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Title no. 9

A New Nondestructive Inspection Technique for Reinforced

Concrete Beams

by Young-chul Jung, Tribikram Kundu, and Mohammad R. Ehsani

This paper investipated the feasibility of detecting internal defects
{eracks, honeyconibs, and inclusions} in reinforced concrete (RC)
beams using ultrgsonic guided waves. Experiments were carried
out on full-soale beams. Tris shown that for RC beain inspections,
the guided wave fechnique was-better than the conventional stress
wave. technigues, The difference between the ulfrasonic signals
Jrom the good and defective regions of the concrete beam was found to
be much greater for the guided wave technique in comparisonito the
through:transmission or reflection mode ultrasonic techriques
carried owr in the same frequency range. Another advantage. of
the guided wave rechnigue is that the guided waves have multiple
modes of propagation. This paper also discusses how-to generate
the most efficient guided wave mode by adjusting signal frequency
and-angle of incidence.

Keywords: cracking; reinforced concrete; test.

INTRODUCTION

Random sampling of concrete, such as coring, drilling,
or otherwise removing part of the structare to permit visual
inspection‘of the interfor has been traditionally used to invest-
gate the health of concrete structires. In fecent years, how-
ever, the need is growing for sophisticated ‘and reliable
nondestructive testing (NDTytechniques to assess the condition
of concrete structures.

The ‘techinological development of NDT techniques for
concrete. structures fags behind that of metals, composites,
and even biclogical materials. For example, 40 years ago, the
technology of the ultrasonic inspection of the human body
atd that of concrete were 4t approximately the same level.
Presently, however, the ultrasonic inspection of the human
body is undoubtedly at a nnich more advanced level.

The existenice of defects securring from material imper-
fections, such &5 honeyeomb or voids, and inclusions in RC
structures initiates cracks that lower the load-carrying capacity
of the element. Consequestly, there’is growing interest in
developing nondestructive testing technigues to detect such
defects iy concrate structures.

Defects in concrete structures can be divided into two
categories: external and infernal. Most external defects that
oceur-duritig the hardening-stage of concrete can be easily
found by visual inspection. These defects include shrinkage
cracking, scaling (loss of surface mortar or mortar surrounding
aggregate particles), spalling (removal of a portion of the
surface concrete), and popouts (breakout of the surface of
concrete). Internal defects such as honeycomb or voids,
inclusions, intemal tension cracks and corrosion of embedded
reinforcement, however, cannot be detected by visual inspection.
These invisible dafects in concrete structures create a major
difficulty in health monitoring of these structures. Hence, it
is hard to estimate the appropriate time to conduct a repair,
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rehabilitation, or strengthening of the structures before the
cracks reach a critical stage.

NDT methods that are used today for.conerete-ingpection
are visual inspection, stress wave methods for structures and
deep foundations, nuclear methods, magnetic and electrical

¢thods. penetrahility methods, infrared: thermography,
and radar technique (ACT Commitiee 228 1998). Current
stress wave methods include the ultrasonic through-transmission
pulse velocity. technique (Naik and Malhotra 1991), ultrasonic
echo (Alexander and Thornton 1989), impact ccho (Sansalone
1997), spéctral analysis of surfuce waves (Nazarian, Stokoe,
and Hudson 1983), sonic echo (Rausche and Scitz 1983),
impuise response (Davis. and Hertlein 1990), impedance
logging (Paquet 1991), crosshole sonic logging (Levy 1970),
and paralle] sexsmic technigue (Davis 1995). All of these
methods have been described in ACI 228.2R (ACI Committee
228 1998). None of these commionly: practiced methods use
guided waves for RC beam inspection that s proposed in this
paper. Because the guided wave propagatfon characteristics in
beams (Mukdadi, Datta, and Dunn 2001) are very similar ©
the Lamb wave propagation characteristics in plates, in this
paper the two terms, “guided wave” and “lamb wave” are
used interchangeably.

LITERATURE REVIEW

Concrete experts have been inferested in detecting internal
anomalies and determining properties of concrete by NDT
technigues: for many decades, and a number of NDT tech-
niques have been developed for concrete inspection. The visual
inspection technique, however, is the niost popular technique
(Higgins 1981; Manning 1985), Among the more advanced
techniques, only. the ultrasonic puise-vélocity technique has
been standardized (ASTM € 597-83{91] “Standard Test
Methad for Pulse Velocity Through Congrete™) and the impact
echo miethod has been developed to a stage where it can be
standardized. Even with this standardization, the accuracy of
most of its applications, including the strength assessment, is
unacceptably low (Popovics, Komlos, and Popovics 1995).

Advantages and disadvantages of thistéchnigue have been
discussed in the lterature (Jones 1962; Mathotra and Carino
1991). Tmpact echo is also a popular ulirasonic technigue for
concrete inspection (Pessiki and Johnson 1994; Sansalone et
al: 1998). A detailed deseription of the NDT techniques that
have been used for concrete’ inspection has been reported in
ACT 228.2R (ACI Conunittéc 228 1998).
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