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ABSTRACT

ABSTRACT

Concrete is one of the most widely used materials in the modern world.
Yet, due to its highly-complicated mechanical behavior, people have
encountered with great challenges while using the material and
understanding the mechanical responses of concrete structures subjected to
external effect. In order to grasp the failure mechanism of concrete,
researchers have done a large scale of experiments as well as try to model
the material theoretically. With further development of knowledge on the
material, the mere research on macro level is not enough to help people to
understand the material. Under the circumstance, meso-scopic damage
mechanics come into being and serves as a promising theoretical method.

In recent years, numerical simulation has become a third investigation
tool besides experimental and theoretical study as the computational
method and computer technology advance rapidly. In this paper, main
efforts is focused on numerical simulation on meso-scopic level.

In the first place, a two-dimensional concrete numerical specimen is
obtained by processing a concrete digital image. Then numerical
simulation on the specimen subjected to uni-axial tension, compression and
hysteretic loading is carried out in Abaqus. From the simulation results,
one can see clearly the initiation and development of cracks in concrete as
well as damage localization phenomenon.

In order to generalize the two-dimensional simulation to
three-dimension, further study is carried out, including both experimental
investigation and numerical simulation. First of all, three groups of
concrete and mortar specimens, which have the same ingredients with the
hardened cement paste in concrete, are casted and cared in the lab. Then,
on one hand, the concrete specimens are scanned by X-ray CT machine
based on which a three dimensional image is obtained by the performance
of three dimensional reconstruction on the CT photos. On the other hand,
mechanical test is implemented on both the concrete and mortar specimens
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in which the mechanical model and parameters of the two are acquired and
used as the basis of numerical simulation in later work.

Finally in the paper, the three dimensional concrete numerical
specimens subjected to uni-axial tension and compression are numerically
investigated in Abaqus. By comparison between the results from
mechanical tests and the simulation result, one can find that the proposed
three dimensional numerical model is rational.

Keywords: concrete, meso-scopic stochastic damage, CT scan, three dimensional
reconstruction, damage localization.
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