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Abstract

As the main candidate reactor types for Generation IV nuclear reactors, high-
temperature gas-cooled reactors and molten salt reactors both utilize nuclear
graphite as neutron moderator and core structural material. During nuclear
reactor operation, nuclear graphite, serving as the primary core structural mate-
rial, will endure conventional mechanical loads, thermal stresses under various
operating conditions, irradiation deformation, and seismic effects, subjecting
graphite components to complex stress states. Microscopic damage continu-
ously accumulates within the material, and local stress concentration at keys,
slots, and discontinuities can even lead to the initiation of macroscopic cracks,
thereby compromising the dimensional integrity of the entire core structure
and jeopardizing reactor safety. Consequently, investigating the damage and
fracture mechanics characteristics of nuclear graphite materials is essential for
improving the reliability of core structural integrity assessments. This study
first reviews the research progress in nuclear graphite fracture mechanics from
the perspectives of material failure criteria, fracture criteria, R-curves, nonlin-
ear fracture mechanics models, and multiscale analysis methods; subsequently, it
summarizes the standard test methods adopted for determining nuclear graphite
fracture parameters and reviews the current research status in conjunction with
commonly employed experimental techniques; finally, it outlines future develop-
ment trends in nuclear graphite fracture mechanics research from three aspects:
service environment effects, fracture process zone characterization, and size ef-
fects. This study can provide references for the development and refinement
of nuclear graphite fracture mechanics models, offer a basis for selecting test
methods to obtain nuclear graphite fracture parameters, and furnish insights
for nuclear graphite fracture mechanics research.
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The source material provided for translation exhibits extensive corruption and
OCR artifacts that preclude meaningful linguistic conversion. Although numer-
ous mathematical placeholders ( MATH_* ) are present within the document,
these are embedded within garbled character sequences that lack coherent con-
textual structure or syntactic integrity.

Consequently, no intact Chinese sentences, paragraphs, or logical sections suit-
able for academic translation could be identified in the provided content. The
text fragments that remain are insufficient to reconstruct the original paper’s
arguments, methodology, or findings.

Recommendation: Please provide a clean, uncorrupted version of the source
document to enable proper translation. Ensure that: - Chinese characters are
correctly rendered (not as random symbols or broken encoding) - Mathematical
expressions are properly formatted in LaTeX - Section headers and paragraph
structures are clearly discernible - No watermark text or OCR artifacts interrupt
the academic content

Without access to a legible source, a faithful translation cannot be produced.
Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv — Machine translation. Verify with original.
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