligible.
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Figure 5-Geometry of applied test specimens
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Figure 6-Comparison of absorbed energy between deviated

shaped specimens and standard (original) specimens
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Conclusions

In order to establish the reconstitution technology for the surveillance specimens
of RPV steels, the basic data was obtained using un-irradiated materials and the
following results were obtained.

(1) The applicability of reconstitution could be assessed by comparing the
insert length to the sum of the HAZ width and plastic zone width, based on
the concept that the interaction between the HAZ and the plastic zone
causes the reduction of the absorbed energy.

(2) The effects of the possible deviations from the standardized size for the
reconstituted specimens are negligible.
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