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Abstract
The purpose behind this study is to identify how to evaluate

reinforced concrete structures and find the rates of damage when they
are exposed to seismic loads after conducting a non-linear seismic
analysis using the (ETABS) program. It also aims at determining
performance levels stated by international codes which deal with
reducing the risks of natural disasters and earthquakes and making a
comparison between the different methods of calculating the damage
index of these structures and the consequences of varying degrees in
type and nature of the final decision which was taken for the damaged
structure in order to avoid confusion evolving from the multiple final
results of the evaluation. Moreover, it aims at to determine the
dimensions and engineering properties of the structural members that
lead to reducing seismic damage as much as possible.

The structural elements in the concrete structures were represented
by a (Beam-column) model, and the principle of lumped plasticity in
the plastic hinge was adopted to determine the behavior of the structural
elements during the analysis. To identify the non-linear behavior of
concrete structures, both types of nonlinear analysis (static and
dynamic) were used. The values of the yield, maximum and ultimate
displacements and the residual plastic displacements were adopted at
the end of the analysis, as well as the values of the base shear forces,
interstorey drifts, the number and condition of the plastic hinges and
other results related to the seismic evaluation were adopted to determine
the damage of the structure.

The study shed the lights on the methods of calculating the
performance point or the target displacement of concrete structures after
conducting an equivalent static analysis through several international
codes.

Through the research, a new method for calculating the damage
index was suggested and another method was developed through which

it is easy to find the global damage index of the structure.



It is advisable to calculate the damage index for any structure in
more than one method to ensure the integrity of the structure and to
abandon the use of one single method determined by few variables that
may give inaccurate results for a particular type of seismic load. It is
preferable to adopt the average of damage values for the convergent
results, provided that such values should express the state of the formed
plastic hinges and reflect clearly drifts values, since all damage index
equations are approximate equations, approaching or distancing from
their representation of the true value depending on the type of structure
and the nature of the earthquake.

The results came to a conclusion that with the increase of the
compressive strength of the concrete used, the percentage of damage in
concrete structures subject to seismic load has also increased as the
damage index increases approximately (6%-13%) with increasing the
compressive strength from (25MPa) to (45MPa) in the structures that
were considered in the study. The rigidity of the structure contributes
to the accumulation of damage in the plastic hinges due to the increase
in the rigidity of the structural members. The ratio of the dimensions of
the depth of the beam to the column less than (1) also achieved less
damage approximately (18%) than the ratio of more than (1), as the
structure in this case tends to have a ductile behavior and achieve
greater displacements than the rest of the cases, enabling it to withstand
greater resistance to lateral loads.

The study also proved that the direct proportionality between the
duration of the earthquake and the peke ground accelerating on the one
hand, and the rates of damage that occur in the structure subjected to
the seismic loads on the other hand, as well as the interaction that occurs
between these factors and the engineering characteristics of the
structure itself, such as the natural frequency of the building, stiffness,
non-linear behavior and others factors that affect in one way or another,

the increase or decrease in damage rates and performance levels.
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