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Boiler tube failures remain the leading cause of lost boiler 
availability and forced outages. 

The good news? Nearly all boiler tube failures are preventable. The bad news? 
Unless the root cause of a failure is accurately identified, there’s a good chance that 
history will repeat itself.

When accuracy is everything, plant owners turn to Structural Integrity. 

Why Structural Integrity?
As a global leader in failure prevention, Structural Integrity offers proven solutions 
to reduce and prevent boiler tube failures. Our approach starts with accurately 
identifying the damage mechanism so the root cause can be properly addressed.

Our full menu of multidisciplinary boiler tube services includes:
■■ Metallurgical analyses
■■ Deposit and scale analyses
■■ Nondestructive examination
■■ Life assessment
■■ Root cause analysis
■■ Root cause analysis training

Defining The Damage
Boiler tubes can fail for many reasons. In fact, more than 30 different damage
mechanisms can affect boiler tubes. Many of these mechanisms can lead to failures 
that appear visually similar, but have very different underlying characteristics.

Before you can get at the underlying root cause, you first have to understand the 
damage mechanism that caused a failure. Only then can appropriate corrective 
actions be taken that target the true cause of failure.

Using a multidisciplinary approach, our world-class team of materials, metallurgical,
and mechanical engineers and specialists, cycle chemistry and corrosion experts, 
and technical staff will define the damage and deliver the answers you need on 
boiler tube failures.

Metallurgical Evaluation
We rely heavily on accurate metallurgical analysis of tube samples to properly 
identify the root cause of failure. 

Our experts can offer guidance on selecting, removing, marking, and shipping 
tube samples; a checklist of needed failure background information, such as tube 
location and specifications, design and operating parameters, operating hours, 
total starts, and cycle chemistry; plus precautions on how to distinguish between 
look-alike failure mechanisms. 
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You need a boiler tube analysis –
Now what?

By Wendy Weiss and Terry Totemeier, Ph.D., Structural Integrity Associates Inc.

For more than 30 years, boiler tube failures have been the 
leading cause of lost boiler availability and forced outages.
Determining the mode of damage responsible for a failure 
is important to ensure that the proper corrective actions are 
taken and similar failures do not occur again.There are more 
than 30 different damage/failure mechanisms that can affect 
boiler tubes, some of which superficially appear similar, but 
can have very different underlying characteristics.An exam-
ple is a so-called “fish mouth” failure that might be a con-
sequence of several different damage mechanisms.Therefore,
understanding the damage mechanism that caused a failure 
is essential to provide insight into the underlying root cause 
so that appropriate corrective actions can be implemented.

These corrective actions can range from adjustments to oper-
ation – such as burner systems, cycle chemistry, steam tem-
peratures and steam pressures – through pre-emptive non-
destructive examination to identify other “at risk” tubes, to 
defining an appropriate repair strategy – such as pad welding,
application of overlay or complete tube replacement.

Failures are not the only reason a tube sample might be 
removed for analysis.As part of a proactive approach to life 
management of boiler tubing, it is prudent to periodical-
ly sample “typical” tubes for insights into tube condition 
(remaining life) that can only be gained through a destruc-
tive, metallurgical evaluation of the tube. For example, a 
high pressure (HP) evaporator tube could be removed from 
a heat-recovery steam generator (HRSG) for evaluation of 
the internal deposits to help assess the water treatment pro-
gram. Superheater and reheater tubes are often removed from 
boilers for condition assessment to determine the remaining 
life of those components.A key part of such proactive tube 
sampling is knowing where to extract representative samples,
which requires a thorough understanding of the overall boil-
er condition and operations. But that would be a whole arti-
cle in itself, so here we will assume that an engineering-based 
program is in place for tube sampling, or that samples have 
been extracted in response to tube failures.

Collecting a tube sample
If you have a tube failure, selecting the appropriate sample 

for analysis is usually straightforward, but in some cases (such 
as those where a tube failure has resulted in so-called “sec-
ondary damage” to other tubes), it might not be so obvious 
where the failure originated. For these situations, taking mul-
tiple samples is advised.Also, removing adjacent samples that 
might have similar damage that has not resulted in a failure 
can be beneficial to the root cause determination. Sometimes 
failures can be violent and dislodge deposits or cause damage 
that impairs evaluation of the failed area.

For proactive condition assessment, samples should gener-
ally be taken from the hottest location within a component 
(or of a particular material within a component). For exam-
ple, in a superheater or reheater, samples from the “ferritic”
(e.g. Grade T22) side of a transition to stainless steel usually 
represent the “hottest” condition for that “ferritic” material.
In the case of a dissimilar metal weld, this also provides an 
opportunity to sample that DMW to assess its condition. If 
samples are being extracted from an evaporator for internal 

Figure 1. Failed superheater tube (long-term overheating)

Figure 2. Failed waterwall tube (short-term overheating)
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OD wastage on an economizer tube.
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ures or condition assessments).Torch cutting also melts 
the area that is being cut, so it is very important to 
ensure that the failure, or area of interest, is not affect-
ed.Torch cuts, if made, need to be at least 6˝ from the 
area of interest.Torch cuts also can leave splatter behind 
that can alter deposit loading (deposit weight density) 
measurements and deposit compositional analyses, so 
splatter should be prevented or minimized to the extent 
possible.

• Abrasive saws can leave behind some heat damage, so 
make sure cuts are several inches from the affected area.

Once the tube section is out of the boiler or HRSG and 
properly marked and identified, it needs to be prepared for 
shipping. Proper shipping practices include taping the tube 
ends to prevent internal contamination, protecting areas of 
interest from impact damage, making sure markings on the 
tube will not get rubbed and shipping in a wood crate (this 

might seem obvious, but samples have been lost from card-
board boxes during shipping!).

Selecting, labeling, removing and shipping the tube sam-
ple is just the first step in a good tube evaluation. Equally 
important is providing thorough background information.
The starting point is good information about the tube,
including the material’s specification and dimensions. Other 
helpful information includes:

• Drawing to show location of tube
• Design and operating parameters (overall boiler and 

tube)
• Operating hours
• Total starts
• Cycle chemistry
• Last chemical clean
• Maintenance records
• Past tube failure, history/failure analysis reports
• Other unit history, information, problems

Metallurgical evaluation
Now that a tube sample has been provided for evaluation 

with good background information, the metallurgical anal-
ysis can proceed.While the procedure can be tailored based 
on particular conditions, in general, the following steps are 
required for a thorough evaluation.

• Visual examination and photo-documentation The tube 
condition is photographed prior to destructive analysis 
to record any distinctive features.This visual examina-
tion also is used to determine “cut planes” for the sam-
ple, which will be analyzed in subsequent steps.

• NDE (if appropriate) Before the tube is sectioned, the 
tube might be examined by various non-destructive 
techniques (e.g., phased array ultrasonics) to both help 
identify areas for sectioning or assess the effectiveness 
of an NDE technique to locate similar damage in other 
tubes.

• Chemical analysis A chemical analysis is performed to 
determine if the tube metal is within specification, and 
if any particular additional unspecified or trace elements 
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Figure 5. OD wastage on an economizer tube.

Figure 4. A well labeled tube sample.



For additional information:

Call Toll Free: 
877-474-7693

877-4SI-POWER

Visit our website at: 
www.structint.com

info@structint.com

Once the tube sample and background information are in hand, the metallurgical 
analysis can proceed. While the procedure can be tailored to your unique needs, 
we generally follow these steps to ensure a thorough evaluation:

■■ Visual examination and photo documentation 
■■ NDE (if appropriate) using phased array ultrasonics and other advanced 
techniques 

■■ Chemical analysis 
■■ Dimensional measurements 
■■ Hardness evaluation and/or mechanical property testing 
■■ Metallography 
■■ Fractography 
■■ Characterization of internal and/or external oxide/deposits 
■■ Stress/temperature calculations (if needed)

This systematic approach allows our experts to definitively identify the damage 
mechanism that caused the tube to fail.

From Damage MEchanism to Root Cause
Once the damage mechanism is identified, it may be tempting  to jump directly to 
corrective actions. However, further work is often needed to identify the root cause 
of that damage mechanism and then clearly define the suitable corrective action.

This latter phase of root cause identification often requires a broader engineering 
evaluation that encompasses the metallurgical work, additional engineering 
evaluations and an understanding of boiler operation — expertise that we bring to 
the table.

Once the true root cause is identified, we can help you define an appropriate set of 
corrective actions. Strategies may include operational adjustments to burner systems, 
cycle chemistry, steam temperatures and steam pressures; pre-emptive nondestructive 
examination to identify other “at risk” tubes; or defining an appropriate repair 
strategy.

Omitting the step of root cause identification can lead to misdiagnosis of the 
underlying reason for failures. That in turn can lead to ineffective corrective actions 
that misdirect time and money.

Proactive Life Management
As part of a proactive approach to life management of boiler tubing, Structural 
Integrity recommends periodic sampling of “typical” tubes. This provides insight 
into tube condition (remaining life) that can only be gained through a destructive, 
metallurgical evaluation of the tube. 

The evaluation of remaining useful life of a boiler tubing section is a useful way to 
identify problematic tubing prior to failure. SI’s integrated approach predicts boiler 
tube life based on stress and operating conditions, nondestructive examination, 
materials evaluations, data from instrumentation and monitoring, and historical data 
on the component.

When performed correctly, boiler tube lifing provides data to support future 
outage planning and scheduling, including planning for tube replacement.  Few 
consultants can offer our team’s broad multidisciplinary understanding of metallurgy, 
engineering, operations, and nondestructive testing. Our unmatched quality and 
unique expertise will shed light on tube failures — so you can prevent them in the 
future.  
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structure (grain size and morphology), which provides 
additional insight into the condition of the metal and 
is helpful to identify both damage and the effects of 
service exposure (such as changes in the microstructure 
due to high temperature exposure). Such examinations 
may be performed using optical microscopes; a scan-
ning electron microscope (SEM) may be used to obtain 
higher resolution images to resolve fine-scale precipi-
tates in the metal. The SEM also can be used to provide 

local chemical analysis using energy dispersive spec-
trometry (EDS), including elemental maps, which can 
be particularly valuable in diagnosis of some damage 
mechanisms, especially those involving corrosion.

• Fractography If the sample includes a fracture (broken) 
surface, then this is examined to determine its charac-
teristics. The morphology of the fracture surface pro-
vides insight into the mode of failure (transgranular/
intergranular) and also might indicate the presence of 
precipitates, cavities or foreign species that have exac-
erbated the failure. Fracture surfaces are commonly 
examined with a stereomicroscope, which provides a 
large depth of field, or with a scanning electron micro-
scope.

• Characterization of internal and/or external oxide/deposits 
Often, internal or external deposits (oxidation or cor-
rosion products) play a significant role in the damage 
mechanism, either by directly causing wall loss or 
internal attack of the metal, or by acting as a secondary 
contributor to a failure (e.g. internal oxide scale “insu-
lating” a steam touched tube and causing an increase 
in the tube metal temperature). As a result, the thick-
ness and morphology, and in some cases the chemical 
composition or crystallographic structure, is mapped 
to assess the role that these corrosion products play in 
the failure or overall condition of a tube. In some cases, 
such as for evaporator tubes, the quantity of deposits (a 
so-called “deposit loading”) will be measured to deter-
mine the need for chemical cleaning.

The results of these various analyses and measurements are 
used to draw a conclusion about the underlying condition of 
the tube material and the damage mechanism that resulted in 
failure (or degradation) of the tube. Because of the similari-
ties between a number of damage mechanisms, this requires 
not only a good metallurgical knowledge, but an understand-
ing of where the tube is located within the boiler, and what 
operating conditions are possible for that tube (which is why 
the circumstantial information about the tube sample and its 
location in the boiler is so critical). To aid in diagnosis of the 
damage mechanism, stress and temperature calculations also 
might be performed to determine if it was reasonable to have 
expected tube failure in the period of service experienced, 
or if some excursion or other detrimental condition also 
might have contributed to failure. In the case of tube condi-
tion assessments, such calculations are performed to identify 
the likely remaining life, and this is compared and contrasted 
against the metallurgical condition of the sample.

From damage mechanism to root cause
This systematic approach definitively identifies the damage 

mechanism (what caused the tube to fail) but further work 
is often needed to identify the root cause of that damage 
mechanism (why the damage mechanism occurred) and 
define corrective actions. This latter step of root cause identi-
fication often requires a broader engineering evaluation that 
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