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Damage in structural elements causes obvious changes in
their physical properties such as stiffness and damping. These
changes affect the stiffness and damping matrices of whole
building so its mode shapes change. Therefore, mode shapes
of existing building are widely used in damage detection
methods. This paper focused on considering the importance
of using some rotational/translational components of the
mode shapes to detect damages in structural frames. In
order to analysis the frames and update them, an automatic
iterative model updating program is developed in MATLAB
software which works with OpenSees for conducting finite
element analysis. The iterative program evaluates a set of
objective functions in each step and tries to optimize them
by means of nonlinear least square method. Objective
functions are defined based on combination of two criteria
of these four items: comparison between frequencies and/or
mode shapes of two situations, the modal assurance criteria
(MAC), and the modal flexibility matrices. In order to verify
the effectiveness of the developed program, some three-
dimensional steel structures are modeled and evaluated. It
has been considered that these frames suffered damages
which are defined by different scenarios for each of them.
Actually, in this study damages are defined by reduction in
elements’ stiffness. Mode shape components and natural
frequencies of damaged structures are the only needed input
data for the program. In order to investigate the influence
of rotational components in model updating, frames have
been analyzed with three types of data in each scenario, all
translational/ or rotational components, and all components
of mode shapes. Extensive analyses show that among
employed objective function, the one which compares mode
shapes is the most successful one in damage detection. The
findings indicated that the translational components of mode
shapes are not capable of detecting damages accurately. It
can be concluded that using rotational data leads to more
precise results in determining both locations of damage and
their intensities. Real data which are extracted from existing
building always are polluted by noises due to human or
machine faults or sometimes errors in numerical methods
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lead to inexact input data. Since the data which has been
employed in this study are exact numerical data, to consider
the effects of these errors, analytical modal data has been
polluted by some noises. Surprisingly, the results show
that even with noisy data, the proposed method can detect
damages precisely. Since measuring rotational components
of mode shapes still is not very convenient, modal dynamic
expansion technique is applied to generate rotational
components from measured translational ones. The findings
indicated that the developed model updating program is
really efficient in damage detection even with generated data
and considering noise effects. Moreover, methods which use
rotational components of mode shapes can predict damage’s
location and its intensity more precisely than the ones which
only work with translational data. At the end, experimental
data that has been extracted from a full-scale model of a steel
frame are used to detect damaged elements and the intensity
of their damage, that the results were acceptable.

The purpose of the current study was to determine the
influence of rotational components of mode shapes in
enhancing the accuracy of damage detection analysis. This
paper has two main parts where the first parts focused on
introduction of'a new algorithm that uses optimization method
in an iterative manner with an objective function for model
updating. This program has been developed in MATLAB
that uses OpenSees as its finite element analysis engine.
Two three-dimensional steel frames have been analyzed and
the results confirmed that this algorithm can precisely detect
damages in different scenarios. Also, the results show that
using rotational components of mode shapes is a great help
for damage detection. The most obvious finding to emerge
from this study is that, when only rotational or both rotational
and translational components of mode shapes are employed
in composition of objective function, damages’ location
can be detected more accurately and reported intensity of
damages are very closer to the actual ones. Since in most
of the experimental cases measuring rotational components
is not convenient, the second part of the study uses a data
expansion method to produce the rotational components
of mode shapes. In order to generate the unmeasured
component of mode shapes, Kammer expansion method
has been used in an iterative manner where in each stage
the updated model’s mode shapes have been used for data
expansion in experimental case. Two mentioned frames have
been investigated and only their translational components
of mode shape have been measured. By expanding modal
data to generate rotational components and using them
in model updating algorithm, damaged elements have
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been detected and the severity of their damage have been
estimated accurately. Actually, almost all damaged elements
are detected and some minor false damages are reported in
undamaged elements. It is clear that in damage detection,
overestimation of damages or reporting false damage in
undamaged elements puts the plan in the safe side.

Generally speaking, investigating all analyses results in
this research, it can be concluded that when the developed
model updating program works with rotational components
of mode shapes, the outcomes are more precise in comparison
to using only translational components.

Besides, analysis confirmed that even in cases that data
is contaminated with noise, results are acceptable. Although
the study has successfully demonstrated that using rotational
components of mode shapes is efficient in model updating,
it has certain limitations. For instance, only two frames
have been investigated here, and for generalization more
analysis on different frames is needed. This study provided
an appropriate program for model updating and damage
detection of existing structure by use of experimental data.
Besides, these findings enhanced our understanding of the
role of rotational degree of freedom in health monitoring
and proved the efficiency of used expansion method in
generating valid rotational data. To extend our research, we
intend to analyze more complicated structures, with the hope
that these planned tests can confirm our findings.

Keywords: Model updating method; Iterative optimization
method; Damage detection method; Rotational DOFs;
translational DOFs; Modal dynamic expansion method
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