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Mesoscale analysis of crack propagation in concrete at high temperature and its influence on
structural performance and durability of concrete structures
* Srimook Puttipong', Taito Miura?, Shintaro Miyamoto?, Ippei Maruyama', Abudushalamu Aili?, Takumi
Sato?, Yuji Nagae*and Go Igarashi?
"University of Tokyo, *Nagoya University, *Tohoku University, “Japan Atomic Energy Agency.

Abstract
This study contributes to the decommissioning of concrete structures in the Fukushima Daiichi nuclearpower plant. The
mesoscale rigid-body-spring-model was developed to investigate crack propagation under high temperatures due to the

reactor core melting accident, which crucially affects concrete deterioration in various aspects.

Keywords: decommissioning, concrete structure, Fukushima Daiichi, mesoscale rigid-body-spring-model, crack

propagation, high temperature, concrete deterioration, structural performance, durability, contamination level.

This study is part of the decommissioning project for damaged concrete structures in the Fukushima Daiichi nuclear
power plant that were submerged under seawater and contaminated water for some periods. To decide the appropriate
decommissioning procedure, an evaluation of crack propagation is essential because cracks significantly affect concrete
deterioration in various aspects such as structural performance, durability, and contamination level. Under accidental
conditions, concrete structures might experience a core melting of nuclear reactors, which severely deteriorates concrete
performance under high temperatures. Even though various studies have clarified the impact of high temperatures [1], the
influence of cracks was not accentuated due to difficulties in the visualization ofcracks. Thus, this study aims to enhance
the understanding of deterioration based on the mesoscale rigid-body-spring-model (RBSM), which has the potential to
investigate cracking behavior in concrete. Various phenomena have been reported as causes of the deterioration such as
microstructural change of cementitious materials due to moisture loss, and chemical decomposition as well as crack
propagation under high temperatures. At elevated temperatures, aggregate continuously expands, while cement paste
swells up to 200 °C, then shrinks under the balance between thermal expansion and microstructural change [1]. The
mismatch deformation induces self-balancing stress that initiates cracks along with the development of gap strain (strain
difference between cement paste and aggregate). By using the mesoscale RBSM, mismatch deformation was introduced
based on the volumetric change of concrete constituents (mortar and aggregate) as reported in the reference experiment
[2]. From the results, crack propagation under high temperatures (200 — 800°C) could be reasonably reproduced. A
significant increase in crack density and maximum crack width (up to 0.5 mm) indicated a severe impact on durability
and contamination level. In addition, cracking was clarified as the major cause of deteriorated structural performance.

The stiffness and strength under compressive loading significantly decrease to 55 and 29 % at 800 °C, respectively.

References

[1] DJ. Naus. A compilation of elevated temperature concrete material property data and information for use in assessments of
nuclear power plant reinforced concrete structures (NUREG/CR-7031). United States Nuclear Regulatory Commission, 2010

[2]C. R. Cruzand M. Gillen. Thermal expansion of Portland cement paste, mortar, and concrete at high temperature. Fire and Materials
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Volume reduction of concrete contaminated by "“CO,
(5) Rubbing the carbonated concrete debris
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[1] Kinoshita et al., Capability for volume reduction of concrete contaminated by radioactive carbon dioxide using rubbing. Proc ICONE31
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Pirot Study on Thermal, Physico-Chemical, and Mechanical Behaviour of Concrete to understand the failure
behavior of Fukushima Daiichi Nuclear Power Plant Reactor Pressure Vessel Pedestals
Project overview
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Estimation of contamination infiltrated through building concrete

(1) Method for evaluating contamination infiltrated into concrete
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Estimation of contamination infiltrated through building concrete

(2) Comparison of predicted data with actual measurements
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[1] T. Sato, et al., Recent improvements of the Particle and Heavy Ion Transport code System - PHITS version 3.33, J. Nucl. Sci.
Technol. 61, 127-135 (2024).
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Study on the Methodology for Rational Treatment/Disposal of Contaminated Concrete Waste Considering
Volume Reduction of Waste
(3)Diffusion Behavior of lodine in Cementitious Materials under Different Temperature Conditions
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