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Infroduction Degradation of concrete biological shield wall

A typical PWR concrete
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Radiation-induced volume

expansion (RIVE)in aggregates
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Siliceous rock aggregates at differentlocations in Japan*?

Diversity of composition of siliceous rock aggregates !

Shrinkage due to Cementpaste Aggregates

biological shield radiation-induced | (mixture of cement  (SiO, bearing, Risk of surface cracking #
drying #3 and water) CaCO; bearing) —

e Overlapping

shrinkage.
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Issues relating the degradation of concrefe during long-
term operation (LTO):
o Diversity of mineral compositions
o RIVE will occur during LTO?
o What is maximum radiation level 10" or 102%(n/cm?2)?
Current data remains high uncertainty due to diversity of
neutron spectrum, test conditions, as well as aggregates
used:

Quartz (Si0,) and aluminosilicate minerals (i.e., albite(NaAlSi;0s),

microcline(KALSi30g)) are common minerals and have high
susceptibility to amorphization #?

W G. Igarashiet al, Constr. Build. Mater(2015);* Y. Le Papeetal, J. Adv. Concr. Technol (2018); > Maruyamaet al, J. Adv. Concr. Technol (2017): 1
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Result and Discussion: main cause of RIVE in case of quartz
Evaluation of RIVE in quartz

» Quartz exists in most of aggregates, easy to be amorphized,

¢ 50KV Na-F Hamir (199 ¢ and highest RIVE, thusit can be used as an indicator of RIVE
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Result and Discussion: RIVE mechanism in aluminosilicate minerals

3MeV Si @ RT RIVE is due to short range and long range change of
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Result and Discussion: Reference level for concrete degradation

Relative compressive strength, f/fo

Indicator of degradation: reduction in (1) compressive strength, (2) shielding performance, and
(3) seismic resistance.
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The RIVE in quartz starts at around 0.04dpa, but concrete’s strength could reduce beyond 0.02dpa, this

may be related to the radiation-induced drying effect.

The estimated maximum damage in term of dpa for 60years is below 0.04dpa, suggesting RIVE will not
occurduring LTO. However, the degradation probably caused by drying is about 4cm in thickness.



Summary of results

» Though both ionization and knock-on process contribute to RIVE, number of
knock-on afoms is found to be the main cause of RIVE in LWR condition.

» The mechanism of RIVE is found to be different in silicate minerals which is
related to alkali contents (K*, Na*).

» A new reference level of 0.02dpa, which is considered the diversity of neutron

spectrum, is proposed for concrefte degradation

Significance of the study

v The degradation mechanism caused by irradiation in concrete during LTO was
investigated.

v" Importantly, in current modelling codes, RIVE is considered to be saturated at
amorphization, but we found RIVE may continue affter amorphization. The
obtained property changes are important input for meso-scale modelling code to

evaluate the performance of concrete during LTO.



Thank you very much for your attention!
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