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Scouring around bridge piers is one of the primary causes of bridge failures in the United States and around the
world. After construction, the assessment of scour during the service life of the bridge remains an important part of
bridge maintenance scheme. In-situ scour depth measurement using bathymetric technique or diver inspection around
a bridge foundation is often inaccurate due to vicinity of the bridge pier or dangerous due to turbulence and some depth
measuring instruments cannot be used conveniently due to relative cost, susceptible to debris damages because
of underwater installation. In this context, the estimation of scour depth around bridge pier using dynamic properties
of bridges identified from vibration measurement at superstructure has come up as promising methods. To the authors’
knowledge, field testing of real balanced cantilever bridges of the central hinge type has yet to be performed to
estimate the scour depth using vibration data. To this end, this study investigated scour estimation based on natural
frequencies for an existing multi-span pre-stressed concrete box girder balanced cantilever bridge having an actual
scour problem in soft soil. The field condition was more complicated due to the deteriorated performance of the
central hinges. A systematic assessment scheme has been proposed, verified and discussed for a bridge with no prior
structural health monitoring data.

Some important outcomes are noted in this study. The vibration time history data measured from the top of the pier
location under field conditions were sensitive to scour. Scour was found to increase the time period of the free vibration
of the time history data and shift the natural frequency under the ‘with-scour’ condition compared to the signal under
the ‘no-scour’ condition due to a loss of pier stiffness. The transverse bending mode of pier (TBP) mode can be used
to detect the presence of scour by comparing the natural frequency with an adequate benchmark. The scour depth was
reasonably estimated from the natural frequencies of the TBP mode identified from the vibration measurements at the
superstructure in combination with the Finite Element (FE) model results. The effects of the deteriorated central hinges,

through which adjacent structural sections (SECs) were dynamically coupled, are considered. The estimated scour
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depths were in reasonable agreement with independent bathymetric surveys. Significant effects of the soft soil condition
on the estimation of scour depth were examined via comparison between soft soil, hard soil and fixed soil conditions in
the considered soil-structure interaction model.

The results demonstrated the possibility of using the proposed methodology for estimating scour depth considering
only a single SEC and a few sensors, especially for balanced cantilever bridges with central hinges. The outcomes of the
present study supplement the insufficient evidence regarding the applicability of scour depth estimation based on natural
frequencies obtained through vibration measurements at the superstructure to real scoured bridges in the literature.
Nonetheless, the field verification of the proposed approach justifies merit for application to other balanced cantilever
bridges with central hinges, preferably those already constructed because of its simplicity in structural design. The
approach can be used to estimate the possible range of scour depth during devastating flood periods before performing
any expensive, as well as dangerous due to turbulence, in situ scour depth measurement techniques. Further direct field

validations, if possible in the future, can shed light on the sensitivity and reliability of the proposed scheme.
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