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ABSTRACT: Non-destructive testing techniques are applications in civil engineering and
building construction which are needed to monitor the structures for assessment and renovation
purposes, without using destructive procedures on the reinforcement during drilling and cutting
process. Also in the field of quality control, it is really important to find the location of
reinforcement in a concrete structure. Ferroscan and radar technologies are two non-destructive
imaging tools providing information about existing reinforcement by determining its position,
number, diameter and depth of coverage in 2D. Not only the reinforcement, the radar
technology also determines the position of cables, tendons, conduits, voids and pipes in concrete
with 3D images only by scanning over the surface of the concrete. This paper emphasizes the
needs, capabilities, working principles and advantages of those detection systems.
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1.1

FUNDEMENTALS
Relevance of detection and identification of reinforcement present in concrete

The costs and risks associated with structural perforations reaching or crossing bars should be
avoided. It will be ideal if the places of holes are optimized prior to placement elements which
lead to a simplification of safety and drilling tasks. On the other hand, not only for section
capacity analyses, a quick inspection of the coatings of the rebar can be done for ensuring the
corrosion behaviour or fire behaviour of the section.
In addition, knowledge of the diameter of the rebar, for example for the installation of postinstalled rebar, enables the transfer of loads from the new element by lapping to the existing
rebar resulting with significant cost savings. By knowing the diameter and position of rebar it is
also possible to check the resistance of the sections in the case of strengthening and
rehabilitation of an existing structure.
Ferroscan is credible equipment dedicated to this purpose. It analyses the depth, collects data
and by processing technology serves results.
1.2

Special cases of seismic reinforcements

Before the earthquake it is a clear need to strengthen a structure, it is often necessary to have
knowledge of the existing bearing capacity. To do this, it often becomes necessary to evaluate
not only the existing structural projects (if there are...) but confirm the actual capacity of the

built elements. In order to avoid damaging the existing structure, for historical reasons,
feasibility and timing or later repair costs, non-destructive surveys should be preferred.
In practice seismic reinforcements is the need to increase the capacities of concrete sections or
connect to the existing new structures. Due to the steel ductility, the trend focuses on trusses
links or other metallic elements. The structural connection between the reinforcement and
existing structure compels to the application of different anchors, or several holes in the
concrete element. With the objective of strengthening, the existing structure should not be
weaken during the phases of drilling, that is, steps should be taken to inhibit the cutting of
existing rebar. The previous analysis of concrete elements by detection equipment thus acquires
an important role.
1.3

Available Technologies

There are basically four rebar detection technologies in reinforced concrete elements: magnetic
induction, radar, thermal imaging and radiography. However, technologies that offer unique
data for estimation of coating and diameter are the magnetic induction and the radar (Table 1).
Table 1. Comparison of the different technologies available
Technologies

Advantages

Disadvantages

Magnetic
induction

Readings by 180mm deep

Rebar in the second longitudinal reinforcement
level can be omitted

High accuracy in the definition of the
coatings

Only detects rebar

Image subject to immediate analysis
Radar (GPR)

Readings until 300 mm deep
Detects virtually everything in
concrete

Little reliability in coverage estimates and
diameter
Very expensive equipment
Difficult interpretation of the sign

Thermograph

Detects elements with a thermal
conductivity within the concrete

Does not provide data on the diameter or
covering
Location of inaccurate rebar

Radiograph

Read up to 1000mm depth
Good image of all elements in
concrete
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Does not provide data on the diameter or
covering
Need access both sides of the analysed element

EQUIPMENT DESCRIPTION FERROSCAN
Overview formatting

By Ferroscan equipment, you can determine the position, coating and diameter of rebar in an
effective, practical, user-friendly and non-destructive way. The equipment can be calibrated for
the detection and identification of rebar produced according to the following standards: DIN
488, ASTM A615 / A 615 / M-01b, JIS G 3112, CAN / CSA-G30, 18-M92 or GB50010.
The passage of data collection equipment on the concrete surface can detect and record the
signal. It is possible to view an image of the reinforcement present in the concrete element

through the equipment monitor. In need of further study and complete reporting of results, the
specific software is assumed as an excellent aid.
2.2
2.2.1

Components and their features
Data Collection Device ("scanner")

This element allows data collection through its passage on the concrete surface to be analysed.
In the case of a device without physical links with the display monitor (2.2.2.), allows a fully
independent use (Figure 1-a). Being portability an advantage in most cases, in the most adverse
conditions, such as suspended readings, hard places to reach or confined spaces, it is assumed as
a detail particularly fruitful.

Figure 1. Representation of the data collection equipment (a) and display and analyse data monitor (b)

2.2.2

Display screen and data analysis

Whether for data storage issue or ready to review, the presentation of information obtained by
the "scanner" is transferred by infrared to the monitor (Figure 1b). The analysis carried out on
the monitor can aim for quality assessment of readings or allow results of immediate
information of work in progress. Through the monitor it is possible to perform a full analysis or
spot reading, i.e. setting the position, depth and diameter. Also additionally audio information
may be recorded to enable easy future identification, for example, during data analysis and
reporting.
The software, in addition to allowing storage and organization of information collected, enables
significantly further study. Data processing usually involves the definition of a colour coating
for identification values or the setting range of the depth corresponding to the zone under study
(Figure 2). Finally it is common the use of statistical analysis performed by the software after
parameterization according to the intended purpose, as well as exporting various information to
other editing programs or data processing.

Figure 2. Representation of an analysis conducted by the Software

2.3

Details about the operating principle

The principle of operation of Ferroscan is the magnetic induction. In order to improve the
quality of readings and to minimize the number of interference parameters, influence of

temperature, for example, are considered among other facts of the potential reading difference.
As a consequence of this definition the rebar will have to be located perpendicular to the
direction of reading. For this reason, when a full read of the reinforcements present in the
concrete element is required, two readings are made perpendicular to each other.
During the passage of the scanner on the surface, a magnetic field is generated and analysed in
each 3mm movement. This movement is used to induce an electric current in certain sensors
making possible to analyse the various readings in the signal form (Figure 3). By analysing the
distortion at the magnetic fields, the position of the reinforcement is detected. A more detailed
analysis of all signal characteristics (Figure 4a) is determined by a comparison with a reference
database, and embedding the diameter of the rebar.

Figure 3. Change in the magnetic field generated when passing by a rebar.

In the case of very close together reinforcements, it is usual tendency for the signals to overlap.
(Figure 4b) So that, to determine the number of detected bars and individual characterization, a
complex algorithm implemented in software monitor and an analysis is necessary. Naturally,
there is a minimum distance between rebars (dependent on both coating) below which the signal
is interpreted as originating from a single rebar.

Figure 4. Signal untreated collected during scanner pass on: (a) single rebar (b) group of rebar

There are some limitations of the equipment. While commenting on the results, for example
similarity of signals can be a disorienting situation. Also shading effect, which means the
magnetic field from the first layer of rebar shades the second layer of rebar preventing detection
of second layer is another situation. User should be careful while commenting on

Figure 5. Similarity of signals (a), shading effect (b)

2.4
2.4.1

Operating modes
Reading linear ("Quickscan")

This method only requires the passage of the equipment in a direction which may be determined
the precise placement of reinforcement perpendicular to the movement and its particular
coating. Knowledge of positioning relates to the need to avoid the impact on the rebar during
drilling or crossings (Figure 6). In addition it can be used as a preliminary assessment of the
placement of rebar to then make a complete survey by "imagescan" (2.4.2). Through the data on
the depth of the rebar is usual analysis of minimum coatings, is to protect the rebar corrosion or
to improve the fire performance.

Figure 6. Reading, information obtained directly from the scanner and analysis software for the method
"quickscan"

2.4.2

Detailed mapping ("imagescan")

This feature is perhaps the most commonly used one of Ferroscan equipment. All the
information about the rebars located in an area of 60cm x 60cm concrete are collected with the
passage of scanner in perpendicular directions (Figure 7). Thus, the value of the coating and
diameter at any point of the image can be known also.

Figure 7. Example of an "imagescan" viewed and analysed in Monitor and " analysed by the software:
image untreated and end result

A faster analysis of the obtained signal is possible by using the Software. Finally, the report
with the listed image and other notes from the analysis allows for documentation or ease of
communication with stakeholders in the work.
2.4.3

Mapping of large areas ("Blockscan")

In cases where there is a need for knowledge of large areas, "Blockscan" plays an important
role. An area of 1.8mx 1.8m can be analysed by lifting 3 x 3 "imagescan's" done and aligned
automatically. The processing by the Software is at all similar to the analysis carried out in
cases of "imagescan" (Figure 7).

2.5

Accuracy and other technical data

For a scanner, the accuracy of the readings is dependent on certain conditions. In the case of
irregular concrete surfaces, it is advisable to use a smooth auxiliary plate whose thickness may
be subtracted from the whole thickness during analysis. Rebar with high corrosion will also
affect the quality of the values obtained. In normal and usual coatings conditions, the coating
values are presented with a ± 3 mm error. The error of ± 1 mm is given for the diameter but it is
usual to analyse at several points on the reading of the same rebar to obtain a tendency to the
actual diameter.
3

APPLICATION AREAS AND PRACTICAL EXAMPLES

Knowledge of the location, depth and diameter of reinforcement in concrete elements has
different areas and applications where it is assumed as significant:
� Precise knowledge of the load capacity is critical for example when improving
behaviour before seismic actions. Thus it is necessary to know the required
implementation of structural reinforcements, in addition to the location, coverage and
sizes of rebar located in the concrete.
� In cases where it is necessary to make holes or passing, the knowledge of the location is
critical. Also knowing the amount of coating allows proper installation of anchorages.
� Before security checks of corrosion or fire, the coating should be fairly accurate for
proper verification of the work done and guarantee the future behaviour.
3.1

Verification of the bearing capacity of the existing structure

Verification of the bearing capacity is really important for a proper assessment of the overall
behaviour of the structure. A performance evaluation should be performed to observe the
change in load capacity of structure during an earthquake. Also, where the post-installed rebar is
needed, taking into account the possibility of transferring the load to the existing rebar, checks
allow a considerable reduction in embedment lengths. Generally audits may depend on review
of concreting for confirmation of the work done. Traditionally the reading mode "imagescan"
for its responsiveness to the diameter of the rebar, will be preferred in most tasks. In cases
where the verification of load capacity related to correct spacing of the rebar, for example
stirrups and especially among the nodes of the structure, the location of the rebar is predominant
and this mode is preferable. As in the case of thinner elements, when the warranty on the inner
rebar becomes essential, verification of the coatings through "Quickscan" takes up the whole
matter.
3.1.1

Example - Rehabilitation of a structure and suitability according to regulations

Generally in this case, the implementation of detailed projects is lacking. Various readings
should be made on the sides and bottom faces of the beams to evaluate the longitudinal and side
rebars and the stirrups. The results easily allow location of the rebar and obtained estimations
for the diameters (Figure 8). Having regard to the level of detail and accuracy required routine
inspections can be carried out, thus giving the obtained data.

Figure 8. Reading and lower face of the lateral beams of the analysed

3.1.2

Example - Post-installation of rebar

As shown in the EC2, the connection of post-installed rebar for enlargement of a slab will either
be by lapping to the existing rebar. At this situation it is necessary to make a survey of the
positioning of the existing longitudinal rebar. This is a traditional example of the use of
measuring equipment and the analysis in the case of Ferroscan, conducted by "Quickscan"
method.
3.2

Verification of coatings

Especially in cases where it is necessary to provide adequate protection to corrosion of rebar, it
is common to verify the coatings. When a fire performance check is performed, the thickness of
concrete that protects the reinforcement from direct contact with the heat produced plays a
decisive role. Several checks can be carried out in such large areas with the ability to quickscan
mode of equipment. The software is also the most effective aid to do this kind of checks. The
statistical analysis in these cases is very important to analyse what percentage of rebar that does
not meet the minimum expected / desired requirements and the influence on the behaviour.
3.2.1

Example - Quality assurance of construction of the walls of a tunnel

As the environment in a highly corrosive road tunnel, there is a huge building control quality
especially in ensuring the expected coatings. Another issue is typically analysing the action of
the fire. The analysis was performed by lifting many "Quickscan" contiguous being further
analysed the data statistically (Figure 9).

Figure 9. Reads the walls of a tunnel and its analysis of the readings

3.3

Avoid drilling incidents on existing rebar

There are several cases where it is necessary to drill through reinforced concrete elements. Very
serious consequences may arise from these tasks by cutting vital rebar at the section. For placing
anchors, it is very common holes by core drilling. The most usual cases are the need for
repositioning of the anchor element to attach the concrete elements. From the point of view of
cost, whenever it is necessary (and approved by the designer / supervision) cutting rebar, the
type of drilling equipment accessories is very significant. Also it may take time to carry out the
drilling tasks between contractor, supervision and designer.

3.3.1

Example - Crossing beams for installation of pipes

The pipes crossing beams or slabs are extremely current in various works. When this task is
carried out in existing structures, it is necessary to pay attention at the full crossing of concrete
elements performed with core drilling. It is essential to care not to cut any existing rebar, at least
not without/before the approval of the designer. Especially it is a need for further reading of
zones especially at areas near the nodes. By detailed mapping, "imagescan" could set the correct
place to cross, identify side bars of the beam as well as reinforcement of punching (Figure 10).

Figure 10. Data collection for safe crossings for core drilling for installation of pipes

4 CONCLUSIONS
In this study, effort was made to emphasize the needs, capabilities, working principles and
advantages of Ferroscans. The study shares the information given at the trainings of so called
“customers” who are universities, private laboratories and engineers. Some possible fields to use
ferroscans can be summarized as follows;
� changing usage of buildings without plans,
� acceptance inspections of concrete components,
� checking reinforcement before structural repair,
� post-installed reinforcement,
� building acceptance inspections, checking coverage over a large area during renovation,
� quality control,
� hammer drilling or coring without the costly problem of hitting rebar,
� no cutting through statically relevant reinforcing bars,
Unfortunately, at most of the existing structures, as-built drawings are not always available.
Although some properties of the existing structure can be visually observed, determining the
information about reinforcement is more difficult. Also design guideline mentions prescriptions
about the usage of detection systems while retrofitting the structures, which is especially
important for the parties involved in urban transformation. The principal applications for new
structures are mostly quality control aimed. Ferroscan detection system helps to make faster
and accurate mapping and verification of the reinforcement. For safety issues considering fire
and corrosion, it is also an efficient technology to check the thickness of the coatings. Safely
drilling at critical parts of structural members, such as nodes, is also taken under by using
detection systems.
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