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R&D In code aster

cracked components
CONTEXT

Understanding the behaviour of Advanced Gas-cooled Reactor (AGR) graphite
cores with multiple cracked bricks is paramount to assessment their structural
integrity, safe operation and life extension. EDF Energy’s Plant Life Extension
programme, aims at understanding the crack propagation in graphite bricks
for the coming years and their impact on the behaviour of the whole core
during normal operation and severe events.

Numerical clone of the whole AGR
core for seismic assessment

A Brick shrinkage

The capability to perform the mechanical response of array of cracked bricks
under irradiation and radiolytic oxidation is demonstrated thanks to a series of
tools, integrated in salome_meca.

A generator tool for the aging of a neighbourhood array of cracked bricks

salome_meca
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Assessment of AGR Graphite Cores with

CODE_ASTER COMMANDS EMPLOYED
DEFI_CONTACT, STAT_NON_LINE, UMAT, DYNA_VIBRA
SALOME_MECA TOOIS INVOLVED

ZCracks, MEDCoupling, ADAO

SCIENTIFIC CHALLENGES

Building numerical clones of parts of the reactor and using this information in
order to assess crack phenomena in irradiated graphite in a core environment
is challenging. Hence, the simulation is highly non-linear due to the aging of
the graphite and high potential contact surfaces arrays.

The graphite bricks undergo significant modifications with ageing due to
oxidation This phenomenon leads to weaker components. On the other hand,
irradiation induces greater slackness in the active core and modifies external
load paths. Moreover, late in the core’s operating life, graphite components
are likely to crack, again leading to greater slackness in the active core and
changed external load paths.

At its early age, the hoop stress at the bore of the irradiated graphite brick is
experiencing tensile stress while the periphery is in compression. After years of
operation, this stress state tends to reverse, inducing non-trivial hoop stress
distribution on the graphite. Consequently, graphite brick is likely to crack.

Hoop stress at the bore Hoop stress at the periphery
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Stress reversal mechanism of Graphite bricks
and typical stress distribution of irradiated
brick at 30 full power year operation after

shutdown

CBNA generator tool: general principle

Data Analysis tools for V&V: MEDCoupling, ADAO

A special attention is given to V&V and quality of results of simulation so that a
cross-comparison platform is under development to enable direct comparison
between different models and experiments.
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Some user scenarios to demonstrate the capability of the tool

Visualisation with MEDCoupling Cross-comparison between two codes
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Data assimilation with ADAO

Other problems investigated :

« Seismic assessment of the whole AGR core

» Crack propagation/Crack arrest

* Prompt secondary cracking (multiple cracks due to dynamic effects)

« Convergence/performance of multi-body contact problems

 Interpretation of whole core model with multiple crack scenarios using deep
learning method

» Thermal-hydraulic analysis to better assess the temperature of the graphite
components
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