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Abstract 
 

Conventional acoustic emission (AE) commercial applications in the USA focus on assessing 
the structural integrity of pressure vessels and tanks. Even though there is a wide variety of newly 
developed advanced non-destructive techniques supporting these assessments as an alternative to 
AE, the variety of situations under which AE can be helpful continue to expand. This 
presentation aims at illustrating some new applications of AE on our historically pressure vessel 
oriented focus. 
 
Introduction 
 

Industrial applications of acoustic emission testing have in the past, been concentrated on 
evaluating a pressure vessel, a piping section, a tank, etc., for the presence of active crack-like 
discontinuities. Some evaluations were based upon pressurizing the component to slightly higher 
than normal operating pressure levels. Other evaluations included monitoring during distinct 
types of loadings, such as liquid filling, and thermal gradients (cool downs and/or heat-ups).  

During the execution of these AE inspections, the aim was to correlate AE parameters with 
internal pressure and/or temperatures. Departure from a linear behaviour would trigger closer 
scrutiny of the incoming data, as it is believed exponential behaviour may be an indicationi of the 
presence of a “critically intense source”. 

As industrial installations aged and damage mechanisms had time to develop, 
owners/operators faced the challenge of maintaining aging facilities, with known damage 
mechanisms, operating for longer than anticipated periods of time. Over the last two decades, 
special demand has been placed on the AE method. AE monitoring has been charged with 
monitoring existing damage in order to maintain a component in service, typically until a 
turnaround. This type of AE monitoring is focused at determining if existing indications and 
discontinuities are growing under certain circumstances. 
 
A historic perspective 
 

Traditional applications of acoustic emission testing aimed at determining if active 
discontinuities could be detected and located, under a certain loading condition. Conventional 
non-destructive examination (NDE), such as ultrasonic testing, magnetic particle, radiography, 
dye penetrant, etc. were applied as complementary NDE charged with identifying and sizing the 
active AE indications. In special cases, more “advanced” NDE methods such as automated 
ultrasonic testing (AUT) were brought in. 

As NDE techniques evolved and new methodologies were developed and made available, 
many from aerospace and military applications, there is a wider range of advanced NDE 
techniques today. The list of available advanced NDE techniques include (but are not limited to), 
time-of-flight-tip diffraction (TOFD), phased array (PA), EMAT, alternating current field method 
(ACFM), long range ultrasonics, real time radiography, etc. 
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Owners/operators of  pressure vessels, piping systems, or other components subjected to 

possible damaging mechanisms leading to catastrophic failure have a wider range of possible 
NDE methods at their disposal today, compared to 20, 10 or even 5 years ago. 
 
New challenges for AET 
 

It has become a common place for maintenance and reliability professionals to investigate 
which NDE techniques offers the best “cost benefit” ratio and delivers the expected results. Each 
NDE method still exhibit limitations, despite the fact that many are very powerful detection and 
sizing techniques.  

In our experience over the last 10 years, AE has been charged with a new set of expectations. 
AE has been asked to execute a number of special monitoring, under certain conditions, which 
differ from the traditional, global screening for “crack-like detection and location”, approach. 

One of the most challenging applications being discussed is the on-line monitoring of existing 
through-wall crack-like flaws. These flaws are through-wall because there is a confirmed leak, 
visible by means of vapors/product emanating from a “weep hole” (tell tale hole) in 
reinforcement plates (repads) around nozzles. The exact position and dimensions of the flaw is 
normally not known in detail. Reliability managers desire to use a NDE technique, which is 
capable of determining if the flaw is growing (primarily in length in this case) in order to manage 
the risk. The risk is related with the possibility of the flaw growing to a size, which could lead to 
loss of containment outside the “repad”. As an example, Figure 1 illustrates a large diameter 
“manway” nozzle, which failed during a Vacuum Unit’s start-up for lack of a “tell tale hole”. The 
failed repad was repaired, but a leak developed afterwards, which prompted an on-line AE 
monitoring of the region. 

 

 
Fig. 1. View of a failed repad on a Vacuum tower manway, prior to repair and AE monitoring. 
 

In this case AE is charged with a continuous monitoring of the “repad” area under normal 
operating conditions. The objective is to detect and locate AE signals, which are indicative of 
possible “crack growth”. The difficulty is obviously, to correlate the attributes of the AE signals 
with how much growth is being detected. One approach is to monitor certain AE parameters, and 
observe their behavior over time for exponential increases in some attributes. The frequency of 
occurrence of certain AE attributes is an indication of whether or not the existing flaw is growing 



   

 
at a stable rate , or if it is accelerating. The owner/operator is aware of the limitations of this type 
of AE monitoring, however their options are extremely limited, as far as other NDE methods 

AE’s capabilities of monitoring a remote location continuously and reporting departures from 
stable or accelerating “crack growth”, is of great value to the equipment’s owners faced with this 
situation. Figure 2 illustrates a typical remotely installed AE system, inside a purged box. 

The challenges faced by AE in this type of application are many. Signal discrimination, 
background noise management, data transfer, long term reliability of the hardware, weather, 
safety issues, and commercial issues are the most important, amongst others. 
 

 
Fig. 2. Typical field installation of an AE system inside a purged box, with an Intranet connection 

for data transfer. 
 

Monitoring repads for existing through-wall cracks has produced a number of successful 
results, and many are under way today. Whether the existing crack(s) was(ere) caused by an 
internally driven damage mechanism such as caustic stress corrosion cracking, or caused by 
vibration induced fatigue cracking, this type of AE monitoring deals with a known crack-like 
flaw in a specific region of the component. 

A much more complex scenario develops when the owner/operator desires AE to monitor 
large components aiming at detecting a specific damage mechanism, without prior knowledge of 
where it could develop. This situation is typical of an operating unit, in which a significant flaw  
may have caused a loss of containment (leak). In some cases the flaw may have been repaired and 
in other cases the situation may have been mitigated by using some sort of mechanical 
reinforcement or containment, designed to allow the trough-wall crack to remain in place, even if 
it develops all the way around the circumference of the vessel. These reinforcing devices/plates 
are designed specially for this purpose, according to existing ASME procedures. Figure 3 
illustrates a typical refining unit with an on-line monitoring of a flawed nozzle. 
 
 
 
 
 
 



   

 

 
Fig. 3. Scaffolding access to a location in a process tower, where a flawed nozzle is being 

continuously monitored. 
 

The damage mechanism, which caused the development of the flaw in the first place, is still 
present nevertheless. The charge for the AE monitoring is therefore, to determine if there are 
indications of similar flaws developing at other locations in the component. In addition to the 
challenges listed in the previous application where a small region is being monitored by a 
relatively small number of AE channels, this type of AE application has to deal with a relatively 
large number of AE channels monitoring a large area/volume.  

Most of these applications involve high temperature, thus welded stainless steel waveguides 
are used for coupling piezoelectric transducers to the part. Some of these applications are located 
thousands of miles from the service provider’s head office, so reliable data transfer is very 
relevant.  

Figure 4 illustrates two pressure vessels and piping headers, which are being monitored 
continuously with AE aiming at detecting and locating environmentally assisted damage 
mechanisms. 



   

 

Fig. 4. Two steam drums and a section of a piping header being continuously monitored with AE, 
for internally driven damage mechanisms. 

 
The advantages of using AE in these situations are very clear. No other NDE methodology 

could provide this type of information reliably. Monitoring an area of a component, hidden 
behind reinforcement plates, under normal operating conditions, cost effectively for 24 hours a 
day, 7 days a week is almost impossible with available conventional or even advanced NDE 
methods. This advantage becomes even more impressive if the entire component is to be 
monitored, searching for early stages of a damage mechanism, which could lead to (another) loss 
of containment. Current Federal and State Environmental and Safety Regulations (OSHA and 
EPA) drives the interest of using on-line AE monitoring for significant crack-like flaws, when 
cost effective and applicable. 
 

Figure 5 shows an overhead piping system being continuously monitored with AE for 
detection of mechanically induced fatigue cracks. 
 
 
 
 
 
 
 
 



   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5. An overhead piping system being continuously monitored with AE for detection of 
mechanically induced fatigue cracks. 

 
Conclusions 
 

In the past, conventional AE testing was charged with relatively simple tasks. Established 
testing procedures allowed AE to develop a good reputation as an alternative to internal 
inspection of pressure vessels. However, other NDE testing methodologies developed and 
external  inspection at relatively high speeds provided detection and sizing simultaneously. A 
wider than ever variety of alternative non-destructive testing techniques is currently available to 
reliability and maintenance professionals throughout the world.  

Acoustic emission monitoring is also evolving, and despite the continuing use of AE as a 
global inspection technique to avoid vessel entry, new applications are demanding AE to provide 
a new set of deliverables. 

On-line monitoring of components exposed to risks associated with certain damage 
mechanisms offers AE an unique opportunity to serve facilities around the world in a new way. 
 
 
 
 
 
 
 
 
 
 
                                                        
i ASTM E 569-97 – Standard Practice for acoustic emission monitoring of structures during controlled stimulation 


