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Structural Eigenvalue

Mode 1,

Eigen Frequency 2.5367 Hz
Displacements DtXYZ
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0.77 0.75
0.64 0.63
0.51 0.50
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Statistics
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The present paper addresses the structural behavior of a tower-like historic structure called wind-catcher. The wind-
catchers are important architectural elements in Persian architecture. These unique elements were used in old Iran, in
particular in the world heritage city of Yazd, to create cross ventilation and passive cooling for protecting houses’
residences against hot environmental conditions. However, their structural performance under dynamic loads
(earthquake and heavy wind) is a matter of concern due to their relative high height, high slenderness ratio, and poor
material and construction details. Nevertheless, evaluating their dynamic behavior is out of the scope of the relevant
research in literature. Dynamic identification tests are known as one of the most robust tools for evaluating the dynamic
behavior of structures. In the case of heritage constructions, the tests should respect the minimum intervention
principle, which addresses the use of diagnosis/strengthening methods with minimum damage to the building under
restoration. For this reason, the use of ambient vibration tests to identify the real dynamic behavior of such structures
has received significant attention in recent years. The test is an output-only vibration test, where only the vibration
response is measured during the service conditions of a structure (under wind, sound, or traffic vibrations).

Accordingly, this paper aims to identify the wind-catcher dynamic behavior, namely the determination of natural
frequencies, mode shapes, and damping ratios of its different modes, with minimum damage to the structure. For
this purpose, the ambient vibration test was conducted on two wind-catchers belonging to two houses located in
Yazd's historic fabric. The sampled structures, which date back to about 200 years ago, are classified as high-height
wind-catchers of the city houses.

To obtain an overall and initial estimation from the modal behavior of the studied structures, a finite element
model implemented in the DIANA software was employed to conduct eigenvalue analysis before conducting the
tests. The numerical results were also used to determine the installation points of accelerometers to be sure of
identifying the real modes of the tested structures. A macro-modeling approach was used to simulate masonry as a
homogeneous isotropic material in a continuum element. More than 100,000 solid elements were used to model each
of the studied structures, adopting initial values for material properties (Young modulus and specific weight) from
literature. It was also assumed that the translational degree of freedoms of both structures are restrained where they
are connected to the underlying building. As a result, four accelerometer sensors were adopted for the purpose of in-
situ ambient vibration tests. The sensors were placed on the four corners of the structures’ top level.

Next, Operational Modal Analysis (OMA) was performed on the test results using frequency- and time-domain
signal processing methods implemented in the Artemis software. The Frequency Domain Decomposition (FDD)
method and its enhanced version (EFDD), which are based on frequency peak picking, were employed as frequency-
domain methods. The extended Unweighted Principal Component (UPCX) technique, a subset of Stochastic
Subspace Identification (SSI) methods, was also adopted. Finally, the results obtained were compared. The
comparison showed that the modal parameters obtained from different OMA techniques have relatively similar
values, implying that the obtained results represent the real modal behavior of the structures under study. The paper
results can be used to obtain an updated numerical model for which material properties, geometrical features, and
boundary conditions are calibrated with respect to experimental results. The calibrated model is able to simulate the
test-obtained modal parameters. Updated numerical models are necessary for structural health monitoring, detection
of existing damage, safety assessment, and seismic vulnerability evaluation of structures.

Keywords: Ambient Vibration Test, Operational Modal Analysis, Stochastic Subspace Identification, Artemis
Software, DIANA Software, Yazd.





