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1. What is the advantage of the proposed method using

the change of phase-angle, comparing with the
conventional methods using the changes of frequency or

mode shape?

2. How to treat the case without the information of
intact structures?

@[5 : 1. The advantages of the proposed method using

the change of phase-angle, comparing with the

conventional methods using the changes of frequency or

mode shape can be summarized as follows:

= Modal frequencies are a global property of the
structure and generally cannot provide spatial
information about structural changes. In other
words, changes in frequency may be used to detect
the occurrence of damage but it is not clear if shifts
in this parameter can be used to identify damage
location. Multiple frequency shifts can provide
spatial information about structural damage because
changes in the structure at different locations will
cause different combinations of changes in the modal
frequencies. However, as pointed out by several
authors, there are often an insufficient number of
frequencies with significant enough changes to
determine the location of the damage uniquely.

= Several published papers demonstrate that
frequency shifts are not sensitive indicators of
damage and no clear trend in frequency shifts could
be detected with increasing damage level.

= In practice, only a few number of mode shapes can be
measured which sometimes decreases the accuracy
of damage identification methods that use this
parameter. In order to overcome this problem, phase
information estimated  from the  various

accelerometer readings at all frequencies in the

measurement range and not just the modal

frequencies is compared before and after damage

using the proposed method. In addition, every

measuring channel is used once as a reference for

= other channels, which creates large sets of data.
These sets of data are then analyzed using statistical
procedures to determine the damage location with
more confidence.

= The accuracy of damage identification methods
based on changes in mode shapes depends on the
used modes and is sometimes reduced when the
damage occurs at a node of the used mode shapes.
Using these modes, which have a node at the damage
location, sometimes produce false indications of
damage at undamaged locations. The proposed
method overcomes this drawback by using phase
angle data in the total measured frequency range
without the need to identify the best modes that
should be used. Using phase angle data in the total
measured frequency range helps to decrease the
influence of the undesired modes of vibration.

= Using the structure’s response at each frequency
value in the total measurement range introduces
some simplicity to the damage identification process
and avoids the complexity of identifying modal data.
This feature makes the proposed method easy to be
programmed and is, therefore, useful when an
automated damage identification process is to be
applied for continuous health monitoring of the
structure.

= The proposed method has shown more accurate
results when compared to some methods that use
mode shapes. However, this comparative study was
not included in this paper due to the limited space.

2. The case without the information of intact structures

can be treated as follows:

= A baseline finite element model can be constructed
utilizing the data from the as-built plans of the
structure. Acceleration data and hence phase angle
data can be calculated from this model. A comparison
of the measured phase angle data with those from
the finite element model can be made, and possible
damage locations can be estimated using the
proposed method. However, creating an accurate
finite element model for complex structures is
sometimes very difficult.

= The proposed method presumes that the baseline for
comparison 1is the intact case. However, the

extension of damage from a damaged structure to

another severe damaged one can also be identified

using the same method. In other words, the

structure in the current state can be used as the



baseline case for future health monitoring. Then, the
increase in damage (that may currently exist) at any
location may be identified using the proposed
method. Moreover, the initiation of damage at new
locations may also be identified. It is, therefore,
concluded that the proposed method can be used for
detecting and locating both the initiation and

extension of damage in a structure.
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