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Abstract 

 
In Austria the required main inspection (hydrotest and visual inside inspection) can be 

replaced by a pneumatic test monitored with acoustic emission since 1992. Till the end of 2006 
more than 30.000 vessels, above ground and buried, have been tested according to this method. 
The gained experiences were incorporated into the new European Standard for LPG vessels, 
where an annex determines the minimum requirements to perform an acoustic emission test 
(AT). By the use of a complex factor (cluster evaluation factor or CEF) for conspicuous regions 
(Δt-clustering), we are able to validate the integrity of the vessels not only qualitatively but also 
quantitatively. CEF was initially evaluated during laboratory and field testing, but will be 
improved with additional data from the results of future tests. Current AT procedure allows the 
automatic calculation of CEF.  The AT and the evaluation procedure can be also applied on LPG 
vessels above 13 m3, nearly without any limitation. With detected faults (e.g. cracks in juggle 
joints) the feasibilities and also limitation of the testing method shall be demonstrated. Especially 
unstable critical crack propagation emits only a few AE events and therefore the evaluation has 
to be very strict. 

Outside Austria, the method will be applied by different licensees in Germany, Czech 
Republic, Slovenia and as an additional safety method in Italy. New European standards will 
extend this method also to trucks and railroad cars, which would increase the competitiveness of 
the gas industry. 
 
Introduction 
 

Based on the legal requirements in Austria, the LPG vessels have to be tested periodically 
every 6 years by a hydro-test up to 1.3 times the service pressure (setting of the safety valve) and 
a visual inside inspection. Every 2 years, an additional outside inspection has to be performed. 
This procedure was time-consuming, expensive and gave us no real answer about the status of 
the vessel. This is not a solitary problem for LPG vessels, because a hydrotest gives us only a 
binary answer: good or burst. A further problem, which will be introduced by hydrotests, is the 
residual humidity causing corrosion problem within the vessels and blocking of the valves during 
the winter season by ice. 

In 1992, after extensive laboratory testing and further test trials on real LPG vessels “on-site” 
TÜV Austria started with the Acoustic emission Testing (AT) of LPG vessels [1]. Based on 
records, we fixed the test pressure for the above-ground LPG vessels with 1.25 MPa and for 
underground LPG vessels with 1.1 MPa (always at minimum of 10% above the highest working 
pressure during the previous year). Consequently, the pressurization could be performed with the 
stock product (LPG) itself. Although the vessels were small enough to cover 100% of the 
vessel’s surface under load with only one single sensor, we decided to work with linear-location 
software (which requires two or more sensors) for different reasons: 

1) The most important reason was that the application of 2 sensors gave us an additional 
powerful filter criterion to distinguish random background noise from “real” AE signals. 

2) For above-ground LPG vessels, the application of linear-location software gave us the 
opportunity to re-calculate the amplitude of the AE wave to the point of origin, which gave us the 
possibility to weight the energy of the emitted wave. 
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3) For underground LPG vessels, where a normal linear location is impossible, we decided to 
make a Δt discrimination to combine the AE signals, which are coming from one point (one 
hyperbola) and then delete those AE signals, which come scattered from all over the vessel. 

This 3rd reason is important, because it is obvious that a vessel fails because of defects 
coming from one or several AE sources (points of origin) and does not collapse in total. 
Therefore, it is important to look at the different clusters of the vessel, because we all know very 
well, that it is a big difference if we get, e.g., 10 AE signals from 1 point or scattered over the 
complete wall of the vessel. 

Beside the problem for the determination of clusters for underground vessels, it is impossible 
to re-calculate the acquired amplitude back to its origin. This leads to fact that we cannot 
measure only the amplitude or energy; on the contrary, we have to assess also these AE 
parameters, which would be less affected from the attenuation [2]. Over the years, we developed 
a complex factor, called “cluster evaluation factor” or CEF, which combines different AE 
parameters to a number for classification of the status of the different clusters. These numbers 
will be used as a pre-warning system against a catastrophic failure and also for the classification 
of the complete vessel.  

  

Fig. 1: Acoustic emission testing of LPG tanks. The sensor positions for above-ground 
application are near circumferential welds (left) and for underground application the sensors 
are mounted at the man-way nozzle (right). 

Cluster Evaluation Factor (CEF) 
 

The application of the CEF is based on the EN 13554 “NDT – AT – General principles”, 
where it is ascertained in §9.2 “Data analysis, Grading”: A dedicated software, based on an 
extensive database can be used to provide an automatic evaluation of the identified zones [3]. 

The idea behind this factor was to combine the different AE parameters, e.g. maximum 
amplitude, energy, duration, activity in such manner that on one hand the combination minimizes 
the influence of the distance between the AE source and the point of detection (sensor) and on 
the other hand that critical situations (unstable growing cracks) will be identified on time. The 
database, which led to this CEF, includes results from several thousands AE tests and will be 
improved with additional data from future tests. For the CEF calculation, the different AE 
parameters will be combined in a matrix, where the different values of the parameters will be 
related to numerical values. The combination of these values leads to a final number, which 
indicates the criticality of the cluster. The cluster with the highest CEF value, because this is the 
most dangerous part for the integrity of the structure, will be used for the classification of the 
LPG vessel. 

The calculation of CEF is according to the equation below with parameters listed in Fig. 2. 
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Fig. 2: The structure of CEF and its calculation method. 

 
This CEF will be calculated within AE equipment (Vallen Systeme) itself. The sub-program 

is produced by TÜV Austria Services and is now licensed to different companies from Czech 
Republic, Germany, Slovenia and Italy [4]. 

This automatic calculation of the CEF has the following advantages: 
1) The result (grading) is available on-line. Critical situations can be prevented much easier. 
2) In combination with a written test instruction, according EN473, an AT1 test inspector is 
able to perform the AT independently. 
3) For the application of several thousand of these tests in several countries of Europe the 
results are equal, independently of the country or the specific test crew. 

According the new Annex of EN 12817, a defined and evaluation factor “C” is recommended 
for the on-line evaluation as stop criteria and is required for the post-analysis [5]. 

 
Application of the Test Methodology 
 

Although the method including the CEF calculation was developed for application on LPG 
vessels up to a volume of 13 m3, the method is applicable beyond this limited application. Based 
on the fact that the methodology determines the AE behavior of a defined cluster, whether it is a 
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location cluster or it remains a Δt-cluster, it can be used for every structure as long as an 
evaluation matrix is available. 

TÜV Austria and our licensees use AT for all underground LPG vessels up to a volume of 
350 m3, where we apply the sensors according a quality management procedure with the help of 
pre-installed application tubes. The results show no significant difference as long as the 
procedure is used precisely and the changed marginal requirements are incorporated into the 
application. The method is accepted according the Austrian Law for all LPG vessels as long as 
the European standard and the validated and certified procedure will be observed. A further 
important point is that in our opinion it is very important to re-test all vessels. Batch testing of 
vessels, or how it is done in most European countries, is inadequate because the batch testing can 
only check the influence of production defects on the vessel, and have no opportunity to check 
the influence of location and installation on integrity of the vessels. Therefore, any estimation 
about the integrity of non-tested vessels within a batch is more or less a well-meant anticipation 
and has nothing to do with the AT-result.  

The method using CEF for data evaluation and vessel classification can also be applied on 
other pressure equipment, if you are able to use a specific database for such kind of vessels. For 
above-ground structures you can use also the recalculated values of the different AE parameters 
and in this case the advantage of the technology is based on the fast response and a relief for the 
AT test crew. Based on the rapid development of the numbers of AT in Europe in the last years – 
more than 30.000 just by the TÜV Austria and its licensees and partners - a possibility to 
compare AT on the basis of quantitative values will become increasingly important. Nevertheless 
the application needs in any case an extensive database and a well-known validation procedure 
before its application. 
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