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ABSTRACT

Reinforced concrete (RC) is an economical, versatile and successful construction material as
it can be moulded to a variety of shapes and finishes. In most cases, it is durable and strong,
performing well throughout its service life. However, in some cases, it does not perform
adequately due to various reasons, one of which is the corrosion of the embedded steel bars
used as reinforcement. Concrete provides an almost ideal environment for protecting the
embedded steel from corrosion due to the passive film surrounding the steel rebars. However,
the breakdown of this passive film, either due to chloride attack or due to carbonation, results
in the corrosion of rebars. Thus rebar corrosion is one of the main causes of damage and
premature failure of the RC structures worldwide, causing enormous costs for inspection,
maintenance, restoration and replacement. Therefore, early detection of corrosion and timely
remedial action on the affected portion can facilitate an optimum utilization of the structure,

imparting longevity to it.

A large number of investigations have been conducted on the problems related to the
deterioration of RC structures due to the corrosion of steel rebars. Usually, the condition of
the structure is monitored by visual inspection and remedial measures are resorted to only
when the condition becomes very serious. In order to prevent the deterioration levels
reaching severe dimensions, it is desirable to monitor the condition of strategic structures
right from the construction stage using structural health monitoring (SHM) techniques. The
recent advent of the electro-mechanical impedance (EMI) technique for SHM has provided a
new paradigm to the maintenance engineers to diagnose the onset of the damage at the
incipient stage itself. The EMI technique utilizes the piezoelectric ceramic patches as

collocated actuators-sensors and employ ultrasonic vibrations (typically in 30-400 kHz



range) to acquire the characteristic ‘signature’ of the structure, which contains vital
information governing the phenomenological nature of the structure, and can signal the onset

of structural damages.

Although the EMI technique is well established for damage detection and quantification of
various civil and aerospace structures, limited studies have been reported for its application
in corrosion detection. This thesis presents a new corrosion assessment models based on the
equivalent parameters extracted from the impedance spectrum of concrete-rebar system using
the EMI technique via the PZT sensors. The corrosion assessment models are developed
based on an accelerated corrosion study carried out on RC specimens covering both chloride
and carbonation induced corrosion using PZT sensors that are surface bonded on rebars as
well as using piezo-composite concrete vibration sensor (CVS) embedded in concrete near
rebar. This is the first ever research reporting such extensive studies on the application of the

equivalent parameters for corrosion assessment of rebars embedded in concrete.

Proof-of-concept experiments were performed extending up to 120 days to detect chloride
induced corrosion using surface bonded PZT patches as well as CVS. Accelerated corrosion
tests were performed in order to obtain the data in a reasonable time frame for a laboratory-
based study. Firstly, the equivalent structural parameters were extracted from the admittance
spectra of the PZT patches surface bonded to bare rebars for chloride induced corrosion and
an empirical model was developed for correlating the actual mass and stiffness with the
equivalent mass and stiffness identified by the PZT sensor. Further, the empirical model was
extended to the RC specimens to determine the corrosion rates and identify various phrases
of corrosion using the PZT patches both surface bonded to rebar as well as CVS embedded

near rebar. The experimental results indicate that the equivalent parameters and the



developed model are effective in detecting and quantifying the rebar corrosion in a realistic

manner.

The research was further extended to the second type of corrosion i.e., carbonation induced
corrosion through accelerated carbonation tests conducted on RC cylinders (with rebars
surface bonded with PZT patches) in a carbonation chamber for a period of 250 days. The
carbonation corrosion assessment models developed were correlated with the progress of
depth of carbonation. Imaging techniques such as scanning electron microscopic images and
Raman spectroscopy were also used to further establish the onset of carbonation corrosion

and correlate with the signal provided by the PZT patches.

Finally, to enhance the efficiency of the proposed model in real life application, the empirical
model developed for chloride induced corrosion under accelerated tests was validated by
comparing the corrosion rates of RC specimens exposed to natural environment for a period
of 420 days. In addition, the influence of mineral admixture, namely fly ash, on the corrosion

performance of steel is also investigated non-destructively using the developed model.

The corrosion assessment models developed are empherical and non-destructive in nature.
The stiffness model is used to determine the severity of corrosion damage during various
phases and the mass model for determining the corrosion rates for both chloride induced and
carbonation induced corrosion. These models can be used for non-destructive corrosion
monitoring of RC structures in real life with no “a-prior” information regarding the structure
and with no modelling required. It is expected that this research will provide a new
alternative experimental technique to the researchers and diagnostic engineers working in the

field of rebar corrosion.
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