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Abstract

It has been proved by many damage investigations into devastating earthquakes
that, the genesis of great property losses and casualties Jies in the collapses of
structures. So how to assure “No coliapse during strong earthquakes” has been
promoted to an important and imperative topic in seismic engineering. In order to
avoid and control collapses, actions and suggestions have only to be brought
forward after systematical explanation of the collapse mechanisms of typical
structures. Such an attempt is made in this paper which is limited to planar
reinforced concrete frames temporarily.

There are three major difficulties in structural collapse analysis: the description
of discontiriuous displacements, contact-collision analysis and problem arisen from
large displacement and large rotation in collapse process. Based on generalized
functions that possess great advantages in describing sharp changes, a model for
members called mixed hinge model is introduced to depict the discontinuity of axial
and lateral displacements, as well as the rotary components. The discontinuity is
embedded inside the member so that it is consistent with conventional procedures in
global analysis, which makes it more convenient to be applied in structural analysis.
As for contact and collision problems, constraint conditions on velocity imposed by
collisions are established first, and then they are incorporated into the Hamilton’s
Principle after introducing a Lagrangian Multiplier, from which equations of motion
considering collisions can be formulated. After integration over time interval, it
results in solving the equations of motion in impulse in the final analysis. And the
numerical properties employing Newmark difference formula are also discussed in
this paper. The current unstressed configuration is adopted as reference in global
analysis, which is better to solve the problem of lated large displ and

large rotation during collapse. Since the current configuration is still unknown in the
step-by-step procedure, the calculation must be performed by iteration starting from
the latest balanced configuration. And the convergence of iteration is also discussed.

It is illustrated by numerical examples in the end of each chapter that models
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presented can be employed successfully.
In the end of this paper, many cases are analyzed by the collapse analysis

procedure, including the successive colliding of blocks and adjacent buildings, as

well the collapse simulation of frames and elevated exp: y psed during

disastrous earthquakes and imaginary nuclear explosion. And some preliminary

conclusions are drawn for dynamic analysis involving collision effects.

Key words: Collapse analysis, Generalized function, Mixed hinge model, Collision
analysis, Current unstressed configuration
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