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Abstract

In this paper, modal parameters of the Eynel steel arch highway bridge are identified and the fatigue behavior of the bridge
is investigated. Modal parameters were extracted from three ambient vibration tests carried out over the period since the
bridge came into service. The bridge became operational in 2009, and experimental measurements were taken in 2010, 2019,
and 2021. The Enhanced Frequency Domain Decomposition (EFDD) method in the frequency domain and the Stochastic
Subspace Identification (SSI) method in the time domain were used. Modal parameters were compared and any differences
found over time in the measurement test results were investigated. Comparison of the results shows that changes in the natural
frequencies were very limited and there was no change between the mode shapes. When experimental natural frequencies
were compared, the maximum difference between the first and second measurements was calculated as 2.827%. Similarly,
the maximum difference between the first and third measurements was 5.587% for the second mode, and around 3% for the
other modes. This result is as expected because: (i) the bridge is not subject to heavy vehicle traffic and only connects village
roads; (ii) no significant earthquake occurred during this period in the region which might have caused structural damage;
(iii) no corrosion was found in the structural system elements as there was no contact with the reservoir water; (iv) no set-
tlement or sliding occurred in the ground and boundary conditions remained unchanged. Moreover, the fatigue behavior of
the bridge was investigated using the stress life method and AASHTO LRFD Bridge Design Specifications. To rationalize
the results against the fatigue effects, the verified finite element model was used. From the fatigue analyses, it was concluded
that the fatigue life of the bridge was within safe limits.
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1 Introduction

Bridges are important structures in civil engineering due
to their ability to cross long spans, relative ease of con-
struction, aesthetic appearance and their contribution to the
economy. They provide significant logistical, strategic, aes-
thetic and economic benefits. Considering their construction
cost, and logistical importance, it is essential that the struc-
tural behavior of bridges is determined accurately and their
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structural integrity is carefully monitored at regular inter-
vals. For this purpose, experimental tests and field testing
should be carried out. From this, structural responses such
as modal parameters, displacements, stresses, and strains
can be obtained. Modal parameters are critical in order to
realistically determine existing structural behavior and to
monitor structural integrity, as these relate directly to the
mass and rigidity of the structures [24].

Modal parameters can be determined by numerical and
by experimental methods. For numerical modal parameters,
the modal analysis results of finite element (FE) models are
used, constituted using the elements cross sections, mate-
rial properties, and boundary conditions specified in project
drawings and reports. However, bridges may be exposed to
various time-dependent environmental effects that are not
taken into account during the project phase such as tempera-
ture, humidity, corrosion, earthquakes, wind, traffic density
and fatigue. The accepted design parameters in FE models



