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FEATURES

MEETING EXPECTATIONS
WHEN SELECTING CONCRETE
REHABILITATION SYSTEMS

By Mike Dadik P.E. S.E.,
Carollo Engineers, Inc.

Reinforced concrete has become a preferred
building material for water storage and con-
veyance structures, providing great strength
and many possible configurations. These
advantages, however, bring the challenge of
protecting rebar — essential to its long-term
durability. With an accurate assessment of
the concrete condition, exposure and work
constraints, along with a clear understand-
ing of the benefits and limitations of coating
systems, a well-written, concise specifica-
tion will be the basis of a successful concrete
rehabilitation project — a project in which ev-
eryone's expectations can be met.

SELECTING PIPELINE
COATINGS: DO CURRENT
STANDARDS HELP?

By lan Robinson, 3M Company
The ultimate or universal field-joint coating
does not exist, but there are many varied and
well-proven technologies currently available,
all of which have their strengths and weak-
nesses. If the long-term, in-service perfor-
mance of prospective field-joint coatings is
to be predicted with an acceptable level of
confidence, do currently available standards
come to the rescue? This article attempts
to answer this question by briefly review-
ing some currently published (and generally
well-known) standards.

The Society for Protective Coatings

Cover image courtesy of Technology Publishing Co.

THE NEED FOR AN
INDEPENDENT THIRD-PARTY
COATINGS INSPECTOR
By Tim Bauman,

The Sherwin-Williams Company
The author describes three case scenarios
where enlisting an independent, third-par-
ty coatings inspector would've reduced
cost and time, as well as saving business
relationships.
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SSPC ON THE FRONT LINE

SSPC Training Hits the Road

t SSPC 2018 in New Orleans
this past January, SSPC un-
veiled its latest innovation for
bringing training and certifica-
tion opportunities to its mem-
bers across the country: anew
Mobile Training Unit (MTU), a
truck-mounted trailer armed with blasting and
painting equipment that will be available to
travel and provide on-site, hands-on training
courses throughout the U.S.

The MTU will allow SSPC to train and certi-
fy blasters and sprayers according to the SSPC
C-T7 Abrasive Blasting Program and C-I2 Spray
Application Certification Program. For the
immediate future, SSPC will conduct class-
es using the unit at its world headquarters in
Pittsburgh, but the MTU will later be available
for the industry to use in any location to which

it can travel.

A

SSPC'’s new Mobile Training Unit (MTU) will be able to travel throughout the U.S. to-provide on-site coat-
ings training later this year. Photos courtesy of Technology Publishing Company.
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Graphics.

SSPCExecutive Director Bill Worms said that
theidea of amobile training unit had been dis-
cussed over the past few years among some
of the SSPC staff, but no action had been taken
until a board discussion brought it to the fore-
frontin May of last year. Design/build propos-
als were presented at the SSPC Board meeting
inSeptember 2017, and ARS Recycling Systems
(Lowellville, Ohio) was selected as the vendor.
“In alittle more than three months, the project
evolved from a concept drawing to a finished
product at the SSPC 2018 conference,” said
Worms. He also noted that RL Smith Graphics
(Boardman, Ohio) "was very responsive in as-
sisting us with the design and application of
the trailer skin which artistically highlights the
purpose of the unit — blasting and spraying
training and certification.”

According to Terry Sowers of SSPC, the MTU
is self-contained and the only resources re-
quired would be fuel for the compressor and

The exterior of the MTU is adorned with dynamic illustrations of blasters and painters, created by RL Smith

The MTU is outfitted with all of the necessary
blasting and painting equipment, including PPE,
required to train protective coatings applicators.
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generator, abrasive for the blasting and paint
for the application. SSPC estimates that be-
tween 8 and 12 individuals can be trained at

one time.

While SSPC continues to determine the nec-
essary requirements and permitting for trans-
portation outside of its office area during the
first quarter of 2018, the Society will conduct
quarterly craft-worker training at the SSPC
headquarters and demonstrations for local
companies, which Sowers noted “is a great



opportunity to work with our chapters, uti-
lize the MTU regionally and hold and pro-
mote training in areas that we might not have
reached before.” The MTU will also potentially
be used to introduce craft-worker training for

B

1.5 Cu.Fr.

trade schools and vo-tech programs in the lo-
cal area, said Sowers.

In addition to the training and certification
that will be provided within, SSPC looks to use
the travelling unit to further spread the organi-
zation's visibility and footprint across the coun-
try."The MTU will also provide SSPC the oppor-
tunity to advertise and attract attention to our
industry, in the hope of generating the inter-
est of those looking for career opportunities,”
said Warms. SSPC membership will also be
provided an opportunity to advertise their or-
ganizations via the display of sponsored logos
onthe MTU. For information on advertising on
the MTU, please contact Michael Kline, SSPC
director of technology and communications,
atkline@sspc.org.

The debut of the MTU at SSPC's exhibit hall
booth during the SSPC 2018 conference “was a
big hit with the SSPCBoard of Governors,” said
SSPC President Brian Skerry, who highlight-
ed the unit’'s mobility as its most critical fea-
ture. "As new people enter the workplace, and

MBM-Series Portable Blast Machines
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blasting and painting methods change, this
unit provides a highly practical way for people
to get the training they want, where and when
they needit,” said Skerry. “[The MTU] perfectly
fits the SSPC Mission, 'To inspire learning, ad-
vance knowledge, and elevate performancein
the industry through training, certification, and
education of the workforce'.”

All in all, SSPC Board members and staff
alike are eager to see the industry’s response
once the unit hits the road later this year.

“The MTU generated a great deal of excite-
mentandinterest at our conference inJanuary,
and we look forward to continuing to gener-
ate that interest once we get it on the road,”
said Worms.

“The SSPC Board is delighted that this pro-
gram has come to fruition in 2018 and looks
forward to hearing back from SSPC members
onthevalue and impact the unit brings to their
daily job activities inthe protective coatings in-
dustry,” said Skerry.

10 CuFr.
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PaintSquare Debuts Free App at SSPC 2018

new way to experience
PaintSquare made its de-
but at SSPC 2018: the
brand-new PaintSquare
app, engineered to he a
field coating contractor’s
best friend and to provide
an ideal mohile experience for PaintSquare
readers.

Available free of charge for both Apple and
Android devices, the PaintSquare app includes
news and technical content from PaintSquare.
com in three languages alongside tools that
are crucial in the field: weather reports and
calculations, quick calculators to easily deter-
mine figures such as paint consumption and
dry film thickness.

When a user logs into the app using his or
her PaintSguare.com login credentials (or cre-
ates a new account for free], the main menu
offers a slew of content choices. The user has the option of view-
ing app content in English, Spanish or Portuguese.

Choosing “Weather” takes the user to a weather map with
current conditions in the area, and to a calculator to determine
whether the surface temperature is high enoughin relation to the
dew point so that coating application can be performed. The app
also has an option to quickly calculate dew point using observa-
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thickness and percent solids of a given coat-
ing; estimate the wet film thickness needed in
order to achieve the specified dry film thick-
ness; determine soluble salts concentration
based on surface conductivity; and several
other important operations used on jobsites.

AnRAL color chartis featured as part of the
app, and a catalog of suppliers of coatings and
equipment, as well as industry contractors, is
both searchable and browsable.

And of course, the app features the same
up-to-the-minute industry news coverage in-
cluded in PaintSquare Daily News, as well as
technical articles from JPCL. Daily coverage of
news that affects the protective coatings in-
dustry, from mergers and acquisitions to safe-
ty and regulatory updates and legal news, is
now at the user’s fingertips in an easy-to-read,
mobile-friendly format.

The PaintSquare app was developed by
Technology Publishing Co., publisher of JPCL and the PaintSquare
publications, under the leadership of app general manager Camilo
Zambrano and vice president of operations Andy Folmer.

For advertising opportunities within the app, please contact
Marian Welsh (mwelsh@technologypub.com) or John Lauletta
[jlauletta@paintsquare.com)

Download the app for free now via the App Store for Apple de-

o Fa

>
>
>
>
>
>
-

tions from a sling psychrometer in the field.

vices or the Google Play store for Android devices.

The app features calculators to help the user guickly deter-

mine the rate of paint consumption based on t

he desired dry film

Sherwin-Williams Posts Record Sales in 2017

he Sherwin-Williams Company

achieved record sales in 2017 on

the heels of its blockbuster ac-

guisition of Valspar, according to
its fourth-quarter and year-end earnings
reports, released Jan. 25.

The Cleveland-headquartered paints
and coatings firm reported $14.98 billion
in consolidated net sales in 2017, a record
for the company and the highest sales
number of any coatings company that has
reported its 2017 fiscal year to date. That

represents a year-over-year increase of
26.4 percent, owed largely to the June
acquisition of Valspar, which the company
says contributed a 20.8 percent increase
in net sales on the year.

Without accounting for the Valspar ac-
guisition, net sales from core Sherwin-
Williams operations still increased for the
company, however, up 5.6 percent on the
year.

In the fourth quarter of 2017, Sherwin-
Williams reported an increase in net

8 JPCL FEBRUARY 2018 / PAINTSQUARE.COM

sales of $1.2 billion, or about 43 percent,
to $3.98 billion, growth that the compa-
ny attributes both to the Valspar acquisi-
tion and higher paint sales volume in its
Americas Group.

On the year as a whole, the record net
sales Sherwin-Williams reported translat-
ed toa14.5 percent increase in gross prof-
its, from $5.92 billion to $6.78 hillion. In
2017, profits as a percentage of net sales
were 45.3 percent, down from 50 percent
in 2016. The company reported netincome



of $1.77 hillion in 2017, up from $1.13 hil-
lion in 2016.

Sherwin-Williams chairman, president
and CED John G. Marikis said 2017 will pri-
marily be remembered at the company as
the year the firm welcomed Valspar, in a
deal valued at $11.3 billion that catapulted
the company to the top of the global coat-
ings industry in terms of size.

Morikis said in a statement that the
company expects further growth in 2018,
forecasting mid- to high-single-digit
growth in net sales overall for the coming
year. The firm also expects financial ben-

efits from the recently passed tax-reform  Jpohn G. Morikis

legislation, which should reduce the over-
all tax rate for the global giant from mid- to
high 20 percent range to the low-to-mid
20 percent range.

“The enormous amount of effortand en-
ergy invested over the past seven months
inbringing these two great companies to-
gether, strengthening our customer rela-
tionships, defining the right organizational
structure and building momentum in every
line of business is transforming Sherwin-
Williams into a faster growing, financially
stronger and more profitable enterprise,”
Morikis said. “These efforts will continue
throughout 2018 with similar effect.”

PPG Reports Net Sales Increase in Q4, Year-End Financials

ittshurgh-based global coatings

manufacturer PPG announced its

fourth-guarter financial report Jan.

18, as well as its end-of-year report
for 2017. Each report indicated an increase in
net sales.

For the guarter, the company reported net
sales of approximately $3.7 billion, up about 8
percent over the prior year. Full-year 2017 re-
ported net sales from continuing operations
totaled $14.8 billion, up more than 3 percent
from 2016's sales.

PPG also shared its commitment to spend on acquisitions
and share repurchases in 2018. “... [We] continue to have strong
financial flexibility and are committed to deploy a minimum of
$2.4 hillion of cash in 2018 on acquisitions and share repur-
chases as part of our previously communicated target to de-
ploy $3.5 hillion in 2017 and 2018 combined,” said PPG chair-
man and CEQ Michael McGarry.

“In the fourth quarter, we delivered solid and balanced
sales growth in each major region, and both reporting seg-
ments achieved at least 2 percent sales volume growth,” said
McGarry.

“Additionally, our aggregate selling prices improved for the
third consecutive guarter as we made continued progress on
our margin recovery efforts, despite higher than anticipated

Michael McGarry

raw material inflation in the quarter driven by on-
going supply-related issues, including production
curtailments from additional environmental en-
forcement in China.”

McGarry also noted that PPG completed its
multi-year transformation plan with the sale of
the U.S. fiber-glass business, the last of the glass
segments for the company.

In addition to the $14.8 hillion in net sales, PPG
reported that its full-year net income from 2017
was $1.4 billion, or $5.46 per diluted share. Full-
year 2017 adjusted earnings per diluted share from continu-
ing operations was $5.87 per diluted share, representing an
increase of nearly 4 percent year-over-year.

“Looking ahead, we are well positioned to benefit from
broadening and more synchronized global economic growth
due to our geographic reach, excellent product portfolio, and
advanced customer technologies,” McGarry said.

“We expect minimal abatement in the first half of the year
to the high level of raw material inflation that the coatings in-
dustry is experiencing. We will continue to work with our cus-
tomers to address the inflationary environment and expect to
realize additional selling price increases in 2018.”

After the Q4 release, the board of directors also declared
a regular quarterly dividend of 45 cents per share, payable
March 12 to shareholders of record Feb. 1B6.
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In Response to “Forth Road
Bridge to Get First Full Paint Job”

JPCL Special Report, Jan. 30

©iStockphoto.com/georgeclerk

The landmark Forth Road Bridge in east-central Scotlandis settoreceive a
S9I million repainting, the first since the bridge opened in 1964. The proj-
ect, which also includes a variety of structural repairs, will begin this year
and is expected to take about |0 years to complete.

Scott Youngs:
"My questionis, how did the bridge last that long before needing a repaint?
Fifty-four years is a long time.”

Kevin Healey:
“Wasn't it metal sprayed?”

Tom Schwerdt:
“Different climate, butthe oldlead painted bridges here in Texas commonly
have the paint system last 50-to-60 years.

Scott Youngs:

“My mistake, itis 53 years old. After a little research, as Kevin had thought, it
was coated with thermally sprayed zinc before the topcoat of paint which
has provided the long service life.”

10 JPCL FEBRUARY 2018 / PAINTSQUARE.COM
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In Response to “Blasters Go Rogue,
Clean Part of ‘Graffiti Bridge"”

PaintSquare News, Jan. 5

©iStockphoto.com/sorsillo

In an effort to see how many layers of paint actually cover Pensacola,
Florida's locally famous Graffiti Bridge, professional blaster James Romero
of Gulf Breeze, Florida blasted spots of coating layers off of the bridge sur-
face, raising conversation as well as safety and legal concerns.

Michael Halliwell:

"Wow! So the bridge is structural paint with an endoskeleton of steel and
concrete? The engineer in me cringes about the loading on the structure
(yes, Iknow...for railway bridges there is a load limit with a factor of safety)
and the potential for hidden corrosion and deterioration.”

Scott Youngs:

“It is concerning that CSX is not worried about the thousands of pounds
of additional weight. While | am not a bridge inspector, | wonder how you
can thoroughly inspect it?"

Michael Halliwell:

"Scott, | agree 100 percent. There is absolutely no way to adeguately in-
spect a bridge with that much paint on it ... you cannot see the condition
of the steel and concrete. If water has worked into any crack, the potential
for catastrophic failure is huge and you'd never see it.”

Michael Beitzel:

"It appears there are approximately 25 layers of paint, each one being
from 5-to-10 mils thick. Each milis ,000th of an inch for total thickness
of approximately I/4-inch. Any major structural crack or issue would be
reflected thru the coating layers and abservable. Given the milder climate
of the area and infrequent freeze/ thaw cycles this is probably the most
protected concrete structure on the entire rail line. The additional weight
of coatings is insignificant. Rest easy.”



paintsquare.com/poll

OSHA recently renewed its alliance with the National
Association of Women in Construction, aiming to
safeguard women in the building trades. In your
experience, are women at special risk for workplace
injury in the construction industry?

(please explain in comments section).

Amber Lounsberry
"Why would we be at risk? The only risk | would see is sexual harassment. As a woman pick-
ing a career in the construction industry, we know what we're in for, just the same as aman.”

Janet Mazeau
"Only if their vanity gets in the way of using PPE and conducting themselves using good safe-
ty practices. Glad to hear that NAWIC is still going strong.”

Regina Montgomery

"I spent 30-plus years in industry as a marine engineer and haven’t met anyone, male or fe-
male, who lets vanity get in the way of safety — even the makeup-loving, black-belt, concert
pianist oiler.”

Michael Halliwell

"The only time | see it as being a potential issue is if ‘the boys' try to ‘burnin’ a lady like they do
anewbie/greenie. The difference is, | think the ladies get ‘burned in’ a lot more (longer or on
more jobs) than the newbies/greenies do. Otherwise, | don't see it as an issue — if everyone
works safe, everyone goes home safe.”

PAINTSQUARENEWS TOPI0

paintsquare.com/news, Jan. 8 to Feb. 4

I. PA Contractor Pleads Guilty to Fraud, Pollution
2. Sherwin-Williams Posts Record Sales in 2017

3. New Bridge Collapses in Colombia

4. New Bay Bridge May Be Under Microbe Attack
5. Report: Border Wall Prototypes Pass Testing

6. PPG Releases Q4, Year-End Financials

7. Oroville Dam Forensic Team: ‘Systemic Failure’
8. PennDOT to Fill Plug Welds After Bridge Incident
9. Caltrans Halts Bridge Build Over Movement

10. Forth Road Bridge to get First Full Paint Job
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What abrasive should
be used to prepare
stainless steel?

Lam George, Steelcote Pte Ltd:
“Aluminium oxide and garnet.”

Trevor Neale, TF Warren Group:
“Assuming that the preparation is prior to ap-
plying a protective coating where a profile is
required, aluminum oxide of the correct sieve
size is the best candidate.”

Erik Andreassen, CPS:

"The reason behind the selection of stain-
less steel in fabrications is its own ability to
prevent corrosion with out coatings. If blast-
ing of any media is used on stainless items, it
can remove the chrome layer in the stainless
composition and therefore reduce its cor-
rosion resistance. | would rather suggest a
hand-prepared surface if it's an actual spec-
ified requirement. If someone adds blasting
to the specification for surface preparation to
stainless steel, | would seriously question this
decision before proceeding.”

Brad Gooden, Blast-One International:
“Alluvial almandine garnet which is greater
than 97 percent garnet. For best results use a
size of 80 mesh or smaller, unless a high sur-
face profile is required.”

Madalaine Elliott, Techno Coatings Inc.:
"You should always use aluminum oxide or
garnet abrasive only.”

PAINTSQUARE.COM / JPCL FEBRUARY 2018 11



Airport Jet Fuel Piping

Lining Issues

BY RICK HUNTLEY AND CYNTHIA O’MALLEY, KTA-TATOR, INC.

n international airport was in the
midst of an expansion project. As
part of the project, 24-inch-di-
ameter jet fuel piping was being
installed by a subcontractor hired
by the general contractor that was directly hired
by the owner to manage the project. The piping
manufacturer installed both the interior and ex-
terior linings. According to the specification, the
interior of the pipes was required to be abra-
sive blast-cleaned to an SSPC-SP I0/NACE No.
2 Near-White Blast Cleaning finish. Additionally,
according to the specification, “The standardre-
quired at the time of lining shall be a minimum
of ISO 850I-I grade Sa 2-Y, with a surface pro-
file of 70 = 20 microns peak-to-trough height.”

The coating system specified for applicationto
the interior of the piping system was a phenolic
lining. According to the product data sheet, the
lining material was an amine-cured, modified
epoxy-phenalic. The primer’s solids content was
approximately 65 percent by volume and the
finish coat’s solids content was approximately
63 percent. Both coats had arecommended dry
film thickness of 100-to-150 microns per coat.
The specification required that the coating be
appliedintwo coats atadry film thickness of 125
microns per coat. The first 50 mm of the ends of
the pipes were required to be left bare.

The pipes were manufactured by a different
company than the contracted company thatwas
responsible for abrasive blast-cleaning and coat-
ing. After application of the interior coating, the
pipes were transferredto a protected curing area.
The interior of the curing area was heated with
portable heaters.

The pipes were delivered to the jobsite at the
airportin three lots, referred to as Lot |, Lot 2and
Lot 3. During installation of the pipes, no addi-
tional preparation or coating was required to be
performed at the welded seams. Sometime
after the pipes were shipped to the jobsite, a
number of the pipes in Lot 2 had been placed

in tfrenches and were exposed to flooding con-
ditions that partially or fully exposed the pipes
to muddy water. Most of the pipes that were
exposed to the floodwater were subsequently
cleaned with fresh water to remove sand and
other contaminants.

Afterthe pipes had been exposedto the water,
avideo survey was performed to determine the
condition of the interior coatings and to deter-
mine whether contaminants had been removed.
It was discovered that the coating had blistered
and delaminatedinseveral areas. The delamina-
tionwas most prevalent at the first several centi-
meters of the coating at the edges of the pipes.

FIELD INVESTIGATION
A consultant visited the expansion project at
the airport approximately Il months after the
coatings were applied. The consultant was
accompanied by the facility management
representatives and the pipe installation
organization. The results of the field
investigation, in summary, are as follows.
Some of the pipe that had been installed and
was subject to the flooding was subsequently re-
moved and transported to a laydown yard close

tothesite office. The pieces of pipe that were ex-
amined during the field visit are listed in Table I.

Theinterior of the 24-inch-diameter pipe sec-
tions were coated with alightgray lining. The lin-
ing appeared to have been applied in a smooth
and consistent manner and there was a mini-
mum of noticeable visible application defects
such as runs, sags and missed areas.

Several of the pipes from Lot 2 were examined.
The pipes were reportedly flame-cut when they
were removed, which inmany cases caused visi-
bledamagetothe coatingnearthe edges, includ-
ing some visible charring. As a result, the coating
was not sampled in these areas since there was
noassurancethatany visible coatingdamage was
not caused during the removal process.

There were two major concerns with the inte-
rior lining. The first concern was the prevalence
of rust staining. In several of the pipes that had
beenflooded and subsequently flushed withwa-
ter, there was a pattern of pinpoint rusting that
was prevalent, typically on one side of the pipe.
The areas of pinpoint rusting were closely exam-
inedusing a field microscope anditwas clear that
the rusting was the result of deposits of metal on
the surface of the lining. The rust staining did not

Fig 1: Rust staining on the surface of the lining. All figures courtesy of KTA-Tator, Inc.

12 JPCL FEBRUARY 2018 / PAINTSQUARE.COM



Table 1: Pieces of Pipe
Examined During Field Visit.

Lot
Number

Condition

1 New Pipe (at installation location)
Flooded and Flushed

Flooded and Flushed

Flooded and Flushed

New Pipe

Half Flooded and Not Flushed

New Pipe

w N NN NN

penetrate through the topcoat, and there was no
noticeable associated rust staining on the sur-
face of the pipe when the coating was removed.
Typically, small particles of metal were visible on
the surface of thelining, andrust stains were vis-
ible surrounding the metal particles. The metal
particles could be removed by scraping the sur-
face with a knife.

The second concern was the occurrence of

Fig. 2: An exudate is visible on the surface
of the primer.

blistering and coating delamination of the inte-
rior lining. Blisters in the coating were found in
several of the Lot 2 pipes. In all cases, the blisters
occurred between the topcoat and the primer. No
blistering or delamination of the primer fromthe
substrate was found. The blisters ranged in size
from Y-inch in diameter up to approximately 3
inches in diameter.

When blister caps were removed, an amber

colored translucent viscous liquid was found on
the surface of the primer. The blister liguid had a
slight unidentifiable odor. In some cases, when
theblister was pulled away from the surface, the
clear viscous liquid formed a string between the
surface and the blister cap.

Ontwo of the pipes that were examined, blis-
tering was prevalent along the longitudinal weld.
Typically, the blistering occurred at the boundary
between the weld and the surrounding pipe sur-
face. When the blister caps were broken in this
area, the translucent viscous liquid was present
on the surface of the red primer.

On the Lot 2 pipes that experienced blistering,
there was also an unusual surface deformity on
the topcoat, which was present on approximately
one half of the circumference of the pipe, but ex-
tended much of the length of the pipe. The defor-
mity was present as a pattern of furrows or val-
leys and the surface had the appearance of mud
cracking, althoughtherewasnoactual crackinthe
topcoat. When blisters were removed, there was
often a similar mud cracking pattern on the red
primer, although that pattern appeared to be the
result of deposits of the gray primer on the surface
of the red primer that matched the pattern of the
furrows on the topcoat surface.

One of the pipe sections from Lot 2 had been
in contact with floodwater on approximately half
of the circumference of the entire pipe, but had
not been flushed. Dirt was present on approxi-
mately half of the circumference, but the other
half was clean and similar in appearance to the
new pipes. The unusual topcoat surface defor-
mity appeared on half of the circumference of
another pipe from the same lot, but the half with
the surface deformity did not align with the half
thathad been flooded. There was some overlap,
but there were areas that had been flooded that
did not exhibit the surface deformity, and areas
that exhibited the service deformity that had not
been exposed to floodwater.

The adhesion of the coating was assessed
in accordance with ASTM D-3359, Method A,
"Measuring Adhesion by Tape Test.” This meth-
odinvolves making two intersecting cuts through
the coating to the substrate with a sharp blade.
The smaller angle of the cuts is between 30
and 45 degrees F. A special pressure sensitive
tapeis then applied to the X-cut area and rapid-
ly removed. The adhesion of the coating israted

Fig. 3: Cracking pattern on primer consisting of
traces of the gray topcoat.

according to the amount of coating removed by
the tape using the following ASTM scale.

5A - No peeling or removal.

4A-Trace peeling orremoval alongincisions.

3A - Jagged removal along incisions up to I/16
inch on either side.

2A - Jagged removal along most of incisions
up to I/8 inch on either side.

IA - Removal from most of the area of the X
under the tape.

OA - Removal beyond the area of the X.

Generally, the adhesion of the coating was
foundtobe good (3Ato 5A) evenin areasimme-
diately surrounding the blisters. When the coat-
ing was picked and probed with a utility knife, it
was found that the topcoat could be separated
from the primer, although in very small chips,
in areas generally on the same half of the pipe
as blisters and in areas where the topcoat sur-
face cracking pattern was present. In areas where
cracking was not present and on new pipes from
Lotland Lot 3,thetopcoat could notbe separat-
ed from the primer.

Thedryfilmthickness of the coatingwasmea-
sured on allthe pipe sections that were examined
using a calibrated electronic dry film thickness
gage. The dry film thickness of the coating var-
ied from 7.6 mils (193 microns) to 13.0 mils (330
microns)and was generally close to the specified
coating thickness. There was no noticeable cor-
relation between the thickness of the coating and
the occurrence of coating delamination, blister-
ing, or the unusual surface deformity.

DISCUSSION
The field investigation and the laboratory anal-
ysis revealed the cause of the blistering and

PAINTSQUARE.COM / JPCL FEBRUARY 2018 13
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delamination of the epoxy phenolic pipe lining
system to be the presence of an exudate on the
onthe surface of the primer. The exudate was an
amber-colored, translucent viscous liquid that
was clearly visible on the surface of the prim-
er when blister caps were removed from pipes

Fig. 4: Good adhesion of the coating on Lot 1 pipe.

during the field visit. The blistering and delami-
nation of the coating always occurred between
the topcoat and the primer.

Laboratory infrared analysis indicated that
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the exudate was mostly organic material con-
sisting of epoxy and unreacted amine. The com-
position of the exudate is similar to the composi-
tion of the resin materials that are present both
in the primer and in the epoxy phenolic topcoat.
Because the exudate was present between the

Fig. 5: Cracking pattern on topcoat and primer.

primer and the topcoat, it is believed that it orig-
inated inthe primer and was present on the sur-
face of the primer when the topcoat was ap-
plied. Had the exudate originated in the topcoat,

14 JPCL FEBRUARY 2018 / PAINTSQUARE.COM

Fig. 6: Rust staining could be scraped away with a
knife.

it would simply have appeared on the surface of
the topcoat and would not have created blister-
ing or delamination problems.

Along with the blistering and delamination
of the topcoat from the primer, there was also
the unusual visible pattern on the surface of the
epoxy topcoat consisting of furrows or valleys,
which resembled something similar to a mud
cracking pattern even though the topcoat did
not actually crack, but instead formed connect-
ed valleys in the coating. The pattern that was
formedis mostlikely aresult of the exudate pres-
ent on the surface of the primer, which was soft,
while the topcoat developed considerable hard-
ness and shrinkage stress during the curing pro-
cess. Itisclear thatthe topcoat shrank during the
curing process and while the topcoat was still a
semi-liquid, it stretchedin certain areastorelieve
the shrinkage stress. The areas that stretched
were thevalleysin the unusual mud cracking pat-
tern. Typically, when a coating develops shrink-
ing stress during the curing process, the coating
is unable to move because the underlying sur-
face is hard, and the coating is attached to the
surface. In this case, the soft exudate allowed
the topcoat to slide over the surface during the
curing and shrinking process, eventually leading
to the unusual mud cracking pattern.

Theflooding of the pipes did not create the de-
lamination or blistering problem, but instead re-
vealed a problemthat already existed. The labo-
ratory analysis determined that the exudate was



water-soluble or atleast partially water-soluble.
Whenwater wasintroduced into the pipes, some
of the water transferred through the topcoat to
the water-soluble exudateinaprocess known as
osmosis, which mostly occurs in a coating sys-
tem when a water-soluble material is present
beneath a coating.

The unusual cracking pattern onthe surface of
the topcoat was created during the initial curing
process. Once the topcoat has cured and hard-
ened, the coating can no longer be deformed to
create the valleys that were present in the top-
coat. These valleys canonly be created while the
coatingisstillina semi-liquid state. Once acoat-
ing has hardened, the curing stresses are relieved
only by cracking of the coating, not by stretching
or deforming of the coating.

Further evidence of the formation of the un-
usual surface pattern independent of the flood-
ing was found in one of the Lot 2 pipes. It was
clear fromthe deposits onthe surface of the pipe
thatapproximately half the circumference of the
pipe had been flooded, but the variability of the
cracking pattern on flooded and unflooded ar-
easof the pipe is an additional indication that the
cracking pattern was not aresult of the flooding.

A video examination of the installed piping
system indicated that the coatings were often
cracking and delaminating near the circumfer-
ential welds. It appeared that often the first 5
or 6 cetimeters of coating at the edges cracked,
and the cracking and delamination occurred on
approximately half of the circumference of the
pipe. The video did not have sufficientresolution
to determine whether or not the mud cracking
pattern was present on the intact coating near
the areas of cracking and delamination at the
pipe edges. If cracking delamination had been
present on the edges of the pipes that were re-
moved for examination, these areas were dam-
aged by the heat of the removal process and no
appropriate sample areas exhibiting the edge
delamination were found.

It is likely that the cracking and delamination
at the edges was also a result of the exudate.
Similar to the blistering and the unusual surface
pattern, the delamination at the edges occurred
between the primer and the topcoat and was
found on half the circumference of the pipe. Itis
most probable thatthe heatgenerated during the
welding process softened or melted the exudate

tothe pointwhere the topcoat crackingreleased.
Because the exudate appeared to be composed
mostly of uncuredresin, itis reasonable to expect
that heat would lower the viscosity of the mate-
rial. The properly cured epoxy phenolic coating
system should not have been adversely affect-
ed by the welding process to the degree found
in the inspection videos. Typically, if weld heat
does affect the lining, the failure mechanisms

SHARING

| have worked in the corrosion
industry for 20 years. NACE training
and certification helped me get a major
promotion as a QC manager. It's given me
the chance to exchange knowledge with
other third-party inspectors and most
importantly, our fellow workers - blasters,
painters, and inspectors. Being certified is a
statement of recognition.

- Alexandre Racine, NACE CIP Level 3 Certified,
Quality Control Manager/EHS Coordinator at
Drytec Trans-Canada

NACE Career Development, your experts

in training and certification

Developed by Industry,
Globally Recognized. ,

nace.org/career-development

KNOWLEDGE

INVESTIGATING FAILURE

are blistering from the steel substrate, and not
between coats.

The reason for the formation of the exudate
could not be definitively determined, but most
likely the primer surface was exposed to mois-
ture before the epoxy phenolic resin and the
amine hardener had reacted. Sometime be-
fore the resin and cross-linker adequately re-

acted, the coating was exposed to moisture.
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When the moisture evaporated from the coat-
ing, it transferred the partially water-soluble
material to the surface. This material was not
volatile, and it remained on the surface when
the water evaporated.

The source of the moisture could not be
determined because the exposure occurred
during painting operations and the conditions
were consequently not directly observed for
the investigation. Photographs taken during
painting operations indicated that the pipes
were transported to a heated building after
coating to facilitate curing. It appeared that
the heat was supplied by direct-fired kerosene
heaters. Direct-fired fossil fuel heaters should
typically be avoided when providing heat for
curing of coatings in enclosed areas, as they
emit carbon dioxide and water vapor and in
some cases can create moisture condensation
problems, especially if the substrate is cold.
The use of these heaters may have contrib-
uted to the formation of the exudate on the
surface. Regardless of the exact source of the

moisture, it was clear that the exudate formed
on the surface of the primer before applica-
tion of the topcoat, and the detrimental en-
vironmental conditions that precipitated the
formation of the exudate occurred during the
painting process.

During the field investigation, pipes from
Lotsland 3 were closely examined. There was
no sign of blistering and delamination, and the
unusual surface pattern was not present in
these pipes. Additionally, the adhesion of the
coatinginthese pipes was excellent and there
was no noticeable separation of the topcoat
from the primer. There was no evidence that
the problem with the exudate that was found
in Lot 2 was present in Lot | or Lot 3.

It was reported that sections of the pipe will
be flushed with jet fuel at a flow rate several
times higher than would be expected during
normal operation. The effect of the jet fuel
on the problematic pipe sections from Lot 2
was unknown. The introduction of jet fuelinto
these pipesin conjunction with the higher flow

rate should be a good testto determine wheth-
er the jet fuel will dislodge additional sections
of coating. Itis anticipated that coating that can
be dislodged by the jet fuel will be dislodged
during this flushing process and that coating
thatisintact after the process should substan-
tiallyremainintact during operation, although
the magnitude of the coating delamination
during the jet fuel flush should be considered.

Rusting that was found on the surface of
the pipes was a result of metal shavings that
had deposited on the surface of the lining. The
rusting did not penetrate through the coat-
ing system to the surface. The particles could
be relatively easily removed by scraping the
surface with a knife. The rust staining will not
detrimentally affect the performance of the
lining system.

%
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Surface Preparation Equipment
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ometimes| find myself reading old

regulations or looking for EPA or

OSHA interpretations, and | dis-

cover something new, or some-

thing that we as an industry may
not be fully compliant with. Recently, | had
occasion to review some hazardous waste
documentation that resulted in me re-read-
ing the EPA Land Disposal Restrictions (40
CFR 268) which were added to the Resource
Conservation and Recovery Act in a series of
phases throughout 1998.

Thisreview lead me to some new conclusions
regarding our testing, management and doc-
umentation of potentially characteristic waste
resulting from abrasive blast-cleaning. All gen-
erators and co-generators in the field and in the
office need to evaluate their current waste-man-
agement practices for compliance with thisnew
information.

disposalrestrictions for underlying hazardous
constituents.

In 40 CFR 268.9, special rules regarding
wastes that exhibit a characteristic require that
the hazardous determination includes evalu-
ation of the toxic characteristic thresholds (for
example, is lead above 5.0 mg/L?) and “the
generator must determine the underlying haz-
ardous constituents (as defined at § 268.2[i]) in
the characteristic waste.”

WHAT’S AN UNDERLYING
HAZARDOUS CONSTITUENT (UHC)?
UHCs are trace amounts of hazardous chemi-
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cals found in some hazardous
wastes that do not, in and of
themselves, cause the waste
to be hazardous, but must be

— -

Fig. 1: LDR notification. Images courtesy of the author.

We deal with two primary waste streams:
1) abrasive and trace metals from new steel
surfaces and abrasives, and 2) abrasive, trace
metals and previously applied coatings that
may contain hazardous constituents such as
lead or chromium. Most of us know to test
waste by the TCLP (Toxicity Characteristic
Leaching Procedure) for eight heavy metals

treated before the waste is
disposed of in a non-hazard-
ous waste (Subtitle D) landfill.
Universal treatment standards
(40 CFR 268.48) identify the
TCLP concentrations (mg/L)
for determining compliance
with treatment standards for
underlying hazardous constituentsincluding or-
ganics andinorganics. As you'd expect, the table
includes the eight regulated toxic characteristic
metals but it also includes beryllium and nickel,
both of whichmay be presentin some abrasives.
Thetable also contains zinc, but zincis exempted
from this regulation.

If UHCs are present above the universal

UNDERLYING HAZARDOUS CONSTITUENTS -
AN OLD RULE,
FOLLOWING IT RIGHT?

BY ALISON B. KAELIN, CQA, ABKAELIN, LLC

BUT AREWE

treatment standards (UTS), thenthe waste needs
to be treated to remove any UHC (even though
it isnt hazardous) before being disposed of as
non-hazardous.

Even wastes that are hazardous for one con-
stituent, such as lead, must still meet all appli-
cable UTS for any other UHC that is present but
below the hazardous threshold.

As a practical matter, the generator(s) must
identify potential hazardous waste characteris-
tics and UHCs that may be present in the waste
stream(s).

OSHA documents indicate that UHC may be
presentin various types of abrasive blast-clean-
ing media, including but not limited to: alumi-
num, arsenic, barium, beryllium, cadmium, chro-
mium, cobalt, copper, iron, lead, manganese,
nickel, silver, tin, titanium, vanadium and zinc.

The existing coatings may contain lead, chro-
mium, cadmium or arsenic. To determine what
UHCs may be present, one must review the
abrasive safety data sheets and perform and
review paint test results to identify any trace
UHCs present. Once waste was generated, one
must perform TCLP analysis for all eight requ-
lated metals and any trace UHCs (such as be-
ryllium) in the waste. When results are received,
one must review them and determine first if the
waste is hazardous (above the toxic character-
istic threshold); and if not, whether it contains
UHCs above the UTS.

EXAMPLE TWO
For Example Two (Table 2, p.18), the waste would

and compare the results to the
EPA thresholds for hazardous |+«
waste in 40 CFR 261.24.

EXAMPLE ONE

In Example One (Table I, p. 18)
most of us would conclude this - B~
is anon-hazardous waste. We'd |« -
be partially right, however, we'd

AT Cmsag T T

o S e b

need to be treated for lead, chro-
mium and beryllium to below the
UTS levels. It needs to be disposed
ofinaSubtitle C(hazardous waste)
facility because the lead exceeds
the toxic characteristic of 5 mg/L.

EXAMPLE THREE

Fig. 2: Sample waste profile.

not be complying with the land

For Example Three (Table 3, p.
18), the waste would need to go
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Table 1: Example 1 — Waste Tested for Eight Heavy Metals.

Hazardous Waste

Regulated Threshold 261.24 Theoretical TCLP

Constituent Method 1311 (TCLP mg/L) Results (mg/L) Hazardous Waste
Do04-Arsenic 5.0 <0.10 N/A
D005 - Barium 100 11 N/A
D006 - Cadmium 1 05 N/A
D007 - Chromium 5 3 N/A
D008 - Lead 5 2 N/A
Doog - Mercury 0.2 <0.0020 N/A
Do10 - Selenium 1 05 N/A
Dot1 - Silver 5 <0.10 N/A

Table 2: Example 2 — Waste Exhibits a Toxic Characteristic and Has Other UHCs.

Toxic Universal
Theoretical Characteristic Applicable Treatment Applicable

Regulated Method 1311 TCLP  Threshold 261.24 Toxic Standard 268.48 UHC
Constituent Results (mg/L) (TCLPmg/L)  Characteristc ~ (TCLPmg/L) 268.2(i)
Doo4 - Arsenic <0.10 5.0 N/A 115 N/A
Doos - Barium 11 100 N/A 21 N/A
D006 - Cadmium <0.10 1 N/A o1 N/A
Doo7 - Chromium 11 5 N/A 0.60 v
D008 - Lead 7.0 5 v 0.75 N/A!
Doo9 - Mercury <0.0020 02 N/A 0.025 N/A
Nickel 0.05 N/A N/A 0.025 N/A
D010 - Selenium <0.10 1 N/A 57 N/A
Dot1 - Silver <0.10 5 N/A 0.04 N/A
Beryllium 4.0 N/A N/A 122 v

1: Lead is treated as N/A for UHC since it is being treated as D008 waste.

Table 3: Example 3 — Waste Does Not Exhibit Toxic characteristic, but does have UHCs.

Toxic Universal
Theoretical Characteristic Applicable Treatment Applicable
Regulated Method 1311 TCLP  Threshold 261.24 Toxic Standard 268.48 UHC
Constituent Results (mg/L) (TCLP mg/L) Characteristic ~ (TCLP mg/L) 268.2(i)
D004 - Arsenic <0.10 50 N/A 115 N/A
Doos5 - Barium 11 100 N/A 2 N/A
Do0o6 - Cadmium <0.10 1 N/A 0.1 N/A
Doo7 - Chromium 11 5 N/A 0.60 v
D008 - Lead 4.0 5 N/A 075 v
Doog - Mercury <0.0020 0.2 N/A 0.025 N/A
Nickel 0.05 N/A N/A 0.025 N/A
Do10 - Selenium <0.10 1 N/A 57 N/A
Dot1 - Silver <0.10 5 N/A 0.04 N/A
Beryllium 40 N/A N/A 122 v
to a Subtitle C facility to be treated for lead, | DOCUMENTATION

chromium and beryllium to below the UTS
levels. It could then be disposed of in either a
Subtitle C or Subtitle D non-hazardous waste
facility.

It is also important to check the documenta-
tion being completed in the office and field to
make sureit properly addresses both toxic char-
acteristics and UHC, and meets land disposal
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restriction (LDR) requirements. In 40 CFR 268.7,
testing, tracking and record keeping requirements
forgenerators, treaters and disposal facilities stip-
ulate the following records be maintained.

Hazardous Waste Determinations
As discussed earlier, one should perform TCLP
testing for potential UHC, even when the genera-
tor declares the waste to be hazardous (as is fre-
guently done when steel abrasives are used).
The personsigning the hazardous waste man-
ifest or the bill of lading or completing forms re-
quired by the treatment, storage and disposal fa-
cilities (TSDF) should first have knowledge of the
test results.

TSDF Forms/Waste Profile Information

All treatment, storage and disposal facilities
(TSDF) have specific forms and documents that
they require based on their individual permits and
Resource Conservation and Recovery Act (RCRA)
requirements for TSDF. They may be referred to
as Waste Material Profile Sheets, Waste Analysis
Profiles or Waste Characterization Reports. They
are required to be signed by the generator.

Whatis commonon allof these forms are ques-
tionsregarding the hazardous determination of the
waste, physical characteristics, heavy metals, VOCs
and land disposalrestrictions. All require identifica-
tion of UHCs, and most require completion of a UHC
waste profile addendum or similar. Results of TCLP
testing is generally attached.

These forms are legally binding and state
that the information is complete and an ac-
curate representation of the waste and its
known or suspected hazards. Additional no-
tifications or certifications are required if the
waste streams change.

Manifests/Bills of Lading/Non-

Hazardous Waste Manifests

Based onthe hazard determination, the generator
(or approved offerer) completes the appropriate
transmittal document to accompany the waste.

Waste manifests have a fixed format (40 CFR
262) and only require identification of hazardous
wastes. It requires generator certification regard-
ing the information provided.

Bills of lading generally do not ask about UHC
or hazardous wastes. Some states or TSDF
have non-hazardous waste manifests that do
ask about UHC.

It is important to remember that persons



completing manifests are required to be trained
in hazardous waste.

Land Disposal Notification/

Certification Forms

A natification may be referred to as a land ban
form or land ban statement. The land ban form
isused whenyour waste has beensenttoatreat-
ment, storage and disposal facility (TSDF), but
has notyetbeen treated tomeetthe UTS. Inoth-
er words, the waste still requires treatment be-
foreitcan go onto “theland” (a landfill or surface
impoundment).

Ontheotherhand, aland disposal certification
form or "certification” is used when your waste
meets UTS upon arrival at the TSDF. This waste
can be disposed of without further treatment.

These are one-time responsibilities and sent
with the first bill of lading or manifest.

SO WHAT DOES THIS MEAN
FROM OFFICE TO FIELD?
In the Office (Generators/Consultants)
Check your specifications. Some of you are us-
ing language thathas notbeenrevised since the
1990s. In light of this and the recent changes to
generator regulations [JPCL, January 20I7], verify
thatyou are asking forenoughtestingandavig-
orous hazardous-waste-determination process.
Verify thatyou are receiving and reviewing allin-
formation on hazard determinations.
Determine which documents you are re-
qguesting, reviewing and receiving. Who is sign-
ing or reviewing them? Do you have a good

BRIDGE <
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understanding of the entire hazardous waste
management process?

Consider requiring testing for potential UHCs.
This should include UHCs that may be presentin
abrasives, existing paint and substrates (stain-
less steel frequently exhibits chromium). Verify
that UHCs are being appropriately identified, dis-
closed and managed.

In the Field

Check the forms you're using with your waste
vendors. There are many obsolete or legacy
forms out there that do not include current in-
formation. Justbecause your company used this
form fouryears ago does not make it appropriate
for all waste streams generated today.

Verify that you understand your respon-
sibilities when performing hazardous waste
determinations.

Verify that you are performing hazard deter-
minations onall potential waste containing UHC.

CONCLUSIONS

I've got to admit, some of the aforementioned
information was news to me. | contacted a rep-
resentative of the NJDEP Bureau of Hazardous
Waste Compliance and Enforcement who con-
firmed the information provided in this article.
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y itself, concrete has enor-

BY MIKE DADIK P.E. S.E.,
CAROLLO ENGINEERS, INC.

mous compressive strength
but little tensile capacity.
Thus, an unreinforced con-

crete column can support
a large load, but a beam
has minimal strength with-
out reinforcing steel. Reinforcing steel, also
known as rebar, first came into common use
near the end of the nineteenth century. Since
then, reinforced concrete has become a pre-
ferred building material for water storage
and conveyance structures, providing great
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strength and many possible configurations.
These advantages, however, come with the
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challenge of protecting rebar, which is essen-
tial for long-term durability.

Engineers have learned that maintaining
concrete’s alkalinity is the key to this pro-
tection. With a pH between 11 and 12, con-
crete's pH is very high, similar to that of lime
or lye. This high pH environment surrounds
reinforcing steel, forming a passivating layer
that prevents corrosion. Concrete longevity
depends heavily on maintaining the high pH
environment. Exposure to acid breaks down
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Fig. 1: This photo shows the site before the project was bid. The best access available was by removing the
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covers from the full grit basins. Photos courtesy of the author.
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this protective mechanism.

Coating concrete can minimize, or even
stop damage from aggressive environmen-
tal exposures that harm the concrete and
lower its pH. Properly applied, a coating can
stop concrete deterioration before it pro-
gresses to the reinforcing steel and prevent
costly structural repairs. This practice is com-
monly implemented in wastewater treat-
ment plants, collection systems and industrial
plants where concrete coatings are common-
ly used to reduce acid exposure. An acid/
base reaction occurs when high-pH concrete
is exposed to low-pH acids. There are many
sources of low-pH acids. Atmospheric car-
bon dioxide in water forms a weak acid re-
sulting in concrete carbonation. Extensive,
widespread concrete deterioration is more
commonly seen as the result of acid byprod-
ucts produced by bacteria-consuming hy-
drogen sulfide from wastewater. Referred
to as biogenic sulfide corrosion, this may be
the most common form of concrete deterio-
ration remediated with protective coatings.
Wastewater processes can also become up-
set, resulting in unintentional acid exposure'.

Applied when concrete is new, coatings
can protect it from acid exposure. For a num-
ber of reasons, concrete may not be coated

Fig. 2: The contractor begins work removing the lining system to uncover

extensive H,S damage.

until after damage occurs. Coating deterio-
rated concrete is considerably more difficult
than coating new concrete. Understanding
the deterioration process is important when
specifying and applying remedial coatings.

REINFORCED CONCRETE
DETERIORATION PROCESS
Damage from acid exposure begins at the
concrete surface and progresses in toward
the reinforcing steel. When exposed to a low
pH environment, acid/base reactions break
down the concrete paste, reducing the thick-
ness of the high-pH concrete layer that pro-
tects the reinforcing steel. The deterioration
advances deeper into the concrete, eventual-
ly lowering the pH near the reinforcing steel,
allowing corrosion to begin. When rebar cor-
rosion initiates, expanding rust forms larger
cracks accelerating the corrosion rate and
reinforcing steel wasting, ultimately weaken-
ing the structure. Coatings can reduce deteri-
oration by eliminating exposure and restoring
the corrosion protection by replacing the lost
concrete with an impermeable membrane.
Chemicals such as sulfates and chlorides
also lead to concrete deterioration. Chlorides
from chemicals used for wastewater dis-
infection will penetrate the concrete. The

chlorides break down the passivating layer
around the rebar. Without this protective lay-
er, rebar can corrode. Coatings can be used
after chloride contamination begins to re-
duce moisture in the concrete and the rate of
corrosion. It is best to remove all of the chlo-
ride-contaminated concrete before a coating
is applied.

Sulfates present in groundwater or in con-
crete can react within the cement paste.
Expansive byproducts in the cement paste
form microcracks. Chemical changes within
the concrete matrix then weaken the cement
paste, leaving it susceptible to water intrusion
and accelerated corrosion. Sulfates are also
a byproduct of biogenic sulfide deterioration,
where concrete is exposed to sulfuric acid
from H,S reducing bacteria. This is why bio-
genic sulfide corrosion is so damaging.

Sulfate exposure is best mitigated with a
properly designed concrete mix before the
concrete is placed. As with chloride contami-
nation, coating to reduce moisture in the con-
crete after the sulfate contamination has tak-
en place can help. This approach can be used
in specific circumstances, but because most
external sources of sulfate are in the ground
and below-grade, coating is usually not a
cost-effective approach.

Fig. 3: The finished project used calcium aluminate cement.
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EVALUATING CONCRETE
DETERIORATION

Selection of cost-effective coating and con-
crete repair systems should consider the ex-
tent of deterioration and substrate condition.
Assessment tools range from easy-to-per-
form visual and nominally destructive tech-
niques to removing core-drilled samples for
laboratory analysis. The test findings pro-
vide the specifier and estimator with an idea
of how much concrete should be removed
during surface preparation and if structural
repairs are required.

Visual Assessment

Damage from acid exposure begins with soft-
ening of the concrete surface followed by
loss of the weakened paste. At the start of
the process, when the deterioration is a frac-
tion of an inch deep, the concrete may look
nearly new. However, striking the surface
with a sharp tool will expose the softened
paste. While undamaged concrete is hard to

chip, deteriorated concrete can be chipped
back without much difficulty. A widespread
area must be surveyed to assess the variation
on the walls below, near and above the wa-
terline, as well as the underside of overhead
slabs. Floor surfaces should also be assessed
though floor coatings are not typically used in
water containment structures.

In wastewater and petrochemical facilities,
biogenic sulfide corrosion starts with acid
attack then continues with the formation of
sulfates which weaken the cement paste in a
two-phase process — a soluble salt byprod-
uct forms during the second phase. The re-
sulting loosely adhered, powdery white de-
posits are easy to spot and are typically the
first visible damage observed after significant
deterioration has occurred. The loosely ad-
hered powder can be easily removed expos-
ing aggregate.

As the deterioration continues, lower-
ing the pH of concrete surrounding the re-
inforcing steel, rusting and spalling occurs,

exposing the rebar. Exposed reinforcing steel,
rust staining and spalled or cracked concrete
usually indicates loss of structural strength.
Hammer sounding can identify rebar corro-
sion below the surface. Concrete that sounds
hollow when struck indicates a void possibly
caused by rebar corrosion.

Removing damaged concrete and rust
to expose the remaining reinforcing steel
helps assess the structural repairs required.
At a minimum, all reinforcing steel corrosion
must be cleaned to near-white condition be-
fore repair mortar is applied prior to coating.
Depending on the location, adding new rein-
forcing steel may be required.

Visual assessment benefits from a stan-
dardized scale to rate deterioration (Table
1, p. 24). Though non-proprietary stan-
dard scales are not currently available, ICRI
310.2R concrete surface preparation rep-
licas provide a standard to compare sur-
face roughness?. The replica surfaces are
produced by abrasive blasting or more
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Table 1: Visual Concrete Deterioration Assessment Scale Example.

1. Smooth, hard surface — nearly new

a. Quality: sound when struck with a pick, freshly exposed pH >10.
b. Texture: smoothness.

c. Cracking: drying or plastic shrinkage cracks.

d. Spalls: none.

2. Initial surface deterioration

a. Quality: s to ¥a inch easily removed with a pick, freshly exposed concrete pH >10.
b. Texture: some exposed aggregate.

c. Cracking: cracks greater than 15 mils, localized or widespread.

d. Spalls: none.

3. Advanced surface deterioration

a. Quality: 4 to 2 inch easily removed with a pick, freshly exposed pH <10.
b. Texture: widespread exposed aggregate.

c. Cracking: %16 inch to s inch cracks, moderate frequency.

d. Spalls: localized, infrequent if any.

4. Advanced surface deterioration with initial reinforcing deterioration

a. Quality: 4 to 2 inch easily removed with a pick, freshly exposed pH <10.
b. Texture: widespread exposed aggregate.

c. Cracking: Widespread cracks, some greater than ¥s inch.

d. Spalls: spalls or rust staining.

5. Advanced surface deterioration with reinforcing deterioration

a. Quality: Y to 2 inch easily removed with a pick, freshly exposed pH <10.

b. Texture: widespread exposed aggregate.

c. Cracking: Widespread cracks, some greater than g inch.

d. Spalls: widespread or localized easily removed spalls, exposed reinforcing, wide-
spread rust staining.
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aggressive surface preparation techniques Table 2: Repair Mortar and Lining Systems.

and may not be directly applicable to cor-

Grout and Mortar Surfacers Coatings and Lining Systems

rosion-damaged concrete. ACl 201.1is an-
other resource providing guidance for visual
assessments.

Portland Cement Mortar Epoxy mastic

Calcium Aluminate Cement Mortar Thick-film coatings

Elastomeric polyurethane and polyurea
hybrids

Ultra-high solids amine-cured epoxy

Epoxy Mortar
pH Measurement
Visual observation and hammer-sounding can
help assess the surface physical appearance
and condition, indirectly providing insight into
concrete pH. Measuring concrete pH at and

Novolac Epoxy
Liners
PVC sheets

Sulfur cement precast panels

below the surface affords a better estimation
for the rate of deterioration and the work re-

quired to restore reinforcing steel protection. Stainless steel plates
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Indicator pencils, litmus paper, phenol-
phthalein and pH meters all measure in-situ
concrete alkalinity. Measurements must be
taken as soon as possible after the concrete
is exposed. Concrete in contact with the at-
mosphere will begin to carbonate lowering
the pH measurement. When concrete pH is
below 10 to 11, the passivating benefits are re-
duced and corrosion can begin4,

To measure concrete pH, first chip or
grind to expose a fresh concrete surface,
then wet the concrete with neutral pH (dis-
tilled or deionized) water and wait approx-
imately a minute to solubilize the concrete
compounds. Expose indicator pencils or lit-
mus paper to the wetted surface and com-

pare the color change against a reference

standard. When using PH meters, place the
electronic probe on the wetted concrete

to measure the surface pH. ASTM F710,
though written for concrete evaluation prior
to installation of flooring, provides addition-
al guidances.
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Table 3: Grout and Mortar Surfacers Comparison.

System Benefits
Portland Cement Simple, most crews have
Mortar experience.

Versatile — Trowel- or

machine-applied.

Limitations

Cure time between appli-
cation and coating.

Abrasive blast required be-
fore coating.

Versatile — Wide range of appli-

cation thickness.

Least expensive material.

Calcium Aluminate

Cement Mortar Surface-tolerant.

Versatile - Trowel- or

machine-applied.

Epoxy Mortar

Rapid cure and time to coating.

Corrosion resistant.

Destructive Testing

If removing a core sample is an option,

petrographic evaluation of concrete

core samples provides the best

assessment of concrete condition.

Phenolphthalein solution is sprayed onto

a fresh core for a rapid assessment of

the carbonation depth. Microscopic,

petrographic examination of the concrete

structure will identify other types of

deterioration in addition to acid attack.
These test findings will inform the spec-

ifier and estimator about the approximate

amount of concrete that must be removed

during surface preparation, which is useful in-

formation when evaluating potential coating

and concrete repair systems.

PRODUCT SELECTION

After assessing the concrete condition, coating
selection is the next step in developing a repair
approach. Rehabilitation has two components:
restoring the concrete surface and enhancing
the corrosion protection provided by the re-
maining concrete. Typically, cementitious or
epoxy/polymer mortars rebuild the concrete
surface. Calcium aluminate cement has inher-
ent resistance to biogenic sulfide corrosion and
does not need a coating. Factors influencing
the selection of cementitious or epoxy mortars

Coating not required.

May be used as structural repair.

Cannot be coated.

Effective in vapor spaces.

High material cost.

Limited application
thickness.

Abrasive blast before coat-
ing not required.

include depth of repair, cost, curing time and
surface preparation for coating.

High-build coating systems are commonly
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used in wastewater exposures. These coat-
ings are solvent-free, epoxy or elastomer-

ic polyurethanes/polyureas. Thin-film coat-
ings are generally not considered suitable for
these environments; however, for less ag-
gressive environments, an epoxy mastic or
coal tar may be appropriate.

Factors influencing the selection of the
coating include concrete moisture content,
potential for cracking after coating installa-
tion and exposure. Table 2 presents repair
mortars and coating and lining systems sort-
ed in a commonly perceived order of increas-
ing chemical resistance. The advantages and
disadvantages of the each technology are
summarized in Tables 3 and 4 (p. 28) and dis-
cussed in the following paragraphs.
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Table 4: Coating Systems Comparison.

System Benefits

Epoxy Mastic Easy to apply with
conventional equipment.

Elastomeric Good for bridging cracks.

Polyurethane/ Chemical resistant.

Polyurea

Ultra-High Solids
Amine-Cured Epoxy

Tolerates cracking.

Chemical resistant.

Moisture tolerant.
Conventional equipment may
be used in some applications.

Novolac Epoxy Tolerates cracking.

Best chemical resistance.
Moisture tolerant.

Table 5: Specification Topics.
Repair Mortar and Surfacers Coating

Depth of repair Exposure

Groundwater/moisture tolerance

Time to recoat

Surface pH

Access Access

Repair mortar surface prep
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Limitations

Thin film does not cover
substrate defects well e.g.,
exposed aggregate, cracks
and blowholes.

Osmotic blistering from
entrapped solvents may occur.

Longer cure time before
return to service.

Low moisture concrete is
critical for application.

Hydrostatic pressure may
cause blisters or widespread
failure.

Plural component equipment
required.

Plural component equipment
required except in limited
applications.

Plural component equipment
required.
Most costly.

Cracks after coating
Substrate moisture content

Groundwater/hydrostatic pressure

Return to service

Sometimes thick placements require multi-
ple lifts. When the substrate is saturated sur-
face-dry and neat grout is scrubbed in, the
bonding strength improves.

Usually, cement mortar requires at least a
week of cure time, sometimes up to 28 days
before the coating can be applied. Itis also a
recommended practice to use abrasive blast-
ing to remove laitance and loose material pri-
or to coating.

Calcium Aluminate (CaAl) Cement Mortar
This specialty mortar has similar properties
to cementitious mortars with the added ben-
efit of being resistant to hydrogen-sulfide-in-
duced corrosion. Because of this, it does not
need to be coated before return to service.

These systems are commonly used in
collection systems to repair manholes and
vaults, since high-quality surface preparation
is difficult for these confined, hard to access
and isolated locations. Performance history
indicates that CaAl cement mortars perform
well and can also restore structural capacity,
essentially building a new manhole inside the
existing manhole.

Epoxy Mortar

There are a wide variety of epoxy mortars.
Some have significant structural capacity to
rebuild small vaults and manholes similar to
CaAl cement mortars and are also corrosion
resistant.

Epoxy grouts, which are used in coat-
ing applications to restore a concrete sur-
face, are made by mixing epoxy paste with
fine sand or silica fume. Trowel- or spray-ap-
plied, these mortars are typically no more
than 1-inch thick, since application thickness
is limited by the material's cost and heat gen-
erated from the epoxy curing. As with ce-
ment mortar, the bond strength is improved
by scrubbing into the substrate. A dry surface
will improve bond. Epoxy mortar surfacers
are easy to apply and usually require a short
cure time before coating. Abrasive blast-
ing the repaired mortar surface may not be
required.



Coating and Lining Systems
Coating systems can protect concrete in va-
por spaces and below the water surface in
tanks. Lining systems installed as sheets, are
effective only in the vapor space above the
water surface.

Epoxy Mastic
Epoxy mastic and coal tar epoxies were in-
dustry workhorses in the mid-to-late twenti-
eth century. With tighter VOC limits, concern
for worker safety and development of new
technologies, these coatings are now applied
less frequently. Nonetheless, these products
are surface tolerant and can be applied at 10-
to-20 mils thick, providing a good membrane
to protect the concrete.

Even with these benefits, entirely cover-
ing surface defects and blowholes is difficult
with this type of coating. In immersion ser-
vice, entrapped solvents can lead to osmotic
blistering that compromises the film's integ-
rity and cracks can reflect through the thin
coating film leaving concrete exposed at the
crack edges. When biogenic sulfide corrosion
begins at these very fine cracks, widespread
damage occurs as expansive byproduct peels
off the coating, progressively exposing more
concrete.

Thick-Film Coatings

Elastomeric polyurethane and polyurea,
amine-cured epoxy and novolac epoxy are
often 100-percent/ultra-high-solids formula-
tions that do not contain solvents. Prior to ap-
plication, these two-component coating sys-
tems (resin and catalyst) are mixed to begin
the curing process. Depending on the formu-
lation and temperature, the curing reaction
can last less than a minute to almost an hour.
The rapid cure time reduces working time.

Some coatings can be premixed (hot-pot-
ted) and applied with airless spray equip-
ment. All of these coatings can be applied
using plural-component systems with me-
tering pumps that mix the components im-
mediately before application. The curing pro-
cess requires accurate component ratios.
The pumps and application equipment must
be well maintained to ensure proper mix-
ing. Operating the metering pumps and mix-
ing the coatings requires specialized training;

additional inspection and quality-control
measures are highly recommended.

The solvent-free coatings allow for thick-
er-film application from 40-to-125 mils or
more. The thick film provides a less perme-
able and more durable membrane to protect
the concrete than thin-film coatings.

These coatings can address reflexive
cracking concerns. Elastomeric coatings’
tensile strain capacity allows them to stretch,
bridging shrinkage cracks. The epoxy coat-
ings have less tensile capacity but are rec-
ognized as having enough capacity to bridge
most common concrete cracks.

Concrete age must be considered when

evaluating a coating’s ability to bridge cracks.

Newly installed concrete is more prone to
drying shrinkage cracking than concrete that
has been in service. Existing cracks in aged
concrete should be evaluated because they
will continue to open and close with tem-
perature cycles. To a lesser extent, varying
loads will cycle existing cracks. Given this
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information, crack width, condition and tem-
perature variation are important factors to
assess when selecting a coating.

In addition to these three factors, sub-
strate surface texture must also be taken into
consideration for coating selection. Plural-
component coatings tend to be viscous and
require heating to pump and apply. On an ir-
regular surface, air can be trapped behind the
uncured film. The trapped air then heats and
expands causing pinholes in the coating film.
Some products address this problem with fill-
ers or by expanding the film with an inert gas:
the fillers or bubbles intercept the pinhole
before it can penetrate the film. Elastomeric
polyurethane/polyurea coatings and epoxy
coatings use this approach.

Ultra-High-Solids Elastomeric
Polyurethane, Polyurea and Hybrids
This subset of thick-film coatings uses poly-
urethane, polyurea or polyurethane-poly-
urea-hybrid chemistry to provide good
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chemical resistance and tensile elongation
capacity. The resulting elastomeric film is
well-suited to bridging cracks.

These compounds are hydrophobic while
curing. Moisture will repel the uncured coat-
ing. The primary mechanism for bonding to
concrete is wetting into small pores exposed
at the concrete surface. Moisture near the
surface of the concrete pore structure re-
duces the coating bond. This can be prob-
lematic when the moisture source is ground-
water or an adjacent tank. Water on the
opposite side of the wall being coated re-
duces the coating bond, then exerts a hydro-
static pressure through the porous concrete
on the cured impermeable film potentially
delaminating the coating. The failure can be
localized blisters or widespread. Some man-
ufacturers recommend a thin-film epoxy
primer to hold back moisture and improve
coating adhesion.

Ultra-High-Solids

Amine-Cured Epoxies
These thick-film coatings have very good
chemical resistance. Additives and fillers
modify the properties to bridge cracks. They
do not have the crack-bridging properties
of elastomeric coatings; however, in-service
performance demonstrates that they are ef-
fective at protecting concrete, especially af-
ter early-age cracking has occurred. Epoxy
coatings are moisture tolerant, providing a
good bond when small amounts of moisture
are present. This makes them a good choice
when groundwater or adjacent tanks may
apply hydrostatic pressure.

Novolac Epoxy
Novolac epoxy is similar to amine-cured ep-
oxy but has better chemical resistance. It
is the most chemical resistant of the three
types of ultra-high solids coatings.

Plastic Sheet Liners

PVC or HDPE sheet lining is commonly used
in the U.S. for new concrete construction.
The sheet liner is installed on the inside face
of concrete forms before new concrete is
placed. During retrofit application, a thick lay-
er of epoxy mastic is applied and the sheets
are pressed into the surface. After the sheets

are installed, the seams are sealed using
heat-welded closure strips.

Properly installed plastic sheet lining sys-
tems provide long-lasting protection from
H,S exposure in the vapor space. This sys-
tem is not as effective for submerged
applications.

Other Sheet Liners
Sulfur cement and stainless-steel plates are
similar to plastic sheets except that they are
attached to the concrete with anchor rods.
These systems are rarely used in the U.S.
Stainless steel can also be used with structur-
al repair materials to rebuild heavily damaged
concrete that has lost structural capacity.

CONCRETE REPAIR AND

COATING SPECIFICATIONS

After a repair and coating system is selected,
the next step prior to application is to specify
the repair and coating system. For competi-
tively bid or sole-source projects, the spec-
ifications must include necessary informa-
tion for bidders. A well-defined scope of work
reduces the risk of misunderstandings and
costly changes. Table 5 (p. 28) lists important
topics to consider when writing a scope of
work or specification.

SUMMARY

Concrete deterioration can be arrested and
repaired to extend a structure’s useful life
with a properly selected and specified re-
pair and coating system. Perhaps the big-
gest problem that arises during this work is
misaligned expectations: it is the specifier’s
responsibility to clearly spell out what the
applicator can expect to encounter. During
concrete repair and coating projects, the en-
gineer, estimator and applicator all benefit
from a good understanding of the damage,
appropriate repair methods and conditions
or expectations that will require special ef-
fort. Applicator input will also be useful when
uncertainties arise.

With an accurate assessment of the con-
crete condition, exposure, and work con-
straints, along with a clear understanding
of the benefits and limitations of coating
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systems, a well-written, concise specification
will be the basis of a successful concrete re-
habilitation project — a project in which ev-
eryone's expectations can be met.
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ipeline operators and coating specifiers are often faced with an almost bewilder-
ing array of products and technologies when selecting the most appropriate solu-
tion for their field-joint coating needs. Before looking at the role that current stan-
dards might play in the decision-making process, it is perhaps useful to explore the
fundamental purpose(s) of a field-joint coating and consider some related require-
ments that can all too easily be overlooked within the decision-making process.
While a field-joint coating may need to exhibit a considerable number of dif-
ferent performance attributes (for example, adhesion, damage resistance, im-

permeability to oxygen and water/electrolytes, temperature/chemical resistance and compat-
ibility with the mainline coating) an appropriate suite of performance attributes is simply a way
of ensuring that the desired long-term protection can be provided within the operating envi-
ronment over the lifetime of the pipeline. The overarching requirement is that the field-joint
coating, once installed, should provide reliable corrosion protection for the design life of the
pipeline. The key phrase here is “once installed,” in that for many projects, the field-joint coat-
ing may have to be installed in widely differing topographic and climatic regions, and/or be
subjected to seasonal climatic variations during the construction phase of the project. Clearly,
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these factors must be taken into consider-
ation when selecting a field-joint coating
system and that performance attributes in
isolation cannot provide an entirely reliable
basis for selection.

An ideology increasingly agreed upon by
many suppliers within the industry, is that
the field-joint coatings should replicate as
closely as possible the factory-applied par-
ent coating, thus providing equivalent perfor-
mance from both the factory- and field-ap-
plied systems. This may seem a plausible
argument, but does it really stand up to close
scrutiny? If it is accepted that the purpose of
the installed field-joint coating is to afford re-
liable corrosion protection for the design life
of the pipeline, then there is no logical reason
as to why the factory-applied mainline coat-
ing and the field-applied coating must be
the same. To understand this, it is essential
to consider the external influences the fac-
tory-applied coating may potentially be ex-
posed to prior to and during the construction
phase of the project, none of which the field-
joint coating will ever be subjected to (for
example, mechanical handling and storage
at the pipe-coating plant, mechanical han-
dling and transportation to the construction
site, and mechanical handling and welding
at the construction site, to name just a few).
In fact, it has been reported that the facto-
ry-coated pipe could be moved as many as
39 times, from leaving the factory until the
trenches have been filled at the construction
site’. Embodying performance characteris-
tics within the field-joint coating to accom-
modate these factors would essentially be
an unnecessary over-design which ultimate-
ly does not add value and may preclude the
use of alternative systems potentially more
suited to the specifics of the pipeline con-
struction site while still being capable of de-
livering the desired long-term performance
outcome(s).

From the foregoing comments, it is per-
haps not unreasonable to conclude that the
existence of a “universal” field-joint coating
is probably very unlikely, so how can appro-
priately informed decisions be made? Firstly,
the practicalities of application at the con-
struction site must be considered. Pipelines
may pass through regions of widely differing
climates and topographies and construction

may have to take place during extremes of
summer and winter conditions. This immedi-
ately places considerable constraints on the
field jointing and may go some way to narrow-
ing down any list of candidate solutions.

Secondly, the ease or simplicity of instal-
lation of candidate systems must be con-
sidered. Will a specialist field-joint coating
contractor be employed or will the selected
system need to be forgiving enough to be re-
liably installed by a local direct labor force?
Finally, the anticipated in-service operational
conditions must obviously be carefully consid-
ered, particularly with regard to pipeline oper-
ating temperature(s) and the anticipated ex-
ternal soil loadings during both construction
and long-term operation.

If the long-term in-service performance
of prospective field joint coatings is to be
predicted with an acceptable level of con-
fidence, do currently available standards
come to the rescue? This article will try to
answer this question by briefly reviewing
some currently published (and generally
well-known) standards.

1SO 21809-3: 2016

» Specifies requirements for field-joint coat-
ing of seamless or welded steel pipes
for buried and submerged sections of
pipeline transportation systems used in
the petroleum, petrochemical and natu-
ral gas industries.

+ Classifies field-joint coatings into eight
generic groups (Codes) with up to five
subgroups within each.

» Specifies minimum performance require-
ments for each group and subgroup.

Interestingly, the stated minimum require-
ments are different for virtually every Code. For
example, in the case of liquid epoxy and liquid
polyurethane (PU) coatings (Codes 4A/4B) we
see a cathodic disbonding requirement of less
than or equal to 15mm at maximum operat-
ing temperature for liquid epoxy coatings but a
requirement of less than or equal to 20mm for
liquid PU coatings. If we look at flame-sprayed
polyethylene (PE) and polypropylene (PP) or
PE/PP tapes or sheets utilized in conjunction
with liquid or fusion-bonded epoxy primers
(Codes 5A/5B/5D/5E), a disbonding require-
ment of less than or equal to 10mm is called
out. However, in the case of single- or du-
al-layer fusion-bonded epoxy systems (Cases
3A/3B), no disbonding requirement at max-
imum operating temperature is stipulated at
all, just a requirement of less than or equal to
15mm at 65 C (149 F). Systems satisfying the
aforementioned performance criteria could
therefore all justifiably claim to be in compli-
ance with the standard, yet could clearly exhib-
it very different levels of performance.

As a further example, consider the re-
quirements that are called out for the im-
pact resistance of liquid epoxy and PU coat-
ings (Codes 4A/4B): less than or equal to 3
Joules/mm for liquid epoxy but less than or
equal to 5 Joules/mm for liquid PU. Assuming
the minimum acceptable values pertain, an
epoxy system applied at a 0.5 mm thick-
ness would afford an impact resistance of
1.5 Joules, whereas a PU system applied at a
1.5 mm thickness would afford an impact re-
sistance of 7.5 Joules. It seems illogical that
one system could provide five times the im-
pact strength of the other, yet both systems

Table 1: EN 12068 — Functional Performance Requirements for Mechanical Resistance.

Property Test Temp.

©)

Impact resistance 23
(Joules)

Indentation resistance 50
(N/mm?2)

Peel strength to pipe 23

(N/mm) 50

Peel strength to factory coating 23

(N/mm) 50

Specific electrical insulation 23

resistance (QQ.m2)

Mechanical Resistance Class

>4 =8 215

0.1 1.0 10.0
> 0.40 > 0.40 > 0.50
>0.04 > 0.04 > 0.05
> 0.20 > 0.20 > 0.40
>0.02 >0.02 > 0.04
=108 2108 > 108
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could be claimed to be in compliance with
the standard.

While being admirable in terms of captur-
ing the plethora of product types current-
ly on the market, as can be seen from the
these examples, the standard does not read-
ily lend itself to making meaningful compar-
isons across different product categories
— rather it tends to reflect the inherent or

anticipated performance characteristics of
generic product groups, thus providing little
assistance in selecting a system that will be
suited to the project-specific requirements.
Fundamentally, compliance with the stan-

dard, for any class of coating, does not pro-
vide confirmation that the system will ac-

tually fulfill the specific requirements of the
project. As another example, a liquid epoxy

INDUSTRIAL
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coating conforming to ISO 21809-3 (Code
4A), with a maximum operating tempera-
ture of 60 C (140 F), could provide a very
good solution for a given project, yet it could
equally provide an entirely inappropriate
outcome.

CSA Z245.30-14 (CANADIAN

STANDARDS ASSOCIATION)

» Specifies requirements for field-applied
external coatings for steel pipeline sys-
tems intended primarily for buried or
submerged service in oil or gas pipeline
systems.

« Covers 7 classes of coating systems (FC1
- FC7), primarily fusion-bonded epoxy,
plus tapes and heat-shrinkable systems.

» Specifies minimum performance require-
ments for each class of coating.

In many respects this standard exhibits
similarities to the general format and style of
ISO 21809-3, albeit with a reduced number
of product categories. While there is a con-
sistency of requirements across generical-
ly similar product classes — for example in
the case of the three classes of fusion-bond-
ed epoxy (FBE) coatings — once again there
are widely differing minimum requirements
called out for generically different systems
such as FBE coatings, tapes, heat-shrink-
able systems and viscoelastic materials. As
an example, the stipulated cathodic disbond-
ing requirement for all three classes of FBE
coatings (standard, high-temperature and
dual-layer) is less than or equal to 8.5 mm at
20 C (68 F), whereas the requirement is less
than or equal to 12 mm for tapes and heat
shrinkable systems and less than or equal to
20 mm for viscoelastic materials. At maxi-
mum design (operating) temperature, a re-
quirement of less than or equal to 10 mm
is called out for all three FBE systems, yet
no requirement is stipulated for tapes, heat
shrinkable systems and viscoelastic ma-
terials other than “meets manufacturer’s
specification.”

As is the case with ISO 21809-3, the stan-
dard documents some useful minimum re-
quirements for a number of classes of field-
joint coating but doesn’t readily lend itself to
drawing comparisons across generically dif-
ferent classes of material.



NACE RP0105-2015 (NACE

INTERNATIONAL)

« Provides guidance on coating qualifica-
tion, surface preparation, application/
repair and inspection and testing of lig-
uid epoxy coatings applied to external
pipe surfaces.

« Specifies minimum performance require-
ments for coating qualification with re-
spect to adhesion, cathodic disbond-
ing, impact resistance and penetration
resistance.

This standard could be considered as
effectively equivalent to a subset of ISO
21809-3 or CSA Z245.30 in that it specifies
the minimum performance requirements for
one particular class of coating, namely, lig-
uid epoxy. The acceptance criteria called
out generally differ from those in the cor-
responding CSA/ISO classes and codes,
in some cases being more onerous. For ex-
ample, the stipulated cathodic disbond-
ing requirement is less than 10 mm at max-
imum operating temperature, compared to
less than 15 mm called out in Code 4A of
I1SO 21809-3. By virtue of its narrow scope,
the standard is obviously of limited utility
in terms of aiding selection of an appropri-
ate class of field-joint coating for a specific
project. However, the standard does speci-
fy useful baseline properties for liquid epoxy
coatings which are widely used as field-joint
coatings in North America where single-lay-
er FBE coatings are the predominant form of
factory-applied corrosion protection coating,
thereby providing a frame of reference for
the use of such coatings.

EN 12068

« Specifies the functional requirements and
test methods for external organic coat-
ings based on tapes or shrinkable mate-
rials to be used for corrosion protection
of buried and immersed steel pipelines
in conjunction with cathodic protection.

» Defines the functional performance re-
quirements for three classes of me-
chanical resistance — low (Class A),
medium (Class B) and high (Class C)
— and three classes of maximum oper-
ating temperature —up to 30 C (86 F)
(Class 30), up to 50 C (122 F) (Class 50)
and greater than 50 C (Class HT).

» Classifies coating systems according to
both mechanical resistance and max-
imum continuous operating tempera-
ture, for example EN 12068-B 30, EN
12068-C 50 and EN 12068-C 60 (HT).

Unlike the two aforementioned standards,

EN 12068 clearly defines the minimum per-

formance requirements that must be satis-

fied in order for a coating system to attain a

particular classification. Thus, for any clas-
sification, the minimum functional perfor-
mance requirements are constant, irrespec-
tive of the coating type, thereby providing
a means of directly comparing one coating
system against another with respect to de-
fined performance criteria.

Table 1 (p. 33) illustrates a selection of the
functional performance requirements called

WE TAKE THE STRESS OUT OF COATING
AND LINING YOUR PRE-STRESSED...

YULCAN

Vulcan Painters covers everything concrete, from coatings and
linings for wet environments, to secondary containment systems
for harsh chemical exposures, to the lining on sewer pipe. We were
among the first contractors to earn QP8, SSPC'’s certification for
installing polymer coatings or surfacings on concrete and other
cementituous surfaces. Get the extra layer of corrosion protection
your concrete structures need! Call Vulcan Painters,
205-428-0556, ext. 735, or email jtheo@vulcan-group.com.

VULCAN PAINTERS INC.

P.O. Box 1010 - Bessemer AL 35021 - www.vulcan-group.com

PAINTSQUARE.COM / JPCL FEBRUARY 2018 35

J11/Wwod alenbsyuied 1 pie)-a 19peay N0 1I9)3S



Select our Reader e-Card at paintsquare.com/ric

PIPELINE COATING STANDARDS

out for mechanical resistance Classes A, B
and C, respectively, assuming a Class 50 op-
erating temperature classification.

While it is not the purpose of this article
to review the appropriateness of the accep-
tance criteria cited in the standard, this style
of classification would appear most helpful
to any decision maker tasked with select-
ing the right field-joint coating for his or her
project. If the requisite performance levels
for the project are defined, then the decision
maker is able to potentially consider multi-
ple technologies or products meeting those
requirements and make an informed deci-
sion based on other pertinent criteria, such
as ease and speed of installation and cost. It
should be noted, however, that the scope of
EN 12068 is limited to tapes and heat-shrink-
able materials. It therefore excludes a num-
ber of other highly useful technologies, for
example FBE, two-component liquid-applied
coatings and flame-sprayed polyolefins.

CONCLUSIONS

The ultimate or universal field-joint coating
does not exist, but there are many varied and
well-proven technologies currently available,
all of which have their strengths and weak-
nesses. However, specifying or selecting

the most appropriate solution for any given
project is not necessarily straightforward.

In such situations, reference to standards

is often the first port of call, but in the case
of field-joint coatings this presents some
challenges. ISO 21809-3: 2016 and CSA
Z245.30-14 are both commonly quoted in
the industry but suffer from the same short-
comings in that they specify minimum per-
formance requirements for a wide variety of
generic classes of coating system, yet the re-
guirements are quite different from one class
to the next. Thus, as previously noted, com-
pliance with the requirements of the stan-
dard provides no confirmation that the sys-
tem in question will fulfill the specific needs
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of the project. Rather, that will depend upon
whether an appropriate generic system has
been specified in the first instance.

In the author’s opinion, EN 12068 adopts
a more logical approach, defining mechani-
cal classes of performance that are univer-
sal and not specific to any generic technol-
ogy, thereby enabling multiple technologies
to be assessed against a common set of re-
quirements. The downside of the standard
is that its scope is confined to tapes and
heat-shrinkable materials, so it cannot be
considered universally applicable. The ideal
industry standard would therefore seem to
be one which mirrors the approach utilized
in EN 12068, combined with the breadth of
scope associated with ISO 21809-3.
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the protective coatings industry. | believe that no

matter what your training or what college or grad-

uate school you went to, the world of heavy-du-
ty protective coatings is so expansive that sooner or later you will
need to enlist a coatings specialist, expert or consultant to under-
stand why things are done the way they are and to take steps to
make certain that the specification is enforced.

For example, a good engineer knows that for coatings or linings

to do what they intend to do, abrasive blasting is almost always
required. A good engineer may know that concrete needs to be
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blasted but may not know some of the finer
points (i.e., the ICRI Standards that call out
specific concrete surface preparation re-
sults based on the total film thickness of the
system that is specified) that are critical to
a successful linings project.

Over my 30-year tenure in this field, | have
seen many coating failures. | remember in my
certification courses listening to the grizzled
vets tell their “old war stories.” Now | have
my own, three of which | am going to share
with you. The point of this article is that an
independent third-party coatings inspector,
while not always required, is a very good idea
and certainly worth the money involved. The
three stories I'm going to tell you are true,
but the names are changed to protect the in-
nocent as well as the guilty.

SCENARIO NO. 1

| got a call from a major refinery located in
the northern part of the U.S. requesting con-
sultation on a wastewater tank-lining failure.

My associate and | visited the refinery in
order to inspect the lining, which had thou-
sands of small blisters all over the walls and
the bottom of the tank. With the owner’s rep-
resentative’s permission, | removed some of
those blisters and examined the chips under
a 30-times magnification microscope. Each
chip showed a shiny amber substance that
appeared to lie on the underside of the chip
(i.e., the side in contact with the steel tank). It
should be noted that we also removed blisters
from areas that appeared to be sufficient-
ly adhered and saw no signs of adhesion fail-
ure or the amber substance on the underside
of these chips. The lining was a vinyl-ester
product from a well-known major coatings
manufacturer.

Dry-film samples ranged in thickness
from 20.0-t0-40.0 mils. We did not have the
luxury of viewing the lining specification, so
our only recourse was to ask many ques-
tions of the owner’s representative. From

our experience in the industry and compa-
rable products that we had seen perform
adequately, we determined that the low end
of 20.0-mil-dry-film thickness (DFT) was
probably a bit light.

The internet helped us to determine that
when the tank was blasted and coated, the
average temperature that January was 25 F.
Vinyl-ester coatings typically need air and
surface temperatures of about 50 F. We
also discovered that heaters had been used
to aid the tank lining in its final cure.

The owner’s representative eventual-
ly gave us a piece of info we could chew on.

©iStockphoto.com/zorazhuang

He explained that the contractors had com-
pleted the tank late Friday afternoon, set
the heaters in place and found on Monday
morning that the heaters were not working.
No one knew how long the heaters had been
inoperable. “So what did you decide to do?”
we asked. We were told that the schedule
was so tight that the tank was to be put back
into operation even though no one could
really say if the lining had cured sufficient-
ly. “Git ‘er done” had presided over this case
and the tank was put back into operation.
Inspectors discovered the blisters during
the tank’s first inspection seven years later
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and the major refinery wanted answers.

We kicked these facts around a bit with our
technical department and felt confident
that the amber substance on the blistered
areas of the tank was probably the uncured
vinyl-ester lining material. No one real-

ly knows for sure because very little, if any,
records were available seven years later.
The decision was made to reblast the tank
and reapply the lining — this time during the
summer months.

SO, WHY HIRE AN

INDEPENDENT THIRD-PARTY
COATINGS INSPECTOR?

While we could beat this scenario to death
by picking out various aspects of typical in-
spection services that might have prevented
this total failure, | would like to point out one
thing clearly. The lack of adequate supervi-
sion during the baking or curing cycle most
likely was one of the biggest issues affect-
ing this project's success or failure. Heating
should be monitored constantly during the
curing of a vinyl-ester lining. The monitoring
should not just verify that the heater is work-
ing but should be recording the temperature
in the tank over the entire curing period. Data
loggers are available to do this kind of moni-
toring, but of course, this costs money. In the
end, what do you think was more costly: the
cost of an independent third-party coatings
inspector or reblasting and relining the gigan-
tic carbon steel wastewater storage tank?

SCENARIO NO. 2
Scenario 2 took place at a water treatment
plant and involved a polyamide epoxy that
attained poor adhesion to the concrete
walls. | was called to the site to investigate
why “our paint” had failed.

| first requested a copy of the spec, which
showed that the concrete was supposed
to be prepared in accordance with SSPC-
SP 13/NACE No. 6, “Surface Preparation of
Concrete.”

Next, | visited the site, pried off some of the
loose coating and found that there was con-
crete on the back of the chip. The concrete

©iStockphoto.com/Cylonphoto

underneath the failed coating did not appear
to have a surface profile that one would ex-
pect after an abrasive blast. All the chips | in-
spected had concrete on the backs of them. |
gathered some that had poor adhesion as well
as some chips that had marginal adhesion. By
marginal | mean that they appeared to have
better adhesion than the loose chips — not
much better adhesion except to say that they
had not popped off the concrete yet.

These chips were then submitted to our
technical department for analysis to deter-
mine whether the product had been man-
ufactured in accordance with our stringent
standards. Analysis confirmed that the ma-
terial was not defective and that the prod-
uct had cured thoroughly.

Next, | requested a meeting with the
painting contractor, the owner and the
specifying engineer. While waiting in the
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parking lot for the players to arrive, the con-
tractor and | chatted. | pointed out that the
surface was supposed to have been abra-
sive blasted. He pointed out to me that the
standard, SSPC-SP 13/NACE No. 6, could
also be achieved by pressure washing. This
could have been the term that turned this
project into a complaint. You see, there are
a few ways one can meet this standard.
Let’s visit the document for clarification:

1.1 This standard gives requirements for
surface preparation of concrete by mechani-
cal, chemical or thermal methods prior to the
application of bonded protective coating or
lining systems.

And let’s look to the standard for the defi-
nition of surface preparation: The method or
combination of methods used to clean a con-
crete surface, remove loose and weak materi-
als and contaminants from the surface, repair



the surface, and roughen the surface to pro-
mote adhesion of a protective coating or lin-
ing system.

Therefore, there are officially three ways
an applicator can consider achieving this
objective: mechanical, chemical or thermal.

The bottom line is that once this concrete
substrate is effectively prepared per SSPC-SP
13/NACE No. 6, the surface is sound with no
loose concrete (including powder) remaining.

This standard goes on to define laitance
as a thin, weak, brittle layer of cement and
aggregate fines on a concrete surface. This
was the aggregate and loose, powdery con-
crete that was evident on the backs of the
samples | collected.

linstructed the painter to put on a few
other products that we knew had good ad-
hesion characteristics and once they were
fully cured, additional tape tests resulted in
the same poor adhesion that we had experi-
enced with the originally specified product.

Regarding the paint applicator who said
he had achieved the SSPC-SP 13/NACE
No. 6 by pressure washing — actual pres-
sure washing may have been necessary to
remove any contaminants prior to remov-
ing the laitance by mechanical methods.
Pressure washing, however, is a vague term.
It should not be used when it is in conjunc-
tion with achieving an SSPC-SP 13/NACE
No. 6 surface preparation because the stan-
dard requires a much higher pressure, call-
ing out High-Pressure Water Cleaning (HP
WC): Water cleaning performed at pressures
from 34 to 70 MPa (5,000 to 10,000 psig).

In the wonderful world of protective
coatings and linings, there is a huge dif-
ference between pressure washing and
high-pressure water cleaning. Pressure
washing can occur as low as 1,500 psi and
is generally considered to be approximate-
ly in the 2,500-t0-3,000-psi range, but ef-
fectively removing laitance from a concrete
substrate requires a minimum of 5,000 psi.
Not every industrial contractor has a pres-
sure washer that goes up to 5,000 psi. They
are pieces of specialty equipment that are
purchased for precise reasons, sometimes

to achieve only one specific purpose.

Our painting applicator did just that. He
used a 3,000-psi pressure washer to achieve
something it was not designed to do. It did not
achieve the objective, and the result was a

surface that was not sound, meaning it did not
remove the loose concrete or the laitance.

To achieve this level of surface prepara-
tion, the entire surface would need to be
prepared again in strict accordance with
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the standard set forth in SSPC-SP 13/NACE
No.6 prior to applying the coating again.

SO, WHY HIRE AN

INDEPENDENT THIRD-PARTY
COATINGS INSPECTOR?

This scenario gave the owner a black eye,
as the concrete wall was not a pretty thing
to be observed. It cost the applicator dear-
ly, as he was required to remove the failed
coating and then reapply the product. It
shows again why an independent, third-par-
ty inspector should be employed on all in-
dustrial painting projects. Did the contrac-
tor know he was using the wrong piece of
equipment? Or was he deliberately try-

ing to achieve the standard without abra-
sive blasting? We will never know, but one
thing is certain: the cost of an independent,
third-party coatings inspector would have

Engineering | Design | Planning | Construction Management
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saved money, time and the reputation of the
painting applicator on this project.

SCENARIO NO. 3

The third scenario involved a small bridge
that was to be blasted to SSPC-SP 6/NACE
No. 3, “Commercial Blast Cleaning” and
then receive a zinc/epoxy/urethane system
similar to the ones that were used on typical
DOT bridges in the early 2000s.

Qur story begins like this: a young sales
rep who received some technical training in
coatings inspection had arranged to spec-
ify a system at a facility where locomotives
were being built. A fire many years ago had
closed a railroad bridge that was soon to
be reopened. Therefore, the bridge would
need to be rebuilt, to a certain degree, with
the structural steel members blasted and
recoated.

The spec read “prepare in accordance
with Commercial Blast Cleaning SSPC-SP6/
NACE No. 3." The system that followed was
2.0 to 3.0 mils DFT of an organic zinc-rich
primer, 4.0 to 6.0 mils DFT of a high-solids
polyamide epoxy and a topcoat of aliphatic
polyurethane at 2.0 to 3.0 mils DFT.

Our young rep prepared the specifica-
tion with the assistance of his sales man-
ager, who was involved to ensure the spec
was sound and without flaws. The specifica-
tion was presented to the locomotive man-
ufacturer who then asked our young rep
for names of applicators who could do the
project. Three names with the appropriate
contact info were provided to the client, the
locomotive manufacturer. After the bidding
process was completed, XYZ Company was
chosen to do the project.

This is where the fun begins. Our young
sales rep was also to be the inspector on the
project, which means he was expected to
sign off on the surface preparation blast pro-
file as well as make certain the DFTs were in
accordance with SSPC-PA 2, “Procedure for
Determining Conformance to Dry Coating
Thickness Requirements.” He received a
phone call from the painting sub who in-
formed him that blasting would begin on

Tuesday morning and that they would like him
to check the blast profile, or anchor pattern,
of the blasted steel on Tuesday afternoon.

At around 2:00 p.m. our young rep arrived
at the railway site. He was armed with replica
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After taking about a dozen readings, our
young rep approached the painting foreman
and explained that the specification called for
a1.5-to-2.0-mil anchor pattern or blast pro-
file. The foreman said that was what the crew

did, but the young rep showed the foreman
the sample reading that indicated the blast
profile was averaging about 0.7 mils. The fore-
man insisted that the rep take the reading
with him present, and the spot measurement,
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consisting of three readings that were then
averaged, came out to about 0.8 mils.

The painter’s rep told the young rep that
it didn’t matter and that the coating system
would work fine. That explanation didn’t sit
well with our hero, who told the foreman
that he could not allow the zinc primer coat
to be applied until the blast profile met the
specification. The foreman explained that
they had done tons of bridges before and
that the crew was very experienced. “This
is the way we have always blasted,” was
the comment that sent our rep toward his
car with a warning not to start applying the
zinc until the foreman’s crew had met the
specification.

The foreman stopped the rep from walk-
ing away by saying that he would have to
call Angelo, who was the owner of the con-
tracting company. Looking straight into the
eyes of the young rep, the foreman said,
“Angelo ain’t gonna like this!”

About 30 minutes later, Angelo appeared
holding the biggest, longest, most expen-
sive flashlight our young hero had ever seen.
A long conversation followed with lively ver-
biage and bodily movements which were
meant to intensify Angelo’s emotions. “There
is no way we can reblast that bridge,” he pas-
sionately stated. “We already did it once.”

The flashlight was being moved very
quickly in multiple directions at the same
time ... or at least that’s how it seemed to
our young hero, the paint sales rep. While
he was focused on what Angelo was say-
ing, he was also focused on the path that
the flashlight traveled while noticing at the
same time that it was traveling very fast,
sometimes from one hand to the other.

Qur hero was being muscled by the im-
posing owner but finally found the guts
to say, “l cannot let you apply any prim-
er until the blast pattern meets the spec-
ification you were given.” All of a sudden,
WHACK! BAM! BOOM! The flashlight hit
the pavement. Then Angelo began cussing
even more than he had been cussing be-
fore, jumping on the flashlight, repeated-
ly smashing the metal tube with batteries
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the ground pointing and as loud as he could
screamed, “I WANT A NEW SALES REP!”
Our hero, who had played his cards almost
perfectly, said in reply, “You will get one as
soon as this project is complete.” He then
turned toward his car and said to Angelo,
“Call me when you have a 1.5-to-2.0-mil av-
erage blast profile.”

The next day the rep returned, checked the
blast profile - which now met the spec - and
proceeded to approve the application of the
zinc primer. The rest of the project went very
smoothly and our young rep lost a customer
who was eventually assigned to another rep.

SO, WHY HIRE AN

INDEPENDENT THIRD-PARTY
COATINGS INSPECTOR?

Because there was no independent,
third-party inspector on the project, a very
uncomfortable and expensive scene unfold-
ed at this small bridge project. Sadly, our
hero lost a not-so-good customer, and the
reputation of the paint company was com-
promised along with a $200 flashlight being
brutally assaulted by the pavement. All of
these occurrences could have been avoided
had an independent third-party inspector
been chosen at the onset of the project.
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Council of Facility Owners

Patron Members

Air Force Civil Engineer Center

Aker Philadelphia Shipyard

BAE Systems Hawaii Shipyards

BAE Systems Norfolk Ship Repair

BAE Systems Southeast Shipyards
Jacksonville/Mayport, LLC

Bath Iron Works

Bay Ship & Yacht Co.

Bollinger Shipyards

CB4l, LLC

Central AZ Water Conservation Dist.

Chesapeake Shipbuilding Corporation

Chevron Energy and Technology

City of Virginia Beach

Colonna’s Shipyard, Inc.

Continental Maritime Of San Diego

Defence Science & Technology Group

Energy Northwest

GE Power Conversion

Golden Gate Bridge Highway &
Transportation District

Grant County Public Utility District

Gunderson, LLC

Hirschfeld Industries Bridge

Huntington Ingalls (Pascagoula)

lllinois Dept. of Transportation

Indiana Department of Transportation

Kentucky Transportation Cabinet

Louisiana Department of
Transportation & Development

Lyon Shipyard, Inc.

Maine Department of Transportation

Marine Engineers Corporation (MEC
Shipyards)

Marinette Marine Corporation

Marisco Ltd

Maryland State Highway Administration

Minnesota Department of
Transportation

MODQOT Maintenance Operations

Monroe County Water Authority

National Steel & Shipbuilding Co.

NAVFAC EXWC

Norfolk Naval Shipyard Code 200

Norfolk Naval Shipyard Production
Department

North Carolina DOT

NYC School Construction Authaority

Ohio Department of Transportation
Central Office

Oklahoma Dept. of Transportation

Pacific Ship Repair & Fabrication, Inc.

Pacific Shipyards International

Pearl Harbor Naval Shipyard & IMF

Pennsylvania Department of
Transportation Materials & Testing

Port of Seattle - Marine Maintenance

Portsmouth Naval Shipyard Code 250

Puget Sound Naval Shipyard Il

Southern Company

Steel Service Corporation

Sumitomo Heavy Industries Marine
Engineering

SY3 Energy Maintenance Service Corp

Texas Department of Transportation

Vigor Industrial LLC

Washington Suburban Sanitary Comm.

West Virginia DOT Division of Highways

Council of Facility Owners
Sustaining Members

BAE Systems San Francisco Ship Repair
CALTRANS

HIl Newport News Shipbuilding

HIl Newport News Shipbuilding 2

HIl Newport News Shipbuilding 3
Marine Hydraulics International Inc.
MARMC

Pacific Gas & Electric Company

The Port Authority of NY & NJ

Puget Sound Naval Shipyard Shop 71
Sasebo Heavy Industries Company Ltd.
Seaspan ULC

Tennessee Valley Authority

Trinity Industries, Inc.

U.S. Bureau of Reclamation

U.S. Coast Guard

Industrial Affiliate Members
AkzoNobel

Bechtel Corporation

Benjamin Moore & Company
CALInc.

Carboline Company

Carlisle Fluid Technologies
Corrpro Companies, Inc.
CovestroLLC

Finishing Trades Institute (FTI)
Greenman-Pedersen, Inc.
KTA-Tator, Inc.

PPG Protective and Marine Coatings
The Sherwin-Williams Company
Smartcoat- Engenhariaem
Revestimentis Ltda.

Tnemec Company, Inc.

Patron Members

360 Construction Company Inc.

3X Engineering

446 Painting LLC

A & K Painting Company;, Inc.

A& SIndustrial Coatings

ABC Applicators, Inc.

Aberfoyle Metal Treaters Ltd.

Abrasive Blasting & Coating, Inc.

Abrasive Blasting Service & Supplies
Pty Ltd

Abrasives Inc.

Abu Dhabi Construction Company LLC

Access Coating Group

ACT Test Panels

ADF Group Inc.

Advance Coating Solutions Inc.

Advanced Industrial Services LLC

Advanced Industrial Services, Inc.

Advanced Polymer Coatings, Ltd.

Advanced Recycling Systems, LLC

Advanced Surface Finishing Inc.

Advantage Steel and Construction LLC

AEIS, LLC

Aggreko

Ahern Painting Contractors, Inc.

Air Systems International

AirTech Spray Systems

AkzoNobel International Paint (Suzhou)
Co., Ltd.

AkzoNobel UAE Paints LLC

Alabama Painting, Inc.

Alfa Egypt Academy

Algoma Contractors Inc.

All Set Services LLC.

All-Safe Industrial Services, Inc.

All-Star Cleaning & Preservation

All-States Painting, Inc.

Allied Painters Corporation

Allied Painting Inc.

Allied Research Technology, Inc.

Allnex USA Inc.

Alpaccess

Alpha Painting and Construction
Company, Inc.

ALS Industrial Services

American Coatings Association

American Suncraft Construction

American Tank & Vessel, Inc.

American Venture Construction LLC

Amstar Of Western New York

Anchor Paint Mfg Co.

Anka Painting Company, Inc.

Anticorrosivos Y Acabados Aya

Apave See

APBN Inc.

APE Companies

API Distribution

Applewood Painting Co.

Applied Coatings & Linings, Inc.

Aqua Pipe and Fabrication

Ar-Tech Coating Ltd.

Arena Maintenance Solutions, LLC

Arena Painting Contractors, Inc. (APC)

Arid-Dry By CDIMS

Arizona Coating Applicators, Inc.

Astron General Contracting Co., Inc.

Atlantic Design Inc.

Atlantic Painting Co., Inc.

Atlas Painting & Sheeting Corp.

Atlas Steel Coatings Inc.

Atmosheric Plasma Solutions, Inc.

The Aulson Company; Inc.

The Aulson Company; LLC

Automatic Coating Ltd.

Axxiom Manufacturing Inc.

AZZ Metal Coatings

Babcock & Wilcox Universal, Inc.

Barton International

Bay Metals & Fabrication, Inc.

Baytown Painting & Marine Repair, Inc.

Bazan Painting Company

Bellemare Group

Belzona Polymerics Limited

Bender CCR, Inc.

Best Transformer

Bilton Welding & Manufacturing Ltd.

Black Bear Coatings & Concrete

Blake's Painting

Blastco Inc.

Blastech Enterprises, Inc.

The Blastman Coatings Ltd.

BlastOne International

Blendex Industrial Corporation

Brace Integrated Systems

Bridges R Us Painting Co., Inc.

Bridgeway Associates Corp.

Brother's Specialized Coating Systems
Ltd.

Bullard Co.

Burleigh Industries

BYK Additives & Instruments

C.E. Adkins & SonInc.

C.Sl. SA.

CW.Beal, Inc.

C3 Industrial Blasting & Coatings Inc.

Cabrillo Enterprises, Inc. Dba-RW. Little

Company

Cactus Coatings Ltd.

Cahill Heating

Caid Industries Inc.

Caldwell Tanks, Inc.

California Engineering Contractors, Inc.

Caligari Gerloff Painting, Inc.

Cambridge International Systems, Inc.

Campbell Consulting Services, Inc.

CanAm Minerals/Kleen Blast Abrasives

Cape Environmental Management Inc.

Capital Industrial Coatings, LLC

Capitol Finishes, Inc.

Cardolite Corporation

Carneys Point Metal Processing, Inc.

Carolina Coating Solutions and
Industrial Services, Inc.

Carolina Growler, Inc. (dba Growler
Manufacturing & Engineering BHG)

Carolina Painting Company, Inc.

Cassidy Painting Inc.

CB Tech Services, Inc.

CDE Construction, Inc.

Cdph, Child Lead Poisoning Prevention
Branch

CDV Industrial EIRL

Cekranc

Central Sandblasting Company, Inc.

Century Industrial Coatings

CESCO/Agua Miser

The Chemours Company

The Chemquest Group

Chicago Area Painting Apprenticeship
School

Chlomil, Inc. Dba Phoenix Maintenance
Coatings

Chlor*Rid International
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Church & Dwight Company, Inc.

Cianbro Corporation

Cives Steel Company, Midwest Division

Civil Coatings and Construction Inc.

Clara Industrial Services Limited

Clark & Pattison (BC) Ltd.

Classic Protective Coatings, Inc.

Cleanblast, LLC

Clemtex, Inc.

CMP Coatings, Inc.

Coast To Coast Coatings, Inc.

Coastal Cleaning LLC

Coatek Engineering

Coating Services, Inc.

Coating Solutions, LLC

Coating Systems, Inc.

Coatings & Painting, LLC

Coatings Unlimited Inc. (Wa)

Coatings Unlimited, Inc.

Coblaco Services, Inc.

Cold Jet LLC

College of The North Atlantic

Colonial Surface Solutions, Inc.

Color Works Painting, Inc.

Colorado Lining International

Commercial Sand Blasting & Painting

Commercial Sandblast Company

Commodore Maintenance Corp.

Consulex

Copia Specialty Contractor, Inc.

CorconInc.

Core Industrial LLC

Corporacion Mara S.A.

Corporacion Peruana de Productos

Quimicos SA.

Cortec Corporation

Cosmos Comprehensive Construction,
Inc.

Crescent Coatings & Services, Inc.

Crown Painting, Inc.

CRP Industrial

Crystal Coast Industrial Coatings

CSl Services, Inc.

CTL Group

CTS Substrate and Flooring

Custom Abrasives, LLC

CV Associates NY

Cypress Bayou Industrial Painting, Inc.

D & B Engineers and Architects

D & M Painting Corp

D.H. Charles Engineering, Inc.

DACA Specialty Services

Dampney Company;, Inc.

Danos

Darran Green Sandblasting & Painting

Daubert Chemical Company

Daubner Advanced Coating Solutions
(formerly NTB SOUTH INC)

Davis Boat Works, Inc.

Dawson-Macdonald Company, Inc.

De Koning Groep

DECO Coatings, Inc.

Defelsko Corporation

Dehumidification Technologies, LP

Delta Coatings, Inc.

Demaco Corporation

Demos Painting & Decorating, Inc.

Denso North America Inc.

Derachie Painting Ltd.

Derrick Company Inc.

Desco Manufacturing Company, Inc.

Detroit Tarpaulin, Inc.

Devco Sandblasting & Industrial

Coating, Inc.

Diamond Vogel Paint Company

Distribuidora Kroma S.A. De CV.

Dixon Engineering, Inc.

DLG Coatings Inc.

DMB Production Dooel Prilep

Doosan Partable Power

Drytec Trans Canada

Dubai Coating Limited

Dudick Inc.

Dun-Right Services

Duncan Galvanizing Corporation

Dupont Protection Solutions

Dur-A-Flex; Inc.

Dura-Bond Pipe, LLC

E. Caligari & Son, Inc.

Eagle Industrial Painting LLC.

Eagle Painting & Maintenance Co.

Eagle Specialty Coatings

Ease Painting and Construction, Inc.

East Coast Repair & Fabrication

Eastern Shipbuilding Group

Easy Kleen Pressure Systems

ECOBOND LBP LLC

Edeco PeruS.A.C

Elcometer

Elektro-Physik Usa, Inc.

Elite Contractors, Inc.

Elite Industrial Painting, Inc.

EMIInternational LLC

Endisys

Entech Industries, LLC

Environmental Planning &
Management Inc.

Envirosafe Stripping Inc.

EPAcoat, Inc.

Era Valdivia Contractors, Inc.

Erie Painting and Maintenance, Inc.

Ervin Industries, Inc.

ESC Al Sharafi Group (Middle East)

ESCABlast

ESMETAL SAC

Euro Paint LLC

Euro Style Management, Inc.

Excel Engineering & Contracting Co.

Exceletech Coating & Applications, LLC

Extreme Coatings, Inc.

Extrerne Sandblasting and Painting

FT.. District Council 57 ] ATF.

Farr Construction Corporation

Farwest Corrosion Control Company

FCS Group LLC

Fedco Paints and Contracts

FeO

FGA Ingenieros S.A.

Fine Painting and Allied Services, LLC.

Finishing Systems of Florida, Inc.

Fischer Technology, Inc.

Fish & Associates
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Forecast Sales

Forensic Analytical Consulting Services

Forjak Industrial

Forrest Services LLC.

Fought & Company; Inc.

Frontier Welded Products Inc.

FS Solutions

FTIOfDCT7

FTlof New England

FTlof Western & Central New York

Fuels Infrastructure, Inc.

Future DB International Inc.

Future Labs, LLC.

G & S Manufacturing LLC

Gaditana de Chorro Y Limpieza, S.L.

Gapvax Inc.

Garden State Council, Inc.

Gateco, Inc. DBA Gateway Industrial

Services

The Gateway Company

Gemstone, LLC

General Dynamics NASSCO - Mayport

General Dynamics/Information Tech.

Genesis Alkali

Genesis Environmental Solutions, Inc.

George G. Sharp, Inc.

Glavin Coating & Refinishing Ltd.

Global Coatings, LLC

Global Contracting LLC

Global Inspection Group LLC

GMA Garnet (USA) Corp.

GMA Industries

Goldenwest Painting Inc.

Goodwest Linings and Coatings

Gordon Contracting Inc.

GOS Pte. Ltd.

Gracie Painting LLC

GracoInc.

Green Diamond Sand Products

Greener Blast Technologies

Greenfield Fence Inc.

Greer Steel

Groome Industrial Service Group

GS Engineering & Construction Corp.

Gulf Coast Contracting, LLC

H D Water Jetting

H-1-S Coatings

H.LS. Painting, Inc.

Hancock Sandblast & Paint LLC

Hardesty & Hanover Construction
Services LLC

Harrison Muir, Inc.

Hartman-Walsh Painting Company

HCI ChemtecInc.

HCl Industrial & Marine Coatings Inc.

HDM Spiral Kaynakli Celik BoruA.S./

HDM Steel Pipe

HDR

Henkels & McCoy

Herc Rentals

Hercules Painting Company

Highland International, Inc.

HIPPO Multipower

Hippwrap Containment

HITECH PROJECTS TRADING &
CONTRACTINGW.L.L.

HJC Protective Coatings Ltd.

Holdtight Solutions Inc.

Honest Horse China Holding Ltd / Jinan
Junda Industrial Technology Co., Ltd.

Honolulu Painting Company, Ltd.

Howell & Howell Contractors, Inc.

HRV Conformance Verification
Associates, Inc.

Hulsey Contracting Inc.

Hunnicutt’s, Inc.

Huntsman Polyurethanes

IBIX North America

IDS Blast Finishing

IMETECO S.A.

Impresa Donelli, S.R.L.

In-Spec Corporation Pte Ltd

Independent Specialized Inspection LLC

Indian Valley Industries, Inc.

InduMar Products, Inc.

Induron Coatings, Inc.

Industrial Access, Inc.

Industrial Corrosion Control, Inc.

Industrial Marine, Inc.

Industrial Painting Limited, Inc.

Industrial Painting Specialists

Industrial Technical Coatings, Inc.

Industrial Vacuum Equipment Corp.

Infrastructure Coatings (Ontario
Corporation)

Innovative Asset Solutions Pty Ltd (IAS
Group)

Insulating Coatings Corporation

Intech Contracting LLC.

Inter-City Contracting, Inc.

International Flooring & Protective
Coatings, Inc.

International Rigging Group, LLC.

Interpaints SAC

Intertek Industry Services

lonion Painting

IPAC Services Corporation

Iron Bridge Constructors, Inc.

ISTI Plant Services

IUPAT

IUPAT, District Council #5

|. Goodison Company; Inc.

J. Mori Painting Inc.

J.S.Held LLC

JAD Equipment Co. Inc.

Jade Painting

Jag'd Construction, Inc

Jal Engineers Pvt. Ltd.

Jamac Painting & Sandblasting Ltd.

The JD Russell Company

Jeffco Painting & Coating; Inc.

Jerry Thompson & Sons, Inc.

Jet De Sable Houle Sandblasting Ltd.

JK Industries, Inc.

John B. Conomos, Inc.

John W. Egan Company, Inc.

Johnson, Mirmiran & Thompson, Inc.

Jollyflex

Jos. Ward Painting Co.

JSC Sewon Vertex Heavy Industry

Jupiter Painting Contracting Co. Inc.

Kaloutas + Co., Inc.



Kane, Inc.

Keene Coatings Corp.

Kennametal Inc.

Kern Steel Fabrication, Inc.

Kimery Painting, Inc.

Kiska Construction, Inc. (KCI)

Klicos Painting Company; Inc.

KMX Painting, Inc.

Knowles Industrial Service Corporation

Kordata

Koster American Corp.

KS Fabrication & Machine

KVK Contracting Inc.

L & L Painting Company Inc.

L Z Painting Co.

L. Calvin Jones

L. F. Clavin & Company, Inc.

L&M Fabrication & Machine, Inc.

Lambton Metal Service

Langtry Blast Technologies Inc.

Lanza Paint Works, LLC.

Ledcor Fabrication Inc.

Legend Painting, Inc.

Level 3 Coating Inspection, LLC

Liberty Maintenance, Inc.

LifeLast

Limnes Corp.

Lindner Painting, Inc.

Liuna Canadian Tri-Fund

Llamas Coatings

Loonglobal Engineering Pte Ltd

Luoyang Hongfeng Abrasives Co., Ltd.

M & D Coatings Inc.

M & | Construction Company

M. Painting Company, Inc.

M. Pallonji & Company Pvt. Ltd.

MacDonald Applicators Ltd.

Magnum Drywall Inc.

Mandros Painting, Inc.

Manolis Painting Company, Inc.

Manta Industrial, Inc.

Manta Industrial, Inc.: Mansfield
Industrial

Manus Abrasive Systems, Inc.

Manz Contracting Services Inc.

Marathon Industrial Finishing LLC

Marcom Services, LLC

Marine Equipment Supply (MES), LLC

Marine Group Boat Works

Marine Metal Coatings, Inc.

Marine Publications International (MPI
Group)

Marine Specialty Painting

Marine Tech Services LLC

Marinis Bros., Inc.

Marunda Utama Engineering Pte Ltd

Mass Coating Corp

Massy Energy Fabric Maintenance
Limited

Matheson Painting

Maxon Technologies LLC

Maxworth Minerals India Pvt Ltd

MB Environmental Consulting

McCormick Industrial Abatement
Services, Inc.

McCormick Painting Company

McKay Lodge Conservation Laboratory

Mcloughlin Industrial Flooring Limited

MCSA (Mantenimiento &
Construcciones, S.A.)

Merrill Steel, Inc.

Metallisation Ltd.

Michigan Specialty Coatings, Inc.

Midsun Specialty Products Inc.

MIK Industrial LLC

Mineral Tech, LLC

Minerals Research, Inc.

Mistras Group Inc.

MMLJ, Inc.

Mobile Pipe Lining and Coating Inc.

Modern Protective Coatings, Inc.

Monarflex by Siplast

Monaoko, LLC

MONTI - Werkzeuge GmbH

Monti Tools Inc.

Montipower Inc.

Morimatsu (Jiangsu) Heavy Industry
Co.,Ltd. (JMH)

Morin Industrial Coatings Ltd.

MSB Marine Surveyors Bureau S.A.

MST Inc. (Modern Safety Techniques)

Municipal Tank Coatings

Murphy Industrial Coatings

N A Logan, Inc.

N. . Spanos Painting, Inc.

The Nacher Corporation

Nantong Fuchen Tank Co., Ltd

National Coating and Linings Co.

National Coatings, Inc.

National Equipment Corporation

Natrium Products, Inc.

Negocios Metalurgicos SAC

Nelson Industrial Services, Inc.

New England Sandblasting and Painting

New Kent Coatings Inc.

Newport Industrial Fabrication, Inc.

NexTec Inc.

Niagara Coatings Services, Inc.

Nielson, Wojtowicz, Neu & Associates

Nisku Industrial Coatings Ltd.

NOR-LAG Coatings Ltd.

Nordstrong Equipment Limited

Norfolk Coating Services, LLC

Northwest Sandblast & Paint LLC

Norton Sandblasting Equipment

Novatek Corporation

Nu Way Industrial Waste Management
LLC

NUCO Painting Corporation

Nusteel Fabricators, Inc.

O.T. Neighoff & Sons, Inc.

Odle, Inc.

Offshore Painting Services Ltd

Qil Patch Sandblast & Paint Ltd.

Olimag Sand, Inc.

Olympus And Associates, Inc.

Olympus Painting Contractors, Inc.

Olympus Painting, LLC

Omega Coatings & Construction, LLC

Ontario Painting Contractors
Assaociation

OPTA Minerals, Inc.
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Opti-Blast Inc.

Optimiza Protective & Consulting, SI

Orfanos Contractors, Inc.

P & L Metalcrafts LLC

P S Bruckel Inc.

PC.. International, Inc.

Pacific High Technology Engineering
Services

Pacific Painting Co Inc.

Pacific Titan, Inc.

Paige Decking

Paige Floor Covering Specialists

Paint and Coatings Manufacturers
Nigeria PLC

Paint Platoon USA & Coatings
Inspectors.com

Paint Supply Company

Painters & Allied Trades - LMCI

Painters USA, Inc.

Panco Resources And Engineering
Consultancy Services

Panther Industrial Painting, LLC

Park Derochie (Seaside) Coatings Inc.

Park Derochie Coatings (Saskatchewan)
Inc.

Park Derochie, Inc.

Paul N. Gardner Company;, Inc.

PCl - Performance Contracting Inc.

PCIROADS, LLC

Peabody & Associates, Inc.

Peak Industrial Coatings & Linings, Inc.

Pelco Structural, LLC

Penington Painting Company

Performance Blasting & Coating

Performance Coatings Inc.

Performance Industrial

Perupaint SAC

Phillips Industrial Services Corp.

Phoenix Fabricators & Erectors LLC

Piasecki Steel Construction Corp

Pinnacle Central Company

Planet Inc.

Platypus Marine, Inc.

Pond & Company

Pop's Painting, Inc.

Poseidon Construction

PRA Coatings Technology Centre

Precision Welding & Fabrication

Preferred, Inc.-Fort Wayne

Prime Coatings, Inc.

Principle Industrial Services, LLC

Pro-Tect Plastic & Supply, Inc.

Prospectrum Coatings Bvba

Pt Berger Batam

Public Utilities Maintenance, Inc.

Puget Sound Coatings Inc.

PurcellP & C,LLC

QED Systems, Inc.

Qualicoat Inc.

Quality Linings & Painting, Inc.

Quantum Technical Services

Quincy Industrial Painting Co

Quinn Consulting Services, Inc.

R & B Protective Coatings, Inc.

R &S Steel, LLC

R. ). Forbes Painting Contractor Inc.

R.B. Hilton Limited

Rainbow, Inc.

RAK Paints LLC

Rapid-Prep, LLC

Raven Lining Systems

Ravi Engineering & Land Surveying, PC.

RBW Enterprises

Recal Recubrimientos, SA De CV

Redi-Strip Metal Cleaning Canada Ltd

Regal Industrial Corporation

Reglas Painting Company, Inc.

Reichle Incorporated

Revolution Industrial Coatings

Rhino Linings Corporation

Righter Group, Inc.

Ring Power Corporation

Rizzo Brothers Painting Contractors Inc.

Robroy Industries

Rogers Industries, LLC

Rotha Contracting Company, Inc.

Rover Contracting Inc.

Royal Bridge Inc.

Rpn Recubrimientos Polymericos Del
Noroeste Sa De Cv

S & D Industrial Painting Inc.

S & S Bridge Painting, Inc.

S & S Coatings, Inc.

S. David & Company, LLC

Sabelhaus West, Inc.

Safe Systems, Inc.

Safespan Platform Systems, Inc.

Safety Lamp of Houston

Saffo Contractors, Inc.

Safway Services LLC

Sahara Sandblasting and Painting Ltd

Samac Painting

San-Blast-Ture

Sand Express

Sauereisen

Saxon Enterprises

SBAS Training Services

Scicon Worldwide BVBA

SDB Engineers & Constructors Inc.

Seal For Life Industries LLC.

Seaway Painting LLC

Secondary Services, Inc.

See Hup Seng Cp Pte. Ltd.

Seifert Construction Inc.

Seminole Equipment, Inc.

SES Infrastructure Services LLC

Shanghai Genesis Chemical Industry
Co. Ltd.

Shanghai Sezhe Trading Co., Ltd

Shanghai Zenhua Heavy Industries
Co.Ltd

Shenzhen Asianway Corrosion
Protection Engineering Co., Ltd.

Sherwin-Williams Industrial & Marine
Coating China

Shimmick Construction

Sil Industrial Minerals, Inc.

Simpson Sandblasting and Special
Coatings, Inc.

Sky Climber Access Solutions

Skyline Painting, Inc.

Skyline Steel LLC
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Slay Steel, Inc.

SME Steel Contractors

Soil & Materials Engineers, Inc.
Southeast Bridge FL Corp.
Southern Paint & Waterproofing Co.
Southern Painting & Blasting, LLC
Southern Road & Bridge, LLC
Southland Painting Corporation
Spartan Contracting, LLC
Specialty Application Services, Inc.
Specialty Finishes, LLC

Specialty Groups, Inc.

Specialty Polymer Coatings, Inc.
Specialty Products, Inc.

Spider

Spiegel Industrial

Sponge-Jet, Inc.

SRI Construction LLC

SRT Sales And Service, LLC
Stantec

Steel Fabricators of Monroe, LLC
Steel Management Systems, LLC
Sto Corp

Stork Technical Services
Structural Coatings, Inc.

Sulzer Mixpac USA, Inc.

Superior Industrial Maintenance Co.
Superior Painting Company, Inc.
SuperVac Truck & More, Inc.
Surface Preparation & Coatings, LLC
Swanson & Youngdale, Inc.
Symmetric Painting, LLC

T & W Industrial Services LLC
TBAILEY, Inc.

T-Tex Equipment L.P.

Tank Services Inc.

Tarps Manufacturing, Inc.

Taylor's Industrial Coatings, Inc.
TClPowder Coatings

TD) Group, Inc.

Team Industries, Inc.

TECHNIJA I

Techno Coatings, Inc.

Technofink

Tecnicas Metalicas Ingenieros S.A.C.
Tecnico Corporation

Temp-Coat Brand Products, LLC
Terry Mcgill Inc.
TeslaNanocoatings, Inc.

Testex, Inc.

Textured Coatings of America, Inc.
Thomarios

Thomas Industrial Coatings, Inc.
Thompson Pipe Group - Pressure
TIB Chemicals AG

Tidal Corrosion Services LLC
Tidewater Staffing, Inc.

Tinker & Rasor

Tioga Air Heaters, LLC

Titan Industrial Services

Titan Tool

TJC Painting Contractors, Inc.

TMI Coatings, Inc.

TMS Metalizing Systems, Ltd.
Tower Inspection Inc.

Tower Maintenance Corp.

Tower Power Group Painting Co. Ltd.

TQCBYV.

Tractel Inc. Griphoist Division

Transportation Training Institute, LLC

Travis Industries, LLC

Tri-State Painting, LLC

Trinity Industries de Mexico S.deR. L.
deCV.

Triple H Construction, Inc.

True Inspection Services

TRUQCLLC

Turman Commercial Painters

Turn Key Solutions

Turner Coatings LLC

Turner Industries Group, LLC

Twilight S.A. De CV.

U.S. Tank Painting, Inc.

UHP Projects, Inc.

Ultimate Linings (formerly Ameraguard
Protective Coatings)

Uni-Ram Corporation

University of Akron / NCERCAMP

US Coatings, Inc.

US Minerals/Stan Blast

Utility Service Company, Inc.

Valentus Specialty Chemicals

Van Air Systems

Vanwin Coatings of VA, LLC

Vector Technologies Ltd.

Venus Painting Co.

VersaFlex Incorporated

Ville Platte Iron Works, Inc.

Vima Construction Corp.

Vimas Painting Co., Inc.

Vision Point Systems

Vulcan Painters, Inc.

W Abrasives

W Q Watters Company

W S Bunch Company

W W Enroughty & Son, Inc.

The Warehouse Rentals and Supplies

Wartsila Defense, Inc.

Wasser High-Tech Coatings, Inc.

Waterblasting Technologies

Wenrich Painting, Inc.

West Coast Industrial Coatings

Western Industrial Services, Ltd

Western Partitions, Inc. DBA, WPI

Western Technology, Inc.

Wheelblast, Inc.

WIWA LP

Worldwide Industries, Inc.

Worth Contracting

Woyt Industries, LLC

XiAn Jing-Jian Paint & Coatings Group

Yankee Fiber Control, Inc.

Yellow Creek Coating Services

YYK Enterprises, Inc.

Zachry Industrial, Inc.

Zebron Corporation

Ziegler Industries Inc.

Zingametall BVBA

ZRC Worldwide
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Sustaining Members

11625820 Alberta Ltd. O/A Propaint

Abhe & Svoboda, Inc.

Allen Blasting & Coating, Inc.

Alpine Painting & Sandblasting
Contractors

American Institute of Steel Construction
(AISC)

Argus Contracting, LP

Arkansas Painting & Specialties, Inc.

ASCO - American Stripping Company

Atsalis Brothers Painting Co.

Avalotis Corporation

Brand Industrial Services

Brock Services, LLC

CA. Hull

Cannon Sline Industrial

Certified Coatings Company

Champion Painting Specialty Services
Corp.

Clemco Industries Corp.

Cloverdale Paint, Inc.

Consolidated Pipe And Supply, Inc.

Cor-Ray Painting Co.

Corrosion Resistance

DBM Services, Inc.

Delta Sandblasting Co, Inc.

Deltak Environmental Coating Services,
Inc.

Demilec USA

Dex-0-Tex Division Crossfield Products
Corp.

Dow Chemical Company

DSI, a Safway Company

Dunkin & Bush, Inc.

Dunn-Edwards Corporation

Eagle Industries

Endura Manufacturing Company Ltd.

Ergonarmor

Evonik Corporation (ECA)

F.D. Thomas, Inc.

FCA International

Fletch’s Sandblasting & Painting, Inc.

G.C. Zarnas & Company, Inc.

General Dynamics NASSCO- Norfolk

Graham Industrial Coatings LLC

Harsco Metals & Minerals

Hempel USA, Inc.

High Steel Structures, Inc.

Industrial Coatings Contractors, Inc.

International Marine and Industrial
Applicators LLC

ITPTS Technical Institute of Preparation
and Surface Treatment

Jotun Paints, Inc.

King Industries, Inc.

Landmark Structures

Line-X Corp.

Long Painting Company

Magnum Energy Services Ltd.

Main Industries Inc.

Marco

Mid-Atlantic Coatings, Inc.

MOBLEYSAFWAY Solutions, LLC

Mohawk Northeast, Inc.

National Bridge LLC

Naval and Industrial Solutions S.A.

Naval Coating, Inc.

North American Coatings Cl Coatings
Division

North Star Painting Co., Inc.

Northwest Sandblasting & Painting, Inc.

QOdyssey Contracting Corporation

Olympic Enterprises Inc.

Olympos Painting Inc.

Ostrom Painting & Sandblasting, Inc.

Polygon

Precon Marine Inc.

Pro Blast Technology Inc.

Pro Tank - Professional Tank Cleaning &
Sandblasting

Profile Finishing Systems, Inc.

Quality Coatings of Virginia, Inc.

Quillopo Painting Inc.

Redwood Painting Company, Inc.

Regional Coating Solutions Inc.

Rust-Oleum Corporation

San Diego Protective Coatings Inc.

Scott Derr Painting Co. LLC

Shinko Company Ltd.

Shopwerks Inc.

SK Commercial Construction, Inc.

South Bay Sand Blasting & Tank
Cleaning

Sprayroqg Inc.

Stebbins Engineering & Mfg. Co.

StonCor Group/Carboline Canada

Surface Technologies Corporation

T.F. Warren Group

Tank Industry Consultants, Inc.

Termarust Technologies

TRB Industrial Coatings Inc.

TruAbrasives by Strategic Materials

TSC Training Academy

Unified Field Services Corporation

Williams Specialty Services, LLC



PAINT BY NUMBERS

I

11-to-12 pH

The alkalinity of concrete.

See page 20.
M -
— 1988
i —
—-— The year that the EPA Land Disposal Restrictions were added
‘ — to the Resource Conservation and Recovery Act in a series of
. " phases throughout the year.
: :,:- See page 17.
The number of storage lots The cost of a flash-
that newly coated jet fuel light lost along with
piping was delivered to C SA 2245.3 D _14 the reputation of a
prior to installation at an The Canadian standard used frequently paint company and a
airport, some of which with field-joint coatings for buried good customer of the
exhibited coating failure. pipelines. rep, all which could’'ve
See page 12. See page 32. been avoided with
the employment of a
third-party inspector.
See page 38.
gto12 =
The number of students that will be able to receive _‘t.‘?‘
simultaneous training via SSPC’s new mobhile training —E
f - ————
unit [MTU], which debuted at the SSPC 2018 confer- === .
ence and hits the road later this year. T ——
—
B { See page 4. L e— -y
\
e ——————
ﬁ
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