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FOREWORD

This report is one of a series of reports 1/ dealing with the
zone-oriented concept in shipbuilding, perfornmed under the
Nati onal Shi pbuilding Research Program These reports are
cooperative, cost shar ed, efforts between the Maritine
Adm nistration (Ofice of Advanced Ship Developnent), the
United States Navy and Avondal e Shipyards, Inc.

The zone-oriented painting concept detailed in this and
previous reports is based upon successful inplenentation in
Japanese shi pyar ds; in particul ar, | shi kawaj i ma- Har i ma
| ndustries Conpany, Ltd. (ITH). The logic and nethods of
zone-oriented painting lead to inproved productivity in ship
construction.

M. John Peart and M. R chard Price, on behalf of Avondale
Shi pyards, were the program nmanagers responsible for technical
direction and report publication. Program definition and
gui dance were provided by nmenbers of the Society of Naval
Architects and Marine Engineers (SNAMVE), Ship Production
Committee, Panel 023-1 (Surface Preparation and Coatings).

1/ The previous reports under this series are:

. “A Descriptive Overview of Japanese Shipbuilding Surface
Preparation and Coating Methods”, J. Peart and G Soltz,
Nat i onal Shi pbuil ding Research Program Septenbe-r 1982.

. “Zone Painting Method”, J. Peart and H Kurose, National
Shi pbui I di ng Research Program August 1983.

. “Shipyard Design and Planning for” a Zone Oiented
Painting Systenmi, J. Peart and Y. |Ichinose, National
Shi pbui I di ng Research Program July 1984.



M. Y. Ichinose, President of IH Marine Technol ogy, was the
proj ect manager responsible for the coordination of the work

perfornmed by IH . “ The research, which forns the basis of this
report, was directed by M. Y. Ckayama, IH International, and
M. Y. Yamanoto, IH International, and was generated and

conpiled by Messrs. Y. Kido, IH International, K Nakagawa,
IH Kure, 1. Inmada, IH Kure, T. Hirota, |I.H Kure.

The work was edited and prepared for final copy by John Peart
and Linda L. Jaekel.



EXECUTI VE SUMVARY

Ship painting is a vital part of ship construction, with the
man- hours conprising about 10% of total production man-hours.
Wth technological inprovenents and. increased attention on
paint quality, there is a growing” painting to total production
cost ratio.

The Zone Painting Method ( ZPTM has been successfully
i npl emrented in Japanese shipyards and has shown to increase

both productivity and performance. This report describes the
pl anning and nethodol ogy of zone-oriented painting, based on
the research of Japanese shipyards. A special focus in this

report is given to the “on-block” painting stage in ZPTM

On-block painting is a vital elenent in ZPTM adjusting, the
painting work load to a nore even level during the entire ship
construction process. Application of shop priner and on-board
painting are also treated with some detail in this report as
these two elenments are connected wth on-block painting
requi rements and part of the zone-oriented painting process.
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1.0 | NTRODUCTI ON

Under the Zone Painting Method -(ZPTM, a nmmjor advantage
involves noving much of the painting requirements to the
on- bl ock stage. On-bl ock painting involves paint application
on the different zone/areal/stages (defined by ZPTM pl anning)
before the ship s bl ocks are erected.

The on-bl ock concept tightens up the ship construction tinme by
allowing painting to be done during the entire construction
process, and permits a generally safer work environnent than
at the on-board stage (once the ship is constructed). These
factors contribute to the increased productivity under ZPTM
as does the required planning under the zone-oriented concept.

As different trades wor k si nul t aneousl y (rather t han
sequenti al l'y) the prelimnary and detailed planning stages
are very inportant in listing out the tine and nmaterial

requirements for each trade in great detail.

As on-block painting is part of a process in ZPTM the scope
of this report is to describe the nmethods and requirenments not
only for the on-block stage, but also for the related steps
for painting a ship in new construction. Section 2 outlines
the general concepts of the Zone Oiented Painting Method.
Section 3 discusses the paint specifications and Section 4

details surface preparation nethods. Using shop prinmer is an
integral part of ZPTM and prepares the steel for both on-bl ock
and on-board painting, as discussed in Section 5. Section 6,

On- Bl ock Painting, di scusses the concepts, advantages and
nmeans of inplenmenting this nethod. On-Board Painting, Section

1-1



7, discusses painting of those’ areas of the ship which can not
or should not be painted at the on-block stage, As on-board
is the final step in ZPTM inspection criteria is also treated
in Section 7.

The many charts and illustrations in this report are provided
to supplenent the witten descriptions of concepts which can
be fairly detail ed.



2.0 THE ZONE ORI ENTED Al NTI NG METHOD

Pai nt performance can be defined as one of the nobst inportant
elements affecting the ship’s physical life. Ship owners are
now paying nore attention to the life cycle/cost of painting
and ship nmaintenance, resulting in an increasingly higher
painting to total production cost ratio. | mprovements in
pai nt performance and coating nethods have been studied and
i mpl enented in Japan from a conbined effort of shipyards and
pai nt  manufacturers . As a result of these efforts, the
“Zone-Oriented Painting Method” (ZPTM was established to
enhance productivity and quality of painting systens.

Nowadays, nost Japanese shipyards are enploying ZPTM as well
as the zone-oriented “Hull Block Construction Mthod” (HBCV
and “Zone Qutfitting Method” (ZOFM, which were introduced to
the U.S. shipbuilding industry through various projects of the
Nat i onal Shi pbui | di ng Resear ch Program The foll ow ng
publications present detailed description of ZPTM

. “Zone Painting Method”, J. W Peart and H Kurose,
Nati onal Shi pbuil ding Research Program August 1983.
. “Product Work Breakdown Structure”, L. D. Chirillo

and Y. Ckayansa, Nat i onal Shi pbui I ding Research
Program Novenber 1980.

. “Shipyard Design and Planning for a Zone Oiented
Painting Systeni, J. W Peart and Y. |Ichinose,
Nati onal Shipbuil ding Research Program July 1984.

The logic and principles of ZPTM follow the sane |ogic applied
in other zone-oriented construction nethods such as HBCM and
ZOFM Speci fically, the work wunits are broken down into



zone/ area/ stage and painting work is planned and executed by
each work unit.

In ZPTM a zone is not only defined by conpartnments such as
decks, cargo holds, engine room etc., but also by hull

bl ocks, sub-bl ocks and conponents: Most i nportant, t he
defined hull blocks of ZPTM are identical to the hull bl ocks
defined for HBCM and ZOFM Accordi ngly, scheduling and
controlling of the on-block painting work can be planned based
on the same work unit and easily integrated with HBCM and
ZOFM By applying this concept, peak work volumes can be
easily leveled off. As the working units (hull block) for
ZPTM are identical with those for HBCM and ZOFM pl anning and
control can be easily integrated with other production groups.

This integration not only enhances overall ‘productivity, but
al so provides. simlar effects on material control and accuracy
control .

ZPTM changes the traditional working structure of  hull
construction-outfitting-painting from working in a sequence to
working parallel with hull construction and outfitting.

It allows painting to be shifted from the last stage of
production (on-board) to earlier stages (on-block). By doing
so, the ship construction period can be drastically shortened
and total nman hours required for painting can be spread out
over a period of tine.

As on-block painting is carried out at the early stages of
ship construction, it is very inportant to maintain the paint
performance during the various stages of ship construction.

2/ The integration of Hull Construction, Qutfitting and
Pai nti ng (IHOP) is di scussed in t he publ i cation
“Integrated Hull Construction, Qutfitting and Painting”,
L. D. Chirillo and Y. Ckayansa, Nat i onal Shi pbui | di ng
Research Program May 1983.



The traditional painting process requires surface preparation
by abrasive blasting on-board when the hull construction apd
outfitting is almst conpleted. In ZPTM  full  surface
preparation on-block and on-board can be omtted by applying
long-1ife exposure type shop priner before fabrication. Thi s
simplifies the work of the paint departnent and allows a
preferred work environnent for applying the shop prinmer as
conpared to bl asting on-board.

4
The basic painting processes and stages in zone-oriented
pai nting systens are shown in |Figure 2-1. There are four main

stages: shop primer coating prior to fabrication, on-block
painting at the hull block assenmbly stage, on-board painting
after erection, and touch-up stages. Touch-up coating is
applied to welding joints of hull blocks, burnt areas caused
by welding fittings, and damaged parts caused  during
construction or transportation. Each area and stage is
determined during the planning phase for each ship, and is
generally determined by the standard procedure of each
shi pyard.

Pai nting becones nore difficult and |ess productive at stages
after on-block as the working environnment worsens. On the
other hand, painting on-block is nobre susceptible to repair
requi rements due to danage or burning from concurrent work by
hul | construction and outfitting. Consi deri ng t hese
conditions, painting is planned so as to apply nost of the
anti-corrosive paint at the on-block stage, and apply final
coating at the on-board stage.

The ratio of painting work volune, before and after |aunching,
is approximately as foll ows:
“ Before |aunching: 70% - 80%
After |launching: 20% - 302
These percentages are based upon an assunption that the deck
house bl ocks are assenbled on the ground and finished paint is
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applied before erect ion-. Figure 2-2|indicates, by zone of the
“ship, the different stages for surface preparation and
painting from material fabrication through the final dock
st ages. The type of primer or paint is indicated for each
coat to be applied on the different ship areas.

2.1 Inplenenting ZPTM

In adopting ZPTM the following- are the prerequisites t-o
successfully inplenment the system
Det ai | ed pl anni ng of t he i nt egr at ed hul |
construction, outfitting and painting (IHOP) and
engi neering schedules to correspond W t h t he
producti on schedul e.

. I ncorporate necessary neasures to facilitate ZPTM in
the design stage.
. bt ai n consensus between engineering and production

departnments as well as between production shops in
pl anni ng the | HOP schedul e.

. Study effective working nethods/processes to enhance
the inplementation of ZPTM and develop suitable
paint materials in cooperation with paint suppliers
(i.e., long-life shop priners).

. Establish a schedule and cost-control feed-back
systemto further inprove ZPTM

Figure 2-3 |shows the relationship and information network

between the paint shop and other pertinent departnments wth
regard to planning, scheduling, quality assurance and nmateria
procurenent. The [IHOP schedule is an integral part of this
information network, and is given a central location in the
di agram

Figure 2-4| illustrates the painting process flow in a
zone-oriented production system applied in a Japanese
shi pyard. For each phase of the zone oriented production, the

2-5
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Figure 2-2: Painting and Surface Preparation Stages by Zone
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more detailed action step is detailed for painting. For
exanple, during paint planning, the paint scheme for each
bl ock is made.

Ef fective i mpl ementation of ZPTM  will enhance pai nt
per f or mance. To track the paint performance of a paint system
after delivery of the ship, actual paint performance data
collected during several years of service should be analyzed
as shown in |Figures 2-5/and|2-6.|-|Figure 2-5 |shows the ratio
of the damaged surface are versus the total paint area. The
bal | ast wat er tank. and the cargo hold (23% and 20%
respectively) suffer the greatest danage of the different ship

ar eas. Gven these figures, great care should be taken on
determining the paint for these area. Figure 2-6 |gives the
estimated causes of the defects. The selection of paint

material shows to be the greatest cause (23% for ensuing
pai nt defects.

Based on these analyses, inprovenents in paint quality or
specifications, painting processes etc., can be derived and
fed back to engineering and related production shops to
further refine the ZPTM and/ or paint systens.

Feed-back on the performance of t he pai nt system
(SpecificatiOns) applied is also inportant in establishing
standard paint specifications and/or painting processes. To
i npl enent ZPTM effectively, it 1is essential to take the
foll owing neasures:

1) St andar di zati on of Paint Specification:
Careful selection of coating. systenms as reflected in
the paint specifications are nobst inportant to
enhance the paint performance under the service
conditions intended for a ship. Therefore, it is
desirable to establish paint specifications based
upon past performance records, so that appropriate

2-9



Figure 2-5: Paint Defects by Area
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pai nt systens and surface preparation nmethods can be
selected to suit the service intended. In other
words, by standardization, the following errors can
be avoi ded:

. M sjudgnent in selection of appropriate paint
systens .

. M sjudgnent as to the degree of required
surface preparation for the paint system
appl i ed.

These standards should be updated as necessary based
upon feed-back from ships in service, or to
incorporate new paint materials devel oped by paint
manuf act urers

Figure 2-7 [is a functional flow chart of paint

planning and its application process. This chart
shows the different elenents (paint plans, paint
material” from the manufacturer) which go into the
pai nt process, and how the information is fed back
to (and is based upon prior feedback fron the
shipyard standards.

Producti on and Engi neering Planning for Painting:
Producti on pl anni ng and engi neering are
prerequisites for adopting ZPTM The follow ng
items are roughly determned. at the early stages of
pl anni ng.

. Definition of block arrangenent (Zone).

. Painting method and its work stages (or
processes)

. Schedul e of production ml estones.

. Itenms which need further intensive study.

Painting work stages should be planned to minimze
paint repair caused by hull construction and/or

2-11
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outfitting. Figure 2-8 | shows the activities of
prelimnary production and engineering planning.
Man-hours and material required are estimted at
this stage, with provisions for further refinenents
at |ater stages.

3) Planning and Execution of the Integrated Hul
Construction Qutfitting and Paint Schedul e (1HOP):
Results of the production and engineering planning
are finalized for each specific ship and
incorporated in a detailed production schedule. The
| HOP schedule is further broken down into detailed
schedul es, corresponding to each control |evel. The
most  inportant duty of the shop manager is to
control and Kkeep to the tine schedule. These
activities will prevent errors in:

. Timng to start and conplete painting.

. Repair nethods for danmaged/ burnt paint areas.
Figure 2-9 |shows the activities in detailed planning
and scheduling phases. The information from the
prelimnary production and engineering planning is
refined, the on-board painting and on-block painting
is scheduled, and the material |ist and issue dates
are pulled together.

4) Expansion of Painting at the On-Block Stage:

On-block painting is the nmost effective way to
improve quality and productivity of painting, as
workers can do their job in safe and stable working
condi tions. Therefore, the work process should be
pl anned to maximze on-block painting and mnimze
on- board painting.

By doing so, the follow ng defects can be m nim zed:
. Poor wor kmanshi p due to unst abl e wor k

condi tions.
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. Uneven dry filmthickness.
. Insufficient surface preparation.

As ZPTM evolved from the logic and principles of HBov and
ZOFM it brings the follow ng advant ages:

. Integration of hull construction, out fitting and
pai nting schedul es (1 HOP-Schedul e).

. Shorter construction periods.

. Adjusted work |oads frompeak periods to nore even
requi rements during construction.

. Preferred wor k envi r onment in shop pri mer
application versus blasting on board.

. | mprovenent in paint performance.

As mentioned in previous sections and ot her Nat i onal
Shi pbui I ding Research Program publications, it is quite clear
that paint performance can be enhanced wi thout reducing work
productivity by adopting the on-block painting system This
painting nethod has also resulted in wupgrading the paint
per f or mance.

Fi gure 2-10 illustrates the relationship between paint

performance, control factors and work efficiency. This figure
shows individual elements of the process which affect either
the paint performance or the work efficiency of painting,
Such elements are described in frames representing “paint
performance” and “work efficiency”, respectively. Sonme are
common el enments of both paint performance and work efficiency,
and are the key elenments to inprove both of the above two.
Accordi ngly, speci al attention is paid to these common
elements in determining the work stages and work nethods.

Wrk efficiency can be significantly inproved by shifting-
on-board painting to on-block painting and by inproving the
wor ki ng environnent. . Further inprovenent “can be achieved by
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i ntroducing automation and/or mechanization (such as robots)
into the painting process, but this requires tine and noney.

Based on

these considerations, the followi ng are suggestions

to enhance paint performance and work efficiency:

1)

Adopting the On-Block System
The adoption of the on-block painting system is the
best way to attain good paint performance as well as
hi gh productivity. However, the following are some
of the prerequisites that should be satisfied prior
to applying this method:
. Durability of shop prinmer coating:
The main objective of shop primer coating is to
protect the steel surface from rusting during

fabrication and assenbly of hull wunits, until
it receives the first coat of the specified
pai nt. Ther ef or e, the shop primer material

must have the durability to preserve the
anti-corrosion capability during this period.
O herwi se, no benefit is obtained by adopting
t he on-bl ock. painting system
. Application of on-block outfitting:

The application of on-block outfitting is a
prerequisite for on-block painting since the
objective of on-block painting is to mnimze
repair of paint damage, and to mnminimze the
novenent of workers from one paint area to
anot her. Therefore, outfitting work should be
finished as far as possible before painting to
prevent danmage to the coating.

Establishing an Integrated Scheduling System

Determination of work sequence and timng is the
nost inportant factor in painting, to assure the
pai nt performance and to enhance productivity.



Accordingly, close coordination is essential between
producti on shops, not only to paint, but also for
ot her production processes. Est abl i shment of an
i ntegrated hul | construction, outfitting and
painting schedul e (lHop  Schedule) is the nost
effective way to operate the total zone-oriented
production system To establish an | HOP schedul e,
the follow ng process is suggested:

. A planning and engineering group, i ncl udi ng
pai nting and other production engi neers, should
be organi zed.

. Cassify painting paraneters by zone, area and
stage to facilitate pal | etizing and t he
paranmeters for cost estimation and control.

3) St andardi zation of Wrk Practices:
St andardi zation of work practices is an effective
means to maintain a uniform quality and workmanship
as well as personal skill, and nakes it easier to
pl an and control the paint schedul es. The foll ow ng
shoul d be standardi zed.

. Work processes and net hods at each stage.
. I nspection procedures and quality assurance.
. Pai nting speci ficati ons, i ncl udi ng surface

preparation.

The zone oriented painting nethod incorporates nany factors
which lead to inproved paint performance, Determning the
appropriate paint specifications, whi ch incorporate surface
preparation nethods, is vital to the whole zone oriented
concept . Section 3 discusses paint specifications in nore
detail, and Section 4 goes into depth on surface preparation.
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3.0 PAINT SPECI FI CATI ONS

Determ nation of paint specifications at the design phase is a

vital factor in insuring paint performance. It is best to
determ ne the paint specificatidns based on a predeterm ned
standard specification which wll suit the ship’s type and
servi ce, and then nake necessary nodifications to neet
specific requirenents of the cargo, voyage conditions, and any
ot her particul ar service condi tions. The  final pai nt

speci fications should be agreed to by the ship’s owner.

Figure 3-1, Determ ning Paint Speci fications, shows the
coordination’ required in t he devel opnment of pai nt
specifications between the paint design group, the “planning
engi neering group, the paint shop, and the ship’'s owner. The
devel oped paint plan includes the follow ng:

. Met hod and grade of surface preparation.

. Nunber of coats to apply and the paint colors.

. Met hod and frequency to inspect dry film thickness.

. List of nmanufacturer’s products which neet the

speci fications.

Appendi x A| classifies different kinds of nmarine paints

according fo their generic type (i.e. epoxy resin) and
i ncl udes both shop priners and  overcoat pai nts. The
conposition of each type is provided, along with the. comon
usage per ship area.

Appendi x. B |lists various paint products according to type of

pai nt, color and dry film thickness. Name brands are
i ndicated from three Japanese paint manufacturers.
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There exist several standards which specify the grade of
surface preparation. The two mj or st andar ds appl i ed
t hroughout the world are the Steel Structures Painting Council
“Surface Preparation Standards” ( SSPQ) and the Swedi sh
Standards Institution “Pictorial Surface Preparation Standards
for Painting Steel Surfaces” (S1S).

The SSPC standards define levels of surface cleanliness on
both new and aged steel and the nethods of cleaning are
identified according to abrasives and type of equipnent. The
S1S Standards are visuals defining primary surface preparation
for new steel.

The Shipbuil ding Research Association of Japan has devel oped
the “Standard for the Preparation of Steel Surface Prior to
Pai nti ng” (JSRA), a visual standard defining |Ilevels of
cleanliness for both primary and secondary preparation of, new
st eel . Shipyard practice tends to refine the standard used to
its own circunstances. Both primary and secondary |evels of
surface preparation are applied in ZPTM Primary surface
preparation (automatic shot blasting is the general practice
applied in Japanese shipyards) is carried out to renove rust
and mll scale from the steel surface before applying shop
primer. Shop primer protects the steel from rusting during
the fabrication and assenbly stages. This treatnent has
becone nore inportant in adopting HCBM which requires a
hi gher grade of protection. Figure 3-2|is an exanple of a
standard surface preparation specification before applying
coatings on a ship under construction.

Secondary surface preparation is carried out to treat the
steel surface before applying the first coat and/or follow ng
coats. The treatnment grade determ ned depends on the kind of
shop prinmer applied.
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SYMBOL OF SUR-

FACE PREPARAT- (ISP—-A) ( ISP—B)
ION GRADE
STEEL- SHOT Agz’fsl_‘{_s . | sHOT
TREATMENT BLAST CLEANING | BLAST PICKLING
CLEANING CLEANING
PHOTOGRAPHIC JSRA 1 JSRA_ 2 JSRA 3 JSRA 4 .
STANDARD FOR S
SURFACE GRADE SIS SA 2 1/2 SIS SA 2

APPLICATION

WHERE INORGANIC
ZINC SHOP PRIMER
ARE USED, OR WHERE
EPOXY RESIN PAINTS
ARE APPLIED IN

AND THE EXTERNAL
HULL

C.O0.T.,, B.W.T., F.W.T.

WHERE ORGANIC SHOP
PRIMER OR EPOXY
RESIN PAINTS ARE
APPLIED TO AREAS,
OTHER THAN C.O.T..
B.W.T.. FW.T. AND
THE EXTERNAL HULL,
OR WHERE CONVENTIO-
NAL PAINTS. SUCH AS
OLEORESINOUS SYNTH-
ETIC PAINTS, CHLORIN-
ATED RUBBER PAINTS,
ETC. ARE APPLIED.

NOTE:

1. THE EXTERNAL HULL MEANS OUTSIDE OF SHELL, WEATHER
EXPOSED PART OF DECKS AND SUPERSTRUCTURES.

2. EPOXY RESIN PAINT MEANS EPOXY PAINT. TAR EPOXY PAINT
AND BLEACHED TAR EPOXY PA INT.

5. COPPER SLAG

IS USED AS ABRASIVE.MATERIAL-FOR BLAST

CLEANING.
ISRA = Shipbuilding Research Association
of Japan (standards)
SIS = Swedish Standards Institution C(standards)
Figure 3-2: Primary Surface Preparation Specification




Before applying shop primer or other oats, the surface
condition should be checked and cleaned to neet the required

| evel of cleanliness. If the surface is not clean, it can
lead to poor adhesion of the paint and, eventually , poor
performance during the ship’s service. Figure 3-3|specifies

the grade of surface cleaning according to the different
paints to be applied on the steel.

o

3.1 Paint Sel ection

The paint selection is based upon the follow ng factors:
. Rel ati onship between the paint area  and t he
functional characteristics of the paint material.
This is depicted in| Figure 3-4, |which shows the
various paint properties required for different ship

areas. These requirenents determne the selection
of paint.

9 Conpatibility of the shop priner with the overcoat
pai nts. Figure 3-5 |neasures 6 performance factors

for 4 different types of shop priners and|Figure 3-6

conpares the conpatibility of these 4 shops prinmner
with 6 different types of paint systens. Sui tabl e
shop priners and paint systens are witten into the
paint specifications and redefined while preparing
the paint plan.

. Conpatibility with the production nethod.

. Coating life data incorporated from past ship
construction.

An exanple of a painting schene on a tanker is shown in Figure

3-7. The paint specifications are included for the type of
paint, nunber of coats to be applied and dry film thickness.
It also lists, for both primary and secondary surface
preparation requirenents, the means of cleaning and shop
primer to be wused. Al these requirements are detailed

according to the areas of the shinp.
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PAINTS INORGANIC CONVENTIONAL
ZINC PRIMER PAINT, SUCH AS
OR EPOXY OLEORESINEOUS
PAINT €C.0.T EPOXY RESIN SYNTHETIC
FOR PETRO PAINT PAINT,
ITEM PRODUCTS) CHLORINATED
RUBBER PAINT,
ETC.
WATER AND CANNOT BE SEEN VISUALLY
SALT ] )
- SHOULD BE
FATS AND COMPLETELY SHOULD BE REMOVED, BUT
0ILS REMOVED TRACES MAY REMAIN
SOAP SOLUTION | CANNOT BE SEEN VISUALLY
WHITE
DEPOSITS EXCESS TO BE WIPED OFF BY DRY CLEAN CLOTH
(ZINC SALTS) | OR LIGHT SANDING

CHALK MARKS

TO BE WIPED OFF BY A CLOTH
WITH SOLVENT

TO BE WIPED OFF
BY DRY CLOTH

MARKING PAINTS FOR EPOXY
RESIN, COATING; SHOULD NOT BE

SHOULD NOT BE

MARKING REMOVED., 1IN OTHER CASES REMOVE REMOVED
PAINTS BY DISC SANDER, ETC.
SLIGHT TRACES MAY REMAIN.
OTHER FOREIGN | TO BE WIPED OFF BY A CLEAN CLOTH,
MATTER BUT TRACES MAY REMAIN
DAMAGED PAINT | DAMAGE OR INCOMPLETE PAINT FILM CAUSED BY
FILM WELDING, BLISTERING, ETC. MUST BE REPAIRED
NOTE: BARNACLES, SEA WEEDS, FATS, 0ILS, SLIME, ETC., SHOULD BE
REMOVED AT DRY DOCKING, BUT SLIGHT TRACES MAY REMAIN
Figure 3-3: Sample Grade of Surface Cleaning
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Appendi x C [provi des an even nore extensive sanple paint schene

for a bulk carrier. The ship areas are further broken down
and the grade of surface preparation is indicated.

The surface preparation grade and tools utilized are indicated
in the paint specifications. Section 4 describes "sone of the
el enments of surface preparation in nore detail; in particular,
the various nethods of cleaning the steel.



4.0 SURFACE PREPARATI ON

Surface preparation, as defined |here, means to renove
mllscale and rust on the steel surface, and to renove water:
oil and other mscellaneous dirt on the steel and/or coating
surface to ensure adhesion and build an effective paint film

Regarding paint performance it is generally said that
insufficient surface treatnent is the cause of nore than 50
percent of the paint failures experienced. In general,
painting has two functions. One is to protect the steel
surface from corrosion, and the other is to give a good
cosneti c appearance. In shipbuilding, special attention is
paid to the paint’s anti-corrosive capability, because it
affects the ship’s life and service perfornmance. Unl ess the
surface treatnment is properly carried out, the follow ng
failures would occur even though a high quality paint is used.

. If the shop primer is applied over rust or dirt, the
films thickness and its adhesion wll be reduced,
resulting in early paint failure.

. If the first and succeedi ng overcoats are painted on.
asurface with residuals of noisture or water, oil
and/or other mscellaneous dirt, serious defects
such as lifting or blistering of the coating wll
occur .,

| t should be noted that, in addition to the surface
preparation grade, the roughness of the blasting surface
(anchor pattern) also affects the paint” performance. For

exanmple, too high a profile may result in pinpoint rust and
one too | ow may cause poor adhesion of the coating.



As paint performance is affected by the grade of surface
preparation, the grade of surface preparation is affected by
the air pressure used in blasting. Figure 4-1|shows the
relative percentage of the causes  of defects on film
performance from blast pressure, nozzle speed, and ot her
factors of the blasting process. ”

Blasting
Pressure
(61.5%)

Nozzle OTHERS
Moving (22%)
Speed

(16.5%)

Figure:-4-1 Causes of Surface Preparation Defects
From Sand Blasting

(Taken from “Kogyo To So No. 5“)

Figure 4-2|depicts the effect of the surface preparation grade

on the paint performance. One figure shows that, i= salt

wat er i mmersion, about 90% of the failures are caused by
i mproper surface treatnent; the other figure shows that the

coating life of <chlorinated rubber paint depends upon the
anmount  of millscale remaining after cleaning (i.e., the
surface preparation grade). It indicates that the surface

preparation grade should be at least St 2.5 of the Swedish
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standard to maintain good performance. These figures relate
to the eventual performance of chlorinated rubber paint in

salt water i nmersion.

0 Causes of paint Performance o Performance of Chlorinated
Defects of Chlorinated Rubber Paint Relative to
-. Rubber Paint in Sea Water the Grade of Surface Preparation
m
ol 10 —
>(3
PREPARATION GRAOE : 2 8+
>
Z
518 s
~4|m
5
A2 4
-
m
> 2~
)
N
DEFECTS o
BEFORE SURFACE TREATM’T .\Q}% 214 3

S1S GRADE (ST)

Figure 4-2: Chl ori nated Rubber Paint Performance in Sea Water

(Taken from “Kogyo Toso No. 5%)

Surface preparation consists of three stages; the primary,
secondary and cleaning stages, as in the follow ng diagram
In Japanese shipyards, primary surface preparation occupies
about 90% of the total surface treatnment work and is generally

done by automatic shot blasting. Gt her nethods, such as
pickling, sand blasting and grit blasting are also utilized,
depending upon the material cleaned. Power tools such as a



power

br ush,

di sc sander, etc.,

secondary preparation.

Various surface preparation nethods used for

PRIMARY SURFACE
PREPARATION

y

SHOP PRIMER
COATING T

4

______ R e
{-MARKING, CUTTING, AND
" WELDING ETC. !
e e e e = — _d

SECONDARY  SURFACE
PREPARATI ON

SURFACE CLEANI NG

ittt -
| PIRST COAT
I |

1

are mainly applied in

primary surface

preparation. are shown in|(Figure 4-3, | with its priority order
for application on different steel nmaterials. The roughness
and surface preparation grade for each nethod of surface
preparation is shown in |Figure 4-4. Different methods are
di scussed bel ow.
4.1 Methods of Surface Preparation
1) Aut omati c Shot Bl asting:
Blasting material such as steel shot, steel grit,



KINDS

METHODS OF SURFACE PREPARATIONS

2) — MARK

OF
AUTOMATIC SAND GRIT
MATERIALS BLASTING BLASTING BLASTING PICKLING
STEEL PLATE - (1) — — —
N
SHAPE ® O} ©. ®
STEEL PIPE — ©) ©) ®
- —~ 7~ —~ :
FORGED STEEL KE) ~.&JJ 2 ——
_ 1) NUMERIC NUMBER IN (O MARKS, SHOWS THE
NOTES PRIl v TUR AFrFLIivA T IUN.

IS NOT APPLICABLE.

Figure 4-3: Application of Surface Preparation Methods
APPLICATION MAXIMUM Sis SURFACE PREPARATIONS
ROUGHNESS GRADE
METHODS (MICRONS) PRIMARY SECONDARY
GRIT BLASTING 100 Q
(4mils) *
SHOT BLASTING 70 BSa 21 @
(Approx. 3mils) [ K")
SAND BLASTING 40 () )
N N
FOWER
. BRUSHING 5 CSts, BSts O
DISC SANDER ' CSts, BSts O
ACID PICKLING 10 ()
N

Figure 4-4:

Roughness and

Grades by Method of Preparation




cut wire, tc., are inpacted on the steel surface
through inpellers of a high velocity centrifugal

wheel s. Mllscale and rust are renpved by the
energy inparted by the inpact of the blasting
mat eri al . The grade of derusting is controlled by
the following conditions anil formula:

. Moving speed of the steel nmaterial.

. Size and hardness of the blasting material.

. Shot vel ocity.

. Vol une of blasting material per unit area.

Q- n_g_ where; Q Shot volunme per area (kg/nR)
2.b.v. g: Ejected volune per inpeller
(kg/ mn.)
n: Nunber of inpellers
b: Breadth of steel nmaterial
(meter)
v: Mving speed of steel
material (mmn.)

Sand Blasting and Git Bl asting:

In these nmethods, the abrasive nmaterial is propelled
through a nozzle at high velocity by neans of
conpressed air. The abrasives used for sand
blasting are hard, nulti-angular sand which nust be
clean and dry. The blasting machine is portable and
can be noved to the work site. The workers nust be
wearing airfed masks to protect them from the dust
generated by the blasting.

Ni ckel or copper stages are generally used for grit
bl asti ng. The process is simlar to sand bl asting,
but this method is normally used inside a closed
bl ast facility. An anchor pattern is created on the
steel” surface by these blasting nethods, and it is
ideal for paint adhesion. These bl asting nethods
are usually enployed for high grade coating, such as
epoxy coatings of cargo and ballast tanks.



Pi ckling (Chem cal Surface Preparation):

By pickling, mllscale and other foreign material is
removed by the chemcal reaction of acids such as
hydr ochl ori c, sul furic or phosphoric acids. The

nucmal —f,b,rl =g TTrorecs 19 shown rmeh ow
unorma PLCKLLIlE PLUCESS 1S SNOUWIL peLow,

B !
REMO' VAL OF O L WATER ACl D
AND GREASE - RI NSE CLEANI NG
BY ALKALI NE CLEANI NG| +
OR SOLVENT W PE ll ’
WATER NEUTRALIZING
RINSE (—3> AND > DRYING || COATING
WATER RINSE

Imersion tenperature and times are determ ned
depending upon the kind of mat eri al and its
thickness, and the kind of <cleaning acid wused.
G oups consisting of the sanme material and thickness
are normally processed together. If materials of
various thickness are mxed, the material should be
i mersed sequentially from thick materials to thin
material s. If a lot of mllscale and rust nust be
renoved, the surface should be roughly derusted by a
disc sander or by an inpact tool before pickling.
The inside surface of steel pipes should be cleaned
by blowng with conpressed air prior to pickling.
After acid cleaning, neutralization, water washing
and drying are required.

The coating should be applied when the nmateria
surface is conpletely dried. Acid pickling is used
as a primary surface preparation nethod.



Vacuum Bl asti ng:

In vacuum bl asti ng, t he abrasi ve (emery) is
propelled on to the steel surface by neans -of
conpressed air (about 5 kg/cnf). The abrasive
rebounding off the steel surface, is retrieved by a
vacuum punp through a vaduum cup. the abrasives
then can be recycled by being fed back to a
col l ecting tank.

As the operation pe-ed“bf this nethod is slower than

regular sand blasting, it s not suitable for
“processing large areas. Ther ef or e, its use is
normally Ilimted to the repair of small areas.

However, this nethod is desirable from a pollution
control standpoint as the abrasives and dust are
col | ect ed, thus preventing contamnation of the
surroundi ng area.

Mechani cal Surface Preparation:

Mechani cal surface preparation devices powered by
conpressed air are controlled by a single operator.
These nechanical derusting tools are the nost wdely
used in secondary surface preparation. The
following shows the nmechanical surface preparation
met hods and their various applications.

T T
MiLLe (SLAG &
""’m norzan ™87 | gl oarmm REMARKS
AL * A AL °
POMR ciacuLAr
DISCSANDER ! Ol|a
POWER BRUSH - O
TQ-AND-
N (O] JAN
POWER SVALL
wine awuse | cncwm | O A | o aswa
POWER SMALL . - o
GRnota Olalal o .
1
ACCESSINLE
AUTO HAMMER . O JANE )
OESCALER




The followi ng chart

describes the type of primary surface

treatment and the cleaning grade required for different ship

ar eas.

TREATMENT AND GRADE

APPL| CABLE AREA.

REATMENT:

SHOT ABRASI VE

BLASTI NG

CORRESPONDI NG TO S1S

BSa 2-1/2

APPLI ED TO ALL AREA AND/ OR NMATERI ALS,
EXCEP FxT THE OLLOW NG

STEEL WNasT, PosT ano BOOM,

VENTI ALTOR, VENT DUCT,

DECK PI PI NG, .

ENG NE ROOM STEERI NG ROOM

PUVP ROOM PI PI NG,

FLOOR PLATE I N ENG NE ROOM

STEERI NG ROOM PUMP ROOM

ANCHOR, ANCHCR CABLE,

MAIN ENG NE, BOA LER, AUXI LI ARY

MACHI NERY, SURFACE OF DOUBLE BOTTOM
IN CARGO HCLD

The following three charts describe, by applicable ship area,
the nethod of secondary surface preparation to be used for
rusted or damaged areas.

APPLI CABLE AREA

TREATMENT AND GRADE
TREATMENT:
DI SC SAND AND/ OR
PONER BRUSH
" GRADE:
CORRESPONDI NG TO S1S
APPROXI MATELY °

Cst 3, BSt 3

EOTTOFd SHELL,

QUTSI DE OF RUDDER,

CElI LI NG AND WALL OF BALLAST/ CARGS
HOLD | NTERI OR,

LUBE O L TANK IN DOUBLE BOTTOM
FRESH AND DRI NKING WATER TANK

DI STI LLED WATER TANK,

WATER BALLAST TANK,

FORE PEASAFT PEAK TANK, SLOP TANK




TREATMENT AND GRADE

APPLICABLE AREA

L

TREATMENT:
DISC SAND AND/OR
POWER BRUSH

GRADE:

CORRESPONDING TO SIS

BETWEEN CSt 2 & CSt 3
BSt 2 & BSt 3

BOOT—-TOP AND TOP SIDE SHELL,
INSIDE OF RUDDER AND STERN FRAME,.
RUDDER TRUNK, DECK, UNDER DECK
MACHINERY, DECK HOUSE, DECK STORE,
OUTSIDE OF FUNNEL, MAST, POST
AND BOOM, BOLLARD, BOAT DAVIT,
VENTILATOR,

DECK MACHINERY AND SEAT,

CARGO HATCH COVER AND COAMING
(OUTSIDE) ,

CEILING AND WALL IN BATTERY ROOM, -
REF." PROVISION STORE,

TOP OF DOUBLE BOTTOM IN BALLAST/
CARGO HOLD (BULK CARRIER),

CEILING AND WALL IN CARGO HOLD (B/C),
BILGE WELL IN CARGO HOLD (B/C),
TOP OF DOUBLE BOTTOM, ENGINE ROOM
WALL FROM FLOOR LEVEL DOWN TO
DOUBLE BOTTOM,

UNDER MACHINERY SEAT, BILGE

WELL I[N ENGINE ROOM,

STEERING GEAR ROOM AND PUMP ROOM,
CHAIN LOCKER,, .
COFFERDAM VOID SPACE

TREATMENT AND GRADE

APPLICABLE AREA

TREATMENT:
POWER BRUSH

GRADE:
CORRESPONDING TO SIS
APPROXIMATELY

CsSt 2, BSt 2

" PIPES EXCEPT GALVANIZED, AND THOSE

INSIDE OF FUNNEL,

INSIDE OF MAST, POST AND BCOM,

CEILING, WALL. AND FLOOR OF CABIN,
PUBLIC ROOM, SANITARY SPACE, DUTY ROOM,
AND PASSAGE OF ACCOMMODATION,
CEILING WALL AND FLOOR OF PROVISION
STORE, AND STORES,

CEILING, WALL FROM CEILING DOWN TO
FLOOR LEVEL IN ENGIN ROOM, PUMP ROCM
AND STEERING GEAR ROOM, ETC.,

ENGINE FLAT IN ENGINE ROOM, PUMP ROOM,
AND STEERING GEAR ROOM, ETC.,

UNDER FLOOR PLATE OF ENGINE ROOM,
PUMP ROOM STEERING GEAR .ROOM, ETC.,
MAIN ENGINE,

BOILER

10



Jut before applying shop prinmer, or overcoating, the surface
shoul d be cl ean. Figure 4-5 ghows the approximate grade and
the procedure of cleaning for the different types of dirt on
the steel surface

A vital element to the zone oriented painting nethod is to
automatically apply the shop prinmer wutilizing automati_ shot
blasting as the primary surface preparation nethod “Section 5
di scusses the process and benefits of applying shop prinmer.



| TEMS GRADE- OF
CLEANI NG CLEANI NG PROCEDURE

SVEAT, NOTI' DETECTABLE SALT WATER SHOULD BE

SALT WATER VI SUALLY REMOVED W TH FRESH. WATER
SWEAT SHOULD Be wrep OFF
OR BLOMWN DRY

O L AND NOT DETECTABLE JJI PE OFF WTH SQAP OR THI NNEF! ,

GREASE VI SUALLY MACHI NERY FLUSHI NG AL TO BE
EMULSI FI ED AND THEN WASHED
W TH WATER

SOAP FOR NOT DETECTABLE WASHED W TH WATER OR REMOVED

TANK TEST VI SUALLY BY PONER BRUSH

CHALKI NG REMOVABLE BY TO BE REMOVED BY PONER BRUSH

FI NGCER TOUCH

SMOKE BY SAVE AS ABOVE TO BE WPED OFF BY DRY

VELDI NG OR WASTE CLOTH

GAS CUTTI NG

CHALK TO BE WPED OFF BY WET CLOTH

“AlNT FOR

I ARKI NG DO NOT REMOVE

SPLATTER

PREVENTI VE DO NOI' REMOVE | F PAI NT COWPATI BLE

MATERI ALS

OTHER

M SCELLANEQUS WPE O-F BY CLOTH

DI RT

Figure 4-5:

Grade and Procedure of

4-12

Surface O eaning




5.0 SHOP PRI MER APPLI CATI ON METHOD * ¢

The primary process of the shop prinmer application is

automatically carried out on a ‘conveyor line, as shown in
Fi gure 5-l.| The steel is automatically shot blasted to derust
and renove nillscale. The grit is propelled by high speed

rotary inpellers and is recycl ed. Steel plates and shapes are
continuously coated wth shop priner by automatic spray
treat nent. The steel is then transferred to the fabrication
shop for” marking, cutting, bending and wel ding. This coating
system is the prefabrication shop prinmer nethod (hereafter
referred to as the “shop priner nethod”). f

If electro-photographical nmarking (EP.M) is used, the shop
primers used nust be conpati bl e.

Most Japanese shipyards utilize the prefabrication shop priner
method to enhance the service life of the nore sophisticated
coating systens being used. In adOpting this nethod,
excellent surface treatment is essential to assure good paint
per f or mance.

The main function of shop primer coating in ZPTM is to
tenmporarily prevent corrosion of the steel surface during the
period from shot blasting to application of the specified

coati ng. In addition, the shop primer material nust provide
good adhesion between itself and the subsequent coating to be
appl i ed. It nust resist burning and damage from gas-cutting,

bendi ng and welding at the fabrication and assenbly stages.
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L SHOP PRIMER METHOD ' + | ON BLOCK PAINTING METHOD’!
[ - _ PAINTING
STEEL SHOT | sHoP MARKING & FABRICA- BLOCK FoRE— 1.
MATERIAL BLASTING PRIMER CUTTING TION ASSEMBLY @Ecnor\ﬂ
L ),

\ / PAINTING
—{ ERECTION —@— OUT FITT I pocking [—sea TRIAL —@
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BEFORE
V\‘l l 4 AN I
TREATMENT T RN AN ,L VA N0 /;\}!\ I
[ = d [ =] > —> {i,: = c=> [—~—s] —_—
PretEaTnG | & & SHOR. RIMER
SHOP PRIMER R

SHOT BLASTING

Figure 5-1: Shop Primer Method Flow Diagram .



The adoption of the shop priner nethod in Japanese shipyards
has contributed to inprovenents in safety, accuracy and
productivity. Productivity has been renmarkably inproved due
to the follow ng factors:

. The process from shot blasting to application of
shop priner can be carried "out automatically in one
st age. Thus , the productivity is very good; a
coating rate of 1000 square neters/hour or better
can be obtained.

. The renoval of mllscale at the on-block stage
requires about three tines the man-hours and about
four tinmes the quantity of grit conpared to the
prefabrication shop primer nethod using autonmatic
shot bl asting.

. Surface preparation by automatic shot blasting is
used in the shop priner nmethod while sand bl asting
or power tools were historically used at the bLock
stage or after erection. The work efficiency of
this method is approximately 15 tinmes |less efficient
than with the automatic shot blasting method.

. Surface preparation productivity decreases during
the latter stages of production. For exanple, the
man- hours for surface preparation at the on-board
stage wll require about 2-5 tinmes that of the
man- hours required at the on-block stage. This is
because scaffolding and ventilation are required as
wel |l as decreased work efficiency due to unsafe and
unst abl e worki ng conditions.

As shown in|Figure 5-1,|shop primer coating is usually carried
out after primary surface preparation by automatic shot
bl asti ng. This coating process is the only process which can
utilize automatic equipnent throughout the whole painting
process in the shipyard. Applying the primer by automatic
spraying is four tinmes nore productive than applying it by
airless spray at the on-block stage.




The automatic coating application is done by conventional air
sprayi ng. The coating thickness applied is determned by the
speed of the conveyor line and the speed of the spray gin
transversing the object. The relation between the speed of
the conveyor line and the spray gun is given by the follow ng
forml a:

L P Where: L: Length of one stroke of spray gun (m
. Operating=speed of spray gun (ninin.).
Pattern breadth (m
Ve: Moving speed of conveyor line (mmn.)

The tip size of the spray gun should be selected to suit the
type of shop prinmer being sprayed. This information 1is

avai l able from the paint supplier

In applying shop prinmer coating, anbient conditions SuCh as

temperature and humdity should be nonitored. Figure 5-2

depicts the required dry film thickness, tenperature, humdity
and pot life for the different type of priners.

For practical application, attention should be paid to these
addi tional restrictions:

1) The working area for the application of shop prinmner
coating shoul d be adequatel y ventil at ed,
particularly for alkalisilicate i norganic zi nc

primer, due to the high volatility of its solvents.

2) Aut omatic spraying equi pnmrent should be inspected and
nozzle tips should be <checked ©periodically for
er osi on. this ensures the proper atom zation of the
primer.



KIND DRY WORKING
o APPLICABLE | ' |  WORKING CONDITION | POT
BAINT SHOP PRIMER | ot | METHOD — TR LIFE
| HUMID.
15 P
OIL BASEYPE WASH PRIMER
25: B 5C/ T2k
SHOP
158 10°C/60F
VINYL ESTL | ZINC EPOXY PRIMING | >573 | <85%
PR 20! p 20°C/48F
METHOD )
CHLORINATED | NON- ZINC 15 lu- Cs
RUBBER IYPE | Epoxy PRIMER| 258
15 2
WASH PRIMER §
25 2
ZPOXY RESIN 15 SHOP SAME
ZINC EPOXY #
' PRIMING >5%|<85% | AS
TYPE PAINTS PRIMER 20: p '
METHOD 4BOVE
NON-ZINC 15 ff
EPOXY PRIMER | .
SODIUM
SILICATE TYPE SHOP
INORGANIC PRIMING >40%
OR >5°C 20°C/24H
ZINC PAINT 20p 85 %
ALKYL A-S BLASTED
SILICATE TYPE
Figure 5-2:  Shop Prinmer Wrking Conditions




In order to mnimze spray loss, [linmt swtches
shoul d be checked frequently and adjusted to provide
accurate on and off gun control.

If dust, oil or grease are found on the steel
surface before shop primng”, it should be conpletely
renoved by solvent cleaning.

Marking paints shoulD be conpatible wth t he
speci fied overcoat paint.

Water condensing on the shop primer will result in
the formation of white corrosion products which wll
reduce the efficiency of the EP.M by reducing the
marking clarity. Ther ef or e, the primed surfaces
shoul d be protected agai nst noisture.

If a different type of shop prinmer is applied to the
opposite side of the steel surface to which an
inorganic zinc type shop prinmer is applied, care
should be taken to avoid contamination of the
i norgani c zinc priner.

ltis inmportant to select a shop prinmer which is conpatible

both wth
coati ng.
fol | ows:

the work process and with the subsequent applied
The characteristics required for shop priners are

The |ife of the prinmer, against weather exposure,
should be sufficient to maintain an anti-corrosive
ability up to the on-block coating stage.

The prinmer should have good adhesion wth the
over coat paint.

The prinmer should have sufficient heat resistance to
withstand gas cutting and welding, and also have
sufficient film strength to protect against abrasion
and mechani cal i npact.



| Figure 5-3 | compares the features of four types of shop
priners. The advantages and disadvantages of each materi al
are indicated in terns of ease of painting, strength of paint
film durability, and other factors.

Primng the steel protects the steel from corrosion from the
time the surface is blasted until the paint is applied. Under
the zone oriented painting nmethod, a major enphasis is placed
on noving rmuch of the painting fﬁon1the on-board stage to the
on- bl ock stage. This shortens the time between appl ying the
primer and applying the next paint coat, thus reducing
corrosion and deterioration of the priner.



(Taken from "Kogyo Toso No. 5'")

KIND OF SHOP PRIMER |LONG TERM ZINC EPOXY | NON-ZINC |nomeate zine
ITEMS WASH PRIMER| PRIMER PRIMER PRIMER
w2 AIRLESS SPRAY O O O O O
-t
4 = |AIR SPRAY QO O O @
T <
“ o ! grRUSH O - A O- A
STANDARD - - 15 - -

) FILM THICKNESS (z) | 153~ % 10 ~15 20~ 15~20
@ | TREATMENT RANGE MINUTES|  , _, 5 ~3 y ~9
iR FOR COAT'G| 3~5 | .
?5'78_» HARDENING TIME 0 ‘;OURS 16 8 1
S 3 |ANTI—ABRASION A~ X O O~® O
T
G\, |ANTI—IMPACT O O @) o
w s
£ & |ANTI—BENDING O @) O @
’é% CUTTING O~ A O O
€ |WELDING O~® ) O O
RESISTANCE FOR BURNING A O ® [@)

WATER/SALT WATER
é.E RESISTANCE X O o o
@ |EXPOSURE
3 RESISTANCE A O @ O
CHLORINATED _
oK . RUBBER PAINT O O O O~
F< |VINYL CHLORIDE
>3 pant | O O S O
%5 EPOXY PAINT O~@ O O @)
41| T
gg TAR EPOXY PAINT | O ~ ® O O O
<
INORGANIC
ZINC RICH PAINT X X X o
EFFICIENCY FOR
SECONDARY SURF, PREP.| & O o O
ALKIL —
CILICATE
NOTES SHOP PRIMER
GOOD/AVAILABLE— (O @ A\ X --BAD/NOT AVAILABLE
Figure 5-3: Comparison of Shop Primer Characteristics




6.0 ON-BLOCK PAI NTI NG

The on-block painting nethod is the nost popular nethod
applied in Japanese shipyards under the zone oriented painting

nmet hod. A detailed work procedure is illustrated in Figure
6- 1. This IS divided into process steps: preparing for
pai nting, pai nting, and the inspection and repair after
pai nting. Stripe coating (normally called “touch up”) is

carried out on selected areas before applying the overcoat.
Details of touch up coating are described in Section 6.3. The
process of on-block painting is as follows:

. Checking the quality of paint nmaterial and selecting
t he appropriate paint equi pnent and tools.

. Sweep cl ean and/ or degrease before painting.

. Stripe coating (touch up) on unfinished-or danmaged

areas (on-bl ock).
. Overcoating by spraying.

. I nspecting after painting.
. Applying additional coating to repaired areas as
required.

Figure 6-2 |shows an exanple of painting work stages based upon

t he assenbly schedul e. Each painting work stage is schedul ed
with the follow ng considerations:

. M ni m ze scaffol di ng.

. Sel ection of the safest working position

. Maxi m zation of coating quality.
In order to fulfill the above requirenments, the planning of
the hull block arrangenent and assenbly “schedules are very
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important. Therefore, assembly planning of hull blocks should
be carried out simultaneously with paint planning. -
Figure 6-3 shows an example of the Hull Block Arrangement
Plan. It is desirable to plan painting using the same block
division as the hull blocks. - .

The areas to be painted during the on-block stage should be
selected to improve work efficiency, as well as safety and
quality control. Generally, it is desirable to plan to do as
much painting as possible at the on-block stage. However, in
considering available man-power, some of the painting may have
to be shifted to the on-board stage. The priority order of
paint work should be determined based upon the danger level of
the painting zone and/or area, the characteristics of the
paint material and productivity. The 1levels of danger
vis-3-vis the painting zone, and by the type of paint,are
shown in Figures 6~4 and 6-5, respectively. Compartments,
which are graded as a No. 2 or No. 3 level of danger, may be
shifted from the on-block stage to the on-board stage.
Derrick posts, booms, stacks, etc., should be painted at the

on-block stage for safety reasons.
6.1 Temperature and Humidity

Paint must bé applied within the limitations of the ambient
temperature and humidity conditions. If the temperature
and/or humidity can be adjusted to meet application
requirements by means of theating and/or dehumidification
equipment, the "paint can be applied irrespective of ambient
conditions. Prior to coating application, the surface should
be checked for condensation. Coating intervals depend on the
humidity and temperature. Minimum and maxXximum coating
intervals for each type of coating is given in the following
table, according to the ambient temperature and humidity

conditions.



FILM | COATING INTERVAL (M%('TMU—N;A )
KIND OF PAINT | THICK MAXIMU
amcrony| 8T | 1o | 2o | st | TRREH
30H 2 0H 16H 10H 5H
OlL BASE PAINT 30 - :
2 2
CHLORINATED 25 oH | 4H 3H H H
RUBBER PAINT i — ~ _ _
- 5H 4H 3H 2H 1H
VINYL RESIN PAINT 25
44H 24H 16H 12H 8H
EPOXY RESIN PAINT 70 90 90 90 90 _
DAYS | DAYS | DAYS | DAYS
44H 2 4H 16H 124 8H
125 T 5 5 2 3
DAYS | DAYS | DAYS | DAYS
TAR EPOXY RESIN
PAINT
44H 30H 16H 12H 8H
180 7 5 5 2 _
DAYS | DAYS | DAYS | DAYS
13H 8H 5H - -
URETHANE RESIN 180
PAINT 30 30 30 _ _
DAYS | DAYS | DAYS
The mnimum time interval between final coating and water

imersion for the different type of paints is:

. G| Paint

. Chl ori nat ed rubber
. Vinyl resin paint

pai nt

10 hours
5 hours
5 hours
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LEVEL OF DANGER

ZONE, AREA/ COVPARTMENTS

TANKS;

FORE PEAK TANK, AFTER -PEAK TANK FRESH

NO 1 8Y WATER TANK, FUEL O L TANK, CARGO AL -
GRADE OF TANK, BALLAST WATER TANK, VO D SPACE,
ZONE, AREA COFFERDAM
(HI cesT) ENCLCSED SPACES;
CHAI N LOCKER, RUDDER TRUN STORE AND
SI M LAR SPACES
ENG NE OOM BOLER PUW ROOM
NO. 2 8Y CARGO HOLD, CABINS AND PASSAGES I N LIVING
GRADE OF QUARTERS DECK STORE, AND SI M LAR SPACES
ZONE, AREA
WEATHER EXPOSED AREAS;
No. 3 BY UPPER DECK, SHELL, SUPERSTRUCTURES.
GRADE OF ( EXTERNAL) ,
ZONE, AREA PANEL 13LcekS, ( EFFectl ve BY NATURAL
VENT)
Figure 6-4: Level of Danger by Zone/ Area
LEVEL OF DANGER KI ND OF PAI NT MATERI AL
NO. 1 DANGER WASH PRI MER, EPOXY RESIN PAI NT, TAR EPOXY
GRADE OF PAI NT, CHLORI NATED RUBBER PAI NT, LACQUER,
PAI NT ETC., AND TH NNERS FOR THE ABOVE
W@ iESTI
ZI NC CHROMATE PRI MER, WH TE RUST RESI ST-
No. 2 DANGE ? PREVENTI VE! PAINT, PHTHALI C RESI N PAI NT,
GRADE OF PHENOL RESI N PAI NT.
PAI NT OTHER SYNTHETI C RESI N PAI NTS AND
PAINT THINNER, ENAMEL THI NNER, HEAvy FUEL
aL.
Figure 6-5: Level of Danger by Type of Paint
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The mnimum tine interval between final coating and inmersion

for epoxy

ol | ows:

resin paint depends on the anbient tenperature as

Tenper at ure 5°c 10"C 20"c 30"cC

14 12 I 7

Peri od days | days | days days

6.2 Equi pnent

Adequate tools and equi prent nust be provided to assure safe,

efficient
equi prent

1)

and quality coating work. The follow ng painting
and tools are used.

Brush:

The Brush- is the nbst primtive tool for painting,
and the paint is applied by |engthwi se and crossw se
nmovenents of the brush. Brush painting on rough
surfaces , rivet heads, edges and angles , require
careful operation.

Rol | er Brush:

Painting by roller brush is minly applied on even
sur f aces. The pai nt shoul d not be spread
excessively, and speci al care nust be paid to
pai nting wel ding beads and rivet heads.

Air Spray Qun:
This device atonmizes the paint by conpressed air,

and sprays the paint on the surface. There are two
types of guns: the cup type and the pressure pot
type . In shipyards, the cup type spray guns are



used only for special coatings, small areas, or when
many changes of paint colors are required.

Airl ess Spray Machi ne:

This type is the nost widely used tool in narine
pai nting. The spray guns are classified by pressure
ratios. The  anount of pressure is sel ected
dependi ng upon the type of paint and its viscosity.
By this device, the paint is sprayed at a high
pressure by nmeans of a plunger punp, operated by
conpressed air. The paint becones atomized when
forced through the nozzle tip.

Spray coating is applied, under the follow ng

condi tions

. Selection of a tip size to suit the type of
pai nt . ‘

. The distance between the coating surface and
the tip of the spray nozzle should be kept at
above 300 mm However, under certain work

conditions, the distance of up to 400 nim may
be acceptabl e.

. The spray gun should always nove parallel to
the coating surface, as shown below, and the

spray. gun noving speed should be kept at about
1 m see.

e

\\

I %

& %
CORRECT INCORRECT

METHOD METHOO CORRECT INCORRECT

METHCD METHOD

- -

N -/

* MOPVVO/E THE SPRAY IN A STRAIGHT LINE
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. In order to keep the specified film thickness,
and to prevent the paint film from saggi ng and
runni ng, spray coating should be carried out by
overlap coating and/or cross coating.

Airless spray has the foll ow ng advant ages:

Thicker film thickness, from 200 m crons
to 500 mcron”s, can be obtained per coat.
H gh viscosity paints nmay be sprayed
wi t hout t hi nni ng.

H gh work efficiency.

Paint quality is inproved due to |less
overspray and the elimnation of possible
contamnation with water or oil.

The chart below conpares the coating efficiency by method of

application - brush,

roller brush and airless spray.

Coating Coating Loss of | Cost of | Total
method efficiency paint device cost
Brush 1 3% Low High
Roller brush 3 10% Low High
Airless spray 10 20% High Low




6.3 Touch Up Method

Most of Japan's shipyards utilize steel plates and shapes
whi ch have been shot blasted and shop prined at the steel mll
or the shipyard. They then apply the specified coating over
the shop prinmer after assenbling the hull bl ock.

During this process, on-block outfitting is carried out as
shown in| Figure 6-1. During block assenbly and on-block
outfitting, the coated surfaces that are damaged by burning or
ot her-reasons are cleaned by power tools and coated with shop
primer or the specified coating to maintain paint performance.

This procedure is called the “TOUCH UP METHOD. Sur f ace
preparation for the touch up nmethod is wusually carried out
with a disc sander, and the coating by paint brushes.

The touch up nmethod is becomng nore popular in shipbuilding
as it enhances  productivity, while maintaining surface
protection during the production period, giving good adhesion
to the overcoat.

All  hull construction, outfitting and painting processes

schedules and work are integrated and controlled throughout
the ship’s construction period in accordance with the |HOP
Schedul e. During | HOP planning, production engineering should
be carried out to mnimze danage to the shop priner and

paint . These considerations are very inportant, because m nor
time delays caused by repair of damaged paint at the early
stage will greatly affect the painting at the final stage.

In addition to the above repair coating, painting of the hull
bl ock erection butt, seamjoints and edges are al so defined as
a “touch up method”. The term “striping” is nost often used
inthe US to describe this process.
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Touch up is a necessary process to enhance the block
construction nethod. However, it is still desirable ‘to
mnimze touch up work and, accordingly, studies are done
during production planning to reduce areas of touch up work
The touch up nethod is normally applied in the followng
areas:

. Stripe coating on free edges and in narrow spaces
where spray coating is difficult to apply. Wher e
airless spray is difficult to apply, or when the
required film thickness is difficult to maintain,
stripe coating should be applied by brush, before or
after spray coating. Sonme  exanples of stripe

coating applications are illustrated in|Figure 6-6

for holes, free edges, manual welding beads, and
other difficult areas.

. Touch up of damaged areas caused by installing or
renovi ng paint scaffol dings. ‘

. Touch up to burnt surfaces caused by welding in
outfitting work.

. Pai nting welding seans and butt lines for hull block
erection.

. Touch up to conpensate deficient film thickness
after inspection.

. Touch up of areas of defective paint material or

poor wor kmanshi p.

The volunme of touch up work will vary dependi ng upon planning,
schedul i ng and the total wor kmanship . The timng of
outfitting work is especially inportant.

6.3.1 Film Thi ckness

For a plate area of 30 to 40 square neters of outer shell or
deck, two points should be neasured for film thickness and
determnation of the touch up area for the outer shell, as
illustrated in|Figure 6-7. Measuring points are selected at
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NOTES; @ INSIDE AND EDGE OF HOLES
@: FREE EDGE
@: MANUAL WELDING BEADS
@: WHERE PAINTING IS DIFFICULT FOR SPRAY

Figure 6-6: Exanpl es of Stripe Coating

This figure is taken,from “The Shipbuil ders Association of
Japan, Tank Coating Specifications for Product Carriers”



l

L/4 | L/4 ] L/4
] ]

_
l B8/2
B |- —t
L "\MEASURING POINT
Figure 6-7: Measuring Points for Film Thickness (Outside Shell)
RESULTS OF AREAS TO BE
MEASUREMENTS | - REPAIRED
- L/4 L/4 L/4 L/4,
T A
—
I ol
- L - L '
(L/4 L/4 /4 /4, 13/8L , 5/8L -
i M i L L I 1 il
CASE //
I X O O //
! L ] ! L .
L L2 Lo . 5/8L ,3/aLj,
1 ) I ]
CASE [
X 7
il X O %
! L = - L —
L/4 L./4
CASE |
/
X X /// ////
W %
- L . | L—
QO  SUFFICIENT
X INSUFFICIENT
AREA TO BE REPAIRED (COMPENSATED)
Figure 6-8: Repair Coating Area (Outside Shell)



the intersection of B/2 and L/A4. Based on the results of the
film thi ckness neasurenent, deficient coated areas should be
conpensated for by touch up painting, as illustrated in Figure

When epoxy resin paint or inorganic-zinc-rich paint are used
for coating tanks, the followi ng nethods are used to neasure
filmthickness and/or to touch up deficient paint film

. If the tank coating surface is not fitted wth

stiffeners or |ongitudinal |, etc., the nmeasuring
point is selected at a rate of one point per area of
about 10 square neters and, if touch up is required
to conpensate for a deficiency in the film
t hi ckness, addi ti onal coating should be applied

using the sanme neans applied to the outer shell.

. If the tank surface is fitted with stiffeners or
longitudinal, etc., one nmeasuring point should be
sel ected at each plane area (bay), which is bound by
| ongi tudinal and transverse webs (or stiffeners and

girders) as shown in | Figure 6- 9.| The interval of
nmeasuring points may be selected at a rate of one
poi nt per every 5 bays. If the film thickness is

found deficient at the measuring point, additional
measuring points should be taken at every alternate
bay, i.e., spaced 2 bays apart, and then, t he
additional coating area to conpensate for deficient
film thickness should be determined as shown in
Fi gure 6-10.

6.3.2 Repair Coating

Prior to touch up coating, surface preparation should be
carried out on damaged areas. A disc sander is generally

utilized in surface preparation for convent i onal pai nt



[ — Measuring points Q~@
NOTES: 1) APPLICABLE AREA

.INSIDE OF BOTTOM SHELL
.INSIDE OF SIDE SHELL
.STIFFENER SIDE OF LONGITUDINAL BULKHEAD
2) MEASURING POINTS ARE SELECTED AT EVERY 5 BAYS
Figure 6-9: Measuring Points for Film Thickness (Tanks)

REQUIRED
MEASURING POINTS . ADDITIONAL COATING AREA

case w X (BAY)*%%/ %%%///
w x| To :

NOTES; I)%MARK POINT IS AN ADDITIONAL MEASURING POINT

\

2)XMARK SHOWS FILM THICKNESS IS INSUFFICIENT

Fi gure 6-10: Repair Coating Areas (Tanks)



material s. For special ints, other surface preparation
tools should be selected depending upon the kind of paint and
the ship conpartnent. Figure 6-11 [indicates applicable tools
for use with ordinary paints, epoxy resin paints and inorganic
zinc paints, according to the type of defect and ship area.

Figure 6-12| diagrans surface preparation and touch up on

damaged areas, and |Figure 6-13|indicates the sanme in nor,
detail for welded parts.

Figure 6-14 |lists appropriate nethods to repair defects on

paint film and paint itself. The proper repair nmethod is
determ ned by the type of defect.

This section has dealt with the nethods of on-block painting
and the related issues (to both on-block and or-board
painting) of tenperature, equipnent and touch-up painting.
Al t hough painting on-block has many advantages, there are ship
areas which can not or should not be painted until the
on- board stage. Section 7 discusses nethods and issues of
on-board painting, including final inspection criteria.



KIND OF PAINT MATERIAL

Fi gure 6-11:

KIND OF
DEFECT ZONE/AREA |"ORDINARY || EPOXY RESIN || INORGANIC ZING
PAINTS PAINT PAINT
EXTERNAL AREA| DISC TOTAL AREA:
DAMAGE BY OR IMMERSED SANDER DISC HEAVY
BURNING|| PARTS PSS'V%OR SANDER BLAST
BRUSH AND/OR * |PARTIAL
POWER AREA
BOWER BRUSH | vaccum
INTERNAL AREA _BRUSH BLAST JET
. TAGANE
N EXTERNAL AREA| DIsc TOTAL AREA
JAMAGE BY .| OR IMMERSED ASAlygER DISC HEAVY
RUSTING| PARTS POwéR R SANDER BRAST
ERUSH AND/OR |PARTIAL
POWER AREA:
BRUSH
- VACCUM
INTERNAL ARgA| FOWER BLAST JET
BRUSH TAGANE
EXTERNAL AREA| DISC
JAMAGE. BY OR IMMERSED ng;'ggR DISC
VELDING AND PARTS PéuER ASS’?‘SER SAME AS
\ R
TS VICINITY BRUSH | poan/ ABOVE
BRUSH
POWER .
INTERNAL AREA BRUSH
EXTERNAL AREA| DISC
DE—RUSTING OF | OR IMMERSED Aﬁg"}‘ggR DISC
\REAS OF PARTS POWER SANDER | SAME AS
JOATING ERRORS, BRUSH AND/OR | ABOVE
OR AREAS NOT POWSEUSH
"REATED POWER
INTERNAL AREA BRUSH
00M/M BELT BLAST
REA, ALONG DISC
WELDING BEADS SANDER BLAST
OF BLOCK — Pgr;:v%go;a
BUTTS OF
BOTTOM SHELL BRUSH
Surface Preparation Tools By Type of Defect/Area



DAMAGED PART

DAMAGED CONDITION 7777777777
l 100 mm 100 mn
L
MAKING ROUGH L l v
SURFACE
L O
.. TOUCH UP > 777777
l | .

' SURFACE PREFARATION

Figure 6-12: Surface Preparation/Touch-Up of Damaged Parts

DAMAGED PAINT FILM

DAMAGED A@ —
CONDJTION N NNMNNAN —— . TEAC

//////W 4

\—WELD' LINE (BUTT & SEAM)
BEVELLING

Y —-———BCTEAC
SURFACE e,

PREPARATION 7~ 4{/ L7

7277 _
PAINTING <& é%% ——BC-—-‘-—E?%AC
S SN AN

N

IZP x 1

Figure 6-~13: Surface Preparation/Touch-Up on Welded Parts
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KIND OF DEFECT

REPAIRING METHODS

SLOW DRYING

GELATION DO NOT USE . 0o IF THE PAINT DOES NOT DRY,
B TINE REMOVE AND RECOAT
w SETTLING TO BE MIXED THOROUGHLY. USE IFf za
5 DISPERSABLE <o P AFTER-TACK SAME AS ABOVE
o
=
L SKINNING REMOVE SKIN FILM AND HIX THOROUGHLY. YELLOWING RECOAT WITH ANOTHER COAT OF SAME PAINT
FILTER WITH SMALL MESH NET
DISCOLORING,
RUNS IF SERIOUS, SCRAPE OFF THE FILM AND FADING SAME AS ABOVE
RECOAT
CRACKING REMOVE AND RECOAT
ORANGE PEELING TREAT WITH SAND PAPER, AND THEN SPRAY
BLOOKING RECOAT WITH ANOTHER COAT OF SAME PAINT
SAGS SCRAPE OFF THE FILM AND RECOAT e
o CHALKING SAND AND RECOAT
BUBBLING SCRAPE OFF THE FILM AND RECOAT a
< WRINKLING,
© COBWEBBING IF EXCESSIVE, REMOVE BY SCRAPING FILM SHRIVELLING REMOVE AND RECOAT"
o
a AND RECOAT w -
> " NON-UNIFORM
<
@ POOR ATOMIZATION SAME AS ABOVE GLOSS OVERCOAT -TO EVEN GLOSS
e 3
< SAGGING & RUNNING REMOVE BY SCRAPING AND RECOAT o DISCONTINUOUS {
© a FILM RECOAT -
z
= BRUSH MARKS, S -
E BAD LEVELING SAND AND RECOAT BLISTERING REMOVE AND RECOAT
=
< or}
& PIN HOLES, o RUSTING REMOVE, REAPPLY SYSTEM
PITTING, SAND AND RECOAT CHIPPING AND ’
CRATERS SCALING REMOVE, RECOAT
BLUSHING IF EXCESSIVE, RECOATY BLACKENING REMOVE BY DISC SANDER OR THINNER
BLEEDING REMOVE PAINT FROM AREA AND RECOAT FOULING REHOVE FOULING AND RECOAT
LIFTING REMOVE PAINT AND RECOAT
FLOCCULATION REMOVE WITH SAND PAPER AND RECOAY

KIND OF DEFECT

REPAIRING METHODS

Figure 6-14:

Repair Method by Type of Defect




7.0 ON-BOARD PAI NTI NG

On-board painting is defined as that which is carried out at
the hull block erection stage, |aunching, on-board outfitting,
final docking and at ship s delivery.

Ceneral ly; on-board painting is done from about a nonth before
l aunching until after launch, when sonme repair of coating and
final coating is carried out sequentially by zones and
conpleted before the builder's trial. The final coating of
the outer shell is usually carried out at the final docking
stage. After the official sea trial, the remaining repait, and
coating work is conpleted.

The coating schedule after the official sea trial should be
determined in detail and  wel | coordinated to prevent

interference of paint repair work with other crafts.

At the on-board painting stage, a lot of the work is confined

in narrow spaces, or done on scaffoldings. Accordingly, the
working conditions are not only unstable, but also less
efficient. The painting man hours per area painted at this

stage are about 20 to 50 percent nore than the man hours
required at the on-block stage, even though the paint area is
smal l er. The surface preparation and coating nethods are
al rost the sane as during on-block painting, but the equipnent
must be noved frequently which reduces the coating rate.

Figure 7-1| shows the major paint requirenents at the on-board

st age, corresponding wth the mj or mlestones of ship
construction, from the hull block erection stage up to final
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MAIN EVENTS

CONSTRUCTION PROCESS

PAINTING WORK

O HULL BLOCK
(ERECTION)

(OQUTFITTING)

\)
O LAUNCHING

(FINAL DOCK)

/
O UNDOCKING

O BUTT WELDING OF @
HULL BLOCK JOINTS

® SURFACE PREPARA- 7| @
TION OF WELDING

BLOCK JOINTS

COATING OF HULL BLOCK
JOINTS (UNDER COAT)

OVER COATING OF OUTER

SHELL (TOP SIDE, BOOT
TOP, BOTTOM)

QUTFITTING ON*~ ®
BOARD

SURFACE PREPARA-
TION OF DAMAGED
AREAS

2

PAINTING OF UNCOATED -
AREAS.

REPAIR COAT!
DAMAGED AREAS

® SURFACE PREPARA-
TION OF DAMAGED
AREA OF BOTTOM
SHELL

COAT DAMAGED
AREAS OF BOTTOM SHELL

FINAL COAT (ANTI-FOULING)
BOTTOM SHELL

O SEA TRIAL Y

FINAL COAT INTERIOR
OF ACCOMODATION SPACE

FINAL COAT DECKS
AND EXTERIOR OF
SUPERSTRUCTURE AND HOUSE

FINAL COAT OF TOP
SIDE AND BCOT TOP
SHELL, ETC.

Figure 7-1:

Maj or Paint Wrk at

7-2

the On-Board Stage




del i very. Figure 7-2 |is a nmuch nore detailed diagram of the
painting procedure in coordination wth other trades during
t he on-board stage.

Much of the painting is carried out at the on-block stage but,
except for the cargo conpartnent, final coating is perfornmed
at the on-board stage in conjunction with outfitting. Thus ,
addi ti onal preparations from planning and engineering are
required for the follow ng:

. Plans for air ventilation.
. Plans for |ighting.
. Pl ans for scaffol ding.

1) Planning for Air Ventilation:
a) Manhol es

The location and quantity of manholes should be
determ ned based upon the shape and volune of the
conpartrment to be painted, and the required air
volume to, be changed. In planning the manholes for
ventilation, the ship’'s existing structures, such as
access hatches and manholes , are fully utilized.
However, if the existing structures are not enough

addi ti onal openings mnmust be arranged.

The follow ng factors should be considered in
pl anning the ventilation access openings.

. One manhole should be used exclusively as
access for workers.
. To ventilate all areas and corners of t he

conpartnent, feed and exhaust holes should be
arranged di agonally and/or symetrically.

. In the case of small size tanks, air pipes my
be utilized if manhol es cannot be arranged.



SHOP PRIMER METHOD |

ON BLOCK PAINTING MEJHOD
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ON BOARD PAINTING METHOD
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Figure 7-2:

Sample On-Board 'Painting Procedure




Determ nation of the Air Vol une.
The required air volume to ventilate a conpartnent
of a No. 1 danger grade (as described in|Figure 6-3)
is given by the foll owi ng equation:

Q=p Xx (s +1t) x 0.03
100

where; Q Required air quantity per mnute, in cubic
meters (m)
p: Quantity of .paint material consuned pe:
hour, in gratis (Q)
s: Pignment ratio included in the above paint

material, in percent (%
t: Volume ratio of thinner added, in percent
(% .

Determ nation of the Required Nunber of Ventilation
Fans . The nunber of fans is determned by”,the
follow ng formula:
F=Q where; F: Nunmber of ventilation fans
A Q Required air quantity, in ni/mn.
A Capacity of the adopted
ventilation fan, in m/nn.

Figure 7-3 depicts t wo possi bl e ventil ation

arrangenents , for conpartments fitted wth two
manholes and wth one nmanhole. In planning the
ventilation arrangenent, the following should be
taken into consideration:

. Bottom and corners of the tank conpartnent,

where vapors are apt to remain, should be well
ventilated by placing the air supply ducts
exits in these areas to dissipate the vapors by
forced air.

. Metal fittings and/or tips of the air hoses and
ducts should be covered with tape to prevent
el ectrostatic sparks.
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. Wen two or nore spray guns are used in one
conpartnment, the capacity or nunber of
ventilation fans should be increased to match
the quantity of the paint sprayed.

Pl anning for Lighting:

Lighting for painting is very inportant in considering
wor ker’s safety, paint quality, and work efficiency. The

ar rangenent of expl osi on’ proof l'ights should be
determned by examning the hull structure and the
scaffolding plan of each conpartment . The lighting

shoul d be planned with the follow ng considerations:

a) The lighting should be planned for sufficient
illumnpnation to assure safe work and access ways.
Generally, illumnation of at least 70 luxes, is

required for each conpartnent.

b) In compartnents defined as a No. 1 danger grade (see
Figure 6-4),] explosion proof lights nust be adopted.

c) In principal, it is desirable to use fixed lights
fitted on the ship. However, if fixed lights are
not available, portable explosion proof lights may
be used.

Pl anni ng for Scaff ol ding:

The scaffolding for painting is wusual ly conbined wth
work  stages  for hul | construction or outfitting.
However, if a lot of scaffolding is required just for
painting, the following should be planned at the early
stages of production:

. Preparation of scaffolding materials.
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. Met hods to i nstall andl or renove t he
scaf f ol di ngs.

. Determine the timng to install/renove the
scaf f ol di ng.

. Man- hours estimation for the scaffol ding work.

It is especially inportant to determne the best timng

for installing and renovi ng t he scaf f ol di ng.
Accordingly, this should be scheduled at the planning
-stage, and well coordinated wth other work. The types
of scaffolding utilized in painting are as follows:

. Franme stage

. Bitty type rolling tower

. Crane lighting type gondol a

. Boson’s chair type painting stage

. Wrking car with lifting boom for high places.

Sui tabl e scaffolding should be selected to match the work
or paint zone. However, the nost inportant thing is to
mnimze scaffolding requirements by careful planning so
that the paint procedure can be shifted to the on-bl ock
st age. Figure 7-4|shows a working car with a working
platformon the lifting boom to paint high places.

7.1 Overlap Coating:

As many kinds of paints are used on a ship, there are sone
restrictions in overlapping coating of different paints. It
is necessary to study the contents of the base paint and the
overlapping paint to prevent such defects as “Winkling” ,
“Aligatoring”, and “Lifting”. Special attention should be
paid when overlapping different paint manufacturer’s products.
The suppliers should provide the required information in
determning the conpatibility of the different paint products.



3150

* CONTROLLABLE
AT WORK STATION

9300 (12300)

3050 4300 m
8300 (12000) \

193UY \ 101UV ]

14150 (17200) !

Figure 7-4: D agram of a Wrking Car



Figure 7-5|is a conpatibility list of the base coat and the

overlap coat by seven different types of paint. I n applying
overlap coating, the follow ng precautions should be taken
. An interval of 24 hours or nore is required to

overlap other overcoat paints on alkali-silicate
i norgani ¢ zinc base paint.

. A sufficiently long interval should be taken before
overcoating inorganic zinc to insure it is cured.
[f not, poor adhesion of the top coat will result.

-0 White corrosion products may occur on inorganic zinc

if too long an interval is taken before overcoating.
If this occurs, renove by power brush, sand paper or
di sc sandi ng, before overcoating.

. When inorganic zinc is top coated, pin-holes in the
top coat may occur. This is caused by trapped air.
This can be mnimzed by applying a mst coat
t hi nned 20% wi th thinner.

. Wien inorganic zinc is wused as an undercoat or
primer, vinyl or epoxy resin paint can be directly
over coat ed. However., oil based paint or chlorinated
rubber paint nust be coated after applying a tie
coat .

Figure 7-6| shows two coating systenms used on painting the

shell of a ship. One requires overlapping of a tar epoxy
paint with a chlorinated rubber paint, the other requires the
overl apping of a coal tar epoxy with an epoxy paint.

7.2 Painting of Fittings

Painting stages for fittings are planned so that on-board

coating can be nminimzed. Cenerally, the following are taken
into consideration in determning the painting stages for
fittings:

. Difficulty of painting work at ‘the on-board stage

i.e., derrick posts and nasts.
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. Kind of paint material: i.e., fittings in cargo oi
tanks requiring special coatings.

. Probability of damage during on-board work, or
during outfitting.

. Fittings belonging to the conpartnment or zone where
the final <coat wll be ‘applied at the on-board
st age.

The following conpartnments or zones are planned for fins}
coating during the on-board painting so as to avoid nmechanica
and cosnetic danmage:

. Fresh water tanks

. Exposed decks, steering gear room decks

. I nside and outside of accommodation quarters
. I nsi de of engine room

painting of each fitting is determned during the planning
stage, and the painting specification for the fittings is
i ssued by the design departnent.

7.3 Special Coatings
Product carriers or chemical tankers require a special cargo
resi stance type coating in their tanks, such as inorganic zinc

silicate or epoxy resin materials, to prevent corrosion of
tank structures and/or cargo contam nation from rust.

For these special coatings, attention nust be paid to avoid

danage of the coating during construction. Ther ef ore,
on-block painting is not used for these coatings. When all
construction and outfitting work inside the tanks s

conpleted, surface preparation is carried out by abrasive
blasting, then the tank is coated with the required nunber of
coats of paint in a tenperature-and hunidity-controlled
envi ronnent .



These sophisticated cargo resistant type coating systens are

called *“Special Coatings” anong Japanese ship builders. In
applying a special coati ng, intensive pre-planning and
engineering is required at the wearly design stage. This

pl anni ng i ncludes the follow ng:
1) Desi gn Engi neeri ng:

a) Revi ew of paint specifications to determne that the
specified tank lining is conpatible with the cargos
to “be carried.

b) Design the hull structure to facilitate application
and to insure coating quality. In order to
facilitate surface preparation and coating, special
attention should be paid to the following itens:

. Arrangenent and shape of stiffeners.
. Shapes of slots, drain holes and scall ops.

C) The fitting arrangenent and the way heating coils
and other pipes are installed in the cargo oil tank
shoul d be designed to facilitate coating
appl i cati ons.

d) The small fittings materials should be selected to

ensure their conpatibility wth the cargo and
coating systens.

e) The arrangenent of lugs and pieces, which are
required for production work such as lifting
eye-pieces for hull blocks and permanent scaffol ding
supports , should be carefully designed and planned

during the design phase.
2) Pai nt Producti on Engi neeri ng:
a) Devel opnent of manufacturing nethods:
The feasibility of each  proposed rmanufacturing

nmet hod and procedure should be carefully studied and
evaluated in detail. Poor planning results in
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unexpect ed obstruction and probl ens during
production to disrupt the whole production schedul e.
This would result in poor productivity, nore danage
and rework. The followng items should be carefully
pl anned by production engi neeri ng:

. Working nmethods and work sites which neet the
specific requirements of the special coating
syst em

. Speci al work packages, such as tenperature afid
hum dity control, shoul d be t aken into
consideration in the man hour estimation.

. Quality of workers:

Wirker’s skill and quality of workmanship.
Man hours required for each task.

c Sequenci ng and schedul i ng:

The proper sequence of work, including

scaffolding, is the nost inportant factor
to mai ntain the working schedul e.
Wrk scheduling and its coordination wth
other trades, such as outfitting and hull
construction, nmust be planned in detail
Coordinati on with engineering design:
The following itenms are planned by the paint
producti on engineers and are coordinated with design
engi neering:

. Location of lug pieces for scaffoldings.

. Location of tenporary access hol es.

. The production inpact on fitting arrangenents.

. Required drawing issue dates, to match the

producti on schedul e.
Protection of fittings:
Met hods nust be developed to protect fittings during
scaffol ding and sand bl asti ng.
Pl ans to control t he foll owi ng envi r onnent
conditions nust be devel oped:
. Hum dity



. At nospheric tenperature

. Ventil ating, etc.

Coating plan:

Specialized cargo liner coatings have very critica
overcoat and curing tines. These are dependent on

the anbient tenperature and humdity conditions
Therefore, in coating |large tanks, the sequencing of
areas to be worked is very inportant to the overall
productivity of the job---

Pai nting processes of special coating varies depending

upon the square feet of the area to be coated, the
quality of coating to be applied and scheduling. Fi gure
7-7 |shows an exanple of the process used to apply a

“special coating”- to a large cargo tank, which is divided
into two zones the upper and |ower sections “of the tank.

7.4 Painting at Final Docking

Painting at final docking is mainly on the outside shell.

Figure 7-8 |shows a procedure for final coating in the dock.

The process flow and descriptions are as foll ows:

1) Top Side Painting:

Water washing of all surfaces to be painted 1is
carried out by a water jet with a pressure of 50 to
60 kg/cnf, keeping the distance between the jet
nozzl e and the coating surface at about 2 neters.
Deck scuppers should be plugged with wood plugs or
cloth tape before starting to paint.

Burnt areas should be derusted by disc sander and
touched up with 2 coats of anti-corrosive paint and
one coat of top side paint before applying the final
top side coat to the whole area. The first touch up
coat is painted by rol | er brushes, and the
succeeding coats are coated by spraying.
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. Dirt, such as oil, grease, etc.
wi th thinner.

. After the top side paint has dried, the ship’ s name,
bow mark, freeboard marks, draft marks, etc., ar
pai nted by brushes.

, Shoul d be wiped of f

e

2) Boot Top Painting

. Water washing is done by the procedure previously
described for the top side shell. Gly areas arounad
the water line nust be cleaned using thinner and
cl ean cloths.

. Burnt and damaged areas are repaired as previously
described., for the top side shell.

. After the boot top paint has dried, draft narks,

etc., are painted.

3) Bott om Shel | Painting

. After drying of the dock, high pressure water
washing of the bottom shell is conpleted. If the
surface is not clean and dry, the paint will not dry
qui ckly. Additionally, problens may be experiences
in. maintaining a honogeneous film thickness on the
final coat of anti-fouling paint . The coating
i nterval between water washing and overcoating
should be at least 5 hours in sumer and 24 hours in
W nter.

. If repairs are required after the final inspection,
these repairs should be conpleted before |eaving the
dock.

. Damaged areas should be carefully treated with a
disc sander, and the followng coatings should be
appl i ed:

Burnt and damaged areas should be touchedu
with three coats of anti-corrosive paint.



Areas under the docking blocks should be

touched up wth tw coats of anti-corrosive

paint and one internmediate anti-fouling coat
Then the anti-fouling paint is applied to the whole
bott om ar ea. A mnimum of 8 hours is required after
conpletion of the final coating before undocki ng.

S I nside surfaces of seachests should be cleaned and
ik coated with the final coat of anti-fouling paint.
After conpleting the coating appl i cation, t M
masking material is renoved from the anode.
. Bott om pl ugs are cenented.
. Final inspection is nade before undocking to insure

that the paint is dry.

7.5 lnspection

I nspection of paint is an inportant factor to assure good
pai nt per f or mance. I nspection practices and acceptance
criteria should be standardized to avoid confusion and trouble
at the inspection site. It is advisable to establish these
i nspection nethods and procedures as shipyards standards to
whi ch the ship owner has concurred.

Figure 7-9 [shows an exanple of practical inspection criteria

for the final pai nting. Vi sual inspection criteria are
defined in detail for each ship area.

The dry film thickness should be carefully determ ned. Fi gure

7-10 |details by which process stage the dry film thickness is

det er m ned. Dry film thickness requirenents are as follows:

. Total film thickness is measured after conpleting
the application of the anti-corrosive paint or after
the application of the final coat, depending upon
ship area. No neasurenment is required for interim
coats.



ITEM SURFACE GRADE OF FINAL COAT
1. VISUALLY INSPECT FOR SPOTTING, SAGGING,
FEATHERING, WRINKLING, UNCOATED SPOTS,
ETC. . .
3RIDGE FRONT WALL
CABINS AND 2. COLOR OF THE FINAL COAT SHOULD MATCH
PASSAGES, WHERE THE SPECIFIED COLOR AND BLEND WITH THE
APPEARANCE IS SURROUNDING AREAS.
SPECIALLY
IMPORTANT 3. EXCESSIVE FOQULING SHOULD NOT BE PRESENT
= 4, EXCESSIVE OVERSPRAY IS NOT PERMITTED.
1. SPOTTING, ALIGATORING, UNCOATED SPOTS,
*OR VISIBLE AREAS, ETC., SHOULD NOT BE VISIBLE TO UNAIDED
JTHER THAN THE EYE.
\BOVE, SUCH AS
[(NSIDE OF ENGINE 2. SAGGING SHOULD NOT BE EXCESSIVE.
00M, OUTSIDE OF
SHELL, EXPOSED 3. THE COLOR OF THE FINAL COAT SHOULD NOT
YECKS AND DECK BE EXCESSIVELY DIFFERENT FROM THE
ITORES SPECIFIED COLOR.
1 SPOTTING, ALIGATORING, UNCOATED SPOTS,
ETC., SHOULD NOT BE VISIBLE TO UNAIDED
EYE.
‘OR INVISIBLE
>ARTS, SUCH AS 2. SAGGING SHOULD NOT BE EXCESSIVE, AND
FTANKS, HOLDS SHOULD NOT COVER A LARGE AREA.
fOID SPACES AND
.OFFERDAMS 3. PIN HOLES SHOULD NOT BE VISIBLE
TO UNAIDED EYE. NO EXCESSIVE
OVERSPRAY.
Figure 7-9: Final Coat Inspection Criteria
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Measuring Time to Inspect Dry Film Thickness




No neasurenent should be taken at areas of about
15 mm from an edge or a welding bead. Additionally,
no nmeasurenent shoul d be nade on a surface where t-he
neasurenment is difficult or inpractical, due to the
arrangenment of fittings or curvature of the surface.
The film thickness should not be less than the
require’ d value for any single neasurenent.

Thi ckness neasurenents should be taken at a rate of
one spot per each 20nfin tanks.

If the final coat of paint is applied on-block, the

film thickness nmay be taken at that time, but
“possible shrinkage due to conplete curing nust be
taken into account. The  anount of shri nkage

experienced is different for each coating.
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APPENDIX A:

CLASSIFICATION OF MARINE PAINTS
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A

CATION

GENERAL NAME

COMPOSITION OF PAINT

PAINT

PHENOL RESIN

BODY PIGMENT

”

”

I OF ELEMENT OF PAINT FILM USAGE
n .
3 PAINT ADDITIONAL
3 VEHICLE SOLID PIGMENT CHEMICALS SOLVENT
ANTI - CORROSION LEAD CHROMATE RUST PREVENTING
PAINT OF mm °'é‘ con| COLOUR PIGMENT DRIER PETRO LEUM TYPE| o INTERIOR
y | LEAD CHROMATE ATE RESIN| gony piGMENT COAL TAR TYPE | \\p EXTERIOR
&
b | ANTI - CORROSION CALCIUM PLUMBATE
5 PA'NT OF ” COLOUR PIGMENT ” ” "
O | CALCIUM PLUMBATE BODY PIGMENT
o]
& | ANTI - CORROSION DRYING OIL MINIUM
Q | PAINT OF MINIUM, | PHTHALATE RESIN ég{%fggﬁé;? p " ”
& | ¥ | ZINC CHROMATE PHENOL RESIN BODY PIGMENT
>
gl >
< | ANTI - CORROSION MINIUM
o PAINT OF MINIUM, Y ZINC CHROMATE ,
) ZINC CHROMATE, IRON OXIDE ” - ”
& IRON OXIDE BODY PIGMENT
:l .
o ANT1 - CORROSION DRYING Ol | !RON OXibe RUST PREVENTING
ALUMINUM POWDER ” " FOR BOTTOM AND
B PAINT PHENOL RESIN | gopy pioMmENT BOOT TOP ZONE
<
a.
TOXICITIC PIGMENT
3 | ANTI- FOULING DRYING OIL | (CUPROUS OXIDE) |ANT! PRECIPITATOH . fg:&%TT'V'EOSTNLECTlON
IRON OXIDE ER ’
z PAINT PHENOL RESIN | [N OXICE DRI FOR BOTTOM
&
§ BOOT TOPPING DRYING OIL | COLOUR PIGMENT

FINISH PAINT FOR
BOOT TOP




CATION

GENERAL NAME

COMPOSITION OF PAINT

{ARON OXIDE

g OF ELEMENTS OF PAINT FILM USAGE
g PAINT ADDITIONAL
3 VEHICLE SOLID PIGMENT CHEMICALS SOLVENT
G-k TOP SIDE PAINT | PRYWG oL COLOUR PIGMENT A:;:EL \prTaTon | PETROLEUM TYPE | FINISH PAINT FOR
'é"?,f:ﬁ PHTHALATE RESIN | BODY PIGMENT DRIER COAL-TAR TYPE TOP SIDE
Y DAYING OIL IRON OXIDE
> | DECK PAINT pHTHALATE Resiy | ZINC OXIDE ” ” DECK PART
- BODY PIGMENT
)
U] IRON OXIDE
a ” ZINC OXIDE ” ”
B IGMENT
2 | HOLD PART ODY PiGM HOLD PART
o DRYING OiL | ZINC OXIDE " .
PHENOL RESIN| TITANUM OXIDE
FINISH PAINT DRYING OIL ALMINUM POWDER . ”' SUPERSTRUCTURE
FOR MARINE PHENOL RESIN| BODY PIGMENT ENGINE ROOM ETC.
MINIUM IRON OXIDE
o BODY PIGMENT COAL- TAR
3 ANTI-CORROSION PRIMER | V'YL ACETATE PLASTICIZER KE{l\‘ONTE. SUPERSTRUCTURE
o VINYL CHLORIDE | minium STABILIZER
ZINC CHROMATE ALCOHOL
% BODY PIGMENT
w
& | ANTI-CORROSION PAINT e ey VDER ” OUTER SHELL
| .
z TOXICITIC OXIDE EFFECTIVE PROTECTION
S | ANTI-FOULING PAINT v (CUPROUS OXIDE) ” p A GAINST FOULING

FOR BOTTOM




o COMPOSITION OF PAINT
g GENERAL NAME
% OF ELEMENTS OF PAINT FILM USAGE
% PAINT ADDITIONAL
g VEHICLE SOLID PIGMENT CHEMICALS SOLVENT
w
& VINYL ACETATE | COLOUR PIGMENT PLASTICIZER | COAL-TAR
¢ | BOOT TOPING PAINT VINYL cHLORIDE | BODY PIGMENT STABILIZER KETONE BOOT TOP ZONE
2 ALCOHOL .
0
@
SUPERSTRUCTURE
g FINISH PAINT " ” " ” TOP SIDE ZONE
5 FOR MARINE OTHER PART ETC.
MINIUM ORIER ESTEL KETONE RUST -PREVENTING
& EPOXY RESIN IB*E’)OD‘\':/ ?;(ié?fENT poLy amioe eI AT i SUPERSTRUCTURE £TC
£ | ANTI-CORROSION . -
z PRIMER ALUMINUM POWDER - RUST -PREVENTING
& ” IRON OXIDE ” © FOR
x BODY PIGMENT OUTER SHELL
>
o FINISH PAINT OF
o | FINISH PAINT . COLOUR PIGMENT ” P INTERIOR
w FOR MARINE BODY PIGMENT AND. EXTERIOR
IN TANK
EPOXY RESIN | ALUMINUM ” , OUTER SHELL
TAR EPOXY PAINT COAL- TAR POWDER ’ (EXCEPT TOP SIDE)
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CATION

GENERAL NAME

COMPOSITION "OF PAINT

i OF ELEMENT OF PAINT FILM USAGE
@ PAINT
3 VEHICLE SOLID PIGMENT ADDITIONAL SOLVENT
CHLORINATED ?&g:\'}moxme PLASTICIZER  petroLeum Tvee |
RUBBER STABILIZER | COAL-TAR TYPE -
BODY PIGMENT FOR
& | ANTI-corrOSION o SUPERSTRUCTURE
& PRIMER " ZINC CHROMATE " " ETC.
o BODY PIGMENT
i
@ , ALUMINUM POWDER ) ) RUST -PREVENTING
2 BODY PIGMENT FOR OUTER SHELL
a TOXICITIC PIGMENT
o EFFECTIVE PROTECTION
£ | ANTI-FOULING PAINT “ o oD OXIDE) ” L AGAINST FOULING
Z BODY PIGMENT J FOR BOTTOM
m Nl
o} .
o COLOUR PIGMENT FINISH PAINT FOR
§ | BOOT-TOPPING PAINT “ BODY PIGMENT ” ” BQOT TOP ZONE
FINISH PAINT FOR TOP
FINISH PAINT ” ” ” ” SIDE ZONE, SUPER-
FOR MARINE . STRUCTURE AND DECK
I I POLY URETHANE | coLou piament | porere ETHAL | RusT-pREVENTING
@ | TURYURETRARE RESIN RESIN BODY PIGMENT DRIER COAL.TAR Type | FOR IN TANKS
32
=z
i ALUMINUM
w
S | TAR-URETHANE " " ” “

POWDER




CATION

GENERAL NAME

COMPOSITION OF PAINT

RUBBER

% OF ELEMENT OF PAINT FILM USAGE
2 PAINT -
] ADDITIONAL
3 VEHICLE SOLID PIGMENT AT IONAL SOLVENT
POLYSTYRENE | ZINC POWDER | ANTI- COAL-TAR
RESIN BODY PIGMENT PRECIPITATOR TYPE
RUST-
ORGANIC ZINCRICH ESTER, ETHAL
E' EPOXY RESIN ” DRIER KETONE PREVENTING
g PAINT COAL-TAR Type | FOR INTANKS
ETC
5
= CHLORINATED ) PLASTICIZER | PETROLEUM TYPE
o RUBBER STABILIZER | coaL-TAR TYPE
9 .
N -
; RAUST -PREVENTING
somgr:,:_'c ATE " DRIER WATER FOR INTANKS
INORGANIC ZINC ! AND OUTER SHELL
RICH PAINT
ANTI- ALCOHOL RUST -PREVENTING
ALKYL SILICATE “ PRECIPITATOR | COAL-TAR TYPE | FOR INTANKS ETC
TR B ALUMINUM PETROLUM TYPE
MATERIAL PHENOL
BITUMINOUS PAINT N POWDER DRIER CoAL.1an Type | CHAIN ETC

HEAT RESISTANT
PAINT

SILLICON RESION
PHTHALATE RESION

ALUMINUM POWDER
BODY PIGMENT

PETROLUME TYPE
COAL-TAR TYPE

RUST -PREVENTING
FOR STEAM PIPE

ALKYLTITANATE

”

”

”




APPENDI X B:
JAPANESE MARI NE PAI NT PRCDUCTS
(BY 3 MANUFACTURERS)



SHOP PRIMER

| SHELL PLATE PAINT |

APPLICATION

JANTI CORROSIVE PAINT |

NIPPON PAINT CO., LTD. C+UCCKU MWIINE PAINT Co,,'LTD. KANSA! PAINT CO.. LTD.
PAINT NAME PAINT NAME PAINT NAME
DRY FILM | COVERAGE FILM E
KIND COLOUR COLOUR DRY COVERAG COLOUR | CRY FILM [ cWERAGE
YMBOl OF PAINT THICKNESS |(THEORITICALI THICKNESS |[THEC+UTICALL THICKNESS |(tworiTiCALI
VINILEX 120 ACTIVE PRIMER | EVABOND NC-F METALACT H- 15
WP | WASH PRIMER GREVISHBLUE
IARK GREEN 12 p 90 9/nt GREEN 15 1| 111 9/nf |[DARK GREEN 15 B| Q39/ni
RECOISH BIWINN
\zp | NON ZiNC ZINCFREE SHOP PRIMER NZ PRIMER-S SD NON ZINC PRIMER
PRIMER GREEN 20 u|134 9/nt| REDDISH 22 ul|107 9/ut| OXIDE RED | 20 «| 86 9/m
b BROWN 7
ZINC epoxy |NIPPE ZINKY 1000P EPICON ZINC RICH PRIMER B-2| SD ZINC PRIMER ZE NO 100
2P PRIMER
GRAY 15 1 63 9/ni GREEN 18 P| 95 o9/d GREY 15 11| 90 9/t
NIPPE ZINKY 1000 FZ | WELBOND H ~ ISD zINC. PRIMER .ZE_NOIOOQHA. ]
1zp | NORGANIC
ZINC PRIMER |SREEN, GRAY DARK GREEN . ,|GREY, GREEN
BRO 15 #]| 85 q/nt DARK BROWN| 15 #| 79 #/|7 g5 [aonrs 15 u| 60 9/ut
SALVANIC VINILEX 110 ACTIVE PRIMER | GALVANITE NO 200 PRIMER | SD MARINE CP PRIMER
GP
PRIMER |LEMON _ _
VELLCW 2 p| 89 ont bM+ITE 20 JI| 80 9hij WIIITE 35 #| 04 9int
h SEEgEENATED RABACOAT A ZC | RAVAX ANTI CORROSIVE-HE | RABAW.RINE SILVER TONE HD |
CAC —
ANTI SILVER REDDISH SILVER DARK
CORROSIVE P| LIGHT BROWN 40 #1189/ o\ ucisH siver | 85 4| 210 9/ |oeonion siver|  TO #|212 9/
EPOXY NIPPE EPOXY PRIMER | EPICON MARINE HE-AL EPOMARINE A-C S
EAC | 4NTI
RED OXIDE REDDISH SILVER
CORROSIVE P GRAY 100 » (318 9/t SILVER 100 #|205 9/| SILVER 100 #[240 9/u
JINYL VINITAR A/C SILVAX SQ VINYLIA BTM
/Tac | TAR EPOXY
ANTI SILVER SILVER SILVER
CORROSIVE P| BRONZE 15 #{217 ¢/nt BROVN 40 wlr0s 9] Bos 85 u|334 9/t




- SHELL PLATE PAINT

APPLICATION

NIPPON PAINT CO,LTD. CHIkWW MARINE PAINT CO., LTQ KANSA | PAINT CO. LTD.
PAINT NAME PAINT NAME PAINT NAME
KIND DRY FILM | covERacE DRY FILM | COVERAGE DRY FILM | COVERAGE
YMBOL JF PAINT COLOUR  rickness jameonmean|  COLOUR  rpyeqness|aneonmens|  COLOUR  [rpicngss | meonmieass
s TAR EPOXY EPOTAR M A/C BISCON AC EPOSEAL BTM
-g |_EAC | ANTH BLACK BLACK
Z CORROSIVE P BROWN 100 £|197 ¢/n BROWN 125 #]280 ¢/ni BLACK 125 nl264 9/n£
gﬁgggg’”m RABACOAT A/F RAVAX ANTI—FOULING RABAMARINE A/F "
CAF | ANTI DARK
FOULING p | RED OXIDE 40 | 131 9/m et sronn | 45 #| 135 94| oxiDE RED 40 #|137 9/at
'E EPOXY EPICON MARINE ANTI—FOULING | EPOMARINE A/F (E)
Z | EAF | ANTI
2 - | REDDISH
g ~ FOULING P P 9/nt BROWN 50 «| 220 9/4i| OXIDE RED 40 ul|152 9/t
) VINYL VINILEX 2730 A/F CHUGOKU VINYL ANTI—FOULING | VINYLIA A/F
5 | vaF | anTt TEET]
3 FOULING P | RED OXIDE 40 2130 9/uf BROMN 45 2| 220 9/4| OXIDE RED 40 £{163 9/nt
TR
- LONG LIFE NIPPE HI~SPEED HLC AF SEAFLO SP RABAMARINE A/F NO 1000
Z | LLAF [ ANTI REDDISH BROWN '
< FOULING P PINK, RED 15 u| 280 9/0| i oarc) 15 u| 275 9/4i| OXIDE RED 60 ul2t9 9/t
POLISHING SPC—9 AF SEAFLO Z100 RABAMARINE AF NO 2500
SPAF | TYPE
ANTL e o glégm, PINK' L yo0 ] 388 9/nf‘b'fg{ gggN”NN 100 «| 385 9/i| RED, LIGHT | 100 «|388 9/nt
E CHLORINATED | RABACOAT FINISH RAVAX BOOTTOPPING RABAMARINE B/T
< | CBT | RUBBER
o REDDISH BROWN OXIDE RED
a BOOT TOP P | AS SPECIFIED 30 A 90 9/ AS SPECIEIED 35 #] 106 9/nt| s speciFiED 36 u#|134 9/ut
o] EPICON MARINE BOOT
: _ar | EPOXY NIPPE EPOXY FINISH I o RCOAT | EPOMARINE B/T
BOOT TOP P | WHITE, BLACK REDDISH BROWN OXIDE RED,
§_ T Cearien | 40 a| V17 a/mf SRRt ot 60 u| 180 9/m| Pom N 40 u|120 9/t




5 MAKER NIPPON PAINT CO,LTD. CItkfMJ MARINE PAINT CO., LTD. KANSA | PAINT CO- LTD.
'—
<
o ITEM PAINT NAME PAINT NAME PAINT NAME |
3
i
KIND DRY FILM | COVERAGE DRY FILM | COVERAGE DRY FILM | COVERAGE
0
< | WMBOL of pAINT COLOUR THICKNESS (mneonimicas COLOUR |5 cknesskmeonmcans]  COLOUR | e NESS kmeommicars
-
5 E CHLORINATED RABACOAT FINISH RAVAX TOPSIDE RABAMARINE TOPSIDE PAINT
a E CTP | RUB13ER SACK BLACK WHITE
" ‘
A TOPSIDE ‘P AS SPECIFIED 30 u| 90 9| o CeciriEn 35 u| 95 9/m| oD 35 u|120 9/nd
z |9 NIPPE EPOXY FINISH EPICON MARINE 10FSIDE EPOMARINE TOPSIDE PAINT
4 (£ ETP EPOXY UNDERCOAT
|y TOPSIDE P WHITE, BLACK BLACK BLACK, WHITE
5 |~ AS SPECIFIED A0 w117 9At) S speciFieD 80 #) 115 9/nt) ) SpECIFIED 40 #l11E 9/nt
LEAD ZINC LZ PRIMER Lzl PRIMER SD MARINE PRIMER L
Lz | cHROMATE
REDDISH BROWN
: PRIMER | RED OXIDE 35 u|10s gmt|pooDitd SN 40 w120 94| ORANGE 36 al|112 9/t
£ WHITE RUST | CR MARINE WHIT PRIMER ROSWAN QD SD MARINE WHITE PRIMER
o WRP | RESISTING
- PAINT WHITE 35 af101 9/t  WHITE 40 alv2s gmt|  wHiTE 35 u| 89 9/ut
m - L]
a CHLORINATED | RABACOAT PRIMER RAVAX RED LEAD PRIMER RABAMARINE BROWN PRIMER
CPP | RUBBER 4
- RED LEAD, BROWN ORANGE BROWN
% PRIMER PAINT LIGHT GRAY 40 n| 134 9/t REDDISH - BROWN 40 u| 140 9/of DARK BROWN 36 afi14 9/ut
a EPOXY NIPPE EPOXY PRIMER EPICON MARINE AC—CL EPOMARINE BROWN PRIMER
EPP
PRIMER PAINT | RED OXIDE REDDISH ORANGE
GRAY 100 u| 316 g/mfRER0SH O 50 u|140 /22| BROWN 60 u|180 9/u
E CR MARINE FINISH EVAMARINE INTERIOR SD MARINE PAINT
< CP | FINISH PAINT
< WHITE WHITE WHITE
o AS SPECIFIED 30 4| T2 9/ g speciFieD 30 4| T8 9/} pg speciFiep 35 #l 84 9/
é CHOLINATED RABACOAT FINISH RAVAX FINISH RABAMARINE PAINT
2 CCP | RUBBER
Z RED OXIDE,WHITE WHITE WHITE
w FINISH PAINT | ¢ speciFien 30 4| 80 /] o speciFieD AS SPECIFIED 36 #1209/t




APPLICATION

FINISH PAINT

TANK PAINT

MAKER NIPPON PAINT CO., LTD. CHUGOKU MARINE PAINT CO, LTD. KANSAI PAINT CO., LTD.
ITEM PAINT NAME PAINT NAME PAINT NAME
KIND
CRY FILM | COVERAGE DRY FILM | COVERAGE CDVERAGf
mBol IF\ PAINT COLOUR  friicknEss [weemomeas | COLOUR Irpioxness |mh=mmeay)|  COLOUR ITUEORSTICAL
NIPPE EPOXY FINISH EPICON MARINE FINISH EPCMARINE PAINT
EcP EPO)S% PAINT
FINI WHITE, BLACK WHITE WHITE
AS SPECIFIED N R 40 af 128 9/l s speciFien 105 9/m
LYURE MIGHTYLAC-M E NISH
uep | URETHANE PO | UNY MARIN ] RETAN NO 6000 FINISH
FINISH PAINT [WHITE WHITE WHITE
LichT cotours| 30 4| 94 9/ (S specimen | 35 4| 80 9/l L coirien 99 9/
CHLORINATED RABACOAT FINISH I RAVAX DECK | RAEMMARINE DECK PAINT
CDP | RUBBER
REDDISH BROWN QKICE FED, GrERN
DECK PAINT | AS SPECIFIED 30 uf 90 g [EOPEH SROW 35wl ris om0 Sen 134 9/m
EPOXY NIPPE EPOXY FINISH ) EPICON MARINE DECK EPOMARINE DECK PAINT
EDP : -
DECK PAINT [WHITE, BLACK REDDISH BROWN CKIDE RED, GREEN
AS SPECIFIED 40 #) 11T 9/ x5 speciFien 80 #1185 9/nl| »3 speciFiep 116 8/
HEAT NIPPE TAINETSU 50 SILCON NO 400 SILVER THERMO NO, ER
HRP | RESISTING |
PAINT | o colours| 20 tt| 64 9mt|  SILVER 15 P| 50 9/d| SILVER 63 9/nl
EPOTAR M .HB BISCON HB | EPOSEAL NO
te |TAR EPOXY
PAINT BLACK : BLACK .
RED BRoxwy | 200 NI 422 9/id BRCWN 250 11| 460 9/nt BLACK 526 9/ni
.NB 1000 NT | EPCMARINE EX NO 30
N EPOTAR M .N | BISCON NO
TAR EPOXY P [GRAY, SILVER REDDISH BROWN GRAY
LIGHT coLoups| 100 #| 218 9/ LIGHT GRAY 1256 u#|295 9/nt OXIDE RED . 523 9/nt
ORGA 1000 EPICON T—500 EPOMARINE FW NO 10
EP | EPOXY PAINT
WHITE, BLUE, 10 u| 206 g/ut| CPAY, WHITE 15 u|225 9/x| OXIDE RED 189 9/t

CREAM

LIGHT GRAY




Z

5 MAKER | NnIPPON PAINT CO., LTD. CHUGOKU MARINE PAINT ©O, LTD. KANSAI PAINT CO., LTD.
'_
§ ITEM PAINT NAME PAINT NAME PAINT NAME
|
o KIND DRY FILM | COVERAGE DRY FILM | COVERAGE DRY FILM | COVERAGE
'R
< SYMBOL\ OF PAINT COLOUR THICKNESS |(THeoAITICAL COLOUR THICKNESS [(THeomiTicAL) COLOUR THICKNESSjtTHEORITICAL)
as | BITUMEN APERIA NO 3000 SD TAR ENAMEL GD
SOLUSION u 9] BLACK 100 «| 2109/ BLACK 80 #2114 9/t
E RUST RUST INHIBITIVE OIL ‘CK’
X RPO | PREVENTIVE
¥ olL u 2/nf} CLEAR 20 u 40 9/nt # 9/nt
Z
s INORGANIC NIPPE ZINKY 1000M GC GALBON S—HB SD ZINK PRIMER ZE1500
12S | ZINC SILICATE -
PAINT GRAY 16 u| 355 9/t GRAY 15 u| 3309/ GRAY 15 n|325 ¢/t
# 9/t P 9/mt u 9/ut
2 9/ni] “ 9/nt u 9/nt
u 9/nt H 9/nt u 9/at
] g/ni] n 9/t n 9/ut
P 9/nf u 9/t P 9/l




APPENDIX C:
SAMPLE STANDARD PAINT SCHEME

(BULK  CARRIER)



GRADE OF PAINT & NUMBER OF COAT
DE—RUSTING | o o )
PAINTING AREA BEFORE | BEFORE REMARK
sHop | FiIrsT [PRIMER 2 3 4 5
PRIMER |COATING
KEEL AND BEFORE TEAC| TEAC| Bc | caF | caF | TEAG: MIN. 250 MG
LAUNCHING 1
BLOCKING IN TOTAL
3 AREA AT DOCKING n
I sP—10 | sP-3 | 1zp
9 | keeL 1o B O NG Teac| TEAC| Bc | caF
BALLAST
LINE AT DOCKING CAF
BALLAST |BEFORE LAUNCHING cac | cac | cTP
LlNE TO ” 7 lZP
- | bECK AFTER LAUNCHING cTP
4}
I
() OUTSIDE cac | cac | ctp | cTp
BOW CHOCK ” ” 12P
INSIDE cep | cep | cop | cop
TEAC
OUTSIDE “ TEAC | TE4C| Bc | cAF | caF | saME AS BOTTOM
RUDDER " 1zp _
INSIDE SP—10 Bs | Bs '
RUDDER TRUNK " sp—3 | 1zp | TE |TE=
INSIDE OF STERN FRAME " " izp | Bs | BS
UPPER DECK " “ izp | cep | FF | cop | cop
5 cPpP
O | DECK (EXCEPT ABOVE) “ “ izp | cee | €FF 1 cop | cop
o]
UNDER DECK MACHINERY ” " ize | Te | TE




SUPERSTRUCTURE & ACCOMODATION SPACE

DE —RUSTING PAINT & NUMBER OF COAT
SHOP
PAINTING AREA BEFORE | BEFORE L RIMER REMARK
SHOP FIRST 1 2 3 4 ]
PRIMER |COATING
i FRONT WALL
[ - .
DECK WNDER SURFACE OF CPP
& HOUSE | boocen on nav. ear ok, | SP—10 | sP—3 | 1zP | cpp —y | ccP | ccp
1o
o] CPP
5 OTHER AREA CPP ) ccP | cop
UEILING . WRr- ur cpP
E | S
PUBLIC ROOM | AND UND:;TE L " » 1ZP
LIVING ROOM ‘VXALL INSULATION LZ | Lz—1
OFFICE
AND T e ” LZ LZ—1 DpP DpP
o PASSAGE FLOOR UNDESRTEEL ” 1ZP
E COVERING NO COATING*
<
o BARSETEEL Le WRP cpP cpP
(03: CEILING ” ” 1zP
o] UNDER
= INSULATION LZ | LZ—
E GALLEY BARE
= AND WALL STEEL , 7 LZ | WRP ] cP cP
SANITARY UNDER Lz Lz
SPACE INSULATION
T STEEL ” LZ |Lz—t| DP bP
FLLOOR ” 1ZP
O erinG INO COATING
DECK STORE | TOP PLATE | CrP | . | CDP | cDP
#” ” 1ZzP
(EXTERIOR PART) | SIDE ‘WALL | crp | CPP | nro | mra
BULWARK ‘ (v s ”




€0

VGIRAULC Ur
DE—RUSTING | qyop| FAINT & NUMBER OF COAT
PAINTING AREA BEFORE | BEFORE priver REMARK
SHOP | FIRST 1 2 3 4 5
PRIMER |COATING
TOP PLATE cep | PP | cop | cop
BOSUN'S STORE sp1o | sp—s | 1zp —
ENTRANCE | sipE waLL cpp | PP | cep | ccp
CEILING Lz | wrp | cp SAME AS
' WORK SHOP
BOSUN'S STORE | WALL zp | Lz | w c
® X ! ! : RP ©P BOTTLE SHOP
& FLOOR Ltz |Lz—1| op LOCKER
ot
0 S| BARE
23| " Srer Lz | wrp | cp
DECK STORE 3
i & | UNDER Lz | Lz—t
PAINT STORE Q INSULATION 2P
” 7
VALVE REMOCON| , | BARE Lz {Lz—1| P
STATION 8 STEEL
| UNDER 4
ol Rl NO CQATING
OUTSIDE cep | ©FF | cop | ccp
SWIMMING POOL " ” 1ZP ohc
' INSIDE CAC | )" | cBT | cBT
PIPE DUCT SPACE ” " izp | Lz | wre | cP
ELECTRIC SPACE ; " P izP | Lz | wrP | cP




GRADE OF PAINT & NUMBER OF COAT
PAINTING AREA BEFORE | BEFORE PRIMER REMA fy
SHOP FIRST 1 2 3 4 5
PRIMER [COATING ’
UNDER T
CEILING INSULATION SP—10 SP—3 12P LZ |LZ—t
BARE ” ”
STEEL 1Z2P LZ WRP CP CcP
UNDER . . -
§ INSULATION ’ 1ZP Lz Lz~
ENGINE WALL
o CEILING
rx ROOM | p1LLAR ~SKIRTING \zP Lz | WRP | CP cP
ij |BOILER MACHINARY| SKIRTING Lz |wrp | cp | cp
o ROOM | SEAT ETC GR:ﬁS:T'NG :
(ZD TOP OF DOUBLE " ” 1Zzp BTE ET'E
X | STEERING FBOTTO':'E — —
TOP OF DOUB B :
W f GEAR ROOM BOTTOM " " iZP | BTE - "
n | everceENcY 5
% FIRE PUMP TOP i NO ICOATING .
< ROOM 4] ¢
§ ( INCLUDING l_—z_ N
STORES) < | UNDER c CcP EXCEPT B
e FLoor ?:5 SURFAGE ” LZ WRP P EE}\N
] UNDER , BTE
% oomho:OOM SURFACE Z BTE —1 MAIN FLOOR
z BILGE BTE o
- , P BTE
i weLL | SP—1o “ V4 —1
ENGINE p , —~t| DP | DP
FLAT p 1ZP LZ | LZ
UNDER . " ' BTE
MACHINARY SEAT. 1zP | B8TE |




GRADE OF

PAINT & NUMBER OF, COAT

DE—RUSTING | g40p
PAINTING AREA BEFORE | BEFORE pypen REMARK
SHOP | FIRST i 2
PRIMER |COATING
CEILING sP—10 | sP—10 [1zp—1| 25| 1ZS
CARGO HOLD s T izs
AND WALL ” ” 1ZP—1 5 s
WATER TOP OF BOUBLE " " 1ZP—1 1ZS V4
BALLAST | BOTTOM LI Mt
BILGE WELL " v lizp—| %S| 128
[a] -1 -2
-t
2
5 CEILING ” sp—3 | izp | B7E | BTE
/4
<
© CARGO HOLD BTE
WALL , § 1zp | BTE
(BULK) ’ ’ -1
TOP OF DOUBLE
poron NO [cOATING
BILGE WELL " " izP | TE | TE—




GRADE OF PAINT & NUMBER OF COAT '
DE—RUSTING | o 1o
PAINTING AREA BEFORE [BEFORE Lo e o ; REMARK
SHOP FIRST 1 2 3 4 [
PRIMER |COATING
g AFT PEAK TANK SP—10 | SP—3 1z | TE |TE—
<
F | FORE PEAK TANK ” ” izP | TE | TE—1
}_
g TOP SIDE TANK ” ” iz | TE |TE—
1
g WATER BALLAST TANK “ ” iZF TE | TE—i
1L asue TAK IND B
. Z | L O STORAGE TANK . . . .
o 2| Ca seTT Tan 2 1ZP WIPED WITH OIL
3 | CYLINDER OIL STOR TANK
x
ui
T FUEL OIL TANK <
n | pieseL o Tan . , . .
O | @ |FQ SERVICE/SETT. TANKS ’ . 1ZP | RPO ("RPO* SHALL BE COATED FOR HULL BLOCK ONLY)
o | 2 | o a SERVICE/SETT. TANKS
b4 3
<p ¥ S
wl o]Fra sn_gose Tx ,
. | o a swoGe T . ) _
ff SEPAR BILGE OIL TANK
m.‘ FRESH WATER TANK o
COOLING F. W. EXPANSION TANK Y . _ _ _
X || PURIFIER OPERATING ’ IZP | EP—1 | EP—2 |EP—3
3 WATER TANK
'—
3 [ pisToN cooLinG F.w TANK ize | 1zs
@& || CASCADE TANK ” ” - =
FUEL VALVE COOLING F. W TANK
COFFEDAM, VOID SPACE ,, o 1zP | BTE | T F
BTE
ECHO SOUNDING SPACE ” ” 1zp | BTE | |
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