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ABSTRACT

The macroscopic properties of engineering materials appear randomness due to
the fact that their formation or production process can’t be fully controlled and that
there are inherent variations of their components. This thesis presents stochastic
micromechanical models to explore the reasons for the randomness of the materials’
macroscopic properties. At the same time, as a new method for repairing the existing
reinforced concrete structures at the aqueous environment, the electrochemical
deposition method seems to be promising. However, very few studies have been
conducted to enclose the healing mechanism, not to mention the theoretical models.
Therefore, the thesis adopts the porous concrete specimens to perform the
electrochemical deposition tests, and then both deterministic and stochastic
micromechanical models are proposed to describe the healing process.

Firstly, strain concentration tensors are employed to define the effective modulus
of materials. The approximate analytical solution for the concentration tensors are
derived based on the existing results to form the deterministic micromechanical
models of this paper. The materials’ microstructures are described using random
vectors. To obtain the probabilistic characters of macroscopic effective properties: (1)
a novel stochastic simulation scheme including the dimension decomposition, Newton
interpolation and the Monte Carlo method is proposed, which can greatly reduce the
number of solving the micromechanical equations with the high precision.(2) The
maximum entropy principle was first time applied to obtain the probability
representation of macroscopic effective properties of the multiphase materials;
meanwhile the standardizing procedures of effective properties make the results more
stable. Examples show that the proposed method can obtain more reasonable
probability density of the materials’ macroscopic effective properties.

Secondly, in order to obtain the concrete structure features at different scales
during the healing process, both macro and micro scale tests are performed to
understand the healing mechanism of electrochemical deposition repair: by adopting
the method of ultrasonic testing and penetrant test, the macro-scale performance of
specimen are observed; The medical CT and industrial CT are employed to observe
the specimen’s internal pore distribution and sediment distribution. The SEM test is

used to observe the microstructure of electrochemical deposition and the interface
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structure. At the same time, the statistical characteristics of the evaluation indexes are
adopted to access the repairing effect more reasonably.

Thirdly, both deterministic and stochastic micromechanical models are presented
to describe the healing process based on the experimental observations and the
theoretical framework proposed. (1) In the deterministic model, the traditional
concrete aggregate, mortar and their interface are merged as the matrix phase, and the
pores, water, and electrochemical deposition product are seen as the inclusion phases.
In order to predict the effective properties of the proposed model, a multi-level
homogenization scheme is adopted. In order to extend the application of Mori-Tanaka
method, the approximate modified function is introduced, with which the effective
modulus of equivalent inclusion can be predict. In order to consider the influence of
drying condition, some other corrections have been employed for the proposed
model.(2) By considering the uncertainty factors of materials and the repairing
process, the non-stationary random process is employed to describe the growth of the
electrochemical deposition product. Then the proposed deterministic model is
extended to a stochastic one, which provides a theoretical approach to describe the
probability density evolution of macro performance at the micro-level.

Finally, the problems requiring further studies are discussed.

Key Words: multiphase material, stochastic micromechanical model, electrochemical

deposition method, concrete
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