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Abstract. Corrosion is a natural process converting refined metals to their more 
stable oxide. Chemical reactions with the environment cause gradual destruction of 
materials (mostly metals). Corrosion is the most important and dangerous 
degradation process for metallic structures used for different applications and 
various installations appearing as uniform, pitting, grooving or weld metal corrosion 
or in high stress areas or under insulation. Undetected corrosion will lead to 
catastrophic failure of structures and consequently to enormous economic losses. 
Overall direct costs associated with metallic corrosion were calculated for US in 
1998 with $276 Billion (approx. 3.2% of the US gross domestic product) mainly 
related to fields like infrastructure, production, manufacturing or transportation. 
Detection of corrosion on time during inspection and maintenance is very important 
in all industrial fields. Often corrosion is invisibly, especially when occurring inside 
a component or because of different types of coating or insulation covering the outer 
surface. Acoustic emission testing is a non-invasive and integral testing method, 
used successfully during decades for inspection in industry. Furthermore, AT 
enables the detection of active corrosion inside or outside of components or under 
insulation applying only a few sensors on the surface. 
The paper will summarize fundamental lab experiments of EC funded projects, 
where the basics for detection and evaluation of corrosion could be checked and 
verified. The results demonstrate the abilities but also the limits of the methodology. 
Case studies from different structures and industrial fields will be demonstrated: 
• Pressurized gas storage tanks in a refinery 
• Pressurised gas pipeline 
• Flat bottomed storage tanks for natural oil or HC liquids 
• Tankships for oil products 
• Storage tanks for LPG 
 
Furthermore, an outlook will be given about future possibilities for corrosion 
detection by AE monitoring. The methodology includes monitoring the start and 
different steps of material degradation over time. In combination with risk based 
inspection, stops and repairs can be performed on time before a hazardous situation 
will occur. Thus, the competiveness of the industry can be increased, while the 
environment will be protected against disasters and pollution. 
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Introduction  

Beside fatigue, corrosion damages are a main cause for structural failures in pressure 
equipment, storage tanks, pipes, ships, road tankers and railway tank cars. Usually, 
corrosion at metallic vessels is a combination of different processes [1]. The primary 
process is the randomly occurring chemical reaction anywhere at the structure causing 
acoustic emission of low energy and short duration. Corrosion processes may happen either 
at blank metallic surface or at corroded areas, i.e. at brittle scaling layers. Thus, secondary 
effects, like peeling off or breaking of corrosion products will lead to acoustic emission 
with higher amplitudes or energies and longer durations. As a rule of thumb, a loss in wall 
thickness of 1 mm caused by corrosion yields to 8 mm thickness of scaling layer. 
Using measuring data from laboratory tests as well as from field tests analysis, tools based 
on pattern recognition were developed for data discrimination. 

1 Case Studies 

In the following paragraphs five representative cases are illustrated: 
1) Corrosion under insulation of a pressure vessel 
2) Corrosion between pipes and pipe supports 
3) Corrosion testing at flat bottomed storage tanks 
4) Corrosion in ballast tanks of ships 
5) Corrosion at LPG tanks 
 
The cases 1) and 2) are typical examples for corrosion detected during pressurisation of 
equipment or components of plants. Acoustic emission is generated by secondary effects 
resulting from corrosion. Pressurisation can cause breaking or peeling off of corrosion 
products and degradation of the structural integrity due to the loss of wall thickness. 
Detection of cracking and corrosion by means of acoustic emission testing without 
pressurisation of the structure is shown in the cases 3) and 4). In contrast to the cases 1) and 
2), acoustic waves propagate in case 3) mainly and in case 4) partly through the liquid 
(liquid storage product, sea water). 
Acoustic emission testing at LPG tanks, case 5), is performed for inspection of the tank 
integrity including possible cracks as well as possible corrosion. 

1.1 Corrosion under insulation of a pressure vessel 

The structural integrity of pressure vessels has to be tested according legal rules. The 
preferred testing method in many industrial branches is acoustic emission testing. Cracks 
causing structural degradation shall be detected. In this case severe corrosion under 
insulation was found during pressurisation of a pressure vessel (Fig. 1). Acoustic emission 
was mainly produced by secondary effects, as peeling off and breaking of corrosion 
products during pressurisation and structural degradation due to loss of wall thickness in 
the corroded areas. 
The thermal insulation was removed according the indications delivered by acoustic 
emission testing. Found corrosion products were removed and after cleaning new coating 
layers were painted to the surface and thermal insulation was replaced by new one. 
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Fig. 1. Indications (middle) of acoustic emission testing during pressurization of a pressure vessel (left) 

and examples of found corrosion (right) at indicated locations (middle) 

1.2 Corrosion between pipes and pipe supports 

Using linear location acoustic emission testing routinely has been applied to pipes for 
inspection of the structural integrity with respect to cracking. The example shows at defined 
locations of pipe support indications delivered by acoustic emission testing during 
pressurisation (Fig. 2).  
 

 
Fig. 2. Indications (linear location) of acoustic emission during pressurization of a pipe  

 
The following facts describe acoustic emission originated mainly by corrosion and/or 
cracking of corrosion products during pressurisation. The values of corrected amplitudes 
for the located indications were mainly within a small range (here 50 dBAE and 65 dBAE). 
The range rises to approximately 70 dBAE above a pressure of 21 bar. A nearly constant 
event rate for the located events was found (here from 18 bar to 25 bar). Even the cluster 
evaluation factor (CEF) showed a constant maximum value during nearly the whole (here 
from 13 bar to 24 bar) pressurisation (Fig. 3). 
At the locations indicated by acoustic emission (Fig. 2), corrosion and corrosion products 
were found (Fig. 4) between the pipe and local pipe supports. Supports were demounted 
and corrosion products were removed. After cleaning new coating layers were painted to 
the surfaces. For comparison other pipe supports were inspected, where no acoustic 
emission was indicated, but there no corrosion was found. 
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Fig. 3. Indications (upper part: located events and corrected amplitudes, lower part: CEF)  

versus pressure of acoustic emission during pressurization of a pipe 
 

 
Fig. 4. Found corrosion and corrosion products at the inner side of pipe supports 

1.3 Corrosion testing at flat bottomed storage tanks 

During the EU-funded project "Inspection of flat-bottomed storage tanks by acoustical 
methods" (SMT4-CT97-2177) frequency-domain-based pattern recognition was developed 
to identify the source mechanism of located AE sources at the tank floor [2-5]. Active 
corrosion processes and turbulent leakages cause acoustic emission, which can be 
monitored during testing. Thus, degradation of the tank floor can be found. Typical 
degradation in flat bottomed storage tanks due to corrosion (Fig. 5), e.g. at wear plates, are 
indicated very well by acoustic emission testing. The testing is performed without 
pressurisation of the tank and the acoustic waves propagate through the liquid product to 
the sensors mounted outside at the tank wall. 
Based on reference data from various measurements at tanks a classifier was developed for 
discrimination between acoustic emission data related to leakage and corrosion, 
respectively. Choosing appropriate features enables maximum discrimination of measuring 
data with respect to corrosion and leakage (Fig. 6). As shown in the diagram, the 
functionality of the created classifier could be verified by applying to test data (Leak1, 
Leak2, Corr1 and Corr2). Furthermore, also classifiers were developed to distinguish 
between different types of layer thickness. 
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Fig. 5. Indications from acoustic emission testing and related source (wear plate) 

 

 
Fig. 6. Discrimination of leakage and corrosion using specific features from transient AE data 

and results of the developed classifier applied to measurement data  

 

 
Fig. 7. Results (red dots: class “corrosion”) of developed classifier applied to location results 

of acoustic emission testing at a real flat bottomed storage tank 

 
The developed classifier was applied to measuring data from acoustic emission testing at a 
real flat bottomed storage tank (Fig. 7). Reference data used for the classifier as well as 
measuring data from real tests originate from acoustic emission propagated to the sensors 
through the liquid medium. In contrast to acoustic waves in metallic plates, which disperse 
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during propagation, acoustic waves propagating through liquid do not disperse. Hence, the 
application of pattern recognition to measuring data is nearly not influenced by the 
propagation of the acoustic waves. Dispersion of acoustic waves in metallic plates causes 
changes in the frequency pattern of acoustic waves. Thus, pattern recognition is strongly 
influenced by the distance between the acoustic source and the receiving sensor. 

1.4 Corrosion in ballast tanks of ships 

Corrosion detection was one important part of the EU-funded project CORFAT (SCP7-GA-
2008-21863) based on the experiences from the EU-funded project "Inspection of flat-
bottomed storage tanks by acoustical methods" (SMT4-CT97-2177). The main task was the 
detection of degradations (cracks, corrosion) on transport products (ships, railway cars and 
trucks) by acoustic emission testing. During cruising of ships, by waves external loads 
effect on the structure causing bending and torsion. Thus, in areas of high stress fatigue 
cracking is induced. Additionally, cracking and peeling off of corrosion products occur. 
During laboratory tests corrosion was generated at ship steel plates applying them to 
corrosive environment similar to real conditions [6]. Measured data from acoustic waves 
propagating through the metallic plate were used to create a classifier for distinguish 
between acoustic emission data related to background noise, corrosion and fatigue, 
respectively (Fig. 8). 
 

 
Fig. 8. Indications delivered by acoustic emission testing during corrosion at a steel test plate on the bottom 

side in acid vapour; purple dots indicate located events related to the class “corrosion” 

 
Field tests at real tankers were carried out during cruising [6]. For acoustic emission 
monitoring sensors were mounted partly in the compartments of a ballast tank (Fig. 9). 
Because of good environment conditions during cruising bending or torsion of the structure 
was very low. But acoustic emission monitoring in an empty area of the ballast tank 
indicated active sources with amplitudes up to 65 dBAE approximately 1.5 m to 2.5 m 
below the sensor setup. Subsequently, two sensors were replaced from an upper region to 
the area of the found corrosion for location (Fig. 9). The created classifier was applied to 
the measuring data and classified the acoustic emission sources to the class corrosion. 
Follow-up inspection of the located area showed corrosion and corrosion products 
(Fig. 10). The biggest corrosion area had a length of approximately 23 cm and a maximum 
depth of 2.7 mm. Found corrosion products were removed and after cleaning new coating 
layers were painted to the surface. 



 

7 

 
Fig. 9. Acoustic emission measurement during anchorage - Location 3D inside one compartment, 

low level background noise, location of real corrosion sources (purple dots: class “corrosion”) 
 

 
Fig. 10. View of the area with biggest corrosion damages (length 23 cm, maximum depth 2.7 mm) 

found by acoustic emission testing 
 

1.5 Corrosion at LPG tanks 

 
Fig. 11. Indications (left: locations at the surface of the tank (blue area: corrosion); 

right: corrected amplitudes versus pressure) of acoustic emission during pressurization 
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Corrosion is an important factor for inspection of LPG tanks, because degradation of the 
tank increases with rising loss of wall thickness. During pressurisation of LPG tanks 
acoustic emission can be generated by crack growth in the base material as well as by 
cracking or peeling off of corrosion products. The values of corrected amplitudes from 
acoustic emission during pressurisation of the demonstrated case were in the range of 
63 dBAE to 83 dBAE up to a pressure of 13 bar. Indications from acoustic emission testing 
(Fig. 11) were related to friction and corrosion (Fig. 12). But also without pressurisation of 
an LPG tank active corrosion can be detected by acoustic emission testing. Thus, standard 
EN 12817 requires monitoring of LPG tanks for a period of 5 min before pressurisation in 
order to evaluate any acoustic emission resulting from active corrosion. 

 

 
Fig. 12. Real corrosion found in the LPG tank 

2 Conclusion and Outlook 

The shown cases demonstrate that active corrosion and cracking or peeling off of corrosion 
products, respectively, can be detected and monitored by acoustic emission testing. By 
means of relevant reference data specific classification tools, e.g. based on pattern 
recognition, can be generated for data discrimination related to different sources of acoustic 
emission. In any case, the path of wave propagation (trough liquid medium or in the 
metallic plate) has to be taken into account. The knowledge about the origin of acoustic 
emission can be used as additional information for maintenance. In combination with 
inspection measures, e.g. risk based inspection, maintenance, repairs and stops can be 
optimised. Hence, the competiveness of the industry will be increased as well as the 
protection of the environment against disasters and pollution will be improved. 
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