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論 文 内 容 の 要 旨 

 

Nowadays, various degradation phenomena such as salt attack and alkali-silica reaction became very 

serious threats in reinforced concrete structures. The main consequences of these phenomena include 

loss of cross section of steel area and cracking of concrete due to the volume expansion of corroded 

reinforcing bar. At last, it causes not only the decrease of bond strength between steel reinforcing bar 

and concrete but also spalling and delaminating of the concrete cover and deteriorates the strength of 

the whole structure. A continuous process of corrosion reduces the safety and serviceability level of 

structure, thus it shortens the service life of structure For the purpose of maintaining safety and 

serviceability, it is necessary to evaluate the durability of existing structures accurately, in order to 

predict the structure’s rate of deterioration and its future strength. 

In this study, an experimental work of electrolytic corrosion process was carried out for several levels of 

corrosion. Next, a static loading test was adopted to assess the structural performance and obtained the 

ultimate strength of the beams. Meanwhile, continuum damage mechanics were adopted in analysis of 

damage caused by chemical and mechanical effects. Then the coupling effects of chemical and 

mechanical damage were calculated by introducing two independent damage variables into the 

constitutive equation. In order to calculate the chemical damage evolution, the diffusion process of 

chloride ions that impact the corrosion of steel bars in concrete was carried out, and an evaluation was 

conducted on an affected cross-sectional area of a steel bar. The proposed method was found to validate 

the experiment's results and predict the future strength of RC structural members under various 

exposition periods. In addition, the comparison carried out between the isotropic and orthotropic 

condition confirmed the importance of orthotropic analysis in order to obtain the worst-case scenario of 

the structure. Moreover, the dead load and the hydrostatic stress effects also were investigated and its 

predominant factor of dead load in the length of a structure span was determined and it was found that 

the dead load of a structure is dominant in increasing a structure’s span length. 

To discuss this matter in details, this thesis was divided into six chapters. 

 

In Chapter I introduces an overview on the deterioration of concrete structures which mainly caused 

by the combination effect from chemical and mechanical attacks. 

In Chapter II, the mechanical model of concrete and steel reinforcement bar is discussed in details. 

The derivation of pressure independent of elastic-plastic constitutive equation under von Mises criterion 

for concrete material was obtained by ignoring the effect of confining pressure in compression zone. In 

other hand, the pressure dependent yield criterion for steel reinforcement bar was derived based on the 



Drucker-Prager plasticity model. 

Furthemore,, an overview of continuum damage mechanics is presented prior to the introducing the 

mechanical and chemical damage variables which developed in mechanical and chemical damage model. 

Next, the analysis procedure to assess the damage caused by the chemical and mechanical loading was 

proposed at the end of the chapter. 

Next, the experimental work is reviewed in Chapter III and the procedures of electrolytic corrosion 

method and the static loading test is briefly presented. Then, results of the experimental testing were 

revealed. 

In Chapter IV, the chemical-mechanical damage analysis was simulated. First, the experimental 

results were validated by the numerical analysis. Next, a coupling method was conducted by predicting 

the future strength of the structure under various exposition periods. Then, a comparison between 

isotropic and orthotropic condition was discussed. The discussion is continued in determining the 

influence of marine environment on structural performance under both analysis conditions. Finally, the 

effect of dead load and the hydrostatic stress to the diffusion process is highlighted at the end of the 

study. 

The findings along this research were summarized and discussed in Chapter V. The conclusions 

were described and recommendations for future work were presented.  

 


