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3 4 2016 COATINGS INDUSTRY FORECAST

From the downturn in the oil and gas industry to new technology and a
need for more training, the JPCL readership and major coatings manu-
facturers talk about 2016.

44 MNDOT'S APPROACH TO IMPROVING BERIDGE
MAINTENANCE PAINTING OPERATIONS

By Sarah K. Sondag, P.E., Minnesota Department of Transportation
(MnDOT); and Richard A. Burgess, PCS, KTA-Tator, Inc.

In 2013, MnDOT concluded that it needed a more uniform method to

rate the condition of coatings statewide during the biennial bridge
safety inspections and a process to select and prioritize maintenance
painting strategies. This article describes outcomes of the objectives
undertaken and MnDOT's novel approach to improving statewide
bridge maintenance painting operations.
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5 B TWO-COAT POLYASPARTIC URETHANE
COATINGS PROTECT VIRGINIA STEEL

BRIDGES FOR OVER A DECADE

By Ahren Olson and Todd Williams, Covestro LLC;

Mark Hudson, The Sherwin-Williams Company; and

C. Wayne Fleming, Virginia Department of Transportation

Over the past decade, more than 100 steel bridges in the state of
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Virginia have been repainted with two-coat polyaspartic urethane coat-
ings. The authors discuss the advantages and disadvantages of using
two-coat polyaspartic coatings for repainting of steel bridges.

E 4 PULL-OFF ADHESION STRENGTH TESTING

OF LINING SYSTEMS ON CONCRETE
By Vaughn O’Dea, PCS, Cory Brown and Anthony Dallen,
Tnemec Company, Inc.

The authors present the common pull-off adhesion test methods
used for concrete substrates in the U.S,, make the case that no tensile
strength testing method specifically addresses a protective coating
applied over a cementitious resurfacer or repair mortar and make
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paintsquare.com / JPCL January 201k 1



DEPARTMENTS

8

10

12

15

24

2
FROM THE OFFICES OF ESPE/

4

Top of the News
Oiland Gas Coatings Focus of Free February
Webinar

The Buzz
Will LNG Exports Boost Shipbuilding?

Problem Solving Forum

On Selecting Coatings for New Concrete

Investigating Failure
Sporadic Interior Pipe Corrosion and Perforations

How To...
Prepare Hot-Dip Galvanized Coating Surfaces
for Painting

The Society For
Protective Coatings

SSPC on the Front Line

Quality Assurance and Quality Control —
We Do It, Too!

ALSO THIS ISSUE

75
76
79
80
80

SSPC Certified Contractors
Service Directory
Classifieds

Index to Advertisers

Calendar

2 JPCL January 201k 7/ paintsquare.com

STAFF

Editorial:

Editor in Chief: Pamela Simmons / psimmons@paintsquare.com
Managing Editor: Charles Lange / clange@paintsquare.com
Technical Editor: Brian Goldie / bgoldie@jpcleurope.com
Directory Manager: Mark Davis / mdavis@paintsquare.com

Contributing Editors:

Peter Bock, Warren Brand, Rob Francis, Gary Hall, Robert Ikenberry,
Alison Kaelin, Alan Kehr, Robert Kogler, Vaughn O'Dea,

E. Bud Senkowski, Dwight Weldon

Production / Circulation:

Art Director: Peter F. Salvati / psalvati@paintsquare.com

Associate Art Director; Daniel Yauger / dyauger@paintsquare.com

Ad Trafficking Manager: Larinda Branch / Ibranch@technologypub.com
Circulation Manager: JoAnn Binz / joann@qcs1989.com

Ad Sales Account Representatives:
Vice President, Group Publisher: Marian Welsh / mwelsh@paintsquare.com
Associate Publisher, Advertising Sales:
Bernadette Landon / blandon@paintsquare.com
Advertising Sales: Bill Dey / bdey@paintsquare.com
Classified and Service Directory Manager:
Lauren Skrainy / Iskrainy@paintsquare.com

PaintSquare:

Vice President, Operations: Andy Folmer / afolmer@technolegypub.com
Vice President, Technology: D'Juan Stevens / dstevens@technologypub.com
Vice President, Content: Pamela Simmons / psimmons@technologypub.com
Editor, PaintSquare News: Amy Woodall / awoodall@paintsquare.com

Digital Media Production Manager: Tricia Chicka / tchicka@technologypub.com

SSPC:
SSPC Individual Membership: Terry McNeill / meneill@sspc.org
SSPC Organizational Membership: Ernie Szoke / szoke@sspc.org

Finance:

Accounting Manager: Michele Lackey / mlackey@technelogypub.com
Accounting: Andrew Thomas / athomas@technologypub.com

CEOQ: Brion D. Palmer / bpalmer@technologypub.com

CFO: Peter Mitchel / pmitchel@technologypub.com

Periodical class postage at Pittsburgh, PA and additional mailing offices. Canada
Post: Publications Mail Agreement #40612608 - Canada returns are to be sent to:
American International Mailing, PO Box 122, Niagara Falls, ON L2E 654 Canada The
Journal of Protective Coatings & Linings (ISSN 8755-1985) is published monthly
by Technology Publishing Company in cooperation with the SSPC (877/281-7772).
Editorial offices are at 2100 Wharton Street, Suite 310, Pittsburgh, PA 15203. Tele-
phone 412/431-8300 or 800/837-8303; fax: 412/431-5428 ®2015 by Technology
Publishing The content of JPCL represents the opinions of its authors and adver-
tisers, and does not necessarily reflect the opinions of the publisher or the SSPC.
Reproduction of the contents, either as a whole or in part, is forbidden unless
permission has been obtained from the publisher. Copies of articles are available
from the UMI Article Clearinghouse, University Microfilms International, 300
North Zeeb Road, Box 91, Ann Arbor, MI 48106. Subscription Rates: $90.00 per
year North America; $120.00 per year (other countries). Single issue: $10.00. Post-
master: Send address changes to Journal of Protective Coatings & Linings, 2100
Wharton Street, Suite 310, Pittsburgh, PA 15203. Subscription Customer Service:
PO Box 17005, North Hollywood, CA 91615 USA, Toll Free: 866 368-5650, Direct:
818-487-2041, Fax: 818-487-4550, Email: paintsquare@espcomp.com

Printed in the USA W pMNTSU“AHE www.paintsquare.com



SSPC on the FrontEin

The Society For
Protective Coatings

o2

®iStockphoto.com/matdesign24

[uality Assurance and Quality
Control — We Do It, Too!

n today's world of complex coatings, contracts and

certifications, there is a key consideration that ties to-

gether the total scope of the job: quality control (QC)

and the related function of quality assurance (QA).

What does this mean? In simple terms, quality con-
trol is the guarantee that contractors provide to ensure that
they are meeting all of the contract quality requirements us-
ing their own personnel. Quality assurance involves facility
owners or contract holders monitoring contractor quality
control and accurately documenting observations.

How do we know who is responsible for which func-
tion? The contractor doing the work normally provides the
QC personnel, while a representative of the facility own-
er typically performs QA. This person may be an employ-
ee of the facility or a third party contracted by the owner
to protect their interests. Quality is so important that many
companies have both quality control and quality assurance
departments.

What qualifies someone to assume this role and respon-
sibility? Training. In the coatings world, there are many
training courses that qualify workers in various areas. For
example, a person working on a Naval vessel may take the
Navy Basic Paint Inspector (NBPI) certification program,
and those working on bridges or on other industrial struc-
tures may take SSPC's Bridge Coating Inspector (BCI) or
Protective Coating Inspector (PCI) certification programs
to qualify for work in those areas.There are also training
courses specifically designed for quality control personnel.
Training is an essential element to the qualification process.
It helps facility owners determine who is most capable to
complete any industrial coatings work.

Successful quality control and quality assurance in coat-

ings projects has a direct influence on meeting the contract
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goal. When the individuals responsible for quality effective-
ly perform their roles, work is conducted safely and proper-
ly, and the owner is rewarded with a long-lasting paint job.
Regardless of the type of coating or facility, the expectation
is the same: the contractor must meet the facility owner’s
quality expectations as demonstrated by use of quality con-
trol and confirmed through quality assurance. Quality con-
trol and quality assurance constitute two components of the
larger quality management systems (QMSs) that guide those
involved in producing quality work consistently.

A guality management system encompasses the com-
plete package of training documentation, quality manuals,
health and safety manuals, methods of regulatory compli-
ance and other evidence of a commitment to producing
quality work. Establishing a QMS can be accomplished by a
variety of different means and may be verified by an accred-
itation body. The SSPC QP programs are good examples of
quality management systems that are verified and audited
by an accreditation body. Contractors that have an SSPC-
accredited quality management system can reassure facil-
ity owners that they have a system in place demonstrating
documented training, policies, procedures and controls that
meet industry standards of best practice. To an owner, this
proves that a contractor is capable of meeting project goals
through evidence of an established track record of success-
ful work on similar projects, and a pattern of business con-
duct that has enabled them to be certified or accredited to
specific industry standards of best practice.

An even broader goal for successful quality management
systems involves having the accreditation entities themselves
be certified or accredited by another governing body. Putting
this in terms of quality control and quality assurance, you can

consider SSPC to be the initial certifying authority and the
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International Standards Organization (ISO) to be the gov-
erning body to which SSPC policies must adhere. The SSPC
Painting Contractor Certification Program (PCCP) is now cer-
tified to the ISO/IEC 17020 standard. This means that we, as
an organization, have a quality manual and are regularly doc-
umenting our internal quality control and quality assurance
processes to support our own quality management system. In
addition, the SSPC Qualification Program (QP) division must
now undergo an annual audit to certify that it continues to
meet the requirements of ISO/IEC 17020. Thus, SSPC itself
now conducts business in the same manner that is expected
of its PCCP- and QP-certified contractors.

Not being certified by an accreditation body does not
mean that contractors are incapable of meeting owners’
goals. However, being certified indicates to an owner that
the contractor has met an industry standard, as verified by
an outside source. Quality control and quality assurance play
major roles in every aspect of the world we live in — from
the clothing and toys we buy to the success of those coat-
ings systems we apply to billion-dollar infrastructure assets.
If we look at the importance of quality control and its quali-

ty assurance verification component from the asset owner’s

N\
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point of view, we can quickly agree that certifying quali-

ty control and quality assurance through quality manage-
ment systems is a crucial aspect of good business practices.
There are many domestic and international organizations
that certify and accredit to recognized standards, including
ISO, ANSI, ASTM and, of course, SSPC. All of these organiza-
tions verify — and, through audit programs, re-verify — that
quality management systems are and remain in place for all
of their certificate holders.

This brings us full-circle, back to the importance of qual-
ity control and quality assurance in our industry. Whenever
you ask yourself, “How important is quality to a coatings proj-
ect?” consider the entire quality process and how it affects
the perception of companies to their customers.

For more information about SSPC's quality-related train-
ing programs, contact Joe Berish, SSPC corporate certifica-
tion program manager, at berish@sspc.org; or call 412-281-
2331, ext. 2235. Berish is an SSPC-certified Bridge Coatings
Inspector (Level 2) and a NACE-certified Coating Inspector
(Level 3). He has 12 years of experience as a coatings inspec-
tor, three years of experience as a quality systems auditor,
and is SSPC C-3- and C-5-qualified.

Applications Open for 2016-17
SSPC Scholarships

SPCis pleased to announce

that the 2016-17 scholarship

application is now available.

The program is open to any

student who is beginning or continuing
his or her education at an institution of
higher learning in the U.S. or Canada.
To be considered for the scholarship,
each candidate must be a high school
senior planning to enroll full-time or a
student already enrolled full-time at an
accredited institution of higher learn-
ing that has a three or four-year curric-
ulum. He or she also must be a mem-
ber of SSPC in good standing, or a child
of an SSPC member in good standing.

To apply for the scholarship, can-
didates must submit a completed ap-
plication form, two letters of recom-
mendation, high school or college
transcripts, a personal letter express-
ing why they deserve the scholar-
ship and what they plan to do in their
field of study, and finally a current se-
nior picture or similar type of photo.
Scholarship funds will be applied to the
direct costs of the student’s courses.
Once awarded, SSPC will work with the
financial aid offices of each institution
to ensure proper use of the funds.

A panel consisting of three mem-
bers of the SSPC Board of Governors
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(designated by the entire Board) will
choose the scholarship recipients.

To apply, and for more detailed in-
formation please visit www.sspc.org,
where you can download the appli-
cation or fill out the online version.
Applications must be received by April
30, 2016.

If you have any questions about the
scholarship program or the applica-
tion process, please contact Christine
Lajzo at 412-281-2331x2231, or email at
Lajzo@sspc.org.



Top of the News

Free February Webinar Focuses
on Oil and Gas Coatings

he second free, online

webinar in the 2016

SSPC/JPCL Webinar
Education Series will be
available to participants in
February.

“Protective Coatings
Specified for the Upstream
and Downstream of the Qil
and Gas Industry,” will be pre-
sented by Kristin Leonard of
Bechtel Materials Engineering
and Technology Group on
Wednesday, Feb. 17, 2016,
from 11:00 a.m. to noon, EST.

The upstream and down-
stream segments of the oil
and gas industry present an

Registration,
CEU Credits
This program is part of
the SSPC/JPCL Wehinar
Education Series, which pro-
vides continuing education
for SSPC re-certifications
and technology updates on
important topics. SSPC is
an accredited training pro-
vider for the Florida Board
of Professional Engineers
(FBPE), and Professional
Engineers in Florida may sub-
mit SSPC Webinar Continuing
Education Units to the board.
To do so, applicants must
download the FBPE CEU form
and pass the webinar exam,
which costs $25.

Register for this online
presentation at
paintsquare.com/webinars.

array of unique challenges.
Given the drive to cut capi-
tal costs and the need to ad-
here to strict environmental
regulations that are inherent
in this industry, the long life
of a coating system and ef-
fective protection of assets
is essential. This webinar will
define several types of an-
ti-corrosion coatings for the
oil and gas industry, with per-
formance properties such as
intumescence and heat resis-
tance, high levels of abrasion
resistance and the durability
to extend component life.

The Society For
Protective Coatings

i

Webinar Education Series kristin Leonard

Kristin Leonard earned
a Bachelor of Science de-
gree in polymer science and
high-performance materi-
als from the University of
Southern Mississippi. After
graduating, Kristin began
working in Bechtel's Materials
Engineering and Technology
Group, where she serves as
an engineering specialist

for coatings and non-metal-
lics. She is an SSPC-certified
Protective Coatings Specialist
and a Concrete Coatings
Inspector. Kristin was also
profiled in JPCL's August
2015 bonus issue, Coatings
Professionals: The Next
Generation.

PaintSquare News Gets Revamp for 2016

s some readers may
Ahave already noticed,
PaintSquare News, the daily
online newsletter and JPCL's
sister publication, kicked off
2016 with a new, clean, re-
sponsive newsletter design
geared to professionals on
the go.

The changes for the re-
vamped PSN, which include
a new logo, larger imag-
es and fresh graphics, were
rolled out with the Jan. 4 edi-
tion. The newsletter is now
designed to make it easier
for readers to enjoy content
on mobile devices as well
as desktops. The format will

PAINT
SQUARE

provide readers with a clear,

[0

adapted view of the content
no matter the access point.
Moreover, hyperlinks on
phones and tablets will be
more "thumb-friendly,” mak-
ing it easier to tap and view
corresponding content on
paintsquare.com as well as

share with friends and follow-
ers via social media.

PaintSquare News offers
more than 70,000 readers
daily news and information
on the marine and protective
coatings industries. Topics
covered include coating ma-
terials, coating application,
surface preparation, quali-
ty control, health and safe-
ty, environmental controls,
and program and project
management.

For more information and
to provide feedback, e-mail
PaintSquare News Editor Amy
Woodall at
awoodall@paintsquare.com.
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QOutdoor exhibition area at World of Concrete 2015.
Photo courtesyof World of Conerete.

Las Vegas Welcomes
Back World of Concrete

he 2016 World of Concrete show and exhibition will

return to the Las Vegas Convention Center from

Feb. 1to 5, 2016. This annual international event
for concrete and masonry professionals will feature edu-
cational, safety and training programs; an exhibition with
over 1,400 exhibiting companies; indoor and outdoor
product and equipment demonstrations; networking op-
portunities and other special events.

The WOC technical program, which will comprise more
than 100 skill-building seminars, will begin on the morn-
ing of Feb. 1, while the exhibition opens Feb. 2. Among the
675,000 square feet of exhibition space will be numerous
companies with products and services that may be of in-
terest to protective coatings professionals.

For complete, up-to-date information on the World of
Concrete, including an exhibitor list, descriptions of the
technical and educational sessions, and the 2016 WOC
daily schedule, visit www.worldofconcrete.com.

Editor's Note

The article, “The Negative Influence of Fe P Pigments
on the Anticorrosion Properties of Zinc Dust Primers"
by Pascal Verbiest, Dr. Sc., in the December 2015 is-
sue of JPCL, was based on a presentation given at the
European Coatings Congress, Nuremberg, April, 2015.
The acknowledgement was inadvertently omitted. We
apologize for the error.

JPCL Publisher Picks New CEO

rion D. Palmer, a media executive with 30 years’ ex-

perience in the publishing industry, has been se-

lected as the new CEO of Technology Publishing
Company (TPC), the parent company of JPCL. Palmer be-
gan his term succeeding the company’s founder, Harold
Hower, as CEO on Jan. 13.

Palmer comes to TPC from Houston-based AtComedia,
a global media company serving the oil
and gas industry, where he held the post
of president and chief operating officer.
While there, he was responsible for the
overall leadership, strategic planning and
operational management.

Previously, Palmer was group publisher for BNP Media, a
leading business-to-business media company serving in-
dustry professionals across more than 50 industries, where
he managed business operation of four publications within
the Food Retail Group. Palmer was also Hart Energy’s vice
president of publishing, where he established the strategic
direction for the entire publishing operation, including its
digital presence. Other publishing executive roles includ-
ed vice president, group publisher of the Hospitality Group;
vice president of E-Strategy; and publisher, Manufacturing
Systems for Reed Business Information, a provider of data
services, business information and workflow solutions to
businesses.

Palmer holds a Bachelor's degree in business adminis-
tration and economics from Culver-Stockton College and
also earned a certification from at the American Business
Media Kellogg/Medill School of Journalism's Advanced
Management Forum at Northwestern University. He also
served as a guest lecturer at Tuck School of Business at
Dartmouth College for three years.

As CEQ, Palmer will oversee the day-to-day operations of
TPC, whose media properties include JPCL; PaintSquare Daily
News, an e-newsletter which delivers news stories related to
the protective and marine coatings industries; D+D In Depth,
a monthly digest of technical articles related to architectural
coatings; Durability + Design News, a daily e-newsletter which
provides news and features to the architectural coatings com-
munity; and Paint BidTracker, a comprehensive business tool
that provides construction project leads and market data to
industrial painting contractors and suppliers.

Technology Publishing Company, founded by Hower
in 1984, develops and publishes content about coatings
and related construction materials in print and on digital
platforms. The mission of the company is to advance the
technology by disseminating information about best prac-
tices in the selection and use of these materials.
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Get the coatings industry
buzz at paintsquare.com,

or scan the (R code for

On Paintsq Ua re- Com instant access!

Now Buzzing on PaintSquare News... [PSN

1. Contractor Gets $20M for Bribe Reports
2. Steel Issue Closes Forth Bridge

3. Clinton Targets Infrastructure, Jobs

4. Pipeline Blasts Lead to Jail Time

5. In $1308 Deal, DowDuPont Unveiled

B. Dbstacles Delay Bridge Opening 60 Years
. Water Tower Fall Nets $180K in Fines
Will LNG Exports Boost Shipbuilding? (e ) 8. Coating Technology to Repel Water, Dirt

Shipyards in the United States could see a major boost in newbuilding orders if 9. OH Contractor Nets $53M Bridge Job
a congressional mandate goes forward requiring all liquefied natural gas (LNG) . . .
s o [ L o 10. Architect Rethinks Water Tower's Form

According toa new report from the Government Accountability Office (GAQ),
Implications of Using LL.S. Liquefied-Natural-Gas Carriers for Exports, the LL.S. is
slated to transform itself from a net importer of natural gas to a net exporter.

Five large-scale U.S. liquefaction facilities — necessary for converting natural ST u " PE R OF

gas to LNG to facilitate storage and transport — are currently under construc- T H ! " o N T H
tion, the GAQ says. Based on the facilities’ estimates, at least 100 LNG carriers N

would be required to transport their full capacity. More than 30 companies (PSN Daily Quiz, Dec. 7)
have received approval for large-scale exports of U.S. LNG via specialized LNG
carriers beginning in 2015 or 2016, the GAQ reports, but no LL.S. shipyard has
built an LNC carrier since 1980, and none are registered to a Ll.S. operator.

With these production developments, Congress is considering legislative
language to require LI.S. LNG to be exported via U.S.-built-and-flagged carriers.
Such a move could boost employment for U.S. mariners and shipbuilders alike.
However, this optimistic view is tempered by questions regarding how the
time and expense involved in constructing this number of specialized ships
would affect the LNG export market.

Based on the current capacity of UL.S. shipyards, building 100 carriers
would likely take over 30 years, putting the shipbuilding far behind the
timelines of the LS. liquefaction facilities. Also, of the two shipyards that have
sufficient space to accommodate the carrier construction, both already have
orders booked that fill their production capacity through 2018.

According to industry representatives, U.S. carriers would cost about
two-to-three times as much as similar carriers built in Korean shipyards and Answer: Smart coating. Read about various smart coating types,
would be more expensive to operate. Based on the agency’s analysis, these
costs would increase the cost of transporting LNG from the LLS. (by about 24
percent, the GAO suggests); decrease the competitiveness of U.S. LNG in the
world marhet; and may, in turn, reduce demand for LL.S. LNC.

Phota: o iStockphato.com/OleksandrKalinichenko

including anticorrosion coatings, in Cynthia Challener’s CoatingsTech
article, “The Intelligence Behind Smart (oatings.”

10 JPCL January 201k / paintsquare.com
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Problem Solving For

On Selecting Coatings for New Concrete

WHICH FACTORS ARE MOST IMPORTANT IN SELECTING COATINGS FOR NEW CONCRETE?

Rodney White

Benjamin Moore & Company
Coatings must be selected to perform
in the intended service environment.
Is it an exterior, water-repellent finish
for tilt-wall? Is it a shower wall? Is it a
floor surface in a production facility?
A clean room in a chip-making facility?
These things must be considered be-
fore selecting any coating system —
for concrete or any other surface, and
each has its own set of most important
factors.

Tom Murphy

VP Marketing LLC

This is a great question. | agree with
Rodney that the selection process
starts with determining the perfor-
mance criteria. The next factor to con-
sider is the surface condition and the
surface prep required for the systems
selected. The next challenges are the
installation conditions and schedule
requirements. Now that you have nar-
rowed the field of options, you can de-
termine which fits the budget and life

cycle requirements for the intended
use and maintenance.

Randy Nixon

Corrosion Probe, Inc.

| can only build on the comments from
the other two experienced gentle-

men by adding a few words to the wise
based on a number of years of experi-
ence. The three things that must go into
selecting coatings for success on new
concrete are as follows.

1. The coating system must be able
to meet the exposure conditions while
being capable of curing under the actu-
al field conditions. This will include the
all-important moisture properties of
the new concrete. Products with great-
er moisture tolerance during cure are
therefore desirable for new concrete.
This, of course, is provided they can
be resistant to any chemical or physi-
cal exposures inherent to the specific
application.

2. The coating system must be ca-
pable of achieving good film quality,
meaning no pinholes, holidays or other

types of discontinuities. This is par-
ticularly crucial for concrete due to its
many non-homogenous properties, i.e.
“bugholes” or entrapped air voids. This
means the system must be capable of
filling and surfacing the substrate suf-
ficiently to prevent discontinuities from
being created via the outgassing of en-
trapped air during coating system ap-
plication. Film quality is simply more
difficult to achieve on concrete than on
steel. In this same line of reasoning, the
coating's film thickness must be appro-
priate to assure good hiding properties
to avert discontinuities.

3. The coating system must pro-
vide adequate adhesion to the con-
crete. This goes without saying, butis
worth repeating because different de-
grees of cleanliness and wide varia-
tions in concrete surface profile can be
appropriate for a wide range of coating
products. Selecting the coating sys-
tem which will provide good adhesion
as necessary for the intended surface
conditions is a worthy consideration.

dnNew name

For more than 30 years Eurogrit has been part of Sibelco. From this year we 4
are adopting the Sibelco brand and we will now be known as Sibelco Europe.

We will keep the name of Eurogrit as a product brand - and most importantly, our service

EUROPE

to you remains as strong as ever. We will continue to meet your needs with the highest quality
products, delivered on time and always supported by our technical expertise and customer service.

We offer a complete range of blast cleaning abrasives for surface preparationand minerals for high pressure
waterjet cutting:

expendable: Eurogrit coal slag, Euroram copper slag and Green Lightning clivine
recyclable: steel shot, steel grit, aluminium oxide and chilled iren grit
special: Furofinesse micro coal slag, glassbeads, calcium carbonate, dolomite

We deliver worldwide to meet customers' critical delivery deadlines, supporting all of our products with local technical advice and service.

Moordhoek 7, 3351 LD Papendrecht, The Netherlands

T+31 78 6546770 F +31 78 6449494 E info.eurogrit@sibelco.com Find out more at www.sibelco.eu/abrasives
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Sporadic Interior Pipe
Corrosion and Perforations

CORROSION CONTROL ON A PIPE INTERIOR
CARRYING SALT WATER AT ALMOST TWICE
THE CONCENTRATION OF THE OCEAN

By Warren Brand, Chicago Corrosion Group, LLC

he owner, an oil producer lo-

cated inthe scrub of the

southwestern United States,

has hundreds, perhaps thou-
sands, of carbon steel risers scattered
around hundreds of square miles of pro-
ductive oil wells.

The pipes range in size from 4 inches
to 8inches in diameter and over the years,
tended to perforate and leak in no pre-
dictable manner. Some of the locations
of the risers were in exceedingly delicate
environmental areas, occupied by barrel
cacti, tumble weeds, scorpions, bats, liz-
ards, coyotes and other varmints. Leaks
here are very costly due to environmental
cleanup requirements, even though the
main liquid running through the pipe was a
blend of mostly salt water and petroleum
products. In fact, the chemical analysis
of the water looked like the answers toa
college chemistry test with the one con-
stant being high concentrations of chlo-
rides (salt) of around 55,000 ppm. As aref-
erence, seawater has a concentration of
around 35,000 ppm.

The water was also not consistent in
terms of its constituents, as they could
change over time. Further, while chlo-
rides are always an issue from a corro-
sion perspective, they were even more
problematic in this dynamic environment
where, as any uncoated interior piping
would rust, the rust would be quickly re-

moved, exposing new, bare steel. In con-
trast, structural steel, for example, will
rust when exposed to chlorides, but the

i BP0 6
Fig 1: Residue on pipe interior.
Photos courtesy of the author.

rate of corrosion can sometimes drop as
the rust builds up, protecting the un-cor-

roded steel underneath. That was not the
case with this pipe system.

To complicate matters further, there
were solids running through the system,
leading to some level of abrasive action
on the pipe interior.

There was also paraffin wax in the
water. Data indicated that on occasion,
the paraffin wax would deposit onto the
pipe wall interiors, providing some corro-
sion protection (the water was typically
around 64 F and paraffin melts at approx-
imately 115 F). It was not, however, possi-
ble to conclusively determine if that was
the case —and, further, determining if it

astigating Failure

was would have been of no value to the

owner.

Also of note in the water stream was
iron content ranging from 24-to-112
ppm, likely contributing significantly to
the adherent residue remaining on the
pipe interior (Fig. 1). The owner also re-
ported oxygen concentrations levels
ranging from .04 to 2.0.

Further complicating inspection work
was the length of the pipes, which var-
ied from a few feet to more than 20, se-
verely limiting access to areas beyond
arm's-reach.

Observations
At first glance, much of the pipe interiors
were coated with a dark, rusty-looking

paintsquare.com / JPCL January 201k 15
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Investigating Failure

residue which made visual inspection
of the existing coating system difficult.
When damp, this residue was in some
cases easy to remove (Fig. 2). However, in
other areas, the residue was very difficult
to remove, even with solvent.

In some cases, the owner had cut
and removed several sections of pip-
ing that had perforated. From the pipe
exterior, the perforation looked like one
would expect— a slightly elongated

hole. However, the owner was request-
ed to cut the pipe along the diameter at
the center of the perforation to get a side
view. The side view of the perforation

Fig. 2: A dark residue on the pipe interiors
was sometimes easy to remove and some-
times difficult to remove, even with solvent.

Fig. 3: Significant corrosion surrounded a
perforation in the pipe.



revealed significant corrosion of the sur-
rounding areas showing a clear “"V” con-
figuration (Fig. 3).

During inspection of the pipe interi-
or, other areas were identified which had

the exact same corrosion pattern but had
not yet perforated, as if someone had
scooped ice cream out of a 5-gallon tub.

, -~
Fig. 4: Holidays were found in an area of pipe

interior where the coating was otherwise
intact.

Fig. 5: A largely intact coating system
despite a significant area of corrosion.

Fig. 6: A close-up of the corroded area
referenced in Figure 5 above.

The owner mentioned that the pipe
interiors had been lined by two different
shops using different materials. It was
unknown which materials were used at
all, and certainly not within each pipe.

In the same run of pipe which exhib-
ited through corrosion, there were areas
where the pipe had no coating at all, yet

exhibited virtually no signs of corrosion.
In these areas the iron oxide may have
combined with the paraffin wax in the
water to provide some type of corrosion
resistance.

In all cases, where the paint remained,
the coating appeared intact. In one set
of pipes, the paint was largely intact and
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—

Wirelessly connect
PosiTector probes

to your smart device
using our SmartLink
and mobile app to turn
your cell phone or
tablet into a virtual
Positector gage

Made for ]

BiPod [liPhone [JiPad

Made for
Android

A gidge1tTa MO
£ Bridge ST
ERE-AN s
ik wel

DeFelsko

The Measure of Quality

PosiTector'SmartLink

Unprecedented Mobile Integration
(no internet required). Take advantage af the
simplicity and utility of yaur smart device
including camera and micraphane

Seamless Online Integration with an
Internet Gonnection. Share, backup,
synchranize and repart measurement data
via email, apps and the claud

PosiTector Probe Interchangeability
Easily canvert fram a caating thickness
gage ta a surface praofile gage ar dew
paint meter

1-800-448-3835
www.DeFelsko.com

Made in U.S.A.

DeFelsko
Gorporation
Ogdensburg, New Yark USA
+1-315-393-4450
techsale@defelska.cam

paintsquare.com / JPCL January 201k 17

a14/wio2-aenbsjuied Je paey-a Japeay Jno Jo8fes



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

\

PRETOX SYSTEM LEAD STABALIZERS
ARE COMPATIBLE WITH ALL PAINT
REMOVAL METHODS

Works with all Blast Media

* Grits » Recyclable Abrasives
*» CO2 « Water » Power Tools * Etc.

Contact Dave Steffen at 800.338.8296 or
DaveS@pretox.com for technical consultation.

WWW.PRETOX.COM

SEE US AT SSPC BOOTH #347

Investigating Failure

exhibited only small, isolated areas of
corrosion. Evenin these pipes, howev-
er, there were anomalies in terms of how
the corrosion manifested. For exam-
ple, Figure 4 (p. 17) shows a largely intact
coating system with two holidays. The
holidays exhibit only minimal, general
corrosion with no apparent undercutting.

In contrast, Figure 5 (p. 17) shows a
largely intact coating system other than
a corroded area at the wye of the pipe (all
of the other dark areas are sediment). A
close-up view of this rusted area reveals
active pit corrosion with progressive de-
terioration of the coating system (Fig. 6,
p. 17). ltis possible that the residue with-
in the pipe system provided some coin-
cidental corrosion resistant properties,
except in areas where the water and sus-
pended solids impacted the pipe wall,
thus removing, or not allowing, the sedi-
ment to collect, and increasing the corro-
sion rate in those isolated areas

In other pipe runs, much of the coat-
ing system was gone and yet they exhib-
ited little-to-no corrosion. In the same
pipe run, however, there were areas of
poorly applied coating with severe corro-
sion and undercutting (Fig. 7). The reason
for these discrepancies remains elusive.
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Neither coating system exhibited any
apparent signs of chemical attack or deg-
radation. There were no apparent blisters,
cracking, crazing, blemishes, softening
or any other visual evidence which would
indicate that the coating system was in-
compatible with the salt water.

There were, however, other very se-
rious concerns. In one case, the dry film
thickness (DFT) at one end of a pipe var-
ied around the internal circumference of

L g

Fig. 7: An area of poorly applied coating
with severe corrosion and undercutting.




the pipe from approximately 3 mils to 25
mils. At the other end of the same pipe,
the coating ranged from 10-to-14 mils.
The DFT varied on all of the pipes with
some averaging in the mid-teens and
other pipes averaging less than 10 mils.
The lowest readings taken (in multiple lo-
cations) were 1-to-2 mils.

Fig. 9: X-cut adhesion testing was per-

formed as per ASTM D3359 where the
coating appeared to be reasonably well-ad-
hered.

L~ HE
Dor2, Q %
P = 4

Fig. 10. Adhesion testing exposed a white
coating or primer beneath the green
coating.

As mentioned earlier, the owner had
been shipping pipes to two different lo-
cal vendors and wasn't sure what coat-
ing system was used by either one. In
one case, they believed the coating was
a liquid-applied epoxy. In the other case,
it was a powder coating application. In
either case, the owner was relying on the
coating applicator not only for the mate-
rial selection, but for all of the QA/QC as
well.

Further testing was carried out with
limited results. Pull-off adhesion testing

wasn't possible due to the small diameter
of the pipe (Fig. 8). X-cut adhesion test-
ing was performed where the coating
appeared to be reasonably well-adhered
(4A to 5A, as per ASTM D3359, Standard
Test Methods for Measuring Adhesion by
Tape Test) but was very brittle (it was not
known what type of coating system this

was) (Fig. 9). The test results may have
also been compromised due to the diffi-
culty in obtaining adhesion to the recent-
ly cleaned area. As mentioned earlier, an
adherent residue remained on the pipes
and even after chemical cleaning, some
type of residue, possibly paraffin wax,
remained.
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Investigating Failure

The appearance of a white coating or
primer beneath the green coating dis-
covered during the X-adhesion testing
further confused determination of the
type of coating system used (Fig. 10, p.
19). However, the white material was not
evident in other areas, as noted when
scraping other lose areas and when
Tooke gauge readings were carried out.

Conclusion

Data increasingly indicated that the fail-
ure of these materials to prevent the
pipe from perforating was due to appli-
cation issues. Further, it appeared that
the adherent residue, likely a blend of
iron oxide and paraffin wax, might be
providing some corrosion protection in
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those areas of the pipe which did not
experience turbulence during opera-
tions. This might explain the frustrat-
ingly inconsistent perforating the own-
er had been experiencing.

Solutions

It was recommended to the owner to
avoid additional testing and lab costs,
and to simply move forward and focus on
what was working. The data clearly sup-
ported that in each area where the coat-
ing was applied properly and well-ad-
hered, corrosion was not an issue.

The owner hired a competent corro-
sion consulting firm to identify an opti-
mal, internal corrosion mitigation materi-
al and develop application specifications
for submittal to local shops. It was deter-
mined that one of the coating systems
installed, a powder coating system, ap-
peared to be performing better than the
liquid applied material. The owner had a
relationship and preference for a specific
local contractor who was a powder coat-
ing applicator.

The consulting firm identified an ep-
oxy-based powder coating solution and
made some modifications to the manu-
facturer guidelines. For example, the ini-
tial specifications from the manufactur-
er required a DFT from 8-to-12 mils. With
the approval of technical support staff
from the material supplier, the consul-
tant changed the specification to 8-to-20
mils. This allowed the applicator a great-
er range of freedom and the additional
material on the pipe interior could only
benefit the owner. The consultant also
recommended that the coating system
be brought up and onto the flange face
to reduce the likelihood of undercutting
as there were several areas within the
pipe system that exhibited undercutting
of the coating system at the flange.

The owner is in the process of de-
veloping an in-house quality assurance
program including DFT readings, holiday
testing and coating-cure determinations
(either solvent wipe or hardness testing).



ot-dip galvanized steel parts

or assemblies are often re-

quired to be painted, either to

identify a structure, for archi-
tectural reasons, to provide a particu-
lar type of protection, to prevent severe
corrosion attack of zinc in an acidic envi-
ronment, or to extend the service life of
an existing structure. The combination of
a paint system with a hot-dip galvanized
coating is referred to as a duplex sys-
tem'. When paint and galvanized steel
are used together, the corrosion protec-
tion is superior to either protection sys-
tem used alone?,

The application of a paint system onto
a hot-dip galvanized surface requires
careful surface preparation and a good
understanding of both corrosion pro-
tection systems. The margin for error is
small when dealing with newly galvanized
steel surface preparation. However,
there have been many examples of paint
adhesion problems on older or more
moderately aged galvanized steel sur-
faces, and the most common cause is
improper or incomplete surface cleaning
and preparation?.

The adhesion of paint onto galvanized
steel can become a small problem when
the galvanized coating has weathered
for at least a one-year period. The zinc
corrosion products form a very dense,
insoluble protective layer that accepts
a paint coat readily. A brand new galva-
nized coating also experiences few ad-
hesion problems within the first 24-to-
48 hours after coating. Although these
two conditions can yield a sustainable
duplex system, the most common tim-
ing for applying paint onto a galvanized
partis between 2 days and 6 months af-
ter galvanizing, where there can be many
preparation issues to be handled in order
to obtain an intact duplex system.

Galvanized Coating Application
Hot-dip galvanized coatings can be ap-
plied in two different ways. The parts can

Prepare Hot-Dip
Galvanized Coating
Surfaces for Painting

By Dr. Thomas J. Langill, American Galvanizers Association

Eta
(100% Zn)
70 DPN Hardness

Zeta
(94% Zn 6% Fe)
179 DPN Hardness

Delta
(90% Zn 10% Fe)
244 DPN Hardness

Gamma
(75% Zn 25% Fe)
250 DPN Hardness

I Base Steel

159 DPN Hardness

Fig. 1: Microstructure of hot-dip galvanized coating on steel.
Figures courtesy of the American Galvanizers Association.

be fed into a liquid zinc bath in a contin-
uous roller process, where the coating
characteristics are highly dependent on
the speed of the steel through the bath.
The two most common steel products
that are hot-dip galvanized using this
process are sheet and wire. The objec-
tive of the continuous process is to de-
posit a zinc coating that is smooth, thin
and composed of nearly all zinc-bath
metal with very little zinc-iron intermetal-
lic. The coating can be alloyed to form a
dull gray intermetallic coating, which has
a good surface profile and can be easi-
ly painted.

The second type of hot-dip galvaniz-
ing process is often called the "batch”
process, because individual steel piec-
es or assemblies are dipped in a mol-
ten zinc bath as individuals or as groups.
The coating is formed by the interdiffu-
sion of zinc and iron. A micrograph of a
typical batch hot-dip galvanized coating
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is shown in Figure 1. The coating forms
four distinct layers or intermetallics.
The first layer is called the gamma layer,
which has 75-percent zinc and 25-per-
centiron. The next layer, the delta lay-
er, has 90-percent zinc and 10-percent
iron. The third layer is called the zeta lay-
er, which has 94-percent zinc and 6-per-
centiron, and the final layer is called the
eta layer and has 100-percent zinc and
no iron. The coating growth depends on
the chemistry of the steel to allow iron at-
oms to diffuse through the steel and the
already formed zinc/iron intermetallic to
interface with the zinc bath metal, form-
ing additional coating. Figure 2 shows a
typical coating on steel with reactive sil-
icon chemistry. The coating consists of
100-percent zinc/iron intermetallic, and
the surface is dull grey and rough after
coating.

During the batch hot-dip galvanizing
process, a number of variables can affect
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Fig. 2: Microstructure of reactive steel hot-
dip galvanized coating.

the coating thickness, the primary factor
of which is the steel chemistry, with the
most influential elements being silicon
and phosphorous. These two elements
promote the interdiffusion of zinc and
iron and cause the hot-dip galvanized
coating to become thick and filled with
intermetallic. Figure 3 shows the coat-
ing weight of two different types of steel
versus the time spent in the molten zinc

N
AN

hkilled| Steel

Coating Weight (oz/ft?)
=

N
N

2 4 6 8 10 12

Galvanizing Time (Minutes)

bath. The normal steel curve shows the
galvanizing reaction is self-limiting and
will cease to increase the coating weight
when the diffusion of zinc and iron be-
comes a very slow process whereas, with

Fig. 3: Coating weight of hot-dip galvanized
coating versus galvanizing time for two
different steels.

the reactive silicon steel, the reaction
continues to add coating weight to the
part as long as the steel is in the galva-
nizing bath. The reactivity of the steel is
determined by the amount of silicon and
phosphorous in the steel.

The coating produced when the steel
is reactive contains intermetallics of iron
and zinc. This means that the surface will
not be bright and shiny, but rather dull
gray and slightly rough. This intermetal-
lic surface makes a very good anchor for
paint systems. The main concern with
reactive steel galvanized coatings is the
thickness of the coating. If the coating is
too thick, it may become brittle and will
be susceptible to applied stresses that
may separate the galvanized coating
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from the steel underneath. Knowing the
silicon and phosphorous content is very
important when producing a quality gal-
vanized coating.

Galvanized Coating Surface
Many galvanizers apply post-treatments
to their galvanized coating to prevent the
formation of excessive zinc oxide and

zinc hydroxide. Additionally, the galva-
nized part is sometimes quenched ina
water bath to accelerate cooling. These
treatments and quenching should be
avoided if the galvanized partis to be
painted. The post-treatments will change
the surface chemistry of the coating.

While some of these treatments (such as
phosphating) produce better surfaces

\
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for painting, others (such as chromat-
ing) will produce a surface that is diffi-
cult to paint. Water quenching, in itself,
is not harmful to the surface, but the
quench bath often has small amounts of
oil, grease or flux on the surface, which
could interfere with paint adhesion.
Consult with the galvanizer and the paint
company before applying a post-treat-
ment to galvanized steel that is to be
painted.

A galvanized coating of zinc protects
the steel by providing both a barrier to
atmospheric elements and cathodic pro-
tection to the steel. The corrosion pro-
tection of the zinc originates from the
dense, insoluble corrosion product layer
that forms over time on the zinc surface.
Newly galvanized non-reactive steel is
bright and shiny, and is pure zinc on the
surface. This surface is fairly smooth, so
during the first 24-to-48 hours after gal-
vanizing, only a slight roughening of the
surface is needed to prepare the galva-
nized coating to be painted.

The first step in the transformation
of the zinc coating surface is the com-
bination of zinc-metal with oxygen and
moisture to form zinc oxide and zinc hy-
droxide on the surface of the galvanized
coating. The conversion of some of the
zinc oxide to zinc hydroxide occurs soon
after the zinc oxide is formed and de-
pends on the amount of available water
in the air, or as a result of dew or conden-
sation. These corrosion products are wa-
ter-soluble, so they are often washed off
of the zinc surface in the presence of rain
or condensation. This zinc oxide and zinc
hydroxide formation occurs in the first
couple of months after galvanizing.

The final step in the corrosion cycle
is the conversion of zinc hydroxide and
zinc oxide to zinc carbonate. This hap-
pens in the presence of freely flowing air
across the exposed surface. The carbon
dioxide from the air reacts with the zinc
oxides. The resulting zinc compound,
zinc carbonate, is insoluble in water and
forms a very dense layer on the surface
of the coating. This layer will erode very



slowly over time, but it provides a barrier
to the further consumption of zinc-metal
from the galvanized coating. The corro-
sion rate of the overall system depends
on the rate of zinc carbonate erosion or
dissolution. Very basic (pH above 12.5) or
very acidic (pH below 4.0} solutions can
dissolve this layer more rapidly. The cor-
rosion rate changes most rapidly in the
low pH atmosphere because acidic solu-
tions quickly dissolve the zinc carbonate
layer.

The zinc carbonate layer is a very
dense and slightly rough layer. Paint ad-
hesion to this layer is extremely good
with little-to-no surface preparation.
Galvanized articles that have been ex-
posed to the atmosphere for more than
one year are completely covered with the
zinc carbonate layer.

The two conditions of galvanized
steel that need little-to-no surface
preparation are the newly galvanized

part that is less than 24-to-48 hours re-
moved from the zinc bath and the weath-
ered galvanized steel part that has been
exposed to the atmosphere for more
than one year. Galvanized articles that
do not meet these two conditions need
surface preparation to remove the zinc
oxide and zinc hydroxide from the coat-
ing before applying a paint coating.
Unfortunately, most galvanized steel ar-
ticles fall into this last category — par-
tially weathered galvanized steel —as
few galvanizing facilities have painting
capability in their galvanizing plant. As a
result, the parts are galvanized and then
shipped to a paint shop or to the field and
painted some days after they have been
galvanized.

Surface Preparation
Successful surface preparationis the
key to producing adherent coatings
on galvanized steel and realizing the

benefits of a duplex system. The pole
shown in Figure 4 (p. 30) has peeling paint
as a result of poor surface preparation.
The surface contained zinc oxides and
hydroxides when the paint was applied.
The coating appeared to adhere to the
surface, but after two-to-three yearsin
service, the zinc oxide began to separate
from the underneath zinc metal. As paint
was adhering to the zinc oxide, it separat-
ed from the pole surface at that time.

Surface Cleaning

When cleaning a galvanized surface prior
to painting, the goal is to remove any or-
ganic contaminants such as dirt, grease
or oils; any zinc compounds such as zinc
oxide or zinc hydroxide; and salts depos-
ited on the surface during part trans-
portation. At the same time, care must
be taken not to remove too much of the
galvanized coating. Alkaline cleaning,
ammonia cleaning and solvent cleaning

|
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are the most common ways of removing
organics from a galvanized surface. As
some cleaners may react differently with
different paint systems, the paint manu-
facturer should be consulted for specific
reaction problems.

Qil, grease and dirt can be removed
by using an alkaline solution in the pH
range of 11-to-12, but not greater than
13 as this will damage the zinc coat-
ing. Most alkaline cleaning solutions are
nominally 2-to-5-percent sodium com-
pounds with small additions of emulsify-
ing or chelating agents. The solution can
be applied through dipping, spraying or
brushing with a soft bristle brush (prefer-
ably nylon, definitely not copper or steel
bristle brushes). If dipping or spraying
the solution, the temperature range that
works best is between 140 and 185 F. For
newly galvanized steel, a water-based
emulsifier can be used to remove con-
taminants. After cleaning, thoroughly
rinse the surface with hot water and al-
low it to dry; heated drying is preferred.

Mineral spirits, turpentine, high flash
naphtha, and other typical cleaning sol-
vents can be used to clean galvanized
surfaces, provided they are applied with
lint-free rags or soft bristle brushes. The
rags and brushes must be changed of-
ten to prevent re-applying the contam-
inants. After cleaning, rinse thoroughly

Fig. 4: Galvanized pole with peeling paint.



with hot water and allow the surface to
dry completely.

A solution of 1-to-2-percent ammo-
nia applied with a soft bristle brush can
also be used to clean galvanized surfac-
es, although this method is typically re-
served for cleaning parts with zinc ash
residue. As a piece of steel is removed
from the galvanizing kettle, it may pick up
particles of oxidized zinc from the bath
surface, otherwise known as zinc ash,
which must be removed prior to paint-
ing. After cleaning, thoroughlyrinse the
surface with hot water and allow it to dry
completely.

The removal of organics using brush-
ing will also remove the zinc oxide and
zinc hydroxide as these compounds
are loosely bonded to the zinc metal of
the coating by electrostatic forces. The
brushing motion will separate the zinc
compounds from the zinc metal.

After cleaning and drying the gal-
vanized part, if there are still areas that
have a white powdery appearance on the
surface, there may be salts of zinc that
were not cleaned with the brushing and
solutions and may need to be cleaned
with a more powerful cleaner.

Surface Profiling

In order to provide a good adhesion pro-
file for the paint, the galvanized surface
must be flat with no zinc bumps, runs or
spikes on the surface. During the remov-
al of the galvanized article from the zinc
bath, the excess zinc runs down the edg-
es of the part and can sometimes build
up at a protrusion or irregular edge. The
zinc can also form spikes at the edge
where it drains off of the part. These high
spots and spikes must be removed be-
fore painting, as they will be very diffi-
cult to coat. The high spots and spikes
are usually ground-off with hand-tools
or power-grinders. Care must be taken
to ensure that the galvanized coating is
not removed when grinding or filing the
surface. This step is typically done at the
hot-dip galvanizer’s facility before the
parts are sent to the painter.

Once the parts reach the painter's fa-
cility and the surface cleaning is accom-
plished, the surface must be roughened
to provide an anchor profile for paint ap-
plication. In order to roughen the typi-
cally smooth galvanized surface after
cleaning, an abrasive sweep or brush-
blast may be used. Care should be taken
to prevent removing too much of the zinc
coating. Particle size for a brush-blast of
galvanized steel should range between
200 and 500 microns. Aluminum/magne-
sium silicate has been used successfully
in the brush-blasting of galvanized steel,
as seenin Figure 5 (p. 32). Organic me-
dia such as corncobs and walnut shells
or minerals such as corundum, limestone
and sands with a Mohs hardness of 5 or
less may also be used. Any blast media
containing iron should be avoided, as this
will react with the zinc surface and cause
paint adhesion issues. The removal of
less than 25 microns of zinc is the target
for a brush-blast, with a final profile of
18.5 microns.

When blasting, the temperature of the
galvanized part can have a significant
effect on the finished surface profile.
Brush-blasting while the galvanized part
is still warm from the galvanizing process
(175-t0-390 F) provides an excellent pro-
file for painting. Ambient conditions for
brush blasting are recommended to be
less than 50-percent relative humidity
with a minimum temperature of 70 F.

The process of brush-blasting (SSPC~
SP 16, "Brush-Off Blast Cleaning of Non-
Ferrous Metals") should not be confused
with “Near-White Blast Cleaning" (SSPC-
SP 10/NACE No. 2) that is used to clean
uncoated steel before applying paint
systems. This "near-white" blasting will
remove the galvanized coating and ne-
gate the corrosion protection afforded
by the zinc. Brush-blasting is best per-
formed by an experienced applicator.
The blast angle to the galvanized part is
recommended to be 30-to-45 degrees.

If the blast angle is near 90 degrees, the
blasting can quickly remove the pro-
tective zinc rather than the zinc oxide
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particles on the surface of the coating.
At the conclusion of the brush-blast-
ing, the part should be rinsed to remove
any blast media on the surface and dried
thoroughly (heated drying is preferred).

If the brush-blasting is not performed,

or there are no skilled brush-blast-
ers, then the following post-galvanizing

treatments can be used to provide a
paintable surface on partially weathered
galvanized steel.

Penetrating Sealers

Two-part epoxy penetrating sealers
are sometimes used to form a 50-mi-
cron-thick coating on the galvanized
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Fig. 5: Sweep blasting of galvanized steel
surface.

surface after cleaning. These products
can be particularly effective as surface
treatment methods on surfaces that
have had zinc oxide and zinc hydroxide
removed during the cleaning process.
Follow the manufacturer’s directions for
application and always use a topcoat
over the penetrating sealer.

Zinc Phosphate Treatment

Zinc phosphating is a conversion coat-
ing that passivates the zinc surface and
blocks the formation of zinc oxides. The
phosphate treatment can be applied by
immersion, spray or soft bristle brush
and should be left on the galvanizing sur-
face between 3 and 6 minutes. The piece
should then be washed with clean wa-
ter and allowed to completely dry. This
type of treatment is appropriate for most
types of paints but does not perform well
with zinc-rich paints.

Wash Primers

This treatment uses a metal conditioner
to neutralize surface oxides and hydrox-
ides, as well as etch the galvanized sur-
face. Wash primers should be applied to
the galvanized surface to form a protec-
tive layer of 7-to-13 microns thick. If the
thickness exceeds 13 microns, paint ad-
hesion can become a problem. The criti-
cal thickness layer dictates that this pro-
cess is to be done in shop conditions.
Field application of this treatment results
in thick and irregular protective layers.
When using wash primers, the manufac-
turer’s directions should be followed for
maximum performance.



Acrylic Passivation

This treatment uses an acidic acrylic
solution to passivate the galvanized sur-
face, as well as to roughen the smooth
zinc coating. Acrylic passivation should
be applied approximately one micron
thick to a clean galvanized surface. The
passivation layer should be dried com-
pletely before applying paint to the
surface.

Paint Selection

The proper selection of a paint system
for a certain engineering need is the
province of the architect and the engi-
neer. There are many options depending
on the intended use of the duplex-coated
part, the application method and place
for the paint system, environmental con-
cerns, and aesthetics of the total system.
Many paint companies offer good paint
systems that are designed to work with
galvanized steel. Consult your paint man-
ufacturer for the proper paint selection.

Conclusion

The increased lifetime that can be pro-
vided with a combination of paint over
galvanized steel makes this type of cor-
rosion protection system very attrac-
tive for structures designed to lasta long
time in aggressive atmospheres. The se-
cret of good painting on galvanized steel
is the surface preparation of the galva-
nized surface. Following the correct sur-
face preparation procedures can give a
satisfactory duplex system.

About the Author

Dr. Thomas J. Langill has been with the
American Galvanizers Association for

21 years as technical di-
rector. He presents infor-
mation on galvanizing to
the corrosion protection
and metal coatings indus-
tries and fosters relation-
ships with technical organizations includ-
ing SSPC, ASTM International, NACE and
the International Standards Organization
(ISQ). Langill holds Bachelor of Science

and Master of Science degrees in phys-
ics from John Carroll University and a
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COARTINGS INOUSTRY FORECRHST

Major coating manufacturers and
JPCL readers share their thoughts
about what's ahead in 2016.

Brad Rossetto

President and General Manager
Sherwin-Williams Protective &
Marine Coatings

Given the current state of infrastructure

in the United States, you don't need a crys-
tal ball to know that 2016 brings with it a
heavy focus on extending the life of aging
assets. Coatings will play a major role, par-
ticularly in bridge and water infrastructure
enhancements.

Nearly 60 percent of the nation's bridg-
es are concrete. Most are untreated and
eroding due to salt, chemicals and weather.
Many are also approaching or exceeding
their design lives. However, bridge replace-
ments will be rare, as current spending
is far less than the billions of dollars the
Federal Highway Administration estimates
will be needed annually to update existing
bridges over the next 16 years. That means
transportation departments will rely more
heavily on high-performance coatings to
maximize bridge service lives and conserve
public works budgets.

Municipal water facilities have similar

goals. The U.S. population has more than

34 JPCL January 201k / paintsquare.com

doubled since 1950, yet people still live in
the same concentrated areas. This popula-
tion growth has taxed — and overstressed
— water facilities, many of which have ex-
ceeded their planned lives by more than 20
years. Like the bridge market, tight budgets
have curbed new water infrastructure con-
struction spending. Therefore, municipali-
ties are looking to coatings to economical-
ly restore cracks and corrosion to extend
infrastructure life.

On a global scale, the issue of corro-
sion under insulation (CUI) will continue
to drive opportunities for protective coat-
ings. Mitigating CUI is a major expense for
industrial facilities worldwide, costing the
average chemical plant and refinery hun-
dreds of thousands of dollars annually.
More plants are learning that thermal in-
sulative coatings can eliminate the hidden
threat of CUI to help them stay up and run-
ning longer, while also protecting assets
and personnel.

From bridges to water facilities to
plants —and many areas in between —
2016 is ripe with opportunities for the coat-
ings industry to extend the lives of infra-
structure and assets.



Doug Moore

VP of Global Marketing

& Business Development
Carboline Company

The upstream oil and gas marketisin the
process of contraction due to the decline
in the price of oil. This affects global oil and
gas producers, drilling companies and

the marine operations that support them.
There are exceptions, but they are few. The
industry still presents a robust market for
coatings long-term, but near-term outlook
for coatings, linings and fireproofing prod-
uctsis slow.

The midstream and downstream oil
and gas market segments certainly feel
the impact of low oil prices, but they are
much less affected. Transporting crude oil,

natural gas and hydrocarbon products will
continue to be a necessity and many LNG
projects requiring coatings and fireproof-
ing will continue. The pipeline segment will
continue to require coatings for new con-
struction, driven by a need for increased

capacity, and coatings for maintenance ac-
tivity which is driven by government regula-
tions that require corrosion protection sys-
tems to be kept in good working order. The
downstream petrochemical segment will
continue to present global new construc-
tion and maintenance opportunities for
coatings, linings and fireproofing. The de-
mand for intermediate and finished chemi-
cal products continues to be stable.

Opportunity will continue for the coat-
ings industry in the power market, particu-
larly conventional power since fuel supplies
are lower cost. We also expect infrastruc-
ture/public works activity to offer good
opportunities for coatings, linings and fire-
proofing including bridges, commercial
building, transportation segments, water,
wastewater and more,

Oscar Wezenbeek
Managing Director - Marine Coatings
AkzoNobel

Protective and marine coatings markets
face a number of challenges over the
coming year.

Lower ordering at mayor shipyards,
particularly in South Korea and China,
and an oil and gas industry capital spend-
ing decline is having an effect on the
markets.

However, this is being offset by con-
tinued strength in a number of key seg-
ments. These include the downstream oil
and gas and power markets for protec-
tive coatings, and in sectors where sus-
tainability is an important factor, such
as marine fouling control. In both pro-
tective and marine markets, demand for

maintenance and repair and associated
services is also robust.

Lower oil prices have impacted main-
ly the upstream oil and gas sector, with

some big projects cancelled or delayed.
However, we are seeing more favorable
conditions, and with those, opportuni-
ties in the downstream sector, including
refining and petrochemical production.
There is also continued opportunity in
the power market, both in thermal power
plants and the renewables sector, partic-
ularly offshore wind energy production.
In the marine business, the delivery of
new ships increased last year for the first
time in several years, and dry dock main-
tenance work is steady. We see some ev-
idence that the bottom of the cycle has
been reached in marine new-build, al-
though new contracts are declining.
However, the long-term outlook for ma-
rine remains strong, as wealth and inter-
national trade continue to increase.
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We continue to see investment in lique-
fied natural gas and chemical processing
facilities where both conventional pro-
tective coatings and fire protection coat-
ings are applied. Additionally, while lower
crude oil and natural gas prices have re-
sulted in a reduction in exploration and
drilling activities both onshore and off-
shore in 2015, existing assets need to be
maintained and the maintenance sec-
tor will remain active. Also, downstream
storage and refining of crude oil remain
opportunities for coatings. It will be diffi-
cult to predict spending in civil infrastruc-
ture until the U.S. Congress acts on holis-
tic infrastructure legislation. Finally, the
rail segment in North America continues
to build freight cars to service the chem-
icals industry, crude oil in the absence of
pipelines where needed, and the agricul-
ture sector, which represent additional
opportunities.

The new-build global marine market
remains depressed and has yet to recover
from pre-2012 performance, but support-
ing sales for maintenance and repair work
on ocean vessels, cruise liners and inland
marine vessels is improving in the form of
dry dockings and sea stock. The U.S. gov-
ernment has shown their intention to con-
tinue building new Coast Guard vessels
and Navy ships as needed, so opportunities
continue to exist with government-fund-
ed projects as long as funding levels do not
shift. More sustainable technologies such
as copper-free anti-foulants and products
that further improve the fuel efficiency of
vessels will continue to be an area of focus.

The primary challenge will be the con-
tinuation of low crude oil pricing and its
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impact on drilling investments and the sup-
ply chain of services and products that sup-
port this segment. This will have an impact

on coatings sales into the oil and gas mar-
ket segment. Due to increasing regulatory
action targeting air emissions, we see the
power industry shutting down coal-fired
plants, which have historically required a
considerable amount of protective and
heat-resistant coatings. However, new
combined-cycle power plants using heat
recovery steam generator (HRSG) tech-
nology will reduce emission outputs and
create new opportunities for protective
coatings in the form of newly constructed
plants.
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SENIOR ENGINEER, MINNESOTA
DEPARTMENT OF TRANSPORTATION;
& RICHARD A. BURGESS, PCS,
SENIOR COATINGS CONSULTANT,
KTA-TATOR, INC.

he Minnesota Department of
Transportation (MnDOT) conduct-
ed a one-day seminar on bridge
maintenance painting strategy
and project design in May of 2013.

One outcome of that seminar was
the realization that MnDOT need-
ed a more uniform method to

rate the condition of coatings statewide during bienni-
al bridge safety (in conjunction with the new AASHTO
Manual for Bridge Inspection) as well as a process to
select and prioritize maintenance painting strategies.
MnDOT assembled a Technical Advisory Panel to ad-
dress the needs identified during the seminar and
launched a multi-objective study in October of 2013.
This article describes the outcomes of efforts under-
taken and MnDOT's novel approach to improving state-
wide bridge maintenance painting operations.

OBJECTIVE 1: CONDUCTING A
TRANSPORTATION RESEARCH SYNTHESIS
The first objective of the study was to conduct a
Transportation Research Synthesis (TRS) of repre-
sentative transportation agencies’ policies, guidance
and manuals related to best practices for bridge
maintenance painting operations. Maintenance
painting may be performed by agency-employed
personnel or by contracting for these services. The
TRS provided a vehicle by which to determine oth-
er agencies’ operations and their effectiveness. A
survey questionnaire was prepared and distributed

Allimages courtesy of the authors
unless otherwise noted. Photo: Pamela Simmons



to 52 transportation agencies to deter-
mine common practices they used for
maintenance painting of steel bridg-

es. Survey questions were developed
for five topic areas including: 1) Coating
Condition Assessments; 2) Bridge
Coating Maintenance Strategies; 3)
Surface Preparation Methods; 4) Coating
Systems; and 5) Use of In-House Painting
Forces versus Contractors.

The survey collected information
from 42 agencies, an 81-percent re-
sponse rate. The results of each topic
area were presented in TRS 1404, pub-
lished on www.mndot.gov/research.

OBJECTIVE 2: IDENTIFYING

BEST PRACTICES

The second objective of the study was to
identify the best practices appropriate for
MnDOT bridge maintenance crews from
the results of the survey in order to devel-
op a more robust state-wide bridge main-
tenance painting program.

Best Practices for Conducting
Coating Condition Assessments
Because the condition of an existing coat-
ing system drives the selection of the ap-
propriate maintenance painting strategy,
an accurate assessment of that coating
condition is paramount. While SSPC-VIS

2 (Standard Method of Evaluating Degree
of Rusting on Painted Steel Surfaces) and
ASTM D610 (Standard Test Method for
Evaluating Degree of Rusting on Painted
Steel Surfaces) can be used to rate the
type and quantity of rusting present on
a bridge structure, the amount and dis-
tribution of corrosion across multiple
bridge elements can vary, is often not
uniform, and can include coating dete-
rioration in addition to corrosion. The
preparation of a custom photographic
guide containing actual images of bridge
elements in various conditions is integral
to consistently communicating the con-
dition of the existing structure, selecting
a maintenance painting strategy and pri-
oritizing the work. While creating such

a guide sounds rather straightforward,

considerable planning was required to
obtain the correct images.

As recommended by the study, MnDOT
developed a standard coating assessment
guide containing digital images of repre-
sentative steel bridge elements depicting
the four condition state categories (good,
fair, poor and severe) for the new AASHTO
bridge management element (BME) 515
Steel Protective Coating. The images con-
tained in the guide include steel elements
such as beam ends and bearings, cast-in-
place pilings, steel elements beneath deck
expansions, fascia beams, interior girders,
hinge joints, pin and hanger assemblies,
truss members, weathering steel and du-
plex coated railing. This approach was cho-
sen to improve the consistency of the vi-
sual coating condition assessment data
gathered across the state. The use of more
detailed coating condition assessments
may be warranted to establish condition
thresholds for which maintenance paint-
ing strategies are appropriate, and deter-
mining risk of premature coating failure.
Further, itaids in priority planning in rela-
tion to condition options and establishing
bridge maintenance painting priorities.

Best Practices for Selecting Bridge
Maintenance Painting Strategies
There are several strategies available

for performing maintenance painting

on steel bridges, such as spot touch-

up, spot touch-up and overcoating, zone
painting, and removal and replacement
of the existing coating system. Apart
from full removal and replacement, these
maintenance painting strategies can
serve to extend the service life of exist-
ing coating systems, postpone major
painting projects and address aesthetic
issues separate from corrosion. The con-
dition of the existing coating system and
underlying steel primarily drives the se-
lection of an appropriate maintenance
painting strategy.

Spot touch-up and overcoating can
be a cost-effective maintenance strate-
gy to prolong the life of the existing coat-
ing system. In this manner, the funding

required to perform removal and re-
placement can be carefully budgeted
and planned five-to-seven years ahead.
However, the existing coating condition
as well as the condition of the substrate
beneath must be carefully assessed to
reduce the risk of failure. The existing
coating must also be analyzed (or histor-
ical records accessed) to determine the
generic coating type for compatibility
with the overcoat system. An Approved
Products List (APL) for overcoat systems
must be established, complete with sur-
face preparation requirements and sur-
face soluble-salt testing when an over-
coating strategy is considered. Spot
touch-up and overcoating could then be
performed by contract or by using an in-
house workforce. If the amount of coat-
ing deterioration is 10-to-15 percent of
the total coated area, then removal and
replacement of the coating system is

a preferred strategy, as the amount of
spot touch-up will likely not be econom-
ical, as per SSPC-PA Guide 5, "Guide to
Maintenance Coating of Steel Structures
in Atmospheric Service."

Best Practices for Selecting Surface
Preparation Methods

Best practices with regard to surface
preparation are based on the mainte-
nance coating strategy selected. The ac-
tive strategies include spot touch-up,
spot touch-up and overcoat, and total re-
moval and replacement. (An inactive strat-
egy is to elect to do nothing.)

Spot Touch-Up
Surface preparation methods include
cleaning and degreasing (SSPC-SP 1) and
hand or power tool cleaning (SSPC-SP 2/
SSPC-SP 3).If a greater degree of sur-
face cleanliness (and roughness) is de-
sired, such as when heavy rust, pitting and
pack rust are present, commercial-grade
power tool cleaning (SSPC-SP 15) may be
performed. The prepared areas should be
transitioned (feathered) into the existing
sound coatings. Chloride remediation may
be performed during the surface cleaning
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procedure followed by retesting. The cur-
rent MnDOT threshold of 7 pg/cm? wa-
ter-soluble chloride was determined to be
reasonable for Minnesota bridges.

Spot Touch-Up and Overcoat
Surface preparation methods are identi-
cal to that described in the Spot Touch-Up
section above. However, regarding over-
coating of existing sound coating, addi-
tional surfaces to be coated are subject to
cleaning and degreasing.

Total Removal and Replacement
Prior to abrasive blast cleaning, grease
and oil contamination must be removed
as per SSPC-SP 1 followed by chlo-
ride testing on representative surfac-
es. Chloride remediation testing should
be performed following abrasive blast
cleaning if chloride levels exceeded 7
pg/cm? prior to blast cleaning. Abrasive
blast cleaning is performed to achieve
an SSPC-SP 10/NACE No. 2, Near White
Metal Blast Cleaning prepared surface
and achieve the specified surface profile
depth.

Industry experts recommend pow-
er washing as a key component of clean-
ing and chloride remediation. However,
this method can be prohibitive to agen-
cies such as MnDOT due to environmen-
tal regulations. Regardless of the sur-
face preparation method selected, paint
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removal practices must be performedin
accordance with the agency's environ-
mental guidelines.

Best Practices for Selecting

Coating Systems

Similar to best practices for selecting
methods of surface preparation, the best

practices for selection of coating systems
are based on the maintenance painting
strategy.

Spot Touch-Up or Spot

Touch-Up and Overcoat
Epoxy mastic and polyurethane fin-
ish coats are often specified for this
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method, either with or without an epoxy
penetrating sealer. When overcoating is
not carried out, the visibility of the spot
touch-up approach may impact wheth-
er or not a color match finish spot coat
is applied. With overcoating, some addi-
tional barrier (and atmospheric) protec-
tionis provided as well as a uniformity of
appearance.

Remove and Replace
Existing Coating System
Typically, an organic (epoxy) zinc primer
and epoxy mid-coat with a polyurethane or
polysiloxane finish coat, or moisture-cured
urethane (MCU) zinc primer with two coats
of MCU finish are used for this method.

Best Practices for Determining
Whether to Use In-House Crews

or Contract Painting

Best practices relating to the use of in-
house crews verses contract painting are
based on whether bridge structures con-
tain lead and/or other toxic metals as well
as the total surface area requiring mainte-
nance coating and the maintenance strat-
egy selected.

Beyond worker safety and environmen-
tal protection, in-house crews should re-
ceive formal training on proper surface
preparation techniques as well as prop-
er coating mixing, thinning and application
procedures. Assessment of environmental
and safety considerations, worker skill sets,
square footage, access and agency deci-
sions regarding work planning and man-
agement of risk are appropriate to judge
whether or not to use in-house crews or
contractors.

OBJECTIVE 3: PREPARING A BRIDGE
MAINTENANCE PAINTING MANUAL
The information obtained in Objectives

1 and 2 was used to establish a decision
process and ultimately a revised Bridge
Maintenance Painting Manual (BMPM) for
MnDOT bridge maintenance crews. The
BMPM addressed four subject areas in-
cluding conducting a coating condition as-
sessment, selecting maintenance painting
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Fig. 3: Sample photos from the MNDQOT “Steel Bridge Coating Condition
Assessment Photographic Field Guide,” developed to assist with performing

coating condition assessments.

strategies, establishing priorities and exe-
cuting the work.

Conducting a Coating

Condition Assessment

Visual coating condition assessments
are typically performed during the bien-
nial or annual bridge inspection but may
also be performed at the discretion of

the MnDOT District that owns and man-
ages the bridge. During the visual as-
sessment, the steel bridge elements
are assessed and classified into one of
the four bridge element condition state
categories explained earlier. Condition
state guidance is provided for the pro-
tective coating system, the steel super-
structure elements themselves and the

The World'’s Leading Choice in

SHOT & GRIT

section loss of steel elements. However,
some deficiencies may not be visually
apparent. When that is the case, a phys-
ical assessment may be performed to
determine properties of the coating sys-
tem such as adhesion, thickness and
number of coating layers, and substrate
condition.

Selecting a Maintenance

Painting Strategy

The results of the visual coating condition
assessment are used to determine wheth-
er maintenance painting is warranted and
which strategies are likely to provide ade-
quate preservation of the structure. There
are five maintenance painting strategies
that may be selected for any given paint-
ed steel bridge, including painted weather-
ing steel. These include: do nothing, spot
touch-up, spot touch-up and overcoating,
removal and replacement in zones, and
removal and replacement of the existing

AMASTEEL
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system for the entire structure. For weath-
ering steel, maintenance options include
abrasive blast cleaning, allowing the patina
to reform, and coating application.

When the existing coating system will
be overcoated, there are risks that must
be assessed based on the condition of the
existing coating system. The risk can be
categorized as minimal (nil), low, moderate

or high depending on the coating property
being considered (Table 1, p. 53).
Determining when maintenance paint-
ing will be performed can be dependent on
the visual threshold (tolerance) established
for the degree of rusting on a surface (Fig.1,
p. 46). There are also performance expec-
tations that can aid in selecting the mainte-
nance painting strategy, influenced by the

LONG LASTING

BUILT TOUGH
TROUBLE FREE

BLAST
/& EQUIPMENT

CLASSIC §
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service environment, coating products se-
lected and degree of surface preparation.

Figure 2 (p. 46) identifies the general-
ized expected service life performance of
different maintenance painting strategies
based on three coatings systems. Table 2
provides estimates of the projected ser-
vice life of the three coating systems un-
til 3-to-5-percent coating breakdown and
5-to-10-percent coating breakdown oc-
curs, Either of these scenarios may repre-
sent the visible threshold at which mainte-
nance painting is performed.

The expected performance of various
protective systems can influence the se-
lection of a maintenance painting system
when more than one option exists. Anex-
ample is provided in the idealized service
life (deterioration) curve for a coating sys-
temin Figure 2.

The importance of the deterioration
curve in decision-making is related to the
anticipated additional service life that may
result from coating touch-up (TU), touch-
up and overcoat (TU+) and from full remov-
al and replacement (RR) is the appropri-
ate maintenance painting strategy when
the deterioration has progressed to that
point. If touch-up occurs at the curve and
TU lines intersect, the curve can be moved
to the right (X number of years) since fur-
ther coating breakdown is postponed. The
same example exists when the curve and
TU+ line intersect; the curve is moved to
the right (X number of years) if touch-up
and overcoating is performed. The slope
of the curve is a function of the surface
preparation performed, the coating sys-
tem applied (products and layers) and the
service environment (mild, moderate and
aggressive).

An example of the influence of main-
tenance painting on service life based on
Figure 2 isillustrated in Table 2. After ini-
tial painting, the practical service lifeis 18
years (intersection of 10 percent and the
curve). Touch-up will be performed approx-
imately six years later (at 24 years), 10-per-
cent rusting occurs again and this time
touch-up and overcoating is performed.
Approximately 9 years later (33 years from



Table 1: Risk Assessment for Overcoating Based on Coating Physical Properties
maintenance painting processes described

Coating Coating Adhesion  Adhesion  Coating  Substrate inthe Manual and guide the assessor
Repair Risk Deterioration  Tape Test Pull-Off Thickness Condition . .
{mils) through a series of questions, the answers
MINIMAL 1-3% >3A >500 <10 Cleanprofile ~ t0whichlead themto the following series of
(Nil) >3B questions, or even to another diagram.
LOW- 3-10% 3A >400-500psi  >10t0 20 Clean & These diagrams require the user to
Repair Likely 3B Profiled . . .
A. Examine the steel protective coatings;
MODERATE- 10-20% 2A 200-400 psi 20to 30 No Active B. D ine th . .
Repair Possible Rust . Determine the maintenance painting
HIGH- >20% <1A <200 psi >30 Rust, Flaking strategy for painted steel elements;
Repair Unlikely =0B Mill Scale C. Determine the maintenance painting

strategy for unpainted weathering
steel elements;
D. Risk assessment for overcoating;

Table 2: Maintenance Coating Systems: Years of Anticipated Service until 3%-5% and 5%-10% Coating Breakdown Reoccurs

Coating Sytem Coating Materials Surface Years to Years to ; ; .
Preparation 3%-5%  5%-10% E. Determine who WI-|| perform t-he work; and
One CoatTouch-Up 1 CoatSurface Tolerant ~ SSPC-SP 3 5 75 F. Surface preparation and paint system
Polyamide Epoxy options.
1 Coat Surface Tolerant
Two-Coat Touch-Up Polyamide Epoxy SSPC-SP 3 7 105 . P
e 1 Coat Aliphatic Polyester Maintenance Painting Procedures
Polyurethane SSPC-SP 6 9 135 for MnDOT Personnel
3 Coats - Zinc Rich Epoxy, The final section in the BMPM includes
New Three-Coat High Build Epoxy and High SSPC-SP 10 14 21

the maintenance painting procedures for

Replacement System Solids Polyester Aliphatic
agency bridge maintenance crews. Topics

Polyurethane
include:

the initial painting), 10-percent rusting will
occur again.

The service life can also be depen-
dent on service environment. Aside from
the general service environment for the
bridge, steel protective coating systems
on specific elements generally begin to
fail first under leaking expansion joints
where the steel is exposed to chlorides,
frequent wet and dry cycles and high hu-
midity. Addressing underlying issues is
crucial to preserving the protective coat-
ing system.

Establishing Priorities
Developing a priority list for a group of

bridges that require maintenance paint-

ing may be easy if the extent of coating

breakdown is widely dissimilar. The worst |

bridges are addressed first. However,

there are other factors that should be con-

sidered when establishing priorities in-
cluding structure integrity; social impacts
(detours); safety and health (worker, pub-
lic and environment); scheduling of other

bridge work; remaining service life and dis-
tribution of budget. Alternatively, the prior-

ity ranking for maintenance painting may

simply be based on the general rating of
coating breakdown and degree of rusting.

Executing the Work
The MnDOT BMPM contains six flow
diagrams that guide the user through the

EPOXY PENETRA

EPOXY MASTIC/
POLYURETHANE, 27%

WB ACRYLIC, 16%

Safety and environmental protection;
Quality control;

Pre-cleaning and cleaning;
Procedures for touch-up maintenance
painting;

Procedures for touch-up and overcoat
maintenance painting;

CALCIUM
SULFONATE
ALKYD, 9%

MOISTURE CURE
URETHANE, 11%

ALKYD, 11%

Fig. 4: The TRS identified
maintenance painting
systems that are typically
used by other agencies.
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* Procedures for zone removal and Maintenance Painting Program. The next Condition Assessment Photographic Field
replacement of the existing coating steps included developing a custom coat-  Guide (Fig. 3, p. 50). Beginning in 20186,

system; and ing assessment guide, conducting training
and pursuing a bridge maintenance paint-

+ Weathering steel bridges.
ing test site.
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Training was conducted over two days
The TRS and the updated BMPM served in mid-April of 2015. Participants were in-
as the initial steps in the process to iden- troduced to the content and utilization of
tify best practices for MnDOT's Bridge the BMPM and the Steel Bridge Coating

MnDOT will perform visual coating assess-
ments using the coating assessment guide
and rate element 515 Steel Protective
Coating. As inspectors become more fa-
miliar with the rating system and decision
process, the BMPM will be evaluated and
updated. Ongoing training, including field
training on implementation of these prac-
tices, is paramount to the success of a
bridge maintenance painting program.

Selecting optimum coating materi-
als and corresponding levels of surface
preparation are also critical in order to pro-
tect bridges from corrosion, especially in
states with severe climates. The TRS iden-
tified maintenance painting systems that
are typically used by other agencies
(Fig. 4, p. 53).

To be able to more effectively select
proper surface preparation methods and
coating products for bridge maintenance
painting performed in Minnesota, MnDOT
initiated a bridge maintenance painting
test site research project. In August of
2015, five maintenance coating systems,
which were recommended by paint man-
ufacturers based on MnDOT's goals and
objectives, were applied to steel beam
ends at a test site. The coating systems
will be evaluated over a four-year period.
Objectives of the study include identifying
generic coating materials that can be ef-
fectively applied by MnDOT bridge crews
to successfully extend the service life of
the existing coating systems and provide a
means of determining anticipated deterio-
ration rates for maintenance painting strat-
egies employed in Minnesota.

Ultimately, the data gathered from all of
these efforts will provide valuable informa-
tion and lead to better budgeting and plan-
ning of painting operations in Minnesota.
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O-COAT POLYASPARTIC
URETHANE COATINGS
PROTECT VIRGINIA
STEEL BRIDGES
FOR OVER ADECADE

rotective coatings
have been used for
more than a century
to protect steel bridg-
es from corrosion.
Qil-based coatings
with lead and chromi-
um pigments applied
directly over mill scale were the indus-
try standard for almost 100 years and
providing excellent protection against
corrosion at a reasonable price. In the
mid-1960s, use of lead-based paints
declined and zinc became the inhib-
itive pigment of choice’. Zinc-based

pigments provide corrosion protection by
galvanically coupling to the steel, sacrificing
themselves.

For more than 40 years, zinc-rich primers
in three-coat systems have been considered
state-of-the-art technology for preventing
corrosion of steel bridge structures. Typically
the zinc-rich primer is topcoated with two ad-
ditional coats to improve aesthetics and bar-
rier properties along with chemical, corrosion
and abrasion resistance?,

From the 1970s to the 1990s, vinyl-based
intermediates and topcoats were used over
zinc-rich primers®. Vinyl coatings require
high levels of volatile organic compounds

8k JPCL January 201k / paintsquare.com
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(VOCs) in order to facilitate proper ap-
plication and physical property develop-
ment. When the level of allowable VOC
emissions from industrial maintenance
coatings was decreased in the 1990s,
the use of vinyl coatings ceased in the
bridge market®. After significant efforts
in the 1990s to identify lower-VOC solu-
tions, a three-coat system consisting of
zinc-rich primer/high-build intermediate/
light-stable polyurethane topcoat be-
came the new industry standard®®. This
coating system is expected to last 20-to-
40 years before significant maintenance
of the coating is required, depending on



the service environment'®. For instance,

a zinc-rich primer/epoxy intermediate/
polyurethane topcoat was applied to the
Windgap bridge in Pittsburgh, Pa., and af-
ter 20 years of service, the steel exhibit-
ed less than 0.03-percent rusting over the
entire surface'. Another example of the
three-coat system that has demonstrated
an excellent track record is a three-coat
moisture-cure urethane (MCU) system
consisting of zinc-rich urethane primer/
high-build urethane intermediate/mois-
ture-cure polyurethane topcoat. This
system has an expected life of 20-to-30
years'% 2,

As bridge coating technology con-
tinued to evolve in the 1990s, advance-
ments in binder technology allowed a
reduction in the number of coating lay-
ers from three coats to two through the
use of high-build, two-coat polyaspar-
tic urethane (PAS) coating systems''*
(Fig. 1, p. 58). The main advantages of
PAS coatings are increased painting pro-
ductivity's?° and overall cost reduction
1719 with corrosion protection equiva-
lent to that of conventional three-coat

systems®2'-24, In 2003, the Connecticut
Department of Transportation conduct-
ed a study to quantify the throughput and
cost-savings potential of a PAS two-coat
system versus a three-coat system. The
study showed that a PAS two-coat sys-
tem demonstrated a 31-percentincrease
in productivity and direct cost savings of
approximately $6 per-square-foot, with
indirect cost savings of $18 per-square-
foot when the benefits of reduced traffic
congestion were included'. PAS two-coat
systems utilize a zinc-rich primer for gal-
vanic protection and the epoxy and poly-
urethane layers are replaced by a high-
build PAS topcoat.

The first generation PAS coatings
commercialized in the early 2000s had rel-
atively short pot lives and recoat window
times in warm climates with high humidity.
When touch-up of the topcoat was neces-
sary after 24 hours from the initial appli-
cation, abrading between coats was re-
quired and if the surface was not abraded,
delamination of the second layer could
occur. This issue necessitated the devel-
opment of a second generation of PAS

coatings. Recent advances in PAS res-

in technology addressed the aforemen-
tioned issues while also improving wet ad-
hesion and corrosion resistance??".

THE BRIDGES

Beginning in 2005, the Virginia Department
of Transportation (VDOT) approved PAS
two-coat systems to be used in lieu of
three-coat systems. This research com-
pares the field performance of PAS two-
coat systems and MCU three-coat sys-
tems on steel bridges in western Virginia
after 10 years of service. The service con-
ditions include routine salt application
during winter, and frequent freeze/thaw
cycles during spring and fall seasons that
stress the ability of coatings to protect
the steel.

Eight PAS two-coat and 16 MCU three-
coat systems were inspected to provide
statistically significant performance data.
The first project, BP-8C-04, consisted of
eight structures and was completed us-
ing a PAS two-coat system (MCU zinc-rich
primer/PAS topcoat). Table 1 (p. 58) lists
the bridges by number, location, tonnage,
deck material and design of this proj-
ect. The bridge decks were made of hy-
draulic cement and two of the eight decks
had asphalt overlays.

Projects BP-8A-04 and BP-06-968-
101 were painted using MCU three-coat
systems and 16 bridges were inspected.
Tables 2 (p. 60) and 3 (p. 61) list the bridg-
es that were inspected by number, loca-
tion, tonnage, deck material and design.

All bridges were visually inspected in
2015 to evaluate the performance of the
PAS two-coat system after being in ser-
vice for approximately 10 years. In order
to make a comparison against three-coat
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TWO-COART POLYRSPARTIC UHRETHANE CORTINGS

Table 1; Bridges Repainted on Project BP-BC-04 with a PAS Two-Coat System

Design

Cantilever w/
Suspended
Span

Simple Span

Simple Span
Simple Span
Simple Span
Simple Span
Simple Span

Cantilever w/
Suspended
Span

Polyaspartic Urethane

Structure Route Crossing Approx. Deck
Number Tonnage Material
1028* RTE 39 Back Creek 39 Concrete
2016 1-64 CSX Railroad 123 Concrete
2015 1-64 CSX Railroad 123 Concrete
2058 1-64 RTE 269 & Simpson Creek 372 Concrete
2059 1-64 RTE 269 & Simpson Creek 372 Concrete
2057 I-64 Ramp RTE 269 & Simpson Creek 75 Concrete
1048* RTE 11 RTE 60 52 Concrete
6038 RTE608  Buffalo Creek 89 Concrete
* Asphalt overlay
Zinc Rich Primer Zinc Rich
High-Build Intermediate Primer
Polyurethane Topcoat
—

Conventional
Three-coat

Topcoat

l

Polyaspartic Urethane
Two-coat

systems, two bridge projects that utilized
MCU three-coat systems painted in 2004
and 2005 were also evaluated.

THE INSPECTION PROCEDURE
Bridge structures were visually inspected
and rated using the field guide from Myers
et al. This visual guide provides pictorial
examples of each category to aid the user
in determining the percentage of rust on

a steel bridge during field inspections?'.
The rating system is based on SSPC-VIS 2,
Standard Method of Evaluating Degree of
Rusting on Painted Steel Surfaces, shown
in Table 4 (p. 61).

Fig. 1: Layers of the standard three-coat sys-
tem and PAS two-coat system. Both systems
have total dry-film thicknesses ranging from
9-to-14 mils.

Wishes for a healthy and prosperous new year !
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The rating system was used to rate
the beam ends and mid-span. The beam
end is the area from the end of the beam
up to 12 feet away from the end, while
the mid-span represents the remaining
area between the beam ends (Fig. 2,

p. 60).

A total of 24 bridges were visually in-
spected for rusting and overall coating
performance and the average of three
individual NACE-certified inspectors was
used to tabulate the ratings.

MCU THREE-COAT SYSTEM

WITH CONCRETE DECK

Overall, the MCU three-coat system per-
formed well on the 16 inspected struc-
tures with four rated very good and 12
rated good. After eight years of service,
Ault, et al. found similar performance of
three-coat organic zinc-rich systems used
in New Jersey. The referenced landmark
study concluded that a successful coat-
ing system should be defined as exhibiting
less than 0.3 percent of rusting after eight
years, allowing it to be an overcoating can-
didate after 20 years?®. Based on the cur-
rent performance of MCU systems and the
historical performance of three-coat or-
ganic zinc systems?®, after an additional 10
years coatings ranked very good and good
are expected to exhibit between 0.1-and-
10-percent rusting and can be candidates
for spot repair and overcoat. Figure 3

(p. 61) shows photos of a very good rated
bridge in this category.

PAS TWO-COAT SYSTEM

WITH CONCRETE DECK

Overall, the PAS two-coat system also per-
formed well on the eight structures in-
spected, with four rated very good, three
rated good and one rated fair. The sev-

en structures rated very good and good
are expected to be excellent candidates
for overcoating with only 1-to-10-percent
rusting after 20 years, similar to the MCU
three-coat bridges with concrete decks.
The two-coat system performed as ex-
pected based on previous evaluations of
these systems® 2",
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12 feet
i -———
: : Fig. 2: Diagram illustrating the beam ends
T and mid-span areas.
Beam End . Mid-span i Beam End

Of the eight PAS two-coat bridges,
50 percent were rated very good, while

Table 2: Bridges Repainted on Project BP-BA-D4 with a MCU Three-Coat System

Structure Route Crossing Approx. Deck Design only 25 percent of the 16 MCU three-coat
Number Tonnage Material bridges with concrete decks were rated
1110 RTES22  Back Creek 96 Concrete  Simple Span very good. The performance difference
1111 RTE 522 Back Creek 96 Concrete  Simple Span between the MCU three-coat and PAS two-
1085 RTE 37 RTE 522 161 Concrete  Simple Span coat bridges is narrow enough with a large
1086 RTE 37 RTE 522 161 Concrete  Simple Span data set to conclude that the PAS two-coat
1113* RTE 37 RTE 50 172 Concrete  Simple Span system has performed at least equivalent-
1114* RTE37 RTE 50 172 Concrete  Simple Span ly to the MCU three-coat system on simi-
2029 I-66 & -81 NBLI-81 96 Concrete  Simple Span lar structures. Table 5 shows all the ratings
Ramp 2 for the MCU three-coat and PAS two-coat
2028 I-66 &1-81 NBLI-81 & Ramp 2 228 Concrete  Simple Span bridges with concrete decks. Figure 4
Ramp 3 shows two photos of a bridge rated very
6085* RTE606  |-66 EBL 55 Concrete  Simple Span good in this category.
6084* RTE606  |-66 WBL 55 Concrete  Simple Span The one PAS two-coat bridge with
6911* RTE628  Cedar Creek 59 Concrete  Simple Span a concrete deck that rated fair was
6331* RTE614  Mill Creek 73 Concrete  Simple Span Bridge 1028. This bridge had an asphalt

* Asphalt overlay

e WAREHOUS=
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Table 3: Bridges Repainted on Project BPOB-968-101 with a MCU Three-Coat System

Structure Route Crossing Approx. Deck Design
Number Tonnage Material

1067 RTE55 1-81 237 Concrete  Simple Span
1034* RTE 263 Stoney Creek 9 Concrete  Simple Span
1068 RTE 42 1-81 254 Concrete  Simple Span
6572* RTE 649 S.F. Shen. River 220 Concrete  Simple Span

* Asphalt overlay

Table 4: Inspection Rating System for Field Evaluations?

Rating Description Degree of Rusting

Very Good Rust grade 10and 9 Less than or equal to 0.03%
Good Rust grade 8 Greater than 0.03% up to 0.1%
Fair Rust grade 7 and 6 Greater than 0.1% up to 1.0%
Poor Rust grade 5 and 4 Greater than 1.0% up to 10%
Very Poor Rustgrade 3,2,1and 0 Greater than 10%

- _L_a¥
Fig. 3: Bridge rated very good with MCU
three-coat systems and concrete deck.

Fig. 4: PAS two-coat coating system with a con-
crete deck. This bridge was rated very good.

Table 5: Rating Summary for MCU
Three-Coat and PAS Two-Coat Systems

Rating MCU PAS
Very Good 4 4
Good 12 3
Fair -

Poor - -
Very Poor - -

overlay that had begun to deterio-

rate and crack along the joints, allow-
ing road salts and water to penetrate
to the steel, causing higher corrosion
levels not observed on the other seven
structures. Salt was visible on the bot-
tom flanges throughout this structure.
Mid-spans that were not under leak-
ing joints were rated in good condition,
while the beam ends were rated in poor
condition.

CONCLUSION

This research confirmed the field per-
formance of PAS two-coat coating sys-
tems and further validated the technol-
ogy's excellent corrosion prevention
noted in many previous investigations®
21-24_ With performance being generally
equal, PAS two-coat systems can pro-
vide significant value to bridge owners
in the form of overall cost reduction in
painting operations, accelerated paint-
ing schedules, and milder traffic con-
gestion headaches. Advancements in
PAS resin technology have alleviated
application complexities around short
pot life and limited recoat windows
that were experienced in higher tem-
perature and humidity conditions?*?7,
As bridge coatings continue to evolve,
PAS two-coat systems continue to have
a bright future in the bridge market as
a high-performance and cost-saving
solution for long-term asset protection.
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ensile pull-off adhesion
testing is becoming a
more frequent specifi-
cation requirement for
in-situ quality assurance
testing to confirm prop-
er surface preparation and adhesion of
high-performance protective linings ap-
plied to concrete. It is also becoming a

widely used test for forensic analysis of

protective linings in existing installations.

There have been numerous investiga-
tions leading to the development of dif-

ferent devices and pull-off adhesion test

10US DIRECT TENSILE TEST METHODS *

Photos courtesy of the authors unless otherwise noted.

methods used to assess bond strengths
of mortars and overlay materials.
Fundamental differences exist between
these methods that can dramatically im-
pact tensile strength results. This article
presents the common pull-off adhesion
test methods used in the United States,
as well as the results of experimental re-
search investigating the results using two

common tensile strength testers.

THE BACKGROUND
The rehabilitation and protection of con-

crete has consistently been a challenge

b4 JPCL January 201k / paintsquare.com

in many chemical containment and se-
vere service immersion environments.
Although portland concrete is considered
to be extremely durable, it is suscepti-
ble to concrete paste attack when ex-
posed to acids, sulfates and some caus-
tics. High-performance protective linings
are commonly used to prevent attack

of the portland cement paste or to pro-
tect against the ingress of carbonation
or chlorides into the concrete. The old
way of thinking was to simply apply a
protective lining directly to concrete sur-

faces. Nowadays, it is understood that



Fig. 1: DIN 18555-6 calls for the use of a
tapered ring to create cuts into freshly cast
mortar.

resurfacing new concrete and repairing
deteriorated concrete prior to the appli-
cation of a protective lining is the only ef-
fective method of achieving a monolithic
and pinhole-free application. Leveling the
concrete substrate effectively first cre-
ates a paintable surface and significantly
reduces the discontinuities and thin ar-
eas in the film otherwise encountered.
This approach is economically beneficial
by extending the service life of concrete
structures.

In order to realize long-term perfor-
mance in severe service environments it
is essential that the protective lining ad-
heres to the resurfacing or repair materi-
als. Likewise, the resurfacing and repair
materials should achieve sufficient phys-
ical properties and exhibit a sound bond
to the concrete substrate. Most of the
lining failures the authors encounter are
due to the formation of a laitance layer or
from cohesive splitting of the mortar due

to insufficient physical strength gains, for
example, having been applied below the
minimum thickness. Ideally, for severe en-
vironments, the adhesion of the protec-
tive lining and the adhesion and cohesion
of the cementitious repair mortar will ex-
ceed the tensile strength of the substrate
concrete.

Tensile pull-off adhesion testing can
be a good technique to measure bond
strengths and to assess the weakest link
in the system through observation of the
failure modes. Tensile pull-off adhesion
testing involves gluing a test dolly to the
coated surface and then pulling the dolly
by exerting a tensile force perpendicular
to the surface in an effort to remove the
dolly with the coating system attached,
from the substrate. The force at which this
occurs, and the type of failure mode ob-
tained is recorded as a measure of the

tensile strength properties.

ASTM D7234 DIN 18555-6

Coating

Drilling down
to the surface.

Tapered ring cut
to the surface.

Following are a variety of pull-off tests
that are utilized throughout the concrete
repair industry. ASTM D7234 is unigue
in that it specifically addresses protec-
tive coatings applied to concrete and it
appears to be the most commonly refer-
enced pull-off test in the U.S. when as-
sessing the tensile strength of protective
linings.

ASTM D7234, “Standard Test Method
for Pull-Off Adhesion Strength of Coatings
on Concrete Using Portable Pull-Off
Adhesion Testers.”

ASTM C1583/C1583M, “Standard Test
Method for Tensile Strength of Concrete
Surfaces and the Bond Strength or Tensile
Strength of Concrete Repair and Overlay
Materials by Direct Tension (Pull-off
Method).”

ICRI No. 210.3R, “Guide for Using In-
Situ Tensile Pulloff Tests to Evaluate Bond

of Concrete Surface Materials.”

Fig. 2: This figure illustrates the different cut depths of the test methods examined.
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DIN 18555-6, “Testing of Mortars
Containing Mineral Binders;
Determination of Bond Strength of
Hardened Mortar.”

TENSILE STRENGTH

TESTS EXAMINED

ASTM D7234

In the late 1990s, ASTM D4541, “Standard
Test Method for Pull-Off Strength of
Coatings Using Portable Adhesion
Testers,” referenced both steel and con-
crete. First published in 2005, D7234
was an offshoot of D4541 to specifical-

ly address pull-off adhesion testing of
coatings on concrete substrates. In 2012,
D7234 was republished to include a
“Precision and Bias” section following the
completion of an ASTM Interlaboratory
Study Program (ILS). This standard is the
only tensile strength test method with a
Precision and Bias section.

According to this standard, pull-off ad-
hesion is performed by scoring through
the coating down to the surface of the
concrete substrate at a diameter equal
to the diameter of the loading fixture (i.e.,
dolly, stud), and securing the loading fix-
ture perpendicular to the surface of the
coating with an adhesive. After the adhe-
sive is cured, a testing apparatus is at-
tached to the loading fixture and aligned
to apply tension perpendicular to the test
surface. The force applied to the loading
fixture is then uniformly increased and
monitored until a plug of material is de-
tached. The exposed surface represents
the plane of limiting strength within the
system. The nature of the failure is qual-
ified in accordance with the percent of
adhesive and cohesive failures, and the
actual interfaces and layers involved. The
pull-off adhesion strength is computed
based on the maximum indicated load,

the instrument calibration data and the
surface area stressed. Pull-off adhesion
strength results obtained using different
devices may be different because the re-
sults depend on instrumental parameters.
Scoring the coating down to the sur-
face of the substrate is required for all
coatings thicker than 0.5 mm (20 mils)
and for all reinforced or elastomeric coat-
ings. While scoring is recommended for
coatings less than 0.5 mm, the test may
be performed without scoring with a not-
ed exception. Scoring should be per-
formed in a manner that ensures that the
cut is made perpendicular to the coating
surface and in a manner that does not
twist or torque the test area and minimiz-
es the heat generated and edge dam-
age or microcracks to the coating and the
concrete substrate. For thick coatings, it
is recommended to cool the coating and
substrate during the cutting process with
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water lubrication. When using a round
loading fixture, scoring is performed be-
fore the loading fixture is attached. When
using square or rectangular loading fix-
tures, scoring is typically performed after
the loading fixture is attached. The core
bit inside diameter should equal the di-
ameter of the loading fixture. The core bit
or saw blades should be diamond-tipped
and, when required to minimize heat and
suppress dust, supplemented with wa-
ter lubrication. For the test procedures
that use a square or rectangular loading
fixture, a circular saw is required instead
of a core bit and drill. Alternately, for thin
or elastomeric coatings, a sharp knife

or hole saw may be sufficient to score
around the loading fixture. Any failure dis-
playing 20 percent or more glue failure
constitutes a “non-test” and should be

disregarded.

(866) 379-2600

ASTM D7234: Pros & Cons

ASTM D7234 is effectively intended for
protective coatings and linings applied
directly to concrete and does not men-
tion resurfacing or repair mortars. Scoring
through the coating down to substrate
concrete would not be conducive for sev-
eral of the outlined technigues when a
resurfacing or repair mortar is present.
However, it is possible to core through
the coating/mortar down to the substrate
concrete when using a diamond-tipped
core bit.

ASTM C1583

Adopted in 2004, this test method deter-
mines the near surface tensile strength of
concrete used as an indicator of the ade-
quacy of surface preparation before ap-
plying a repair or overlay material. When
the test is performed on the surface of

k& JPCL January 201k / paintsquare.com

a repair or an overlay material, it deter-
mines the bond strength to the substrate
or the tensile strength of either the over-
lay or substrate, whichever is weaker.
This test method is suitable for both field
and laboratory to determine one or more
of the following:

The near-surface tensile strength of
the substrate as an indicator of the ade-
quacy of surface preparation before ap-
plication of a repair or overlay material;

The bond strength of a repair or an
overlay material to the substrate; or

The tensile strength of a repair or
overlay material or an adhesive used in
repairs after the material has been ap-
plied to a surface.

The test method specifies the use of
a 50-mm (2-inch) inside diameter, dia-
mond-impregnated core bit used to drill
perpendicularly to the concrete surface

to a depth of at least 10 mm (0.5 inches)

@ www.drycogroup.com




Fig. 3: A selection of 50-mm fixed and
self-alignment dollies.

into the concrete substrate. A nominal
50-mm diameter dolly is then attached to
the test area using an epoxy adhesive. At
temperatures below 20 C (70 F) it is per-
mitted to gently heat the dolly (not with a
direct flame) to no more than 50 C (120 F)
to facilitate spreading of the adhesive and
accelerate curing.

The tensile loading tester is attached
to the dolly and tensile loading is ap-
plied at a constant rate so that the tensile
stress increases at a rate of 35 £ 15 kPa/s
(5 + 2 psi/s).

The failure load and mode are record-
ed as (a) in the substrate, (b) at the bond
line between the substrate and the re-
pair or overlay material, (c) in the repair
or overlay material or (d) at the bond line
between the repair or overlay material
and the epoxy adhesive used to bond the
dolly.

ASTM C1583: Pros & Cons

Although ASTM C1583 does not specifi-
cally mention a protective coating, there
is no reason why this method cannot be
employed when a resurfacing or repair
material is present under a coating. One
noted limitation is possible misalignment
when coring through the coating/mortar
and down into the substrate concrete at a
minimum of 10 mm.

HOHESION TESTING FOR CONCRETE

ICRI No. 210.3R

ICRI published this guideline in 2013 to
provide information to the facility own-
er, concrete repair designer, contractor
and repair material manufacturer about
testing to determine the tensile/bond
strength of repair materials and systems.

This document also provides guidance on

interpretation of test results, acceptance
criteria and re-evaluation. The guide also
discusses recommended time and fre-
quency of tests of both trial and complet-
ed repairs.

ICRI recommends a minimum drilling
depth of 25 mm (1inch) or one-half the
core diameter, whichever is greater, into
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Fig. 4: A fixed-alignment adhesion tester.

the existing substrate for both testing of
the prepared concrete substrate and the
repair composite. According to this guide,
drilling deeper into the substrate results
in more uniform stress contours within
the core at the bond interface. This re-
duces the potential for fracture initiation
at the interface. This can be particular-

ly important where project specifications
do not accept bond failures. As an op-
tion, the dolly may be attached to the test
surface prior to coring as long as coring
will not adversely affect or damage disc
installation.

ICRI No. 210.3R: Pros & Cons

Although ICRI No. 210.3R does not spe-
cifically mention a protective coating,
there is no reason why this method can-
not be employed when a resurfacing or
repair material is present under a coat-
ing. Possible misalignment from coring
through the coating/mortar and down into

Fig. 5: A self-alignment adhesion tester.

the substrate concrete a minimum of 25
mm is a concern, especially on vertical
surfaces in the field.

DIN 18555-6

This standard specifies methods for de-
termining the bond strength of hard-
ened mortar containing mineral binders
to concrete. Although not commonly ref-
erenced in the U.S,, this standard details
an alternative method of establishing the
cut around the dolly and into the mor-

tar worthy of discussion. Like the others,
this standard recommends a 50-mm di-
ameter core bit to cut through hardened
mortar and into the concrete substrate

at a minimum depth of 5 mm (0.25 inch-
es). Alternately, cores can be created in
freshly placed mortar during the initial set
phase using a 50-mm diameter tapered
ring (Fig. 1, p. 65). The use of the tapered
ring to create cuts into freshly cast mortar

70 JPCL January 201k / paintsquare.com

is unique compared to the other methods
requiring core bit cutting.

DIN 18555-6: Pros & Cons

DIN 18555-6 does not specifically men-
tion a protective coating. Coring through
the coating/mortar and down into the
substrate concrete a minimum of 5 mm
is achievable with less of a concern of
misalignment. The tapered ring method
would be challenging, if not impractical to
perform in the field when applying a pro-
tective coating. The annulus “cut” would
have to be temporarily protected to en-
sure that no abrasive or coating material
enters the space.

THE EXPERIMENT PROTOCOL
These tensile strength tests have many
similarities, including the recommen-
dation of a 50-mm dolly. One major dif-
ference between these tests, however,
is the depth of the core drilling into the
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substrate concrete (Fig. 2, p. 65). A study
by Bungey and Madandoust found that
the shallower the drilling depth, the high-
er the measured tensile strength’. They
concluded that by using finite elemen-
tal analysis, that restraint provided by the
concrete was greater at the perimeter of
the dolly rather than at the middle of the
core. They also concluded that the deep-
er the core, the higher the net stress con-
centration will be, which corresponds to
lower failure loads.

Selecting the appropriate tensile
strength testing method becomes difficult
due to the fact that none of the standards

specifically address a protective coating

applied over a cementitious resurfacer or
repair mortar.

Given these differences, the authors
carried out an experimental study to com-
pare some real values of different direct
tensile strength test methods using two
commonly used pull-off adhesion tes-
ters. The study included the evaluation of
the four different bond test methods de-
scribed earlier. Substrate concrete materi-
al and mix proportion and were the same
for all bond tests.

THE RATIONALE
In designing this experiment, much con-

sideration was given to eliminating as

TABLE 1: CONCRETE/CEMENTIOUS RESURFACER/100% VS EPOXY

Adhesion Instrument

Method Type 1 2
DIN FA 150 210
18555-6 SA 250 316
ASTM FA 200 350
D 7234 SA 473 477
ASTM FA GG 250
C 1583 SA 455 480
ICRI FA NT  NT
210.3R SA NT  NT

3
140
155
225
419
275
430

NT
NT

Dolly Pulls, psi
4 BEN 5 BN 8

240 300 190 250 310
260 (238N 263 EESiN 215
260 300 200 250 325
440 392 480 345 471
360 325 300 340 330
480 480 480 473 480

NT NT NT NT NT

NT NT NT NT NT

AVG
224
252
264
437
307
470

NT

NT

cov
26%
21
20%
10%
12%
4%
NT
NT

TABLE 2: CONCRETE/EPOXY CEMENTITIOUS RESURFACER/100% VS EPOXY

Adhesion Instrument

Method Type 1 2
DIN FA 500 500
18 555-6 SA 450 480
ASTM FA 500 500
D 7234 SA 480 480
ASTM FA 400 300
C 1583 SA 435 465
ICRI FA 350 200
210.3R SA 316 385

TABLE 3: CONCRETE/100% VS EPOXY

Adhesion Instrument

Method Type 1 2
ASTM FA 5000 375
D 7234 SA 480 480
ASTM FA 260 275
C 1583 SA 480 413
ICRI FA NT NT
210.3R SA NT NT
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3
500
480
400
480
200
339
210
387

450
480
310
462
NT
NT

paintsquare.

Dolly Pulls, psi
4 5 6 7

500 500 500 500
480 480 480 480
500 500 500 500
480 480 480 480
225 g 260 S
339 334 480 406

NT NT NT NT

NT NT NT NT

AVG
500
476
476
480
295
400
253
363

cov
0%
2%
9%
0%
24%
16%
33%
11%

500
480
410
480
S5
NP
NT
NT

Dolly Pulls, psi
4 5 6 7 8

500 500 500 500 NP
480 480 480 480 480
326 300 275 240 NP
449 480 457 400 466
NT ~NT NT = NT NT
NT ~NT NT NT NT

AVG
475
480
284
451
NT
NT

cov
9%
0%

10%
6%
NT
NT

com

many undesirable independent variables
as possible. Concrete is a notoriously ir-
regular substrate. If the outcome of the
experiment yielded low and/or incon-
sistent results, the values would be diffi-
cult to conclude. The following measures
were taken to mitigate the effects of an
irregular substrate on test results.

A precise, high-strength concrete de-
sign mix was selected to achieve more
consistent and higher substrate tensile
strengths.

Wooden rails were glued around the
perimeter of the test specimens to facili-
tate that an even thickness of each repair
mortar was achieved.

The number of loading fixtures
used to calculate the average tensile
strength was increased from three (com-
mon for field testing averages) to eight
per-test-specimen.

Loading fixtures were placed alternate-
ly (fixed vs. self-aligned) throughout the
field of each test specimen (Fig. 3, p. 69).

A drill press was used in lieu of a hand
tool to ensure coring occurred perpendic-
ular to the plane of the test specimen.

Some independent variables were de-
signed into the experiment and included
the following.

The depth of the core was determined
by the testing methods.

Two types of loading fixtures and test-
ing devices were used, one fixed align-
ment and one self-aligning.

Two different repair mortar materials
were selected, one epoxy modified ce-
mentitious and one hydraulic cementi-
tious repair mortar.

Control test specimens were also
prepared.

THE SUBSTRATE

The concrete substrates were formed
using a mixture of one part portland ce-
ment, one part sand and two parts pea
gravel aggregate, and the blocks mea-
sured 16-inches-by-16-inches-by-2-inch-
es. The concrete blocks were cured for a
minimum period of 28 days. A total of 10
specimen blocks were cast and used for



the different test methods and systems
applied.

SURFACE PREPARATION

The test specimens were prepared by re-
moving all loose materials, laitance and
other bond-inhibiting materials from the
surface in accordance with SSPC-SP 13/
NACE No. 6, with a minimum surface pro-
file of ICRI-CSP 5.

THE COATING SYSTEMS

System #1was a cementitious repair mor-
tar at Y4-inch DFT/100% SBV modified
polyamine epoxy at approximately 20-
mils DFT.

System #2 was an epoxy modified ce-
mentitious mortar at 1/16-inch DFT/100%
SBV modified polyamine epoxy at approx-
imately 20-mils DFT.

The control system was 100% SBV ep-
oxy at approximately 35-mils DFT.

Each coating system was given seven

days cure before testing.

THE TESTING EQUIPMENT
AND TOOLS
The following equipment was used.

One fixed-alignment adhesion tester
(calibrated September 2015) (Fig. 4, p. 70).
One self-alignment adhesion tester
(calibrated September 2015) (Fig. 5, p. 70).

50-mm dollies, fixed and self-alignment.

Adhesive - 100% SBV two-component
epoxy — 48 hours cure time.

2-'a-inch outside diameter (OD) thin
wall dry diamond-core drilling bit.

THE RESULTS

The tensile strength test results for
Coating System #1, the cementitious
repair mortar, are shown in Table 1 (p.
72). The tensile strength test results for
Coating System #2, the epoxy cementi-
tious resurfacer, are shown in Table 2 (p.
72). The tensile strength test results for
the control system, a 100% SBV polyam-
ide epoxy, are shown in Table 3 (p. 72).

AOHESION TESTING FOR CONCRETE

Moisture Condition

The moisture condition of the substrate
can have an effect on the bonding of a
repair mortar. If the substrate concrete
isn’t adequately conditioned with water to
a saturated surface dry (SSD) condition,
the moisture imbalance will cause water

to penetrate into the substrate concrete

resulting in limited hydration in the repair
mortar. Chorinsky reported that unmodi-
fied cementitious repair mortars applied
to a dry concrete surface will suck part of
the mixing water from the mortar before
any soluble and reactive components in
the cement paste are formed?. The re-
pair mortar will not adhere firmly to the
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HORHESION TESTING FOR CONCRETE

substrate concrete due to the limited pen-
etration of the reactive components into
the capillary pores. Chorinsky also main-
tained that similarly, too much water on
the substrate concrete, for example a sat-
urated surface wet (SSW) condition, will
fill the capillaries with water and raise the
water/cement ratio in the boundary of the
fresh mortar creating a layer with a high
water cement ratio. Austin and Robins
also suggested that an SSD condition
gave higher bond strengths than an SSW
condition®. Regardless, the bond strength
of a cementitious repair mortar can be
weakened at the interface if the surface is
too wet or too dry.

Alignment

Another potentially influential parame-
ter of the direct tensile strength pull-off
test that hasn’t received much attention is
test alignment. The primary requirement
in any direct tension test is to ensure the
pulling force is aligned with, and parallel
to, the specimen axis at all times to avoid
bending effects. According to Courard et
al, the two main causes for misalignment
are inclination of the core axis caused by
inaccurate core drilling and inclination

of the pulling forced caused by inaccu-
rate positioning of the dolly*. They further
stated that a reduction in core depth or
increase in dolly diameter tends to min-
imize the negative effects of misalign-
ment. A jig or other device should be
used when coring to ensure proper align-
ment and prevent the bit from walking

during drilling.

CONCLUSION

In general, it appears that the tensile
strength values decrease as the partial
core depths increase. Not all of the test
result values are supportive of this con-
clusion, however; some precision discus-
sion should be considered. Surface test-
ing (for example ASTM D7234) tensile
values were generally higher than the
partially cored tests. The precision of the
two loading devices are considered to be
incomparable. The fixed-type adhesion

tester yields consistently lower tensile
strengths and higher values of coefficient
of variation (COV) than the self-alignment
adhesion tester on the same test speci-
mens. It is believed that the higher values
of COV may be due to the intrinsic het-
erogeneity of granular material like con-
crete, moisture conditions of the concrete
and misalignment, as well as the possible
lack of precision of the test methods.

The diamond-tipped core bit required
to perform these test methods is not
readily available from industry suppliers.
Also, as core depths increase, so does
wear on the core bit. It is for this reason
that some of the testing planned for in the
design of the protocol was not achieved.
It is the authors’ opinion that these facts
make coring beyond the surface of the
substrate impractical in field testing en-
vironments, especially when testing on
vertical surfaces. Likewise, the DIN meth-
od using a tapered ring core is not realis-
tic for field testing. The timing required to
use the scoring ring may be problematic.
In the field it would also be difficult to ap-
ply the lining material over the repair mor-
tar without filling the annular space creat-
ed by the scoring ring prescribed by the
DIN method.

RECOMMENDATION

For these reasons, it appears the best
method for performing this type of testing
in the field is ASTM D7234 using 50-mm
dollies. In light of these conclusions, we
believe specifications requiring minimum
pull-off adhesion values should be specif-
ic in the pull-off test method, instrument
type (preferably make and model) and
minimum bond strength values derived
from an assessment of the existing con-

crete substrate.
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