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Apresentador
Notas de apresentação
Herbert can unfortunately not be here due to personal reasons. Therefore, he asked me to give his presentation here today.

My name is Jürgen Krieger; I am with the Federal Highway Research Institute of Germany and the bad news is that I am not an NDT expert. However, we did a couple of projects together with BAM and Herbert and therefore I hope that I can give you at leat the message about NDT for the assessment of Bridges and other engineering structures.
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The Team 

Apresentador
Notas de apresentação
This is the NDT team at BAM; a large team of about 40 persons working on NDT for concrete structures.
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Bundesanstalt für Materialforschung und -prüfung 

Campus Steglitz Unter den Eichen 87 

Apresentador
Notas de apresentação
BAM is located in Berlin, our capital. On this slide you can see the campus of BAM.
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Introduction 

• Non-Destructive Testing in  
Civil Engineering is a growing area 

• It receives special attention after  
catastrophic failures (e.g. bridge collapse) 

• The safety and reliability of the built 
infrastructure is one important foundation of 
industrial societies 
 

Apresentador
Notas de apresentação
I have talked about aging infrastructure and special requirements for aging infrastructure yesterday.

And in this context NDT is a growing area

Read text on slide



BAM 8.2    5 
 
 

Introduction (cont.) 

• Reinforced concrete is the most widely used 
material for transportation infrastructure 

• Assessment of existing structures are based 
on visual inspection 

• Life time considerations for transportation 
infrastructure begin to play an important role 

• Durability is mainly limited by poor quality 
construction 

• NDT based quality control during construction 
is the future of NDT-CE  

Apresentador
Notas de apresentação
Read text on slide
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Introduction (cont.) 

• Post-tensioned concrete structures form a  
very large part of transportation infrastructure 

• There is a worldwide concern about the 
durability of PT concrete structures with 
grouting defects 
 

• Testing of tendon ducts for grouting defects 
became a major research effort at BAM  

Apresentador
Notas de apresentação
Read text on slide
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Recent Advances  

Modeling of elastic and EM 
waves in concrete 

• has become a fast and 
reliable tool 

• contributed largely to the 
understanding of 
experiments and test 
settings 

• 3D-objects can be 
simulated 
 

• See the work of the  
group of Prof. K-J 
Langenberg 

Apresentador
Notas de apresentação
Now a few slides about recent advances in NDT

One very important advance is the availability of modeling techniques and tools. Here, of electro magnetic waves.

Start Video!!!!
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Modelling of Elastic Waves: e.g. Ultrasonic Phased Array 
Recent Advances  

Apresentador
Notas de apresentação
Also for elastic waves modeling tools are available and can be used.
As you can see here we can obtain very realistic results in homogeneous materials.

Even complex set ups like phased arrays can be modeled.
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Array Laservibrometer 

Standard Low 
frequency probe 

Sound beam control 
using a phased array 
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Visualization of the wave propagation 
Recent Advances  

Apresentador
Notas de apresentação
And the modeling shows very good agreement with measurements. Shown here two test setups. Measurements were carried out by a laser vibrometer.

Start videos!!!
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Recent Advances  

Reconstruction of 1D- and 2D-scanned data sets 
• SAFT (synthetic aperture focussing technique) 

has become a standard data analysis tool 
• 3D reconstruction of large data sets possible in 

minutes (compare to weeks 10y ago) 
• Data evaluation and reconstruction is being 

done during testing on site 

Apresentador
Notas de apresentação
Another advance is the availability of advanced reconstruction techniques.

Read text on slide
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  Hand Held Device A1220 

Frequeny Range: 33 kHz - 250 kHz 
Max Depth Range: 700 mm (B35) 
 
Min Size of Defect for 500 mm Depth: 
Air filled cylinder: 12 mm 
Air filled sphere: 55 mm 
 
Accuracy: +/- 10%                                      
Power supply: Battery 
 
Dimensions: 
Handheld:  235 x 98 x 33 mm 
Sensor:  145 x 90 x 75 mm 
 
Weight: 
Handheld  0,8 kg 
Sensor:   0,76 kg 
 
Dust and Water Class:  Schutzart IP65 
 

  Transmission 
 12 Shear Wave  

Transducers  

 Reveiving 
 12 Shear Wave  

Transducers  

New US Device with Dry Coupling 
Recent Advances  

Apresentador
Notas de apresentação
Recently also new devices are available, devices that can be used on site. Here, the example of an Ultrasonic device with multiple transducers and receivers.

No special coupling (like water or grease) is necessary anymore.
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    Controller with 10 transducer units 

unit with 55 kHz  
shear wave transducers 

 Controlling Linear Arrays over TCP/IP 

US Linear Array for Concrete (Sampling Phased Array) 
Recent Advances  

Apresentador
Notas de apresentação
On this slide a BAM prototype of a linear array for concrete.
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Scan Sequence 10 – duration: 350 ms 

Averaging possible. Transfer time of data to control unit: 500 ms 
Reconstruction time <3 sec 

Recent Advances  

Apresentador
Notas de apresentação
By using these devices the speed of measurements can significantly be improved. These device does about 90 single measurement and the result is a 2D picture that can be immediately produced on site.



BAM 8.2    14 
 
 

Ultrasonic Phased Array  MIRA 
Recent Advances  

Apresentador
Notas de apresentação
This is an example of a measurement. You can idetify a prestessing duct very clear. You can also see the upper reinforcement and the back wall at about 500 mm.
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Different radar antenna frequencies 

1,5 GHz antenna in 
vertical polarisation 

configuration 

1,5 GHz antenna in 
horizontal polarisation 

configuration 

max. amplitudes 
with differenty 

weighted data sets 

max. amplitudes 

B-Scans measured with both antennas at the test specimen number 2 

900 MHz antenna in 
vertical polarisation 

configuration 

Data Fusion of Radar Measurements 
Recent Advances  

Apresentador
Notas de apresentação
This was about single sensor data. However, the combination of different senors or the combination of different measurements is also very interesting. 

Here, the fusion of radar measurements with two different antennas and two different polarisations is shown.

1.5 GHz measurement give a clear indication of concrete reinforcement and of the tendon duct (upper pictures). However, only the 900 MHz antenna gives a clear identification of the backwall (lower left)

Fusing this data to one dataset (lower right) shows both the reinforcement and the backwall.
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11 cm 

14 cm 50 cm 

C-Scans in different depths of the test specimen number 2: 

5 cm 

Data Fusion of Radar and Ultrasonic Measurements 
Recent Advances  

Apresentador
Notas de apresentação
Of course it is also possible to use data fusion techniques with different sensors. Here, US and radar.

As you know radar is good for the detection of objects, where US measurements can detect anomalies and defects. However US is slow comparing to radar and its use should therefore e limited to rather small areas.

This picture shows the fusion of radar with US measurements for different cross sections of the test specimen. The picture at a depth of 14 cm gives a clear identification of an anomaly at the tendon duct. 

otivatio: Radar Lokalisierung; US detektion von Anomalien

14 mit us daten; schfiirter bereich innere spannkanal

Us langsam als Radar, deshalb erst radar und bereiche mit Us
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Testing problems for concrete elements 

•  Measuring the thickness and geometry 

•  Localisation and concrete cover of metal tendon ducts 

•  Localisation of inhomogeities in and around the  
   tendon ducts (grouting faults) 

•  Localisation of compaction faults and honeycombing  
   in concrete  

•  Localisation of delaminations in multilayered structures 

•  Crack characterisation (crack depth measurement) 

•  Quality assurance of construction 

Apresentador
Notas de apresentação
This was something about recent advances in NDT. Lets now have a look at some NDT applications. Here, a list of possible topics for successful NDT applications.

Read text on slide
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Bridge investigations applying NDT-CE 
Bridge deck: Full field investigation  
8 Measuring field for detailed investigation 
with Radar, Ultrasonic echo, impact-echo, 
(magnetic stray field) (1999) 

Girder and Bridge deck: 
Scanning Echo methods for 
tendon ducts and 
honeycombing (2001)     

New: Large field investigation with automated scanning system for echo 
          methods (2003)   

Apresentador
Notas de apresentação
We have already started very early to look at possible fields of application for NDT methods. Here two examples from 1999 and 2001. Both bridges have been rebuild so that we were able to validate the results of these measurements.


Was sagt diese Folie; schon sehr früh mit Messungen begonnen.

Text: Fields?
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The BAM Site 
for NDT-CE test and validation 

TTS Validation Test Site 

Dedicated to research, test, validation, 
education 

High quality 1:1 test specimen and real 
objects 

Piles, slabs, concrete railway track, 
bridge parts,…. 

Long term availability 

open für partners from academia and 
industry 

Apresentador
Notas de apresentação
When you think about using NDT in your daily job for bridge inspections or other routine investigations it is very important that you use somehow validated methods and processes and that you educate people on the use of these methods.

For this reason BAM has installed a NDT test site.
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What’s new 

TTS – Validation Test Site 

Real bridge parts, containing tendon 
ducts and delaminations 

3 box girders (L = 6-12 m) 
3 slabs (5-10 m²) 

Apresentador
Notas de apresentação
On this test side real bridge parts as well as test specimens are available.
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What’s new 

TTS – Validation Test Site 

1:1 model of secant pile wall (checking 
joints by crosshole sonic logging) 

see separate presentation 

Apresentador
Notas de apresentação
Here, a pile wall that can be used for sonic logging
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What else in 2009 

TTS – Validation Test Site 

Facility upgrade (office , lab, data 
connections… 

Tasks in 2010 

Sheet piles (length and shape) 

Piles under slab (load, length and 
integrity) 

Reinforced concrete  
wall (thickness,  
rebar location) 

Apresentador
Notas de apresentação
And of course other structures can be build and inverstigated on this test site.
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Large Concrete Slab (LCS) at BAM   

11 Tendon ducts with strands  
(length 4 m,  diameter 40 … 100 mm) 
Grouting defects, Grouting by DSI 

1. Section -  Tendon ducts  

Facility for various tests and 
measurements for the improvement 
of NDT-CE methods 

Reference specimen for comparison 
 of different methods (=>validation) 

 

Apresentador
Notas de apresentação
This slide shows the layout and construction of a test slab for the validation of NDT measurements.

On the right side the installation of tenons with and without grouting defects.
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2. Section -  Voids and auxiliary devices  
Voids:  

Compaction faults (gravel pockets) 

 

Auxiliary elements:  

Inlet for water and salt-solution through a tube from the 
bottom side into high porosity structure 

Thermoelements (for Thermography)  

Stainless steel-plate for backside reflection calibration 

Plastic tubes (for Radiography) 

Honeycombs 

Thermoelements 

Steel-plate 

Plastic tubes 

Water inlet 

Apresentador
Notas de apresentação
This slide shows the realization of other defects like honeycombs, steel elements and so on.

So, a very complex measurement situation.



Automation and Scanning 

Multipurpose Scanner System 
mounted on LCS 

Ultrasonic- / Impact-Echo 
(Combined sensor head) 

Radar (1.5 GHz antenna) 

 25 
 
 

BAM 8.2 

Apresentador
Notas de apresentação
First measurements on this test specimen have been carried out using an automated multi sensor scanning device. The advantage of this approach are fast and accurate measurements. The quality of data can be improved significantly by using these kind of NDT scanners.



BAM 8.2    26 
 
 

Scanning Systems 

1.6 m x 1.6 m 

4 m x 10 m 

Scanning Area Speed: 
 
 Ultrasonic Echo/Impact Echo  

             1m2/h, 0.02 m point grid 
 

 Radar 
     15m2/h, 0.05 m line grid 

Apresentador
Notas de apresentação
This slide shows the application of automated scanning devices for different bridge applications.

Measurement speed is about 1m²/h hour for impact echo and US and 15m²/h for radar, which is very fast comparing to single measurements.
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2-dimensional measurement on the surface of structures 

 B-Scan 

plots perpendicular to the measurement surface (x-y plane) 

 C-Scan 

plots parallel to the measurement surface (x-y plane) 

Projections and Animations of consecutive scans 

3D-Reconstruction  

Data Fusion 

Focusing of reflected signals using SAFT 
(Synthetic Aperture Focusing Technique) 

Superposition of data 

Não é possível exibir esta imagem no momento.

Surface 

Apresentador
Notas de apresentação
At the end of the scan you have a 3D element filled with various data sets. An analysis of these data is only possible using advanced analysis techniques. The process is shown on this slide.

You could start with B- and/or C-Scans. Do projections and animations. Furthermore you could do 3D reconstructions of for each sensor and finally you could fuse all the data to one data set.
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Impulse Echo Principle 
(1)           Electro-Magnetic Method Radar 

 Reflections at interfaces of materials with different dielectric properties 
 Antenna of 900 MHz and 1.5 GHz Position of antennas 

Radar gram with hyperbola 

Apresentador
Notas de apresentação
On this slide the results of the radar measurements. A B-scan (lower picture) with typical hyperboles at the position of reinforcement.



BAM 8.2    29 
 
 

(2)       Acoustic Methods Ultrasonic Echo/ Impact-Echo 

Ultrasonic Measurement Device Impact-Echo Measurement Device 

 Reflections at interfaces of materials with different acoustical properties 

 Shear waves  

 center frequency of 50 kHz 

 Measurement head 

 24 point-contact transducers 

 without coupling agent 

 Frequency range 

 from 1Hz to 40 kHz 

 Frequency spectrum analysis 

 multiple reflections 
   (recorded in the time domain) 

Apresentador
Notas de apresentação
On this slide the two acoustic sensors mounted on the scanner US and Impact echo. BAM does at the moenet not use IE anymore as they think that US is a more powerful method.
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BAM 8.2 

Apresentador
Notas de apresentação
This picture shows a C-scan from radar measurements for the test specimen.

Tendon ducts and areas with a reduced thicknesses are clearly visible.
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BAM 8.2 

Apresentador
Notas de apresentação
The assessment of measurement results is much easier when you look at this video. Again C-scans at different depths.

Click on video!!!
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BAM 8.2 

Apresentador
Notas de apresentação
Here a C-scan at a depth of 10 Cm. Ducts and the corrosion net a clearly visible.
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Depth distribution of reflection vs. X-axis (B-scan)  
Shadowing additionally caused by reinforcing bar spacer 

Transm.   Receiv. 

Ultrasonic echo 

Acoustical imaging of 6  
tendon ducts in LCS: 

2 D Scanning and 3D-SAFT 
(Sythetic Aperture Focusing 

Technique) 

Apresentador
Notas de apresentação
These are the results for US echo measurements for the test specimen.

The picture clearly shows the back wall and the position of the ducts.
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Application at post-tensioned concrete bridge 
 Large Area Investigation (Scanner) 

• Radar 
• Impact-Echo 
• Ultrasonic Echo 

Construction 
Cantilever unicellular box bridge  
Length: 480 m  
Prestressed in longitudinal and   
transversal direction   
Constructed 1966, deconstruction 2004 

Apresentador
Notas de apresentação
After these measurements on a test specimen now a few results of measurements on real bridges. A typical box girder bridge that has been investigated using a scanner system with radar, Impact echo and US sensors.
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Results 
Measurements on a post-tensioned bridge deck 

Test Area on the top: 4.0 m x 10.0 m 
Test Area on the bottom: 3.0 m x 10.0 m 

 tendon ducts with diameters  
    of 45 mm, each with 6 wires 

 thickness of the deck 23 - 38 cm  

Apresentador
Notas de apresentação
This slide shows the scanning system and the measurement positions. Measurements have been carried out from the top of the bridge deck as well as from inside the box girder.
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Radar – Datafusion  

Bridge deck: Superposition of radar data from the top 
side and bottom side (Polarization in x- und y-direction,  
maximum of magnitude is represented) 
Movie of slices parallel to the surface: 

Apresentador
Notas de apresentação
This video shows C-Scans (slices parallel to the surface) from radar measurements from top and bottom side. Concrete reinforcement and tendon ducts can be clearly detected.


Click on Video
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2 Data Sets  

recorded with the 1.5 GHz-antenna 

with polarization in x and y-direction 

3D-Reconstruction with SAFT 

   (Synthetic Aperture Focusing Technique) 

Data Fusion 
Test Area   4.0 m x 10.0 m 

Radar-Visualization of the Results as 3D-Animation 

Apresentador
Notas de apresentação
This video shows reconstructed and fused radar data sets in 3D. You can go down (C-Scans) or look at B-Scans and you can even take away the concrete and look at the reinforcement only.

Click on Video
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B-Projection 
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D-Projection 
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Bridge deck top side: C-Projection close behind the back wall    

Apresentador
Notas de apresentação
Here, the results of Impact echo measurements for the test section. Again, you get a clear indication for the back wall (thickness) of the concrete slab. On the right B-scan you can see areas with changing back wall echoes that are an indirect detection for the tendons. This is the information that you can get from IE measurements.



BAM 8.2    39 
 
 

Right: 
C-scan depth about 8 cm 

step width 5 cm 

Left:                                        
SAFT-C-Projection                
depth 11,7 cm … 12,1 cm 
step width 2,5 cm  

Ultrasound: Duct investigation 

      High 
      reflection 
      intensity at 
      both sides 

Bridge deck bottom side  

Apresentador
Notas de apresentação
Much better the results of reconstructed ultrasonic measurements from inside the box girder. You get a very direct indication for the position of the tendons.
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Bridge-deck: Destructiv testing: 35 cores, endoscopy  

Box girder wall (longitudinal tendon ducts) 

Bridge deck (transverse tendon ducts): 
Very good grouting condition 

     Verification 

Apresentador
Notas de apresentação
The aim was here to identify possible sections without grouting of the ducts. Unfortunately, coring did not show larger defects. A very small grouting defect was found in one the cores only.


Verification by coring; almost no defects
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Measurements on webs of box girder bridges 

Test Area: 10 m (length) x 1.5 m (height) 

 thickness of the web 50 cm  
     (83 cm in the area of anchoring of the pre-stressing) 

 bridge under unaffected traffic 

 simultaneous mounting  
   of the impact-echo and  
   ultrasonic sensors  
   on the scanner 

Apresentador
Notas de apresentação
Another example for NDT measurements on a bridge is shown here. Measurements were carried out from both sides of the web. The bridge was under full traffic during the measurements. The test area was 10 by 1.5m with three layers of tendons. Some of the tendons were coupled within the measurement area. 
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Data Fusion of Radar and Ultrasonic Echo 

Animated sections parallel to the surface  
through the measurement depths from 0 cm to 60 cm  

 3D-reconstructed and fused radar data sets (1.5 GHz-antenna) 
 and 

 3D-reconstructed ultrasonic echo data set 
 

Apresentador
Notas de apresentação
This video shows reconstructed and fused radar and US measurements. Reinforvcement, three layers of tendons and details of the coupling area can be clearly identified.

Click on video
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Ultrasonic Echo 

SAFT-C-Projection parallel to the measurement surface  
at the range of depth from 22 cm to 28 cm 

Coupling area  

Apresentador
Notas de apresentação
This is a picture from ultrasonic measurements of the same area that shows the second layer of tendons quite clearly.

Tis is a very good result regarding the very complex situation here.
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Ultrasonic Echo 
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Box girder web  
  Thickness: 50 cm  
  Height of test area: 1.40 m 
      
              SAFT-B-Scan 

Inside of 
the web 

Box girder web  
  Thickness: 75 cm  
  Height of test area: 1.60 m 
 
     SAFT-B-Projection  
   Depth of test area: 1.20 m  

Outside  
of the web 

Apresentador
Notas de apresentação
Here, two pictures of the cross section of the web.

Right: three layers of tendons can be clearly identified in the reconstructed data set.

Left: Measurement from the inside of the box girder. Here, also three layers of tendons can be identified. 

Again, a very good result regaring the complex situation here.
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Test Area on the bottom side of the deck, 0.96 m x 18.40 m:  

ultrasonic echo measurements were done in 23 scanning areas length of  2 m  x 0.40 m                                                                                                                                            

Measurements on a bridge deck, pre-stressed in longitudinal direction 

Apresentador
Notas de apresentação
Another example where measurement on a bridge have been carried out to detect possible sections with ungrouted ducts.

The measurement area was 0.96 by 18.4 m; a very large area.
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Ultrasonic Echo 

Tendon duct 4 
 
 

Tendon duct 2 

Tendon duct 3 

Tendon duct 1 x in mm 

 

SAFT-C-Projection in the depth range of  z = 200 – 400 mm 

Right: SAFT-B-Projection about the whole length of 18.40 m 

Apresentador
Notas de apresentação
The results of ultrasonic echo measurements show clear indications for the location of the tendons. This is despite the fact that there is a lot of concrete reinforcement in this area.
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Evaluation of the Intensity of Ultrasonic Echo-Signals 

Back wall of the structure in 
a depth of 1.75 m 

Tendon duct 
Reinforcement bars 

0 400 800 1840 
Length x in mm 

1200 1600 

SAFT-B-Projection about the range with the tendon duct 2 

Apresentador
Notas de apresentação
This is a B-Scan of the intensity of the ultrasound siganls in a cross section with tendons. This picture does not give any indication  for ungrouted ducts. Again, reinforcement, tendons and back wall are clearly visible.
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Transmitted pulse Reflected pulse 

Pulse Behaviour of Ultrasonic Echo-Signals 

Reflections on steel in concrete 

        No transfers of phase 

 

Reflection on air-inclusions in 
concrete 

        Transfer of phase 

Apresentador
Notas de apresentação
Measurements at BAM have showm that ungrouted ducts can be identified by analyzing the phase of ultrasonic echo signals.

In case of reflections on air inclusions a phase transfer would occur (red – green – red). Where for reflections on steel in concrete this would not happen (green- red – green)
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Reflection on the back wall  
of the structures  

(topside in a depth of 1.75 m) : 
transfer of phase (red-green-red) 

Length x in mm 

Reflection on the upper side of a tendon duct: 
no transfer of phase (green-red-green) 

Length x in mm 

SAFT-B-Projection (Phase)  

Top: about y=1940-2100 mm, Down: about y=1828-1926 mm (tendon duct 2) 

Evaluation of Pulse Behaviour of Ultrasonic Echo-Signals 

Apresentador
Notas de apresentação
The measurement results have been analyzed and as a result no ungrouted sections could be detected.

However a transfer of the phase is clearly visible at the back wall. 

Rückseite mit Phasensprung; gegen Luft

Schlussforgerung Verpressung ok
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ASV Fulda 

Vienna City Administration 

Research group  
supported by the DFG (Deutsche 
Forschungsgemeinschaft) 

BAM 

Vielen Dank! Thank you! 

and many others … 

Apresentador
Notas de apresentação
Ladies and Gentlemen, this was the presentation by Herbert Wiggenhauser on the us of NDT for concrete structures. I hope that I could demonstrate the state of art.

I hope that I could make clear that NDT is not a tool that can be applied by everybody. It requires a lot of know how and experience; the right selection of the test equipment for the specific measurement task as well as a very careful analysis of the measurement data.

For tunnels on Federal Roads in Germany thickness measurements of the inner lining are compulsory. To make sure that these measurements are carried out in the right way we have installed a kind of a certification process that includes the test equipment as well as the know how and experience of the experts that carry out the measurements. By doing this we make sure that we receive good and reliable results.

By this I would like to conclude and thank you very much for your kind attention.
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