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OFFSHORE STRUCTURE INSTALLATION 

0001. The present invention is directed towards offshore 
structures and their installation. In particular, although not 
exclusively, it is directed towards the installation of offshore 
Support, tower or foundation structures, such as those 
required for offshore wind turbines, meteorological masts, 
elements of power transmission infrastructure Such as Sub 
stations and power converters, and other offshore wind farm 
infrastructure, and even more particularly towards Support 
structures of the spaced frame or jacket type, normally 
manufactured in steel. It will however be appreciated that the 
invention may be directed towards other, similaruses, such as 
foundations for oil or gas platforms. 
0002 The systems that are currently used as steel founda 
tion structures for wind turbine generators (WTGs), nomi 
nally but not solely in waters over about 15 m in depth, consist 
of 4 piles (hollow steel tubes) driven into the sea bed, into 
which are inserted the lower ends of the legs of a 4-legged 
steel structure (the jacket). This jacket structure in essence 
comprises 4 legs and various 'K' and cross-braces which give 
it stability and strength. At the top end of the jacket is typically 
a transition piece or element which attaches to the top ends 
of the legs and to which the tower of a WTG is secured, 
typically by either a grouted or a bolted flanged connection. 
Transition pieces or elements are of various designs which 
fulfil the necessary tasks of holding the WTG tower and 
transmitting loads from the WTG tower to the main load 
bearing legs of the jacket. Such transition pieces or elements 
may include a hollow cylindrical steel body. 
0003. The piles are inserted into the sea bed in desired 
spatial relation to one another, sometimes by use of a pile 
guide template. In essence the template is a structure with an 
arrangement of 2 or more (usually 4) holes in it—it is placed 
on the sea bed and then steel piles are driven substantially 
vertically into the sea bed through the holes. The pile guide 
template is then removed, leaving just the vertical steel piles 
in place. The piles are nominally hollow steel tubes. The 
jacket structure is then lowered into the water and the legs 
stabbed or guided into the piles. Grout is then introduced into 
void to securely fix the legs to the piles. The detailed arrange 
ments of the pile/leg connection may have a variety of forms 
but are essentially a vertical pile with jacket leg connected to 
it by grout to create a strong permanent joint. 
0004. Due to the need to perform grouting operations at 
the same time as or soon after the jacket structure is emplaced 
within the piles, and the fact that installation of jacket struc 
tures is an operation that can be sensitive to weather and 
therefore in some places to the time of year, these current 
standard systems, procedures or approaches can limit the 
periods during which installation of a jacket can occur and/or 
the rate at which a series of Such jackets can be installed. 
Alternatively, it may mean the difference between the use of 
a Dynamically Positioned crane vessel as opposed to a jack 
up or semi-subtype vessel, which has its own time and cost 
implications. 
0005. It is an object of the current invention to improve 
upon these approaches, lessening the scope of these limita 
tions and also provide alternative, more cost-effective meth 
odology for installation. 
0006. Accordingly, there is provided an apparatus suitable 
for use in offshore Support construction comprising a body (1) 
and one or more holes (2) through which piles (4) may be 
driven into a surface Such as a seabed, characterised in that 
the apparatus is designed to remain in place when at least one 
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pile has been driven through at least one of the one or more 
holes so as to provide a pre-installation subframe suitable for 
the subsequent installation of a structure (5). 
0007. There is also provided a method of installing an 
offshore Support structure comprising the following steps: 
0008 i? providing and placing at least one pre-installation 
subframe upon the sea bed; 
0009 ii/driving at least one pile through at least one of one 
or more holes provided in the pre-installation subframe: 
0010 iii/ optionally, grouting the interface between the at 
least one pile and the one or more holes in the pre-installation 
subframe; 
0011 iii/ leaving the pre-installation subframe in place: 
0012 iv/ subsequently, installing at least one part of a 
structure in place upon the pre-installation subframe. 
0013 By way of example and in reference to the attached 
Figures, FIG. 1 shows an example of a pre-installation Sub 
frame in accordance with the invention; FIG. 2 shows an 
example of a jacket structure being emplaced upon a pre 
installation subframe; FIG.3 shows a jacket structure for use 
in accordance with the invention; FIG. 4 shows an example of 
a typical prior art jacket structure in place upon piles driven 
into a sea bed. FIGS. 1a and 1b show alternative possible 
arrangements for parts of the pre-installation subframe. 
0014 FIG. 1 shows a pre-installation subframe (1) com 
prising a body structure, pile guide holes (2), and installation 
points (3, 3a), one of which, in a preferential embodiment of 
one aspect of the invention, protrudes higher than the others 
(3.a). Preferentially, each installation point features a conical 
guide or flared end (9) to assist installation of the engagement 
points (7,7a) of a jacket structure (5). The pre-installation 
subframe (1) is placed in position on the seabed. Piles (4) are 
driven through the holes (2) and then grouted in place. Advan 
tageously this series of operations can be performed in a 
relatively wide range of sea states and weather conditions, 
and the requirement for an operation to remove and/or move 
a prior art standard pile guide template after pile installation 
is also negated, saving time on location with an expensive 
construction vessel. In particular, these operations can be 
performed in relatively wintry/rough sea conditions using a 
Dynamically Positioned construction Support vessel instead 
of a jack-up’ or semi-subtype vessel as nominally currently 
required. 
0015. Subsequently (FIG. 2), jacket structure (5) is low 
ered onto the pre-installation subframe Such that engagement 
points of the structure (7,7a), in this case the lower ends of the 
main jacket legs (6, 6a), engage in the installation points (3. 
3a). Another preferred aspect of the invention is shown in that 
one of the legs (6a) of jacket structure (5) engages the higher 
installation point (3.a) first, thereafter enabling guidance of 
the other two legs (6) into their installation points (3). In the 
illustrated embodiment (FIG. 2), leg 6a is shorter than the 
other two legs 6. In alternative embodiments, a converse 
arrangement is that one of the installation points does not 
protrude as high as the others whilst the corresponding jacket 
leg is longer than the others; or, simply that one of the jacket 
legs or one of the installation points (7b) alone is longer (FIG. 
19). Each of these alternative embodiments gives the same 
advantage of one installation point/engagement point combi 
nation connecting first and then acting to guide the remaining 
engagement points into their respective installation points, 
thus aiding the installation. In one embodiment, as shown in 
FIG. 19, the lower ends (7,7a, 7b) of the main legs of the 
jacket structure may be angled in relation to the remainder of 
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the main legs So that they sit vertically when installed, and it 
is this lower vertical section of the main leg that may vary in 
length (7b) so as to provide the initial engagement of one 
lower leg section prior to the engagement of and enabling the 
guidance of the other legs, as described previously. 
0016 Once the engagement points are connected to the 
installation points, the connections thus made between the 
installation points (3, 3a) and jacket structure legs (6, 6a) are 
then grouted to make a strong, permanent connection secur 
ing the jacket to the seabed. A further preferred aspect shown 
is that each of the jacket structure legs (6, 6a) is provided with 
a conical stabbing end (a stab cone) (10) which aids in 
location of the legends in the installation points. 
0017. In an alternative advantageous embodiment, the 
engagement points (7. 7a) and/or the installation points (3. 
3a) may be provided with parts of a quick-locking mechanism 
so that the jacket merely has to be dropped into place without 
the necessity for further operations such as grouting. By way 
of example, industry standard fixingS Such as Swage-LocTM 
mechanical fixings may be used. This has clear time and cost 
saving implications, particularly on a large offshore wind 
farm for example, where hundreds of units may require instal 
lation and the number of days of weather suitable for moving 
jackets around to install them may also be limited. 
0018. An advantage of the invention is that the installation 
points can be fabricated on the pre-installation subframe so as 
to sit with their axes at an angle (C) from the vertical so as to 
align exactly with any angle (C) from the vertical of the 
installed main jacket legs, negating the requirement to fabri 
cate main jacket legs with a bend (11) in them (as perstandard 
prior art jackets as illustrated in FIG. 4) to fit into vertically 
installed piles, which firstly may constitute a weak fatigue 
sensitive point in the leg and secondly requires a number of 
extra steps in fabrication of the jacket such as cutting and 
welding. A further advantage of this arrangement is that once 
the jacket is installed upon the subframe, the inward incline of 
the installation points and the legs therein gives the combined 
structure a degree of natural Stability, even prior to grouting, 
which is not inherent in a prior art arrangement where all the 
legs sit substantially vertically within vertically driven piles. 
The installation points can however be fabricated so as to sit 
vertically when the pre-installation subframe is installed, 
with the lower ends of the upper jacket section legs also 
fabricated to be vertical, as shown in, for example, FIGS. 18 
and 19, where this is more convenient or preferable. 
0019. As an alternative to the embodiments of the inven 
tion shown or previously described, the legs (6, 6a) may be 
plain poles (hollow or solid), or provided with any other 
connection standard known in the art, with or without the 
necessity or desirability of Subsequent grouting once con 
nected to the installation points (3, 3a). 
0020. In the embodiment shown in FIGS. 2 and 3, the 
jacket structure (5) has 3 main legs (6, 6a) and is a jacket for 
supporting a WTG tower. Conventionally, jackets have 4 
main legs, largely to provide redundancy in the event of a 
collision with the jacket by, for example, a ship—a conven 
tion generated in the oil and gas industry where single plat 
forms, Supporting manned oil orgas rigs, may sit in relatively 
isolated and exposed positions and where the consequences 
offailure would be catastrophic both interms of potential loss 
of life and environmental pollution. In a preferred applica 
tion, the jacket will be one of many (perhaps hundreds or 
thousands) gathered in relatively close proximity in a wind 
farm. Such a field of jackets supporting WTGs would be 
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likely to be protected by a no sail Zone and would further 
more be much more visible. Also, the consequence of failure 
of these largely unmanned structures would be comparatively 
low—usually the structural collapse of one WTG. Accord 
ingly, a 3-legged structure is preferable and offers the benefits 
of less fabrication, lower material use, and a proportionally 
lighter jacket that is easier to transport and install—all with 
associated cost benefits. 

0021 Advantageously and in a further embodiment, the 
pre-installation subframe allows for ready and relatively 
simple alignment of a jacket into an upright position prior to 
the actual installation of the said jacket. In the prior art, 
jackets are typically installed in the usual manner as earlier 
described, ie: a template is put on the sea bed; piles are put 
through the template into the sea bed; the template is 
removed; the jacket is lowered onto the piles, with the legs of 
the jacket fitted directly into the piles and then grouted into 
place (FIG. 4). Levelling of such a tower is usually achieved 
by one of three methods: either the piles, once installed into 
the seabed, are trimmed or cut so that their upper ends are all 
level with each other and the jacket is thus level provided its 
legs all fit directly into the piles by the same amount, or; the 
piles, once installed into the seabed, are measured for Stickup 
and the jacket legs are trimmed or cut so that their lengths 
ensure that the jacket, when installed, is level provided its legs 
all fit directly into the piles by the same amount, or; whilst the 
tower is being installed, it is levelled off by measurement and 
held in position whilst grout is installed and during initial 
drying. The first of these methods gives rise to the necessity to 
perform an accurate cutting of a number of piles installed 
underwater in Such a manner that they all rise to the same 
height. The second method requires remedial work to an 
already manufactured jacket structure, either after relaying 
measurements back to a manufacturing yard or, even more 
inconveniently, whilst the jacket is on a vessel awaiting 
deployment. The latter method requires a large and expensive 
rig.jack-up or semi-sub vessel in order to hold an entire jacket 
in place and move it about incrementally to achieve precise 
alignment. The advantage of a jacket correctly aligned so as to 
be truly vertical is that a WTG tower may be bolted to the 
upper end of said jacket or its transition piece (8) with little 
requirement for fettling or further adjustment, and the asso 
ciated extra cost of time on site. Ajacket that is not true to the 
vertical may well require more laborious fitting of a WTG 
tower, including the fitting of shims or other adjustments, or 
the use of grout. 
0022. In this aspect of the present invention, where a pre 
installation subframe (1) comprising a lightweight steel 
frame of cross-braces (1a) and including pile guide holes (2) 
and installation points (3) for the lower ends of jacket legs is 
used, a method of allowing for the installation of a jacket that 
is level and stands vertically that is an improvement over the 
prior art is presented. 
0023. In an exemplary embodiment, the pre-installation 
subframe comprises three tubular steel components (3,3a) to 
act as installation points for the lower ends (7,7a, 7b) of the 
legs (6, 6a) of a jacket, each of which installation points is 
connected to the two others by means of steel pipe framework 
(1a) or cross-braces (1a), preferably forming a simple trian 
gular planform overall (FIGS. 1, 10, 14). Each steel tube (3. 
3a) for acting as an installation point is also connected at its 
bottom end to a flat plate or mudmat (12) which itself is 
connected to a further steel tube (2), preferably lying outside 
the triangular planform, for acting as a pile guide (2) for 
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insertion of a pile (4) into the seabed. Particular and preferred 
embodiments of this may be seen in FIGS. 1, 10, 14a. 14b, 
14c. It can be seen that the pre-installation subframe (1) 
essentially comprises upright hollow tubes to act as pile 
guides or pile sleeves, which pile guide/sleeves are connected 
by flat mudmats to further hollow tubes, substantially upright, 
which act as installation oranchor points for the lower ends of 
the legs of an upper section of jacket structure. Each instal 
lation/anchor point is connected to two other installation/ 
anchor points by means of Substantially horizontal tubular 
components or crossbraces (1a). Further stiffening members 
in the form of rods (13), plates (14, 15) or other tubular 
components may be included to provide extra strength and/or 
to alter the Natural Frequency properties of the structure 
(FIGS. 1, 2, 14a, 14b). Preferably the pile guides and the 
installation points are further provided with conical guides or 
flared ends (9) as previously described and as shown in vari 
ous of the accompanying Figures. These assist in the location 
of respectively, piles and the lower parts of the main legs of 
an upperjacket section. It can be seen that the pre-installation 
Subframe essentially comprises the lower section of a two 
piece jacket structure, the upper section (5) of which is 
installed as elsewhere herein described. Preferably the pre 
installation subframe is fabricated from steel. The upper sec 
tion of the jacket is also preferably fabricated from steel. In 
the preferential embodiment shown, there are three pile 
guides and three related installation points, each pile guide 
connected to an installation point by a mudmat to form a pile 
guide/installation point/mudmat substructure (1b), and three 
connecting cross-braces (1a) connecting each Substructure, 
in the embodiment shown (esp. FIG.14/14a/14b) by virtue of 
connection to the tubular sections (3) embodying the instal 
lation points. The Subframe thus acts as the lower jacket 
section of a three-legged jacket. It will be appreciated that 
there could be four pile guide/installation point/mudmat sub 
structures connected by four crossbraces, or even larger inte 
gers, although three is advantageous in terms of structural 
lightness and manufacturing efficiency and is the preferred 
embodiment. In contrast to prior art arrangements where a 
Substantial structure is emplaced on a seabed as a foundation 
and a jacket is essentially simply placed on top, the current 
invention includes a pre-installation subframe that also itself 
functions as the lower section of the fulljacket structure, with 
the further advantage that the pre-installation subframe is a 
lightweight frame structure that comprises the minimum of 
components, so that it is easy to install and requires the 
minimum of Support vessels and other support infrastructure 
during the installation. The intention is to reduce the overall 
cost of installation by minimising manufacturing time, manu 
facturing facility requirements, installation time and the 
amount of installation infrastructure (Support vessels, etcet 
era) required to perform, in particular, a large number of 
installations. Preferably the cross braces (1a) of the pre 
installation subframe are intended to perform the task of what 
would otherwise be a lower set of crossbraces between the 
main legs (6, 6a) of the remainder of the jacket structure. In 
other words, the jacket itself is not actually structurally com 
plete until the upper section is mated to the pre-installation 
subframe. In this way excess structure that would be neces 
sitated by installation of a foundation and Subsequent instal 
lation of a jacket is avoided in essence a section of the jacket 
is pre-installed and then subsequently the rest of the jacket is 
installed upon it. The pre-installation section is as lightweight 
as possible, comprising the minimum possible number of 
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elements in order to fulfil its necessary functions (providing a 
pre-installation subframe, providing structural rigidity to the 
lower end of the jacket, not sinking into the seabed, allowing 
for levelling, providing pile guide holes and installation 
points for the upper section of the jacket). Conceptually it can 
be seen that this is novel and inventive over the prior art. 
0024. Because the pre-installation subframe is a simple 
and light steel framework, it allows for easy levelling. As 
previously described, the subframe may be laid on the seabed 
and then piles installed through the pile guide holes. The pile 
guide holes preferably are a relatively loose fit to the piles 
themselves. The piles do not then need to be cut off, as is the 
case with standard prior art installations where a jacket is 
installed directly on to piles, but may be left extending 
upwards to whatever height they happened to be left at after 
installation. All that is required then is that the lightweight 
pre-installation subframe be levelled off and grouting 
installed to fix it to the piles. Subsequently, once the jacket 
upper part is lowered onto the installation subframe, the sub 
frame of the jacket is automatically leveland the wholejacket 
structure will be vertical as desired, without the necessity for 
difficult levelling of an entire jacket structure. 
0025. One method of pre-installation subframe levelling is 
as follows and as illustrated in FIGS. (8-13); prior to the 
lowering of the pre-installation subframe to the sea floor, level 
sensors (16) fitted with transmitters are fitted to two of the 
three crossbraces (1a). Beneath each of the mudmats is a 
levelling bag (17) and within each of the pile guides is a 
sealing bag (18). The pre-installation subframe is lowered to 
rest on the seabed and the piles (4) are installed as guided by 
the pile guide holes (2). The level sensors on the crossbraces 
connect (20) by transmitter to an installation vessel (19) lying 
on the Surface of the water and the highest lying mudmat is 
determined by taking readings thus transmitted from the level 
sensors. A Remotely Operated Vehicle (ROV) (21) is con 
nected to the levelling bag beneath the highest lying mudmat 
(FIG. 11), and fluid such as air or water is pumped into the bag 
to slightly raise the mudmat and seal the levelling bag 
between the mudmat and the seafloor. The ROV is next con 
nected to the levelling bag of the lowest lying mudmat and 
fluid is pumped into the bag to raise the mudmat until one of 
the two levelling sensors reads horizontal. This operation is 
repeated for the remaining mudmat/levelling bag until the 
second levelling sensor also reads horizontal. The pre-instal 
lation subframe is now level. The ROV is connected in turn to 
each of the sealing bags (18) at the top end of each pile guide 
(FIG. 12) and fluid pumped into the bags so as to seal the 
annulus (22) between the pile and the pile guide. The ROV is 
then connected to a valve (23) in each of the pile guides and 
grout (24) is pumped into the annulus gap between each pile 
guide and its corresponding pile so as to secure the pre 
installation subframe to the piles. When the annulus gap (22) 
between pile guide and pile is full of grout (24), Surplus grout 
may start to escape from the annulus gap via the sealing bags, 
and this is an indicator that the grouting operation is com 
plete. 
0026. By way of example, FIG. 20 shows a detailed sec 
tional view of part of an installed jacket structure where the 
pre-installation subframe (1) is piled to the sea bed and 
grouted in place, the upperjacket section (5) is installed in the 
installation points (3) by means of the lower ends (7) of the 
main legs (6) and similarly grouted in place, and the mudmat 
(12) is displaced vertically a short distance above the seabed 
having been raised by a levelling device during installation— 
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the whole assembly now constituting a complete jacket 
capable of withstanding the expected design stresses of a 
structure Supporting a wind turbine generator, with pre-instal 
lation Subframe crossbrace member 1a providing part of the 
structural strength of the complete jacket. 
0027. In a further preferred embodiment (FIG. 3), the 
jacket structure (5) has main legs (6, 6a) that taper inwards 
towards the top end of the tower—once the jacket is installed, 
they therefore sit at an angle (C.) from vertical. The jacket 
structure is provided with a transition piece (8) which is 
connected to the legs (6, 6a). In one embodiment, the transi 
tion piece (8) may be partially or fully filled with substance 
Such as concrete so as to increase the mass of this point of the 
structure. Such a mass is intended to act as a damping mecha 
nism to prevent or reduce undesirable Sway or harmonic 
motions or vibrations of the structure, which for ease of 
fabrication and installation may otherwise have been 
designed to be as light as possible. The addition of Substance 
can and would advantageously occur once the structure has 
been installed as previously described. 
0028. In another aspect, the jacket is provided at its upper 
end with a transition piece (8), as previously described (FIGS. 
15 and 16). In this alternative embodiment, the transition 
piece is generally in the form of a generally hollow frusto 
conical body (8a), the lower base end (8b) of the transition 
piece sitting at the top of the jacket and the upper end of the 
frusto-conical body of the transition piece (8c) engaging with 
the lower end of a turbine tower. In a preferred embodiment, 
the angle from vertical of the sides of the transition piece is the 
same angle (C) as that of the legs (6) of the jacket. This allows 
for greater ease of manufacture, particularly at the point 
where the transition piece mates to the jacket (5). A turbine 
tower may be affixed to the transition piece in one of two 
ways; either a flange may be provided at the top of the tran 
sition piece and the bottom of the turbine tower, and the two 
bolted together; or the base of a turbine tower may be literally 
inserted into the hollow upper end of the transition piece and 
the two grouted together. A problem normally encountered is 
how to affix varying turbine towers to any particular transition 
piece design. In the present instance, it may be seen that 
whilst (C) remains constant for the transition piece, simple 
variance of the height (H1) of the transition piece will result 
in a variance of the diameter (D2) of the upper end (8c) of the 
frusto-conical body (8a) of the transition piece (8), whilst the 
diameter (D1) of the base (8b) of the transition piece may 
remain constant. This allows for very simple design variance 
in order to accommodate various turbine towers of varying 
diameter, whether of the bolted flanged or inserted and 
grouted installation type. 
0029. In a slightly alternative embodiment, the transition 
piece may further comprise a generally hollow cylindrical 
element (8d) affixed to the upper end of the frusto-conical 
body, as shown in FIGS. 15, 16, and 18a (option 2). The 
diameter of this element (D1) will naturally vary with the 
diameter (D1) of the upper end (8c) of the frusto-conical 
element (8a) as the height (H1) varies, but variations to the 
height (H2) of the cylindrical element will allow for very 
simple variation of the overall height of the jacket and tran 
sition piece combination, which may be advantageous for 
differing design of wind turbine generator that may be affixed 
to any wind turbine tower installed upon the jacket. In the 
modular construction described hereinafter, this variation in 
height (H2) of the cylindrical element may be one means by 
which the overall height of a jacket may be varied in a manner 
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which provides for ease and cost-efficiency of manufacture, 
particularly where a large number of jackets are required to be 
manufactured of slightly varying (in the order of 5 m varia 
tion) heights due to natural slight variation in water depth due 
to undulations of a sea bed over the area of a planned wind 
farm. 

0030. In a further aspect of the invention, there is provided 
a two-part jacket (5, 1) with a modular structure wherein a 
range of water depths may be accommodated by said jacket, 
the upper section of which is manufactured to one of a limited 
number of basic geometries and the lower section of which, 
which may beaninitially separate component, also comprises 
one of a limited number of alternatives. The advantage of this 
arrangement is that a number of jackets of a range of heights 
may be made on a single production line using a low number 
of standard jigs in which, for example, the angles of cross 
braces (O, B, )) are set. In a particularly preferred embodi 
ment, said jacket will always have main legs (6) tapering 
inwards towards the top end of the tower at an angle (C) from 
the vertical, even if the water depth for which the tower is 
intended varies by as much as a factor of 2. In many jacket 
installations, a jacket is designed to be optimised in its geom 
etry and other arrangements so as to as be as light as possible 
for a given required loading. This minimises the amount of 
material required to build a particular individual jacket of a 
specific height and so can be seen as reducing cost due to 
minimum material. In the present invention, counterintu 
itively, the use of a limited number of possible basic geom 
etries (for jacket upper section) and accompanying limited 
number of alternative lower sections (pre-installation sub 
frame), may result, in any given jacket constructed for a 
particular water depth, in a tower that may be over-engi 
neered, ie: is capable of Sustaining a greater load than 
required. However, in the circumstance where many tens, 
hundreds or perhaps even thousands of jackets are to be built 
to Support wind turbines in a large wind farm covering a 
large area of sea floor of varying water depth, the ability to 
manufacture a large number of jackets of varying sizes with 
out constant re-design, and on a common jig and production 
line where there is a great deal of commonality of parts orjig 
set-ups, means greatly reduced manufacturing costs, and in 
Such a circumstance the cost of any unnecessary Surplus 
material in any individual possibly over-engineered jacket or 
jackets is outweighed. 
0031. A preferred embodiment of this aspect of the inven 
tion is shown in FIGS. 5a to 7e, which show simplified side 
views of a number of jacket arrangements. It will be appre 
ciated by those skilled in the art that these views are diagram 
matic and representative line-drawings only, and that in real 
ity the jackets will be three-dimensional constructs of 3 or 
more sides with a main leg at each corner, as shown in, for 
example, FIG. 2 or 3. There are two default jacket geom 
etries—a 4-brace jacket of 66 m total height (45 m water 
depth plus 21 m of jacket which is intended to nominally 
protrude above the mean water line)—(FIG. 7e)—and a 
5-brace jacket of the same height (FIG. 6c). The heights 
include both the upper section and lower section (pre-instal 
lation Subframe) parts of a two-partjacket structure as previ 
ously described. Using these two basic geometries, it can be 
seen that a range of jackets for water depths from (at least) 21 
m to 50 m can easily be manufactured using a standardised 
manufacturing facility based on the jigs required to weld a 
limited number of variants of cross and K-brace joints. 
FIG. 5a shows a jacket nominally based on the 4-brace 
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jacket, where the main legs of the jacket are shorter and the 
lowest set of braces is omitted. The only other required alter 
ation is to the length of the crossbraces (1a) on the pre 
installation Subframe, and a minimum of alterations to the 
default 66 m 4-brace jacket thus results in a jacket of 
approximately 42 m total height, Suitable for a 21 m nominal 
water depth. In order to be suitable for a range of depths from 
21 m to 26 m, the only further alteration necessary is to the 
length of the steel tubes (3.3a) acting as installation points (3. 
3a) on the pre-installation subframe (1)—these need merely 
be lengthened by up to 5 m to give a total jacket height of up 
to 47 m. This is shown as FIG. 5b. FIG. 6a shows a 5-brace 
jacket which has been produced without its lowest brace 
sections and proportionally shorter main legs. This gives, in 
this example, a total jacket height of about 48 m for a water 
depth of 27 m, whilst construction of the jacket utilises the 
same jigs and mostly the same parts as the default 5-brace 
jacket for 45 m water depth. As for the FIG. 5b embodiment 
in relation to FIG.5a, FIG. 6b shows how this FIG. 6a jacket 
can have its height varied by up to an extra 5 m, allowing a 
water depth of 27-32 m, by simple extension of the installa 
tion points on the pre-installation subframe/lowerjacket sec 
tion—and the lengths of the cross-braces (1a) on the pre 
installation subframe 1 are the only other variables required to 
build the full jacket. FIG. 5c shows a 4-bracejacket in which 
the lowermost set of braces are welded in place at an amended 
set of angles and with the main legs shortened to give a 53 m 
overalljacket height for a water depth of 32 m. Commonality 
with the default 4-bracejacket is still however maintained for 
the majority of the structure. FIG.5d indicates how extension 
of up to 3 m on the installation points on the pre-installation 
subframe can be used to give a jacket height to cover a 32-35 
m water depth range. An alternative arrangement for these 
embodiments as shown in FIGS. 5c and 5d would be that the 
lowermost set of braces are simply omitted from the jacket 
structure—the cross-bracing of the pre-installation subframe 
being Sufficient to provide the necessary structural stiffening 
at the lower end of the jacket once both parts of the two-part 
structure are combined. This alternative also obviates the 
need for an alternative jig to enable manufacture of the lowest 
set of bracework at a different set of angles from those in the 
rest of the jacket structure. FIG. 7a shows a 4-bracejacket in 
which the lowermost set of braces are welded at an alternative 
amended set of angles and with the main legs shortened to 
give a jacket suitable for a 35 m water depth (56 m overall 
height), and FIG. 7b shows how this may simply be given 
extra height by means of up to 5 m extensions to the installa 
tion points on the lower jacket section/pre-installation Sub 
frame. FIG. 7c shows a 4-bracejacket in which the lowermost 
set of braces are welded at a further alternative set of amended 
angles, and FIG. 7d shows how this arrangement is given up 
to 5 m extra height by means of the use of higher installation 
points on the pre-installation subframe. FIGS. 7e and 6c show 
the default alternative 4- and 5-brace jackets at 45 m water 
depth or 66 m total height. A further 5 m of extra height to 
either of these arrangements is again achieved by the use of 
higher installation points (vertical hollow steel tubes, in 
essence) (3, 3a) on the pre-installation subframe, which also 
acts as the lower section of the two-part jacket structure. 
0032. Accordingly it can be seen that a range of jacket 
structures for use in a range of sea water depths, in this case 13 
different variants (FIGS. 5a to 7e) for depths of 21 to 50 m 
with jacket heights of 42 to 71 m, can be manufactured in an 
assembly line which is set up to handle just two main default 
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common variant structures. From an assembly line config 
ured to construct the 45 m 4-brace and 45 m 5-brace default 
structures, with a set angle a and a limited number of accom 
panying bracework angles (0, B, ), with appropriate jig and 
tool sets to match, can be manufactured a large number of 
jackets of differing sizes whilst requiring the minimum of jig 
and tool set-up or re-setting time. In this way a large number 
of jackets can be manufactured in a cost-effective manner, 
with a range of jacket sizes corresponding to the variances in 
water depth that may be present over the extended seabed 
surface area of a multi-tower wind farm, or even where one 
manufacturing facility is used to manufacture a large number 
of jackets for use as turbine Supports at a number of locations 
or at a number of windfarms at a number of locations. As is 
seen, variation at the lower end of the jackets (where the width 
of the jacket naturally varies due to the angle a remaining 
constant for all size variants of the jacket) is achieved simply 
by varying the lengths of the cross-braces (1a) between the 
installation points (3, 3a) of the jacket lower section/pre 
installation subframe (1). Many of the variants rely on 
changes to the lengths of the installation points (vertical hol 
low tubes 3,3a) of the pre-installation subframe. In an alter 
native embodiment, vertical height difference can be 
achieved by altering the length H8 of the lower leg section of 
the upper jacket section, as shown in FIG. 18. A further 
alternative embodiment is achieved by use of longer piles 
inserted into the seabed through the pile guides in the pre 
installation subframe if considerable lengths of pile are left 
protruding above the pre-installation subframe, it is possible 
to raise the pre-installation subframe vertically upwards 
whilst retained on the piles, and then grout the pre-installation 
Subframe in place at a significantly vertical displacement X 
(FIG. 18a Option 1) from the sea bed to achieve the same 
overall jacket height variance as is seen in FIGS. 5b, 5d, 6b, 
7b, 7d and 5e by use of installation point height variance. One 
further variation is that the overalljacket height (including the 
transition piece as shown in FIG.16) is varied by alteration of 
a single tubular upper section (8d) of the transition piece (8) 
which sits above the main frusto-conical body (8a) of the 
transition piece. This can be seen in FIG. 18a, Option 2, 
where X is the height varied to give incremental changes to 
the overall height of the jacket, as opposed to the large step 
changes to jacket height enabled by removal of sections of 
cross-bracing (and the associated lengths of main leg) at the 
lower end of the tower as previously described. 
0033. Another advantage of the present invention is that 
the pre-installation subframe, also seen to be the lower sec 
tion of a two-partjacket, as shown in FIGS. 1, 2 and 14, may 
also act as a set of lower bracing members for the jacket. In the 
prior art European Patent Application 2,428,616, there is 
mention of a template used to secure marine apparatus to a 
seabed. The template is said to include a base plate that rests 
on the seabed, and this is shown in the accompanying figures. 
In contrast to this, the present invention is embodied by a low 
mass structure made of tubular section steel. It is clear from 
FIGS. 5a to 7e that the jacket upper section essentially con 
sists of main legs Supported by cross-braces, and as shown in 
the Figures in accordance with one aspect of the invention the 
number of cross-braces is 3 to 5 depending on water depth and 
configuration selection. What is also apparent is that the pre 
installation subframe, or lower jacket section, comprising as 
it does a set of horizontal (when installed) lengths of tubular 
section steel (1a), is capable of acting as a bottom set of 
cross-braces for the overall jacket structure. This allows for a 
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lighter construction of the upper jacket section than would 
otherwise be the case. The light weight of the pre-installation 
Sub-frame means that it can be installed in higher sea states 
than possible with the prior art steel plate template, and/or 
with a greater variety of vessels. This increases the number of 
days in a year available for installation, particularly during 
winter months, and would enable large-scale wind farms to be 
installed in a shorter overall timeframe, enabling a number of 
cost savings. 

1. A pre-installation subframe comprising pile guides 
through which piles may be driven into a seabed and instal 
lation points for cooperative engagement with a structure, 
characterized in that the pre-installation Subframe is a light 
weight frame structure constituting the lower section of a 
jacket for Supporting a wind turbine, the upper section of the 
jacket constituting the structure. 

2-6. (canceled) 
7. A jacket for Supporting a wind turbine, characterized in 

that the jacket comprises an upper section and a lower section 
and the lower section constitutes a pre-installation subframe 
which may be piled to a sea bed separately from the upper 
section and the preinstallation Subframe is a lightweight 
frame structure comprising in hollow tubular components 
for acting as installation points, in crossbraces connecting 
the installation points, in further hollow tubular components 
for acting as pile guides, each of which is laterally displaced 
relative to an installation point, and in mudmats, each con 
necting one pile guide to one installation point, wherein n is 
an integer of three or more. 

8-9. (canceled) 
10. A method of modular manufacture of a plurality of 

offshore jacket structures as claimed in claim 1 wherein the 
base diameter of the frusto-conical body of the transition 
piece of each jacket is a common size and each jacket is 
manufactured to one of two common cross-brace geometries 
Such that a range of overalljacket heights may be produced by 
making the minimum of alterations, those alterations being 
main leg length, preinstallation Subframe crossbrace length, 
the height of a cylindrical element of a transition piece, and 
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the lowermost crossbraces of the upperjacket section, which 
may be either removed or have their lengths and brace angles 
altered. 

11-12. (canceled) 
13. A method of installing a jacket for a wind turbine tower 

comprising the steps of 
a. Providing a pre-installation subframe; 
b. Providing level sensors fitted to two of the cross-braces 

of the pre-installation subframe; 
c. Providing a levelling system beneath each mudmat of the 

pre-installation Subframe; 
d. Providing a sealing system within each pile guide of the 

pre-installation subframe, towards the upper end of each 
pile guide; 

e. Placing the pre-installation subframe upon the sea bed; 
f. Installing piles into the seabed through the pile guides of 

the pre-installation subframe; 
g. Determining the highest lying mudmat by means of 

readings from the level sensors; 
h. Activating the levelling system beneath the highest lying 
mudmat so as to raise the mudmat and create a seal 
between the mudmat and the seabed; 

i. Determining a second mudmat at the far end of a pre 
installation subframe crossbrace fitted with a level sen 
Sorand also connected to the highest lying mudmat, and 
inflating the levelling bag beneath said second mudmat 
to raise this second mudmat until the said level sensor 
indicates that the attached pre-installation subframe 
cross-brace is horizontal; 

j. Activating the levelling system beneath the remaining 
mudmat until the other level sensor indicates that a sec 
ond pre-installation subframe cross-brace is also hori 
Zontal; 

k. Activating the sealing system within each pile guide; and 
1. Pumping grout into the gap between each pile guide and 

its associated installed pile. 
14-17. (canceled) 


