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Abstract

Concrete is one of the most used materials in the construction of buildings, bridges, tunnels,
pipelines, underground spaces, etc. These structures get damaged due to overloading, adverse
environmental exposure, drying shrinkage, chemical attack, differential settlement, material
impurity, ageing or inferior workmanship, etc. Such damage affects the strength, durability, and
service life of concrete structures. Among these, corrosion of rebars is a critical problem afflicting
Reinforced Concrete structures. Since the steel reinforcement is located close to the exposed
surface of the concrete, the durability of the cover zone is of critical importance, since it protects
the rebar from corrosion damage due to ingress of moisture and deleterious chemicals. A need is
therefore felt by the researchers for a reliable non-destructive diagnostic tool for the detection of
damages in the concrete near surface.

In the present study, ultrasonic imaging technique has been applied for the detection of
subsurface damage in concrete using different ultrasonic wave modes. The study has been divided
into two parts: i) imaging of subsurface crack in a concrete slab using the Rayleigh wave field and
il) imaging of corrosion induced damage in a concrete slab using combination of compressional
and Rayleigh waves.

In the first part, the detection of subsurface cracks in a concrete slab is presented using the
scattered ultrasonic Rayleigh wavefield through a laboratory-based setup. A wedge-based
technique for the generation of a Rayleigh wave dominated field is adopted. Two-dimensional
(2D) Finite Difference in Time Domain (2D-FDTD) simulations of the concrete medium are also
performed to demonstrate: a) generation of Rayleigh dominated surface wave fields in a

heterogeneous concrete model with the wedge; and b) interaction of the Rayleigh wavefield with



the subsurface crack originating from a rebar. Experimental investigations are performed using the
wedged transducer configuration to demonstrate that indeed a Rayleigh dominated field is
generated and to validate the observations from the numerical model. Further, concrete specimens
with embedded vertical subsurface crack like planar objects are scanned. By recording a series of
ultrasonic waveforms in the tied-together mode, the image of the crack is generated, using the
Planar Synthetic Aperture Focusing Technique (Planar SAFT). While traditional SAFT with bulk
waves has limitations with regard to detection of vertically aligned cracks, the capability of the
Planar SAFT algorithm is demonstrated through successful imaging of these types of near-surface
cracks. The technique is also reference-free and therefore, does not require information regarding
the pristine condition of the medium.

In the second part, a combination of body waves based SAFT and the Rayleigh wave based
Planar-SAFT is presented for the detection of corrosion induced rebar damage in a concrete slab.
A chloride induced accelerated corrosion setup is developed to induce corrosion in a rebar
embedded in a concrete slab specimen. A pitch-catch mode of ultrasonic scanning is performed on
a set of grid points on the test specimen, using compressional and Rayleigh wave transducer
arrangements. In the first approach, the traditional Synthetic Aperture Focusing Technique (SAFT)
is used to produce images in the horizontal and vertical planes, using the compressional wave
velocity information and by incorporating corrections related to limited directivity of the
transducers. In the second approach, Planar SAFT is used for the detection of vertically aligned
corrosion cracks, using the Rayleigh wave velocity information. The compressional wave based
SAFT images shows the progressive disappearance of the rebar, while Planar SAFT image shows
evidence of interactions between the incident field and subsurface cracks, with advancing

corrosion activity.



The combination of these two approaches, therefore, has the potential of a powerful
nondestructive diagnostic technique for identification and localization of corrosion damage, which

may be useful for repair and maintenance activities in concrete structures.
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