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In mass concrete structures, thermal cracking is a critical issue that may lead to a reduction in
durability and an increase in maintenance costs. Therefore, accurate prediction and appropriate
countermeasures at the design and construction stages are required. Thermal stress analysis, which
combines thermal analysis, moisture transfer analysis, and stress analysis, is widely used for
predicting thermal cracking. However, the results of such analyses strongly depend on input
parameters, such as adiabatic temperature rise characteristics, moisture transfer properties, and
external restraint coefficients. In practice, these parameters are often determined based on empirical
values or standard references, and their consistency with measured data is not always ensured. As

a result, the reliability and practical applicability of the analysis remain limited.

In this study, focusing on the uncertainty of input parameters in thermal cracking analysis of mass
concrete, a method for rationally identifying input parameters based on consistency with measured
data is proposed. The target parameters include those used in thermal analysis, moisture transfer
analysis, and stress analysis. In particular, to handle multiple physical fields in a unified manner, a
parameter identification framework based on the causal structure of “temperature — moisture —
stress ©  is proposed. Furthermore, Particle Swarm Optimization (PSO), a metaheuristic
optimization method suitable for nonlinear and multimodal inverse problems, is applied to verify

the effectiveness of the proposed approach.

This thesis consists of seven chapters, and the contents of each chapter are as follows:

Chapter 1: Introduction
This chapter presents the background and objectives of this study and outlines the structure of the

thesis.

Chapter 2: Theory and Framework of Thermal Cracking and Thermal Stress Analysis of Mass
Concrete

This chapter reviews the mechanisms of thermal cracking in mass concrete and its effects on
structural performance. It also summarizes the framework of thermal cracking analysis consisting
of thermal analysis, moisture transfer analysis, and stress analysis. In addition, the types and roles

of input parameters used in these analyses are organized, and the issues in their determination are
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clarified.

Chapter 3: Metaheuristic Optimization Methods and Their Application to Inverse Analysis

This chapter describes the fundamental concept of inverse analysis and its formulation as an
optimization problem. The characteristics of metaheuristic optimization methods and their
applicability to engineering problems are discussed. In particular, the Particle Swarm Optimization
(PSO) algorithm, including its structure, parameter settings, and convergence properties, is
explained, and its application to parameter identification problems in thermal cracking analysis is

presented.

Chapter 4: Identification of Input Parameters in Thermal Analysis

This chapter focuses on the identification of input parameters for thermal analysis, including
adiabatic temperature rise characteristics and heat transfer coefficients. Inverse analysis based on
the reproducibility of temperature histories is performed, demonstrating that input parameters

highly consistent with measured temperature data can be successfully identified.

Chapter 5: Identification of Input Parameters for Moisture Transfer Analysis

This chapter deals with the identification of moisture transfer properties, including moisture
permeability coefficients and moisture capacity parameters. A stepwise inverse analysis procedure
based on the results of thermal analysis is applied, and its effectiveness in improving the accuracy|

of internal humidity distribution is verified.

Chapter 6: Identification of External Restraint Coefficients for Thermal Stress Analysis

This chapter focuses on the identification of external restraint coefficients. Inverse analysis based
on the reproducibility of thermal stresses and cracking indices is conducted, demonstrating its
effectiveness in improving the prediction accuracy of thermal cracking. Furthermore, the
effectiveness of the unified parameter identification framework based on the causal structure of]

“temperature — moisture — stress” is demonstrated.

Chapter 7: Conclusions

This chapter summarizes the findings of this study and discusses future challenges. The proposed
method enables the unified identification of input parameters across multiple physical fields
involved in thermal cracking analysis of mass concrete, thereby improving the reliability of the
analysis and the accuracy of thermal cracking prediction. Future work includes the advancement of]
coupled thermo-hygro analysis, optimization of measurement planning based on observational data,

improvement of computational efficiency, and extension of the proposed method to other structures.
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