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ABSTRACT

The possibility of safely extending the service life of existing structures is an idea that has gained
increasing importance among structural engineers. This thesis focuses on developing a
computational methodology for estimating the expected remaining life of existing reinforced

concrete (RC) structures, based on in-situ test outcomes and experimental investigations.

Concrete is primarily used in the form of reinforced concrete (RC) for construction of buildings,
bridges and other important structures. RC is an economical, versatile and robust construction
material as it can be moulded into a variety of shapes and finishes. In most cases, it is durable,
strong and performs well throughout the intended design life.However, due to normal usage
related wear and tear and environmental effects, the RC structure would generally deteriorate,
the impact of which need to be worked out for the desired performance of the structure,
commensurate with the fulfillment of essential requirements from strength as well as
serviceability considerations. The expected remaining life of existing RC structures and
assessment of an RC structure would depend upon the various parameters, such as the remaining
cross-sectional area of steel, Young’smodulus of elasticity (concrete and steel) and the in-situ

strength of the constituent materials: concrete and steel.

The experimental methodology is developed as a part of this doctoral research, consists of
damage estimation at component level, based on piezo-identified equivalent parameters for RC
flexural components, using EMI technique. The same is thus established in terms of the
equivalent parameters sensed by lead zirconatetitanate (PZT) patches bonded to the rebar based
on the electro-mechanical impedance (EMI) technique.The PZT patch is light weight, low cost,

small size and has good dynamic performance, high elastic modulus, high rigidity, brittleness



and low tensile strength. Besides, it exhibits large range of linearity, fast response, long term
stability and high energy conversion efficiency. PZT is used as a sensor in structure health

monitoring with the EMI technique.

The other part of this doctoral project aims to study the dependence of the expected remaining
life of existing RC structures on the design for seismic/windload and the present condition of the
structure, encompassing the residual material strength and the residual reinforcement area. This
culminated towards the development of a computational methodology to estimate the expected
remaining life of existing RC structures.The proposed methodology utilizes seismic and wind
considerations to work the design life based on the least probable return period out of earthquake
and wind. The methodology has been applied on a model building followed by an illustrative
example of application on a real life study of existing five storied RC structure. The influence of
various parameters such as concrete strength and the residual area of the rebars have been
investigated. As an additional computation, the critical member was completely removed and the
structure was reanalyzed, so as to simulate local structure collapse. The proposed methodology

provides a simple and rational method of estimation of the residual service life.

The main novelty of the approach is that it takes into consideration the entire building structure

as an analytical model for working the expected remaining life of existing RC structures.
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