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This research proposes an output-only procedure to
extract seismic input motion and identify systems with
severe closely-spaced modes incorporating a partial
system identification approach. The procedure is named
Orthogonally Aided-Blind Source Separation (OA-BSS)
and is conducted in two sequential phases. In the first phase,
it is intended to answer a set of major existing questions
in the literature including: “Is it possible to replace the
need for the identification of the whole structure with a
partial identification approach to increase the speed and
convenience of input extraction?” If the response is positive,
then “What is the performance of such an approach in
identifying challenging systems with severe closely-spaced
modes?” In previous studies, the accuracy of estimated
modal parameters for closely-spaced modes was relatively
low and the case of severe closely-spaced modes was not
sufficiently studied which is addressed in this research. As
the next main question, “Is there any way to obtain the free
vibration portion of a structure response that is oscillating
due to cease of the earthquake by just considering measured
outputs on the structure?” The advantage of using this free
vibration portion is that the input-free structures are more
convenient to be identified rather than utilizing the whole
seismic record, especially in the presence of closely-spaced
modes. The last but not the least question is that “What is
the impact of noise on the efficiency of the method “? In
order to provide proper answers for this phase, a framework
is proposed that employs new methods to detect the free
vibration portion of the response histories and clustering the
candidate points to find the first mode shape in a blind modal
identification (BMI) procedure. The first mode frequency
and damping along with the mass matrix distribution of
the system are calculated using an orthogonality-based
optimization process. The identified features mentioned are
utilized next for input motion extraction without needing
to know the system’s higher mode characteristics. Next,
higher mode characteristics are detected in succeeding
steps considering the removal of each identified mode share
from the total response at the end of each step. The perfect
performance of the framework was proved against two
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simulated synthetic structures with mild and severe closely-
spaced modes. In the second phase, a complementary set of
challenging issues are stuck on the board to be solved.

The first issue in this phase is “Is there any way to
extract multi-component input motions of the soil-structure
system (SSS) without any need to identify the whole
system?” Secondly, “How much information is required
for the simultaneous extraction of multi-component input
motions?” Another important question involves “What
adjustments are required to make the proposed method to be
applicable for non-classical systems with complex modes?”’
As a next question, “How can the presence of high damping
and especially over-damped modes, which is normally the
case when SSI dominates, be addressed in the identifying
process?” To answer this second round of questions, the
former framework is extended to the identification of the
foundation input motions (FIMs) in a SSS. In this context,
first, it is discussed that the multi-component FIMs under
seismic excitation can be extracted via partial identification
of the system instead of identifying the whole one. A new
clustering method is addressed for identifying a few complex
modes in a sequential process starting with the first complex
mode. The mass-stiffness matrix distribution (MSD), as well
as period-damping characteristics of the first mode shape, are
then determined using the information from the previous step
through an orthogonality-based optimization process. Next,
by removal of the first mode share from the total response,
the second complex mode shape and its properties are found
through the same clustering and optimization process used
in the former steps. Using the information of the first and
second modes along with the estimated MSD, translational
and rotational components of FIM are extracted then. To
demonstrate the capability of the method, a numerical model
is synthesized with nonclassical damping which is a usual
feature in soil-structure systems. It is shown that, regardless
of the identification of other modes, the information gained
from the partial identification process is enough to recover
the translational and rotational components of foundation
input motion with a high level of accuracy.

Keywords: Output-only identification, Blind modal
identification,  Closely-spaced modes, Input-motion
extraction, Soil-structure system identification, Nonclassical
damping with complex modes
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