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ABSTRACT

The use of electromagnetic waves as a nondestructive evaluation technique to
evaluate Portland cement concrete (PCC) structures is based on the principle that the
change in structure, composition, condition, or basic properties of PCC results in a
change in its electromagnetic properties. The near field open-ended rectangular
waveguide is one of the few devices that can make accurate measurements of the
electromagnetic properties of PCC in the frequency range of 7.0 GHz to 13.0 GHz. A
microwave measurement system using open-ended rectangular waveguide developed
at Universiti Teknologi MARA was used to measure the electromagnetic properties
of PCC. Also, a study was conducted to investigate the effect of the basic properties
and conditions of PCC, namely, curing time, water cement ratio (w/c), moisture
content, curing type, compressive strength, cement type, cement content, aggregate
type, aggregate ratio and maximum aggregate size on the electromagnetic properties
of PCC.

Measurements were conducted in the frequency domain. The research found that, the
electromagnetic properties decrease with increasing curing age. The electromagnetic
properties of PCC with lower w/c ratio is lower thaﬁ the PCC with higher w/c ratio at
early age of curing, this is reversed after hydration (curing) is completed. The
electromagnetic properties of PCC increase with increasing moisture content. There
is a significant difference in the electromagnetic properties of PCC cured using
different type of curing methods such as, submerged in water, cover by wet cotton
and cured in air and ambient humidity. The microwave nondestructive testing using
near field open-ended rectangular waveguide can be used for determination of w/c
ratio, compressive strength and moisture content from the measurement of reflection
coefficients, dielectric constants, loss factors and conductivity. There is no
significant difference between the electromagnetic properties of PCC mixes using
different type of Portland cement (Type I and Type II). Mixes containing limestone
aggregate had a lower reflection coefficient than those containing granite. Also,
mixes containing limestone had a greater dielectric constant and loss factor than

those containing granite.
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CHAPTER ONE
INTRODUCTION

1.1 Background

Portland Cement Concrete (PCC) is a widely used man-made building and
construction material. The construction of large public works and infrastructure
systems has almost been completed in many countries. Also, a large number of these
PCC structures are currently deteriorating. Before any repairs can be undertaken on
PCC structures, an evaluation to determine the existing conditions and to understand
the mechanism of deterioration needs to be undertaken. This has effectively shifted
the emphasis from the construction of new structures to system preservation,
maintenance and rehabilitation. For maintenance and rehabilitation purposes,
information should be gathered by destructive and nondestructive methods
depending on the measurement requirements. Destructive methods are mostly less
expensive and time consuming. On the other hand, nondestructive testing usually
does not require removal of material, and allows vthe user to test more extensively.
These considerations may increase the use of nondestructive technique. The demand
for the development of reliable nondestructive testing for construction materials and

constructed facilities is ever increasing.

Among the nondestructive testing (NDT) methods, microwave NDT seems to be
promising for the evaluation of PCC. Electromagnetic properties of materials
represent the interaction of a material with the propagation of electromagnetic fields
through the material. Out of many electromagnetic properties of PCC, the one that

are interesting to study are, the reflection and transmission coefficients, the dielectric
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