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ABSTRACT 

Starting from the fundamental viewpoints of concrete stochastic damage 

mechanics, this thesis comprehensively studies the nonlinear stochastic analysis 

theory and reliability assessment method of reinforced concrete (RC) structures. 

The microscopic stochastic rupture model (SRM) for concrete is introduced and 

the relationships between the micro model parameters and macro engineering 

parameters are then derived based on the mean stress-strain curves by experiments 

and Chinese design code. Meanwhile, some modifications are made on the original 

SRM model in order to consider the complicated interaction effects between 

reinforcement steels and concrete in real structures. A series of numerical simulations 

are made to experiments of RC members, showing the accuracy of the present model. 

The influence of uniaxial and eccentric compression on the confined effect of RC 

members is analyzed respectively. An equivalent confining volumn condition is 

introduced to previous confined concrete models to set up the formula of strain 

gradient factor under eccentric compression, which can reflect the effect of the 

eccentricity on the confining force. With the proposed confined concrete model, a new 

confined fiber beam-column element for eccentric loading is developed, which can 

account for the time varying process of the section eccentricity ratio. 

For the localization issues in force-based beam-column element while modeling 

strain softening behaviors, the physical mechanism and the numerical characteristic 

are discussed and the existing regularization techniques are reviewed. According to 

the damage and failure features of RC members, two kinds of elements are developed: 

the adaptive damage spread element (ADSE) and the implicit gradient frame element 

(IGFE). The first approcah solves the problem from the viewpoint of numerical 

integral. By adjusting the plastic hinge length at every loading step, the integration 

weights of the points outside the plastic hinge region are calculated according to 

Vandermonde matrix to avoid the integral sensitivity. The second approach treats the 

sectional defomation as a nonlocal variable based on the nonlocal theory and implicit 

gradient theory, which have a clear physical background, and introduces an internal 

length scale to overcome the localization issues in strain softening problems. 

The fundamental characteristics of the behavior of RC shear wall and the current 

shear analysis method are analyzed and the two important factors in shear problems, 
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i.e., tension stiffening and tension-compression softening, are pointed out. A softening 

coefficient is introduced to the multi-dimensional stochastic damage model, to reflect 

the reduction of compressive strength of concrete in tension-compression stress state. 

In addition, a two level consistent secant stiness based nonlinear solution algorithm is 

adopted to overcome convergence problems caused by the coupling of tension and 

compression in the model. A plasticity offset technique is presented for the simulation 

of cyclic loading situation. Several numerical examples are presented against 

experimental results finally, demonstrating that the proposed model is capable to 

predict the typical shear behavior of RC structures. 

Eight one-story two-bay RC frames with the same geometric dimension and 

reinforcing subjected to static lateral load are tesed. The test specimens are 

constructed with the concrete and steel from the same batch and the curing condition, 

and loading scheme is also the same in order to investigate the stochastic nonlinear 

behaviors of the frames. The test results indicate that the coupling effect of 

nonlinearity and randomness inherent in the material cause the fluctuation of the 

damage evolution process, and the fluctuation on the internal forces level is much 

greater than that on the load-displacement level. The deterministic analysis cannot 

predict the realistic re-distribution process of internal forces. However, the stochastic 

response analysis based on probability density evolution method (PDEM) can ont 

only attain the mean value and the standard deviation of the responses, but also get the 

probability density functions (PDF) of the responses at different levels, realizing the 

reflection of the stochastic damage evolution form materal to structure. 

Applications of the aforementioned researches are made to an existing RC 

complex high-rise building. The finite element model is built based on the material 

and element model proposed in this thesis. The PDF distribution of the structural 

responses and its evolution process against time are obtained by the PDEM. Then the 

structural dynamic reliability is calculated by the PDEM combined with the absorbing 

boundary method, which verifying the practical value of the presented theory. 

Finally, a brief discussion on the future works is given. 

 

Key Words: RC structure, nonlinearity, randomness, stochastic damage mechanics, 

force-based beam-column element, localization, shear wall, tension 

compression softening, probability density evolution, reliability 
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