Measurement of creep deformation and cavitation in a
novel hourglass test specimen using 3D-DIC and SANS
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Background : Creep and its importance
Creep is a common mode of failure in many components operating at high temperature for a prolonged period of time. The materials used for high temperature components
are subjected to long term deterioration of integrity due to the accumulation of creep cavitation. The nucleation and growth of such cavities have a significant life-limiting impact
in many components. Creep is critically important for the components there are in service at high temperature such as nucleart power plants, turbines, in jet engines and heat
exchangers.Studies of creep behaviour in structures that operate at elevated temperatures such as nuclear power plants are important for structural integrity assessments.

Cavities are ranging from few nanometres
to few millimetres in size
Creep cavity assessment is challenging,
particularly at nucelation stage, as they
are only few nanometres in size

For example failure in nulcear power plant components and their
shut down have high impact on:
Public's welfare
Power shortgage

Microstructure showing Cavities (A) are mainly surrounding
inter-granular carbides (B). A population of fine
intra-granular carbides (C) can also be seen, appearing
as dark spots adjacent to the grain boundaries

Cost of repair & providing emergency replacments

Current study

Objectives

In the current study the isothermal creep behaviour of stainless steel (type AISI 316H)
has been investigated experimentally. The main aim of this work was
to explore the potential of 3D Digital Image Correlation (DIC) for creep strain monitoring
and to measure the deformation in a cylindrical hourglass specimen at high spatial
resolution1. Due to the hourglass shape of the sample it is possible to measure a variety
of creep strain rates within just one test.
The creep ruptured test specimen was examined using small angle neutron scattering (SANS)
technique at ISIS facility near Didcot to measure the creep cavitation around the failure
position. SANS is powerful technique for measuring submicron cavities2.

To explore feasibility of application 3D-DIC in order to monitor creep deformation
and measure variation of creep strain in a cylindrical hourglass test specimen
To measure creep cavities using small angle neutron scattering

3D - DIC Results
A section of the painted cylindrical hourglass
test specimen

Variation of creep strain over time at different
position along the length of the cylindrical
hourglass test specimen

Variation of creep strain, measured by 3D-DIC
along the length of the cylindrical hourglass test
specimen

3D surface plot showing the variation of creep
strain by time along the length of the cylindrical
hourglass test specimen using 3D-DIC

SANS Results

Fractional size distribution of cavities measured
by SANS at different positions along the length
of the ruptured test specimen

Number density of two populations of cavities as
a function of stress measured by SANS

Conclusions
The results confirmed the feasibility of the 3D-DIC technique. So, surface of
the sample was reconstructed and creep strain variation over time was
measured using 3D-DIC.
Submicron cavities (up to 400nm in diameter) were successfully measured
using SANS.
The broader object of this study is to provide better understanding
of creep cavity development and help to improve life asessment models.
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