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INTRODUCTION AND MOTIVATION 
The ability to inspect new constructions of nuclear power plants (NPP) is getting more attention, this is 
true also for concrete structures. Quality control of newly built structures is a pre-requisite for low 
maintenance during service lif e. It also provides a base for future service life extensions in order to keep 
NPPs in safe operation. 

EPRI  and  BAM  cooperated  in  a  project  to  carry  out  a  performance  demonstration  of  non- 
destructive testing methods on two mock-up specimens provided by an industrial partner. The specimens 
were of the new modular construction type called Steel-Concrete (SC) which is used in new plants. These 
modules consist of two steel liners connected with steel rods. Concrete is poured between these liners 
which serve as form work in this process. Nelson studs ensure a good connection between the steel liners 
and the concrete [1]. 

The objectives of the project were to test two mock-ups with acoustic techniques in order to: 
a)   identify embedded voids 
b)   identify further possibilities to improve the investigation techniques in these types of composite 

structures 
The NDT methods applied were Ground Penetrating Radar (GPR) (only for the concrete exposed 

surface) and ultrasound with two ultrasonic echo devices. Both ultrasonic systems had point contact 
transducers which can be coupled to the structure by pressing them against the surface. Additionally, a 
scanner system was used to record ultrasonic scans in a dense grid. 

 

SPECIMENS 
Two mock-up specimens of concrete-steel construction were tested. The small mock-up shown in Figure 
1 (left) contains steel plates covering 5 sides with concrete between those plates. Horizontal rebars (tie 
rods) hold the long sides together and Nelson studs are placed between the rods. The voids, which were 
placed in the small specimen during construction, are made of styrofoam balls held together with a thin 
net. 

The large mockup, also shown on Figure 1 (right), contains embedded pipes in addition to the 
Nelson studs and tie rods. Voids made of Styrofoam balls were placed at different locations during 
construction of the large mockup. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure1 Small Mock-Up   Large mock-up before  
 during concreting (left).   concrete placement (right) 
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NON-DESTRUCTIVE METHODS 
The two methods applied are GPR and Ultrasound Pulse Echo (UPE) with dry point contact transducers 
[2]. 
Ground Penetrating Radar 
Radar uses the reflection of electromagnetic waves from dielectric discontinuities or metal surfaces. 
Using this  effect  radar  is a  NDT  tool for the investigation of civil  engineering structures, such as 
reinforced concrete and masonry buildings, pavement or underground utilities. Radar in civil engineering 
was derived from the geophysical method of GPR to image the subsurface using short electromagnetic 
pulses. Following the impulse echo principle, radar data is handled similarly to the way as ultrasonic data 
is processed [3]. 

For radar testing, the polarization of the electromagnetic waves has to be taken into account. 
Reinforcing bars which are aligned parallel to the polarization direction (E-vector) show much higher 
reflection amplitudes than perpendicular ones. To be able to produce an even image of reinforcing bars in 
all directions, it is necessary to scan the surface in two perpendicular directions and to combine the 
measurements (data fusion). 
Ultrasound Pulse Echo 
UPE is based on the propagation of elastic waves in concrete. Due to high attenuation and scattering at 
pores and aggregates, low frequency ultrasound must be used. Shear waves do have a low signal to noise 
ratio. Longitudinal shear waves of frequencies around 55 kHz have proven to be of practical use for UPE 
measurements on concrete [4]. 

Ultrasound T/R Probe A1220. For single point measurements, there are generally two types of 
equipment: transducers with planar contact to the measuring surface and dry point contact transducers. 
For quick measurements of large concrete areas, usually dry contact transducers are used. The A1220 
transducer consists of two arrays of 12 individual point contact transducers. One group acts as transmitter 
of shear waves while the other receives the ultrasonic signals. 

Figure 2, right, shows as an example a typical A-scanning when the transducer is positioned above 
a tendon duct. The echo signals of both the tendon duct and the back wall are visible. The first strong 
signal on the time axis, belongs to the surface wave signals (arrow). 

 

 
 

Figure 2 Principle of ultrasonic testing, left: photograph of test with A1220 equipment, right:  
   A-scan of measurement with surface wave signal and duct and backwall echo. 

 

Ultrasound Tomographer MIRA A1040. In order to accelerate and enhance the ultrasonic data 
acquisition, a linear array was developed in co-operation between BAM and ACSYS [5]. It consists of 12 
lines of 4 dry contact shear wave transducers each generating ultrasound of a frequency of 55 kHz. The 
distance between the lines is 3,5 cm. The transducers and the electronics are mounted in a handheld box 
to be applied easily at concrete surfaces (Figure 3 left).  
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The 12 lines are configured as a multi static array, which means that one line acts as transmitter 
and the other as receiver, after this, the second line acts as transmitter, and so forth as indicated in 
Figure 3 right). The data transfer of a complete data set is recorded and stored in less than 1 second 
per test location. 

 

 

 

 

 

 

 

 

 

 

Figure 3       Multistatic tomographer A1040 with 12 rows of 4 shear wave transducers each 
(left). Right: principle of data acquisition each row acts subsequently as 
transmitter, while all other rows function are receiver (12 x11 individual sound 
paths in one measurement) 

 
Scanner. An automated scanner was used to measure areas on the specimens with the A1220 

transducers [9]. The automated process guarantees highly accurate measurements under reproducible and 
uniform conditions (spacing, orientation, applied contact pressure). The scanner is mounted on the surface 
using vacuum suction caps. The scan area is approximately 100 x 120 cm². The grid spacing typically 
ranges between 2 and 5 cm in both directions and the contact pressure is approximately 50 N. 

 
MEASUREMENTS AND RESULTS 
Small mock-up – concrete side 

GPR  measurements.  Three  antennas  with  different  mean  frequencies  (2 GHz,  1,5 GHz  and 
900 MHz) were applied. Antennas with lower frequency have a larger penetration depth, while the 
resolution is reduced in comparison to an antenna with higher frequency. With increasingly higher 
frequency of the radar waves the resolution increases, but the penetration depth is lower. The software 
RADAN was used to process and analyse the data. For each line, a surface correction was carried out, the 
data was reconstructed and a Hilbert transformation was carried out. The velocity of the electromagnetic 
wave in concrete was considered to be equal to v = 12 cm/ns. In a next step horizontal and vertical data 
sets were superpositioned to create a resulting data set. 

UT using A1220 probe.  Measurements were carried out using the scanner system. Step width in 
both directions was 2 cm (2500 point measurements per square meter). Due to the space requirements of 
the vacuum attachment, not the whole surface could be reached by the transducers. A strip of 30 cm at 
both ends along the long axis of the specimen was left out. 

UT using A1040 system. Measurements were taken in both polarization directions, parallel and 
perpendicular aligned to the long dimension of the specimen. Best results were obtained from the ones 
with parallel polarization. In perpendicular polarization, the wide aperture limits the area where all points 
have the same amount of measurements. Only a small volume can therefore be reconstructed in this 
configuration. 

Figure 4 shows C-scans from all tested methods at 5 and 20 cm depth. Main observations follow: 
• GPR. The results at a depth of 5 cm where steel rods connect the liners clearly show how 

resolution improves with frequency of radar waves. Also the Nelson studs can be identified; in 
the 2 GHz image even the heads of the studs can be clearly seen. 

• GPR. The embedded void at 20 ± 2 cm depth on the left side at x = 25 cm can clearly be 
identified in all three measurements. This void (labelled void 4 in the drawings) also contains 
an undocumented steel bar perpendicular to the tie rods. 

• UT 1220 probe. At a depth of 5 cm, in the place of the first tie rods, all of them are clearly 
identified. In addition, the Nelson studs are also visible with high contrast. 

• UT 1220 probe. At depth 20 cm, the tie rods and the Nelson studs are localized. There are two 
additional reflections at position (25 cm, 40 cm, void 4) and (260 cm, 40 cm, void 1). 
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 These two corresponded to void 4 and in the case of void 1 to a non-documented bar shaped 
reflector. Void 4 is highly reflectable and only partially visible, because it is at the edge of the 
scan area. The bar shaped reflector (void 1) is non-metallic, because it is not detected by radar. 

• UT A1040 probe. The corresponding C-scan image shows the tie rods of the second layer along 
with void 1. Also an indication of void 4 is visible, although this void is located higher and 
therefore out of focus. The corresponding image confirms the nature of void 4 as air filled. UT 
cannot see the bar because it is inside of the air filled void 4. 

• The void number 4 (at 20cm depth) is highly reflective for both, radar and ultrasound. Also, the 
GPR signals indicate the presence of a steel rod inside the defect. This is also confirmed by the 
phase analysis of the A1040 data. 

• The phase evaluation of the ultrasonic signal helps to qualify the interface at which the ultrasound 
has been reflected: at steel a positive phase shift is observed, at air (or an acoustic soft material) 
the phase shift is positive. In the phase evaluation of the C-scan at depth 20, void 4 is obviously 
air filled. The rod shaped void 1 is indicated as acoustic hard material, but it should be non- 
metall ic, because GPR does not see this void. 
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Small mock-up – steel side 

Both the A1220 and A1040 probes were used. The steel liner at the concrete signifi cantly 
affects the ultrasonic measurements. The surface waves, reflected from the nearby edges of the steel 
plate, have a much higher intensity then any signal reflected from the inside of the concrete behind the 
liner. 

• UT 1220. Surface reflections of tie rods and reflections of shear stud heads are visible. 
Neither the back wall nor the voids are detectable. 

• UT 1040. The back wall is is li kely partly shadowed by the void located within the measuring 
field. Thus, this void can be detected indirectly but without information about depth or exact 
location.  In contrast, there are no tie rod or shear stud reflections visible. 

 

Large Mock up - steel side 

Several areas of the large mock-up were tested including one area as reference, where no intentional 
defects have been placed. Two of those areas are shown here. 
Area 1 

All measurements with the A1220 transducers were taken with a step width of 2,5 cm in both directions. 
Figure 5 shows an example of the results. The steel liner has a large influence on the tests. Most signals 
can be attributed to surface effects. There are also distinguished disc shaped features at the location of the 
Nelson studs or tie rods. Also the weld joint obviously affects the signal. The surface or steel related 
signals are so strong that any ultrasonic reflection signal from the concrete behind the liner is 
indistinguishable. 

Neither the results of the measurements with the A1220 nor the A1040 show enough evidence of 
the embedded faults. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5       A1220 measurements of test area 1 on  the  large  mock-up.  Signals  are  due  
to surface reflections at nearby welds or edges. In addition, circular reflections 
from Nelson studs can be identified. 

Area 2 

Again, measurements were taken using the A1220 and A1040 instruments. At the bottom of this area, the 
steel surface follows an incline, the thickness of the specimen gets smaller. At this edge, an intentional 
defect has been placed. This defect is visible in the A1220 data analysis with both horizontal and vertical 
polarization. This is most likely due to the fact that the defect was placed directly on the steel, with no 
concrete in between. 

All steel parts connected directly with the steel case are detectable due to surface wave reflection, 
and the same applies to boundary reflections. Both voids located close to the surface are detectable.  The 
back wall is not detectable in any of the measuring fields, probably due to high attenuation and/or poor 
bonding conditions at steel-concrete interface and/or high loss of intensity at the steel-concrete interface. 
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CONCLUSIONS 
The measurement results from the concrete side of the small mock-up define the present technical state of 
NDE of reinforced concrete. Defects up to a depth of 30 cm can be located together with the detailed 
identification of tie rods and Nelson studs. Beyond 30 cm, GPR data is diffi cult to interpret especially in a 
mock-up of such limited size. 

Ultrasonic measurements were also successful to a depth of 30 cm. In B-scans the backside at a 
depth of 100 cm could be  identified. The test from the  steel  side clearly showed that this type  of 
construction is a big challenge for any ultrasonic testing attempt. This is caused by the mismatch of the 
acoustic properties of steel and concrete. 

The tests were carried out using a scanner system with high repeatabil ity and uniform testing 
conditions, assuring a data quality at the limit of present on-site conditions. 

With the present technology, it seems highly unlikely that unknown defects embedded in concrete 
behind a steel liner can be identified with needed reliability. 

Improvements to the tests should be possible through R&D efforts in the following areas: 
• In order to increase the detectability of irregular shaped objects, bi-static measurements with a 

large aperture need to be tested. These tests would collect more echos than just the reflection in 
the direction of the transmitter. 

• Phase  evaluation  of  ultrasonic  signals  needs  to  be  investigated  further.  This  additional 
identification of the nature of an interface which reflects ultrasound is very helpful. Usability 
needs to be improved. 

• Mock-ups with a larger variety of defects with well known properties (shape, orientation, density, 
homogeneity) are needed for thorough research. Also, the mock-ups should have a size which is 
big enough that surface effects do not play any mayor role. 

• The effect of delamination between a liner and concrete needs detailed research. 
• Software for the analysis of ultrasonic echo data needs further improvement. The analysis in this 

study was done using laboratory software in development, which is not available to the public. 
• Data fusion may be helpful to improve reliability of tests. 
• Tests were performed util izing commercially available test equipment. The ultrasonic transducers 

were developed for concrete inspection. For steel liner covered concrete, new equipment must be 
developed in order to address this testing problem. 

 

Acknowledgments 

The cooperation by Dr. Klaus Mayer (Uni Kassel) in developing the software for ultrasonic data analysis 
is highly appreciated. 

 

REFERENCES 
[1] Lareau, J. P., Inspection of a Composite Steel-Concrete Shield Building for the AP1000TM Nuclear 

Power Plant Construction, 8th International Conference on NDE in Relation to Structural Integrity for 
Nuclear and Pressurised Components (2010), Berlin, Germany 

[2] Wiggenhauser, H., Helmerich, R., Taffe, A., Krause, M., Kind, Th., Lai, W.-L., Scheel, H., Wilsch, 
G.  and  E.  Niederleithinger,  Nondestructive  Testing  in  Civil  Engineering,  NDT  Handbook, 
Nondestructive Testing, 6. Nondestructive Testing in Civil Engineering, Wiley-VCH Verlag GmbH 
& Co. KGaA, Weinheim (2011) 32 p. 

[3] DGZfP  B10  (2008).  Leaflet  about  the  Radar  method  for  Non-Destructive  Testing  in  Civil 
Engineering (in German: Merkblatt über das Radarverfahren zur zerstörungsfreien Prüfung im 
Bauwesen). www.dgzfp.de/Fachausschüsse/ZfPimBauwesen/Publikationen.aspx 

[4] DGZfP B04 (1999). Leaflet about the Ultrasonic-Impulse Method for Non-Destructive Testing of 
mineral building materials and structural elements, (In German: Merkblatt für das Ultraschallimpuls- 

974

http://www.dgzfp.de/Fachaussch


Verfahren zur Zerstörungsfreien Prüfung mineralischer Baustoffe und Bauteile). 
www.dgzfp.de/Fachausschüsse/ZfPimBauwesen/Publikationen.aspx 

[5] Kozlov, V.N., Samokrutov, A.A. and V.G. Shevaldykin, Ultrasonic Equipment for Evaluation of 
Concrete Structures Based on Transducers with Dry Point Contact, In: Al-Quadi, I. and G. Washer 
(eds.); Proceedings of the NDE Conference on Civil Engineering, 14.-18. August 2006, St. Louis, 
MO, USA, pp. 496-498 , 2006-08-14 

[6] Schickert M., Krause M., Müller W. (2003) Ultrasonic Imaging of Concrete Elements 
Using  Reconstruction  by  Synthetic  Aperture  Focusing  Technique.  Journal  of  Materials  in  Civil 
Engineering (JMCE), ASCE Vol. 15, 3, pp. 235-246. 

[7] Krause, M., Milmann, B., Mielentz, F., Streicher, D., Redmer, B., Mayer, K., Langenberg, K.-J. and 
M. Schickert , Ultrasonic Imaging Methods for Investigation of Post-Tensioned Concrete Structures: 
A Study of Interfaces at Artificial Grouting Faults and its Verification, Journal of Nondestructive 
Evaluation 27 (2008) 1-3, pp. 67-82 

[8] Mayer,  K.,  Langenberg,  K.-J.,  Krause,  M.,  Milmann,  B.  and  F.  Mielentz,  Characterization  of 
Reflector   Types   by   Phase-Sensitive   Ultrasonic   Data   Processing   and   Imaging,   Journal   of 
Nondestructive Evaluation 1-3 (2008) 27, pp. 35-45 

[9] Wiggenhauser H., Streicher D., Algernon D., Wöstmann J., Behrens M. (2007) 
Automated Application and Combination of Non-Destructive Echo Methods for the Investigation of 
Post-Tensioned  Concrete  Bridges.  In:  Long,  A.  and  J.  Bungey  (eds.);  Proceedings  of  Concrete 
Platform, Belfast, 19.-20.04.2007, Proc. and CD-ROM, pp. 261-270 

975

http://www.dgzfp.de/Fachaussch
http://www.dgzfp.de/Fachaussch

