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1.0 INTRODUCTION

In the sdt water marine environment, corrosion of the stedl hull isinevitable. Control of that corrosion so
as not to cause sructural failures or necessitate major renewals during the economic life of the vessdl
requires diligence in the design, congtruction and maintenance of the vessd. For corrosion control to be
cod effective, it must be integrated into the ship design and production processes to provide structures that
can be properly coated at the outset and are less prone to, and effectively protected from, corrosion during
the vesd life. Corrasion control must aso be integrated into the maintenance and ingpection procedures
so that subsequent recoatings and repairs are minimized in terms of both cost and lost operating time. To
achieve effective corrosion control, the following factors must be understood, addressed and integrated:

»  Corrosion mechanisms and those areas most affected

»  Design of gtructures and details to enhance coating gpplication and corrosion control
»  Coatings selection and application

e Cathodic protection as applied to ships tanks

*  Production methods that assure coating quality

*  Operationsthat may cause coating failures and how to prevent them

*  Ingpection procedures for early detection of coating or structure failures

* Arrangement and access to avoid confined or inaccessible spaces

This study on Commercia Ship Design and Fabrication for Corroson Control congsts of four mgjor
eements

1. Review current corrosion control practices.

2. Deveop design recommendations for corrosion control methodologies.

3. Develop recommendations for corrasion control equipment to achieve Nava Sea Systems
Command (NAV SEA) requirements.

4. Prepare adraft for an ASTM Standard or Guide.

Thisreport presents the results arrived & upon regarding ements 1, 2 and 4 only. The remaining results
of element 3 were presented separately in [1]".

Section 2 reviews current ship design and fabrication practices within the context of established corrosion
control principles. In Section 3, coating materias, methods and failures are addressed, locations and details
where coaings typicdly fail first are discussed, and the impact of various joining techniques on corrosion
ispresented. Design methods that increase the life expectancy of coatings and designs that avoid confined
or inaccessible spaces are consdered on their meritsin Section 4; current design and congtruction methods,
as well as those that hold promise of preventing early coating falure are included. In Section 5, the
cost/benefit consider-



Numbers in brackets denote references in Section 7



ationsfor these methods are discussed. Detalled design recommendations are made in Section 6 regarding
the applicability and practice of corroson prevention methodologies during the contract design and
fabrication phases of the ship acquisition process that would reduce life-cycle cogts.

Based on the findings of this study, a proposed draft was developed which could be used as the basis for
astandard or guide. This draft isincluded as Appendix A. Presented in Appendix B of this report isa
guestionnaire, with resultant answers from the industry, on what were thought to be the more important and
promising aspects of coating-corrosion interaction and present practice.
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REVIEW OF CURRENT PRACTICES
M echanism of Corrosion

Sted will not gtart to corrode without the proper thermodynamic conditions. If the sted in atank
isblasted to bare metal and held in an atmosphere of dehumidified pure air, it will hold the blast for
many years before even surface oxidation commences. Unfortunately, the marine environment will
react with the cleaned sted to form an oxide layer and start corrosion.

The most common causes and mechanisms of hull corroson are

»  Gdvanic corroson, which occurs when two metas of different dectrochemica potentid are
in metdlic contact in an eectrolyte such as sdt water. The farther gpart the metas are in the
gavanic series, the grester the rate of corroson of the anode. The metas need not be
different, asin the case of aflanged plate, where the locked-in stress at the flange make that
portion anodic to the ret of the plate. Most hull corrosion is gdvanic in nature [2].

» Direct chemicd attack, wherein certain chemicas containing e ements such as chlorine and
sulfur atack the sted without the presence of an dectrolyte. Thisis frequently the cause of
pitting in cargo tanks, especialy when high-sulfur crudes are carried.

*  Anaerobic corrosion, which is caused by sulfate-reducing bacteria that are present in many
harbors. Fitting in ballagt tanks can gart through this mechaniam and then accd erate through
differentid aeration, atype of loca gavanic attack caused by differencesin oxygen levels a
the surface of the sted.

Studies have shown thet the generd corrosion rate for sted in seawater isabout 0.1 mnV year [3].
The corrosion rates in ballast spaces are potentialy much greater and can become the controlling
factor in determining a ship's life. If a compartment is not protected by coatings or sacrificid

anodes, thetimein balast represents the most corrosive condition. As aresult, the International

Asociation of Classfication Societies (IACS) now requires that al balast paces with one or more

boundaries on the hull envelope must have a protective coating.

Current Corrosion Control Practices

During Design Phases

Current rules and regulations governing pollution and vessel protection require the use of double
hulls for tanker congtruction. Many of the design features of these vessdls tend dso to assist

corrosion control efforts. A survey of some recently delivered double-hulled tankers found them
to incorporate the following features [4]:



*  Water bdlast tanks protected against corrosion by two coats of cod tar epoxy and eight-year
sacrificial anodes.

*  GRPpiping used in ballast spaces to mitigate corrosion problems.

»  Bdlast spaces equipped with forced ventilation and hydrocarbon gas detectors. These spaces
can also be inerted in an emergency viaan inert gas system.

»  Enhanced accessihility to balast tanks with side stringers and direct access trunks from upper
decks to the double bottom.

*  Greagter double bottom heights and wing tank widths than the 1 m minimum and 2 m
maximum dimensions required. For example, the 290,000 dwt tanker AROSA hasa3m
double bottom and 2.44 m wide wing tanks, the E3 tanker has a 3 m double bottom and 4 m
widewing tanks. Oversizing alows for easer access for congruction and maintenance while
increasing the ship's safety.

»  Corrugated bulkheads which alow for easier cleaning, coating, and inspection. A reduced
number of siffeners aso reduces corroson problems by minimizing horizonta surfaces that
create standing pools of water.

2.2.1a Basic Structural Design

Unidirectiona double hull vessds are unique with regard to hull Structure as shown in Figure
2.1. They usethe double hull envelope as flanges of longitudind girders between transverse
bulkheads. These girder-plate combinations, in addition to providing longitudind strength,
conditute the gtructurd barrier between the internd and externd loads. The longituding
girders, usudly uniformly paced in atransverse direction, form cdls thet are long longitudindly
and narrow in the transverse and verticd directions. The use of siffenersis kept to aminimum
and the resultant structures provide practicaly identica longitudina spaces between transverse
bulkheads for the mgor part of the midportion of the vessd. Thewidth of each cdl could be
from about 1 to 3 meters depending on the type and size of the vessd. The mgor advantage,
from a coating standpoint, is smooth surfaces. The mgor disadvantage, from a corroson
sandpoint, is the large number of cellsto ingpect and coat. In addition, and as a plus, there
are many horizontal areasto fadilitate ingpection on the larger vessels. At the sametime, these
horizontal aress could be a problem from a corroson standpoint due to trapped water if they
are not designed to drain fredly.

Unidirectiond double hull vessdls have their own advantages and disadvantages with regard
to coating and corroson. Some of the advantages are summearized below [5]:



»  Completey flush insde surfaces of cargo spaces and balast tanks for easy and reliable
paint goplication, athough there is typicaly more coating area than a conventiona
double-hulled vess.






FIGURE 2.1 Single Skinned Tanker (top). Double
Hull Tanker (middle). Uni-directiona Double Hull
Tanker (bottom) [6]

e Minimizing sructurd discontinuities by reducing the number of sharp corners which cause
coating failure to occur.

e Minimizing sress concentration and crack initiation possbilities and fatigue damage,
decreasing the more flexible structures prone to coating cracking.

*  Eader production due to smaller number of sted parts, fewer joints and more identica
parts, hence more suitable for automatic welding [6].

Some disadvantages are:
*  Depending on the type and Sze of the vessd, the spaces may not be ingpector friendly.

*  Lageand numerousflat surfaces may become a corrosion problem due to accumuletion
of water from condensation if not designed to drain fredly.

2.2.1b Design of Structural Details

Practically every operator can attribute structurd failures to poor design of structurad details
and poor weld workmanship, including fabrication and fit-up. The mogt Sgnificant problems
with detail design sem from the early designs in the late 1960s and early 1970s when tank
vessH sfirg began to be desgned using sophisticated andytica techniques thet leed to efficient,
optimized structures. In many ways, these efficiencies brought about great advancesin the
shipbuilding and operating indudtries and facilitated the rapid growth in tanker Sze. However,
the generd effects of structurd optimization brought about an overdl lightening of scantlings,
and problems with structural details have resulted.

Many of the sructura details used in larger vessels were designed from experience and
fabrication preferences, and without any specific analysis requirements or guidance from
classfication society rules. It isthe generd consensus among operators that details that had
proven satisfactory for earlier mild steel congtruction are not necessarily satisfactory for new
vesH desgns, particularly those with high tensle srength stedls (HTS). Many sructurd
details on these larger vessdl's have proven to be inadequate and subject to failure.
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Lap joints are a common detail that has been subject to failure on older vessds. Fracturesin
lap joints are common in the transverse web structures in wing tanks. In generd, operators
are repairing fractured lap joints with butt-welded joints wherever possible.

Thefallowing precautions and preferred details are offered as aprdiminary guide for sructurd
design consderations for coating application:

All surfaces of the tank interior should be readily accessible for surface preparation and
coating gpplication.

Minimize crevices which form corrosion cells, collect dirt, and are difficult to protect with
codatings. Typica crevice areas occur between intermittent welds, at weld undercuts and
at lap joints that are not welded al around.

Butt welded joints should be used whenever possible, and should be used in lieu of lgp

joints which incresse the total length of weld and the posshility of fractures causng
corroson.

When dissmilar metals are used in ballagt tanks, both should be coated to avoid gavanic
corroson.

Repaired pits should be deaned and filled to avoid future accumulation of water and dirt.
Rivets and interna bolted connections should be avoided.

Threaded connections should not be used, or should be made using corrosion resistant
materias.

Structura support members should be of smple shapes such as smooth round bars for
esse in gpplying coatings.

All welds should be continuous - intermittent or spot welding should not be permitted.

All weld spatter must be removed, and al sharp edges should be ground to a smooth
radius of at least 3 mm (1/8 in), with 6 mm (1/4 in) preferred.

Coating gpplication and performance can be improved by adopting the above measures at the
design dage. In addition, the reduction of scallops, the use of rolled profiles and ensuring thet
the structural configuration permits easy access for workers with tools and facilitates the
cleaning, drainage and drying of tankswill promote qudity coatings.

Weld Design



Weding design, including proper Szing of the welds and the welding sequence contained in the
design specifications, play an important role in preventing distortions and stress concentrations
in the fabricated ship sections and the finished hull structure.

In generd, welded seams are more susceptible to corroson. Thus, the longer the weld seams
are on any given dructure, the greater is the risk of corroson. Lap joints have aso been
subject to falure in older vessdls. Fractures in lap joints on the transverse web structures of
wing tanks are quite common. For this reason, wherever practica, lapped jointsin ships are
being replaced with butt joints during repairs to fractured welds.

Current weld designs dso avoid intermittent or spot welding and employ continuous welding
since the former is more prone to corrosion.

2.2.1d Coating Specifications
There are numerous options for coating atank. The coating system selected will depend on
the type of tank, the cargo being carried and the desired life expectancy, among other factors.
Below are some options that have been used when coating a ballast tank [7]:
e Coat entiretank, sSingle coat.
e Coat entire tank, two coats, and add anodes for secondary protection.

¢  Coat overhead and 6 feet down the sides and install anodes.

e Use pre-congruction inorganic zinc primer with zinc anodes replaced a eight year
intervals.

Most of the above options could be used with any type coating, with more or less satisfactory
results dependent on the life expected. Some of the more common coatings are listed below:

*  Pogt-cured inorganic zinc (one coat)

»  Sdf-cured inorganic zinc (one coat)

*  Epoxy or cod tar epoxy (two coats)

The following are coatings tested in Reference [1] based on Volaile Organic Compound

(VOC) content regulations, commercid track record for long term corrosion performance, and
aflash point requirement of greater than 37.8 degrees C (100 degrees F):

-10 -
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2.2.1f

e High solid epoxies

*  Silicone modified epoxies

»  Electrodeposition epoxy

e Thermd spray thermoplagtics (nylon 11 and ethylene-hydroxyethylene copolymer)
e 100% solids rust preventive wax

e Cdcum sulfanate dkyd

»  High solids epoxy over awaterborne epoxy zinc primer

The following points should be considered and andlyzed to best plan and manage the coating
of a space:

e Manud or automatic weld seams

 Plateedges

*  Curvatures

e Dranholes

e Wed seam overlapping

*  Adhering splatters

Corrosion Prevention Equipment

Various types of coatings currently being applied on ships sted structure are of course
themsdlves corroson prevention measures. The equipment and systems, that arein use at the
present time, to provide additiona protection againgt corroson range from cathodic protection
sysemsinduding sacrificid anodes and impressed current equipment to inert gas sysems and
corroson inhibitors.

Sacrificia anodes are an important part of the corroson control process in tanks with
eectrolytic solutions. In most cases, they form a secondary defense againgt corrosion should

the primary coating barrier fall.

I nspection Requirements

-11 -



Generd condition surveys of coatings may be carried out a any convenient time aslong asthe
tank isin proper order for ingpection. However, if the survey is necessary due to dry-docking,
the survey can be carried out at sea to the greatest extent possible, prior to dry-docking, so
that survey data can be properly analyzed and repair decisons made. This probably requires
that the survey be conducted about 6 months in advance of the dry-docking.

Specid surveysrequire an overal survey of dl tanks and spaces, with al components within
close visua inspection range, preferably within hand's reech. Plate thickness measurements
by an accredited thickness measurement company require Smilar access to the structure [8].

Safety procedures and standards vary among owners and ships and the survey team must be
aware of these practices. Typica itemsof concern to survey personnel may include [9):

»  Suitable atmosphere cartified as safe for entry in terms of oxygen content and hazardous
gases by aMarine Chemist

*  Temperature extremes resulting in heat exhaustion

*  Lighting sufficient for ingpection and safe movement

*  Climbing equipment for safe access to the Structure

*  Rescue procedures for getting injured personne out of a space
* Rdting

Surveys done at seamay impose additional areas of concern:

e Atmospheretesting is done by lesser quaified personsin thet a Certified Marine Chemist
isgenerdly not avalable

e Staging cannot be used for access
*  Rafting and dimbing will be limited when ship motions increase
e Limited rescue capabilities

2.2.2 During Fabrication

2.2.2a Structural Tolerances

-12 -



During progressive stages of ship congtruction, the work is ingpected by the shipyards own
ingpectors, by the regulatory body surveyors, and by the owners resdent inspectors. The
objective of these ingpections is to assure that structura deviations from the origina design
such as digtortion, misalignment, out-of-roundness, weld imperfections, etc. which may cause
sructurd failure are avoided or reduced to acceptable levels. The ship specifications should
contain specific dlowable tolerances for various types of structura components at various
locations of the ship'shull. ASTM tolerances for commercia hull congtruction [10] generdly
permit gaps of 3 mm (0.12 in) and misdignments of up to one-hdf the plate thickness for
various components. Adherence with these maximum dlowable levels of digtortion, unfairness,
etc. will help reduce or diminate the possibility of stress concentrations and other causes of
gructura falure. Freedom from structurd failures, of course, dso reduces or eiminates the
occurrence of coating breskdowns and ensuing corroson. Consequently, from a corrosion
prevention viewpoint, the importance of meeting structurd tolerance requirements cannot be
overstated.

The design drawings and specifications for dl U.S. Navy combatants and most auxiliary
vesds currently contain gtrict requirements for structurd tolerances and overal quality
assurance systems.

Commercid ships being built in foreign shipyards are inspected in accordance with the
requirements of one of the mgor internationa cdlassfication societies. Most mgor classfication
societies including Lloyd's Register of Shipping, Bureau Veritas, Germanischer Lloyd, Det
Norske Veritas and Nippon Kaiji Kyokal, have published structurd tolerance standards which
ships being built to their dass must comply with. Most U.S. commercid shipyards have ether
developed their own tolerance standards or adopted those of a classification society.

2.2.2b Compliance with Original Design

2.2.2c

Theorigind design of aship usudly congsts of contract and contract guidance drawings and
ship specifications and, in most cases, indudes ecific alowable maximum sructurd tolerance
levels for various hull components and erection assemblies. As discussed above, adherence
to these maximum aloweable levels during ship fabrication work will reduceif not eimineate the
occurrence of structura imperfections and will prevent damage and/or failure.

Compliance with the origind design is being assured by periodic scheduled and unscheduled
visud, non-destructive and, necessary, dedtructive examinations and tests during various stages
of fabrication. Non-destructive tests commonly employed include dimensiona checks,
ultrasonic gauging of plates, ultrasonic and radiographic (X-ray) examination of welds and
magnetic induction or eddy current measurements of dry-film point thicknesses. Destructive
testsinclude ultimate strength "pull tests' of selected samples.

Surface Preparation

- 13-



Surface preparation, particularly grit blasting, is the key to successful coating application
because coatings literdly hang on the structure. Virtudly al marine coatings gpplied today
adhere to their subgtrate through mechanica adhesion. It can be sad thet the coating Staysin
place by grabbing onto the raw sted surface. Having a good anchor pattern or surface profile
iIsakey dement in acoating's longevity. Scoring the sted surface with tiny crevices givesthe
coating a place to reside. If the coating were to be applied to a piece of stedl polished to a
dick, shiny surface the coating would Smply sag away [11].

If At in the air settles on the sted surface, it sets up a coating failure phenomenon due to
osmotic pressure. If the stedl surface is not properly prepared before the coating is applied,
a contaminant such as sdlt can be covered by the coating. Osmoss, the process by which
water can cross a membrane, comesinto play. The salt can draw water, one molecule a a
time, from the ballast water through the coating to the coating/sted interface. Thisthen causes
blisters to form that adversely affect adhesion [11].

Procedures recommended by the coating manufacturer should be followed without
compromise. One of the most important factorsis the preparation given the sted prior to the
application of a codting. The basic requirement for conventiond coatings is that they be
applied over aclean, dry surface free from water soluble materias like sodium chloride which
can cause bligtering, soluble ferrous sats

which will, in contact with sted and moidiure, initiate rusting of the stedl, and oily residues
which will reduce adheson of the applied coatings [12]. As defined by the coating
manufacturer, the degree of surface profile achieved by blasting, control of humidity and
temperature of air and stedl during application together with proper care of the new surface
during curing can insure aqudity, long lasting coating [7].

2.2.2d Coating Application

An item of congderable importance in the coating process is hand driping, which is the
process of having a painter with brush manualy coat al corners, angles and edges. Surface
tenson causes a drying codting to draw away from sharp edges. Hand gtriping, in effect,
applies additiona coating to these edges in the hope that the coating will build up with the
addition of thefina coats. It has been found that coatings on stiffeners tend to be thinner on
edges of flanges than on their webs. Certain shapes, such as rolled sections and especidly
bulb flats, have advantages over fabricated sections when coating and corrosion are
considered. Therolled shapes tend to have rounded edges, whereas fabricated shapes have
cut edges which are sharper and reguire more attention with regard to striping and subsequent
coating gpplication and ingpection.

-14 -



2.2.2e

High qudity paint systems additionally require stripe coats with a brush on weld seams, drain
holes, plate edges and damaged primer. Parts difficult to reach with a brush are stripe coated
with a spray gun, where nothing ese will do [13].

Primers can be gpplied with airless or conventiona spray equipment. Most primers used in
ship congruction in Japan have drying times of 5 minutes (2 minutes to touch dry), while curing
time is 7 days [14]. The drying times for other primers used world-wide as reported by
manufacturers vary from 1 minute to 1.5 hours depending on the type and temperature.

Care should be taken to avoid increasing the thickness of coatings in an exaggerated way.
Excessve thickness can lead to dangerous consequences, such as solvent and thinner
retention, film cracks, gas pockets, etc. Wet coating thickness should be checked during

application.
Congtruction Inspections

Inspection of the ship during congtruction starts with the receipt ingpections performed at the
delivery of materids and equipment to the shipyard by vendors and subcontractors. With
regard to sed materias, the mgor concern hereisthe examination of physicd dimensions, any
gpparent deviations from the design specifications with regard to thickness, materia quality,
surface condition, etc.

The next stage of ingpections occur indde the various fabrication shops. Y ard supervisors and
Qudity Assurance (QA) ingpectors conduct their own ingpections to assure compliance of the
subassemblies with the design specifications and regulatory body requirements.

The congtruction stage inspections continue on the ways, in drydock, or on board ship when
afloat depending on the "Build Strategy” adopted by the specific shipyard and conclude with
afind inspection conducted jointly by class society and other regulatory agencies personnel
and includes ingpection of coatings in addition to those accomplished both during and after the
application of coatings.

2.2.3 During Operation

Regulatory agency rules are being revised to reflect the requirements of corrosion protection
and high performance anticorrosive coating capabilities, especidly epoxies. These include
mandatory stripe coating of frame welds in cargo spaces, coating of ballast spaces in new
ships, and enhanced surveys for vulnerable vesss, i.e, oil tankers, bulk carriers and
combination carriers wherein coatings are ingpected and evaluated [15,16]. These enhanced
urveys are required a five-year intervas, but intermediate surveys may be required if coatings
arerated "Poor." One study has shown that owners would be required to stop their ships 16

-15 -



times indead of the norma 7 times in years 5 through 20 of the ship's life if balagt tank
coatings are rated Poor in the enhanced surveys [13]

2.2.3a General Coating Problems

Protective coatings are perhaps the best way of preventing corroson. The most efficient way
to preserve the corrosion prevention system isto repair any defects, such as oot rugting, locd
breskdowns at edges or stiffeners, etc., found during the in-service ingpections. However, the
surveys conducted by shipowners have highlighted the fact that coatings have finite lives which
depend on a number of factors, including the quality of the coating itsdf, surface preparation,
quality of application and cargo/bdlast history [9].

Structurd details can cause coating breskdownsin avesse during operations. Reference [17]
presents the background of past mistakes that were made in thisregard. Structura failures
need not be catastrophic or even cause cracks to lead to coating failure. A structure that is
more flexible under load than the gpplied coating will be sufficient to cause compromise of the
coating and progressive corrosion if it is not repaired.

Severd of the operators attribute many fractures to metal fatigue. However, as one operator
astutdly noted, the word "fatigue’ doesn't identify the cause of aproblem, it Smply meansthat
a dructure has alower safety margin. Therefore, proper terminology should refer to cracks
due to lower safety factors rather than fatigue. The assessment of fatigue life is extremey

complicated and requires evauation of environmenta conditions combined with cargo and
ballagt loading and digtribution on the hull.

2.2.3b Damageto Ballast Tanks
Damage to coatingsin balast tanks due to operations can occur in severd ways.

*  Working of sructure in aseaway causng cracking and deterioration of coating, especidly
with lighter HTS structure.

*  Wear caused by crew members or other personnel moving within the tank.

*  Wear can be caused when tanks are mucked out (cleaned) of mud siIt and other debris.

e Abrason of sands contained in balast water possibly causing erosion of coatings by
congtantly doshing back and forth in bays between structurd membersin partidly filled

tanks.

»  Acceerated corrosion in the deckhead caused by increased oxygen availability near
hatches.
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Swegting and condensation caused by the heating and cooling of tanks.
Aggravated corrosion in tanks adjacent to tanks carrying high temperature cargoes.

Aitting on horizontal surfaceslow in the tank.

The following summarizes miscelaneous factors that should be consdered in corrasion control
as compiled from reviews of references[8], [9], [15] and [18].

On short ballasting cycles, anodes may not provide adequate protection as immersion
time is not adequate to polarize bare stedl aress.

Soshing of ballast can cause accelerated wear of the coating system.

Deflections of dtiffeners and plating, due to cyclic loading of balasting and debdlagting,
can cause coating cracks and corrosion at junctions of plating and stiffeners.

Corrosion can accelerate on the upper surfaces of horizontal members with inadequate
drainage.

Locd increase in fluid drainage velocity, especidly in the bottom of atank structure, can
cause premature coating failures at the edges of stiffeners and around access holes.

Welded seams tend to experience accel erated corrosion.

The corrosion of side structure in ballast tanks is influenced by waves bresking againgt
the side, and by fendering operations on overly flexible structure.

Fitting corrosion of the bottom of balast tanks, and horizonta girders may be severe
because of water and mud left in the tanks.

Extengve corroson of large bottom panels may result in excessive longitudina bending
Stresses causing the hull girder to collapse.

Magor problem areas on older ships are identified as highly stressed areas, permanent
ballagt tanks, bottom structure in cargo tanks, and ballast and void spaces adjacent to
heated cargo tanks.

Smdler individud tank szes reduce the amount of oil spilled should atank rupture to the
sea. They are not however, production nor coating friendly.

-17 -



2.2.3C

Locd corrosion and pitting do not generally represent a safety problem due to the robustness
and redundancy of the ship sructure. Locd corroson may initiate cracking and may, as pitting
corrosion, result in cargo mixing and pollution when cargo tank boundaries are breached.

The classfication societies have recently strengthened their requirements for visud and
thickness surveys by specifying that suspect areas, exhibiting substantial corrosion or known
to be prone to rapid wastage be scrutinized and that at least three cargo tanks be inspected,
with cargo tanks used for carrying ballast be subject to close-up survey asthe vessd ages.

Material and Coating Breakdown

High tengle srength sted is designed thinner than mild Sted for the same gpplication. Although
it was recognized that corrason rates would be smilar to mild sted, potentidly requiring earlier
renewa of theinitidly thinner materid, it was not fully gppreciated thet fatigue life was reduced
owing to the higher working stresses, especialy under dynamic loading from waves. Thus,
there has been an increased prevalence of fatigue cracks in vessals containing high tensle
drength sed, particularly a poorly designed or fabricated connections, sometimes
accentuated by local corrosion. These cracks compromise coatings and cause corrosion by
exposing uncoated sted to the dements.

One dlasdfication society has warned of the risks of structurd failure due to the effects of
corrosion in lighter weight, higher tensile strength stedls, and believes that the trend towards
increased numbers of segregated ballast tanks and the more extensive use of higher tensile
srength stedls will require a grester commitment to maintenance [19]. Tankers dso suffer
through the carriage of hot cargoes, abrasion of protective coatings and the repested flexure
of sructurd dements. This leads to diminution through corrason of the hull scantlings,
dthough the rates of corroson vary between horizonta and vertica surfaces and aso between
locations for smilar surfaces in the same tank.

2.2.3d Useof Inert Gases

Theintroduction of inert gas (IG) sysems at the beginning of the 1970s caused afundamentdl
changein corroson patterns and rates of the cargo area. Corrosion levelsin the cargo tanks
have been grestly reduced through the use of 1G, but ballast tanks have corrosion rates up to
about three times these rates [19]. The accelerated corrosion in the ballast tanksis probably
caused by sulfur compounds in the |G, generated from by-products of fuel oil combustion,
reacting with the ballast water to attack the sted.
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TYPICAL COATING SYSTEM FAILURES
Coating Systems and Failure Types

Maritime regulations did not aways require balast tanks to be coated. A series of bulk carier
failures in the early 1990s and the advent of double-hull tankers precipitated recent changes in
classification society requirements for the maintenance of coated spaces. While these are discussed
later in this report, the prospect today is that a vessel may be required to be available for more
frequent ingpections and maintenance because of failing coating sysems. Therefore, ship owners
are looking for long-life corrosion protection systems that will reduce maintenance to a minimum.
This means sdecting high performance coatings and preparing the surface to a high sandard, such
as abrasve blagting.

In addition, the life gpan of a coating system can often be extended by supplementing the coating
with a sacrificia anode system. Not only does this protect againgt genera corrosion 1oss once
coding falure begins, but it aso prevents the rapid penetration of pits occuring at localized coating
falures[7].

With double-hull Very Large Crude Carriers (VL CCs) having balast tank surface areas in excess
of 200,000 n, ship owners are recognizing that high-performance ballast tank corrosion preventive
systems are essentia at new building if costly future repairs are to be avoided.

Coating Materials

There is no shortage of corrosion treatment and prevention methods. Making the right coating
choice means making a redigtic assessment of the economic life expected from a ship and how
much money is available in the initid stages of a ship's life for corrasion inhibiting coatings.

Coatings range from rdatively inexpensve "soft" types thet require minima surface preparation and
last up to 3 years to sophisticated hard coatings, such as solvent-free epoxies that require extensve
preparation and last for 15 or more years. Hard coatings include paints, bitumastic, and cement
in contrast to soft coatings, which are lanaolin, oil-based and chemical reaction types.

Soft coatings are recommended by classification societies only as stop-gap measures to prevent
progressive corrosion before a satisfactory permanent coating can be applied. However, soft
coatings based on oils or waxes can fail prematurely when used with cathodic protection because
of saponification of the dilsin these coatings due to reactions with the akaine conditions created
by cathodic protection [8]. Surface tolerant coatings, which may be applied over tightly adherent
rust, are dso good for touching up faling coatings as part of a maintenance procedure.
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A hard coating applied in accordance with the manufacturer's recommendations can be expected
to prevent corroson for its advertised life. However the coating will fail in areas where it is
excessvely thick, which can cause fractures. Other places where hard coatings can fall are the
more difficult-to-reach areas for paint gpplication, such as siffener edges, passages, the underside
of balast pipes and scaffold supports where blistering, and occasionaly corrosion, has appeared
asareault of the paint being too thin (less than 200 microns) or non-existent.

Paints are comprised primarily of three components, a pigment, abinder, and asolvent. They are
named based on the type of binder used. Paints are divided into two basic categories, thermosets
and thermopladtics. After drying, the thermoset composition is radicaly different than that of the
wet paint. During the drying process, the paint undergoes achemica change and can no longer be
removed with a solvent. Wet and dry thermoplastics differ only in the lack of solvent in the dry
coding. Thermoplagtics may be removed by smply reintroducing a solvent into the dry binder and
pigment. The thermoset paints include:

* Airdryingresns

*  Oleoresnous varnishes

* Alkydresns

»  Epoxy edter resins (one-pack epoxy)

*  Urethane ail/Alkyd resins (one-pack polyurethane)
e Slicon dkyd resns

*  Styrenated and vinyl toluenated akyd resins

»  Epoxy resins (two-pack epoxy)

*  Polyurethane resins (two-pack polyurethane)

The thermoplagtics include:

e Chlorinated rubber resins
e Vinyl reans
e Bituminous binders

Since thermoplastics can be removed by solvents, their use in ballast tanks is somewhat limited
because of the potentid presence of hydrocarbon solvents. Due to the limited scope of this paper,
only the most commonly used paints suitable for ballast tanks will be discussed.

Anti-corrosive paints work on three basic principles, the first being the barrier effect. The barrier
effect smply involves covering the sted with a coating that is impervious to water. The oldest
binders employed for this purpose are bitumen and cod-tar pitch [20]. These have traditiondly
been used because they are inexpensive and readily available. Modified cod tar epoxy coatings
are perhgps the most common type of protection now being offered on new buildings world-wide.
These coatings provide protection for well over ten years service life when properly applied, but
are proneto locaized breakdown in way of sharp edges and surface defects [21]. Cod tar-based
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systems, while ill used in some parts of the world, are likely to decline in use as cod tar isa
known carcinogen and lighter colored systems provide better visibility during inspections.

The best choice for barrier protection is two-pack epoxy resin. Epoxy resin provides good
resistance to water and other chemicals and has outstanding adhesion to blast-clean sted. Epoxy
resn's maeria properties can be varied to suit the gpplication based on how it is mixed, athough
controlling this reaction to close tolerances is fill more an art than ascience. These new, lighter
colored systems are becoming more common because of better vishility and the fact thet the initia
goplication may be executed in contrasting colors which reduces the risk of holidays (pin holes) and
low film thickness[21]. Hake pigments may aso be introduced into the binder to decrease the film
thickness for the same level of protection (see Figure 3.1).

The falure of epoxy coatings usudly occurs gradudly over time. Under dress, the differencesin
cohesve srength and eongation can cause dligatoring and cracking. Ftting and grooving will
occur, sometimes a a very rapid rate, in way of pinholes or other falures in the coating. These
pitting failures occur particularly in cargo tanks on horizonta platforms, bottom plating and under
bellmouths. For this reason, it is recommended to fit alight sacrificia anode system (22 mA/n?
current dendity) in tanks with epoxy coating sysems. Epoxies do not cure well a low
temperatures. The curing agent can migrate to the surface and, under atmospheric condensation
conditions present during cold wegther, produce a greasy surface or, more commonly, blanching
of thefilm which can lead to cracking and crazing of the coating. Incompatibility can occur in pitch
€poxy coatings, cregting separation and layers with different physicd characteristics. Coating
conditions with two-pack epoxy coatings in an uncontrolled atmosphere can be improved. After
abrasve blast cleaning, application of two pack epoxy coatings must be completed before the
surface re-rusts and blooming indicates that "the blast has gone off". Re-rusting is caused by
aimospheric corroson, which is partialy due to high air humidity. Humidity in tanks after blasting
and during coating and curing should be kept at or below 50% relative humidity [22]. Despite the
problems, epoxy resin is ill the best dternative for corrosion prevention.

The second principle is the inhibitor effect. Primers gpplied to a surface sometimes contain a
corroson inhibiting pigment such as red lead, zinc chromate, zinc phosphate, or inorganic zinc (12).
The pigments are generadly water-soluble, so atop coat must o be gpplied to prolong the primer
life and gpplications involving prolonged immerson should be avoided. Red lead and zinc chromate
are no longer commonly used due to the hedlth risks associated with heavy metals. Zinc phosphate
performswell, especidly in highly acidic amospheres. It can dso be used with avariety of binders,
and takes colored pigments well [20].
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FIGURE 3.1 Coating Components
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The third principle is the sacrificid effect. Sacrificid coatings use a metd (usudly zinc) which is
anodic to gedl. In the presence of an eectrolyte, agavanic cdl is set up and the metdlic coating
corrodes ingtead of the metal. The concept of sacrificid coatings is Smilar in many ways to the
inhibitive coating principle. However, the reactions which take place are entirdy different. Inthe
case of zinc-rich coatings, the zinc acts as an anode to the steel and whenever thereisabreak in
the coating film, the steel subgirate tends to be protected. It has been observed many times that
where scratches or damage to an inorganic zinc coating occur, the zinc reaction products proceed
tofill in the scratch or minor damage and sedl it againgt further amospheric action. However, the
surface of the sted must be deaner when using 1Z than with other pigments because there must be
good contact between the paint and the plate for gavanic action to occur. Consequently, the
surface preparation costs are higher.

Inorganic zinc primers and epoxy or cod tar epoxy topcoats are favored, with the top coat
thickness of between 250 and 300 microns (10 to 12 mils) applied by airless spray techniques.

Inorganic zinc is affected by the sulfur compoundsin inert gas and hence is s8ldom used for cargo
sarvicein tankers. In addition, it is not recommended that 1Z be used for partid coating systems
because the zinc in the coating will act as an anode and will be rapidly consumed by the
unprotected sted. However, the main advantage of 1Z isthat it acts as an anode to protect any
pinhole fallures in a complete, origind coating. Thus, the coating will hold up very well over a
number of years. The main disadvantage is that the zinc is gradudly consumed and when failure
occurs, it isvery rgpid. Because of these reasons, epoxy is the preferred choice for cargo tanks
and partid coating systems. For the recoating of ballast tanks, epoxy is dso the preferred choice
samply because it is difficult to achieve the required surface preparaion for 1Z on corroded sted [9).

The choice of coating requires careful congderation. In the smplest case for balast tanks, pure or
modified epoxies are generdly applied. Resins are added under some conditions to improve anti-

corrosve properties. The expected life of epoxy is thought by some to be greater than 1Z, but

evidence to date is not very conclusive [9]. One source states that coa tar epoxies used in ballast
tanks seem to have amean life of gpproximately 10 years with arange from 7 to 15 years or more
[8]. Thelarge soread in coating life data is essentidly due to differences in primer and coating
types, initid workmanship regarding stedl structure, paint application, and later maintenance and

touch up of the coating [18]. In addition, light colored coatings are more conducive to satisfactory
performance as the initia gpplication may be executed in contrasting colors, reducing the risk of
holidays and low film thickness. Light colored, hard coatings containing little or no solvent are likey
to become the standard in the future [21].

Bdlast tank coatings should have a reasonable resistance to oil contamination, present minimal
toxicity hazard, and have a high solvent flash point to reduce fire hazards during application, with
the ided coating being solvent-free. The coating should aso offer low flame spread. A high
temperature resistance of up to about 120°C (250°F) isimportant for ballagt tank coaings A high
temperature resstance is particularly important on bulkheads in tankers carrying hot cargoes, and
on deck plating in the upper wing tanks of bulk carriers[7,21].
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The Internationd Association of Classfication Societies (IACS) Unified Requirement UR Z9 for
cargo hold spaces stipulates "epoxy or equivalent” for use as a protective coating on al surfaces
of sde shdll and transverse bulkhead structures, including associated diffening. In fact, for aship
under congtruction, the common interpretation of UR Z8 (concerning water balast tanks) is to
require a hard coating that has demongtrated its effectiveness and its ability to ensure auseful life
of a least ten years. In wet tanks, the coating may be combined with cathodic protection, which
is then regarded as additiona protection. Such protection must be designed not to damage the
codting, i.e., the coating and cathodic systems must be compatible [23].

If the required conditions for the gpplication of the origina coating are not achievable for arepair
coating, a coating more tolerant of alower quaity of surface treetment, humidity and temperature
conditions may be consdered, provided that it is applied and maintained in accordance with the
manufacturer's specifications.

Demands to reduce surface preparation costs and advancesin coatings technology have led to the
introduction of epoxy-based anticorrosive products capable of meeting the substrate/surface
tolerance and performance demands for different areas of the vessdl. Higtorically, epoxies were
essentialy used where weter, chemical and abrasion resistance were required.

The new products greatly improve in-service periods over conventional surface tolerant products,
consequently their useis expanding rapidly. Furthermore, controlled development of the surface
tolerant characteristics in other generic types, eg. surface tolerant recoatable polyurethanes (highly
aesthetic, durable finishes for topsides, superstructures and decks) has demonstrated that the
capability exists to focus on different aress of the vessel and engineer the required festures for
extended performance [15].

In the end, coating sedlection is frequently based on  satisfactory experience with a known
goplication and operationd use. Independent of the coating, it is imperative that the coating
manufacturer's recommendations regarding surface preparation, application and curing be followed
to insure coating longevity. In this respect, it is very important to review coating application
procedures and recommendations with regard to good practice to ensure that, as a minimum, the
dructure is ready for the coating.

Surface Preparation
Surface preparation is an integral part of any new construction or drydocking. Poorly prepared
surfaces can result in poor corrosion protection leading to problems ranging from a speed penaty

on the order of aknot or more to an eventud catastrophic structura failure.

Shipyards may employ various methods of surface preparation. The more common methods are:
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e Solvent cdeaning
* Handtool cleaning
*  Power tool cleaning
- Rotary wire brushing
- Mechanicd descding
- Rotary power disking
* Abrasveblast cleaning
*  Hydroblasting

Solvent cleaning often involves the use of strong and potentialy dangerous chemicas. Care must
be taken when handling these chemicas aswedll asin the disposal of and removd of any residue left
on the materid surface. This processis most effective when thermoplastic coatings are involved.
Thisis very often an early sep in the cleaning process.

Hand tool cleaning and power tool cleaning are both labor and timeintensive. They can, however,
be effective and economicd if the areais sufficiently smdl as not to warrant assembly, dean-up and
disassembly of another type of system, such as abrasive blast cleaning. Varioustools are available
for different types of surfaces with varying degrees of corroson.

The most commonly used large scde surface preparation method is abrasive blast cleaning.
Although it isthe most effective, it requires protection of personnd and equipment and is subject
to much environmentd legidation. The surface profile left by this processis rough and well suited
for good adhesion by most coatings [20].

There are three primary organizations involved in writing the standards for surface preparetion, the
Stedd Structures Painting Council (SSPC), the Nationa Association of Corroson Engineers
(NACE), and the Swedish Standards Ingtitute (SSI). The four standards for blasted surfaces as
written by the three organizations are:

 SSPCSP-5,SS Sa3, NACE No. 1 - White Metal Blast Clean Surface Finish. Thisblast
gandard is defined as a surface with a gray-white, uniform metalic color, dightly roughened
to form a suitable surface for coatings. This surface shdl be free of dl ail, grease, dirt, visble
mill scae, rust, corrosion products, oxides, paint or any other foreign matter. This surface shdl
have a color characterigtic of the abrasive media used.

* SSPC SP-10, SSI Sa 2.5, NACE No. 2 - Near White Blast Clean Surface Finish. This
finish surface is defined as one from which dl ail, grease, dirt, visble mill scae, rust, corrosion
products, oxides, paint or any other foreign matter have been removed except for very light
shadows, very light stresks or dight discolorations. At least 95% of a surface shal have the
gppearance of a surface blast cleaned to awhite meta surface finish, and the remainder shdll
be limited to the light discoloration mentioned above.
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* SSPC SP-6, SSI Sa2, NACE No. 3 - Commercid Blast Clean Surface Finish. Thisfinish
surface is defined as one from which dl ail, gresse, dirt, rust scale and foregn matter have
been completely removed from the surface, and dl rust, mill scae, and old paint, completely
removed except for dight shadows, stresks or discolorations. If the surface is pitted, dight
residues of rugt or paint may be found at the bottom of pits. At least two-thirds of the surface
aeashd| befree of dl visble resdues and the remainder shdl be limited to light discoloration,
dight gaining or light residues mentioned above.

» SSPCSP-7,SSl Sal, NACE No. 4 - Brush Off Blast Clean Surface. Thisfinish surface
IS defined as one from which al oil, grease, dirt, rust scale, loose mill scale, loose rugt, and
loose paint or coatings are removed completely, but tight mill scale and tightly adhered rust,
paint and coatings are permitted to remain, provided they have been exposed to the abrasive
blast pattern sufficiently to expase numerous flecks of the underlying meta fairly uniformly
distributed over the entire surface.

Soft coatings require a minimum of commercid blast deaned surface finish. Very often however,
Soft coatings are used on surfaces with a higher level of preparation as an interim coating until a
more suitable coating can be gpplied. Abrasive blasted near-white metdl (SSPC SP-10 or SSI Sa
2.5) deanliness sandards are amost exclusively specified for hard coating applications. Cleaner
than necessary surfaces are dways desirable from an adhesion standpoint, but not dways from an
economic sandpoint. In addition to the paint not sticking to a poorly deaned surface, thereisarisk
of the surface continuing to corrode even after a coating has been gpplied when the chloride ions
in seawater pass through the coating and destabilize the oxide layer, setting up corrosion cdlsand
causing blisters[24].

The newest method of surface preparation to be widdy utilized is hydroblagting. 1t isvery popular
with European shipyards and its popularity is deadily incressng with American yards.
Hydroblasting involves the use of water at pressures up to 2,800 bar/ 40,000 psi). Hydroblasting
avoids the air quality problems associated with dorasive blast cleaning. It dso removes water
soluble sdlts that dorasive blasting may leave behind, especidly in heavily pitted areas. Unlike
abrasve blagt cleaning, the prafile left is the same as the underlying meta which may be too smoath.

Hydroblagting is often used in conjunction with abrasive blast cleaning as a secondary surface
preparation to remove resdua contaminants.

A hybrid of hydroblasting and abrasive blast cleaning, known as durry blagting, has dso been
developed. Asdefined by SSPC/NACE, durry blasting is aform of ar/abrasive blagting wherein
water isinjected into the air/abrasive stream at some point upstream from the blast nozzle. Water
and abragves are mixed with water in a pressure vessdl, with the typical mixture being 80 percent
abrasve and 20 percent water. Water pressure forces the mixture from the pressure vessd to the
compressor-generated airstream, whereiit is accelerated toward the blasting nozzle. Advantages
of thiswet abrasive blasting process are:

*  Reduction of dust emisson by 95 percent in comparison with conventiona blasting
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*  Low water usage in comparison with hydroblasting, with consequent lower disposal costs

*  Decreasein aoragve consumption and disposa costs by 50 percent due to increased dorasive
velocity resulting from reduced friction

* Removad rates equa to or better than that of dry blasting systems

The desired surface profile is attained while the used durry may be drained from the drydock,
separated and eadily disposed of or reused [25].

Coating Application
While coating areas and preparation have been discussed above, together with possible coating

options, the actua application of the coating system s critical to corroson control.  Normal
methods of gpplication are:

* Brush

*  Rdle

»  Conventiond spray
o Airlessspray

However, from the standpoint of successful coating gpplication, planning is one of the most
important factors.

The end product of the coating process is not robust and can be damaged by subsequent shipyard
operations. Painting has traditionaly been viewed as an inconvenience since when coating work
of any typeisin progress, other activities on that block or zone of the ship must cease for hedth and
safety reasons as well asfor the practica necessity of waiting for the paint to dry and be ingpected
[26].

Types of Coating Failure

All coating sysems will eventudly fall with time. However, premature failures from ather poor
goplication or norma ships service will increase maintenance costs and out-of-service time. While
some failures are due solely to ship operations, many failures result from poor surface preparation
and poor application procedures. For purposes of this study, falures are consdered as
application-caused or service-caused. Only those gpplication-caused failures that result in bresk-
down of the coating and increased corrosion will be discussed.

3.1.4a Coating Application Failures
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e Sags or runs are caused by excess flow of paint and can result from holding the spray
gun too close to the surface, paint that istoo thin or asurface that is too smooth for the
coating to adhere properly. The thick coating is subject to cracking.

e Orange ped is an uneven surface resembling the skin of an orange and caused by the
coating being too thick or not fully atomized by the soray gun. The rough surface traps
moisture, sdlt, St and other agents that lead to early coating failure.

Overspray isafla, pebbly surface caused by the solvent drying too quickly or the gun
being held too far from the surface. The failure modeis smilar to that of orange ped.

*  Cobwebbing consigts of thick, stringy, spiderweb-like paint particles caused by the
solvent drying too fast. Cobwebbing leaves areas where moisture and sdt can be
trapped as in orange ped.

* Cratering is smdl indentations in the surface caused by ar trgpped during spraying.
Indentations trap moisture and sdlt, and trgpped air can cause blisters.

* Fish eyes are the separation or pulling gpart of the coating, exposing the underlying
surface. Fish eyes are caused by poor surface preparation resulting in gpplication over
ail, dirt or an incompatible coating.

*  Wrinkling is rough, crinkled surface skinning caused by gpplication over an uncured
undercoat or when ambient temperature istoo high. The uneven surface traps moisture
and st

»  Blistering isbroken or unbroken bubbles in the surface caused by solvent entrapment
or an oil-, moisture- or sdt-contaminated surface. Blisters become corrosion Sites.

*  Pinhadling istiny, degp holesin the coating, exposing the substrate. Pinholing is caused
by improper soray atomization or settled pigment.

*  Peding or delamination may have any number of causes, dl of which rdate to surface
preparation: chaky or too smooth undercoat, application over galvanized surface,
gpplication over dirty or damp surface.

* Irregular surface deterioration is deterioration of the coating a edges, corners,
crevices and other hard to coat aress. These irregular surfaces trap moisture and other
contaminants.

3.1.4b Coating Service Failures
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Abrasion is mechanica wear of the coating from sand, mud, crew traffic, fendering or
Impact damages.

Fouling is penetration or peding of the coating by marine organisms such as barnacles.
Undercutting is the blistering or pedling of the coating caused by corroson of an
adjacent exposed surface or edge which undermines and lifts the intact coating.

Pinpoint rugting is corrason caused by aroughened surface whose prafile is higher than
the thickness of the coating. It isaso caused by pinholing in the gpplication.

Fading isacolor change or irregularity resulting from ultraviolet degradation or moisture
behind the coating.

Checking is short, narrow breaks in the coating that expose the undercoat and result
from limited paint flexibility. Checking results from a coating thet istoo thick or applied
at too high atemperature and is caused by sresses in the structure combined with the
limited flexibility of the coating.

Cracking is degp cracks in the coating that expose the substrate. Cracking can be
caused by coating shrinkage, limited flexibility of the coating or too thick a codting, asin
checking.

Mud cracking is deep, irregular cracks in the coating caused by an inflexible coating
gpplied too thickly. As in checking, mud cracking can be caused by stresses in the
structure.

Pedling of thick inflexible paints or multiple multiple coats results when stress from the
Structure or westhering exceed the adhesion strength of the paint [27].

3.1.5 Coating Inspection

In accordance with |ACS requirements, the classification societies have established standards for
the ingpection and grading of coatingsin tankers and bulk carriers.

The condition of coatings will be graded as[16]:

GOOD  Condition with only minor spot rusting.
FAIR  Condition with loca breskdown at edges of stiffeners and weld connectionsand/or

light rusting over 20% or more of areas under consideration but less than as defined
for 'poor' condition.

POOR Condition with genera breakdown of coating over 20% or more of areas of hard

scale at 10% or more of areas under consideration.
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Where the coating is found to be in GOOD condition, the extent and frequency of sted thickness
measurament may be reduced. For water balast tanks, where the coating is found to be in POOR
condition, or where there is no coating, the tanks in question may be examined during each annud
survey. Thusitisin the owner's best interest to maintain coatings S0 as to decrease out-of-service
time for ingpections and surveys.

L ocations and Details Experiencing Failure

The spacesin single hull tankers which are prone to corroson and fatigue cracking are summarized
in Table 3.1. Figure 3.2 shows the locations where fractures may occur in atypica bulk carrier.

For double hull tankers, in addition to the Sngle hull tank areas, the knuckle connections of doped
hopper plating to inner bottom plating are dso prone to corrasion. Table 3.2 isacompilation which
presents the relative corrosion risk levels for various tanker spaces and coating systems.

Ship'sTanks

Stringersin the wing tanks of the first generation of double-hulled tankers creste a " grillage” in which
the sde shell and inboard longitudind bulkhead respond to forces as a sngle unit, thereby
experiencing less flexure. Fexure has been thought to cause microscopic cracks in the epoxy
coatings that normaly protect the structural sted. These cracks lead, of course, to coating
breakdown and eventua corrosion of the stedl [28].

Bdlast tanks typicaly have complex structures, are not easly accessed, are "non-earners,” and
have been neglected in the past. Excessive corrosion of ballast gpaces has been identified as a
sgnificant contributing factor to theloss of structurd strength. Consequently, ABS has required the
coating of al sted work snce January 1993. The coating of ballast tanks with corroson resstant
hard type coating such as epoxy or zinc has been a condition of class since 1994 [16].

The firgt task in improving corrosion control isto investigate typica coating failure and corrosion
problems that can be attributed to the structure. The following paragraphs provide examples of
typica corroson problems both from a structura and operationd viewpoint.

Bdlast tanks frequently experience corroson dong the upper longitudind diffeners, with rdatively
poorer access to these stiffeners during original coating and subsequent repair procedures cited as
areason for these problems. In addition, air pockets in these bays would prevent the zinc anodes
from performing effectively [§].

Paint loss and corrosion near the very tops of tanks are frequently caused by the following:

» Theuseof inert gas sysemsin this areg, and the presence of moisture and/or sulfur compounds
generated by these systems causing contamination.
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Condensation of moisture especidly dong flat surfaces and edges.
Difficult access to these areas, thus preventing efficient ingpection and maintenance.

Air pockets a the tops of tanks, caused by insufficient cutouts or failure to press-up the tarks,
rendering cathodic protection systems ineffective.
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TABLE 3.1 TYPICAL CORROSION AND FATIGUE DEFECTSIN TANKERS[29]

[tem Corrosion Cracks
Longitudina -Upper deck plating - At discontinuities
Materia - Upper deck longitudinals - At openings, notches
- Welds between structural elements, - At connections with
deck longitudinals to deck plating transverse elements
in particular

- Scallops and openings for drainage

- Webs of longitudinals on long. bulkhead,
longitudinals, high rates and localized
corrosion (grooving)

- Flanges of bottom longitudinals (pitting)

- Bottom plating, pitting erosion near
suctions

- Longitudinal bulkhead plating

Transverse - Upper part, connection to deck - Connection with
Web Frames - Just below top coating longitudina elements
- Flanges of bottom transverses - Scallops in connection
- Crossties with longitudinas
- Bracket toes

- Holes and openings
- Crossing face flats

Transverse - Upper part, connection to deck - Connection with
Bulkheads - Stringer webs longitudina elements
- Close to opening in stringers - Connection between
- High stress locations, i.e. around girder systems
bracket toes etc. - Bracket toes
Swash Bulkheads - Upper part, connection to deck - Connection with
- String webs longitudina eements
- Close to openings in bulkhead plating - Connection between
- High stress locations, i.e. around girder systems
bracket toes - Bracket toes
- At openingsin
bulkhead plating
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FIGURE 3.2 Typica Fracturing at the Connection
of a Transverse Bulkhead Structure [30]
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TABLE 3.2RISK OF CORROSION AND PITTING IN TANKER SPACES [29]

Type of Tank Fully Protection New Upper  Anodes None
Coated Upper Part + Lower
Coated Part
Segregated Ballast L H+ H+ M-H DH++
Cargo/Clean Ballast Lp H Mp 2)H+
(Arrival Balast)
Cargo/Dirty Balast Lp M Hp M-L M-H
(Departure Balast)
Cargo/Heavy Ballast (L) L L X L-M
Cargo Only X L- L- X L

H =High Risk H+ =Higher Risk p = Risk of PFitting
M =Medium  L- = Lower Risk () = Negligible
L =Low Risk X =Not Considered

Notes:

1) Especialy exposed items:

- Horizontal stringers

Longitudinals on longitudina bulkhead
- Longitudina bulkhead plating
- Web frames upper part and close to longitudina bulkheads
- Crossties
- Transverse bulkhead plating, upper part

2) Exposed to pitting:
- Horizontal surface of stringers
- Bottom plating
- Bottom longitudinal face plates/flanges
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3.2.2

323

Experience has indicated that the breskdown of balast tank coatings will probably lead to an
increased risk of gructurd fallure through corroson. The main area of concern is the midship
bdlast spaces, where corrasion could rapidly diminish the hull girder strength below an acceptable
level. Tolerance values againg operationd mishaps, or less than idedl maintenance, are therefore
very much reduced. Corrosion rates in ballast spaces when the protective coatings have broken
down are known to be very high, particularly when associated with repeated heavy wegther
operating conditions.

Accumulaion of mud and residues, aswell as water poals, reduces the lifetime of a coating system
that is compromised due to holidays in coating coverage, cracked coating or any other condition
causing a breached coating system. Water pools increase the wet period of the coating, and
contamination crestes corroson cealls, increasing therisk of pitting corrosion.

To limit mud accumulaion in balast tanks and minimize the microbiological influenced corroson
(MIC) under mud deposits during operation, a polymeric dispersant can be injected into the
discharge Sde of the balast pump during balast loading.

Primary Strength Members

Corrason of primary strength members such as upper deck, bottom, inner bottom, and longituding
bulkhead plating, and their atached longitudinas will cause reductions in the hull girder section
modulus and islimited by classfication society rules. Coating breskdowns, which expose the stedl
to oxygen and dectrolyte in the tank thereby causing corroson and eventually leading to damage
to or falure of the primary strength members, frequently occur not on the members themsdves but
on gructura details attached to them. This can be true even if the origind design is good and the
qudity and application of the coating is acceptable. Damage to the strength members can teke
place as aresult of direct physical impact from an outside source such as gtriking by an object,
trapping of water on horizontal surfaces, imperfections caused by weld repairs, and the condition
of the underside of the deck.

Structural Details

Aress of gtress concentration are usually the firgt areas to experience coating failure. This coating
falure, in the form of cracked coatings, exposes the sted to the onset of corroson and possible
dress corroson cracking as the ship works, exposing additional new sted in the cracks to
corrosion. This localized coating breskdown at structurd details in way of stress concentration
areas can result in severely acod erated corrosion rates associated with enhanced crack propagation
rates. These areas are potentially more difficult to coat, due to their complex geometry, and are
therefore prone to corrosion due to uncoated or poorly coated surfaces. Fatigue cracking is
prevaent in these areas. If the cracks are not discovered and the condition not rectified by
redesign, accelerated corrosion and/or structurd failure can result.
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Impact of Joining Techniques

Codting loss a welds, caused by poor initia application and/or the working of the structure, causes
the welds to corrode.  This Stuation is frequently exacerbated by mud deposits which further
promote corrosion of the exposed metal. Thin coatings on edges and poor access for coating
goplication are frequently cited as causes of coating fallure. Touch-up of coatingsin difficult aress
isfrequently not done as part of routine maintenance. Survey dataiindicates that ballast tank areas
experience severe paint degradation and significant corrosion around fillet welds where horizontal
diffeners are attached to inboard, outboard and athwartships bulkheads. Damage tends to be high
up in the tanks where access, ingpection and the washing of mud deposits from the top surfaces
of the diffenersare difficult. Large accumulations of st (mud) on the horizonta top surfaces of
diffeners tend to coincide with paint loss and corrosion in areas where coatings are compromised.
Paint loss and corrosion are dso seen on rough welds and edges of stiffeners where proper surface
preparation and adequate coating thickness tends to be difficult to achieve.

Many structurd failures can be attributed to ether poor welding in and of itsef, e.g., undercut
welds, lack of penetration, welds made usng wrong amperage, €tc., or to poor design which did
not provide sufficient room for the welder to perform a good weld. There are other ingtances
where an improper root gap, component misalignment and/or poor edge preparation, such as a
jagged edge caused by flame trimming before welding, caused problems. In other cases, brackets
and other components were ether not ingtalled or not completely welded [17].

The above weld deficiencies are dso potentid areas of poor coating qudity. Therefore the design
should take into account not only the possible causes of poor workmanship in congtruction, but aso
the ease and quality of coating gpplication and subsequent quality inspections. Accessto a space
for coating should aso be considered when planning the sted work assembly sequence, so thet the
ged and outfit work sequence can be optimized and damage to the coatings minimized.

Intermittent welding, where the largest discontinuous fillet welds that can be deposited inasingle
pass are used in lieu of amdl continuous fillets, is used for savings in welding time and labor.
However, intermittent welds leave crevices between welds and rough surfaces at the weld ends that
are difficult to coat. Poor coating adhesion leadsto coating failure and creates pointsfor corrosion
to begin. Continuous welds do not have these crevices and rough surfaces and are less likely to
propogate corrosion.
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40 METHODSTO IMPROVE COATING LIFE

4.1  Design Philosophy
In the preceding sections, the effect of coating loss and subsequent corrosion on the strength of the
vesd, and the areas of concern in both structure and operation, have been explored. Many of the
concerns for coating compromises cited therein can be dleviated during design, which will be
explored in this section.
Corrosion control by design can be achieved by giving due consderation to the following factors:

* Arrangement and access for ease of coating application and inspection and to avoid confined
or inaccessible spaces.

e Sdection of sted thickness and type, e.g., mild sted or high strength sted!.
e Minimization of horizonta structures which can trap water.
*  Minimization of deformations on horizontal surfaces

e Minimization of high flexure structurd components which promote coating breakdown and
accelerate corrosion of unprotected surfaces.

*  Provison of sufficient drain cut-outs and doping structures to facilitate drainage and prevent
accumulation of sediment.

»  Provison of contoured metd surfaces (plate edges) and minimized shadow areas to facilitate
gpplication of coatings.

*  Prevention of moisture entrapment at intersections of structural members [31].

Decisons affecting corroson control will be mede a every leve of desgn. In Preiminary Design,
the vessd arrangements and framing system will be sdected and accessibility must be considered.
In Contract Design, the sructure will be developed further and maor decisons regarding
scantlings, typica details and coatings must be made. In Detall Design, the shipyard must interpret
the contract documentsin developing structurd details, particularly & the ends of the vessd. The
underlying design philosophy of corrasion control through improved coating life must be carried
through the entire ship design and acquisition cycle, usudly through the diligence of the owner.

4.1.1 General Arrangement and Accessto Spaces
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Early in the design process, the generd arrangement of the vessd and its Sructurd arrangement are
decided upon. The need for easy access to dl spaces must be considered at this stage with regard
to the arrangement of spaces and the distribution of structure. In atanker or a bulk carrier, the
decison must be made as to the choice of conventiond or unidirectiona framing. If conventiona
framing is selected, degper members and more flats may be required to place dl structure within
arm's reech for ingpection without climbing to unssfe heights.

The ingpection route through the vessal must be consdered in locating manholes and other access
openings. Manholes and ladders should be placed at each end of a space so that the inspector
does not have to go back over a gpace to get to the next level. Access openings in double-bottom
floors and girders should provide an efficient route through the space with dead-end bays reduced
to the absolute minimum or eiminated entirely. The provison of adequately szed manholes and
accesses may require the structure to be deeper than needed to satisfy strength and regulatory
requirements.

The depth of the doublebottom and the inner hull spacing in a double hull tank may have to be
increased beyond regulatory minima and the volume required for balast to provide efficient access.

The 2 m (6.6 ft) nomind required depth of the doublebottom is not sufficient for ingpection in
conventiondly framed vessd in that the ingpector is dways stepping over and ducking under
longitudinas. A depth of 3 m (9.8 ft) appears about optimum, asit provides sufficient clearance
yet does not require staging to reach the overhead. Similarly, the 2 m (6.6 ft) depth of the wing
walls may not be sufficient to alow adegquate manholes to be cut in the structure.

Manholes must be of sufficient Sze to dlow personne to pass with tools, bresthing apparatus and
protective clothing. ABS Rules[16] specify a minimum clear opening of 600 mm x 600 mm (24
inx 24 in) for horizontal openings, but one source [32] recommends a larger opening of 760 mm
(30in) in one direction to alow for back-mounted air packs and the removal of injured personnel
on a dretcher. This same source recommends that manholes at one end of a space be adigned
verticdly to dlow lifting the stretcher, while the holes at the other end can be staggered to limit the
distance personnd can fall.

Vertical manholes are required by ABS Rulesto be 600 mm (24 in) wide by 800 mm (32in) high
and not more than 600 mm (24 in) above the deck or bottom. Reference [32] recommends a
manhole height of 900 mm (36 in), again basad on tests with personnd passing through with an air
pack. Moreover, providing adequate manholes diminates bending and crawling, greatly reducing

ingpector fatigue.

Confined and difficult-to-access spaces are usudly located near the ends of the vessd and
frequently do not become apparent until the contract or detail design phases. Moving a boundary
upward or towards midship will often aleviate some problems for the space, but may have other
impacts. Diligence in plan approva may be the owner's only defense againg the creation of
confined and difficult to access spaces during detail design and construction.
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4.1.2 Optimization of Structural Design

A questionnaire on the design of vessels and corrosion by the Tanker Structure Co-Operative
Forum (TSCF) asked “ Can structurd design of ships be modified to reduce the effects of corroson
a abeneficid economic ratio? Please suggest modifications’ [33]. Six of nine members responded
affirmatively and offered modifications and areas of atention relaive to ship structural design as
follows

* Increase scantlingsin generd to effect an increase in corrosion adlowance.
* Improved drainage of bottom waters.
*  Modify scantlingsto effect a differ sructure, which is thought to leed to lower corrosion rates.

As stated in [21] “Effective corrosion control in segregated water ballast spaces, such as those
envisaged in double hull designs, is probably the sngle most important festure, next to the integrity
of theinitid design, in determining the ship's effective lifespan and sructurd rdigbility.” It isfurther
dtated that “Inadequate corrosion protection of the internal structure in these spaces at the new
building stage could lead to sgnificant problems for the shipowner in trying to maintain a ship's
gructurd integrity when in service, and thus keep to the principa objective of avoiding oil
pollution.” The various ways that corrosion affects the integrity of ship structuresis described in
the paragraphs that follow.

4.1.2a Longitudinal Strength

Loss of thickness due to corrosion of the upper deck or bottom structure will cause a
proportiona reduction in hull girder section modulus. According to IACS Unified
Requirements (UR) S7 and S11 [34], the midship section modulus of a ship in service is
dlowed areduction of not more than 10% of the origind minimum section modulus for anew
ship. Severe corroson of the bottom or deck can easily cause this alowance to be exceeded,
requiring extensve sed renewals.

4.1.2b Buckling and Local Strength

Overdl diminution in thickness due to genera corrosion reduces the buckling resstance of
plate pands and diffeners. The ided Euler buckling stress varies with the square of the
thickness to breadth ratio of a plate panel, o that a 10% reduction in thickness resultsin a
19% reduction in Euler criticd buckling stress. Normad buckling criteria, set by the
classification societies, is based on the dtiffener spacing of the panel divided by the remaining
plate thickness (s't). If thisvaue is more than the dlowable criterion, the plate will mogt likely
have to be replaced.
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4.1.2c

Locd loss of plate thickness from generd corrosion will only be alowed to a certain
predefined vaue determined by the classification societies, generally not exceeding 20% for
grength members. Beyond thisloss of thickness, the plate will probably need to be replaced.

For thick plates, whose corroded s/t value for buckling may ill be within the acceptable
range, heavy thickness loss may nevertheless require the plate to be renewed.

Flexibility of Bulkhead Panels

Corrosion rates may be acce erated when inadequate pand stiffness leads to excessive flexure
due to cyclic pressure or vibration. The welds attaching horizontal members to oil cargo or
water balast tank bulkheads can experience severe loca grooving corrosion when subjected
to flexurd dtrains. Thisis aresult of corroson loss of the bulkhead pand around the hegt
affected zone of the welds which then weekens the pand, causing deflection of the plate panel
between dtiffeners under cyclic pressure loading due to cargo inertia. Under the action of
cyclic pressure, early coating breskdown may occur, and rust and scade may become
periodically detached from the corroded area of the structure, thus exposing fresh metd to the
corrosive environment and promoting the corrosion process. Wasted tank or other structures,
which may have ther naturd frequencies reduced to sympathetic vibration levels, could
experience cydlic stresses in the welds smilar to those referred to above, thus causing smilar
conditions of corrosion [31].

4.1.2d Thickness Consderations

Even after steps have been taken to optimize it, the structure will till be subject to corrosion.
Another consderation then, for structures known to be subject to heavy corrosion, isthe use
of increased scantlings. While this may seem obvious, the trend has been toward lighter
scantlings owing to improved andytica techniques for caculating design stresses and the desire
to reduce construction costs.

Classfication society rules on scantling reduction have been modified from their previous
stance and have had the net effect of increasing sted thicknessesin ballast tanks as compared
with previous requirements.

It is recommended today to design scantlings with a corroson alowance between 1.5 and 3.0
mm (0.06 to 0.12 in), taking into account the alowable sted mill plate thickness tolerances.

Improvements in the ability of millsto control plate thicknesses and the negative sde of the
ged ralling tolerances previoudy used in shipbuilding could sgnificantly cut into the corrosion
dlowance by having al plates ingdled on the low side of therolling tolerance. However, in
recent years the rolling tolerances have been sgnificantly tightened by actionsof IACS, dl but
eliminating this problem [35].
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4.1.2e

If found to be economicaly viable in specific Stuations, heavier scantlings than required for
srength considerations could be used in areas which are difficult to protect or which have
higtoricaly been prone to corrosion.

One study concluded "...on the basis of two vessds studied and the assumptions made, the use
of reduced stedl scantlings does not offer any significant economic advantage to avessd over
a20 year life. Full scantlingsin severd cases examined proved to have roughly equivalent or
lower life cycle cogts and provide vauable insurance againgt unexpected coating failure' [9].

In a least one recent design [36], the concept of "....identical scantlings for al blocks,
compensating for the additiona weight through greater strength and longer life of the additiond
ged" was consdered and found to have merit. The design innovation of the unidirectiond type
IS described as follows:

"It was decided to use only two principa blocks, the A-block for bottom, Sdes and deck, and
the B-block for bilge and gunwae areas. The uniformity of the hull design increased the
srength, and the unobstructed spacing between the outer and inner hull plating improved
access for ingpection, deaning and maintenance work. The design will aso facilitate venting
or inerting the balast tanks, alikely future requirement. The design of the double deck makes
it possibleto ingdl dl piping, wireways and controls below deck, a feature that will diminate
one of the most costly eements of tanker maintenance.”

M aterial Considerations

Ships usng higher tensle strength steds for primary structures are normally more susceptible
to corrosion in terms of drength and fatigue cracking. The reduction in scantlings, when
compared to mild sted dructures, incurs higher stress levels and a reduction of the inertia
properties of structural members, thereby providing smaller margins againgt corrosion and a
more flexible structure, which in certain cases can promote the corrosion process [31].

It can be shown that corroson dso affects the fatigue endurance limit, and that the fatigue limit
can be dradtically reduced or even eliminated by corrosion. Corrosion pits and grooves may
act as dress raisers and thus contribute to crack initiation at an early stage in the life of a
dructure, and at lower nomind sressesthaninair. For ordinary welded joints, thismechanism
IS probably less important because weld defects may be more critica than corrosion defects.

Where weld improvement techniques have been used, corrosion defects on the materid's
surface become more important.

With current stledd manufacturing processes, there is an inherent possibility thet yield strengths
of seds are significantly higher than the specified value, eg. for nomina 355 N/mn? (51.5 ksi)
yidd strength sted, ayield strength of 475 N/mm* (68.9 ksi) has been recorded. Therefore,
due congderation should aso be given to the materid sdected when consdering corroson and
fetigue durability.
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4.1.2f

Detail Design for Corrosion Control

While the provision of additiond thickness will reduce stresses and cracking of coatings at
details, the following measures can be taken to dleviate coating cracking due to excessively
flexible details [17]:

«  Minimization of stress concentration at sructurd detail discontinuities, or notches, in order
to limit coating breskdown.

*  Provison of gopropriate welding sequences to minimize welding resdua stress which
may cause overflexing and coating cracking upon stress reversals.

*  Application of permissible congruction tolerances to minimize stress concentrations (weld
shape, undercut, misdignment, fit up, etc.).

e Hexible codings
*  Not exceeding maximum coating film thickness

Thefirg three measures above aso accomplish fatigue control by design, which hasfar greater
vaue than merdly preventing coating cracks.

Structura design should be optimized to facilitate the drainage of water and the dispersal of
contaminants. Horizontal areas where moisture collects should be kept to a minimum,
especidly at the bottom plating of ballast aress.

To do this, it is necessary to provide for pogtive drainage from al horizontal plates and
diffeners. Air escape paths for al seawater balast tanks should be provided to prevent the
formation of air pockets and to improve the effectiveness of sacrificid anodes, particularly in
bottom tanks.

The following is one suggestion, given in Reference [9] and shown in Figure 4.1, to provide
drainage from horizontal members:

"Stringer platforms and horizonta giffening are the other two areas where improvements can
be made. On sde shdl and longitudina bulkheads, doped longitudinas could be considered
with, say, a 10 degree incline. Some compensation may be needed for section modulus and
additiond tripping brackets may need to be fitted, but superior drainage and reduced corroson
should result. Free climbing of these stiffeners would be more difficult but improved access
for ingpection will probably be incorporated into new buildings in accordance with recent
trends. On transverse bulkheeds, large vertica girders with reaively smal intercostd,
horizonta but doped stiffening should be investigated to reduce the size of dringer platforms.
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The ddtalls of the connection of the doped longitudind and transverse stiffening would require
special congderation.”
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FIGURE 4.1 Stiffeners Welded at 10 Degrees from Horizontal
for Better Drainage
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These suggestions have not been incorporated into any new congruction, perhaps due to the
resstance to using innovative concepts in design and fabrication. There are obvious problems
with the concept, which at this time may not be baanced by their possible economic
advantagesin terms of corrosion control.

Other large horizontal surfaces are, of course, the bottom and tank top. The tank top is usudly
smooth, alowing for relative ease of drainage. The bottom, on the other hand, is dependent
on flow patterns and adequate drainage for emptying. Previoudy, vessels were typicaly
designed with dead rise of bottom. This, among other things, dlowed the cargo to more eedly
drain to the center of the vessd without the need to trim or otherwise manipulate the vessd.

Thisideawas later resurrected, with thoughts of corrosion control, as quoted from Reference

[9]:

"On modern tankers, the only way of minimizing or diminating horizontal bottom plating would
be to design the vessd with rise of floor. Rise of floor was more common two and three
decades ago but disappeared in the push to achieve higher block coefficients and easier
production techniques. Together with the changes in tonnage regulations, rise of floor is
probably no longer practical but the advantages that can be achieved in terms of reduced
corrosion and improved drainage should at least be considered in future designs. Operation
dternatives indude improved gripping systems and/or hedling and trimming of vessasto assst
sripping of resdud water."

Other possihilities for diminating horizontal surfaces and improving deaning and drainage
include the use of corrugated bulkheads and truss frame congruction. Both, however, require
in-depth sructurd andysisto avoid design deficiencies, epecidly in way of connection details.
Peast experience has not been very good in this regard, particularly with corrugated bulkheads,
which have experienced cracking at their lower edges as shown in Figure 3.2. However,
recent classfication society rule changes [16] should provide stiffer structure and diminate this
problem.

Another recent ideaisthe use of limited dedicated ballast tanks. One concept design for a
double-hulled tanker by a Japanese shipyard utilizes specific tanks for balast for dl loading
conditions. No condition of loading deviates from using bdlast in only these tanks. The
remainder of double bottom and wing tanks are held void. Criticd in the design are the loading
congderaions. One mgor advantage is that most of the tanks that would otherwise be
outfitted for ballast are not. Another is that the tanks held void are not subject to typica
corrosion problems. Designs have aso been proposed with balast tanks inside the cargo
block, i.e.,, no double hull tanks are used for ballast. In this case, the loss of cargo capacity
must be weighed againg the gains in reduced ouitfitting costs and improved corrosion contral.

4.1.3 Useof Corrugated Bulkheads
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4.1.4

Although corrugated bulkheads may not be suitable on some ship structures, the concept of
corrugated bulkheads should neverthel ess be considered for others, specificaly for

divisond bulkheads of small tanks. A study was performed to compare corrugated bulkhead
congtruction with conventiona bulkheads framed with tee sections. The study addressed labor
hours and corrosion and dedlt with an arbitrary tank area using the same pressure head for each
caculation. The results of this study are presented in Reference [37].

This study shows that, for the particular ship investigated, there is an gppreciable difference
between a conventiona bulkhead with tees and a corrugated bulkhead in terms of |abor hours. With
regard to surface area, which is the primary consderation in evauating coating cost and corrosion
control, the maximum differenceis areduction of 27.3% for the corrugated bulkhead with 27 inch
(686 mm) spacing asshown in Table4.1. In addition, its plate-like stiffeners make the corrugated
bulkhead easy and fast to paint, requiring far less triping of welds and edges. Unlike tee sections,
the corrugated bulkhead has few shadow areas that may not be reached by coating. Asto weight,
the maximum reduction for corrugated bulkheads is 43.6% with 24 inch (610 mm) spacing. The
mogt sgnificant reduction is 44.9% for the length of welds a 24 inch spacing. Thisisadso aplus
insofar as coatings are concerned, as coating failures frequently start at welds. Asto labor hours
for production, the maximum difference is areduction of 20.4% with corrugated bulkhead on 24
inch spacing. Thisindicates that significant savings can be achieved by using corrugated bulkheads
in lieu of conventiona bulkheads with tees, for the Sze ranges of the bulkheads investigated, with
sgnificant gainsin corroson contral.

Use of Bulb Angles

Bulb flats, which have compact rounded flanges, offer severd advantages over conventiond tee and
angle shapes used in shipbuilding:

»  The compact flanges promote better surface preparation for coatings.

*  The rounded edges promote reception of paint and are less prone to physical damage than
conventionaly fabricated "T" or "L" diffeners having sharper corners.

»  Thedbsence of weld during production of bulb shapes improves gpplication and increases the
life of the coating in comparison to fabricated sections.

A dudy was performed [38], comparing Smilar applications of bulb flats and conventiond rolled
tee sections with regard to labor hours of production and corrosion. The study was confined to the
outboard ballast tank areas of the midship section of the U. S. Naval vessd LPD 17. Whilethis
vessH istypicaly US Navy, it is representative of other types of vessdls, including double hulled
tank vessds. Evduations of the strength, stability and producibility aspects of these two different
sections were accomplished to provide a basis of comparison.
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The number of pieces, weight and center of gravity, one-sided surface area, volume and lengths of
weldments and production labor hours for both the tee and the bulb flat section aternatives were
determined in the study. The producibility comparison from the sudy is summarized in Table 4.2.

The tabulated characterigtics indicate no appreciable differences between dternatives, except in
weld volume. The 26% increase in weld volume indicated for the substitution of bulb flat sections

for tee sectionsis due principaly to the thicker webs of the bulbs in comparison to the webs of the
tees.

Table4.1
Producibility Comparison of Conventional and Corrugated Bulkheads
for 24, 27 and 30 Inch Spacings[37]

Items (Combined Conventional/Corrugated Conventiond- Corrugated Difference
Plating, Stiffeners, Brackets, Headers Bulkhead Bulkhead
and Callars) w/ Tee
1. Total No. of Pieces
Bulkhead w/ 24" Spacing 112 91 18.8%
Bulkhead w/ 27" Spacing 97 79 18.6%
Bulkhead w/ 30" Spacing 98 71 27.6%
2. Total 1-Sided Surface Areas
Bulkhead w/ 24" Spacing 67 nv 49 nt 26.9%
Bulkhead w/ 27" Spacing 66 Nt 48 n? 27.3%
Bulkhead w/ 30" Spacing 63 nv 47 nt 25.4%
3. Tota Weight
Bulkhead w/ 24" Spacing 55t 3.1t 43.6%
Bulkhead w/ 27" Spacing 5.3t 36t 32.1%
Bulkhead w/ 30" Spacing 5.8t 4.1t 29.3%
4. Totd Volume of Welds
Bulkhead w/ 24" Spacing 95.8cn’-m  40.8 c-m 57.4%
Bulkhead w/ 27" Spacing 87.2cm-m  53.9cnf-m 38.2%
Bulkhead w/ 30" Spacing 107.0cm-m 717 cm-m 33.0%
5. Totd Length of Welds
Bulkhead w/ 24" Spacing 325m 179 m 44.9%
Bulkhead w/ 27" Spacing 292 m 163 m 44.2%
Bulkhead w/ 30" Spacing 271 m 156 m 42.4%
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6. Tota Production Labor Hours

Bulkhead w/ 24" Spacing 607 hrs 483 hrs 20.4%
Bulkhead w/ 27" Spacing 545 hrs 519 hrs 4.8%
Bulkhead w/ 30" Spacing 507 hrs 485 hrs 4.3%

415 Minimization of Stress Concentrations

4.1.6

The complicated structural connections between longitudinas and transverse websis one area of
detall that is prone to loss of coating and early corrosion and has been a wesk point in fatigue
grength design.  Improvement in thisareais akey step to sructurd safety and smooth congruction
of double hull crude carriers. At least one Far East builder has developed a new dot structure
which offersincreased structurd safety while making congtruction eesier. In this new sructure, the
web dtiffening bracket (stiffener), which has been conventionaly provided at a connection between
alongitudina and the transverse member, isremoved. In thisway, the new structure has no stress
concentration parts (see Figure 4.2) [39].

The new sructure works as follows:;

* Inaconventiond dructure, some of the load acting on the longituding is tranamitted to the web
through the web diffener. If the diffener isremoved, the load previoudy transmitted to the web
through the dtiffener will be added to the web around the dot and the stress on the dot will
increase.

»  Through finite dement andyss of various dot designs, an enhanced dot shape has been
developed that maintains stress around the dot at levels lower than conventiond dots, even
with the web diffener removed. Fatigue strength tests againg in-plane and out-of-plane loads
have proven that the new dot structure has superior fatigue strength for both types of 1oads.

» This desgn is consdered to sgnificantly reduce the probability of crack occurrence by
eiminating a wesk point in fatigue strength and a common source of nuisance crack
propagation, thus contributing to aship's safety. The vertica web stiffeners are replaced by
horizonta web gtiffeners located clear of the cutouts.

Carein the design and placement of longitudinals and stringers can reduce gress levels, improve
coatings gpplication and performance, and improve access for ingpection.

Proper Weding Specifications

The design of welding for ships hulls should be directed toward not only providing structura
continuity and integrity, but dso to reducing or diminating the probability of weld distortions and
fatigue cracks during the ship's sarvicelife. In this manner, it will be possible to atain welded joints

that are not prone to developing and accelerating corrosion.
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Both the U.S. Navy [40] and the American Buresu of Shipping [16] have very specific
requirements for weld Szesand detalls. From a corrosion prevention viewpoint these requirements
should be complied with, and (as discussed esawherein this report), specia emphasis should be
placed on the avoidance of lapped joints, the use of continuous welding vs. intermittent or spot
welding, and the proper 9zing of various weld detailsincluding fillet welds, which in most of ships
condtitute gpproximately 75% of dl welds.

TABLE 4.2 PRODUCIBILITY COMPARISON [38]

Items (Combined Pltg, Bulb flat
Stiffsand Collar PL'S) WT Section Section Difference (%)
1. No. of Pieces 2,352 2,352 0
2. Weight Totd (t) 190.39 196.78 3.4
3. Vert. Center of Gravity (m) 5.02 5.05 0
4. % Surface Area 2196.36 2013.80 -8.3
(1SideP & S) (n?)
5. Volume of Welds Total (cé-m) 3459 4366.7 26.2
6. Length of Welds, i.e.: (m)
a Automic 4,555 4,503 -1.1
b. Manud 2,050 2,026 -1.2
7. Production Hours Tota 14,341 14,234 -0.7
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FIGURE 4.2 New and Conventiona Sot Structures.
Conventiond (top) and New (bottom) [39]
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4.1.7

Detailed discussons on the avoidance of fatigue cracks and stress corrosion in fillet welds by
proper design can be found in [41], [42], and [43].

Ease of I nspection Provisions

In ingpections, the mast important productivity concern is the blockage areawithin each space from
the didributive systems. The type and dendty of the mechanica and eectricd systems in each
gpace and the relative location and orientation of the hatchways and the systems are the primary
factors driving access and throughput capability. It is important to avoid eectrica shock and
thermal burn hazards from the systems closest to workers moving through a space.

Hatchway's through the undersde of the weather deck need to alow a full body length between the
very end of the intrashell space to facilitate access to that area of the intrashell space to perform
tasks and to attend to an incapacitated worker. Significant effort should be made to locate these
openings a least Six inches from the longitudind girder or any Smilar sructure,

Passing materids or tools through the hatches and manholes is possible but component dimensions
will be geometrically congrained by the didiributive system densities within the intrashell space and
the location of the opening. For example, asix inch diameter pipe would be typicaly congtrained
to a length of about ten feet in some smal spaces such as wing or double bottom spaces. This
requirement should provoke significant thought in the design phase concerning manufacturing and
maintenance sirategies [44)].

The requirements for the movement of personnel, the handling and conveyance of materids, and
the conduct of work are determined for the following processes and safety issues:

o Life Support

»  Extraction of Injured or Il

e Lighting

*  Smoke, Fume and Debris Removal
*  Buming

* Wedding

e Brazing

* Machining

»  Corroson Remova

»  Codting Application

*  Weght and Bulky Object Handling

*  Personnd Movement

e Component Insertion and Positioning
»  Utility and Process Line Tending

* Tool Ddivery and Containment
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Stringers in the wing tanks of the first generation of double-hulled tankers have provided many
benefits, one of which is convenient, stable access to the entire tank for ingpection and repair.

In recent years, with increasing concern about coating life and ingpections, stringers and
supplementa horizontal members have been recognized as advantageous. Both sde stringers and
bulkhead webs are favored for congtruction and careful consderation in initid design will improve
their placement and utilization in the Sructure. With double hull tankers, stringersin the wing tanks
are acommon occurrence, and attention is paid to additiond gringers, essentidly unnecessary for
drength, but ingtalled for ingpection purposes only. As an dternaive, GRP ladders and wakways
may be utilized to provide access.

Double hull unidirectiona vessds inherently provide horizontal surfaces in the wing tanks which
could enhance ingpections. On the other hand, the spaces in wing tanks of these vessdls, dthough
large in length, are usudly not very high. This can lead to other problems with ingpections, and
some innovative methods have been devised to surmount their inherent problems with regard to
ingoection. Individua bays should be large enough to alow for easy movement throughout the
pace, but small enough to alow the overhead areas of the space to be within easy reach. Access
should be provided & the forward and aft ends of each cdl, with minimum opening sizes of 450 mm
by 600 mm (18 x 24in) [8].

For improved and efficient surveys, the following recommendetions are made by ABS:

*  Usedringersin the wing tanksto alow for convenient ingpection and maintenance of double
hull spaces.

» Uselight-colored coatings to provide better contrast for detection of corrosion or fractures.

»  For unidirectiond vessels, provide two separate means of accessto each cdll for safety, help
in removing injured personnel and to alow for hoses used for vacuum blasting and painting.
Minimum manhole szes are 600 mm x 800 mm (24 x 32 in.) for verticd surfaces, and square
openings of 600 mm x 600 mm (24 x 24 in.) or round openings of 570 mm (22.5 in.) for
horizontal plates.

Ingpection of deckheads of VV/ULCCs can be difficult owing to the deep transverse webs. On older

vessds, close-up ingpection may have to be donein dry dock when proper staging can be erected.
For newer vessd's with deckhead walkways, ingpection isimproved around the periphery of the

tank but staging may till be needed for the center.

One promising development is the adaptation of smal, submersible, remotely operated vehicles

(ROV ) for tank inspections that make deckheads ble with tanks fully balasted [9]. Once

the ROV reaches arepair area, the repair procedures can begin. The operator uses the mouse to
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4.1.8

circle the repair areain the live-video picture. The control system transforms this data into the
necessary information for automaticaly guiding the tool clugter through the proper motionsto effect
washing, sand blagting, or painting depending on which task activity the operator has slected [45].

Water test kits are applicable for seawater bdlast, potable water, didtillate, and possibly
collectior/holding/transfer (CHT) system water. CHEMét, or smilar, ampoules and test kits for
zinc, iron or other eements are available which consst of vacuum sealed glass ampoules and visud
comparators. The ampoules contain resgents which will react to with the particular andlyte of
interest and form a color complex. Water tests revedling zinc and/or iron could be used as an
indicator of corrasion occurring in the cell. Sudden changesin cdl chemistry could be used asan
indicator that further ingpection of the cdll isrequired. The cogts of these kits are very reasonable;
edimated time to test asample is 10 minutes. Testing of the cells of a unidirectiond tanker, prior
to ingpections, will be more time consuming, due to the potentia for gas pockets to form in each
cdl.

As recommended by the Tanker Structure Co-Operative Forum (TSCF), continuous forced
ventilation should be provided to tanks while workers are present. For cdlls of a unidirectiona
tanker, access manholes may be redtricted by ventilation tubing and additiond hoses and cables for
lighting, welding, abrasive blagting or painting. This can be a problem as there does not appear to
be a smple solution to providing ventilation any other way.

Hot climates may pose other problems with access to aunidirectional balast tank. The insdes of
the cdlls can become extremely hot, and concerns over worker heat stress may significantly limit
the amount of time that a person may spend in the space unlessit is cooled.

If cells are accessible only viathe weather deck, a significant amount of time may be needed just
to get to the cdls in the double bottom.

Corrosion Protection Systems

Whileit is generdly not advisable to indal digtributed systems in tanks that will be used for fluid
sarvices, such as seawater, potable water, collecting and holding (sewage), fud ail, etc., the
ingdlation of certain systems and equipment in tanksis necessary and can be beneficid, or at least
not detrimental, to corrosion control.

Fiping and systems frequently introduce dissmilar metals into tanks and the possibility of gavanic
corrosion. Brass, bronze, and copper-nickel componentsin these systems will be cathodic to the
hull sted and can cause aggressive pitting of the sted at any bresks in the coating unless secrificiad
zinc anodes are provided in the tank. Therefore, systems in tanks should aways be coated to
prevent galvanic action. Glass-reinforced plastic (GRP) and other composite materias can be used
for balast piping, ladders, walkways, gratings, handrails, etc. to reduce the potentia for galvanic
corroson to the maximum extent possible.
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There are severd sysem design options thet can be helpful in corroson control. A number of these
systemns are offered below for consderation.
4.1.8a Cathodic Protection Systems

Sacrificia anodes are an important part of the corroson control process in tanks with
eectrolytic solutions. In most cases, they form a secondary defense againgt corrosion should
the primary coating barrier fall. It isimportant to point out what anodes will and will not do
to help prevent additiona corroson in atank. These are ddineated in [2] asfollows:

Anodeswill not;

*  Protect air pockets which can be caused by certain diffener details and will prevent
anodes from performing properly to protect any cracked coatingsin the area.

*  Protect overhead surfaces of tanks if there are air pockets.

*  Protect tank bottoms from corrosion under residua wet st after debalasting if they are
mounted above the wet surface.

»  Protect abalast tank if the ballast voyage is too short because bare stedd may not have
enough time to polarize.

Anodes will:

e Hep prevent undercutting and subsequent pitting of coatings around coating damaged
aress, resullting in alonger service life of the sructure.

*  Providethe best protection againgt corrosion in seawater, next to coatings.

»  Genedly afford greater protection againgt corrosion at higher current densties. However,
limits must be put on current so that there is no damage to coatings.

e Only function when immersed in an dectrolytic solution.

*  Bendfit only compartments containing electrolytes, such as seawater ballast tanks.

The location and density of anodes play a mgor role in deterring corrosion.  But, as seen
above, anodes do not completely stop corrosion.  Furthermore, they must be renewed
periodically and are not effective in splash zones and non-immersed spaces such as underdeck

dructure. As a result, they may not be a suitable choice for a particular gpplication. In
addition, it is aso important to ensure that a coating is compatible with the cathodic protection
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system when a coating is supplemented with anodes. Cathodic protection is without effect
when the tank is empty, and it requires some time (aday or more) to become effective after
the tank has been filled [46].

The adequacy of a sacrificia anode system can be determined if the system is properly
monitored. Reference [9] comments on the effectiveness of anodes with regard to corrosion
rates and states that by using proper current dengties, it is possible to achieve up to 70%
reduction in the corrosion rate. This means that the corrosion rates with protective anodes will
be only 30% of the rates for unprotected stedl.

A questionnaire on the design of vessels and corrosion by the Tanker Structure Co-Operative
Forum (TSCF) [33] asked what coating and anode material selections should be used to
control pitting? The answers were:

* A combination of coating and anodes was suggested by al nine members of the TSCF
as a solution to control pitting corrosion. Recommended combinations are epoxy/zinc
anodes, cod-tar epoxy/zinc anodes, epoxy/duminum anodes and cod tar
epoxy/duminum anodes.

*  Proper location of anodes, especidly at bottom locations to ensure protection against
bottom waters and at other problem areas, was suggested.

One coating manufacturer states that a properly prepared and coated tank, in conjunction with
sacrificia-anode protection, can be expected to dlow avesse working life of up to 15 years.
The company emphasizes that usng asingle source for coaing and anodes avoids the system
mismatches which often occur when separate suppliers are involved. For bdlast tanksthet are
aready badly corroded, the company is able to combine recoating and cathodic protection
techniques with dectrolytic descaling [21].

In dectrolytic descaing specid magnesum grips, with an iron core, are indaled over the
corroded stedwork, and the badlast tank is filled with seaweter. A heavy eectric current
passes through the strips, and resultsin the rust being detached from the tank's surfaces. After
washing down and drying, the sted surfaces are then ready for recoating and the ingtalation
of sacrificia anodes [21]. The limitation of this gpproach isthat the magnesium srips need to
bein place for some time to achieve the desired objective. Asareault, thisoperation isusudly
carried out at sea prior to the vessdl's availability at ashipyard or repair facility.

4.1.8b Inert Gas Systems
Although not required for non-cargo tanks at thistime, inert gas piping can be runto dl tanks

adjacent to cargo tanksto inhibit volatile gas accumulation in empty or partidly-filled tanks.
This gas accumulation could be caused by cargo lesks due to cracks or other compromises
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4.1.8c

of the cargo bulkheads. In addition, inerting could inhibit the progression of corroson by
providing an oxygen-depleted atmosphere. This system could be used in dry void spacesto
remove accumul ated moisture to prevent condensation. The indaled piping would have the
added benefit of being able to provide forced air ventilation to the spaces, especidly during
ingpections when a gasfree, "safe for entry” amosphereisrequired. The piping could aso be
used to provide ventilation to help prevent coating blisters or damage due to solvent
entrgoment during maintenance coaings. Thiswould particularly be beneficid in those tanks
in the bottom of the vessd. It should be noted that inert gases, such as argon or nitrogen,
should not be used for corrosion protectionin ble spaces due to the potentia problems
that may be encountered in obtaining a breathable atmosphere for ingpections [8].

Remote Monitoring Systems

Remote monitoring systems are being used on US Navy vessdls and some commercia
platforms to monitor the structura conditions of spaces. Presumably a system could be
designed to monitor any condition that would be helpful in determining the corroson aspect
of atank. Humidity, salt concentrations, voltage potential would be able to be monitored.

Any increasein, for example, the potentid of the stedl in atank would be able to be monitored
from anorm established when the coatings werefirg ingdled. A change in potentia would
indicate a breach of coating within the tank. Monitoring the levels of voltage, againgt an
established criteria, would enable the crew to monitor the degree of corroson in each tank and

logicdly plan ingpections [45].

This remote monitoring system could incorporate permanently ingtaled sensors to monitor sted
potentid, coating impedance or sted polarization insde the spaces to be periodicaly
monitored by personnd or computer. Concelvably, al remote monitoring could be
accomplished via computer and trending or Satigtica andyses performed at a centrd location
within the ship. Thisfirg line of ingpection would offer the greatest opportunity for effecting
alarge scae ingpection assessment with minimum personnel requirements [45].

4.1.8d Desiccant, Dehumidification and Vapor Phase Systems

In dry spaces or voids, protection by desiccant, dehumidified air and/or vapor phase corrosion
inhibitors is possble. In this case a permanently instaled moisture sensor and/or humidity
indicator would be periodicaly monitored by personnel and data entered to alog or centra
computer. Trending of the individual spaces would indicate the need or requirement to
augment the origina corrosion protection system. For example, additiona amounts of vapor
phase corrosion inhibitor could be injected to the cell viaone way valves to maintain proper
protection levels Repeated falure of individud cdls to maintain maximum humidity
requirements would aert personnd to schedule more in-depth inspections or repairs [8].

4.1.9 Thermal Spraying
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Thermd spraying, or metalizing, is the process of spraying a layer of molten meta onto the
subgtrate to provide corrosion protection. The sprayed metd is usudly auminum or zinc, or a
combination thereof. Thermd spraying of duminum has been used by the U.S. Navy for corroson
protection of stedl on weather decks, ail tanks, bilge tanks, ballast tanks, sanitary spaces, sawage
holding tanks, fresh water tanks, fuel tanks and steam vaves for more than 15 years [47].

Thermal spray coatings protect by forming a physical barrier beatween the environment and the
base metd. Some degree of sacrificia protection is offered to the base metd by duminum coatings,
while zinc and zinc dloy coatings offer a high degree of sacrificid protection. The long-term
protection offered by aluminum coatings is due to the air-formed passive oxide film that forms on
the surface and within the coating [48].

The oxide layers and voids within the coating provide paths for the ingress of chlorides into the
coding and cause ddamination failures of the coating in sdt water service. Thus the requirement
for asedant over the thermd sprayed codting to provide a physicd barrier to the ingress of chlorine
and provide long codting life.

Thermd spraying can be done as flame spraying or arc spraying.  Flame spraying uses an
oxygen/fud flame to mdt the duminum in wire form and propd it onto the sted surface. Arc
Spraying uses an dectric arc between two consumable wires and compressed air or inert gasto
prope the auminum onto the surface.

The surface preparation for therma spraying is essentidly the same as that for paint coatings. The
surface must be free of oil, grease, paint corrosion, moisture or other contaminants. The surface
must be abrasively blasted, not only to remove contamination, but to aso provide a roughened
surface for good adhesion, particularly for flame spraying which requires two blast operations, one
to clean the surface and one to give the required surface profile.

The overdl advantages of thermd spraying are:

* Predictablelife

*  Single goplication sysgem

* Bondsto sharp edges

* Nodrying or curing time

»  Cathodic protection of damaged areas
* Redganceto adrason

*  Any Sze structure can be coated

Therma spraying has the disadvantage that it cannot be applied to al surfaces:

»  Surfaces exposed to strong acids or bases
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 BExterior underwater hull surfaces

Severd tests have been performed to compare the performance of thermal spray coatings with
other corrosion protection systems. 1n one series of st fog tests lasting more than 2,000 hours,
the following systems were compared [49]:

*  Wire sprayed duminum with Navy sedl coating

*  Wire sprayed duminum with commercia sed coating
*  Navy epoxy polyamide

e Commercid epoxy polyamide

*  Navy inorganic zinc

e Commerdad inorganic zinc

Thistest of intact and compromised (scratched) test pandls reveded that wire pray duminum with
commercia sed was more resistant to corrosion than the other systems.

Other salt water exposure tests lasting nearly five years concluded [48]:

*  Zinc duminum pseudo-aloy coating produced the best performance, combining the sacrificid
properties of zinc with the long-life coating integrity of auminum.

*  Unseded flame- and arc-sprayed coatings demondrated lives of over five yearsin the marine
environment.

»  Thermd spray coating life isincreased by the application of a sedler and epoxy coatings.

*  Arc-sprayed coatings were found to perform dightly better than flame-sprayed coatings.
High deposition arc spray technology has lowered the cost of flame spray application to a point
where it is comparable to or less than the cost of paint coatings [47]. Comparison of life cycle
cogts for thermal sprayed duminum and painted coatings were made for Navy service at low
temperatures and high temperatures above 79°C (175°F) [49] with the following results:
Thermd spraying:

* 20vyea lifecyde

*  10% renewd of paint every 5 years (20% for high temperatures)
* 1% renewd of therma spray every 5 years

Epoxy paint:
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4.2.1

4.2.2

* Syearlifecyde
* 100% renewd every 5years
e 15% renewd annualy (20% for high temperatures)

With the initid cogt of therma spraying comparable to thet of paint, the savings over the life of the
ship can be sgnicant because of the less frequent and smdler renewas as compared with paintsfor
certain gpplications.

Fabrication Methods
Fitting Accuracy to Avoid Rework

The first and most important corrosion control measure to be adopted during fabrication is the
provison of the greatest possible degree of accuracy in fitting the ship structurd components
together. Fitting accuracy can be accomplished by observing and complying with ingtructions,
standards, guiddines, precautions, tolerances and inspection requirements contained in the detal
design drawings and specifications.

By asauring a high levd of fitting accuracy, both during the fabrication of individud sructurd
components and the joining of these components in the erection stages, the probability of sructura
imperfections in the end product, and therefore the possible onset of corrosion, will be grestly
reduced, if not diminated. Rework and consequent damages to shop-finished surfaces are dso
eiminated.

Consequently, the design gpproach should include specific detailed requirements for qudity control
in generd, and especidly for structurd tolerance limits to achieve good fitting accuracy.

Proper Surface Preparation

To the greatest extent possible, procedures recommended by the coating manufacturer, should be
followed. One of the most important factors is the preparation given the sted prior to the
application of acoating. The basic requirement for conventiona coatings is that they be applied
over a clean, dry surface free from water soluble contaminants like sodium chloride which can
cause blistering, soluble ferrous salts which will, in contact with sted and moigture, initiate rusting
of the stedl, and aily residues which will reduce adhesion of the applied coatings[12]. As defined
by the coating manufacturer, the degree of surface profile achieved by blagting, control of humidity
and temperature of air and steel during application together with proper care of the new surface
during curing can insure aqudity, long lagting coating [7].
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To insure long lasting coating performance, complete remova of al weld spatter prior to coating
should be required. However, this requirement must be modified by redity. The best procedure
isto have agreement between the shipyard and the owner asto the acceptable leve of weld spatter
remova, and then adhereto it.

All sharp edges should be ground smooth. A minimum required radius of 3.2 mm (1/8in) on dl
edges prior to coating is one recommendation. A National Shipbuilding Research Program
(NSRP) dudy of the effects of flame cut edge preparation on coatings used in the marine
environment [50] found that the best overdl coating performance was obtained with samples having
the maximum edge radius of one-hdlf the plate thickness. While full rounding of edgesis exireme,
the leve to which the edge smoothing requirement is met must be agreed upon by the owner and
shipyard. Qudlity assurance must be provided to keep to this minimum to help prevent premature
coating failures at these locations.

It is important that as much welding work as possible, if not dl, be completed prior to surface
preparation and coating application. For instance, brackets for bolting ladders, walkways,
handrails, etc. should be ingtalled prior to coating. Thiswill minimize coating rework, particularly
coating burn beyond the weld areainto less accessible locations.

Suitable Environment for Coating

Reference [26] discusses the coating environment in detail and states that shipbuilding is a multi-
stage process sarting with the trestment of diffeners and plates, progressng through sub-assembly
and assambly to erection. In this process outfit work, including painting, has generdly had less
invesment than the highly developed stedwork facilities. The resulting longer cyde timesfor outfit
work may create an imbalance with the shorter cycle timesfor stedwork.

At the tactical planning level, the work loading of coating must be consdered more carefully asthe
environmenta legidation reguires more work to be undertaken within controlled environments. This
means that the use of the paint cells, or pockets of coating work, needs to be evaluated with regard
to their cydesin thework process. Thisis possible through computer smulation. Evauation will
enable a better prediction of work cycdles and hence help to manage the bottleneck area effectively
a the same time minimizing the investment in facilities. Again at thetactica leve, the sequencing
of sed and outfit work must be well defined to ensure that as much hot work as possble is
completed before coating takes place. This should take into account the use of fairing aids, the
fitting of small pipe systems and cable trays and any other outfit work that is often a cause of
considerable damage to coating systems.

At the detail planning leve, the resources available must be organized not only to conduct the
coating process but adso to undertake the rework process. The resources available must be
balanced with the workload demands so as to minimize idle time and the consequent need for
subcontract |abor.



4.2.4

The build strategy must lay down the importance of coating and this must be reflected within the
tactical and detail planning levels. If thisis not done, rework will continue as a convenient, though
expendve way of overcoming inadequacies in the production control system.

The physica application of coatingsis a known factor based on a tank space and its geometry.
Other factors, which can be improved upon and should be taken into account in the planning sage
of tank coating are discussed in Reference [44]. While that document referred specificdly to the
intrashel| gpaces of double hull unidirectional combatants, the principles are applicable to dmogt dll
gtuations involving tanks and access to tight spaces.

Asin conventiond shipbuilding, certain tasks on double-hull ships will require more protection for
the worker than others. The processes that will produce the most detrimental conditions to the
safety of the worker in the intrashell space environment are thermal cutting and joining processes,
and coating gpplication and remova processes. These processes will typicaly require various
levels of ventilation and breathing air, additiona protective clothing, respirators, and will account
for the bulk of the safety problems. Some of these hazards are eectrica shock, airborne debris
and particles, weighted objects, smoke, and fumes.

Proper Application of Coating

After the above is accomplished, rework, however much reduced, will till have to be dedlt with.

The need then isto identify where and when rework is taking place, to quantify it, to put in place
amethod of managing it, and to methodicdly identify the root causes of the subsequent rework and
st about diminating them.

A good method of achieving identification of rework in ship production is through the process of
prototype modeling, in which the production engineering of the shipbuilder can be integrated with
design to assure a match between design requirements and process capability.

The basis of this approach is the use of datistica quality control to stabilize and monitor the
processes. This implies data collection routines matching the subsequent satistica andysis. To
achieve this, the inspector must have accessto dl areas of ablock to ensure an adequate sampling
process. In thisway the coating activity can be brought under control and the causes of rework
identified, quantified, managed and iminated. Attribute charts can be used where a subjective
measure of qudity isdl that isavallable. Typica charts are the chart for fraction rgected (the P-
chart) and the chart for non-conformities per unit (C-chart). These charts would be suitable to
control the quality of activities such as[26]:

»  Surface cleanliness after preparation
e Tears

. S@S
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* Runs

e Drips

Overspray

e  Heat damaged areas

*  Secondary surface preparation area
e Wedd spatter

Variable charts can be used where an objective measure of quality is available, eg. the chart for
mean process performance (X-bar chart) and the chart for the varigbility of the process
performance (R-chart). These charts would be suitable to control the quality of activities such as:

e Coating thickness
»  Surfaceprofile
*  Overcodat time

* Curingtime
e Cutting speed performance
»  Waedding speed performance

It isinteresting to note that methods for the datigtical analysis of hull roughness measurements have
been exhaudtively treated in the literature and that thickness andysis may be treeted by the same
datistical procedures.

Clearly, the timing of these measurements and access for measurement must be considered, but
unless these measures are undertaken, the results andyzed and action carried out to improve the
process, thereislittle chance that the process can be brought under control.

Maintenance of the coating environment during coating preparation and gpplication is of paramount
importance. Walking on the coating before it is cured or disturbance of vertica surfaces by
workers at building and dry-docking can cause damage to the coating.

Coating I nspection Guidelines

Any damage to or failure of ship's coating systems should be identified as soon as possible by
means of frequent ingpections. One of the essentid factors for conducting ingpections with ease and
efficiency isto make the coated aress "ingpection friendly.” Provison, the design of ship, of proper
and practica means of access to the areas to be ingpected and the use of alight colored fina coat
of paint will make it easier for paint inspectors to locate and remedy any coating imperfections.

Coating ingpectors are generdly highly experienced in smilar work; however, the ship specifications

should 4ill include requirements for compliance with specific coating ingpection guideines such as
those contained in [51,52,53] which are ASTM Standard Practices, and in [54] whichisan ABS
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Guidance Manud. The ASTM standard gives descriptions of and guiddines for the ingpection of
coding falures such as ddamination, cracking, bligters, flaking, sags, chaking, discoloration,
softening, etc., and provides levels of acceptability. The ABS manud isintended for use by field
surveyors.
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COST/BENEFIT ANALYSES

The recommended manufacturers specifications for a good coating system would include the
requirements of blagting, the dripe coating of seams, ratholes, edges and corners, and the
gpplication of two coats of at least 200-300 microns each, for a total of 400 microns dry film
thickness. The additiond cost of this, compared to a conventiona single-coat treetment, could be
in the order of $3-5/n¥, depending on the conventiona system proposed.  This must aso be
compared with repair costs associated with a less effective coating system, possibly after a
rdatively short working period, of some $50/n¥ for blast cleaning and recoating. Costs of about
$500/m? must aso be anticipated for the renewa of heavily corroded stestwork that may have to
be done & the same time.

In a paper published in 1984, Weber [9] reports (on the basis of surveys conducted on Exxon
tankers) that it was found to be four to fourteen times more expensive to renew corroded sted than
to coat the area subject to corrosion. It was aso found that the ingtalation of anodes has proven
to be even less expensive than codting; the cost of anode ingdlation was in the order of about one
third of that for coating. Furthermore, as published by ABSin an article in the Surveyor magazine
[11], the cost of actud epoxy materid conditutes only avery smdl part of the tota ingtalation cos.

Current estimates place the cogts expended on coatings at upwards of 10% of congtruction costs
for acrude oil carrier, 7% for abulk carrier and nearly 27% for a products carrier.

The above-cited article goes on to State that the cost estimates for the coating repairs of a 40,000
DWT ship ran to $1 million in paint done; the totd cost of al coating repairs on the same ship
ranged to approximately $5 million. It becomes dear thet the owner of a ship which may have cost
about $40 million to consgtruct would want to avoid spending another $5 million or more for stedl
and coating repairs in the ballast tanks after severd years.

It is reported in aMotorship magazine article [ 14] that the Shipbuilders Association of Japan, after
comparing vessds coated with anewly deve oped shop primer to those coated with traditiond zinc-
glicate primers, has concluded that by the use of the former, the outer hull corrosion was reduced
by 35% and ballast tank corrosion was reduced by 30%. In addition, the manhours needed for
secondary preparation of the corroded areas a one was reduced by an average of 20-30%.

The results of another study, presented to the "Internationa Conference on Marine Corrosion
Prevention” in 1994 [26], indicate that the amount of coating re-work reflects the relative
dominance of sted-work activity in ship production. However, as the world's leading shipbuilders
see their annual labor costs increase to $50-60,000 per worker (salary, benefits and overhead
costs), the need to manage and diminate labor intensve activities becomes acute, in particular if
those activities have alarge rework eement.
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The additiond labor-hours needed for coating re-work (30-40% in atypical European shipyard)
will result in an increased labor demand and consequently an increased labor cost. Asthe need for
direct labor increases, so will the need for indirect labor to coordinate production activities. Itis
important therefore, that the detall design of the vessdl be carefully tailored to the cgpabilities of the
facility where the congtruction will take place, so that the rework can be minimized.
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6.0

6.1

6.1.1

6.1.2

RECOMMENDATIONS

Methods and procedures for controlling corrosion in ships structures can be adopted during al
phases of the ship acquisition process, i.e., during design stages, during fabrication, and after the
vesse enters service. Such measures, the discussions of which are interspersed in Sections 2, 3,
and 4 of this report, are summarized below for each phase. Some of the recommendations are
smilar in scope and objective for more than one stage of the process; they are nevertheless listed
for dl applicable stages since the gpproach in accomplishing them may be different a different
dagesin aship'slife.

Most of the methods/procedures cited are currently being used in many applications, they are
repeated here for the sake of completeness. Furthermore, not al of the measures are universaly
accepted methods for corrosion reduction nor are they applicable to al types of ships. Where
differences in opinions exig, the pros and cons of each recommendation are stated to enable
designers, shipyards, and operators to select the methods mogt suitable to their facilities and to their
specific ship project and operations.

During Design Phases
Design for Access

Accessto dl parts of the sructure must be considered in developing generd arrangements and the
gructurd configuration to facilitate coating gpplication and ingpection. The depth of members and
the location of flats and stringers must be based on safe access to the structure as well as Sructurd
condderations. All structures should be within arm's reech for ingpection from climbing postions.

Efficient ingpection methods and routes through the vessel must be consdered in locating manholes
and acceses.  The choice of vertica versus inclined ladders and their locations should be
considered early-on.

The depth of doublebottoms and the width of intrahull spaces may have to be increased beyond
regulatory body-required minima to provide adequate manholes and safe access. In generd,
doublebottom heights and the distance between flats and stringers should not exceed 3 m (9.8 ft)
S0 to dlow easy close-up visua ingpection.

Selection of Design Scantlings

In recent years, it has been possible to design ships with lighter scantlings than normal, owing to the
availahility and use of improved anaytica techniques for calculating design stresses and driven by
the continuing desire to reduce congruction costs. However, reduced scantlings due to the
incorporation of corrosion control measures are no longer alowed by the classfication society
rules. Only full scantlings or increased scantlings are permissible. Scantling reductions achieved
through the use of higher tengle strength (HTS) Steds are till permitted, but fatigue life of critical
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6.1.3

6.1.4

areas must now be investigated to preclude the cracking experienced in earlier HTS ships as they
resched mid-life.

The ddliberate section of scantlings gregter than dassfication rule minimum regquirements for ship
structura members which have historicaly been found to be prone to corrosion, or of areas that
are difficult to protect, will provide an additiona corrosion alowance and lower the working siress.
However, the specification and application of a good coating system may be more cost-effective
than increased scantlings to guard againgt corrosion, particularly since classification now requires
the coating of al aress.

Material Selection

The sdection of materids used in congruction of the ship will have a role in achieving good
corrosion control. Materials other than stedl, eg., duminum, bronze, glass reinforced plastics
(GRP), composites, etc., may be used for primary structure or for various outfit items such as
ladders, gratings, walkways, pipes, etc. Such materids, especialy GRP, should be used wherever
practicable and economicaly feasible since they do not corrode.

If metalic materids dissmilar to sted are used, didectric barrier materials or sedlants should be
provided to isolate the two dissmilar metals. Also, the releive pogtions of the metas in the
electrochemical (Gavanic) series and the arearatio to the stedl structure must be considered to
prevent either metal becoming a sacrificial anode to the other.

As mentioned in 6.1.2, higher tensle seds usudly result in thinner scantlings for the primary
gructures and normaly provide smdler margins againg corrosion. Reduced scantlings have higher
dresslevels and reduced inertia properties and are therefore susceptible to greater deflection and
possible fatigue cracking. Consequently, it is recommended that stresses dway's be examined with
net scantlings i.e, minus the corroson dlowance, if higher srength sted is the congtruction materid.

Preventing Water Entrapment

The structura design of the ship's hull should be optimized to facilitate the drainage of water and
the dispersd of contaminants from horizontal surfaces. This can be accomplished in a number of
ways, including minimizing the horizontal areas where moisture can collect by usng corrugated
bulkheads instead of diffened plate bulk-heads, usng angles or bulb plates instead of tees for
horizontals, providing generous scallops and drain cut-outs, and ingtaling longitudinals a a dope.
Some of these approaches may be objectionable for some shipbuilders and owners, e.g. despite
their advantagesin providing good drainage and being esser to codt, corrugated bulkheads are not
being used in large tankers due to the problems with peripheral weld cracks experienced by some
operators. However, changes in classification society requirements for these bulkheads are now
under condderation. Also, doping the longitudind attachments to the hull creates fabrication
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6.1.6

6.1.7

problems when crossing transverse structure and may require increased scantlings due to lossin
strength compared to longitudinds at right angles.

Scallops and drain holes require care in their shgpe and location if maximum drainage is to be
provided without decreasing the strength of the member or causing stress concentrations. Elliptica
cuts in horizonta webs can provide adequate drainage without the hard corners and welding
problems typicaly presented by semicircular cuts (rat holes).

The bottom and the tank top, of course, condtitute large horizontal surfaces. The tank top is usudly
a smooth surface and dlows for rdaively easy drainage. The fitting of bilge wells in way of
gripping suctions can greetly improve stripping and remove mog of the liquid in atank. The
bottom, however, requires adequate drainage for emptying through al the internd structure. One
way to provide easy drainage would be to design the bottom with a deadrise which was more
common two or three decades ago. The preferred practice today isto trim the ship &ft to achieve
emptying and avoid designing with rise of floor snce flat bottoms are more producible. Adequate
drain holesin vertica double bottom structure, increased in areanear the suction, will aid drainage.

Minimizing Flexure and Stress Concentrations

Inadequate pane stiffness leads to excessve flexure due to cyclic pressures or vibrations and this

may cause coating breakdowns. Stress concentrations at structura details, discontinuities, and

notches also cause coating breakdowns and should therefore be avoided in design.

Proper Weding Specifications

The established methods, during design stages, of diminating or reducing the possibility of corroson

due to weld defects include avoiding the use of lapped joints, specifying continuous welding rather

than intermittent or spot welding, sizing weld details correctly, and providing appropriate welding

sequences to minimize resdud sressesin welded joints.

Coating and Inspection Friendliness

The design aspects that provide for coating friendliness include:

»  Usdng contoured meta surfaces, such as rounded edges, corrugated bulkheads and bulb angles

»  Specifying bulb angles with rounded edges in place of T-sections or built-up stiffeners with
sharp edges

*  Minimizing the shadow aress in the arrangement of structures to facilitate coating application

*  Providing easy assessfor coating applicators to reach the Sructure

The key to providing inspection friendliness is access.
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6.2

*  Manholes must be of sufficient Szeto dlow personnd to pass with tools, protective clothing
and breathing apparatus

*  Manholes should be located to dlow an efficient ingpection route through the structure

»  Climhing poles and hand holds should be provided to aid personne in climbing the Structure
and going through manholes

*  Ladders and walkways should be of sufficient width

»  Horizonta stringers should be provided on vertical surfacesto the extent possible for use as
ingpection platforms, especidly at deck heads

Overgzing of the double bottom heights and wing tank widths (to facilitate access) for ingpections
may aso be consdered if found practica and economica for the specific gpplication.

Corrosion Protection Equipment and Systems

The design mugt include provison of one or more corrosion protection measures such as sacrificid
anodes, impressed current equipment, inert gas systems, dehumidification/vapor phase inhibitor
systems, etc., as desired and approved by the prospective owner.

During Fabrication

To minimize corrogon on edges and a drainage and access holes, dl sharp edges should be ground
smooth and stripe coated. Generous scallops should be provided.

As much welding work as possible, preferably dl, should be completed prior to surface preparation
and coating application. For example, ladders, wakways, handralls, piping, etc. should be ingtaled
prior to coating. Thiswill minimize coating rework.

Fiping and other systemsin tanks, which may introduce dissmilar metasto the tanks, should aways
be coated to prevent gavanic action.

FHeld weding should be reduced to an absolute minimum since the coating in way of the fidld welds
may burn far beyond the weld area and such damaged areas may be less accessible for recoating.

With the objective of assuring good surface preparation, al temporary construction fixtures and
brackets, al weld spatter, arc srikes, previoudy applied hard or soft coatings, and dl rust or scae
should be completely removed prior to coating. Badly undercut welds must dso be removed and
rewelded before starting the coating gpplication.

Coating gpplications should only be performed under suitable environmenta conditions as specified
by the coating manufacturer.
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A high degree of fitting accuracy should be achieved and congtantly monitored by the yard's qudity
assurance personnel as well as by the regulatory body and owners inspectors.

Surface and coating ingpections during and after congtruction should concentrate on any horizontal
surfaces that may trap water, mud, and debris.
During ServiceLife of Ship

During the service life of avessd, the corroson protection system employed must be maintained
and any coating breakdowns should be repaired and touched up as required.

Proper tank ingpection and maintenance on aregular basisisamugt for al coating sysems. Where
exiting means of access are not sufficient to ingpect dl areas of the dtructure or coating,
appropriate staging must be erected or rafting or other means should be employed to conduct
complete ingpections.

If the coating shows Sgns of cracking a a typicdly flexible structurd detail and if the coating
gpecification, application, and inspection have been found in good order, then redesign or
reinforcement of the connection should be explored rather than attempting

to use amore flexible coating material.

Accumulation of Slt in the balast water should be prevented to the extent possible Snce wear may
result when tanks are mucked out of sand and silt with shoves, etc., prior to ingpections. Although
not a serious problem, partidly filled balast tanks containing st in the water could cause eroson
over thelong term due to doshing in bays between structurd members. However, gbrasive particles
in balast water will cause eroson at the balast line entry and suction points. When soft zinc
coatings are used, the plates under the bellmouths wear excessvely. Coatings under the bellmouth
grainers should therefore be well maintained in service.

The swesating and condensation caused by heating and cooling of partidly filled tanks with cargoes
having high temperatures is generdly not a problem. However, the coating applied should be
properly selected for the heat gpplication and the surface should not be compromised, i.e,
cracking, peding, or holidays must not be present.
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APPENDIX A. PROPOSED DRAFT FOR STANDARD

11

21

22
2.3

31
3.2
3.3
34
35
3.6

3.7

4.1

Standard Guide For
Commercial Ship Design and Fabrication
For Corrosion Control

Scope

This guide outlines procedures and recommendetions for the design and congtruction of fresh and
sdt water bdlast tanks and void spaces to minimize corrosion. Corroson can be dangerousto the
safety of the ship, crew, and cargo. Indtdlation of an effective coating system during congtruction
may increase initia construction cogts but will be cost effective over the life of the ship.

Refer ence Documents

ASTM Standard F 1131, Standard Practice for Ingpecting the Coating System of a Ship's Tanks
and Voids

Coating Systems; A Guidance Manud for Field Surveyors ABS, 1995

1985 Steel Structures Painting Council Surface Preparation Standards

Definitions

Binder- the component of the coating which binds the congtituents to the surface.

Film Thickness - the thickness of the paint or coating system.

Hard Coating - a coating which forms a non-convertible hard surface film chemicaly converts
during its curing process or by air drying.

Soft Coating - acoating that remains and retains its chemica composition and remains soft so
that it may be removed eedlly.

Pigments - powders, insoluble in resins, which give the coating its color finish and protective
properties.

Thermoset - are coatingsin which curing involves achemica reaction that changes the chemicdl
sructure of the binder.

Thermoplastic - are coatings in which the binder remains unchanged and drying involves only
the evaporation of the solvent.

Coating Properties

Soft coatings should be avoided as a permanent solution because of their short service life. Soft
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4.2

4.3

5.1

5.2

5.3
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5.5

coatings may be used as temporary protection until more suitable coatings can be applied.

Hard Coatings

4.2.1 Bituminand Cod Tar Fitch are inexpensve and readily available but should be generadly
avoided. Sharp edges and surface defects may cause premature loca bregkdown. Their
dark color makes finding coating defects difficult. Also they are known carcinogens and
their application is banned in many locdities.

4.2.2 Epoxy resns should be the first choice. Materid properties may be modified to suit
individua needs. They provide good resistance to most chemicas. Care must be taken
to insure good surface preparation and environmenta conditions during application.

Pigments

4.3.1 PFgmentssuch asred lead, zinc chromate, and zinc phosphate inhibit corroson. Use of red
lead and zinc chromate should be avoided because of health risks associated with heavy
metals. Zinc phosphate performs well especidly in highly acidic environments,

4.3.2 Pigments such asinorganic zinc protect with gavanic action. Inway of smal pinholes and
cracks, the pigment will sacrifice itsdlf to the metal to prevent corroson. Inorganic zinc
should not be used in tanks with inert gas systems.

Selection of Ballast Tank Coatings

Severd factors will govern the sdection of a coating for a balast tank. In an effort to avoid

dructurd failure from scantlings decreased by corroson, classification societies have incorporated

requirements for balast tank coating systems and maximum alowable corroson into design
regulations. Congderation must be given to the following.

Type of balast being carried in the tank (clear/dirty).

5.2.1 Thermoplastics - In adirty balast tank, a thermoplastic paint may be dissolved by a
solvent mixed with the ballast weater.

5.2.2 Themosats - Care must be taken to make sure there will be no reaction between the
coating and the ballast water.

5.2.3 Inorganic zinc paints are only effective in sdt weter.

Amount of time ballast will be carried in the tank.

5.3.1 Surfacesthat will beimmersed for long periods of time should not use pigments that are
inhibitors or inorganic zinc. Pigmentsthat act asinhibitors are water soluble and if they are
dissolved, the paint will no longer be effective. Paints with inorganic zinc will sacrifice
themsalves quickly if left immersed for long periods of time.

5.3.2 Paintsthat creste abarrier between the ballast and the metal such as epoxy resin or coa
tar pitch should be used.

Frequency of balasting and deballasting.

5.4.1 Cathodic protection requires aday after submerging to become fully effective. Tanksthat
are full for short periods of time should not rely on sacrificid anodes.

Leve a which the balast will be carried.



6.1

6.2

6.3

6.4

6.5

6.6

7.1

1.2

7.3

7.4

Structural Design

Avoid Areas of Stress Concentration

6.1.1 Areaswith sress concentration and large deflections should avoid thick or brittle coatings.

Avoid giffener/girder shadow area (bullb/angle/tee)

6.2.1 Shadow areas may be neglected or recaive poor covering during the find tank painting and
should be avoided.

Stiffener Sdlection

6.3.1 Smooth bulb flat diffeners are preferable. If not then use angles or rolled Tees. Fabricated
Teeswould be the last choice because of flame-cut edges and welds.

Wherever possible provide means for drainage.

6.4.1 Intersection of longitudinas and frames.

6.4.2 Uselightening holes or scallopsin horizontd members.

Joining of sructure

6.5.1 Butt welded structures are preferable to lap welded.

6.5.2 Use continuous fillet welding rather than intermittent welding.

Edge rounding and grinding

6.6.1 Edges should be rounded or beveled to avoid breaks in the coating.

In-Tank Piping Requirements

Strainers

7.1.1 Doubler plate or fiberglass plate under bellmouth strainer.

Threaded connections

7.2.1 Threaded connections inside ballast tanks should be galvanized and coated.

Inert gas system

7.3.1 Provide adequate means for inert gases and gas freeing.

Pipe coatings

7.4.1 Care should be taken to insure that the underside and backside d metd are properly
coated.

8. Surface Preparation

8.1

8.2

8.3

Soft coatings require a minimum of Commercid Blast Cleaned Surface Finish (SSPC-SP-6,
NACE No. 3, SSI Sa2) and areasonably dry surface.

Hard coatings require a minimum of Near White Blast Cleaned Surface Finish (SSPC-SP-10,
NACE No. 2, SSI Sa2.5) for acceptable adhesion.

Inorganic Zinc requires a White Metd Blast Cleaned Surface Finish (SSPC-SP-5, NACE No. 1,
SSI Sa 3) for gavanic action to occur.



9. Design of Other Protection Systems
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APPENDIX B. SURVEY QUESTIONNAIRE AND RESPONSES

A questionnaire concerning corrosion control and the service, design and production of ships
tanks was digtributed to vessel builders, owners and operators. The questions were compiled from
corrasion control information found in recent literature. In addition, severa new and previoudy suggested
concepts for corroson control in tanks were presented to dicit industry comments. The questionnaire was
amed at the double hulled ballast spaces of new tankers, but had broad genera application to al vessd
types and tank services. Some respondents had experience with double hulled vessels and their answers
reflect thet fact.

Twenty eight questionnaires were sent out and twelve completed questionnaires were returned.
Some responders offered quaifying comments regarding the questions, while others provided additiond
suggestions.  Addressees and  those returning the questionnaires are listed in Appendix A. Two
participating companies provided interviews:

e Maritime Overseas Corporation (Messrs. James Cruikshank and Jan Ziobro)
e Military Sedift Command (Mr. James Baker)

These interviews heped to temper the smplicity of the questionnaire and provided insghtsto the redlity of
operating consderations as well as the parameters of exigting regulations.

The questions broached by the questionnaire and the answers provided by the respondents are
given below. Each question was followed by a numerica answer to be sdected by the responder, with 1
indicating agreement with the question and 5 indicating disagreement. The numbers in between alowed a
welghted answer with regard to the strength of agreement or disagreement. Immediately following each
question below is the range and the average of al answers received. Also included, and perhaps more
meaningful, are synopses of the comments by the respondents. As mentioned above, the questions were
divided into categories of service, design and production.

SERVICE
Damage to coatings in ballast tanks can occur in severd ways with regard to service:

1) Working of flexible structure in a seaway causing cracking and deterioration of coating. Thisis
epecidly prevdent with lighter high tensle sted structure and thickness reduced due to
classfication society alowance for corrosion control.

Range=1-4 Average= 2.3 (Slight Agreement)

*  The coding can be more éadic than the sted structure. Research has led to the
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2)

3)

development of coatings which take on aflexibility ratio very amilar to that of the surfaces
on which gpplied. Choice of the right coating can negeate the flexing structure effect.

Severe flexure is an indication of high stress. I the structure flexes enough to cause the
coating to crack, the structure may be inadequate. In time, the sted may fracture due to
faigue.

The structure must be made adequate to support the coating without damaging it, not vice
vasa If the coating shows sgns of cracking a atypicaly flexible detail, and if the coating
gpecification, gpplication and ingpection have been found in good order, then redesign or
reinforcement of the connection should be explored. A more flexible coating is not the
answer in these cases. FHexing and cracking of coatings could be more problematic with
high strength sted, if the connections are not adequately designed.

Although a possible problem in the past, reduced thickness for corrosion control are no
longer dlowed by classfication societies. Reduced scantlings are undesirable from both
acorroson and afaigue point of view.

Wear and tear caused by crew members or other personne moving about the tank.

Range=1-5 Average= 2.7 (Indifference)

In the operation of the vessd thisis not a problem as any wear of thistypeisalong term
factor. Normal routine inspection by the crew is a about 6 month intervals. Ingpections
are usudly accomplished over the same path in each tank, therefore, there is not alot of
traffic to deteriorate the coating to any greet extent.

Wear can be caused when tanks are mucked out of sand and st with shovels or other
convenience.

Range=1-4 Average= 1.7 (Sight Agreement)

Bdlast tanks are generaly cleaned up prior to survey, inspections, etc., which also keeps
any possible wear down.

Normd practiceisto use ahoseto rid tanks of accumulated sand and st from bdlast. The
debrisis herded toward the suctions and pumped out. Portable eductors are also used.
Thisis adequate where clean, fresh water balagt isused. Where balast is pumped aboard
from below the vessdl while docked, the bottom is inevitably stirred up and mud and siit
will accumulate. In this case, the mgority of the debrisis hosed and the remainder isthen
dug out at aft end if needed. In double bottom tanks, access to the tanks for cleaning can
be facilitated by the use of vertica trunks. These trunks are designed into the vessel on
centerline at the aft end of the tanks.

B-01



4)

5

6)

It takes approximately eight to ten days for st to settle out in abalast tank. If properly
done and before the St has settled, dockside ballast water could be changed with clean
water mid ocean. Thisisone way to partidly diminate the many faceted problem of glt
in the balast weter.

Erosion of coatings by congtant doshing of balast water, containing abrasive particles, back and
forth in bays between structural members.

Range=1-4 Average= 2.3 (Slight Agreement)

Partidly filled balast tanks, containing st in the water, could cause erosion over the long
term due to doshing. However, bdlast tanks are normally pressed full, which precludes
the effects of doshing, greetly reduces circulation in the tank, and alows the St to settle.

Also, the balasting operation is usudly accomplished in port, without ship motions.
Therefore, doshing is not considered ared factor in the erosion of coatings, and can be
disregarded.

Bdlast water with abrasive particles will cause eroson at the balast line entry and suction
points, especialy with soft zinc coatings. The plates under the line entries and the suction
bellmouths will wear excessively. These plates should be increased in thickness and
coatings under the bellmouths should be maintained in service. The use of 800 microns of
fiber-glass flake coating is recommended in these aress.

Heating and cooling of tank causing swesting and condensation.

Range=1-5 Average= 2.3 (Slight Agreement)

Cargo temperatures of 120 to 160 degrees Fahrenheit (50-70 0C) in tanks properly
coated for these temperatures should not cause a problem with corroson. Sweeting and
condensation, due to heating and cooling of the cargo in a partidly filled tank should also
not cause corrosion. The tank coating must be suitable for the temperature and its surface
must not be compromised (cracked, pedling, holidays, €tc.).

The heet, sweeting and condensation will accelerate corroson in way of any compromised
coating and cause additional damage of the coating due to spawling of the lining attached
to corroded stedl.

Corroson is aggravated in tanks adjacent to tanks carrying high temperature cargo.

Range=1-4 Average= 2.0 (Slight Agreement)

B-92



7)

Modern practice moves fud ail away from double bottom ballast tanks, dleviating part of
this problem. However, it is ill a problem if the cargo tanks above the double bottom
bdlagt tanks are heeted. Proper coatings should be used in adjacent tanksto resist heating.

In this case, conditions causing corrosion to be prevented or accelerated are the same as
in Question 5 above.

RFitting is likely to occur on horizontal surfaces low in the tank with inadeguate drainage at the
edges of dtiffeners and around access holes.

Range=1-4 Average= 1.6 (Sight Agreement)

Pitting on horizontal surfaces can occur anywhere in inadequately protected cargo tanks
or those in which the corroson protection system has begun to fail. Under these condiitions,
mgor pitting can gppear in the &t bays of cargo ail tanks, egpedidly if high sulfur ail isbeng
caried. Atting is not usudly aproblem in balast tanks.

The primary protection againgt pitting is an adequate corrosion protection coating,
supplemented by cathodic protection with anodes properly located and providing the
correct current dengity.

Corrosion at the edges of dtiffeners and around access holes is exacerbated by dudge, St
or mud accumulation in way of the compromised coating.

Scallops, which ad drainage, should be generous with at least 50 to 75 mm (2 to 3 inch)
redii.

Horizontas with flanges rising above the web, eg., tees and fabricated angles, do not drain
fredy and should be avoided.

Corrogon on edges can be minimized with sufficient edge grinding and gtripe coating. Two
dripe coas are desirable. Timing of the coatsisimportant. Application of the Stripe coats,
if done firgt, must not delay the finish coats to the point where the stedl losesits blagt. If
griping is done between finish coats, time must be alowed o that uncured coetings are not
damaged by worker activity, yet maximum curing intervals between coats must not be
exceeded.



DESIGN

For longest life of coatings, the following recommendations should be adhered to with regard to
desgn:

1) Butt welded joints should be used whenever possble; Iap joints, rivets and interna bolted
connections should be avoided.

Range=1-2 Average= 12 (Agreement)

*  Not many lap joints, nor riveted or bolted connections, are utilized in tank congtruction
today. Butt welding is the preferred method of attachment.

*  Wherethese other attachment methods are employed for brackets, ladders and possibly
pipe support attachments, the attachment points should be adequately protected against
corrosion.

*  Threaded fasteners should be galvanized and coated.

2) Threaded connections should not be used, or should be made using corrosion resstant
meaterias.

Range=1-3 Average= 1.3 (Agreement)
*  Theonly threads normaly alowed would be on bolts for ladders and pipe supports.
*  Mond isthe preferred materid for bolts. They may be galvanized and coated.

3) Structura support members should be of smple shapes, such as smooth round bars or pipe
for ease in applying coatings.

Range=1-2 Average= 12 (Agreement)

e Usudly hollow sections are utilized on deck, for main pipe supports, not in tanks. In
tanks, only solid sections should be used, to prevent undetected interna corrosion.

*  Round bars and pipe, while good for coating, may not be the most efficient sectionsto
use in some cases due to ether strength or structurd limitations, or both.

4) Bulb flats, which have contoured rounded edges promote better surface preparation for

coatings, promote reception of paint, and are less prone to physica damage than
conventiondly fabricated "T" or "L" diffeners having sharper corners. The absence of weld
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6)

during production of bulb shapes increases the life of the coating.

Range=1-3 Average= 12 (Agreement)

Larger bulb flats are fabricated by welding the bulb to the web and require striping like
any other built-up section.

While good for coating, bulbs are heavier than equivaent rolled angles and fabricated
angle and tee sections and are not used by shipyards because of the additional cost.

Japanese bulb flats are made from flat sections and have sharper edges around the bulb
than the European bulb flats, negating some of the advantages of bulb flats,

Y ards with automatic welding equipment capable of producing built-up sections chegply
will prefer to use built-up sections. Extra effort, including edge grinding and striping,
must then be put into the corrosion control coating system, its gpplication, ingpection
and upkeep.

Diaphragm plates, where they can be logicdly fitted in lieu of diffeners, are useful to provide
dtiffer sructure and minimize doshing of ballast which has been shown to erode coatings.

Range=1-5 Average= 2.2 (Sight Agreement)

Initial design should provide adequate thicknesses and minimize the use of pand
breakers, but conventiona structures with edge grinding and stripe coating are the
redity. (See aso the reply to Service Question 4 above regarding doshing).

Digphragm plate structures can be difficult to congiruct, inpect and maintain. They aso
increase coating aress.

A reduced number of horizonta gtiffeners on vertical surfaces reduces corrosion problems by
minimizing horizonta surfaces that create standing pools of water.

Range=1-4 Average= 1.7 (Slight Agreement)

Normally a minimum of 3 horizonta stringers are fitted on the transverse bulkheads of
each tank. Adequate drainage is usudly provided where vertica tiffeners pass through
these stringers. These, together with access and scallop holes in the stringers, can
minimize water and dudge retention.

In double hull tankers with one center tank, the longitudina bulkheads are smooth on
the cargo tank sde. Accumulation of dudge is not a problem.
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8)

In double hull vessds with multiple longitudina bulkheads and cargo tanks across the
vessH, some tanks will have horizontal stiffeners. To minimize the pooling of water, St
and dudge on the gtiffener side of these bulkheads, a number of measures may be

taken. Bulb flats or rolled angles may be used, dlowing the water and silt to shed asthe
vess rolls. Where tees or built-up sections with vertica lips above the web are used,
generous scalops are helpful in draining liquid, Sit and dudge. The scallops should be as
large as possible, with experience being the best guide. Although these steps prevent the
accumulation of unwanted liquid and debris, the best prevention is a properly maintained
effective coating.

The negative Sde of the rolling tolerances of the sted used in shipbuilding can sgnificantly cut
into the corrosion alowance. It is either recommended to ether tighten the rolling tolerances
or increase the corrosion alowances accordingly.

Range=1-5 Average= 24 (Slight Agreement)

In the padt, the inability of sted mills to produce plate to the specified thickness resulted
in plates being dightly thicker or thinner than the nomind thickness and rolling tolerances
were the accepted norm. Today, thickness controls at mills are much tighter and plates
can be rolled very close to the ordered thickness. Some builders have ordered plates
to the low end of the rolling tolerance for the specified thickness. Thisresultsin avess
with areduced corroson alowance. When the plates are gauged, corrosion will be
determined on the basis of the origind specified thickness and under-tolerance plates
will require premature replacement.

Therolling tolerance isinggnificant compared to the classification society corrosion
requirements of 1-2 mm.

A changein the International Association of Classification Societies (IACS)

requirements, initiated through the Tanker Structural Cooperative Forum, has limited the
under thickness tolerance to 0.3 mm below the nomind plate thickness. This has helped
to retain the intended corrosion alowance and |essened the early replacement of wasted

plating.

To supply fresh air into tanks during inspections provide inert gas (IGS) and balast piping
systems that have connections to fresh air supplies.

Range=1-5 Average= 2.3 (Slight Agreement)

International Maritime Organization (IMO) recommends that a vessel be capable of
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10)

supplying fresh air from the Inert Gas System (1GS) to the double bottom tanks using a
fixed tap into the 1GS between the deck sedl outlet and the nonreturn valve. Freshair is
aso supplied from IGS main usng portable ducting which is directed into balast tank
cleaning hatches on deck.

Gasfreaing, especidly in the double bottom, is extremely difficult and time consuming.
Some vessdls are fitted with vertica trunks on the centerline at the transverse bulkheads
which dlow an additiona air path for gas freeing and ventilation, aswell as providing
access to the tanks for cleaning.

Usefiberglass reinforced plastic (FRP) or composite gratings, walkways and ladders
wherever possble. If these items are made of items dissmilar to sted, provide dielectric
barrier materials or sedlant to isolate dissmilar metals. For the same reason FRP can be used
for balast piping.

Range=1-5 Average= 2.3 (Slight Agreement)

The use of FRP grating isagood idea, but definitely an extra cost item. Wakways and
ladders would dso be a possible aternatives to stedl.  However, service experienceis
that FRP gratings often fracture on impact and should not be used where heavy objects
may be dropped on them.

It isimpractica to use FRP or composite gratings extensively because stock sizes do
not aways match application requirements.

The need for isolation of dissmilar metas is dependent on their relative positionsin the
gavanic series and their arearatios.

FRP piping is functiona and easy to repair if damaged and has been used extensively on
some vessls. The mgor objectionisitsinitial cost, with one operator paying more than
$500,000 extrafor FRP piping in a 300,000 dwt tanker built in Japan. Cost
effectiveness, even on alife cycle bass, is probably not in favor of FRP piping.

Minimize structurd features that can cause shadowing of areas during paint oraying.

Range=1-4 Average= 1.9 (Slight Agreement)

Judicious placement of structure during the design phase, with consideration given to
coating during congtruction, can decrease shadow areas. The use of coating-friendly
Sructura sections can aso minimize shadow aress. However, in redity, the structure
must firgt serve the strength requirements of the vessdl, and the paint application
secondly.
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12)

13)

14)

*  Toguard againg corrosion caused by holidaysin the coating in shadow aress, cathodic
protection is used as a backup system.

Provide air escape paths for dl seawater ballast tanks to prevent the formation of air pockets
and to improve the effectiveness of sacrificid anodes, particularly in bottom tanks.

Range=1-3 Average= 1.3 (Agreement)

*  Provison of venting of trapped air should be a normal feature of the tank structure.
Generous scallops of 50 to 75 mm or greater radius should be applied to structures to
dleviate any ar pockets at the tops of tanks.

The design should take into account not only potentia causes of damage to the coating but
aso ease of coating application and subsequent qudity checks. The designers should
consder the coating of the space when considering the sted work assembly sequence, so that
the sted and outfit work sequence can be optimized to minimize damage to the coatings.

Range=1 Average= 1.0 (Agreement)
»  Theided environment for coating life isto have no activity in atank after the coating is
applied, or at least until the coating has cured. In addition, atank desgned with total

access and no sharp edges would increase the overal life of coatings and require a
minimum of touch up through out itslife.

Deadrise of bottom achieves reduced corrosion through improved drainage and should

therefore be consdered in future designs.

Range=1-5 Average= 2.2 (Sight Agreement)

»  Deadrise of tank top is not needed in double hulled vessdls as the bottom of the cargo
tanks are smooth, without protruding structures. Drainage is achieved operationaly by
trimming the ship &ft.

*  Deadriseimproves drainage, but producibility is the overriding concern.

*  Thereisno point in providing deedrise in balast tanks, Snce operators rarely strip out
these tanks because of the time required.

On side shell and longitudina bulkheads, doped longitudinas could be considered with, say,
a10 degreeincline to shed water and debris.
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16)

17)

Range=1-5 Average= 2.2 (Sight Agreement)

»  Soped longitudinas are difficult to construct and less effective structuraly. They are not
used because of overriding concerns for producibility and strength.

To diminate horizonta surfaces and improve cleaning, coating, and drainage, corrugated
bulkheads can be used.

Range=1-5 Average= 2.3 (Slight Agreement)

*  Dexpitetheir attributes, corrugated bulkheads have a history of cracks and leakage in
service.

*  Corrugated bulkheads are not used in large tankers because of their strength limitations.
For structures and details known to be subject to heavy corrosion, use increased scantlings.
Range=1-5 Average= 25 (Slight Agreement)

*  Increased thicknesses in areas subject to heavy corroson are al right in theory, but with
the new classfication society rules on coating integrity, aninitid good coeting is more
desirable to guard against corrosion. If coating breakdown exceeds the classification
criteria, the space would be subject to more frequent and intense survey at additiona
cost and time for the operator. The added first cost of increased scantlingsis of no
benefit and the money is better spent in purchasing a more effective coating system.

*  Rededgn of detalsis preferable to heavier scantlings.

Full scantlings as opposed to reduced scantlings can be proved to have roughly equivalent or
lower life cycle costs and provide vauable insurance againgt unexpected coating failure over a
20 yea life.

Range=1-3 Average= 2.2 (Slight Agreement)

e Under current classification rules, reduced scantlings for corrosion control measures are

no longer accepted. Only full or increased scantlings are permitted. Use of full
scantlings, together with tighter survey requirements, is insurance on structures life.



18)

Oversizing double bottom heights and wing tanks widths facilitates easier access for
congtruction and maintenance while increasing the ship's safety.

Range=1-3 Average= 19 (Slight Agreement)
e Accessisanimportant congderation in the szing of double bottom heights and wing
tank widths, in addition to other considerations, such as tank shape and type.

*  Overszing mug not be without limit. Theintent isto permit ingpection without staging
or having to dimb, while a the same time meeting balasting and safety requirements.
Overgzing bdlast tanks results in Sgnificant cost increases.

»  Double bottom heights greater than 3 m will make inspection and maintenance of the
tanktop underside structure more difficult.

PRODUCTION

For the longest life of coatings, the following recommendations should be adhered to with

regard to production:

1

2)

In order to avoid the creation of tight crevices that will retain water and rapidly corrode
tanks, al welds should be continuous - intermittent, spot, stitch, or skip welding should not be
permitted.

Range=1-3 verage= 14 (Agreement)

»  Continuous welds should be used in dl "wet" aress, e.g., in accommodation structures
ingde and out, aswell asin tanks or anywhere liquid collects.

All temporary congtruction fixtures and brackets, and dl weld spatter, arc strikes, etc. must
be ground smooth prior to painting. Badly undercut welds must be removed and rewel ded.

Range=1-5 Average= 1.3 (Agreement)

*  Theshipyard standard practices should limit these items and the owner's inspection
team must hold the yard to those limits. Many of these problems occur in the prefab
shop where inspection teams must be on the dert to discover the problem before the
assembly isready for the block move stage, where any rework will dmost certainly hold
up production and will be more difficult to rectify.

* Insomeingtancesit may be advantageous to leave brackets and staging in place to

facilitate post-condruction ingpections. Brackets and staging left in place must be
properly coated.
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4)

Undercut welds need only be rewelded rather than be removed.

Grinding smooth is not necessary to achieve a good coating application.

Best overdl coating performance can be obtained when al sharp and flame cut edges are
ground to a maximum edge radius of 1/2 the plate thickness.

Range=1-5 Average= 1.8 (Slight Agreement)

A radiusof 3/8 inchisaufficient for dl plate thicknesses.

Edge grinding should be independent of plate thickness. Studiesindicate a5 mm radius
or a 120 degree bevd is equivaent to aflat surfacein terms of coatings. Mot ship
specifications permit a 1-2 mm radius as acceptable.

A 1 mm chamfer (each leg) will provide adequate coating performance.

The shipyard should demongtrate the edges they are willing to include in the
specifications. The agreed-upon edge is included in the specifications and dl production
edges must “fed smooth to the touch” comparable to that edge. The yard should not
have difficulty producing this edge and coatings will generaly conform to an edge thet is
“smooth to the touch.” However, two stripe coats are till recommended to insure
coating integrity at the edges.

Use low surface tension coatings which do not thin out as they dry at sharp edges and
leave more coating protection than possible previoudy.

Field welding should be reduced to an absolute minimum as the coating may burn far beyond
the weld area and the damaged area may tend to be less accessible for recoating.

Range=1-2 Average= 14 (Agreement)

Thismust be clearly stated in the Specifications and the Y ard Standards Booklet and
must be gtrictly enforced by the owner'singpectors. Normally, grinding and recoating
should be permitted on erection joints only. Specifications should require dl other field
welds to be approved by inspectors.

Gavanized piping may be damaged by field welding and prying pipes together on
location ingtead of welding the pipe in the sheds and providing flanged field joints.
Damaged gdvanizing can be repaired by the specified field procedure, but this should
be avoided.
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Surface and coating ingpections during and after building should concentrate on any horizontal
surfaces that will trap mud and debris, Snce thisis where most coatings failuresinitiate,

Range=1-5 Average= 2.8 (Indifference)

Concentrating inspection efforts on the bottoms and horizonta surfaceswill provide little
control or continued protection. It may improve pitting control, but tank vessel
corrosion is not selective and al areas of the tank must be thoroughly ingpected.

Sharp edges of gtiffeners and corners of dots should aso be ingpected.

Provison of ble structure with dimbing aids and safe walkways will facilitete the
ingpection of horizontal surfaces.

SUGGESTED IDEAS

1

2)

The following are some ideas that were proposed in the past or conceived for the future to
help dleviate the problem of corroson by design or positive action. Here indication of
response was by comments in the space below each entry.

Use abdlast additive that, when combined with the salt water, will decrease the effect of
corrosion.

Oxygen scavengers are used successtully in ballast water of laid-up vessels. Experience
withaVLCC laid up for 13 years showed the ballast tanks to be perfect. However, use
on aregular basis would be too expensive and owners might not see atangible result for
at least ten years.

Possible toxicity and environmenta issues which may restrict the discharge of balagt.
Use fresh water balast where possible, asit may be less costly.

Proper coating with cathodic protection and periodic touch-up probably more cost
effective.

Requires space for additiona equipment and supplies. Adds maintenance and an
additiona operation not needed by the crew.

Make the tank shell and boundary bulkheads from plate stiffener combinations. These units

will be made up of one diffener spacing of plate and run in the longitudind direction. Each
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unit is fabricated by bending a plate forming a stiffener section at one edge, the other edge
being flat to be able to weld to the adjacent unit. A tank shell or bulkheads are made up by
welding these units edge to edge. The advantage isthat there is only one weld seam, where
the units weld to one another, not the usua two where the stiffener welds to the plate.
Therefore there is less chance for weld corrosion.

*  Flanged plates do not fit into current shipyard production facilities and processes and
are not normally acceptable to shipyards.

*  Lesswdding isaways better and cheaper.

* Increasestherisk of stress corrosion at the plate bending edges, possibly creating an
additiond problem area.

*  Thisisnot arecommended solution to corrosion. Particular concerns include excessive
fit-up time, reduced section modulus, lack of stiffening to the flange, and significant
production problems in areas of hull curvature. It is possible that such a structura
arrangement would not be acceptable to classfication societies,

*  Improved preparation and inspection of welds and fabrication details may accomplish
the same at less cost.

e Wdd corroson in erection joints and field welds is the larger problem. Method
increases the shell welds which are alarge cause of structura problems.

*  Thismethod limits design flexibility and complicates fabrication and aignment practices.

Filter balast water to prevent sit and mud from scouring the tank coating or collecting on
horizontal surfaces. This dso helps reduce microbiologica influenced corrosion (MIC) in
these aress.

*  Mos balast pumps have suction filters. Debris can be a problem at the beginning of
ballasting with the vessdl a deep draft and the sea suction boxes near the harbor
bottom. Can overcome this problem by exchanging ballast water mid ocean before St
and mud settle.

*  Dday bhaladting until the end of the discharge cycle when there is more clearance
between the sea suction and the bottom. Practice “good housekeeping” by periodically

cleaning tanks.

e Impracticd for heavy mud situations.
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Very finefilterswould be required. Thefirst time they clogged during atight
discharge/ballast operation, they would be dispensed with by the small, hard-pressed
crew.

An impractica gpproach to corrosion control in that the benefit would never outweigh
the cost. The frequent changing of filters during port time would be unaccepteble

operationdly.

Good idea, but does such a system exist? What would the system cost?
Would be quite costly and would tend to dow ballasting rates sgnificantly or require
extremely large filtering units, with atendant maintenance and repair cods.

Scouring/erosion of coatingsis not amgjor problem.

A venting and desiccant system could be devel oped to remove moisture in the air when the
balagt tanks are empty.

Nicein theory, but the equipment and materid costs could be prohibitive, consdering a
VLCC has about 110,000 tons of ballast water. Where would

you store desiccant and how would you handle it? Stored desiccant would decrease
deadweight.

DH systems are fairly common for void spaces on certain types of vessel where

"sweating” isaproblem. It is doubtful that they would work or be effective on balast
tanks with resdua free water available in empty tanks.

Impractical when trading on short loaded trips of say lessthan 3 days. Probably
uneconomica too.

Such a corrosion control measure would prove expensive and maintenance intensve
and creste storage/handling problems.

Good idea

Would it prevent corrosion? Aslong as tanks are washed and dried when empty,
proper coating should do the rest.

A venting and desiccant system gppears to be overkill and impractica. Good venting
system design is aways desrable.

Ingtal removable ingpection ladders, that can be mounted on permanent non corrogive tracks
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in the tanks. These ladders would be positively mounted but be able to roll forward and aft
as needed by the inspector.

Good in theory, but it can be dangerous to climb aladder that may move in adippery
Stuation. Better to provide ble structure that alows close-up inspection.

An impractica solution with extra costs and excessive corrosion problems.

Good idea, or have permanent CRES ladders.

Probably a good idea to enhance ingpection of coatings and tank internals.

Given the amount of structure in the double skin tanks, this syssem may not be practica.
Providing improved means and access for ingpection will improve the
comprehengveness of ingpections and reduce the time required, which will pay off in the

long-term.

Should use stainless stedl tracks and fiberglass ladders, but how much cost would be
added to vessdl?

Improved ingpection during coating is the biggest factor in improving coating life.
Ingtdlation of tracksin tanksis not clear.

Moving portable ladders can damage coating. Use permanent ladders, which are safer.
Portable inspection ladders are ways being discussed but are costly, difficult to
maintain, and have safety problems. There are many new methods and types of
equipment available which negate the consderation of built-in ingpection facilities.

Conventiond tankers have transverse webs at about 4 m intervals which would prevent
these ladders from rolling forward and aft as needed.

In unidirectiona double skin tankers, ingal an adjustable portable trolley system in the balast
tanks that can be moved unimpeded withouit rails (using the sides of each cdll for guidance).
Then each of the double bottom cdlls, as well as the wing tank cells may be ingpected with a
minimum effort and energy.

With a minimum double bottom height of 2 m, ingpection is easy.

Adjustable tralley would prove expensive, difficult to ingdl and would cause excessve
damage, thereby increasing corrosion rather than decreasing it.
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Probably a good idea to enhance ingpection of coatings and tank internas.
Good idea, but system needs to be better defined.
Thetrolley should not be an ingtaled item, which implies some fixturesin the cell.

Use alifdine with safety harness for fall protection and climb or crawl these spaces.
Stgples should be ingtdled as necessary for the lifdines.

Ingpection during service is not the problem, it is the ingpection and qudity control
during coating thet isimportant.

Adjustable portable trolley systems may be helpful for barges and very small vessel
ingpections, but proper design, such as strategically located floors, can diminate the
need.

A mechanicd system, such asatrolley, is expensive and restricts arrangements.
Maintenance of this system can be difficult. Best design festures are fixed structures,
such as stringers and walkways, which can be ingtdled at reasonable cost and dlow
ingpection and repair work to be carried out safely and efficiently.

Keep tanks small - Smal tanks would have less forces on them (lessflexing). The eroding
effect of St and solids in the tank would be minimized, coating and maintenance may be
esder, contralling the environment in the tank may be easier.

Thiswould cause an increasein light ship weight and unacceptable increasesin initia
and operating codts.

To provide the required ballast capacity, the number of tanks and painting area will
increase and maintenance will be more difficult.

Smdler tanks are more difficult to coat than larger tanks a the manufacturing stage.
However, smaler tanks would be easier to maintain.

Small tanks are more expensive due to added piping, and are less producible.

Smadler tanks mean greater sted weight and far greater cost a new building. Coating
mai ntenance would probably be more difficult as the gpace is condricting.

A large part of inspection and maintenance time is set-up or preparatory activities.

Smdler tanksimply a greater number of tanks, which increase total preparation time
and cost.
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*  What isthe percent contribution of flexing to corrosion, isit large? Smaler tanks mean
more places for coating to fail. They are higher cost to repair and provide limited
access for equipment and remova of abrasives.

*  Larger tanks are easier to prepare, paint and maintain.
*  Smdler tanksincrease corroson aress.

»  Useof andler tanks would provide stiffness achievable through norma design practices
while increasing the number of tanks. Effects of slt and solids in the tanks would be
reduced per tank, but not in total for the vessel. More tanks mean more steel, more
complex piping and pumping systems, greater stripping operations, etc. “ There are no
free lunches!”

Use strutsin lieu of solid floors in double bottom and intermediate Sde stingers. Lesswelding

and less materid to corrode will bethe results. Scaffolding will easily be able to be placed on

sruts to facilitate inspection in Sde tanks.

*  Useof gruts would present more problems with edges to be coated. Also there would
be many point loads instead of preading loading/stress throughout the hull structure by
transverses/digphragms.

*  Strutsare common practicein barges. There must be sufficient materid to stisfy the
strength requirements.  Struts represent more sharp edges and potentia points of failure.

e Structurd condderations are more important than coating.
e Strutsarelightweght solution, however, they encourage the very problems addressed
by this survey. The sharp edges, weld areas, etc. are subject to corrosion. The struts

are aso subject to structurd failure over time.

*  Agreethat thereislesswelding and less materia to corrode, however, proper coating
and gpplication should aso minimize corrosion.

*  Not suggested for a ship that can possbly go aground.

* Usgngdrutsin lieu of floor plates would only tend to increase corrosion control and
ingpection problems. With proper design, floor plates can diminate the need for
scaffolding and plates are much easer to coat and maintain than structura shapes.

»  Struts cannot be subgtituted for floorsin VLCCs from a strength point of view.
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9 To limit mud accumulation in ballagt tanks and minimize the microbiologica influenced
corroson (MIC) under mud deposits, a polymeric dispersant can be injected into the
discharge sde of the balast pump during balast loading.

May present operationa cost and environmenta problems. Currently, many ports
require vessds to arrive with clean ballast taken on in mid-ocean to avoid transfer of
microorganisms and aguatic life. Thisisthe better solution.

Environmenta impact when deballasting.

Not agood ideafor short trips, based on experience with currently available
dispersants. It is not known how they work for balast legs longer than six days.

Because of cogt, dispersants are generally used only to clean up ballast tanks prior to
surveys, ingpections, etc.

Will polymeric dispersant prevent MIC? Proper coating and maintenance at al times
should avoid corrosion. No mud, no MIC.

We have used dispersant extensively. The effectivenessin mud remova is questionable,
but it does seem to improve coeting life.

Not cogt effective. Would opt for agood coating system instead.
Paint provides sufficient protection againgt MIC, which is not a Sgnificant problem.
Dispersants are very beneficid in reducing mud deposits. Experience shows that without

continua attention, mud deposits will form, but they will not be as large as without a
dispersant.

The following item and generd comment were added by one respondent:

10) Sacrificid anodesingalled at newbuilding act as a back up to the coating system and need
only berdatively few in number. This has proven successful and is pretty much a sandard
process.

GENERAL COMMENT - In abdlasted tank, doshing occurs a the surface and any st should be at

B - 108



the bottom in dead water areas. Erosion does occur at balast line entry and suction points
(thisisamgor problem with soft zinc coatings.)

Modern and even older generation coal tar epoxy coating systems are lasting 10-14 years
without appreciably failing, without any of the technical niceties suggested. Unlessthereisa
clear demongtration of short term saving to the owner, “extra’ cost itemswill not be
implemented.

Structurd design changes, such as using good ol d-fashioned European bulb bar, are
however, seen as a positive move in the US - accepted by both yards and owners.
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