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ABSTRACT

Ultrasonic testing of concrete by modern equipment has grown in importance in recent years in non-
destructive testing. Measuring concrete cover thickness and estimating steel rebar position and
diameter is main focus for assessment of existing reinforcement concrete facilities. Voids, entrained air
and potential delamination are important to detect in order to evaluate the quality of the executed
concrete members. This paper presents the latest two modern non-destructive techniques — ultrasonic
tomography and electromagnetic pulse induction — suitable for testing reinforcement concrete
members. The capabilities of these techniques for locating defects, reinforcement bars and determining
their size in unilaterally accessible concrete members are described.
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MPOLEHA NONOXAJA N MPEYHUKA LLNNKN APMATYPE MPUMEHOM
CABPEMEHNX METOJA BE3 PASAPAHA

PE3UME

YNTpasBy4YHO UCMUTMBAtbe BETOHA Y NociefbnX HEKOIMKO FroAMHa je A06MN0 Ha 3Havajy y ogHocy Ha
NnpuYMeHy ocTanmx meToga b6e3 pasapara. Mepere aebsbmHe 3alWTUTHOr cnoja 6eToHa Ao apmaType u
npoLeHa MoN0oMaja M MNPeYHUKa LIMMNKM Cy OCHOBHM ¢aKTopuM 3a npoueHy cTawa nocTtojehux
apMUpaHOBEeTOHCKMX objekaTa. Beoma je BarKHO [AeTeKTOBaTM LWyN/bWMHe, 3apobsbeHM Basayx W
nocTojarbe NoTeHUMjaHE AeNaMMHaLMje KaKo 61 ce Morao NPOLEHUTM KBAIMTET U3BEAEHUX BETOHCKMX
enemeHaTa. Y pajy je npukasaHa npumeHa ABe HeAeCTPYKTMBHE MeToAe Ca HajMoZepHMjOM ONpemMom —
yNTpa3By4yHa Tomorpaduja U enekTpomMarHeTHa MMMyACHA MHAYKUMjA — NOrofHe cy 3a MCNUTUMBAHbE
apMMUPaHOBETOHCKMX enemeHaTa. lNpuKasaHe cy moryhHOCTM noumparba gedekaTa, NofoMKaja LUMNKK
apmaTtype n oapehunBara HUXOBE BEMUMHE Y €IeMEHTUMA YMja je caMo jefiHa CTpaHa AOCTyMnHa 3a
ncnnuTnBam-e.

KroyuHe pujedyu: memoOde 6e3 pazapatba, yampassyyHa momoapaguja, enekmpomacHemHa UMysacHa
UHOYKYuja
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1. INTRODUCTION

The widespread use of concrete in construction in recent decades has shown that concrete is
not durable and superior material as claimed in the early 1970s. Continuous deterioration of
reinforced concrete structures exposed to aggressive environment in industrial plants is one
of the main problems in the modernization of industrial production facilities. The application
of modern non-destructive technique during testing of RC (reinforced concrete) structure
plays an important role in assessment of RC structures before considering future repair
methods [1,2].

In addition to dead and live loads, RC structures are also exposed to action of aggressive
environment. In the middle and at the end of the last century, it is evident now that concrete
properties in hardened state and cover thickness of RC member is not designed properly, but
it should be noted that it wasn’t the subject of technical regulations at that time. Also, it was
not pointed out in professional and scientific circles. Experimental data affecting the concrete
durability was not available. In the early 1980s, it was still considered that concrete was
significantly more durable material and its strength development over time is implied.

A realistic cost estimation of maintaining or repairing reinforced concrete structures should
be based on a detailed scope of testing within assessment report. Certainly, destructive
testing methods cannot be left out, but greater importance should be given to modern, non-
destructive testing by which types of damage, their extent, and the probable cause can be
determined.

The parameters of steel rebars that need to be inspected in existing facilities include their
location, spacing, diameter, cover thickness and the degree of corrosion. Among them,
accurate determination of the rebar diameter and cover thickness in a non-destructive way is
still challenging. Electromagnetic pulse induction (EMI) is the principle of most of the
commercially available rebar locators and cover meters. EMI is sensitive to both the depth
and size of metallic buried objects. However, it is difficult to simultaneously and accurately
obtain the two unknowns in a direct manner.

Among the available non-destructive testing techniques, including the Ground-penetrating
radar (GPR), X-rays, the Ultrasonic Tomographic Imaging based on shear wave pulse-echo
technique becomes more and more demanding due to its feasibility to more accurate and
effective detection of different defect types, higher resolution of testing and applicability for
deeper thicknesses of testing object[3, 4,5].

2. ELECTROMAGNETIC PULSE INDUCTION TECHNIQUES

Profometer 650 Al (Figure 1) of the Swiss company Proceq was used for determination of
steel rebar position and estimation of reinforcement bar diameters. The Profometer 6 uses
electromagnetic pulse induction technology to detect rebars [6]. Coils in the probe are
periodically charged by current pulses and thus generate a magnetic field. On the surface of
any electrically conductive material which is in the magnetic field, eddy currents are
produced. They induce a magnetic field in the opposite direction. The resulting change in
voltage can be utilized for the measurement.
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Figure 1. Proceq Profometer 650 Al [6]

The Profometer 6 uses different coil arrangements to generate several magnetic fields.
Advanced signal processing allows locating a rebar as well as measuring of cover and rebar
diameter. This method is unaffected by all non-conductive materials such as concrete, wood,
plastics, bricks etc. However any kind of conductive materials within the magnetic field
(sphere of approx. 200mm) will have an influence on the measurement (Figure 2).
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Figure 2. Measuring resolution of Profometer 6 [6]
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Figure 3. Measuring ranges and accuracy of
Profometer 6 [6]

The Profometer 6 is calibrated to measure on a normal rebar arrangement which is an
arrangement of non-stainless steel rebars fastened with binding wires only. There is a limit to
the minimum spacing of bars depending on the cover depth and rebar diameter. It is
impossible to distinguish between individual bars above these limits. The measuring range is
dependant on the bar size. The expected accuracy of the cover measurement is given in the

graphic below (Figure 3).
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3. ULTRASONIC TOMOGRAPHY

The tests were conducted with the latest device from a leading Russian-German company in
the field of this type of equipment: ACSys Monolith A1220 and Mira Lite A1020 (Figure 4,5).

MIRA Lite is a multifunctional (10-100kHz) phase ultrasonic system for detecting objects,
internal defects and anomalies in concrete structures. Ultrasonic testing with transverse
waves is one of the most advanced techniques available in non-destructive testing of
concrete. Transverse waves are generated by the excitation of piezoelectric materials with
short excitation, high-amplitude pulse, which has high voltage and current. One converter
sends out the voltage of the wave, the second converter receives the reflected impulse [6].

Figure 4. Acsys Monolith A1220 [7] Figure 5. Mira lite A1020 [7]

The ultrasonic probe on the ACSys A1020 MIRA Lite does not require the application of grease
or other gel to transmit waves into concrete, and the probe can be moved from place to place
without extensive position preparation. Therefore, the test time is significantly reduced
compared to conventional ultrasound tests. The probe for the MIRA Lite is composed of 4
transmitter units in 8 rows. Transmitters operate as transmitters and receivers in sequential
mode. Transmitters are very damped so that a short duration pulse is obtained (Figure 6).
Differences in the speed of passage of the ultrasonic wave through different environments (in
the case of anomalies, reinforcement or other defects) are detected as changes in the
structure of concrete [7].

One of the most significant features of the ACSys A1020 MIRA Lite device is its ability to
reconstruct the image of concrete in three dimensions, which allows engineers to evaluate
the integrity within the concrete. In order to obtain a three-dimensional analysis of concrete,
it is necessary to make series of scans of ACSys A1020 MIRA Liten at a given distance, all on
the test surface. The probe is oriented directly in the scan direction and data is recorded at
predefined steps along each scan line. When the scan line is complete, the final test layout is
inserted into the computer and both scan and layout are analyzed during signal processing to
establish a three-dimensional picture of the concrete state in the element. The distance of the
transmitted transmitters in the probe of the ACSys A1020 MIRA Lite is 30x30mm so that a
single shot can cover an area of 210x90mm [7].
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4. APPLICATION EXAMPLES

Our non-destructive testing procedure begins with the use of a EMI device (Proceq
Profometer 650 Al). The following example will show estimation of rebar number, position
and diameter of longitudinal bars in the lower zone of middle cross-section of beam (Figure
7).

Figure 7. RC beam on which tests were carried out

Two consecutive measurements were performed and diagram of concrete cover thickness
and electromagnetic signal strength are shown on Figure 8. Six signals can be clearly
observed. Three positions were used to estimate the rebar diameter. The obtained values
indicated that the steel bars diameter was 20 or 22mm. The presence of a large number of
steel tubes made the measurement process difficult. Based on these measurements, it could
not be said if there was single row or exists second row of reinforcement.

As can be seen in Figure 2 and 3, there are limitations in the application of this method. At a
depth of 7cm, it was significantly more difficult to detect the individual rods. In this case, it is
very useful to apply ultrasonic tomography [8].
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Figure 8. EMI device output diagram of concrete cover thickness and signal strength

The first activity in the application of ultrasonic tomography is the calibration device. In order
to determine the transit time correctly, the offset should be in advance. This is the time
difference between the generation of the signal in the transducer to the actual occurrence in
the component. Ultrasonic pulse velocity of the longitudinal and shear waves can be
determined by single point sensors (Figure 9).

Figure 9. Dry point ultrasonic sensors
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Figure 10. A-scan of ultrasonic wave

The ultrasonic tomography image shows a significantly stronger signal in the middle of the
cross-section (Figure 11). It can be explained by the fact that the each of the two red areas in
centre part of single row reinforcement consists of two closely spaced bars plus two rods at

corners (six rebars in total). It is completely clear that there is no second row of
reinforcement.

Figure 11. Ultrasonic tomography image of mid cross-section beam

The next example shows the applicability of the ultrasonic tomography for thickness
measurements on concrete objects and for imaging the internal structure, visualizing the
positioning of reinforcement bars inside the panels (Figure 12). The upper left image on
Figure 13 is the B-scan — the cross-section view of the tested part of wall area. It can be
observed that full reflection of the ultrasonic waves at a depth of 30cm was clearly visible.
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Figure 13. Ultrasonic tomography image of shear wall

5. CONCLUSIONS

The aim of this paper was to investigate whether and to what extend electromagnetic pulse
induction and ultrasonic tomography are suitable for the detection of near-surface
reinforcement.

The given examples for the specified equipment allow concluding its applicability for the
following tasks of testing the objects from reinforced concrete and other similar materials:
= Estimation of entrained air or delamination into slab;

= Detection, location coordinates and size estimation of different reflectors inside the
concrete objects (reinforcement bars or honeycombing);
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Estimation of structure integrity by the presence or absence of backwall signal and its
intensity;

Thickness measurement (up to 1m) of reinforcement concrete objects at one-side access
testing.

The constant development of non-destructive equipment offers improved techniques for
investigation of RC structures. Further development in this area is expected, and
understanding their compatibilities should remain the imperative for motivated professionals.
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