PROTECTI VE COATI NG The invention relates to protective coat+ ng,
particularly to the application of a protective coating to a body and is
particularly useful for use with bodies which are wholly or partly under
wat er, though the invention nmay be utilised out of water. Mst strucfures
need a protective covering to prolong their life, particularly against
corrosion. In the underwater environnent, particularly close to the surface
where there is plenty of oxygen in the water, corrosion by rusting and

pl ant growth can be a serious nuisance, both in reducing the strength of
the structure and adding to its weight sp that the structure may becone
unst abl e. The application of protectivé'géints or other coatings by a brush
is inpractical under water andprROTRETIVE/COSTINGeEN proposed to apply a
protective coating by making it into the formof a putty and applying it by
hand. 1t is dhefinvention:rglatesHiocprotestive epiting: padigularly tonthenappligationeef and in

particular a_uniformcoating,se that nuch teri i sked...lt Ji.5 an

b ect of « nBNERRng 19 L aBfy bl RSB Rt for St Bitdpies whiBo 4T g 1o
the inventiogrd 4AbRy icr pardy uAGsH waey,Sthelgh tHe BvBhtIdfhad H @ilRed ioue of0at i ng
to a body, conprising a formwrk adapted to be placed round the body,
spacer neansWatar. spacing the formmrk fromthe body, neans to clanp the
formmork round the body whereby to | eave an annul.ar space therebetween,
means to apply a resin material to the annul ar space whereby to provide the

protective Chist RErubRteeREd HprbREGVOEbvalg i0"Prolety thentife) atesdy I i ng

against corrosion. In the underwater environment, particularly close to the

surface where there is plenty of oxygen in the water, corrosion by rusting and

plant growth can be a serious nuisance, both in reducing the strength of the
structure and adding to its weight so that the structure may become unstable. The
application of protective paints or other cdatihgs by a brush is impractical under
water and it has previously been proposed to apply a protective coating by
making it into the form of a putty and applying it by hand. It is difficult to
achieve a complete coating ih this manner and in particular a uniform coating so

that much material is wasted.
It is an object of the invention to seek to mitigate this disadvantage.

According to the invention there is provided a system for applying a protective

coating to a body, comprising a formwork adapted to be placed round the body,
spacer means for spacing the formwork from the body, means to clamp the
formwork round the body whereby to leave an annular space therebetween,
means to apply a resin material to the annular space whereby to provide the
protective coating between the formwork and the body, and a support ring

adapted to be secured to the body in use to support the formwork.

Using the invention 2 resin can be applied to a body or structure between the

structure and surrounding formwork. The formwork provides control of the



adapted to be secured to the body in use to support the formwmrk. Using the
invention a resin can be applied to a body or structure between the
structuregand surroundi ng formwrk. The formwrk provides control of the

- 2 - space to be occupied by the resin around the structure and supports
the resin until it is cured. The formwrk can then be renoved or it may be
retained to provide additional protection of the structure. There nmay be a
plurality, preferably six, of spacer means. This provides for an equalising
support force. The formwrk may conprise an el ongate tubul ar nmenber which
may have a |ongitudinal slot whereby the Zermwrk can be nounted on the
body. This provides for ease of handling. There may be a plurality of
simlar tubular nenbers whereby two nenbers are nountabl e adj acent one
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eltongate for ovi des for provision of various [engths of.
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There may be a plurality, preferably six, of spacer means. This provides for an

equalising support force.

o The formwork may comprise an elongate tubular member which may have a
e ‘longitudinal slot whereby the formwork can be mounted on the body. This

provides for ease of handling.

There may be a plurality of similar tubular members whereby two members are
mountable adjacent one another along an elongate body to provide a substantially
continuous elongate formwork. This provides for provision of various lengths of

formwork.

Each member may have end connection means whereby one member is
-engageable with another similar member. This provides for effective sealing

against resin leakage.

- Leakage prevention may. be enhanced by a seal means adjacent one end of a
tubular member, particularly a seal means which may comprise an inflatable ring

seal means.

~y!

The formwork may comprise two hemi-cylindrical formwork parts. This

provides for ease of mounting round an elongate body.



Leakage prevention may be -enhanced by a seal neans adjacent one end of a _
tubul ar nenber, particularly a seal neans which may conprise an-inflatable
ring seal nmeans. The formmork may conprise two hem -cylindrical for@ork
parts. This provides for ease of mounting round an el ongate body. 3 -
According to a second aspect of the invention there is provided a
. wor kpi ece, conprising a body to be coated, in conbination w,th a system
~according to any. precedi ng paragraph. According to a third aspect of the
i nvention there is provided a nethod of applying a protective coat to a
body, conprising the steps of providing a-system as defi ned herei nabove, .
and renoving the formwrk subsequent to curing of the resin. A system
enbodying the invention is hereinafter described, by way of exanple wth:
reference to the gcconpanying draw s ELO: dn. : Bﬁﬁﬁ o forma -
tubul ar st r UucREROEIRE R aa?ﬁ%gwgla?"fﬁ ﬂﬂﬂf"oﬂ" OT ,'&gié\é\%r%rig‘ﬁgefa%r?he iéhcgéntion; 3
Fi g. 1A shows. &,ﬁg{r&{}.:g/@bé@y £ RS E028RL ih edmbindtienwith & fystemt acoording todnyi g. 1; -
Fig.2 shows in diagrammatic formthe structure and formwrk during the
preceding paragraph. ' R SR ' D :

a 'Aécordin"g to a third aspect -of the invention .the_re is provided a method of
applying a protective coat to a body, ‘comprising me steps of providing a system

as defined hereinabove, and removing the formwork subsequent to curing of the

resin. S
o v/
A system émbodying the invention is hereinafter described, by way of example .
with refér_ence to the accompanying drawings. ' '

- Fig.1 shows- in _-diag'rémmatic' form a tubular structure with an encircling

" formwork, according to the invention;
Fig.1A shows a transverse cross-sectional view of the structure of Fig.1;
Fig.2 shows-in diagrammatic form the structure and formwork during the
encapsulation prpcess; — o S ’ ‘\J
Figs. 3A, 3B 'ar_l'd ;3C: show fespé'étively the formwork in sections in elevation -
and plaﬁ and joined together around the structure; and
Figs. 4A and 21B show elevational and plan views of further details of the | ;
system, particularly within the formwork. | ' ' _
%

The drawings show a body in the form of a tubular structure 11 to be protected..



encapsul ati on process; Figs. 3A, 3B and 3C show respectively the formwrk
In sections in elevation and plan and joi ned together around the structure;
and Figs.; 4A and 4B show el evati onal and plan views of further details of
the system particularly within the formwrk. The draw ngs show.a body in
the formof a tubular structure 11 to be protected. - 4 - The structure
Is cleaned as far as possible and high pressure water jets or grit blasting
may be used. Cleaning is not critical because the encapsul ation of the
structure by resin wll isolate any remaining corrosion or growth and no
further corrosion of or growth on the sttéieture will be allowed to occur
af.ter encapsulation. An annular formmrk 12 is erected encircling the
structure | eaving an annul ar gap 13 between the formwrk and the structure
controlled by $RASRhctIRRéandd aWVIACH pdisiblCarBigH i pFERlireowBtef bl ¥rie Paced
around the structure, six being shown in Fig.4 and which formresin

t hi ckness cont blastingomay be. usdtheCleaningds RotiGritical begapss theceneapsulatiopfrthe r i ng
21 secured to the st%ycture. t. g sufficient depth. bel ow te% | eyel. bel ow
whi ch no. f ur t hEPUGES DSt vill jsote gy cemilie orodinn gr gt WL aldng Tuithe oy 22
seal s the bottgifrdior f 85 1ptb@th TRAGR RRUNERN willebétdlldwed™ ® occur after

" -encapsulation.

An annular formwork 12 is erected encircling the structure leaving an annular
_ - gap 13 between the formwork and the structure controlled by spacer members
s * 14 which in the embodiment are equally spaced around the structure, six being
shown in Fig.4 and which form resin thickness control spacers. The formwork
12 is supported on a support ring 21 secured to the structure at a sufficient depth
below water level below which no further protective coating is required. An
inflatable ring seal 22 séals the bottom of the annular space between the structure
and the formwork above the support ring. Immediately above the seal an
injection point 23 is provided in the formwork through which resin 42 is injected
into the annular spacé 13 between the structure 11 and the formwork 12 and as
resin is injected, water in that annular space 13 is forced out of the space at the
top of the formwork. When the annular space 13 has been completely filled by

resin 42, it is cured after which the formwork 12 can be removed if required.

The material of the resin 42 and/or the formwork 12 if it is retained in poéition
after curing of the resin, is chosen to inhibit further plant growth and corrosion.
Polyethylene and glass-reinforced plastics are particularly suitable materials and
the formwork exterior may also be lined with copper in important locations (for
example by a copper mesh being embedded in the formwork outer surface) to
prevent fouling occurring - the copper and the metal of the structure setting up

an electrolytic cell.



and the formwrk above the support ring. Imedi ately above the-seal an
injection point 23 is provided in the formwrk through which resin 42 is
injected into the annul ar space 13 between the structure 11 and the/~,
formwrk 12 and as resin is injected, water in that annul ar space-l?dis

- forced out of the space at the top of the formwrk. When the annul ar spac

13 has been conpletely filled by resin 42, it is cured after which the
formwrk 12 can be renoved if required. The material of the resin 42 and/
the formmork 12 if it is retained in poz}tion_after curing of the resin,
chosen to inhibit further plant growh &nd corrosion. Polyethyl ene and

gl ass-reinforced plastics are particularly suitable nmaterials and the
formwork exterior may also be lined with copper in inportant |ocations (f
exanpl e by a copper nesh. being enbedded in the formwrk outer surface) to
prevent fouling occurring - the copper and the netal of the structure -
setting up - arFigl3eshowelhow thedelhwork 1Fingy3esformed i hemirgylindrinabsactions nay b
fornmed in heni-cylindrical sections 3Q. The edges ,of t.he. sectio |y be
fl anged at -3B0 ﬁws@gsq of thentesHorHpaY %@ﬂ%&ﬁ? §3|tg_r¥§}5ta1°w1ﬂ% ‘?%?’h‘?g? 32
runni ng ”-a'”ﬁ:\éft@?ibrp & th‘E':]Sink 800 Ank thdiBverkdly G Uhé lenBliE of €E stedckiradr i cal
sections are’suitabl’y secured togethér by securing ‘nmeans such as cl anps,
but cl anps arFhertmisdydindrical seétéond razeiisnigably Fecyral tdgether bystepuring piepey by a

ipe 41 fed to the bottom of the for rk. . "
e such as clamps, but clamps are normgown in the drawings.

Fig.2 shows- resin supplied by a p_ipé'41 fed to the bottom' of the formwork. .
Resin 42 is rising up the gap 13 and water is being forced out of the gap 13 at’
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Resin 42 is rising up the gap 13 and water is being forced out of the gap
13 at the top of the formwmrk 12 as shown by arrows 'X, Fig.2. Fig.1lis
only diagramatic and it should be understood there is a space 13 between
the formwork 12 and the tubular structure 11 which space 13 is seal ed at
the bottomend to prevent ingress of water and escape of resin. The spacer
nmenbers 14 are preferably of a material conpatible with the resin. The
spacer nenbers 14 may be formed with the formwrk 12 or may be provi ded as
separate conmponents. The system-may be useghin a splash or inter-tida
zone, and in this case the water level is own by line "W in the

drawi ngs. Thus the tu ar._bod C ri.se a |l eg,pf.an oil drilling
pl at f orm of f - sh %Ppaﬁéhﬁgo%%%k%”s%% @uﬂ?ﬁ‘ﬁtg)l(all:l‘l% ertical in the
drawings. It will be understood, however, that the systemis appliable in

amy orientation, for exanple horizontal, and above the water level 'W,
that is out of tHig-lsisiendy diagren o dtrghadd de understoashthere iv arspacauddbl e

in the inventio re out  bel.gw. - t | 8§ i - <hi gh
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Pol ygl ycol Di epaxitiécbéttsih @nd to prevent ingress of water and escape of resin. The spacer
‘members 14 are preferably of a material compatible with the resin. The spacer
members 14 may be formed with the formwork 12 or may be provided as

separate components.

\/ The system may be used in a splash or inter-tidal zone, and in this case the
water level is shown by line "W’ in the drawings.

Thus the tubular body may comprise a leg of an oil drilling platform off-shore,
and as such are shown substantially vertical in the drawings.

It will be understood, however, that the system is appliable in any orientation,
for ekample horizontal, and above the water level 'W’, that is out of the splash

zone.
Two examples of resi_n constituents usable in the invention are set out below:-
1) Underwater encapsulation - high impact resistance

1.1 . Elastomer modified Bisphenol A Epoxy Resin
1.2 Polyglycol Diepoxide resin -

1.3  Silane coupling agent

1.4  Acrylate resin flow agent

1.5 Carbon Fibre _

1.6  Modified adducted Fatty amine



1.3 Silane coupling agent 1.4  Acrylate resin flow agent 1.5 .Carbon
Fibre 1.6 Modi fi ed adducted Fatty -am ne 1.7 Accel erat ed al.i phatic

am ne 2. Above water encapsul ation - usually horizontal nbde - high
‘resistance to internal pressure 2.1 Bi sphenol A Bi sphenol F epoxy Tesin
2.2 Aromatic Amine A practical Exanple of the invention is gi ven bel ow: -
EXAMPLE APPLI CATI ON OF MATERI AL - METHOD STATEMENT 6 | engths of pipe in
total. 3 x [err] OD 18mmwal | thickness 10nm bl anking plate 3 x [err] OD -
9mm wal | t hi ckness 10mm bl anking plate End plates 21 of 10nmt hi ckness were
wel ded to the ends of each pipe. A [err]"7BSP hole was drilled and tapped

I n each end plate and pressure testing was carried out to.check the _
integrity of thé wehepe ”Fdﬂﬁ“hﬂate wal ' damage a 10nmm hol e, was
drilled in each pipe at o

ek

2’.1 Bxsphenol AIBlsphenol F epoxy resin
2.2 - Aromatic Amine - -

A practical Example of the invention is given belqw:- o

6 lengths of pipe. m total.

- 3x6% OD 18mm wall thickness  10mm blankmg plate:

3x _12_% OD 9mm wall thickness 10mm blankmg plate:
End plates 21 of 10mm ttuclmess were welded to the ends of each pipe. A 15" o
BSP hole was drilled and: tapped in each end plate and- pressure testing was \J

carried out to check the integrity of the weld

In order to simulate wall damage a 10mm hole was dnlled in each pipe at
* approximately half distance along the length. For reference purposes the posmon |
of the hole is indicated by an arrow on one: end blanking: plate

The 6 pipes were gﬁt blasted using J Blast Fine Grit to Swedish standard SA 2.5 o

with an averege profile of 75 um.



approximately half distance along the I ength. For reference purposes the
position of the hole is indicated by an arrow on one end bl anki ng pl at e.
The 6 pipegs were grit blasted using J Blast Fine Git to Swedish standard
SA 2.5 with an average profile of 75 um Gal vani sed sheat hi ng was pl aced
In position around the pipes and seals fitted at each end of the sheathing.
In each itemthe 10mm hole was filled with a renovable plug and the resin
punped into the space between sheath and pipe. The tenporary plug was
removed after the initial curing period ang the full systemallowed to cure
for 7 days. HORI ZONTAL RESI N ENCAPSULATI SYSTEM Tests on the 6 resin

Testing. ronel PRvaAE sfediti fad el ol rblyid e AR el Tl )
12 in place andeaehtdsrmlgﬂ the Sheathihg! &n leach liteem tie 4 0ohm |Hobed was filled mﬂea

béf ore encapsul ation, nq failure of the resin coating was tecte
tests were to 1fesevahle RE&“B@)G“%F‘PR‘“BPRQ et?i’a:‘t%get“ﬁﬂ‘ f; @98

-Iggles'el'eg ?ﬁ;yrelszur her*te tgm%e Fﬁg%%garrl 2@ out W dﬁnéﬁ% éﬂeatm%g‘mfrom

renoved. Identlg&temaﬂowwto/\arrefab'?dayed. BSI Testing remarked that the
encapsul ation is 'the toughest they C

HORIZONTAL IN EN LLATION SYSTEM

Tests on the 6 resin encapsulated pipes were carried out at BSI '(British Standards
/ Institute) Testing, Hemel Hempstead.

Initital tests were undertaken with the sheathing 12 in place and although a
10mm hole had been pre drilled in the pipe before encapsulation, no failure of

~ the resin coating was detected. All tests were to 1000 bar (14,500 PSI) + one
test to 1300 bar (18,850 PSI). These pressures were held over a number of hours
(full report awaited from BSI Testing).

Further tests were then carried out with the sheathing removed. Identical results
were obtained. BSI Testing remarked that the encapsulation is ’the toughest they

have come across’.

Thus, using a system described herein with reference to the accompanying
drawings, a sheath 12 is fitted in two sections to say a pile 11 of a drilling rig.
It will be understood that the sheath can be custom made to fit various lengths,
which can be joined to add further length.

' The selected resin is then injected into the space between pile and sheath. The
resin will vary according to the system selected. In all cases the cure cycle is
rapid and takes place with no voids and a complete bond with the substrate is



have cone across'. Thus, using a system described herein with reference to
t he acconpanyi ng drawi ngs, a sheath 12 is fitted in two sections to say a
pile 11 of a drilling rig. It will be understood that the sheath canbe
custom nmade to fit various |engths, which can be joined to add further

| ength. The selected resin is then injected into the space between pile and

sheath. The resin will vary according to the systemselected. In all cases
the cure cycle is rapid and - takes place with no voids and a conplete bond -
with the substrate is g achieved. Af tér curing the sheathing is usually
renmoved - except where an anti- foulant ¥s required or extra sctructural

strength needed., The resin ,can be ipj.ected above or bel ow. an LIS
ensuring t hatachieyed After guping, eéﬁ?ﬁ@%iﬁﬁ@“i‘?’e‘&&‘%ﬁ?k%%wg@% |?1nu%&gt a

rapid rate. ‘foulant is required or extra sctructural stren g:h._needed; Themm can be injected
above or'below 'wat'e.r-;':thﬁs ensuring that even in tidal or splash Zone areas work

o

" can coittinue at a-rapid rate.



