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INSPECTION OF LPG VESSELS WITH AE EXAMINATION
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TÜV Austria, Wien, Austria

ABSTRACT

Since 1992 the required main inspection can be replaced by a pneumatic loading monitored with
acoustic emission (AE). The data evaluation, which started with ASTM Standards, has to be changed,
because new results showed that the specific kind of defects in juggle joints and all disturb noise make
an active evaluation method inappropriate. An evaluation method based on the different AE
characteristics, combined in a Cluster Evaluation Factor (CEF) and implemented in the on-line
monitoring, gives us and in specific the test inspector the opportunity to detect the criticality of a vessel
very early and stop the test without any problem for the environment.

INTRODUCTION

It’s obvious, that today gas is beside crude oil the most important basis for the production of energy.
Because the establishment of the necessary network of transportation lines for natural gas is expensive
the common alternative is the use of liquefied petroleum gas (LPG). This LPG is stored at the end-user,
often private houses or medium and small enterprises, in small storage tanks up to 15 m3. Since these
storage tanks (pressure vessels) have to be inspected before they go into service and periodically during
their lifetime, we found defective storage tanks, which lead, due to defects in the welds, to the escape of
LPG even during the normal service period. These defects occurred in the circumferential welds (juggle
joints) caused by stress corrosion cracking (SCC). The Technical Inspection Hessen (BRD) investigated
these phenomena and discovered that the reason for it has been the filling of these vessels with methanol
during storage before they went into service. Because the TÜV Austria has experience with AE-testing
of these types of vessels since 1992 and has tested and investigated similar defects, which occurred in
France in 1995/96, it was invited to help devise a proper testing method for these specific defects.

BASEMENT AND DEMANDS ON THE TECHNIQUE

Based on the experience with the specific type of defects we have had the following cracks in the juggle-
joints, the heat-affected zone and even in the remaining overlapping part of the material.

Fig. 1: Specific defects in the juggle-joint.
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Due to technical and economical reasons, a planar location system is inapplicable, especially for those
vessels, which are buried. These buried vessels are only accessible within the “dome” region, which are
situated the man-hole (e.g. Germany, Switzerland and Austria) or only through connection-lines (e.g.
France). On the other hand, the application of a one-sensor technique was improper based on the
shadowing effect and the high attenuation of the buried vessels, because one sensor could not possibly
inspect an area of up to 30 m2. Based on the high noise level coming from the environment and the
pressurisation device, the TÜV Austria used for vessels up to 5 m3 a two-channel system with a linear
correlation technique.

The loading during the tests were performed up to 1.1 times of the design pressure with the stock
product (LPG) itself. During this measurement the activity of the AE was controlled, but also the
intensity was evaluated.

Because AE can only detect those defects, which become active during the stimulation, it was clear that
the defects #3 and 4 (see Fig. 1) cannot be detected by AE. However, these cracks were not dangerous
for the vessels, because these parts of the vessel will not be stressed during the test or the normal
service. The most dangerous defects for the remaining lifetime of the structure are the cracks #1 and 2.

EXPERIENCES WITH THE AE TESTS

From 1997 till 1999, 39 vessels from these production lots, where these specific types of defects could
be expected, were tested in Germany. Of those 54 % was flagged by AE and has to be re-tested by other
NDT-methods. During this test-period one of the vessels became leaky at 1.61 MPa. These specific
results will be discussed later.

In Austria we tested during the same time period 75 vessels of the same series and 16 % of those vessels
with the most significant defects were taken out of service and under-went re-tests by other NDT-
methods. In this case no cracks were found, but unacceptable welding defects (e.g. lacks of fusion) were
detected.

The difference between the vessels in Germany and Austria has been the drying of the vessels in
Germany. The formic acid, produced from methanol and water, appeared in the vessels in a higher
concentration in German vessels. In Austrian vessels, the acid was diluted due to the higher amount of
residual water. But in both test series we found the same production defects and those initiated the SCC
in combination with the specific geometry of the juggle-joints.

AE-TEST RESULTS

The most interesting example was an LPG tank, which has a storage capacity of 2.3 ton, with the
diameter of 1.6 m. The material was StE 355 with a wall thickness of 5.6 mm. The tank was situated
underground and protected with epoxy-resin against corrosion.

The loading was performed by the evaporation of the liquefied gas from the working pressure of 850
kPa and was controlled with AE. At 1.5 MPa, the safety relief valve started to open and was blocked.
After this the pressurisation was continued. At 1.58 MPa the test-inspector detected a high AE activity
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and stopped the test. A crack (type 1 defect) was unstable critically at this stage and de-pressurisation
was too slow, the tank became leaky. Most of the gas could be pumped back in the service truck, but the
area around the vessel has to be blocked till the gas was diluted under the explosion barrier.

A post-test AE-data evaluation indicated that the crack propagation, which was initiated at a very low
pressure, could be detected at 1.35 MPa according the AE activity. But this didn’t show a large increase
of the rate. Much clear increase of the AE intensity occurred. See Fig. 2. A few events with a high
amplitude and energy, which consequently also resulted in a rise for the ring-down counts (with event
duration of over 100 ms).

Fig. 2:  AE-graphs starting from 1.2 MPa.

A more detailed evaluation of the data starting from the blocking of the safety relief valve showed that
till 1.58 MPa only a smooth increase of the hit- and count-rate was found (Fig. 3). A few high energy
events with consequently also high amplitudes led to a rapid increase in the energy and also count rate
above 1.58 MPa. At 1.61 MPa the crack became critical and the pressure relief followed couldn’t stop
the crack propagation.

After the test, the tank was dug out and we found a 40-cm long crack of type 1 caused by stress
corrosion cracking in the circumferential weld in the 6 o’clock position. The welding showed a massive
pre-damage and the residual wall-thickness of 1 mm fractured spontaneously by the loading.
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Fig. 3: AE-graphs for the last period (1.50 MPa till 1.61 MPa).

Such a big crack, which penetrated through more than 90 % of wall before the loading, showed in the
AE behaviour no increase in the AE activity rate until the crack started to propagate. This is caused in
this specific case by the juggle-joint geometry. This kind of welding produces a lot of interference noise
due to remaining slag and other metallic particles in the over-lapping part of the weld, while any
extension of the weld in circumferential direction of the weld is extremely restricted. Because the cracks
are open from the beginning, no AE from crack opening movement could be detected.

From 1.5 MPa till 1.58 MPa, a few but very energetic signals could be detected. These were produced
by crack propagation. This crack can be detected with AE and shall lead to a safe “stop” of the test.  To
take this into account, a specific factor, which gives us a possibility to classify a tank or even a specific
area quantitatively in the post analysis, has to be obtained. This “Cluster Evaluation Factor (CEF)”
refers to the specific characteristics of the AE-signals for the pre-selected cluster produced by a
correlation between the two sensors used. Due to the small sensor-to-sensor distance, a definite location
is impossible, but this time correlation gives us the possibility to filter out the noise and to weight the
factor for a specific area. Under this presupposition, that is, for this type of vessels the defects are
always in the same region, we can recalculate the energy of the event to the place of its origin or take
this into account for the threshold of this factor. This evaluation factor is calculated according to the
following formula:

CEF =
1
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where fp
n
 is weighting-factor for the different AE characteristics, pn is used AE characteristic (e.g.

maximum amplitude, true energy) and z is number of used signal characteristics

This formula gives us a quantitative expression about the specific cluster of the test object. This factor
will be implemented into the testing procedure as an alert-value and/or a stop-criteria and will be used
on-line during the pressurisation.

In the example shown (Fig. 4), the CEF demonstrates the criticality of the vessel at 1.16 MPa, which
gives enough time to stop the loading.

Fig. 4: Example of CEF.

Beside a clear test procedure, the previous feasibility check and a clear value for the CEF, the test
inspector needs not to weight the different AE signatures of the vessel and gains therefore the necessary
reaction-time to stop the pneumatic loading in time. This is an absolute requirement for this kind of
tests.

CONCLUSION

Since 1992 the mandatory inspection (hydrotest and visual inside inspection) can be replaced by a
pneumatic test monitored with acoustic emission. The data evaluation started at the beginning has to be
done according the ASTM E 569-82 “Standard Practice for Acoustic Emission Monitoring of Structures
During Controlled Stimulation”. This requirement is still valid for the accreditation and bring also a
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sufficient result and pre-warning time, if only stable crack propagation appears. If you also have
unstable, critical crack propagation, it is absolute necessary to add to this standard a specific test
modification.

This test modification has to be adapted on the problems of juggle-joints as circumferential welds. These
welds have specific defects, caused by stress corrosion cracking, but the AE behaviour is also distorted
by the hindered elongation and the noise. Even though the structure produces enough AE for the pre-
warning, the number of AE events is small and the AE test-crew must be highly alert during the pressure
test.

For the on-line monitoring, one needs a pre-evaluated factor, which gives a simple quantitative value of
the safety of the structure. The TÜV Austria used a specific cluster evaluation factor, which gives us the
opportunity to include all necessary AE characteristics into a quantitative guideline to stop or continue
the test.
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