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Abstract. The advent of dry point transducers has allowed new possibilities for 
ultrasonic testing of concrete structures and rock specimens. Recent developments in 
the technology such as single and multi-channel ultrasonic pulse echo technology 
and the automated determination of the modulus of elasticity have been pushing 
back the boundaries of the method. The effect of this has been to increase the ease 
with which traditional applications can be carried out and also to introduce new 
techniques for structural assessment. This paper sets out to highlight the current 
application spread of ultrasonic testing methods using dry point contacts. It also 
describes how the new technology compares with traditional methods and the 
benefits it brings to the user. Finally it will outline the current limitations of the 
technology and give some indications about the possible directions for further 
development.  

1. Current Applications Using Dry-point Contacts  

Dry point contact (DPC) transducers are primarily used in ultrasonic pulse echo equipment.  
By far the two most important application areas of ultrasonic pulse echo as far as concrete 
testing is concerned are determination of slab thickness and the detection of voids and 
delaminations. Slab thicknesses up to typically 1m can be detected. The actual range 
depends on the quality of the concrete and also on the amount of steel reinforcement 
present. Other applications include the location of pipes and post-tensioning cables.  In 
order to correctly differentiate between hollow pipes and rebars, phase detection software 
would be required. 

2. Traditional Ultrasonic Measurement of Poisson’s Ratio and E-Modulus  

2.1 Theory behind the method 

This method is based on measurement of the P-wave and S-wave ultrasonic pulse 
velocities. By measuring a P-wave transmission time and an S-wave transmission time, we 
are able to determine the P-wave modulus (M) and the Shear modulus (G). 

P-wave modulus (M):        . Where ρ is the density of the material and Vp is 
the pulse velocity of the P-wave. 

Shear-modulus (G):         . Where ρ is the density of the material and Vs is the 
pulse velocity of the S-wave. 
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Knowing any two of the elastic properties of a material allows the others to be 
calculated. In this case we are interested in calculating Poisson’s Ratio and the Elastic 
Modulus. Poisson’s Ratio (ν):                                                                                    

So Poisson’s ratio can be determined simply by measuring the P-wave velocity and 
the S-wave velocity and it is not necessary to know the density of the material. Once 
Poisson’s ratio is known, the elastic modulus can be calculated from the equation:             For this it is necessary to know the density of the material. 

This method determines the dynamic modulus of a material. It is most widely used 
for rock testing and as such there are well established guidelines including ASTM 
D2845[1] and in the ISRM guideline for determining sound velocity by ultrasonic pulse 
transmission technique [2]. 

2.2 Dynamic and Static Modulus of Elasticity 

The method can also be applied to concrete and Proceq have some customers who do this. 
However structural engineers typically work with the statistical modulus of elasticity. This 
is typically approximated in practice by the measurement of the secant modulus of 
elasticity using for example the method described in EN 12390-13 [3]. This is a laboratory 
test which can only be made on samples or cores. The relationship between the static and 
dynamic modulus of elasticity can be seen in the following diagram. 

 

Fig. 1. Relationship Between Static and Dynamic Modulus of Elasticity of Concrete 

Empirical relationships have been published between the dynamic and static modulus of 
elasticity. [3] The advantage of the dynamic modulus of elasticity measurement is that it 
can be performed in-situ and is totally non-destructive. 
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2.3 Issues with the measurement procedure 

As we have seen, it is necessary to determine both the P-wave and S-wave pulse velocity. 
Standard ultrasonic pulse velocity transducers are P-wave or longitudinal. Pulse velocity 
measurement is straightforward with this type of transducer and is covered by standards 
such as EN 12504-4 [4] and ASTM C-597 [5]. 

Determination of the S-wave pulse velocity is not so straightforward. Shear wave 
transducers like those shown in figure 2 are used. They require a special coupling gel that is 
extremely viscous. Standard coupling gel as used with P-wave transducers does not work. 
This makes them a little bit messy and expensive to work with. 

 

Fig. 2. 250 kHz Shear Wave Transducers with Coupling Gel 

In addition to this purely practical consideration, there is another issue. Such S-wave 
transducers also generate a small P-wave component.  

The P-wave component has a much faster pulse velocity than the S-waver 
component. In concrete it is approximately two times faster. This means that the P-wave 
always arrives at the receiver first as can be seen in figure 3. 

 

 

Fig 3. Received 50 kHz Shear Wave Signal Showing P-wave Component 

This P-wave component is troublesome when carrying out measurements as it 
prevents the use of automatic triggering, which would always detect the first pulse to arrive. 

This means that it is necessary to use an oscilloscope or waveform display to detect 
the onset of the S-wave. That in itself is not straightforward as the signal is rarely as clean 
as that shown in Figure 3. Fortunately there is a technique that can be employed which 
makes use of the fact that shear waves are polarized. The received S-wave signal increases 
and decreases depending on the alignment of the transducers. When they are correctly 
aligned the signal is strongest. When they are at 90° to each other the signal virtually 
disappears. By rotating one of the transducers it is possible to watch the received S-wave 
increase and decrease and in this manner identify its position precisely.  
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Fig 4. Received 50 kHz Shear Wave Signal Showing P-wave Component 

3. Automatic Determination of Poisson’s Ratio and E-Modulus 

Figure 5 shows a prototype dry point contact ultrasonic transducer which is intended to 
solve the issues associated with the traditional methods described in the previous chapter. 

 

 
Fig 5. Dry Point Contact Probe with P- and S-Wave Transducer Elements 

As can be seen the transducer combines both P- and S-wave transducer elements in 
a single module. The current implementation of the firmware used to control the 
transducers allows the P-wave elements and S-wave elements to be operated independently.  

Figures 6 and 7 show examples of pulse velocity measurements made on a 20cm 
concrete test block using the P- and S-wave transducer elements respectively. 
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Fig 6. Pulse velocity measurement using the P-wave DPC transducer elements 

 
Fig 7. Pulse velocity measurement using the S-wave DPC transducer elements 

The most important issue to notice here is that with the S-wave measurement there 
is no detectable P-wave component. This means that it is feasible to use automatic 
triggering for detection of the shear waves. Compare this with the waveform in figure 8 
which shows the E-modulus measurement on the same test block using Proceq Pundit PL-
200 with a traditional 250 kHz shear wave transducer. 
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Fig 8. Dynamic E-modulus measurement with a 250 kHz S-wave transducer 

Here we can see that the P-wave is significant as explained in chapter 2 which 
would prevent automatic detection of the S-wave. In this case the onset of the S-wave had 
to be detected by using the method of rotating the transducers. 

3.1 Conclusion 

To summarize, it is clear that the use of dry point contact technology has the capability to 
overcome the current issues with the determination of the dynamic modulus of elasticity. 
The need to use expensive and very inconvenient coupling paste is removed entirely. 
Automatic pulse detection of the shear wave means that the whole process can be 
automated to measure the P- and S-wave pulse velocities in turn at the push of a button. 
Subjective determination of the S-wave is also removed. 

4 Current Limitations of Dry Point Contact Technology 

As far as ultrasonic pulse echo technology is concerned with regards to imaging, the major 
limitations are range and speed of testing. 

The typical range of ultrasonic pulse echo technology using a 50kHz transducer is 
up to approximately one meter. It can be more or less depending on the quality of the 
concrete and the amount of steel present. 

There are also limitations in the near field which affects the detection of near 
surface anomalies. Delaminations within the first 5cm can be detected, but smaller objects 
will be invisible. 

The speed of testing is also a limitation. For detailed B-Scans using a single channel 
instrument it is necessary to make a significant number of readings. This can be time 
consuming and physically tiring. The situation is improved with multichannel instruments, 
but then the weight of the instrument becomes a factor when carrying out extended testing.  

Also as mentioned in chapter one, differentiation of hollow pipes and rebars would 
require either combination with metal detecting instruments such as GPR or eddy current 
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devices or the implementation of phase detection software that is not currently available on 
commercial instruments. 

For the use of dry point contacts in traditional pulse velocity measurements the 
major limitations come from a lack of experience and testing carried out. 

5 Further development 

In addition to trying to overcome the limitations defined in the previous chapter, the further 
development of instruments using dry point contact technology should focus on the 
development of new applications which will include applications currently covered by 
traditional ultrasonic pulse velocity testing. 

As we have seen in this paper, a solution for automated determination of the 
dynamic modulus of elasticity is close to fruition. There is no reason why this technology 
could not be used for compressive strength correlations. As it is possible to measure from a 
single side, this should give a better estimate than using a surface velocity measurement as 
is often the case with the traditional method due to the geometry of the structure under test. 
This would however require a change to the current standards that are limited to 
longitudinal or compression or P-waves only. 

There is also a case to be made for the development of a standard for ultrasonic 
pulse echo testing to further promote the use of this method. 
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