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ABSTRACT

ABSTRACT

The current limit state design method based on approximation probability
theory for concrete structure states that there are two main contradictions: one is the
admission of the nonlinear feature at the section level, but neglection of the
nonlinear feature at the structure level with the analysis of linear-elastic mechanics.
The other is the admission of random feature at the section levele based on the
probability design, while neglection of the random feature at the structure level with
the analysis of deterministic mechanics. These contradictions makes engineer could
not relect and control the performance of concrete structures scientifically and
reasonably. Therfore, in this thesis reinforced concrete frame structure is adopted
due to its extent application. Stochastic nonlinear mechanical behavior of reinforced
concretes is discussed in its entirety by means of numerical simulation and

experimental research.

Under the consideration of nonlinear finite element analysis for reinforced
concrete frame structures, the forced-based beam-column model with force
interpolation function posses an integration senstivity issue. Thus, a damage spread
beam-column model is proposed. The model divides the beam-column member with
the elastic zone in the middle and the damage zone at both ends. With the
establishment of relationship between numerical integral weight and damage zone
length, the issue about response of beam-column member related to number of
integration points is solved suceesfully. Damage zone length is continually updated
in the numerical calculation procedure. The process of concrete cracking spreading
from the both ends to the medial zone is simulated in the beam-column component
load characteristic. So the model could avoid the shortcoming that the damage
length needed to be prescribed by engineer. Based on the research thoughts of
‘Constitutive-Component-Structure’, the damage spread beam-column model is
implemented into the frame structure analysis. Two different interation algorithms
are provided: the N-N-L algorithm and N-L-L algorithm. Furthermore, the model is
incorporated into the finite element analysis software ADARCS, and the platform of

deterministic nolinear finite element analysis for reinforced concret frame is build.

Based on the idea of dynamical displacement extrapolation, the shear-bending
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ABSTRACT

coupling model for reinforced concrete beam-column member is proposed. The
model adopts the prescribed shear deformation function at the location of Gauss
integration point and incorporates the twe-dimensional elastplastic damage
constitutive model of concrete to take into account the shear effect. Further,
force-based interpolation function is adopted to obtain the balance of internal force
in the procedure for determination of element status. That makes the shear-bending
coupling model has a better effcienty calculation, which means the beam-column
component could be simulated with one element. The degree of freedom of structure
analysis is greatly reduced. Meanwhile, the model also could possess a better
computational accuracy and describe the basic features of brittle shear failure for

beam-column members.

For the sake of revealing the effects on mechanical behavior influenced by
nonlinear and stochastic to the reinforced concrete frame structures, the thesis
conduct a monotonic static pushover experiment with the same concrete grade,
distributed reinforcement and curing condition. The test results of these reinforced
concrete structures with three layers and two spans state that there are completely
different performances due to the randomness of mechanical behavior on concrete
material. Three frames have different features of concrete cracking and
reinforcedment yield sequence. Structural responses at different level appear the
stochastic nonlinear behavior at different degree. Therefore, from the test point of
view it is concluded that research based on the background of coupling in
randomness and nonlinear for reinforced concrete structures is necessary. Then the

research could achieve a conforming to objective practice.

With the basic theory of randon field to apply to the experimental frame
structures, the distribution of concrete compressive strength on the key domain of
beam-column component is obtained with the rebound test. Then cutocorrelation
function of concrete compressive strength is established with correlation function
fitting method and random field model of concrete compressive strength is
constructed. The derived random field of concrete compressive strength is further
decomposed with stochastic harmonic function method. Therefore, the
two-dimensional stochastic field model of compressive strength for reinforced

concrete frame structures is naturally obtained.

Based on principle of probability preservation, the generalized probability

v



ABSTRACT

density evolution equation of nonlinear static analysis for reinforced concrete
frame structures is derived. On the basis of research results of nonlinear full-range
analysis for frame structures and randomness field of concrete compressive
strength, the stochastic nonlinear analysis of reinforced concrete frame structures is
conducted. The research results show that the decomposition method of stochastic
nonlinear analysis could reflect the stochastic nonlinear mechanical behaviors

preliminarily for reinforced concrete frame structures.

Derterministic nonlinear analysis of frame structure is conducted with mean
value of materials. Then, compared with the mean results of experimental samples,
it indicates that the mean response of reinforced concrete structures could be
predicted with mean parameters of material from the aspect of engineering

practice.

Key Words: Reinforced concrete struture; Nonlinear Beam-column element;
Damage spread model; Shear-bending coupling model; Redistribution of

internal force; Modelling of randon field; Evolution of probability density
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