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2 B TELECOM MEETS WATER TOWER

By Christopher Wolfgram and Daniel J. Zienty
Short Elliott Hendrickson Inc.

More and more, telecommunications companies are using water towers as
macro cell sites, mounting equipment onto handrail systems designed ini-
tially for access and maintenance. The authors present testing to determine
the extent of potential heat damage to interior and exterior tank coating
systems caused by welding additional bracing for telecom equipment.

3 4 PAINTING BOLTED BRIDGE CONNECTIONS
By Kenneth A. Trimber, KTA-Tator, Inc.

This article explains painting faying surfaces, bolt holes and fasteners on
bridges in an attempt to clear up existing confusion and provide points to
consider when designing and painting bolted connections.
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4 4 IMPROVING SURFACE PREP PRODUCTIVITY
WITH RECTANGULAR BLASTING NOZZLES

By Chang-Hun Lee, Byeong-Hun Do, Won-Jun Yun and Han-Jin Bae
Hyundai Heavy Industries, Co., Ltd.

The authors share processes and results of tests for velocity, spray width
and work efficiency (area) between standard round blasting nozzles and

rectangular nozzles to determine advantages in productivity of one over

the other.
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SSPC-SP 1: Basic, But Important

SPC-SP 1,“Solvent Cleaning,” is a simply written, rel-

atively short industry standard that has been in ef-

fect since 1982, but it is an essential standard when

it comes to ensuring a quality coating application.
Its simplicity and brevity often overshadow its importance, as
both contractors and inspectors are prone to take the require-
ments of SP 1for granted to the point where they think they can
recite its requirements without having to read the standard.
Sometimes, this causes confusion at the shop or job site, and
disputes can arise.

So,what does SP 1actually say, and what is the intent of its re-
quirements? And how can a contractor plan ahead to avoid dis-
putes and ensure that these requirements are met?

SSPC-SP 1is used to specify removal of visible deposits of oil,
grease and other soluble contaminants from metal surfaces be-
fore additional mechanical means of surface preparation are
employed. All of the SSPC surface preparation standards, includ-
ing power tool-cleaning and dry and wet abrasive blast-cleaning
standards, require solvent cleaning to SP 1 prior to performing
the actual surface cleaning level called out in the project spec-
ification. SP 1is also used during waterjet cleaning, although in
some cases the project specification may waive SP 1if the speci-
fier believes that the waterjet process satisfies its requirements.
Removing heavy deposits of oil and grease before power tool-
and abrasive blast-cleaning is important, because mechanical
cleaning processes can push these contaminants into the sur-
face profile.

A solvent-cleaned surface is free of oil, grease, dust, dirt and
other visible, soluble contaminants when viewed without mag-
nification. In this case, “visible” means detectable with normal or
corrected normal vision. SP 1 does not require the use of other
verification methods aside from looking at the surface to deter-
mine whether the surface is “solvent cleaned.” Typically, this vi-
sual confirmation is performed by applicators and inspectors to
verify compliance.

In some cases, project specifications may call out addition-
al methods of verification that are not requirements of SP 1. Itis
important to read the specification carefully to see if any addi-
tional methods of inspection are required. These include wiping
the surface with a clean, dry white rag to see what comes off on
the rag; performing an ultraviolet (UV) light test to detect hydro-
carbon contamination; performing ASTM F22, “Standard Test
Method for Hydrophobic Surface Films by the Water-Break Test,”
to detect hydrocarbon contamination; and performing a surface
dust test using specified tape or examining the surface for dust
in accordance with ISO 8502-3.

SSPC-SP 1does not specify a particular method or material to
be used for the solvent cleaning process. It does, however, list ex-
amples of solvents (such as water, emulsion or alkaline cleaners
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and hydrocarbons) and methods for solvent cleaning (such as
steam cleaning and solvent wiping).

Itis important to note that SP 1is required to be performed
both prior to and following mechanical cleaning operations
inthe dry abrasive blast-cleaning standards such as SSPC-
SP10/NACE No. 2, “Near White Blast Cleaning,” and the pow-
er tool-cleaning standards such as SSPC-SP 11, "Power Tool
Cleaning to Bare Metal,” and SSPC-SP 15, “Commercial Grade
Power Tool Cleaning.” Performing SP 1 prior to mechanical clean-
ing prevents the applicator from pushing contaminants into the
surface during the cleaning process. Performing SP 1after me-
chanical cleaning allows the applicator to remove any remaining
visible contaminants before applying the prime coat.

This, unfortunately, is where disagreements may arise in
the real world. In practice, performing SP 1 prior to mechani-
cal cleaning is limited to removing oil and grease and possibly
mud or bird droppings that can be pushed into the surface or
contaminating recycled abrasives when they are being used.
Surface preparation operations might take place in ashop or
location where constant dirt or dust may be present. A sol-
vent-cleaned surface might also be transported to another site
for mechanical cleaning and/or paint application, where further
“visible” contamination can accrue. Typically, these contaminants
can be removed during mechanical cleaning without affecting
surface profile and paint application. However, an overly aggres-
sive or inexperienced inspector may perform a clean rag wipe
test after solvent cleaning (prior to surface preparation) and find
dust or dirt left on the surface, and the subsequent steps may
be delayed further if the inspector insists on removal or the ad-
ditional inspection methods described earlier. In many cases,
blowing down the surface with clean, dry air effectively removes
dirt and dust, but if that process is not included in the specifica-
tion, it may not satisfy the inspector.

In addition to knowing the specific requirements of SSPC-
SP1,itis the contractor's responsibility to carefully review the
specification documents and establish the exact criteria for visu-
ally inspecting a solvent-cleaned surface at the pre-project con-
ference or before beginning work. This can save valuable time at
the job site, ensure that the owner is getting his or her desired
result, and avoid disputes between the contractor and the in-
spector about the job requirements.

For questions about this article or for more information re-
garding SSPC-SP 1and other SSPC standards, contact Aimée
Beggs, standards development specialist, or Joe Berish, corpo-
rate certification manager, SSPC. Beggs has been with SSPC for
36 years and has managed its standards development process
since 1993. She can be reached at beggs@sspc.org or 412-281-
2331, ext. 2223. Berish has been with SSPC since 2013 and can be
reached at berish@sspc.org or 412-281-2331, ext. 2235.



Top of the News

Two Webinars Scheduled for June

he 2016 SSPC/
JPCL Webinar
Education Series
continues in June
with two free webinars from
coating industry experts.
“The Confusion
Surrounding the Painting of
Bolted Connections — What
Should and Shouldn't be
Done,” will be presented by
Ken Trimber, president of KTA-
Tator, Inc., on Wednesday,
June 1, from 11:00 a.m. to
noon, EST. There are a num-
ber of questions associat-
ed with painting the connec-
tions of structural steel joints.
Should bolt holes be painted?
How are galvanized or black
fasteners prepared for paint-
ing in the field and what coat-
ings should be applied? What
restrictions are associated

Registration,
CEU Credits
These programs are part
of the SSPC/JPCL Webinar
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 these
online presentations at
paintsquare.com/webinars.

with the use of coatings in
slip-critical joints? This we-
binar will address these and
other issues associated
with the painting of bolted
connections.

For more on this topic
from Trimber, see his feature
article on page 34.

"Surface Preparation by
Wet Abrasive Blast Cleaning,”
will be presented by Thomas
E. Enger of Clemco Industries
Corp. on Wednesday, June
15, from 11:00 a.m. to noon,
EST. Sponsored by Clemco
Industries Corp., this webinar
will cover industry standards,
procedures, equipment, and
materials used in a variety
of airfwater/abrasive, water/
abrasive, and water-pressur-
ized abrasive blast-cleaning
systems.

The Society For
Protective Coatings

TS

Webinar Education Series

Enger has over 30 years of

academic and practical ex-
perience in heavy construc-
tion, construction equipment
manufacturing and hazard-
ous material management.
He has extensive experience
in applying federal, state and
local regulatory requirements
as well as in the use of indus-
try standards for preparing
surfaces for today's coat-
ings. Enger has taught cours-
es at Arizona State University
and Maricopa Community
College, and has instruct-

ed both safety professionals

Ken Trimber Thomas E. Enger

and users of surface prepa-
ration equipment on complex
regulatory requirements at
SSPC and FABTECH over the
last 15 years. Enger is certi-
fied by the Board of Certified
Safety Professionals and

the Institute of Hazardous
Materials Management. His
primary focus is product safe-
ty and practices for Clemco.

SSPC Saudi Arabia Chapter Holds

Technical Exchange Meeting

The SSPC Saudi Arabia
Chapter, a three-time recip-
ient of SSPC's Outstanding

International Chapter Award,

conducted one of its month-
ly technical exchange meet-
ings on April 26 at the Le
Meéridian Al Khobar Hotel

in Al Khobar, Saudi Arabia.
The subject of the meeting
was, “Recent Development
in the Measurement

and Assessment of Salt
Contamination,” and fea-
tured guest speaker Craig
Woolhouse, business de-
velopment manager for
Elcometer. The meeting was
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SSPC Saudi Arabia

Al-Mansour (left) and
guest speaker Craig
Woolhouse, business
development manager
for Elcometer.

~ Photos courtesy of
SSPC Saudi Arabia
Chapter.

= More than 100 attend-
ees participated in the
Saudi Arabia Chapter’s
technical exchange
meeting.

Chapter Chairman Mana



ACA Elects Two Officers to Board

wo industry veterans with a com-

bined 70 years of experience

have been elected by American
coatings manufacturers to serve on the
American Coatings Association’s board
of directors.

The ACA has announced that Charles

W. “Charlie” Shaver, chairman and CEQ
of Axalta Coating Systems, will serve
as ACA chairman, and
Charles E. “Chuck”
Bennett, chairman of
Randolph Products Inc.
and vice chairman of
Dixie Chemical Company,
will serve as ACA vice

chairman and treasurer.
“We're delighted to
have Charlie and Chuck as our new of-
ficers,” said ACA President Andy Doyle.
"Both gentlemen are extraordinary and

Charles W. Shaver

experienced leaders committed to the

followed by a dinner spon-
sored by Elcometer and
PAMATEC.

More than 100 partici-
pants attended the meet-
ing, and the presentation was
well-received and generated
alengthy and interesting dis-
cussions afterwards, accord-

growth and well-being of the paint and
coatings industry.”

Shaver has spent over 35 years in the
global petrochemical, oil and gas indus-
try. He began his career with the Dow
Chemical Company, serving in a series
of operational, engineering and busi-
ness positions from 1980 to 1996. Shaver
moved on to hold various leadership
roles with General Chemical and Arch
Chemicals. Prior to leading Axalta, he was
CEQ and president of the TPC Group from
2004 to 2011.

Bennett's career in the industry be-
gan in 1979 with a position at Guardsman
Products. He held various positions at
Guardsman, and was CEO and president

upon his departure in
1996, when the company
was sold to Lily Industries.
At that time, he founded
Polymer Products Inc., and
two years later, he sold
the company and served
as Cook Composites and
Polymers’ CEQ until 2008. He was Dixie
Chemicals' CEO from 2009 to 2015, and
he has been an equity partner involved in
various management roles at Randolph
Products since 2001.

Both Shaver and Bennett will serve two-
year terms on ACA's Board, ending in April
2018. For more information, visit the ACA's
official website, paint.org.

Charles E. Bennett

3 EASY STEPS
TO A LOAD OF SAVINGS

T

The Sidewinder Model M-2 Solvent

ing to Mana H. Al-Mansour,
engineering specialist for
Saudi Aramco and chapter
chairman.

Recovery System is a Refrigeration Machine
Distiller-Reclaimer. Load in your Hazardous
Waste and our Distiller will output clean,
reusable solvents.

For more information on
the Saudi Arabia Chapter and
other SSPC Chapter activi-
ties, visit sspc.org/chapters.

SOLVENT RECOVERY SYSTEM

"y IDEWINDER

MODEL M-2

Made in the

@ Recycling-it's about savings.

LISTED

www.solvent-recycler.com e info@solvent-recyclercom e 702.362.9432
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Buzz

on PaintSquare.com

Now Buzzing on PaintSquare News...
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Whiskey Glasses Stir Coatings Research (i)

Inspired by a set of photographs showing whiskey residue left behind in glasses,
a team of Princeton University surface engineers began studying whiskey evapo-
ration to find the secret to improving uniformity in films and coatings. Specifical-
ly, the team measured the fluid motion within evaporating droplets of the liquor.

The engineers found that a combination of molecules — surfactants and
polymers — help route the deposition process in whiskey, resulting in a spatially
uniform deposition, according to a synopsis of the research.

Many solutions produce uneven stains when they dry on a surface, called the
“coffee-ring effect,” because edges of the drops evaporate at a faster pace than
those at the center. Previously, researchers discovered that mixing solvents,
such as water and alcohol, reduces the coffee-ring effect but only for submillime-
ter drops. Large drops of whiskey, however, appear to produce uniform stains,
as revealed by photographer Ernie Button of Phoenix. His photographs examine
residues left behind by whiskey in a clear drinking glass when lit from below with
various colors.

Button's images prompted the Princeton team to use fluorescent markers to
track the motion of fluid in whiskey drops. They reportedly observed inward flow
that partly countered the outward flow from differential evaporation. The team
reasoned that the presence of fat-like molecules lowered the surface tension.
Additionally, the team found that plant-derived polymers stich to the glass,
helping to guide particles to the substrate where they adhere.

To confirm their findings, the researchers showed that whiskey-like liquids
lacking either polymers or surfactants did not produce the same uniform stains.
As for applications, the team says the research could lead to new coatings or 3-D
printing technologies. Results of the study have recently been published in the
journal Physical Review Letters.
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Get the coatings industry
buzz at paintsquare.com,
or scan the (R code for
instant access!

Top ‘ ° (as of April 30)

1. 45-Ton Beam Falls onto Crew of Four

2. Family Receives $1BM for Bridge Death
3. Lead Paint Complaint Halts Shipyard Job
4. Agreement Reached for Red Sea Bridge

5. Lost Navy Craft Found After 95 Years
B. Firm, Staff Charged in Kolkata Collapse
7. Highway Paint Spill Makes Massive Mess
8. Mexican Chemical Plant Blast Claims 24
9. Workers Win $3.4M in Race Case

10. AkzoNahbel Confronts Challenging §1

WHAT'S GOT US TALKING

“Associations File Suit Over Silica Rule™ (april7)

A coalition of construction industry associations taking issue with the new
Occupational Safety and Health Administration (OSHA) silica rule, made final
March 25, are taking their concerns to a federal appeals court. The organizations
argue that the federal agency did not fully address their concerns about the rule’s
impact on the construction industry.

Tony Rangus: “Twonder if this coalition made similar arguments years ago concerning
asbestos, benzene, trichloroethylene, etc. In my opinion, the track records of many of the
contractors here in the UL.S. when it comes to putting employee safety first are dismal. All
we hear is that it will cost a ton of money to comply, and they provide cost breakdowns

to make their paint. As always, in their view it is strictly a cost versus benefit comparison
between profits and lives."

John B: “It's interesting how the UL.5. is one of the last countries in the world to do anything
about silica sand. Most other countries have totally banned the use of silica sand for
sandblasting, even third world countries ... Here, we are only talking about restricting i,
not banning it. If our blasters actually knew the facts of what they were dealing with,
they would never blast with it."

M. Halliwell: “Perhaps if there were more companies and individuals being charged (rather
than just individuals dying because of the shartcuts and non-compliance), then safety
would be less likely to be viewed as a cost of business and one that's looked at by some

as more expensive than worker's lives. It's too bad that safety gets lip-service in North
America .. that needs to change.”

Kellie Allen: “Sadly, many facility owners live under the microscope of cost control and

lack the personnel to palice jobsites for this type of compliance. It is often true that OSHA
compliance only happens after some poor souls lose their lives. Since disease onset can be
decades after expasure, the only recourse the worker will have is some form of workers'
comp claim — if the employer remains in business. The best approach s to educate the
workers, a difficult task as many of them need their paycheck and will worry about 2o
years from now when it happens.”
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Problem Solving For
.

On Taking Action with Small-Diameter
Blisters in Water Tanks

UNDER WHAT CONDITIONS SHOULD SMALL-DIAMETER
BLISTERS (<1.5 INCHES) IN A WATER TANK LINING BE
REPAIRED/REPAINTED? SHOULD THE BLISTERS BE BROKEN
AND THE SUBSTRATE EXAMINED?

Warren Brand corrosion has stopped, and the corro- Jim Johnson

Chicago Coatings Group sion is not a structural issue, they can CHLOR*RID International, Inc.

Short answer: leave them alone. be left alone. If it makes you feel bet- It would be usual to break a few of the
Assuming these are osmotic blisters, ter, sure, pop a few. Of course, there blisters just to see and determine what
once equilibrium has been reached are many other variables to consid- is going on at the actual substrate.
across the semipermeable membrane er. First, if getting access to the tank is Assuming the blisters are caused by
(the coating), osmosis and corrosion very costly, then remedial action may salt contamination, corrosion will be
beneath the blister should stop. There be prudent. But if you can inspect the ongoing until the salts are removed. If
will most likely be some corrosion di- tank easily and readily, then the blisters  the surface is not decontaminated and
rectly under the blister; but again, if the should be left alone. a new coating is applied, it will simply

1-800-315-5533

BULL STRIP PAINT FAST WITH HOT WATER

MOOSE  pjgke Bndge Prep Easy and Efﬁc:en t!
SERIES

HEAVY DUTY INDUSTRIAL 3000
TO 11,500 PSI HIGH PRESSURE
HOT WATER/STEAM UNITS

Kohler & Kubota Diesel Driven Engines
General Pumps - Belt or Gearbox Driven
4 to 10 GPM @ 3000 to 11,500 PSI
400,000 to 1,800,000 BTUs

Check Out Our Fill & Play Series & Turnkey
Trailer Packages at www.easykleen.com

KOHLER Engines I{ubola  Feives sar GE 53
BUILT WITH THE HIGHEST QUALITY COMPONENTS IN THE WORLD
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blister again, and corrosion will contin-
ue. Determining when to repair or re-
coat the surface requires far more in-
formation than is provided here.

B. Brown

Another source of blistering in a wa-
ter tank could be a lining subjected
to cathodic protection (CP) over-pro
tection potential. CP is sometimes
installed in municipal water storage.
The problem is that the systems are
rarely maintained, something that
was not mentioned or defined in the

question. Most coating manufactur-
ers recommend a maximum poten-
tial of about -1 volt with reference to
a copper/copper sulfate reference
cell. When CP is the cause, the wa-
ter inside the blister will be of high
pH. One common cause is movement
of the anodes where the anode ends
up positioned too close to the coat-
ed surface. With rectified CP systems,
failure of the CP controls is anoth-

er common cause. With galvanic an-
ode-applied CP, a magnesium anode
placed too close to the surface to be
protected can produce a potential
more negative than -1 volt. Leaving
the blisters alone is good advice if
they are unbroken because the blister
will be oxygen-deficient, and it is not
uncommon to find the water inside
clear and the substrate undamaged.
You see, an oxygen molecule (0,) is
about half the size of a water mole-
cule (H,0). | tend to agree with both
answers. Leave them alone but check
one or two to figure out what's going
on. If the substrate is black, contami-
nants may be present and careful col-
lection of water inside the blister may
give you the answer. Does water wick
away from portions of the surface? Qil
may be present. Examining the sur-
face with a short wavelength black
light (450 n/m, to look for surface
fluorescence) is not a foolproof check
for oil contamination but is a positive
indication if it does glow.

~ Novatek’s products are specifically engineered for:}
' - Lead Abatement

« Surface Preparation

» Asbestos Abatement

- Concrete Dust Control

_ Be Sure To Visit Our New Website!
Call today to request our catalog.

-353-1800%%5@Nwa!?.:0m . www.H ova con
- o . ‘\
F it T %Y A A & o Tk e
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Furface Preparation
Eguipment Specialist

Dustless Needle Scalers
Shrouded Grinders
Vacuum Blasting

Hand Held Scarifiers
Roto-Peen-Tools
Floor Scabblers

Portable Air Filtration

HEPA Vacuums
Bulk Collection Systems

o
N

» Marine Maintenance -
- Concrete Surface Prep ,‘:
» Restoration T
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- Ventilation
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Problem Solving Forum

Mark Lewis Lydia Frenzel volume of an H,0 water molecule.
East Bay Municipal Utility District Advisory Council Another site verified this; the oxygen
Another driver in this situation is When | saw B. Brown's statement, "an molecular volume is 270 (cubic bohr)/
whether or not the lining is under oxygen molecule is about half the size mole; the water molecular volume is
warranty. of a water molecule,” | thought that 159 (cubic bohr)/mole. Water migrates
something was wrong. | did a little re- through a coating "easier” or "faster”
search. The molecular volume of an O, than oxygen. As with B. Brown, | agree

molecule is 1.56 times the molecular with both prior answers.

Peter Bock

Energy Designs Houston

Warren Brand, B. Brown and Ms. Lydia
have technically correct answers, but
they are looking at the question from a

failure analysis point of view rather than
a real-life operating point of view. They
may be missing the forest while look-
ing at the blisters on the trees. Taking
alarge tank in a refinery or chemical
plant out of service, cleaning it and
making it safe for entry is a million-dol-
lar-plus project and is typically done
on a seven- to ten-year cycle. If you
remove a few blisters (as Warren sug-
gests) and find any corrosion product
or any steel loss on such a large tank,
the cost of relining will probably be
less than the potential cost of replac-
ing steel seven years later (or a leak be-
fore then) if you did not properly iden-
tify and mitigate the root cause of the
blisters. Right now, the tank is already
out of service and clean, so a large part
B R I s T L E B L A S T I N G S Y s T E M of the relining projectcost(timeand
money) has been paid. Well-managed
refineries where | have worked in the
An innovative surface preparation solution that removes past actually had the in-house lining

corrosion and generates an anchor profile in a single step. gontractor on stand-by, so that after

the owner's rep, the third-party inspec-
tor and the lining supplier's rep inspect-
Coating and Scale Removal Decontamination Texturing Applications ed a tank lining and found it lacking, the
contractor could immediately jump in
and start the relining project.

Weld Cleaning and Roughening Surface Preparation Corrosion Removal

871629.8777 www.mbxit.com

Sales - Service - Training MB

MONTIPOWER
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HOW TO

KNOW THAT PAINT HAS DRIED

By Charles S. Brown, Greenman-Pedersen, Inc.

ainting a bridge or an indus-
trial structure is an expen-
sive operation. Now more
than ever, state DOTs and fa-
cility owners are specifying warranties
and application methods to ensure the
longest possible life for their coatings.
Determining what factors affect paint

cure can help to achieve the optimum
performance and provide the owner and
contractor with fewer headaches down
the road. As always, for any coating to
be successful, a good specification,
quality contractor, proper equipment
and of course an effective inspection
program are all necessary components.
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Once paint is applied we need to
wait a specified period of time to let
the paint pass from a liquid state to a
solid state. This is commonly known as
drying time.

Contractors, coating inspectors
and owners speak of drying, hard-
ening and curing of a coating, but it
is important to clarify each of these
coating states as they mean different
things and occur at different times in
the process.

Drying to the Touch for Solvent-

and Water-Based Coatings

The paint-drying process corresponds
to the evaporation of all solvents and
diluents added to the paint in order to
make it a liquid. Paint "dry” happens
when the solvents evaporate from

the coating, leaving the paint feeling
dry to the touch even though it is not
100-percent cured. Drying time is sen-
sitive to temperature and humidity. For
most coatings, to be “dry to the touch”
is not a sufficient state over which

to apply another coat. Product data
sheets must be consulted to ensure
proper application.

Hardening (Dry to Recoat)

The hardening of a coating corre-
sponds to the process by which the
main polymer of the coating hardens
with all the other pigments and addi-
tives that make up the paint, creating a
solid and adherent coating. Hardening
does not necessarily mean curing.
Hardening is, however, most often the
state at which recoat is acceptable.

Cure (Complete Cure)

The paint-curing process corresponds
to both the drying and the hardening
processes. For example, a coating can

be dry to the touch 30 minutes after
application but not hardened enough
to recoat until two hours after applica-
tion. And still, the coating may not be
finished curing until seven days after
application.

Considering these definitions, it is
important to understand that when us-
ing a two-component coating such as
an epoxy polyamide or a polyurethane,
and a hardener is not added, one can
observe over time that the paint feels
dry to the touch, meaning no smudg-
es result, but has not hardened, still
allowing easy removal of the applied
coating. We can say then that the paint
has dried (the solvent has evaporated),
but it has not hardened, due to hard-
ener not being added, and hence the
paint has not cured.

Other issues that might cause dry-
ing or curing problems of a coating are:
* Problems with the coating material

sent from the manufacturer.
+ Use of the wrong thinner or
contaminated thinner.

Moisture in some generic thinners

compromising paint cure.

Coating film thickness.

+ Problems related to the type of
surface to which the coating is
applied, for example, wood absorbs
paint whereas paint lays on top of
steel.

Temperature considerations when
mixing or storing coatings.

+ Ambient conditions present during
dry and cure times.

How to Check if Your Paint is Dry

To check if your paint is dry, touch an
inconspicuous area with your finger. If
the paint is not tacky and feels dry to
the touch, it is dry, but as stated earli-
er, it is not necessarily cured.
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How to Check if Your Paint is Cured
To check if your paint is cured, use
the fingernail test. In an inconspicu-
ous area, press your fingernail into
the coating. If it leaves an indent, your
paint is not fully cured. If no indent is
visible and the surface is hard, your
paint has most likely cured.

The most critical aspect of applying
any coating is the review, understand-
ing and familiarity of the information
presented on the paint manufacturer's
product data sheet prior to applica-
tion. The product data sheet provides
all the necessary information regard-
ing surface preparation, application
conditions, application equipment,
mixing instructions, application proce-
dures, spreading rate, drying schedule,
clean up, performance tips and safety
precautions.

The principal conditions that have
the greatest effect on the cure of a
coating are temperature and humidity.

Temperature

Air temperature and steel (surface)
temperature affect solvent evapora-
tion, brushing and spraying properties,
drying and curing times and the pot life
of two-pack and three-pack materials.
If heating is required, this should be ac-
complished by indirect methods only.

Humidity

Paint should not be applied when there
is condensation present on the steel
surface or the relative humidity of the
atmosphere is such that it will affect
the application or drying of the coat-
ing. Regular practice involves measur-
ing the steel temperature with a con-
tact thermometer to ensure that it is
maintained at at least 5 degrees (F)
above the dew point.



Following are some conditions that
can occur if a coating is not properly
dried or cured.

Blushing (Amine Sweating)
If cured during cool ambient tempera-
ture conditions, dropping tempera-

Wrinkling

This defect is the presence of a group
of small furrows or ridges in the surface
layer of paint, found mostly in alkyds and
other oil-curing coatings. Itis caused
primarily by the action of solvents or
reducers in the previous layers, which

either react with the substrate or are
trapped and then try to escape to the
surface, lifting and swelling the last layer
of paint. A surface skin forms that pre-
vents the underlying binder from curing
any further. When the skin surface con-
tracts, the film wrinkles.

tures or high humidity, amine-cured 8y 2 A i) T
epoxy resin coatings can develop a e o "f \ ‘
surface oiliness or exudates, com-
monly referred to as “amine blush” or
"sweating.” This is caused by the ab-
sorption of carbon dioxide and water
into the coating film and its reaction
with the amine curing agent. Some of
the resulting problems can be surface
tackiness or greasiness, incomplete
cure, poor adhesion, poor adhesion
on overcoating, coating discoloration
over time and poor gloss retention.

Cratering
Cratering is the formation of small

INDUSTRIES

JOBSITE PRODUCTS

bowl-shaped depressions in the coat-
ing caused by air trapped in the film.
The air forms a bubble that bursts,

leaving a crater. Cratering is common

TARPS, SANDBLAST SCREENS,

in coatings that are roller- or brush-ap-
plied, often by an inexperienced ap-

plicator. Improper mixing procedures SCAFFOLDI N G EN c Losu R Es
can also trap air in the coating causing

cratering.

Orange Peel

Orange peel is the term for uneven
film formation (with hills and valleys)
that results in an appearance resem-
bling the skin of an orange. This defect
can be caused by improper application
techniques where the spray gun is too
close to the surface or the air pres-
sure is too low to ensure proper atom-
ization. Hot air temperatures may also
cause this defect because paint drop-

lets dry before they can flow out and =
i

1.800.266.8246 www.eagleind.com
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fully level evenly together.




Blistering

Blistering can occur when there is a
remainder of air, solvent or other con-
tamination between the topcoat and
the previous layers of paint caus-

ing the paint to lift and swell, there-
by forming blisters. The primary dif-
ference between blisters and other
types of defects is the characteristic
circular shape and the absence of a
puncture in the finish paint.

Thinning

Most coatings are made for applica-
tion without the need to add thinner.
However, when trying to apply coat-
ings in lower temperatures it may be
necessary to add thinner to reduce
viscosity for an effective application.
Adding thinner may cause the coat-
ing to take longer to cure or cause it
to curdle. Always add the type and
amount of thinner recommended by
the paint manufacturer and remem-
ber to blend multi-component paints
together thoroughly first before add-
ing thinner.
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Investigating Failur

A HAIRY SITUATION:
COATING FAILURE IN
A 10,000-GALLON
SHAMPOO TANK

he phone rang at 3:30 in the morning while the inspec-
tor vacationed in Galena, lllinois, an angelic hideaway
a few minutes east of the Mississippi, and former
home to General Ulysses S. Grant. It was Christmas
break and the temperature was -14 degrees F.

The voice on the other end of the line was panicked. “The
coating is coming off into the shampoo. They're threatening to
sue. They're talking about charging us for the bad batch of ma-
terial and they need answers right away.”

The amount of money resting on the next 12 hours was sub-
stantial. The entire batch, roughly 8,500 gallons of contami-
nated shampoo, now needed to be disposed of as hazardous
waste. The contractor had mobilized crews to conduct repairs,
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Fig. 1: Opening one of the hatch doors provided the “smoking
gun” as to the cause of the failure. Had the inspector been wear-
ing gloves while opening the hatch, the mode of failure might
still remain a mystery.

All figures are courtesy of the author and are representative of
the coating failure described in this article.

over Christmas break mind you, and the client was at risk of
losing his lucrative toll contract if they could not meet demand.
The owner insisted on a prompt response as the plant was in
the process of a turnaround and these two tanks were the only
ones operational.

The owner and the contractor both denied accountability,
but time was of the essence and they agreed to abide by the
conclusion of the inspector.

BACKGROUND

These were two, identical, 10,000-gallon-vertical process
tanks referred to as Tank 1 and Tank 2. Each measured 10 feet
in diameter, were 20 feet tall and made of carbon steel. They



were located inside a small toll manufac-
turing facility, had stainless steel agitators
inthe center and mixing carbon-steel baf-
fles welded to the tank walls.

The contractor explained that part
of the toll contract with the owner re-
quired that these tanks be lined in order
to ensure the purity of the shampoo, as
the client was concerned that rust could
contaminate or discolor the product.
Color was a critical issue to the brand.

The tanks were originally bare carbon
steel, uninsulated (as they are inside the
plant) and were used for other, propri-
etary processes in the past — but noth-
ing that would reportedly cause unusual
contamination of the steel.

Prior to being lined, the tanks were
steam-cleaned, surface contaminant
analysis-tested (SCAT) and were identi-
fied to have a chloride concentration of
below 8 micrograms per-square-centi-
meter, which was acceptable according
to the coating manufacturer.

The coating selected was a 100-per-
cent-solids epoxy novolac that was to
be applied at between 30-and-40 mils
in one coat. The blast profile was to be
3-to-4 mils and SSPC-SP 5/NACE No. 1,
"White Metal Blast Cleaned.”

After the coating was installed, it
was holiday tested as per ASTM D5162,
“Standard Practice for Discontinuity
(Holiday) Testing of Nonconductive
Protective Coating on Metallic
Substrates,” thickness tested as per
SSPC-PA 2, "Procedure for Determining
Conformance to Dry Coating Thickness
Requirements” and then hardness
tested.

FAILURE ANALYSIS ON DEMAND

The failure analysis would need to be
completed on the spot. As the inspec-
tor began the drive in the pre-dawn
hours, information poured in over his
cell phone.

It was reported that during routine
testing of the shampoo, small filters,
roughly the size, shape and functional-
ity of coffee filters, identified particulates

of unknown origin. They were somewhat
larger than talcum powder, but smaller
than grains of salt. And they were green,
which was, coincidentally, the color of

the shampoo and the color of the coating
which had been installed some six months
earlier. The on-site lab concluded that the
granules were organic in nature and most
likely coming from the coating.

At first, the thought was that the coat-
ing was being worn away by the abrasive
characteristics of one of the shampoo
ingredients, which was a type of silicate.
This would explain the fine particles found
in the filters. The contractor, however, said
that he had accounted for the abrasion
when choosing the coating system and
felt this was an unlikely mode of failure.
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Investigating Failure

Fig. 2: A view looking up from a 24-inch manhole in a similar tank, exhibiting side baffles

and a center mixer. The coating on the side baffle near the top of the tank had softened and

showed signs of wear.

His doubts were confirmed when
an engineer at the facility opened up
the tank top to look at the shampoo
and coating and found that everything
looked normal, until he went to close the
lid to the top access plate and noticed
green residue on his hand. The engineer
then used his fingernail to scrape at the
coating, which came off easily, like chalk.

While the tank was being slow-
ly drained, the contractor shared with
the inspector details about the materi-
als used in the tank and the processes
associated with the production of the
shampoo.

The exact chemicals and processes
were proprietary, but in broad strokes,
the tank contained mostly water, to
which was added bleach (at no more than
15-percent-total concentration), trisodi-
um phosphate at less than 3 percent, sili-
cates and other trace amounts of colorant,
surfactants and fatty acids. All of the
processing, it was reported, was carried
out at ambient temperatures and agita-
tion was constant.

The coating installed was apparent-
ly suitable for this application and could
withstand up to twice the concentration
of bleach and all of the other products
with no degradation at all.

As the inspector had still not arrived
at the facility, the contractor called
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him after the tank had been complete-
ly emptied. "We got the manhole off and
the coating at the bottom of the tank is
rock-hard and glossy. But at the top of
the tank, you can scrape it off with your
fingernail."

It was confirmed that when the bleach
is added by hand from the top, it is only
added when the tank is being agitated
and is added directly into the water (be-
fore the material is thickened by the oth-
er additives) to ensure that the concen-
tration of bleach is at the correct ratio
to the water and never higher than 15
percent.

At this point, three hypotheses could
be considered: something was actively
attacking the coating system, the coat-
ing system was not installed properly or
there was a problem with the formulation
of the coating constituents which was
causing degradation and contamination
of the product.

The contractor proposed that the
tanks may have been put back into ser-
vice before the coating system had
properly cured. His belief was that the
epoxy may not have had adequate time
to cure, crosslink and develop suffi-
cient chemical resistance to the bleach,
which was the likely culprit of the over-
all degradation and attack of the coating
system.



Fig. 3: It was determined primarily through
visual inspection that the coating was overall
properly installed and free of holidays. This
photo shows an improperly applied 100-
percent-solids epoxy system that required
touch-up.

The owner assured the contractor
that after the lining was installed the
tank was not put back into service for
over a week, even though it only need-
ed 48 hours to cure, at 70 F. In fact, the
work was done during an unusually hot
summer and the ambient temperature
inside the facility was substantially high-
erthan 70 F.

Through conversation and research, it
was determined that Tank 1 had been put
back into service about two weeks ear-
lier than Tank 2, seeming to support the
contractor’'s contention that the tanks
were put back into service too soon.
However, the owner reasserted that Tank
1 was put back into service at leasta
week after the coating was installed, and
even if the tanks were put back into ser-
vice too soon, it would not explain the lin-
ear mode of failure, particularly since the
materials in the tanks were under con-
stant agitation.

But what would account for the gradu-
al and systematic degradation of an ap-
parently well-adhered, properly applied
coating system up the vertical wall of the
tank? To further investigate, the inspec-
tor instructed the contractor to scrape
the coating as hard as he could with a

flat-head screwdriver in a straight line
from the top of the tank to the bottom
and call back with the results.

As suspected, the coating was soft
at the top and then very gradually be-
came harder and harder until roughly at
the 4-foot interior level and below, the
coating was rock hard, obtaining a Shore
D hardness rating of approximately 78,

Investigating Failure

which was in line with the material prod-
uct data sheet.

There have been many cases where
coatings have failed in similar manners.
Coating failures in the ullage area where
vapors have condensed or become con-
centrated and damaged the coating are
not uncommon — while below the liquid
level, the coating remained untouched.
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Investigating Failure

Fig. 4: This is a 24-inch manway leading to
sound, hard and well-preserved coating.
Roughly 4 inches above the tank floor, the
coating began to feel soft.

This is a frequent mode of failure when
dealing with hydrogen sulfide and bio-
genic sulfide corrosion in wastewater.
The author recalls one case where the
coating was pristine below the liquid line
and completely peeled above. The oppo-
site can also happen, as in a case where
the coating on the bottom of a tank and
roughly 4 inches on the straight wall was
completely dissolved and gone.

But this was different. In the other
cases, the delineation had been clear, but
in this case it was gradual.

Upon arrival at the facility the inspec-
tor was meet by twelve angry men and
was escorted to Tank 1. Entering the 24-
inch manhole at the base, it was clear
that the coating system below the 4-foot
mark was glossy and intact. The line the
contractor scraped into the coating was
also clear and indicated that the coating
was soft at the top and became harder
farther down.

The wall mixing baffles had been coat-
ed and near the top of the tank showed
slight wear patterns in the soft coating
from mixing.

The inspector read documentation
which provided more specifics about
the constituents of the liquid in the tank.
He read over the documentation and the



Select our Reader e-Card at paintsquare.com/ric
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Fig. 5: Holiday testing of a 100-percent-solids
epoxy coating ensuring that the coating had
covered all surfaces of the steel.

product data sheet of the installed materi-
al. On paper, there seemed to be no reason
for this failure and certainly no explanation
for its cause.

TANK 2: THE CONTROL SAMPLE

Focus was now placed on Tank 2, which
had reportedly been working flawless-

ly. After a thorough question-and-answer

period, it appeared that both tanks oper-
ated in exactly the same fashion and in
fact, on occasion, a tie-in line between the
tanks was opened and the tanks operat-
edasone.

Metal stairs wrapped their way around
each tank with a deck at the top. Each
tank top had a mixing motor in the cen-
ter and a large plate that opened to allow
for sampling, inspection and addition of
ingredients.

The shampoo swirled near the top of
the tank, leaving about 2 feet of coating ex-
posed. Upon inspection of Tank 2 the coat-
ing looked sound, yet, when scrapped with
afingernail, it too was soft — not as soft
as thatin Tank 1, but certainly not as de-
signed. The handle on the hatch of Tank 2
was warm to the touch.

If both tanks were to operate at ambient
temperatures, why was the handle on the
hatch of Tank 2 warm to the touch?

Things became instantly clear. The
product data sheet of the coating sys-
tem clearly indicated that the material
was compatible with bleach, and a vari-
ety of other chemicals, at ambient tem-
peratures. It also stated that post-curing
is not necessary for most applications,
but the material “...may be post-cured to
expedite curing or to increase chemical

resistance.” It then provided a post-cur-
ing schedule.

The coating system was designed to
be compatible with 15-percent bleach at
ambient temperature, but as the tempera-
ture rose, the bleach began to chemically
attack the coating, thus explaining why the
coating was still performing properly at the
lower portions of the tank, which were ac-
tually operating at ambient temperatures.

There is a well-established axiom that
for every 10-degree-centigrade change in
temperature, the rate of reaction will dou-
ble, and here was proof,

Evidentially, while the shampoo in the
tank was mixed, the agitation was not suf-
ficiently turbulent to distribute the heat,
which was used to make the material less
viscous to allow for easier pumping.

The contractor provided his docu-
mentation, which the owner had signed-
off on, clearly indicating that the sys-
tem was purported to operate at ambient
temperatures.

Unfortunately, the coating systems
in both Tank 1 and Tank 2 were too badly
compromised to be saved by post-curing
and therefore, it was decided to complete-
ly remove the existing coatings, install ex-
actly the same coating system, and simply
post cure, at just six hours at 150 F,
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t is safe to say that water towers have become a
predominant location for the placement of cellular
telecommunication equipment. Their height and
design style make them a natural consideration for
what the industry calls macro cell sites. And when
one carrier locates cellular telecommunication
equipment on a tower, you can be sure that others
will soon follow.

Water towers are not just hosting antennas but also as-
sociated equipment such as remote radio units (RRUs).
This equipment can add thousands of pounds of addition-
al weight, and on many water towers its placement is on
the handrail system. Because many handrail system de-
signs were constructed to meet OSHA guidelines limited in
purpose to access and changing out light bulbs, there is a
need by the carriers and their engineers to “beef them up.”

The question that arises is, at what point has the facili-
ty reached its maximum capacity?

One method of providing structural support has been
the addition of bracing that is welded to the existing
handrail system and to the roof of the tower. However, this
method creates heat, which damages the coating system
on adjacent areas both on the interior and exterior of the
tank. In the following case study, the issue was amplified
because the water tower was recently constructed and
the coating system was new.

After initially receiving plans that incorporated the
bracing method identified above, the carrier's engineer
submitted plans that generally provided additional stiff-
eners to the vertical support posts of the handrails in the
form of welded channels. The 3-inch channels would be
welded to two sides of the vertical support pipes and to
the ¥%-inch-thick base plate already in place. The engi-
neer determined that only a s-inch weld was required
at the base plate but the question remained: would a
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Telecom Meets Water Tower

Fig. 1(top left): The base material of the
test plate used in all testing consisted
of a V4-inch-thick A36 steel plate with a
Ya-inch-thick A36 steel reinforcing pad
welded in place resulting in a total test
plate thickness of a one-half-inch.

Fig. 2 (top right): Prior to beginning the
testing, the coating was removed from the
reinforcing pad to meet SSPC SP 11 Power
Tool Cleaning to Bare Metal.

Fig. 3 (bottom left): Phase One testing
involved completing a ¥s-inch (reinforcing)
surface weld to the reinforcing pad in sep-
arate passes beginning at 1inch in length
followed by subsequent passes increasing
in length by 1inch each up to

8 inches overall.

Fig. 4 (bottom right): Though the dry heat
resistance rating for the polyurethane
was exceeded in the final two samples,
there was no visual damage to the coating
system.
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Ys-inch weld damage the interior coat-
ing system?

In order to determine the amount of
heat generated during operations to mod-
ify water towers to effectively support
telecommunications equipment, a two-
phase test was conducted to simulate
the heat generated through welding and

TABLE 1: TEST RESULTS FOR PHASE ONE

Weld Length Pre-Weld Base
(Inches) Metal Temp (F)

com

Weld Face Temp

the subsequent heat absorption by the
storage tower's shell/roof plates. Phase
One testing was completed utilizing test
plate surface welds in 1-inch increments
increasing from 1-to-8 inches in length.
Phase Two testing utilized channels weld-
ed to the test plate surface with prese-
lected weld sequences.

Back Side
(F) Temp (F)

Visual Coating
Damage
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The welding was completed using a
MIG welding machine and a 0.30-inch di-
ameter, ER705-6 electrode with a wire
feed speed of approximately 350 inches
per minute and a 75-percent CO,/25-
percent Ar shielding gas. The voltage
was approximately 22 volts and the am-
perage approximately 180 amps. These
parameters were used for all welds in
this case study.

The base material of the test plate
used in all testing consisted of a Ys-inch
thick A36 steel plate with a 4-inch thick
A36 steel reinforcing pad welded in place
resulting in a total test plate thickness of
one-half-inch (Fig. 1). The test plate was
prepared to meet SSPC-SP 10/NACE No.
2, "Near White Blast Cleaning,” and coated
with two coats of a polyamide epoxy with
an acrylic polyurethane topcoat. The total
coating system thickness was measured
atan average of 10.2 mils DFT meeting

SSPC-PA 2 standards. Prior to beginning
the testing, the coating was removed
from the reinforcing pad to meet SSPC-
SP 11, "Power Tool Cleaning to Bare
Metal” (Fig. 2).

PHASE ONE TESTING

Phase One testing involved completing
a Ys-inch (reinforcing) surface weld to
the reinforcing pad in separate passes
beginning at 1 inch in length followed by
subsequent passes increasing in length
by 1 inch each up to 8 inches overall
(Fig. 3). The test plate was heated to ap-
proximately 80 F prior to initial welding
and permitted to cool to approximately
80 F between weld passes, allowing for
a consistent beginning temperature for
each test in Phase One. The test plate
was elevated during welding operations
to eliminate backing and simulate the
interior of a tank roof.

Fig. 5 and 6 (top left and right): The first

test of Phase Two consisted of dividing the
required welding of the channel to the test
panel into two separate passes: a back pass
along the outer edge of the channel and

a front pass along the inner edge of the
channel, allowing time for cooling between
passes.

Fig. 7 (bottom left): This single, 12-inch pass
was reasonably believed to produce enough
heat to cause failure of the coating system
by exceeding its dry heat resistance.

Fig. 8 (bottom right): A cross-cut adhesion
test was completed as per ASTM D3359
and results met a 2A rating (jagged removal
along most of incisions up to 3.2 mm

[1/8 inch] on either side).
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TABLE 2: TEST RESULTS FOR PHASE TWO

Pre-Weld Base

S
equence Metal Temp (F)

Weld Face Temp

(F) Temp (F)

Fig. 9: The mechanically enhanced (non-welded) handrail bracing uses stiffening

Back Side Visual Coating

ETET

a\

diagonals in lieu of the proposed 3-inch channel supports to provide the required

loading capacity for equipment.

Upon completion of each weld test,
the temperature was measured using an
infrared thermometer to determine the
maximum weld temperature. Readings
were taken on the weld surface and
on the back side of the test plate.
Temperature readings were followed by
visual examination for coating damage
(Table 1, p. 30).

Per the manufacturer’'s product data
sheets, the dry heat resistance for the
polyamide epoxy was rated at 250 F and

the dry heat resistance for the acrylic
polyurethane was rated at 200 F. Though
the dry heat resistance rating for the
polyurethane was exceeded in the final
two samples, there was no visual dam-
age to the coating system (Fig. 4, p. 30).

PHASE TWO TESTING

Phase Two testing involved completing
a Ys-inch fillet weld around the base of
a 3-inch channel fabricated from two 1
2-by-1 2-by-"s-inch angles, 2 inches in
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height and made of A36 steel. This phase
simulated the use of proposed handrail
post reinforcement as the support struc-
ture for telecommunications equipment.
Similar to Phase One, the test plate was
heated to approximately 80 F prior to ini-
tial welding and permitted to cool to ap-
proximately 80 F between weld passes.
The test plate was also elevated during
welding operations to eliminate backing
and simulate the interior of a tank roof.

The first test of Phase Two consist-
ed of dividing the required welding of the
channel to the test panel into two sepa-
rate passes: a back pass along the out-
er edge of the channel and a front pass
along the inner edge of the channel, al-
lowing time for cooling between pass-
es (Figs. 5 and 6, p. 31). Based on results
from Phase One, the 6-inch weld required
to complete a single pass along one side
of the channel was believed to pass with-
out exceeding the dry heat resistance for
the coating system.

The resulting maximum temperatures
of the back side of the test plate in
the first test of Phase Two exceeded
the dry heat resistance for the acrylic
polyurethane in pass one (236 F) and ex-
ceeded the dry heat resistance for both
the polyamide epoxy and the acrylic
polyurethane in pass two (251 F). The in-
creased maximum temperatures reached
in the 6-inch-long passes resulted from
localizing the heat from a straight line
pass on flat steel to a C-shaped pass
within the fillet at the junction of the met-
als. Similar to the results in Phase One,
no damage to the coating system was
visible.

The second test of Phase Two was
completed with the intent to demon-
strate failure of the coating system due
to exposure to excessive heat. This test
consisted of welding the channel to the
test panel in one pass around the full pe-
rimeter. This single, 12-inch pass was



reasonably believed to produce enough
heat to cause failure of the coating sys-
tem by exceeding its dry heat resistance
(Fig. 7, p. 31).

As expected, the resulting maximum
temperature of the back side of the test
plate exceeded the dry heat resistance
for both the polyamide epoxy and the
acrylic polyurethane reaching a maximum
of 346 F. Unexpectedly, however, no visual
damage to the coating was observed.

RESULTS

Phase One testing was executed to
identify a baseline for temperatures oc-
curring in field use of Ys-inch reinforc-
ing surface welds. Prior to this testing,
sufficient data was not available to de-
termine, and thereby prevent, damage
to the water storage tank interior wet
surface.

Phase Two testing was designed to
create a field-use situation as proposed
by a telecommunication carrier's engi-
neer where the fabrication of multiple
pieces was anticipated to create areas
of increased heat due to larger surface
area and constricted areas such as the
corners of a fillet weld. This was sub-
stantiated through the data collect-
ed. The use of intermittent welds simi-
lar to the sequencing phase, and timing
to allow for cooling, reduced heat ex-
posure, and in this circumstance, al-
lowed for welding to be completed
without exceeding the coating manu-
facturer's specified dry heat resistance
recommendations.

Though no visible coating damage was
noted, the coating system was checked
for brittleness post-welding where tem-
peratures did exceed the manufacturer's
specified dry heat resistance recommen-
dations for two back-to-front passes fol-
lowed by the full perimeter as shown in
Table 2. Gently tapping on the coating,
however, revealed evidence that damage

Telecom Meets Water Tower

had indeed been done to the coating sys-
tem, resulting in a loss of adhesion to the
substrate and hardening of the coating
system to the point of becoming very brit-
tle. A cross-cut adhesion test was com-
pleted as per ASTM D3359 and results
met a 2A rating (jagged removal along
most of incisions up to 3.2 mm [Va inch] on
either side) (Fig. 8, p. 31). Instrumentation
to complete a pull-off adhesion test was
not available.

Excessive heat will damage coating
systems. However, due to the results of
this test, the use of sequencing may min-
imize or even eliminate the damage if
properly monitored with incorporation of
a predetermined proper weld
sequence followed by the welder.

CONCLUSION

The conducted test and observations
show that based on a Ys-inch weld em-
ployed on a Ya-inch steel plate with a
“a-inch reinforcing pad similar to typical
water storage tank roof construction,

a developed sequencing and tempera-
ture-monitoring process allows for the
installation of appurtenances without
damaging the water storage tank interi-
or coating system.

CASE FOLLOW-UP

For this particular water storage tank,
the telecommunication carrier's engi-
neer revised the handrail plan to include
the use of stiffening diagonals in lieu of
the proposed 3-inch channel supports
to provide the required loading capac-
ity for equipment (Fig. 9). This revision
in design omitted the need for welding
to the water storage tank roof to pre-
vent damage to the interior wet coating
system.
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igh-strength bolts have been used to as-
semble steel structures for over 60 years,
supported by research conducted by the
Research Council on Riveted and Bolted
Structural Joints (RCRBSJ). RCRBSJ was
founded in 1947 butis now known as the
Research Council on Structural Connections
(RCSC). Despite the long history of use,
there is still confusion when it comes to painting faying surfaces,
bolt holes and fasteners. This article will attempt to clear up some
of the confusion and provide items to consider when designing
and painting bolted connections.

TESTING OF COATINGS FOR SLIP-CRITICAL JOINTS
Before discussing the interpretation of test results for coatings
used in slip-critical joints, it is helpful to understand the test-

ing procedures. Testing and certification of the coatings is ad-
dressed in RCSC's "Specification for Structural Joints Using High-
Strength Bolts." The revision in effect at the time of this writing is
August 1, 2014 (with April 2015 errata), although proposed chang-
es are currently under discussion. Certification requires that cri-
teria be met for both slip coefficient testing and tension creep
testing, as outlined in Appendix A of the specification.

The specimens must first pass the slip coefficient testing be-
fore being subjected to tension creep. A minimum slip coefficient
of 0.30 is required for Class A certification and a minimum slip co-
efficient of 0.50 is required for Class B certification. Although not
discussed in this article, there is also a Class C certification, which
requires a minimum slip coefficient of 0.35. Class C is for rough-
ened hot-dip galvanized surfaces.

COEFFICIENT OF FRICTION (COF) TESTING
The slip coefficient test is used to determine the mean slip coeffi-
cient of a coating under short-term static loading. The test plates
for slip coefficient testing are fabricated from %-inch-thick, flat
carbon steel (no raised edges, protruding defects or warp) with
a minimum yield strength of between 36-and-50 ksi. The plates
measure %-inches-by-4-inches-by-4 inches with a 1-inch hole
drilled 1 2-inches from one edge and one of the sides (%-inch-
es-by-4 inches) is machined smooth. While the specification does
not explicitly indicate whether hot-rolled or cold-rolled steel is to
be used, the surfaces must be as flat as possible. The surfaces of
cold-rolled steel are typically flatter than those of hot-rolled steel
and offer greater planarity, so cold-rolled steel is typically used.
The plates are abrasive blast-cleaned and coated with the ma-
terial being evaluated — for example, inorganic zinc, organic zinc
or thermal spray coatings (TSC). The standard requires the test
coating to be applied to both sides of each plate at a thickness 2
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Figures courtesy of the author.

mils greater than the maximum that will be applied to the struc-
ture (typically 2 mils greater than the manufacturer's recommend-
ed maximum thickness), but the thickness reported on the certifi-
cation does not include the extra 2 mils.

Each test specimen is composed of three coated plates.
Figure 1 shows two of the plates used for slip coefficient testing.

The mean slip coefficient of the coating is determined by test-
ing five replicate specimens (three test plates per specimen).
The test setup has two major loading components, one to ap-
ply a clamping force to the specimen plates and another to apply
a compressive load to the center plate so that the load is trans-
ferred across the faying surfaces by friction (Fig. 2). A threaded
rod is inserted through the holes of the three plates, rather than a
bolt. A nut on the end of the rod secures the plates and a clamping
force is applied and maintained throughout the test using a hy-
draulic cylinder at 49 + 0.5 kips to represent the minimum clamp-
ing force of an A490 bolt. A vertical load is subsequently applied
to the center plate at a rate not exceeding 25 kips/min until slip
occurs between the plates. Testing of each replicate specimen re-
quires approximately seven minutes to complete.

TENSION CREEP TESTING
Tension creep is the tendency of a coating to undergo deforma-
tion under sustained service loading and includes the effect of
aloss in clamping force due to significant compression or creep
deformation of the coating. The test plates for tension creep are
composed of %-inch-thick, flat carbon steel (again with no raised
edges, protruding defects or warp) measuring 4-by-7 inches
with two 1-inch holes drilled 1 'z inches from each end. Surface
preparation and application of the test materials is identical to the
plates prepared for slip coefficient testing. Each test specimen
consists of three plates with the test coating applied to the top
halves. Figure 3 (p. 36) shows two of the plates used for tension
creep testing.

Three replicate specimens (of three plates each) are linked to-
gether in a single chain-like arrangement (Figs. 4 and 5, p. 38). The



Fig. 1: Test plates for slip coefficient testing with test coating already applied.

clamping force is achieved by connecting
the painted portions of the plates with %s-
inch diameter A490 bolts that are secured
with corresponding nuts. The unpainted
portions are only connected using loose
pin bolts and are not part of the test. A load
is applied to the chain in tension and held
for 1,000 hours (approximately 42 days).
At the end of 1,000 hours, the tensionis
increased over the course of a few min-
utes to a final load. Both the locked tension
for 1,000 hours and the final tension to be
placed on the specimens are derived from
aformula that is based on the slip coeffi-
cient classification of the samples and the
average clamping force. While the actual
clamping force depends on the bolt type or
installation method, for Class B it is a min-
imum of 32.7 kips for the locked tension
and a minimum of 49 kips for the final ten-
sion. Because bolts are used to secure the
samples, the results could be impacted if
there is significant compression of any ma-
terial — for example, the paint, TSC or gal-
vanizing on the faying surfaces or beneath
the bolt head or washer/nut and the steel
plates, which could affect the clamping
force.

INTERPRETATION OF SLIP
COEFFICIENT AND TENSION

CREEP RESULTS

According to the RCSC specification, the
mean slip coefficient of coatings can be
categorized as Class A or B, and as indi-
cated previously, a Class A slip coefficient

rating is a minimum of 0.30 and Class Bis a
minimum of 0.50.

Bare abrasive blast-cleaned steel and
most inorganic zinc primers meet Class
B. Some organic zinc primers meet Class
B, but others only meet Class A. Clean
mill scale meets Class A. For TSC, an
FHWA study (Slip and Creep of Thermal
Spray Coatings, Publication No. FHWA-
HRT-14-083) tested both sealed and un-
sealed 100-percent zinc and 85/15 (zinc/
aluminum). The slip coefficient of both un-

sealed systems was > 0.75, easily exceed-
ing the Class B requirement. The slip co-
efficient for the sealed systems was 0.414
for 100-percent zinc and 0.439 for 85/15,
which only meet the Class A requirement.
For tension creep, both of the unsealed

to the center of the three plates to induce slip.

systems met the Class B criteria. When
sealed, both systems failed, even though
the tension creep parameters were based
on the less rigorous Class A requirements.
When used in joints, TSC should not be
sealed.

There are a few factors to be cautious
of when applying the slip coefficient and
tension creep test results to shop and field
work.

Recognize that the tests are performed
with the same material on the mating fac-
es. For example, the same Brand X primer
is applied to all faces of the test plates and
the certification is then issued for the spe-
cific product that was tested. Though ap-
plying Brand X inorganic zinc to one face
of ajointand Brand Y inorganic zinc to the
other face may perform, the certification
does not address the use of two different
brands in a single joint unless it is specifi-
cally tested that way. Likewise, the certifi-
cation does not address the use of Brand X
inorganic zinc on one face and Brand Z or-
ganic zinc on the other, even if both prod-
ucts are produced by the same manufac-
turer, unless it is specifically tested that
way.

The minimum primer curing time used
during the qualifying tests before assem-
bling the joints must be strictly adhered
to; otherwise, the uncured paint in the joint
could behave as a lubricant. The RCSC

Fig. 2: Slip coefficient test apparatus with testing underway. A vertical load is applied
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Fig. 3: Test plates for tension creep testing with the test coating applied to the top halves. The
blast-cleaned and uncoated bottom halves are for assembling the plates into a chain. The
uncoated portions are only connected using loose pin bolts and are not part of the test.

specification states that research indicat-
ed “that all curing effectively ceased at the
time the joint was assembled and paint
that was not fully cured at that time acted
as alubricant. The slip resistance of a joint
that was assembled after a time less than
the curing time used in the qualifying tests
was severely reduced. Thus, the curing
time prior to mating the faying surfaces is
an essential parameter to be specified and
controlled during construction.” The qual-
ification tests establish the minimum time
required to achieve adequate curing of the
product so that the slip resistance is not

impacted.

The maximum thickness and thinner
type shown on the certification must not
be violated for the certification to be val-
id. This is why the thickness of the primer
specified for connections is often differ-
ent {lower) than the thickness specified
for the rest of the steel.

The test plates are typically coated with
the same material at the same thickness
on the backsides (beneath the bolt, wash-
er and nut) and the faying surfaces. That
is, if a single coat of inorganic zinc primer
is applied to the faying surfaces at 7 mils,

the same inorganic zinc primer is applied
to the backside of the plates at 7 mils. The
presence of paint on the backsides of the
specimens has no effect on the slip co-
efficient test results since the clamping
force is maintained continuously through-
out the test. However, paint on the back-
sides of the samples for the tension creep
test could influence the results because
the clamping force is accomplished using
Ys-inch A490 bolts, and a loss of clamping
force could result from compression of the
coating (Fig. 6, p. 40).

Since the primer is applied to the back-
sides as part of the normal test protocol,
any compression of the coating is incor-
porated into the test results. However, the
effect on bolt pretension of any addition-
al coats applied to the backsides of the
plates is not incorporated into the normal
test regimen. Accordingly, for a given proj-
ect, if a decision is made to paint the back-
sides of the splice plates with the full coat-
ing system rather than just the primer, the
effect of the full paint system on the ten-
sion creep performance is not clearly ad-
dressed by the certification. It should be
noted, however, that professionals close-
ly involved with the RCSC specification
have indicated that specimens with 10 mils
of coating on the backsides of the plates
had been successfully tested in the past;
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and therefore, it was assumed that up to
15 mils of combined coating thickness/
galvanizing thickness (in the case of galva-
nized fasteners) would not likely affect the
results. While this assumption may be val-
id, because many different coating types
and brands are used in the field, it is the au-
thor's opinion that if multiple coats will be
applied to the backside of splice plates pri-
or to bolting, consideration should be given
to testing the system, at least in those cas-
es where a Class B certification is required.

PAINTING OF BOLT HOLES

Painting of bolt holes does not affect the
life of the steel because once the bolts and
plates are in place, the weather is sealed
out, preventing corrosion. When bolt holes
are specified to be painted, it is typically
done to prevent the formation of rust stain
from the holes between the time of paint-
ing and assembly.

A good source of information regard-
ing the painting of bolt holes is found in
AASHTO/NSBA "Steel Bridge Collaboration
S58.1-2014," which is also published as
SSPC-PA Guide 13, "Guide Specification for
Application of Coating Systems with Zinc-
Rich Primers to Steel Bridges.”

SSPC-PA Guide 13 states the following
in paragraph 3.4

"Miscellaneous Surfaces to be painted
and the coating system to be used shall be
as indicated on plans and/or contract doc-
uments. Unless otherwise noted, paintis
not required on flange surfaces that will be
embedded in concrete, or inside bolt holes,
although overspray is permitted on flange
surfaces and inside bolt holes.”

Another document, SSPC-PA 1, “Shop,
Field, and Maintenance Painting of Steel,”
has been revised and is undergoing final
review. While the following has not been
officially approved by SSPC at the time of
this writing, it establishes the position of
the committee responsible for drafting the
revisions. Note the last sentence.

“7.8.1 Contact surfaces of members to
be joined by high strength bolts in a fric-
tion connection (faying surfaces) shall pro-
vide the required slip coefficient based on
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Fig. 4: Tension creep testing apparatus
with three test chains in place.

Fig. 5: Close up of a single tension creep
chain. The plates are installed with coated
surfaces in contact with coated surfaces and
bare surfaces in contact with bare surfaces.
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the specified class of slip resistance based
on the design criteria. Uncoated faying
surfaces shall meet the surface prepara-
tion and cleanliness requirements for the
specified class and shall be free of oil and
grease. If coated faying surfaces are re-
quired or permitted, the coating used shall
be tested and certified to the required
class (see Note 15.13) and shall not exceed
the thickness tested. The application to,
or removal of, coating from bolt hole interi-
ors is not required unless specified in pro-
curement documents, although overspray
coating is frequently present.”

Itis common to see holes only inciden-
tally coated with overspray, rather than
purposely painted (Fig. 7).

CLEANING AND PAINTING

OF FASTENERS

A number of fastener types are used

in bolted connections, but the follow-
ing discussion is limited to black bolts and

HOLDTIGHT
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Fig. 6: Samples are assembled for tension
creep to determine the effect of the full
coating system applied to the backside. Note
the visible compression of the coating after
pretensioning the bolt.

galvanized bolts (hot dip galvanized and
mechanically galvanized). SSPC-PA Guide
13 also addresses the painting of fasten-
ers in Sections 5.4 and 5.5.

Black Bolts

According to SSPC-PA Guide 13, when
black bolts are installed prior to cleaning
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Fig. 7: Interior of a bolt hole coated only
with overspray.

and painting, the fasteners are blast-
cleaned together with the steel to
achieve the specified surface cleanliness
and profile and primed with the same in-
organic or organic zinc specified for the
structure. (Note that this Guide is specif-
ically for the use of zinc primers. If a non-
zinc primer is being applied to the struc-
ture, the same primer would be applied
to the fasteners.)

When black bolts are installed af-
ter painting has been completed, the
Guide recommends that the fasteners
be blast-cleaned prior to painting. While
blast-cleaning the bolts installed after
painting results in an excellent surface
for the application of the coatings, there
are significant drawbacks to this ap-
proach during implementation. In order
to properly prepare the fasteners, the
blast nozzle must be held at many differ-
entangles to the surface and pointed in
many directions. The result is the potential
for extensive overblast damage to sound,
intact coating located in proximity to the
fasteners.

If the shop coating involves zinc primer
without the intermediate and finish coats,
the entire area within the potential damage
zone should receive an additional coat of
primer. Note that “potential damage zone”
is used because the specific pinpoints of
damage will not always be readily apparent.
If the shop primer is inorganic zinc, then or-
ganic zinc (rather than inorganic) should be
applied to the damaged area. If the primer
is organic zinc, organic zinc would typically
be reapplied. In the case of the organic zinc,



Fig. 8: The initial appearance of the lubricant/
dye (center) and the appearance after clean-
ing for a project-specific cleaning evaluation.

the specification or manufacturer's recom-
mendations will likely require SSPC-SP 7/
NACE No. 4, "Brush-Off Blast Cleaning” of
the entire area of potential damage to pre-
pare the primer to receive another coat.

If the shop coating involves a prim-
er and epoxy intermediate coat, the inter-
mediate coat specified for touching up
the structure should be applied to the po-
tential damage zone. Preparation of the
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intermediate coat in the damaged area
should be the same as is required by the
specification for preparing the interme-
diate coat to receive the field finish. If the
damage exposes the substrate, the primer
should be spot-applied to those locations
before application of the intermediate
coat.

If all coats have been shop-applied, the
extent of the damage must be assessed
to determine whether the finish coat alone
is adequate, or if spot application of prim-
er and intermediate coat is required. When
applying the finish, itis likely that the exist-
ing finish will need to be brush-blasted first
to achieve good adhesion. It should also be
recognized that the areas repaired with the
new finish will be readily visible so it is im-
portant to square up the application, but if
a patchwork appearance is not acceptable
the finish will have to be applied to logical
break points.
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In order to avoid the need to blast-clean
the bolts after assembly and deal with the
repairs, when feasible, specifiers use gal-
vanized bolts or treated bolts {with propri-
etary inorganic coatings, for example) that
can be field painted after solvent cleaning
and/or pressure washing and limited hand/
power tool cleaning.

Galvanized Bolts
SSPC-PA Guide 13 recommends that
galvanized bolts be cleaned by SSPC-
SP 1, “Solvent Cleaning,” SSPC-SP 2,
“Hand Tool Cleaning,” SSPC-SP 3, “Power
Tool Cleaning,” and/or SSPC-SP 12
(Waterjetting). Since the publication of
SSPC-PA Guide 13, SSPC-SP 12 has been
replaced by four individual waterjetting
standards, SSPC-SP WJ-1 through WJ-4.
The Guide also addresses the remov-
al of lubricant wax/dye applied to the nuts,
indicating that it can be accomplished

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



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

Painting Bolted Bridge Connections

using an alkaline household cleaner such
as ammonia with care to make certain that
residue from the cleaner is also totally re-
moved. One area of controversy regarding
the cleaning of lubricant is whether or not
all dye has to be removed. Section 5.4.4

of the Guide requires the removal of "ex-
cessive dye,” and in commentary notes

to 5.4.4 it states that, "Any dye coloring

remaining on galvanized nuts after weath-
ering or the required surface preparation
is not believed to be detrimental to sub-
sequent coating performance or appear-
ance. A white cloth wipe test with no color
transfer can be used to confirm that all lu-
bricant and nonabsorbed dye has beenre-
moved, leaving only the residual 'stain’ on
the surface.”

U.S.MINERALS

Service. Quality. Value.

With nationwide production and distribution
capabilities, U.S. Minerals is capable of supplying
a complete range of coal slag and other abrasives

1o meet all of your blasting requirements.
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While the Guide indicates that resid-
ual staining on the nuts should not be a
problem, standards are not available to
describe or depict the amount of staining
that is acceptable so decisions must be
made on a project-specific basis. Figure 8
(p. 41) shows the results of a project-spe-
cific examination of cleaning methods. The
initial appearance of lubricant/dye and the
stains remaining after cleaning are shown.
For this project, MEK was found to be a
more effective cleaning agent than ammo-
nia. The stains passed the white cloth test
and when painted with the system speci-
fied for the project, the adhesion was not
compromised.

When the galvanizing is damaged
during tightening and the fasteners are
specified to be painted, specifications vary
on how to address the damage. But first,
the type of damage should be assessed.
For example, “smeared” galvanizing is still
protective. In areas where the galvanizing
is totally removed and the steel exposed,
specifications commonly require spot
application of organic zinc primer or epoxy
mastic (typically aluminum-filled) to the
damaged areas followed by the same in-
termediate and finish being applied to the
rest of the structure.

The most important issue with regard
to the application of coatings to any type
of fastener is to make certain that the coat-
ing is completely and thoroughly worked
into the crevices and threads, and proper-
ly built up on edges, as these areas are the
first to corrode.

SUMMARY

When bolted connections are slip criti-

cal, the certified coating must be applied
within the thickness and thinning param-
eters called for in the certification and

the joints not assembled sooner than the
cure times used for the qualification test-
ing. When TSC is used on faying surfaces
of joints, based on testing conducted by
FHWA, it should not be sealed. If the choice
is made to apply the full coating system to
the backside of splice plates before bolt-
ing, consider testing it first to make certain



that any loss of pretension that might oc-
cur due to the compression of the coat-
ing does not adversely affect the tension
creep results.

For bolt holes, unless some rusting
prior to assembly is not acceptable, a
commeon practice is to not require coating
the interior surfaces, but allowing the coat-
ing to be deposited into the holes as part
of the application to the face of the mem-
ber. When black fasteners are installed
after the paint has been applied, abrasive
blast-cleaning in preparation for painting
can create significant damage to the sur-
rounding coating. Alternative fasteners
should be considered if feasible, such as
galvanized or treated, in order to avoid the
need for blast-cleaning in the field. Before
painting, fasteners must be cleaned of sur-
face contamination, and in the case of gal-
vanized nuts, the lubricant removed to the
extent that adhesion of the subsequent-
ly applied coating is not compromised. If
there are questions regarding the adequa-
cy of the cleaning and the acceptability of
remaining stains, the coating system can
be applied on a test basis and the adhe-
sion examined. In all cases, when fasteners
are painted, itis critical that the specified
coatings be thoroughly applied to threads,
crevices and edges.
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IMPROVING SURFACE PREP
PRODUCTIVITY WITH RECTANGULAR
BLASTING NOZZLES

BY CHANG-HUN LEE, BYEONG-HUN DO, WON-JUN YUN AND HAN-JIN BAE
HYUNDAI HEAVY INDUSTRIES, CO., LTD.

he purpose of surface preparation is ultimate-
ly to achieve the necessary coating adhesion
between steel and the coated film in order to
protect the structure adequately for as long as
possible. Adhesion is a significant factor re-
garding the suitability and lifespan of protec-
tive coatings in corrosive environments. In the
shipbuilding industry, abrasive blasting is a common method
of generating proper surface roughness and achieving high
productivity'. Round nozzles are commonly used in abrasive
blasting.

This article describes a study focused on the use of rectan-
gular nozzles to achieve increased surface preparation produc-
tivity by avoiding concentrations of abrasive material typical-
ly seen with round nozzles?. Rectangular nozzles can disperse
abrasive material more evenly due to their shape. The rectan-
gular nozzle used in this study is made of SKD-11 grade steel
and has the same sectional area ratio as the reference rectan-
gular nozzle used. The two nozzle types were compared regard-
ing productivity and quality. Abrasive speed and spreading angle
were compared using photos captured by a high-speed cam-
era during laboratory scale testing (Fig. 1). Surface condition and
profile achieved were compared using a microscope and quali-
ty of surface roughness in the field was assessed with measuring
instruments.

Because of the round nozzle end, particles are concentrat-
ed in a small surface area. However, by changing the shape of
nozzle from round to rectangular, particles can be discharged
at a wider width for higher productivity. Also, a Venturi shape
inside the nozzle can enhance particle velocity, which is the key
element of surface cleanliness.

RECTANGULAR VENTURI NOZZLE
The internal shape of a blast nozzle affects the particle ve-
locity, even distribution and working width. At the same input
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pressure, a Venturi nozzle is more efficient than a straight noz-
zle as shown in Figure 2. The airflow quantity is the same at
positions 1 and 2 due to the continuous condition, but the air
velocity is different. According to equation 1 below, the multi-
plication of the cross sectional area and velocity at a certain
position should always be the same. Therefore, when the sec-
tional area decreases at position 2, the air velocity increas-

es. Kinetic energy is expressed in equation 2 and shows an in-
crease in kinetic energy due to increased air velocity.

Equation 1

A xV =A xV,

A : Cross sectional area at position (1), V,: Velocity at position
(1), A,: Cross sectional area at position (2), V,;: Velocity

at position (2)

Equation 2
KE =12 x m xV?
(KE: Kinetic Energy, m: Mass, V: Velocity)

The exit shape of the nozzle is related to the blasting pattern
as shown in Figures 3 and 4. These figures show that the rect-
angular nozzle can discharge the particles at a wider width and
more even distribution for increased productivity.

EQUIPMENT DESIGN ANDDEVELOPMENT

As mentioned earlier, the advantages of the Venturi design and
the rectangular shape at the point of exit were used to design this
blasting nozzle. First, the ratio of a rectangular Venturi reference
nozzle was calculated using the cross sectional area of the inlet,
throat and outlet as shown in Figure 5. The ratio was calculated as
throat/inlet and outlet/inlet, and then the blasting nozzle was re-
designed with the calculated ratio to mount the hose as shownin
Figure 6 (p. 46). Finally, a prototype of the rectangular nozzle was
manufactured as shown in Figure 7 (p. 46).



Fig. 1: Still photos taken from high-speed video. The round nozzle blasts
abrasive above and the rectangular nozzle below.
Figures courtesy of the authors.

Venturi

(1) (2)

Fig. 2: Cross section of Venturi nozzle.
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Fig. 4: Distribution of abrasive in rectangular nozzle.
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Fig. 5: Cross section of reference nozzle.
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Comparison of Performance

Using a High-Speed Camera

To compare the performance of the
round and rectangular nozzles, the tra-
jectory of abrasives was captured us-
ing a high-speed camera with a variable
electronic exposure gate in microsec-
onds. Experimental equipment was com-
posed as shown in Figure 8 (p. 48) and a
portable blasting machine used to pro-
pel abrasives is shown in Figure 9 (p. 48).
Input air pressure was 7 bar (700 kPa)
and coal slag was used as the abrasive. The abrasive feed-
ing valve was opened at a 45-degree angle so that abrasives
would merge uniformly with the airflow. The shutter speed of
the high-speed camera was adjusted to coordinate with the
particle's travel time. By changing the shutter speed, particles
appeared in a streak line, which was relative to the distance
traveled. Streak lines were measured using image-processing
software to obtain useful abrasive speed data. The accuracy
of this approach is in the range of +6-to-11 m/sec?.

RESULTS AND DISCUSSION

Comparison of Velocity

The round nozzle was captured at 1/10,000t" of a second

and 1/15,000" of a second. The rectangular nozzle was cap-
tured at 1/15,000" of a second, 1/20,000" of a second and
1/25,000" of a second. Five streak lines were selected at ran-
dom to calculate the particle's average velocity using equa-
tion 3. As a result, the average velocity of the rectangular noz-
zle was 115.70 meters-per-second, which was faster than the
round nozzle as shown in Table 1 (p. 46).

Equation 3
Velocity = distance (length of streak) / time (shutter speed)

Comparison of Spray Width

Figure 10 (p. 50) illustrates the standard distance observed. In
Figure 11 (p. 50), lines were drawn along the spray boundary
to measure the vertical and horizontal distances. Lines were
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Fig. 6: The rectangular blasting nozzle was
designed using the calculated reference
nozzle ratio.

calculated to find the spray angle using a
tangent equation. Table 2 shows that the
rectangular nozzle's discharging angle
was 8.341 degrees, which was wider than
that of the round nozzle.

Comparison of Work Efficiency
An automatic carriage which could move
along the wall at the same speed was

Fig. 7: The prototype of the rectangular
blasting nozzle.

used to compare work efficiency. A blast-
ing hose was then fastened to the auto-
matic carriage (Fig. 12, p. 50). It moved

at a speed of 0.18 meters-per-minute
and 0.84 meters-per-minute to check
the blasting width and surface cleanli-
ness. There was no difference between
the surface cleanliness achieved be-
tween the round and rectangular nozzles
as per ISO 8501-1, “Preparation of steel

TABLE 1: COMPARISON OF ABRASIVE VELOCITY OF ROUND AND RECTANGULAR NOZZLES

Round Nozzle

Rectangular Nozzle

1/10,000 1/15,000 1/15,000 1/20,000 1/25,000
107.17 98.44 114.48 125.41 117.78
104.73 97.00 116.81 111.23 111.62
106.21 96.54 111.68 114.44 129.79
99.743 92.39 120.62 102.51 115.64
93.893 98.43 112.16 112,65 118.61
102.349 96.56 115.15 113.25 118.69

99.45 115.70
TABLE 2: COMPARISON OF SHOOTING ANGLE OF ROUND AND RECTANGULAR NOZZLES
Round Nozzle Rectangular Nozzle

1/10,000 1/15,000 1/15,000 1/20,000 1/25,000
4.584 5.380 7.689 7.649 9.002
5.742 6.241 7.858 6.824 8.688
32203 5.494 8.706 9.293 8.203
5.142 6.498 71.848 8.205 8.585
6.005 5.209 7.890 10.019 8.659
5.339 5.764 7.998 8.398 8.627

5.552 8.341

TABLE 3: COMPARISON OF SURFACE TREATMENT AREA BETWEEN ROUND
AND RECTANGULAR NOZZLES ACCORDING TO CARRIAGE SPEED

Automatic Carriage Speed [m/min]

Working width [m]
Working area [m?/min] 0.0171 0.0756
Working width [m] 0.135 0.11
Working area [m%/min] 0.0243 0.0924
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Abrasives

’ Captu l'l ng

High Speed
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Fig. 8: Schematic design of experiment for
capturing images of high-speed abrasives.

Fig. 9: A portable blasting machine was used
to propel the abrasive.

substrates before application of paints
and related products — Visual assess-
ment of surface cleanliness,” butinall
cases, the rectangular nozzle's blasting
width was wider than that of the round
nozzle. Therefore, the rectangular nozzle
was found to be more efficient than the
round nozzle as shown in Table 3 (p. 46).

CONCLUSIONS

Research was conducted to determine
any advantages of using a rectangular
nozzle over the traditional round shape.
A rectangular nozzle was redesigned and
manufactured using the ratio of the ref-
erenced nozzle. To determine the per-
formance of the rectangular nozzle, the
trajectory of abrasives was captured us-
ing a high-speed camera with a variable
electronic exposure gate in microseconds.
Images from the high-speed camera
were processed with software to ob-

tain particle speeds and blasting angles.
From these results, the velocity of the
rectangular nozzle was found to be fast-
er than the round nozzle, and the blasting
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Rectangular Blasting Nozzles

Fig. 10 (left): This image
depicts the standard

i
e 0% distance observed.

L]
LA "

% [ Fig. 11 (right): Lines were
2 drawn along the spray
o boundary to measure
1| thevertical and horizon-
n = | taldistances.

angle of the rectangular nozzle was also found to be wider than
the round nozzle. Finally, the rectangular nozzle was more effi-
cient than the round nozzle as per the comparison of surface
preparation data collected using an automatic carriage with
consistent conditions.
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Fig. 12: Determination of surface treatment . . .
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New Venue for International Bridge Conference

Photo courtesy of National Harbor

The Engineers’ Society of Western
Pennsylvania (ESWP) will hold its 33
annual International Bridge Conference
(IBC) from June 7 to 10 at the Gaylord
National Resort and Convention Center
in National Harbor, Md.

Previously held in Pittsburgh, Pa., the
IBC attracts bridge owners, engineers
and designers; senior policy makers and
government officials; construction ex-
ecutives; and suppliers from through-
outthe U.S. and abroad, according to
the ESWP. The conference comprises
technical and special interest sessions,

workshops, seminars, committee meet-
ings, receptions, facility tours, the annu-
al "Bridge Awards” ceremony, and an ex-
hibit hall. Session tracks include: ABC;
Cable-Stayed Bridges; Construction/
Fabrication; Design; Featured Agency;
Foundation; Innovation; Inspection/
Evaluation; Long Span; Proprietary; Rail;
Rehabilitation; Segmental; and Special
Purpose Bridges.

For more information about the 2016
IBC, including the complete conference
program, visit eswp.com/bridge.

AWWA ACE Returns to Chicago

ockphoto.com/espie
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EXHIBITORS AT IBC 2016

The following exhibitors at IBC 2016 may
be of interest to bridge and highway
coatings professionals. The list is current
as of press time. For a complete list, visit
the IBC website.

All Access Rigging Co. ...
Anderson Hydra Platforms
AZZ Galvanizing Services

ChemCo Systems ....vnrmsmmmmssmssnn
CONCORR, Inc.
Euclid Chemical Company.......
Evonik Corp. 226
Greenman-Pedersen, INC. ....oereeeeneeens 414
HRV Conformance Verification
AsSOCIAteS, INC. e ssssssssanens 220
Klaas Coatings (North America), LLC.... 109
NANOKOTE North America, Inc. ... 107
PDCA (Paint and Decorating Contractors
of America) 133
Safway Services, LLC ...vvnsssneens 325
Sika Corporation 401
Spider 223
Stronghold Coating Systems.......uen 150
Vector Corrosion Technologies.............. 412
Wasser Coatings 249

From June 19 to 22, the American Water
Works Association (AWWA) will pres-
entits 2016 Annual Conference and
Exposition (ACE16) at McCormick Place
West in Chicago.

The ACE16 conference kicks off June
19 and will feature technical and pro-
fessional programs, workshops, facili-
ty tours, networking opportunities and
more, according to the AWWA. The expo-
sition, which opens June 20, will show-
case products and services from more
than 500 exhibiting companies.

The following programs and meetings
held during ACE16 may be of interest to
protective coatings professionals in the
water and wastewater fields. For more in-
formation, visit awwa.org.
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SUNDAY, JUNE 19

+ “Water Main Rehabilitation: Materials,
Lessons Learned, and Demonstrations,”
9:00 a.m. to 4:00 p.m.

TUESDAY, JUNE 21

* Subcommittee Mtg.: D102 Coating Steel
Water-Storage Tanks, 8:00 to 9:00 a.m.

+ Committee Mtg.: Protective Interior
Coatings, 9:00 to 10:00 a.m.

« “Distribution Systems: Gaining a Better
Understanding of Unknown Challenges,”
9:00 a.m. to noon

WEDNESDAY, JUNE 22

* Subcommittee Mtg.: D102 Coating Steel
Water-Storage Tanks, 9:30 to 10:30 a.m.

* Committee Mtg.: Steel Elevated Tanks,
Standpipes/Reservoirs, 11:30 a.m.

to 1:00 p.m.

EXHIBITORS AT ACE16

The following exhibitors at ACE16 may be
of interest to water and wastewater pro-
tective coatings professionals. The list is

CERERESIEN PREMENTION

wirh DENSO PETROLATUM SYSTEMS

-4

current as of press time. For a complete
list, visit the ACE16 website.

3M 679
AkzoNobel Protective Coatings............. 855
Ameron Water Transmission

Group, LLC

Caldwell Tanks, Inc.......
Corrpro Companies, Inc. ...
Denso North AmMerica ...
Devoe High Performance Coatings .......855
Farwest Corrosion Control Company ...327
HydraTech Engineered Products ............ 565
Induron Coatings, LLC.....cecnneisescanns

Insituform Technologies, LLC ..
International Paint

JPCL 2331
NACE International 415
Parker Hannifin Corp. .. 2346
Pittsburg Tank & Tower

Maintenance Co., INC. .. 747

PPG Protective & Marine Coatings..... 1341
Protech Powder Coatings Inc. .......ccccooeur 406
The Sherwin-Williams Company......... 714
Short Elliott Hendrickson Inc. (SEH)......269
Sika USA
Specialty Products, Inc. ...
Tank Industry Consultants
Tnemec Company, Inc. ......
Trenton Corporation...........
Western Technology ...

San Diego Welcomes Mega Rust 2016

Mega Rust 2016, the American Society
of Naval Engineers' (ASNE's) annual na-
val corrosion conference, will take place
June 21 to 23 at the San Diego Marriott
Mission Valley in San Diego.

Mega Rust is held annually to dis-
cuss corrosion issues impacting the U.S.
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Primers

Navy and provide updated information
on programs, policies, standards and
new technologies and strategies for con-
trolling corrosion, according to the ASNE.
Participants include representatives
from military, industry and government
organizations involved with research and
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Show Preview

development, design, engineering, con-
struction, maintenance, modernization and
operation of naval systems that are poten-
tially affected by corrosion. The scheduled
guest speakers, technical sessions, pre-
sentations, meetings and exhibition will
follow the theme of this year's conference,
“Corrosion Impact on the Warfighter.”

A number of SSPC training courses will
be offered at Mega Rust 2016, which can
be found in the "Coming Up" section of
this issue, p. 72. All courses will take place
at the San Diego Marriott Mission Valley.
To register for courses, visit sspc.org.

S

For more information on Mega Rust
2016, including the full conference agen-
da, visit navalengineers.org. Questions
may also be directed to 703-836-6727 or
megarust@navalengineers.org.

EXHIBITORS AT MEGA RUST

The following exhibitors at Mega Rust
2016 may be of interest to protective and
marine coatings professionals. The listis
current as of press time. For a complete
list, visit the Mega Rust website.
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DeFelsko Corporation ... 33
DESCO Manufacturing Co., Inc.............. 28
Dex-0-Tex Marine, by Crossfield

Products Corp. 23
DoD Corrosion Policy & Oversight......... TBD
Fischer Technology, INC.....mmmmmnn. 13
Graco, Inc 30
Industrial Vacuum Equipment Corp. ........ 32
International Paint LLC......
ITW Engineered Polymers
Jessup Manufacturing Company.........
Munters Corporation ...

NACE International Institute ........cocoeceeceeeeeeeee
NCP Coatings, Inc.
Polygon US
PPG Protective & Marine Coatings
The Sherwin-Williams Company............

Shield Technologies Corporation........... 9
Sponge-Jet, Inc. 44
SSPC: The Society for Protective Coatings ...36
Sulzer Mixpac USA, INC...covermmseresmsssssssnsens

Technofink
V.0. Baker Company .......
Western Technology, Inc.

SACI comrosion inhibitors offer an environmentally
responsiblesolution to corrosion prevention of metal
Having a structure of highly polar, overlapping
microscopic platelets that block moisture, SACI®
corrosion inhibitors resist cracking and peeling, are
thermally stable, and hold fast tosharp edges.
Environmentally, SACI® formulations offer lead and
barium free options, so run-offdoesn't have the
toxicity of traditional coatings. Even barges, bearings,
cables, engines, tanks, offshore rigs and platforms
operating within the harshest salt-water environ-
ments benefit from products incorporating SACI®
corrosion inhibitors for long-term protection.

E PROTECTANTS - COATINGS - PENETRATING SEALANTS - CAULKS

Formulators Note: SACI® corrosion inhibitors are
multi-functional compounds used in the formulation of
materials requiring exceptional resistance to sag, run-off,

and flow, even at high film buildup and elevated

temperatures. Use SACI® corrosion inhibitorsalone or

in combination with: =
- Mliphaticand aromaticsolvents =
- Hydrocarbon resins |
= Asphalt T —
= Polymers - i
= Waxes - —

- TalkToA Daubert Representative
Contact us and weflbe happy to discuss standard or custom

58 JPCL May 201k / paintsquare.com

LAUBERT

CHEMICAL COMFPANY, M’l.' L

g
Daubert Chemical Company, Inc.
47005, Central Avenue - Chicago, IL 60638
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