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C-Scans), in which the entire slab area 
can be viewed. The user then slices 
at increasing depth to uncover the 
reinforcing and other targets of interest. 

Once the C-Scan is formed the software 
then automatically locates every rebar 
and analyses the signal. It performs 
three processes:

1.  Firstly it forms a map of the cover 
thickness called the Cover Map. 

2.  Secondly the velocity of the radio 
wave at the reinforcing depth is 
analysed and plotted into a contour 
map, this is referred to as the 
Moisture Map. 

3.  The last process measures the 
strength of the signal received 
from each reinforcing bar. As 
discussed previously a weak signal 
correlates well with corrosion 
activity on the bar. This is referred 
to as the Power Map.

The three maps and C-Scan give four 
independent forms of data which 
can be compared and used to infer a 
damaged region in the concrete. 

Case Study Sherbrook Bridge
Sherbrook Bridge is a reinforced concrete 
bridge in rural England. The bridge is 
reinforced concrete in construction 
including concrete abutments, beams 
and deck. The deck is approximately 
35m in length and 6m wide. Cracking 
and rust stains indicate that the bridge 
may have durability issues. Scanning 
was completed of the entire bridge 
deck using the GPR system (taking 
15 minutes). Swaths were collected 
longitudinally, with the swaths arranged 
parallel and offset transversely.

The cover, power and moisture maps 
for the Sherbrook Bridge deck are 
shown in Figure 4, Figure 5 and Figure 
6 respectively. The area highlighted 
by the red rectangle on the scans 
represents the suspended slab making 
up the bridge deck. For the purposes of 
comparison an area is highlighted with 
a black oval.

In figure 4 the suspended slab has 
much lower cover than the adjacent 
slab on ground. The cover of the 
suspended slab is as low as 20mm at 
some locations; in particular one is 
designated by the black oval.

The area highlighted with a black oval 
in the Power Map (Figure 5) has very 
weak (i.e. blue) returned signal. This 
indicates that there could be active 
corrosion. The area corresponds to the 
area of low cover marked in Figure 5. 

The bridge deck appears almost 
uniformly wet (Moisture Map, Figure 
6). There is some distinction between 
the bridge deck and approach slab 
which might be explained by the 
different quality concrete used in these 
areas. In Figure 3 it can be noted that 
the bridge deck is wet from rain, this 
surface water makes the Moisture Map 
impossible to interpret.

Conclusions
In this article an examination of the 
possible modes of deterioration and 
sources of defects for concrete slabs 

is presented. The focus of the paper 
was a new and unique GPR system 
for the analysis of concrete slabs for 
both condition and design called 
the Hi-Bright. It can be used on new 
construction as a quality assurance 
tool or for deterioration surveys. For 
in service condition survey it also 
provides an indication of reinforcement 
corrosion state (active or passive) and 
moisture content at rebar depth (e.g. 
likely corrosion rate).
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Introduction
Concrete slabs and pavements represent 
a significant percentage of the built 
environment, they are the hardest 
working part of many structures, and 
the top surfaces are unformed and 
subject to negative aspects of bleed 
and curing. Hence it is not surprising 
that the highest incidence of in service 
concrete problems is with slabs and 
pavement. Overall slabs and pavements 
represent a high risk investment. 
The surface area and corresponding 
amount of steel reinforcing means that 
corrosion investigations on large slabs, 
bridge decks and concrete paving can 
be a time consuming and expensive 
exercise. Even with large surveys only a 
small proportion of the actual structure 
is generally investigated. (1) This 
article will present a recently released 
GPR system for use in concrete slab 
inspection called the Hi-Bright. 

Ground Penetrating Radar
Ground Penetrating Radar (GPR) 
uses radio waves to pick up changes 
in the dielectric properties inside a 
structure. This technology makes use 
of a transmitter and receiver, sending 
and receiving radio waves into the 
substrate. The waves are reflected 
where the dielectric changes (2). 
Dielectric constant also controls the 
speed at which radar waves propagate 
and must be known to calculate the 
depth of a reflection. The magnitude 
of the reflection is determined by the 
dielectric differences at the interface.

GPR is generally used for the location 
of steel embedments in concrete. 
One feature of GPR that makes it 
very attractive is that it is a scanning 
technology capable of collecting large 
volumes of data quickly. Research into 
GPR and the related phenomenon 
have indicated its applicability to slab 
and pavement surveys. Five important 
phenomena are:

  Sophisticated radar systems with 
automated analysis can be used to 
rapidly scan and analyse 

  Steel has a very high dielectric 
constant making it very easy to see 
reinforcement in GPR scans. Hence 
the spacing of top and bottom bars 
can generally be assessed

  The dielectric of concrete can be 
measured to calibrate the radar so that 
cover depth of the reinforcing can be 
estimated with acceptable accuracy for 
structural and durability assessments

  The great difference in the 
magnitude of dielectric constant 
between water and concrete means 
that even small amounts have 
significant effects on dielectric 
constant. This relationship can be 
used as a means of measuring the 
moisture levels of concrete using GPR

  Corrosion of steel introduces a layer 
of iron oxide which has a lower 
dielectric constant and a rougher 

surface than the steel underneath. 
It may also change the chemical 
properties of the surrounding 
concrete. In theory this allows 
the detection of corrosion by 
measuring wave attenuation from 
the reinforcing.

System Overview
IDS Spa in Italy has developed a radar 
system (hardware and software) that 
utilises these features to collect and 
analyse GPR data for concrete slabs and 
pavements. It is the only commercially 
available system designed for this 
application. The system is able to 
collect 800mm wide swaths of GPR 
information, enabling the one lane or 
3.2m wide sections to be collected in 
4-5 swaths. The system consists of a 
16 x 2GHz antenna array in a trolley 
(see Figure 3). The image developed 
is based on knitting together sixteen 
individual scans along the survey 
length at 100mm centres. The whole 
array weighs less than 10kg and is 
mounted on a two wheeled trolley for 
easy manoeuvrability with a scanning 
speed of up to 6km/hr. 

Software Capabilities
Such a large amount of information 
would traditionally be very time 
consuming to analyse manually. The 
HD3 software is specifically designed 
for antenna arrays. The software 
arranges the parallel scans (which 
essentially slice through an elevation 
of the slab) into a plan map (called 
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Figure 1 (Left) The 
arrangement of the 
16 channel array (Right) 
The GPR system fully 
assembled with all 
components (3).

Figure 2 C-Scan Showing top reinforcing mat at depth of 55mm.

Figure 5 Sherbrook Bridge Power Map.

Figure 6 Sherbrook Bridge Moisture Map.
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Figure 3 Top view of bridge with GPR System 
and scan direction indicated.

Figure 4 Sherbrook Bridge Cover Map.
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