
BRER Technical has been in business since 1996 specializing in FRP tools and 
preventive maintenance services.  We employ nine multi-disciplined individuals 
including senior FRP specialists, mechanical and electronic engineer(s), and 
software engineer.  Not your typical niche fiberglass inspection company, we 
spend “way too much” on research.  But as a result, we have invented methods 
that are used throughout the industry.  Today, I will discuss two of them:

1. Patented Monitored Filament Insertion (MFI/MMP):  An automatic and 
robotic testing means to quickly measure, and digitally graph, the degree 
of saturation of a laminate in-situ.  It is commonly overlooked that internal 
laminate degradation is the cause of the external defects we can see and 
test for.  MFI is a way to detect internal laminate degredation on-line.

2. POIS (Point of Inspection Software):  A custom software program 
that automates field data collection and reporting.  With POIS™, our 
inspectors can complete up to 70% of reporting while in the field where it 
is most efficient.  POIS manages data accurately from entry to resolution, 
and reduces reporting time.
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This paper will discuss the one goal of fiberglass reliability, two over-arching strategies and four 
distinct tasks required to achieve that goal. We will then discuss the tools available to complete 
the tasks and realize the goal.

Others are more qualified to talk about the reasons for conditions in the pulp market today 
including reduced use of paper, foreign competition, globalization of markets and increasing 
regulatory focus on environment and safety.  The effect on those working in the day-to-day 
operation of a pulp plant is always doing more with less money and time and above all else, 
avoiding an in-service failure.

One Goal:

The goal with respect to FRP maintenance then, is to maximize company investment while 
simultaneously maximizing worker safety, productivity and environmental responsibility.  This 
must be accomplished in light of ever shortened outage opportunities.  “On-line” inspection with 
specialized testing techniques is a viable option.

Two Strategies:

Piping is replaceable while most tankage is not practically replaceable.  This results in two 
different strategies.  Businesses cannot afford too much repair at once, so both strategies must be 
managed and practical.  

Strategy 1:  Long-term preservation:  Repair-in-place tankage must be managed to protect the 
long term viability of the tank shell.  This strategy is preemptive but must not be overly so.  In this 
strategy, a tank will be repaired well before it is in any danger of structural failure to preserve the 
asset.  In fact, it is best to allow about 0.05” of relatively undamaged corrosion barrier remaining 
to allow room for demolition so that some corrosion barrier is in place for bonding.

Strategy 2:  Replacement:  Piping and replaceable tankage needs to be used until it is no longer 
consistent with the goal.  Replacement is preemptive only with respect to business realities.  
This strategy requires that replacement be timed as close as reasonable to the point where the 
equipment can no longer be reliably used.  This may or may-not be defined by simple, well-
established and known limits like the condition of the veil or the mat layers of the corrosion 
barrier.
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Figure 1:  Preserve the asset Strategy 1 
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Figure 2:  Run out and replace Strategy 2
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Why is it important to discuss the differences between these two strategies?  Because it effects the 
type of testing and inspection that is appropriate in any circumstance.  For instance, equipment 
that is governed by replacement maintenance strategy may be limited only by its remaining 
tensile or flexural strength but a vessel that is to be relined and maintained for the long-term 
needs to be repaired long before that point.

What is failure anyway?   In reality, there is no easy point of “failure”.  The question is, will the 
equipment last for a few more years.  Many of us were taught that FRP had “failed” when the 
veil was gone, or more properly, when there is no corrosion barrier left.  This is a convenient 
benchmark that has served well, but in today’s market, owners just want to know how much 
longer it will keep working and how to avoid getting trapped into excessive plant-wide repairs 
and-or wholesale replacement of equipment that should have been repaired in place.  In short, 
it is a complex problem.

Tactile vs technical damage:

Keeping in mind that FRP has for decades been the accepted material of construction for specific 
applications in pulp and paper mills, it is important to have a general understanding of what 
happens to it over time.

FRP material degrades in several ways and in most cases it is degrading in multiple ways at the 
same time.  FRP degrades both from the surface (visible or tactile) and from within the matrix 
(not visible or technical) (1).  

Tactile damage:  Oxidation and erosion in combination with the permeation act on the surface, 
remove material, form products of corrosion such as chlorine butter, and cause crazing and 
blistering.  All of these can be touched and felt; they are tactile. 

Technical damage (matrix or fiber dominated):  Influenced by temperature, glass content, stress 
and chemistry.  Permeants from the process-side enter the laminate create pressure zones that 
micro-crack the laminate, active free radicals form and, their concentrations grow slowly until a 
critical concentration is reached that begins to accelerate causing increased rate of degradation 
which is the end of the useful life of the equipment REGARDLESS OF THE VISIBLE CONDITION 
OF THE INSIDE.  The bond between plies in the laminate are degraded, and flexural and tensile 
properties are compromised.  Simultaneously, water and chemicals act on the glass-fiber causing 
it to crack or even dissolve altogether often over long periods of time.  This is commonly 
described as “matrix” damage and “technical” as it is not quantifiable to the naked eye.  Thermal 
expansion and stress cycles over time result in matrix degradation or contribute to the effects of 
the permeant.  

Tactile damage or surface corrosion is visually obvious, more simply quantified and often is the 
driving if not sole factor considered by inspectors because it is visible and dramatic.  Damage 
from the inside out (permeation and stress enhanced permeation) often goes undetected and may 
have the most dramatic effect on the serviceability of the equipment.
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Figure 3:  Tactile vs Technical Damage:

On-line vs shutdown (entry) inspection should not be considered either/or.  Inspectors can use 
process heat, observe vibration and listen for the sound of cavitation to detect internal tactile 
piping damage.  Tests for the technical underlying condition of the laminate is usually done on-
line.  Technical inspection of a tank shell is also best done on-line assuming it is not insulated.  
It will always be necessary to enter tanks to inspect the knuckle, floor, and internals for tactile 
damage, however.

Flange cracking can be an example of how tactile damage is caused by an underlying technical 
condition:  Anyone familiar with in-service FRP knows of flanges that are cracked around the 
exterior hub from bending and bolting stress.  Experienced inspectors may even classify the 
cracking according to severity.  Nobody replaces cracked flanges until they are “scary” enough 
to warrant it because there are so many of them and most continue to serve for decades without 
much change.  When they do finally drip they often continue to be operable until a maintenance 
opportunity comes up.  Sometimes however, they rupture and cost the mill downtime or worse.  
Look as we may, there is no good way to mechanically test this weakness in place, identify the 
flanges that are really failing from those that are stable and identify and prevent the problem.  
Van-stone flanges that are hidden from view are an even greater challenge.
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On-line vs shutdown (entry) inspection should not be considered either/or.  Inspectors can use 
process heat, observe vibration and listen for the sound of cavitation to detect internal tactile 
piping damage.  Tests for the technical underlying condition of the laminate is usually done on-
line.  Technical inspection of a tank shell is also best done on-line assuming it is not insulated.  
It will always be necessary to enter tanks to inspect the knuckle, floor, and internals for tactile 
damage, however.

Flange cracking can be an example of how tactile damage is caused by an underlying technical 
condition:  Anyone familiar with in-service FRP knows of flanges that are cracked around the 
exterior hub from bending and bolting stress.  Experienced inspectors may even classify the 
cracking according to severity.  Nobody replaces cracked flanges until they are “scary” enough 
to warrant it because there are so many of them and most continue to serve for decades without 
much change.  When they do finally drip they often continue to be operable until a maintenance 
opportunity comes up.  Sometimes however, they rupture and cost the mill downtime or worse.  
Look as we may, there is no good way to mechanically test this weakness in place, identify the 
flanges that are really failing from those that are stable and identify and prevent the problem.  
Van-stone flanges that are hidden from view are an even greater challenge.

Four Tasks:

 
Task 1:  Find the tactile damage that will shut you down short term.  It may be isolated or it 
may be caused by the underlying condition.  FRP is relatively soft and laminar and is subject to 
erosion and delamination from isolated influences.

Visual and infrared inspection are key to locating tactile damage in piping and to some extent 
tankage.  Tools for finding immediate tactile damage include:  Visual inspection that may be 
aided by borescope or remote cameras.  Thermal imaging if the equipment is warm and running.  
UT and digital x-ray may confirm the condition identified by IR.  This task is best done with 
piping running.  Examining and testing tankage from the exterior is very useful, but tanks need 
to be internally inspected regardless because so much is not accessible from the exterior.

Figure 4:  Cracked VanStone flange Figure 5:  Leaking VanStone flange
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Task 2:  Understand the underlying technical condition of the equipment.  When is the material 
too weak to be reliable?  This is not a visible attribute and must be determined by testing.

As we have described. FRP degrades as the direct result of permeation and to a lesser degree 
the effects of prolonged stress and thermal cycling.  In virtually all circumstances, the laminate 
weakens most on the side in contact with the process environment and less, deeper into the 
structure.  (See test results below).  There are few options for detecting and documenting this 
process that are non-destructive and available for on-line use.  

Example laminates from dilute ClO2 service:  Both structural laminates were sectioned in half.  
Both halves had the same content and structural properties.  All were tested in three point bending 
and force difference was the result of laminate damage.  Both tests reveal that the inner ½ of the 
structural wall has lost between 66% and 80% of original flexural strength from technical-matrix 
degradation.

Monitoring the technical or underlying condition is applicable to equipment governed by both 
the replacement and the repair strategies however, the minimum structural condition is seldom 
the benchmark used to determine repair/reline decision on a tank governed by the long term 
repair strategy.

Tools for monitoring the underlying laminate condition include:  1)  Sample removal with 
laboratory testing is the only direct method for measurement of remaining physical strength and 
flexibility; 2) MFI (monitored filament insertion) is a rapid method that can be done while the 
equipment is on-line to assess the depth and severity of penetration of process fluids into the 
laminate from the interior surface  3) Acoustic emission (AE) provides an indication of remaining 
physical strength by listening for the sound of propagating damage from defects in the weakened 
material.  

Sample removal is expensive, but it is usually justifiable as a final step to confirm the need for 
replacement assuming that there is some way to test the physical properties of the core.  
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Task 3:  Effectively repair.  Design, specify and inspect.  Put back equipment that is as good, 
or better, than you took out.  This requires design, a good specification and knowledgeable 
shop inspection.  The tools involved are a complete and clear specification; FRP-specific design 
services when appropriate and a reasonable level of knowledgeable shop inspection in most 
purchases.

FRP should always be designed by a qualified individual either in-house, from the manufacturer 
or a third party.  It is strongly recommended that somebody from the owners’ side of the table 
review the design.  It is difficult to over-estimate the need for shop inspection.  Even just the 
threat of shop inspection will help to assure that the fabricator takes the time to understand the 
specification and do it.  For smaller projects a telephone (internet) pre-job and one shop visit by a 
knowledgeable inspector will help assure that they meet the most obvious of your requirements.

Figure 8:  Keeping FRP Happy:
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“Piecemeal” replacement of pipe:  The budgetary pressures behind random replacement of 
piping in a piece-by-piece manner is clearly understandable.  However, owners should consider 
the long term challenges and cost of owning one pipe that is made up of four different pipe 
“vintages”, each with a different construction.  From the inspector’s standpoint, each vintage 
should be considered separately as they may have different starting structural value and ongoing 
corrosion rates.  The complication is obvious.  Isolated repairs aside, wherever possible, complete 
replacement of a piping system over one or two shutdowns is preferable.  Also, make sure that 
the thickness, corrosion barrier, resin type and structural composition of all sections are close to 
the same to simplify ongoing inspection and life prediction.

Task 4: involves maintaining an information reporting system that records the type, location 
and findings of repairs and also of ongoing observations and measurements.  Without it, all of 
the efforts in Tasks 1 and 2 and 3 are much less productive.  Maintaining a reporting system is 
critical regardless of the maintenance strategy that governs the equipment.  

It is common for an experienced mill engineer not to know that his plant, with both bleach and 
ClO2 area pressure or vacuum washers, can have between 50 and 100 different separate pipe 
systems and tanks that need to be inspected and maintained.  They often guess far less.  Some 
pressure washer systems may have as many as 60 significant pipe systems in that area alone.  
Add to that the fact that a single pipe system may have several different “vintages” from years of 
maintenance, and the problem quickly becomes very complex.  To properly maintain a system, 
there has to be a means to record and track inspection findings and observations as well as the 
progress of repair or replacement to avoid costly failures or inappropriate, improperly targeted 
repairs. 

 
It is recommended that a comprehensive technical report include: 
 

1. A summary page that lists the equipment and risk levels and priorities of each PM 
unit. This is preferably in chart form, and does not include details and justifications. 

2. A more detailed report for each line item on the summary chart that provides; 

a. Available history including past inspections.
 
b. Inspection sketch of the equipment that identifies the location of issues and measurements 
including specific locations that are being monitored ongoing (NDE sites).  Repair type and 
date on a sketch will help keep the history and needs of a piping system in perspective.
 
c. List and description of all important defects including pictures and data.
 
d. Current overall condition assessment.
 
e. Specific deficiencies and corrections needed.
 
f.  A statement of equipment fitness for service for the next working period.
 
g. Timing of upcoming inspections.
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Figure 9:  For ease of use, a .pdf document with embedded hyperlinks allows the user to find and 
instantaneously “jump” between reports.

Software:  Clearly, there is a massive amount of information generated by field inspection and 
it is a major challenge to record and keep organized, especially when the inspectors move on to 
another plant the following week.  In industry, most of this work is done using standard office 
products and may be downloaded into SAP or other enterprise management systems for storage 
and retrieval.  Use of mobile field inspection reporting software that automates data entry in the 
field, organizes it and instantly publishes it will produce a report that is more timely, organized, 
and accessible.
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FRP Inspection Tools

Table 1  Tools Rated for Effectiveness for the Application

The following discussion describes the tools listed in Table 1.

Visual inspection:  This essential work requires a person with solid experience with the material 
system that can identify damage, design and manufacturing weaknesses.  Borescope and remote 
camera inspection is included in this category.  It is an essential option however, the limitations 
of remote camera inspection are well known including distortion and interference from scale 
and debris.
Divot, core, dog bone (invasive methods):  Cores offer a first-hand look at the interior of a 
randomly selected sample and possibly the immediate surrounding area with the opportunity to 
closely evaluate with magnification and laboratory testing details like resin type, completeness of 
the cure, glass loading and sequence.  There has been much discussion of the damage created by 
cores, but there is little or no evidence of properly repaired cores resulting in long term failure of 
equipment.  The immediate information gained is thickness, Barcol hardness, composition and 
condition of the interior surface.

With further lab examination, cores may be microscopically examined and are routinely sectioned 
and burned for glass content ASTM D2584.  Samples of a core may be sent away for DSC (cure), 
FTIR (resin type) or other more sophisticated procedures.  
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Dog bone samples or strips are needed to perform ASTM standard tensile and flexural tests. These 
tests are difficult to perform in the hoop direction.  Further, the ASTM required test samples are 
large and disruptive to collect. In response, the author has developed a small format test protocol 
for comparatively testing specific diameter core samples in the hoop and axial direction.   

Tensile properties can be tested in the hoop direction if the laminates are relatively balanced such 
as hand lay-up and 55 degree filament winding.  Currently hoop and high wind-angle samples 
can only be tensile tested in the weaker (axial) direction.  All laminate types can be flex tested 
in the hoop direction only.  The tests utilizes a commercial tensile machine; transducers and 
extensometer to apply and measure force and strain.  The procedure either eliminates the effect 
of, or has been normalized for the diameter of the parent pipe when testing in the hoop direction.  
Heavier samples are routinely split into layers before testing to measure damage at various layers.  

The divot test is a more controlled way than grinding to expose surface damage.  A custom 
carbide spade bit having an approximately 20 degree x 1.5” diameter point is drilled into the 
defect or surface to an appropriate depth, usually with a battery-powered drill.  The shape of 
the divot tool creates a surface “divot” that has a gradual shape without an unnecessary stress- 
riser.  The known angle of the divot tool allows defects to be photographed with a dimensional 
standard so that depths and dimensions can be calculated later.  

Divots have been in use by multiple agencies for over 30 years and there is no evidence of failure 
or damage as a result and much information has been gained.  Typical use is to probe the depth of 
a surface crack or other surface defect, or to probe the depth of corrosion and detect the thickness 
of the remaining corrosion barrier laminates.  Divots are less expensive than cores and generally 
divots go no deeper than the depth of the defect or at the extreme, the thickness of the corrosion 
barrier.  They are created by the inspector with tools in his kit, and often repaired by onsite 
contractors, or with the right materials, by the inspector.  

Barcol hardness (ASTM D2583):  Invented 
during WWII as a means to check aluminum and 
prevent sabotage, is a quick and portable method 
to determine the surface hardness and surface 
cure for new laminates.  It provides interesting 
information on used equipment but does not 
measure anything beyond the first few mills of an 
interior surface.  Further, caustic and extreme heat 
can damage and embrittle laminate, damaging 
them and actually making them harder than new 
condition.

Figure 10:  Divot test.
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Sounding:  The time honored and intuitive 
method of tapping on a surface to listen for voids.  
Dragging a rod or collapsible antenna over the 
surface is an alternate method that may be more 
time effective and cover more area in some cases.  
Sounding is typically limited to the inner 0.25” 
and will not detect water filled separations.  It 
is considered a standard part of most visual 
inspections.

IR thermography:  IR is an indispensable survey tool and considered key to Task 1 or finding the 
defects that will shut you down.  Useful features include a reference temperature setting with 
alarms and a temperature differential mode.  The technique is to set a reference temperature that 
represents the internal process temperature and to scan for differential.  Alarms help immediately 
detect risky locations.  IR is subject to many potential misinterpretations including radiated and 
trapped heat and reflected energy.

 
Ultrasonic (UT):  UT is foundational technology 
for metal equipment, but far more complex on 
FRP because of the inherent difficulties resulting 
from the tendency to scatter the UT pulse and 
variable material velocities.  It is often used on 
new industrial or on aerospace composites, but 
is not as easily applied on used, damaged, or 
corroded industrial equipment. There are two 
major keys to making it work in this application: 
1) The UT meter should be a flaw detector unit 
having different transducers equipped with the 

proper delay lines. The industry standard “D-meter” thickness gauge is useful in a shop, but 
not effective in damaged and operating FRP. 2) Other supportive test methods such as x-ray, 
magnetic, visual, or thermal must be available to calibrate and verify questionable results.  UT 
is used extensively on piping both on-line and off, and during tank inspections to measure 
thickness of the shell the depth of surface linings or defects.  

In a running plant, the laminate is saturated and in contact with fluids that allow an unknown 
and random amount of UT energy to escape the system.  Further, a fully saturated yet damaged 
laminate may have normal sound-absorption (attenuation) and sound velocity but will become 
highly attenuative and slow dramatically as it is desiccated.  A badly damaged and fully saturated 
industrial laminate sample may lose 20% or more in velocity and become practically impenetrable 
to a UT signal because of attenuation after the water is removed from the internal damage sites.  
A 100 deg. F change in temperature changes the sound velocity of fiberglass by about 20% as 
well, and the level of attenuation in any laminate can be effected by multiple variables.  These 
are important considerations when evaluating UT based methods in a dramatically uncontrolled 
environment like a badly damaged FRP in a running plant.

Figure 11:  Barcol hardness impresser.

Figure 12:  Thermograph. Excessive end gap at joint.
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Acoustic-emission (AE):  ASME RTP-1 M-8:  An array of microphones are attached to the exterior 
of equipment and passively monitored over time.  The equipment is loaded and unloaded in a 
prescribed manor while being monitored and the sounds interpreted according to pre-determined 
stress wave factors (SWF).  The characteristic of the sound determine the interpretation of the 
source and possibly the cause.  It is possible to triangulate the location of the source of the sound 
or at-least place it in a zone for detection later.

AE is incorporated into RTP-1 standard for fiberglass pressure vessels certification and is well 
established for proving new and higher risk equipment.  Its major advantage is global coverage, 
it can listen to almost all potential damage locations from the exterior of the tank.  It is costly to 
set up however and requires that the equipment be isolated, emptied and loaded above operating 
pressures so it requires shutting down the running process.  In a complex environment like a 
running plant it must be carefully interpreted to avoid misleading information.  AE is well known 
in the industry but its use has been very limited in used and running pulp mill equipment.
Analog and digital x-ray:  X-ray is generated by an electronic source from high voltage and does 
not involve a radio-active isotope allowing x-ray equipment to be carried on an airline. The 
“camera” creates a beam that is directed through an FRP part and projected onto film or a plate 
and either developed or scanned into an image of the cross-section.  It can be done from the 
outside of the part with it running or shut-down in an oblique configuration through the crown of 
a pipe.  X-ray has always been useful for inspection but the advent of pulsed digital x-ray sources 
has made it practical for regular use.

Analog x-ray sources use line voltage to create a strong, continuous beam. They are the most 
powerful industrial x-ray sources, making them capable of penetrating heavier pipe and creating 
a larger clearer image.  However, analog equipment is heavy and bulky and requires plant power.  
The powerful continuous beam and long exposure time requires significant areas of the building 
to be isolated and guarded during the exposure.  On a good day, an analog image may take 30 
minutes to set-up and banner, and 7 minutes to shoot, and an hour to develop and dry in a 
portable darkroom with at least two technicians.  Then the film has to be converted to digital for 
use in the report.  Analog cameras can be used with digital receivers eliminating the darkroom, 
but making the set-up harder.  

Pulsed-digital x-ray cameras change everything. They are about 10 lbs., battery powered, 
producing micro-bursts of x-ray directed at a sensitive image detector or phosphor plate. A 
digital image can take 10 minutes to set-up and 10 seconds to shoot using a built-for-the-purpose 
positioning frame with gauge block and can be done by a single technician.  A digital image takes 
seconds to scan on a portable scanner, annotate and store on a lap-top and can be processed in 
a lit office.  The radiation field is dramatically reduced so the area that must be isolated is much 
smaller and very manageable for the 5 to 10 second exposure.  In most cases, the beam can be 
directed safely away from any possible incursion. 
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A great deal of interior detail is possible 
on a smaller diameter pipe including the 
presence and condition of the corrosion 
barrier and inner surface.  On 12” diameter 
and larger, it is usually only possible to 
detect the thickness of the pipe and usually 
the presence and relative thickness of a 
corrosion barrier.  X-ray can be frustrating 
in FRP because of intangibles that effect 
the results.  At times the images are crystal-
clear and at others, for no apparent reason, 
the scattering properties of the laminate or 

contents blur the results.  It is normally always possible to get an accurate total thickness up to 
about 36” dia. however.  When the results are clear, they can be spectacular.

Monitored filament insertion with MMP:  Patented MFI involves the insertion of an approximately 
0.010” diameter micro-filament of super corrosion resistant metal into the laminate by computer 
controlled equipment that graphs the pre-set depth and conductivity and other properties of the 
laminate during insertion. Related metered mechanical pulse (MMP) technology places precise 
pneumatic pressure on the filament to measure the hardness of the laminate at the known depth 
by measuring how far the filament advances under the pressure.  The combination of these 
methods provide an in-situ, online method of measuring the depth that saturation has penetrated 
aging FRP equipment. This information is used, referencing extensive lab testing of results to 
determine the degree of technical-matrix damage to the laminate and to gain an understanding of 
the underlying weakness and the reliability of the base laminate.  

The set-up and insertion process takes no more than 10-15 minutes and can be accomplished by 
one person.  The process takes even less time and effort if it is used as an exploratory method and 
permanent monitoring sites are not established.

Figure 13:  Digital x-ray

Figure 15:  MFI outputFigure 14:  MFI unit at work
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Insertion is not a pre-drilling process, it is in 
fact a patented high speed insertion process 
that tightly inserts a tiny filament into place in 
a laminate in one step.  The melt from the tip 
of the filament flows around the shaft helping to 
seal it into the laminate.  The inserted filaments 
remain in place throughout the remainder of the 
life of the equipment and allow us to continue to 
monitor the condition of the pipe at that location 
if appropriate.
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