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1.1 INTRODUCTION

In today’s rapidly developing world, the need for robust, safe, and
durable infrastructure is more crucial than ever. The buildings we live
and work in, the bridges that connect us, and the tunnels and roads that
facilitate our daily activities are all integral to our societies. However, as
these structures age and face the constant wear and tear of natural
elements, they become susceptible to various forms of damage and
degradation. If these issues go undetected, they can lead to catastrophic
structural failures, endangering lives, property, and the environment.
In addressing this growing concern, modern engineering has shifted
its focus to improving methods for detecting structural failures early,
particularly those that are hidden beneath the surface. These failures,
which often go unnoticed by the naked eye, can include issues such as
cracks, voids, corrosion, and leaks. Non-destructive testing (NDT)
technologies have proven to be a critical tool in this endeavour. These
methods allow for thorough examinations of structures without causing
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any further damage, enabling early detection and intervention before
serious problems arise.

The consequences of structural failure can be catastrophic—loss of
life, economic disruption, and environmental damage. Recent tragedies
such as the collapse of the Champlain Towers South condominium in
Florida (National Institute of Standards and Technology [NIST], 2022)
and the Morandi Bridge failure in Italy (National Transportation Safety
Board [NTSB], 2020) serve as stark reminders of what happens when
structural integrity is compromised.

This book aims to shed light on the significance of structural fault
detection, exploring the latest advancements in NDT' techniques and
their applications in real-world settings. By understanding the various
types of structural failures, how they can be detected, and the
importance of early intervention, professionals in the field can ensure
that infrastructure remains safe, reliable, and long-lasting. The following
sections will provide a comprehensive overview of structural failures,
detection methods, and the role these techniques play in maintaining the

safety of our built environment.

1.2 TYPES OF STRUCTURAL FAILURE

Structural failure is a broad term that encompasses a variety of problems
that can occur in buildings, bridges, and other infrastructure. These
failures can range from minor defects that can be easily repaired to
catastrophic collapses that result in significant damage or loss of life. The
most common types of structural failures include cracks, voids,
corrosion, and leaks, each of which presents unique challenges for
detection and repair.

Structural failures generally fall into three broad categories: material
degradation, design or construction flaws, and environmental or human
factors. Concrete, the most widely used construction material
worldwide, suffers from several failure mechanisms. Reinforcement
corrosion is particularly insidious—when steel rebar inside concrete

rusts, the resulting expansion creates internal pressures that crack and



Introduction to Structural Failure Detection 3

spall the surrounding concrete. This phenomenon, often called
“concrete cancer”, 1s accelerated in coastal environments where
saltwater intrusion occurs or in northern climates where de-icing salts
are used (Broomfield, 2007).

Cracks are perhaps the most common and well-known form of
structural failure. Cracks can appear in a variety of materials, including
concrete and steel, and are often caused by factors such as stress,
environmental exposure, or aging of the materials. Cracks can also result
from thermal expansion, heavy loads, or poor construction practices.
While small cracks may seem harmless, they can be an early indicator
of more serious underlying issues, such as material fatigue or internal
voids, which, if left untreated, can lead to larger and more dangerous
failures (Li & Xu, 2020).

Voids or air pockets, are another type of structural flaw, particularly in
concrete. Voids can occur during the mixing or curing process or may
develop due to external forces, such as vibrations or seismic activity. These
voids reduce the strength and stability of a structure, making it more prone
to collapse under stress. Detecting voids 1s particularly challenging because
they are often invisible to the naked eye and may only be detected using
advanced NDT techniques (Gulati & Shah, 2021).

Corrosion is a pervasive issue, particularly in reinforced concrete and
steel structures. Over time, exposure to moisture, oxygen, and other
environmental factors can cause metals to rust and corrode. In concrete
structures, corrosion often occurs when the steel reinforcement inside
the concrete begins to rust, leading to cracks in the concrete and further
degradation. Corrosion can significantly reduce the load-bearing
capacity of a structure, leading to costly repairs or even catastrophic
failure if left undetected (Miller et al., 2019).

Leaks are another common issue, especially in pipelines, water tanks,
and underground structures. A leak may seem insignificant at first but
can lead to extensive damage if it is not detected early. Leaks can cause
structural degradation, environmental damage, and loss of valuable

resources. Detecting leaks in pipelines or tanks requires advanced



