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Bridge deck condition assessment by using GPR: a review
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Abstract. Bridge deck deterioration includes delamination, corrosion of rebars, vertical cracking and concrete
degradation. Ground Penetrating Radar based inspection technique was used for mapping bridge deck in order to
monitor the health of this vital structure. Beginning from the 1970’s, research has focused on identification of bridge
deck deterioration which causes severe deficiencies by reducing seriously strength. The main purpose of this work
was to review the literature existing in the field of bridge deck diagnosis by means of Ground Penetrating Radar. This
enabled to survey detailed evolution of this technique, to understand the effects of key intervening parameters and to
determine the kind of material disorders that this device could be used for. Bridge deck condition assessment can then
be performed more successfully, based on the huge progress experienced by this particular method of inspection.

1 Introduction
Bridges are vital infrastructures for transportation
activity. They require recurring maintenance and repair
which can result expensive. Setting up more efficient
and cost-effective methods for monitoring conditions of
bridge decks is viewed to be highly imperative.
According to statistics about a quarter of constructed
bridges are deficient due to stringent structural disorders
or because they are functionally out of date. It was
documented that the most important cause of deficiency
in concrete bridge structures is corrosion of steel
reinforcements [1]. The main other causes of bridge
condition shortage include delamination, concrete
carbonation, scaling and spalling. Delamination in
concrete occurs when reinforcements corrode to the
point that they expand, creating a horizontal crack.
Most corrosion processes are induced by the presence of
chloride due to water and salt infiltration. Corrosion
induced deteriorations need several years to rise and to
become visible on the surface of the structure. The
ability to perform diagnosis of bridge deck problems at
their early stage can increase their service life and
diminish reparation costs. Conventional inspection
techniques of bridge deck consist of methods such as
hammer sounding, ultrasonic pulse propagation velocity
as well as infrared thermography. Recently, Ground
penetrating Radar (GPR) has emerged as an outstanding
technology which is both expedient and reliable for
operating non-destructive bridge deck assessment. GPR
is an electromagnetic investigation method which is nondestructive and fast. It can also be contact-less by using
air-coupling mode. GPR can be used either in reflection
a

or transmission mode, but reflection methods are the
most frequent. GPR was recognised to be well suited for
the detection of delamination and corrosion of rebars [2].
The common method used for the assessment of bridge
deck condition is based on the attenuation of the
reflected waves. A close relationship exists between the
GPR reflection amplitudes and the chloride content in
concrete and the higher the chloride content is, the lower
the signal amplitudes are [3-4].
Feasibility of GPR in detecting delamination damage has
received vast interest. In a comparative study conducted
by Barnes and Trottier [5], GPR was found to provide
better results, with up to 57% of deteriorated concrete
cases detected. In another study GPR was able to
identify 77% of the deteriorated areas and the depth of
cracking was measured with accuracy reaching 80% [6].
Other research presented a correlation between GPR
amplitudes and corrosion induced delamination [7]. It
should be noticed that while delamination causes usually
an attenuated GPR response, the reverse is not always
true. Weak amplitudes may indicate delamination but
also variations in moisture content or surface distresses.
The variety of physical and environmental factors that
may dampen the GPR response has been detailed in [8].

2 GPR theory and principles
In reflection mode, the principle of GPR consists of
emitting an electromagnetic pulse via a transmitter
antenna. This pulse propagates before undergoing
reflections at the surface or interior layer boundaries of
an object. The echo signal is recorded via the receiver
antenna. The result of a single GPR measurement with
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the device placed at a given position is a time-series,
called A-scan. This curve is characterised by amplitude
and two-way-travel time of the reflected signal. The twoway-travel time or time of flight is the time required to
propagate to a reflector and back to the receiver.
In an homogenous and isotropic dielectric medium, the
velocity of electromagnetic waves is constant velocity
and depends on the relative permittivity ε r and the

time axis pointing downwards and the horizontal axis
corresponding to the line along which the antenna is
moved. This display provides a B-scan.
The frequency content of the emitted and recorded radar
signal is mainly defined by the antenna configuration.
The choice of the appropriate antenna is important.
Currently, antenna with centre frequencies between
some MHz (low resolution and high depth of
penetration) and some GHz (high resolution and low
depth of penetration) are available.
There are several limitations restricting the use of radar
and the accuracy of results. A sufficient contrast in
material properties is required to enable investigation of
the interface between two materials. Without such
contrast the boundary will not appear in the radar raw
data. This is why GPR can detect corrosion-induced
delamination, but not cracking due to traffic overloading
which is not visible on radargram.

relative permeability µr . For materials fit for the radar
method, µr =1 is assumed and the wave speed within a
material is defined by the relative permittivity. This
assumption is of course not valid for ferromagnetic
materials, but using GPR for these materials is unsound.
For ordinary materials the relative permittivity varies
from ε r =1 (for air) to ε r = 84 (for water), then
electromagnetic wave velocity varies between v = 0.11 c
(for water) and v = c (for air) where c is the velocity in
vacuum. The wave velocity is high, which is useful to
get a high number of measurements per second.
The GPR device works by transmitting an
electromagnetic energy pulse of short duration into the
surface and recording reflections that occur at interfaces
of materials having different dielectric properties. The
reflected echoes can be monitored by focusing on
reflected wave amplitude, arrival time, distortion of
source wave or energy attenuation [9]. When hitting an
interface, part of the energy of an electromagnetic wave
is transmitted, while the other part is reflected. For a
plane electromagnetic wave in a low-loss material, under
vertical incidence, hitting an interface between two
materials with the incident and transmitted relative
primitives ε r1 and ε r 2 , the reflected wave amplitude is
characterized by the reflection coefficient

R=

ε r1 − ε r 2
ε r1 + ε r 2

3 Review of the GPR literature related to
bridge deck condition assessment
The history of GPR tests in surveying bridge deck
condition dates back to the 1970’s [10]. In the early
1980’s, GPR based bridge inspections have expanded
[11-14]. The first vehicle mounted GPR system for
high-ways was developed in 1985 [15]. The obtained
results were really promising and the method rapidly
became a routine survey tool in various rehabilitation
projects of roads and bridges [16-17].
In the late 1980’s and early 1990’s, most of applications
of GPR that were dedicated to detection of deteriorated
areas in bridge decks [18-27]. These surveys were
mainly conducted with high frequency 1GHz air-coupled
antennas [28]. But later, ground coupled antennas were
also used [29]. In the late 1990’s and early 2000’s,
research in the field of bridge inspection focused on
detection of river-bed scour around bridge piers by
means of boat-mounted impulse radar survey equipment
[30-32], detection of voids in post tensioned concrete
bridge beams [33], mapping concrete deterioration [3435], new antenna designed for bridge deck evaluation
[37] and accuracy and reliability of GPR [5,38-39].
GPR has been well recognized as an effective and
efficient technology for bridge deck inspection [40-41].
In the following, a review of the most important
literature published this last decade on bridge deck
deterioration assessment is performed. Maser et al. [42]
considered the relationship between GPR measurements
and the state of deck deterioration in order to classify
stages of the deterioration process. Mercedes et al. [43]
investigated the uncertainty evaluation in the
measurement provided by GPR for operating frequencies
of 1GHz and concluded that important differences may
be related to operators. Benedetto [44] proposed a novel
numerical approach for three dimensional tracking and
mapping of cracks in a bridge deck. He tested the
numerical approach on data acquired by using 2GHz
GPR system. Alani et al. [45] conducted an experimental
study on two major British bridges for identifying
possible structural defects. They showed that remarkable

(1)

The two-way-travel time is given by

TOF =

2d
v
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(2)

where d is the thickness of the incident layer. Knowing
the value of TOF can be used to determine the
thickness, when the velocity v is identified.
The ability of the GPR method to separate single objects
(lateral resolution) is limited by the size of the Fresnel
region which is the area where reflected waves interfere
constructively. Two points within this area cannot be
distinguished by the radar signal. In general, lateral
resolution increases with the work frequency f and
decreases with the target depth d . The depth of wave
penetration depends on the conductivity of the medium
and the work frequency. Increasing the frequency of
waves reduces the depth of penetration.
GPR data can be acquired and presented in various
modes. Moving the antenna along a horizontal line, GPR
measurements can be recorded at close intervals. The
recorded time-series can be plotted side by side with the
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similarity exists in the processed data concerning areas
affected by ingress of moisture within the two bridges
deck structures. The authors concluded that
interpretation of GPR can take profit from lessons
learned in earlier investigations.
Gucunski et al. [46] concentrated on bridge deck
condition assessment using various non-destructive
evaluation (NDE) techniques. They demonstrated the
ability of NDE methods to objectively characterize
deterioration progression. Dinh et al. [47] analyzed
several depth correction approaches proposed to account
for variation of concrete cover thickness on the rebar
reflection amplitude of the GPR signal. They proposed
separating normalization of the depth-dependent
amplitudes into two components which was shown to
significantly improve the accuracy.
Post-processing of GPR acquired data was the centre of
several works. The research focused mainly on
automating the process of interpretation and processing
of GPR records. Dinh et al. [48] focused on how to
obtain the condition map for a concrete bridge deck
through the relative difference between reflection
amplitudes at the top rebar layer. The authors proposed
and validated in this context a new method. In another
work, Dinh et al. [49] have considered attenuation of
GPR signal as reflected from the top rebar mat. They
presented an alternative method for performing the GPR
attenuation analysis in which correlations derived from
waveforms with only one reflection were employed. The
method was validated and achieved better description of
the overall deterioration of bridge decks.
Abouhamad et al. [50] have considered detection of
corrosion based on GPR signal attenuation and
developed a systematic framework of image-based
analysis of bridge deck. They validated the proposed
methodology and concluded that their approach can be
used in a more informed decision making process
through highlighting areas of actual deterioration.
Shakibabarough et al. [51] have focused on the
interpretation of GPR image of bridge decks and
proposed a novel algorithm for detecting areas of
deterioration in rebar mat signatures. The proposed
algorithm was validated on many real GPR images.
More recently Dinh et al. [52] presented an automated
rebar picking algorithm for GPR data of concrete bridge
decks. The algorithm is based on the limited and
simplified hyperbolic summation technique. The picking
algorithm provided good results with accuracy beyond
98%. Dinh et al. [53] presented also an automated rebar
localization and detection algorithm for performing
picking of rebars based on conventional image
processing techniques and deep convolutional neural
networks. The process enabled to recognize and retain
likely true rebar peaks and to discard likely false positive
detections as the tests from twenty-six bridge decks
showed an overall accuracy greater than 99%.
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