
PROTECTIVE COATING The invention relates to protective coating,
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
water, though the invention may be utilised out of water. Most structures
need a protective covering to prolong their life, particularly 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 coatings 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 in 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 a resin can be applied to a body or structure between the
structure and surrounding formwork. The formwork provides control of the
- 2 - space to be occupied by the resin around the structure and supports
the resin until it is cured. The formwork can then be removed or it may be
retained to provide additional protection of the structure. There may be a
plurality, preferably six, of spacer means. This provides for an equalising
support force. The formwork may comprise an elongate tubular member which
may have a 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. The formwork may comprise two hemi-cylindrical formwork
parts. This provides for ease of mounting round an elongate body.    - 3 -
According to a second aspect of the invention there is provided a
workpiece, comprising a body to be coated, in combination with a system
according to any preceding paragraph. According to a third aspect of the
invention there is provided a method of applying a protective coat to a
body, comprising the steps of providing a system as defined hereinabove,
and removing the formwork subsequent to curing of the resin. A system
embodying the invention is hereinafter described, by way of example with
reference to the accompanying drawings. Fig.1 shows in diagrammatic 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 process; Figs. 3A, 3B and 3C show respectively the formwork
in sections in elevation and plan and joined together around the structure;
and Figs. 4A and 4B 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.    - 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 encapsulation of the
structure by resin will isolate any remaining corrosion or growth and no
further corrosion of or growth on the structure will be allowed to 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 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
seals 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 space 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 position 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.    Fig.3 shows how the formwork 12 may be
formed in hemi-cylindrical sections 30. The edges of the sections may be
flanged at 31 to assist joining together, particularly at the joins 32
running transversely of the length of the structure. The hemi-cylindrical
sections are suitably secured together by securing means such as clamps,
but clamps are not shown in the drawings. Fig.2 shows resin supplied by a
pipe 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    the top of the formwork 12 as shown by arrows 'X', Fig.2. Fig.1 is
only diagrammatic and it should be understood there is a space 13 between
the formwork 12 and the tubular structure 11 which space 13 is sealed at
the bottom end 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 example horizontal, and above the water level 'W',
that is out of the splash zone. Two examples of resin 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    1.7   Accelerated aliphatic
amine 2.    Above water encapsulation - usually horizontal mode - high
resistance to internal pressure 2.1   Bisphenol A/Bisphenol F epoxy resin
2.2   Aromatic Amine A practical Example of the invention is given below:-
EXAMPLE APPLICATION OF MATERIAL - METHOD STATEMENT 6 lengths of pipe in
total. 3 x [err] OD 18mm wall thickness 10mm blanking plate 3 x [err] OD
9mm wall thickness 10mm blanking plate End plates 21 of 10mm thickness were
welded to the ends of each pipe. A [err]" BSP hole was drilled and tapped
in each end plate and pressure testing was carried out to check the
integrity of the weld. In order to simulate wall damage a 10mm hole was
drilled in each pipe at 



approximately half distance along the length. For reference purposes the
position of the hole is indicated by an arrow on one end blanking plate.
The 6 pipes were grit blasted using J Blast Fine Grit to Swedish standard
SA 2.5 with an average profile of 75 um.    Galvanised sheathing was placed
in position around the pipes and seals fitted at each end of the sheathing.
In each item the 10mm hole was filled with a removable plug and the resin
pumped into the space between sheath and pipe. The temporary plug was
removed after the initial curing period and the full system allowed to cure
for 7 days. HORIZONTAL RESIN ENCAPSULATION 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    q achieved. After curing the sheathing is usually
removed - except where an anti- foulant is required or extra sctructural
strength needed. The resin can be injected above or below water, thus
ensuring that even in tidal or splash zone areas work can continue at a
rapid rate.    


