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Goal is to ensure long term operation of RPV and DMWs
by improving the structural integrity assessment
procedures through experimental and numerical methods



02/05/2017 302/05/2017 3

The latest innovation in surveillance test
techniques, miniature sized C(T) specimens

The specimens were used for determining the ductile-to-brittle transition
temperature, T0, of Barsebäck 2 RPV weld with the Master Curve method
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Benefits of miniature sized specimens

Lower material consumption compared to 1, 0.5 T C(T) specimens and Charpy-V
specimens

Prolongation of the surveillance program by reduction in material
consumption better prediction of irradiation embrittlement

Continuation of current programs by exploiting already tested material
For new NPPs, an increase in the length of surveillance programs

Obtaining fracture toughness data, more relevant for safety analyses, of
already tested impact toughness specimens

The miniature specimens  have been validated for homogeneous materials,
but the applicability to welds has not been investigated extensively
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Why was Barsebäck 2 weld metal investigated?

As part of the NKS-R program in 2016, VTT,
Chalmers and KTH did a pre-investigation for
BREDA project (2016-2019), a Scandinavian
collaboration project.

The main goal in BREDA is to estimate how well
surveillance programs describe the irradiation
embrittlement of Barsebäck RPV

Trepans from the Barsebäck 2 RPV will become
available by the end of 2017/beginning of 2018.

Fracture mechanical testing is performed in the
new hot-cell facilities at VTT
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7 things to know about RPVs and surveillance programs
1. RPV is made of ferritic steel brittle at low

and tough at high temperatures.
2. The shift from tough to brittle behaviour

occurs at ductile-to-brittle transition
temperature (DBTT)

3. Due to irradiation, the  DBTT increases
4. Brittle fracture of the RPV has to be avoided

at all times through-out the service life
5. The increase in DBTT is monitored in

surveillance programs
6. In surveillance programs, test specimens

are irradiated in the RPV
7. The specimens are tested at constant

intervals to determine and predict the DBTT
behaviour of the RPV
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In structural integrity analysis the DBTT is used to determine the
Master Curve (=fracture toughness as a function of temperature)

Temperature

KIC

Fracture
toughness

Crack
driving
force
(PTS)

The Master Curve (“material
behavior”) is compared to the crack
driving force (“component behavior”)
during a pressurized thermal shock
(PTS)
If the two curves overlap, then there
is a possibility for brittle fracture
EOL



DBTT, T0, of Barsebäck 2 RPV
weld in reference condition
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Miniature sized C(T) specimens were used for determining the ductile-
to-brittle transition temperature, T0, of Barsebäck 2 RPV weld

The tests were done in reference condition (non-
irradiated)

T0 Master Curve tests according to ASTM E1921
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Tests done with miniature C(T) specimens
validated in…
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Test matrix
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T0 Master Curve tests according to ASTM E1921
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T0 Master Curve analysis
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SINTAP analysis (reveals the inhomogeneity of the material)
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The results

Low T0 values. Thus, brittle fracture can be excluded at room
temperature in reference condition.
The Barsebäck weld metal can be considered homogeneous,
the difference between T0 and T0,SINTAP is 3 °C.
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Validation: Compared to a RPV weld with
similar chemical content

?

?

?
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Impact on safety

T0 ductile-to-brittle temperature was validated for a RPV weld.
Previous investigations were done with homogeneous materials.

Benefits of miniature C(T) specimens
Prolongation of the surveillance program by reduction in material
consumption better prediction of irradiation embrittlement

Continuation of current programs by exploiting already tested material
For new programs, an increase in the length of surveillance program

Obtaining fracture toughness data, more relevant for safety analyses, of
tested impact toughness specimens

Barsebäck 2 RPV weld has similar chemical content as OL1 and
2, and possibly Hanhikivi 1
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