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[57] ABSTRACT

A marine structure, e.g., a drilling and production
platform and apparatus for guying such marine struc-
ture in a body of water so as to withstand extreme en-
vironmental forces, the marine structure being an-
chored by means of a plurality of anchored guy wires,
each guy wire having associated therewith a clump
weight adapted to be at least partially supported above
the floor of a body of water under normal operating
conditions but lift off the sea floor under extreme en-
vironmental forces, thereby allowing the marine struc-
ture to withstand conditions which, absent the clump
weight, would cause failure of the marine structure
and guying apparatus. The clump weight is positioned
along the guy wire a sufficient distance from an an-
chor to maintain the forces on the anchor substantially
horizontal even when the clump weight is lifted off the
sea floor by extreme environmental forces. A longitu-
dinally articulated clump weight is preferred for guyed
marine structures. Such a clump weight can comprise
a plurality of chain segments arranged in parallel or
other suitable longitudinally articulated weight seg-
ments.

8 Claims, 6 Drawing Figures

20

24 28+ 26~




PATENTEDSEP 91975 3.803.705

SHEET 1 OF 4
e T
[(o]
[4Y] 4
B
o
*
(D _—
9 L
[s0)
o RN
) N g
(@) 2
o
_ o) B,
@ ¥
(@]
[4V]
<
o Tg]
L ]
I
St [TH
" NER
[(o)
[4Y]




PATENTEDSEP 91875 3,803,705

SHEET 2 OF 4

)
D]
[
)
D

o\
i
=\
4
Y
7
\l
)
L
Y
4
"y
{
=7
-~ I
C
/1

] i | | S

30— —30

SN
I @;@ I

<

L
»]
NS
o
NS
Lo
NS
s
1 N\Z
>
@ I }
N
£
A\
Ve
N

[
-
]
C
]




PATENTEDSEP 91975
SHEET 3 OF 4
[QL&l
50—
=1 S
L-50

54

FIG. 4

3,303,705



PATENTEDSEP 91875

3,903,705

SUEET 4 OF 4

4000

W

@]

(@]

(@]
T

2000}

LINE TENSION AND RESTORING FORCE IN KIPS

1000

LINE TENSION WITH CLUMPS

| ] !
40 60 80
WAVE HEIGHT IN FEET

FIG. 6




3,903,705

1

APPARATUS FOR ANCHORING MARINE
STRUCTURES

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a marine structure and appa-
ratus for anchoring the marine structure in a body of
water; more specifically, this invention relates to such
marine structure, e.g., a drilling and production plat-
form and apparatus for guying the marine structure in
a body of water so as to withstand extreme environ-
mental forces, the guying apparatus including a clump
weight means associated with each of a plurality of an-
chored guy wires.

2. Description of the Prior Art

To meet the ever increasing need for petroleum
products, exploration and production of oil has been
extended from land to offshore locations. While well
drilling in offshore locations can be effected from float-
ing platforms, it is generally more efficient to support
the drilling platform above the water’s surface with
members which rest on the floor of the body of water,
normally the ocean floor. As offshore drilling pro-
gresses into deeper water, the problems involved in
erecting a marine structure to hold the drilling platform
and anchoring it in a stationary position at the drilling
site become increasingly more severe and the cost of
the marine structure rises accordingly. While various
systems have been proposed and employed for offshore
drilling, those systems which required the marine struc-
ture to be anchored in a fixed position relative to the
bottom of the body of water by an anchoring system
which is for the most part external or auxiliary to the
marine structure itself are of particular importance and
have seen widespread investigation. Such a drilling
structure may comprise, for example, a drilling plat-
form supported on buoyant members and held in posi-
tion at the well-site by anchor lines extending to fixed
anchors at the ocean bottom. Another typical structure
which has been proposed and utilized comprises a slen-
der column or mast which is seated on the ocean floor
and extends vertically through the water to support a
drilling platform above its surface. The slender column
or mast is held in a vertical position primarily by anchor
or guy line means which extend outwardly from the top
portion of the slender column or mast to a fixed anchor
at the bottom of the body of water. In this type of sys-
tem, the anchor or guy line means become component
parts of the support structure and act as tensile mem-
bers which restrain the column from being displaced
from a vertical position by the transversely directed
wind and water forces acting on it, particularly those
forces which act on the uppermost portions of the slen-
der column or mast which support the drilling platform.

To be an effective anchoring system for anchoring a
deepwater drilling structure, the anchoring system, be
it guy wires or other means, must be capable of re-
straining the structure from movement arising through
the action of the several separate forces which act on
the marine structure simultaneously. One of these
forces is obviously a periodic wave motion of the water
surface. It should be recognized, however, that the pe-
riodic wave motion of the water surface by itself would
not be too significant under ordinary fair-weather con-
ditions and most anchoring means including the con-
ventionally employed guy wires are effective to prevent
unwarranted movement of the marine structure under
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those conditions ordinarily encountered during the use-
ful life of the marine structure. As can be readily appre-
ciated, however, one of the major problems in the de-
sign of offshore marine structures is that the risk of cat-
astrophic failure must be reduced to as close to zero as
possible, since the potential for economic loss and envi-
ronmental pollution from such a catastrophic failure is
too great to accept any significant risk in the design.
Accordingly, the anchoring system for a marine struc-
ture is often designed for the most extreme environ-
mental forces that could be postulated for a period of
several hundred years even though the structure itself
might have an expected economic life of only about 20
to 40 years.

In a guyed marine structure the guying means will in-
herently produce a complication in that together with
the marine structure they form an elastic system which
is susceptible to forced vibrations under periodically
applied forces. If an attempt is made to solve this prob-
lem by slacking the guy lines, the upper part of the
structure will tilt at an angle from the vertical and thus
increase the difficulty of conducting drilling or produc-
ing operations. If an attempt is made to change the vi-
bration characteristics of the system by tightening the
guy lines, the elastic system becomes resonant at higher
frequencies and, as a result, more susceptible to forced
oscillation by the smaller, high frequency water waves
and a greater stress is placed on the guy lines, thereby
necessitating the use of heavier equipment. Since the
cost of a lateral guying system is almost proportional to
its holding capacity, disregarding other considerations,
it has been thought to be economically unattractive to
make a guying system strong enough to withstand di-
rectly all of the extreme environmental forces which
might be imposed upon the marine structure.

Notwithstanding the above, various systems have
been proposed for utilization in combination with guy
wire anchoring means so as to allow the marine struc-
ture to withstand extreme environmental forces. For
example, U.S. Pat. No. 2,986,888 describes a method
and apparatus for anchoring marine structures wherein
floats are associated with each of the guy wires so as to
provide controlled, forced vibration characteristics
thereby controlling the stresses placed on the anchor-
ing lines so as to hold them below a predetermined
maximum amount. A further attempt to achieve this
same result is described in U.S. Pat. No. 3,524,323,
which describes in combination with an offshore stor-
age tank a self-contained guy wire system which in-
cludes a plurality of guy lines joined at their lower ends
to a plurality of weight means regularly arranged
around the elongated shaft of the marine structure, the
weight means being disposed for vertical displacement
upon tilting of the shaft beyond a predetermined tilt
and being substantially unsupported by the guy lines
when the shaft is vertical. A complicated and costly
self-contained guy system is described to achieve this
result.

While systems such as proposed in the above have
some effect on the stability of the marine structure and
its ability to withstand extreme environmental forces,
the systems proposed to date are complicated and
costly and will not allow the marine structure to with-
stand those forces which would otherwise provide for
the catastrophic failure of the marine structure, for ex-
ample, wave heights in the vicinity of 90 feet or more,
which wave heights may or may not be encountered in
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the expected economic life of the marine structure. Ac-
cordingly, in the area of anchored marine structures
utilizing guy wire systems, the art has lacked an anchor-
ing system which will allow the marine structure to
withstand extreme environmental forces while not pro-
hibitively increasing the cost of the marine structure.

SUMMARY OF THE INVENTION

The foregoing disadvantages of previously proposed
systems are eliminated through the provision of the
present invention which comprises a marine structure,
e.g., a drilling and production platform and apparatus
for guying the marine structure in a body of water, i.e.,
guying the marine structure to the ocean floor so that
the marine structure can withstand extreme environ-
mental forces. The marine structure in accordance with
the present invention is anchored by means of a plural-
ity of anchored guy wires, each guy wire having associ-
ated therewith a clump weight adapted to be supported
at least in part above the ocean floor under normal op-
erating and environmental conditions, but lift off the
ocean floor under conditions of extreme environmental
forces, i.e., those forces which, absent the clump
weight means, would damage or destroy the marine
structure.

The clump weight is positioned along each guy wire
a sufficient distance from an anchor attached to the guy
wire to maintain the forces on the anchor substantially
horizontal even when the entire clump weight is lifted
off the ocean floor under the action of the extreme en-
vironmental forces. This allows for an effective in-
crease in the environmental forces which can be with-
stood by the marine structure without causing signifi-
cant uplift on the anchoring system. In one preferred
embodiment of the present invention, the clump weight
comprises a plurality of chains arranged in parallel, the
chains being partially supported above the ocean floor
under normal conditions but totally lifted off the ocean
floor under conditions of extreme environmental
forces. In another preferred embodiment of the inven-
tion the clump weight consists of a plurality of hinged
metal segments pinned together to form a longitudi-
nally flexible clump weight.

Accordingly, it is a principal object of the present in-
vention to provide a novel marine structure ard appa-
ratus for guying such marine structure in a body of
water wherein the apparatus for anchoring allows the
marine structure to withstand extreme environmental
forces in a manner not heretofore possible with con-
ventional systems.

It is a further object of the present invention to pro-
vide such marine structure, €.g., a drilling and produc-
tion platform and apparatus for guying the drilling plat-
form so as to withstand extreme environmental forces,
the drilling platform being anchored by means of a plu-
rality of guy wires, each guy wire having associated
therewith a clump weight adapted to at least partially
remain on the sea floor under normal operating condi-
tions but lift completely off the sea floor under extreme
environmental forces.

It is yet a further object of the present invention to
provide such marine structure and apparatus for guying
the marine structure in a body of water wherein each
of a plurality of guy wires has associated therewith a
clump weight means positioned along the guy wire a
sufficient distance from an anchor to maintain the
forces on the anchor substantially horizontal even
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when the clump weight is lifted completely off the sea
floor in response to extreme environmental forces,
thereby allowing the marine structure to withstand con-
ditions which, absent the clump weight means, would
cause damage to or failure of the marine structure and
guying apparatus.

A still further object of the present invention com-
prises such marine structure and apparatus for guying
the marine structure in a body of water wherein the
clump weight means associated with each of the plural-
ity of guy wires comprises a plurality of chains arranged
in parallel or articulated segments.

Still further objects and advantages of the novel ma-
rine structure and anchoring apparatus of the present
invention will become more apparent from the follow-
ing more detailed description thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic longitudinal view illustrating an
anchored marine structure in accordance with the pres-
ent invention;

FIG. 2 is a top view of a marine structure illustrating
the employment of 16 anchored guy wires each em-
ploying the clump weight means of the present inven-
tion;

FIG. 3 is a view illustrating a preferred clump weight
comprising a plurality of chains in parallel;

FI1G. 4 is a view illustrating an alternate preferred
type of clump weight comprising a plurality of hinged
metal segments pinned together to form a longitudi-
nally flexible clump weight;

FIG. 5 is a schematic longitudinal view of a portion
of an anchored guy wire including a flexible clump
weight as illustrated in FIG. 3 or FIG. 4; and

FIG. 6 is a graph plotting line tension and restoring
force in kips versus wave height in feet.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The foregoing objects and advantages of the present
invention are achieved through the provision of a ma-
rine structure, e.g., a drilling and production platform
and apparatus for guying such marine structure in a
body of water so as to withstand extreme environmen-
tal forces, wherein the marine structure is anchored by
means of a plurality of anchored guy wires, each guy
wire having associated therewith a clump weight
adapted to be at least partially supported above the
ocean floor under normal operating conditions but lift
off the ocean floor under extreme environmental
forces. In this way the marine structure can withstand
conditions which, absent the clump weight, would
cause failure of the marine structure and anchoring ap-
paratus.

While the clump weight utilized in accordance with
the present invention can take many forms, in a pre-
ferred embodiment of the present invention the clump
weight takes a flexible form comprising a plurality of
chains arranged in parallel or hinged segments forming
a longitudinally flexible clump weight. Other forms, of
course, are within the scope of the present invention
and any and all possible forms provide the advantage
of allowing the marine structure to withstand extreme
environmental forces, i.e., waves up to 90 feet and
greater. The marine structure and guying apparatus of
the present invention will become more apparent from
a review of the drawings.
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FIG. 1 illustrates an offshore drilling platform de-
signed for installation in deep water, a portion of the
structure being above the surface of the water and a
portion of the structure being below the surface of the
water. The particular construction illustrated in FIG. 1
is adapted for installation in approximately 1000 feet of
water. As illustrated, the drilling and production plat-
form 10 is supported by a tower 12, in this case a tower
of uniform cross section throughout its length, the
tower being cross braced to provide the necessary
structural stiffness for the particular application of an
offshore drilling and production platform in 1000 feet
of water. A typical tower will have a uniform cross sec-
tion of 50 feet on each side throughout its length. Of
course, other tower constructions can be suitably uti-
lized in conjunction with the guying apparatus of the
present invention. As illustrated in FIG. 1, a derrick 14
is located on the drilling and production platform 10.
It should be readily apparent that the drilling and pro-
duction platform 10 will also have supported thereon
additional drilling and production equipment not illus-
trated.

The guying system illustrated in FIG. 1 and FIG. 2
comprises a plurality of similar guy means disposed in
equiangular relationship around the circumference of
tower 12 and extending therefrom in a generally radial
direction. In order to achieve the objects and advan-
tages of the present invention, the guying means all im-
pose substantially equal restraining forces on the tower
12 when it is in equilibrium position but, if the top por-
tion of tower 12 moves in a transverse or lateral direc-
tion from the vertical the guying means on the side of
the tower 12 away from the direction of motion will in-
crease their restoring force on tower 12 while simulta-
neously the guying means on the side of tower 12
toward the direction of the transverse motion will de-
crease their restoring force, and thus the tower 12 will
tend to return to the vertical. In this way the guying
means of the present invention allow the marine struc-
ture to withstand extreme environmental forces, i.e.,
those environmental forces which, absent the particu-
lar guy means of the present invention, would cause
failure of the structure.

While FIG. 1 illustrates two such guy means, it can
be seen from F1G. 2 that, with regard to the tower illus-
trated, 16 guy wires 20 are arranged radially and equi-
angularly around the tower 12, the upper end of each
guy wire 20 being attached to the tower 12 below the
surface of the body of water 22. While the means for
attaching each guy wire 20 to tower 12 are not illus-
trated, it should be apparent that the guy wires 20 can
be attached to tower 12 by any conventional means
employed in the installation of guyed marine struc-
tures.

As illustrated in both FIG. 1 and FIG. 2 the guying
system of the present invention involves a plurality of
guy wires 20 each of which has associated therewith a
clump weight 24 and a pile anchor or heavy drag an-
chor 26 at the end of each guy wire 20 opposite its at-
tachment to tower 12. In one embodiment of the pres-
ent invention the clump weight 24 is simply a large,
heavy object, e.g.. a cement block which is attached at
one point to guy wire 20 and at another point to a wire
28 of similar construction as guy wire 20 ending in the
pile anchor or heavy drag anchor 26. In accordance
with the present invention both guy wire 20 and wire
28 are composed of the same material which in the case
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of a tower having a uniform cross section of 50 feet on
one side throughout its length in 1000 feet of water can
appropriately be 3% inch diameter galvanized bridge
rope.

The clump weight 24 which is attached to each guy
wire 20 is adapted to be at least partially supported
above the sea floor under normal operating conditions,
i.e.,, conditions of stress less than that which would
cause substantial movement of the marine structure,
but lift completely off the sea floor under conditions of
extreme environmental forces thereby allowing the ma-
rine structure to withstand stresses which, absent the
clump weight, would cause failure of the marine struc-
ture and guying apparatus. In accordance with the pres-
ent invention, the clump weight 24 is positioned a suffi-
cient distance from the base of tower 12 and from the
pile anchor or drag anchor 26 that even when the
clump weight 24 is forced upwardly off the sea floor
under extreme environmental forces, the forces on the
pile anchor or drag anchor 26 remain substantially hor-
izontal so as to eliminate significant vertical uplift
thereon, thereby maintaining the pile anchors or drag
anchors 26 in position. Accordingly through this provi-
sion the marine structure can withstand extreme condi-
tions.

The utilization of the clump weight and the guying
apparatus for the marine structure of the present inven-
tion provides several advantages not associated with
conventional systems for supporting guyed towers at
sea. In this regard, the clump weight system of the pres-
ent invention is stiff for all waves except very large de-
sign waves so that tower motion is restricted under all
normal environmental conditions. This produces an ad-
vantage in that wear on well risers is minimized. Still
further, since the clump weight system of the present
invention becomes limber through the rare and possi-
bly never experienced very large waves, it is possible to
stay within allowable design criteria for the largest con-
ceivable waves while still providing a stiff system for
the normally occurring waves. Also the stresses on the
tower itself are reduced very significantly in large
waves since the clump weight system limits loads trans-
mitted to the tower by the guy lines. Furthermore,
clump weights in accordance with the present inven-
tion eliminate any significant vertical uplift on the pile
anchors even in the largest waves thereby decreasing
the possibility of pile anchor pullout. This also permits
the use of drag anchors which are generally less costly
than pile anchors thereby making the system economi-
cally attractive.

The idealized system in accordance with the present
invention is one in which the distance along the ocean
floor between the lower end of tower 12 and clump
weight 24 is approximately twice the depth of the water
in which the marine structure is located. Similarly in
this idealized system, the length of wire 28 between the
clump weight 24 and pile or drag anchor 26 along the
bottom of the ocean floor is preferably about equal to
the depth of the body of water. When viewed in light
of the distances illustrated in FIG. 1, in accordance
with the preferred embodiment of the present inven-
tion, the ratio of B/A is preferably at least %, with the
maximum ratio not larger than 1, although length B can
be made longer where desired for particular purposes.
In essence, however, as indicated previously the length
of the wire 28 between the clump weight 24 and pile
anchor or heavy weight anchor 26 must be such that
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when the clump weight 24 is lifted off the sea floor by
an extreme environmental force, the forces on the an-
chor remain substantially horizontal, thereby eliminat-
ing any tendency for uplift of the anchor. Within these
guidelines it is therefore possible to determine the opti-
mum lengths for any particular system.

The weight of the clump weight 24 which is attached
to each guy wire 20 can vary within wide limits, the
weight being to some extent a function of the tension
and diameter of the guy wire. Still further, the weight
which should be employed is a function of the breaking
strength of the guy wire, which is that tension at which
the guy wire will break absent any restraining forces.
Since a guy wire will fail due to fatigue if subjected to
forces close to the breaking strength, the maximum al-
lowable guy wire tension is generally defined as one-
half of the breaking strength. In accordance with the
present invention, it has been discovered that a clump
weight can adequately serve to eliminate the likelihood
of guy wire breakage if the clump weight is 30 to 60%
of the maximum allowable tension. For example, as-
suming a breaking tension of 1100 kips (1 kip = 1000
pounds), the maximum allowable guy wire tension will
be 550 kips. Accordingly, the clump weight based on
the above percentages should be a weight of from 165
to 330 kips. Preferably, for guy wires at a preferred
angle of 30° it has been determined that optimum re-
sults are achieved with a clump weight which is approx-
imately 35 to 40%, preferably 36% of the maximum al-
lowable guy wire tension. Accordingly, with these
guidelines it is possible to determine the optimum
weight for any particular system.

As indicated previously, the clump weight 20 illus-
trated in FIGS. 1 and 2 can take any form, as long as
the weight is sufficient such that the clump weight re-
mains at least partially supported above the sea floor
under normal operating conditions but is lifted com-
pletely off under conditions of extreme environmental
forces. While this is the case, in one preferred embodi-
ment of the present invention, the clump weight takes
the form of a plurality of chains in parallel as illustrated
in FIG. 3 since the use of such parallel chains elimi-
nates a problem of adhesion which might be associated
with a large concrete block or similar mass.

FIG. 3 illustrates one type of preferred clump weight
for use in accordance with the marine structure and an-
choring apparatus of the present invention. As seen in
FIG. 3, the clump weight comprises a plurality of
chains 30 in parallel, seven chains being illustrated in
the embodiment of FIG. 3. A suitable arrangement for
attaching the chains in parallel to the guy wire 20 is il-
lustrated in FIG. 3, it being noted of course that a simi-
lar connection is made between the chains 30 and wire
28 which connects the clump weight with the pile an-
chor or drag anchor 26. As illustrated in FIG. 3, the guy
wire is attached to an open wire rope socket 32 includ-
ing an extension 34, the extension being filled with an
epoxy resin or zinc. The end of the guy wire 20 within
the open wire rope socket 32 is broomed and the open
wire rope socket 32 is filled with zinc so as to provide
a secure connection between the open wire rope socket
32 and guy wire 20. The open wire rope socket 32 is
connected to a steel fish plate 40 by means of a forged
anchor shackle 36 connected to a steel plate gusset 38
welded to steel fish plate 40. Of course, other typical
arrangements can be utilized to connect the guy wire
20 to the chains 30 constituting the clump weight in ac-
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cordance with this preferred embodiment of the pres-
ent invention. The chains 30 are connected to the steel
fish plate 40 by means of forged anchor shackles 42 or
similar means.

Assuming a tower is required for 1500 feet of water,
a suitable anchoring system could be provided by utiliz-
ing 3000 feet of 3% inch diameter galvanized bridge
rope with a 200 kip clump weight in the form of seven
parallel chains 150 feet in length, the chains being con-
nected to an anchor pile by 1000 feet of the same 3%
inch anchored bridge rope. With such a configuration,
the clump weight will be located a distance of approxi-
mately 2600 feet from the base of the tower, the clump
weight being partially supported above the sea floor
under ordinary operating conditions but capable of
being lifted off the sea floor under conditions of ex-
treme environmental forces. The parallel chains have
the advantage that there is a lessened tendency for ad-
hesion of the chains on the ocean floor.

A further preferred type of clump weight for use in
the guying apparatus of the present invention includes
a further flexible clump weight, in this case in the form
of longitudinally articulated weight segments. This type
of clump weight is illustrated in FIG. 4. As seen in FIG.
4, the clump weight in accordance with this embodi-
ment of the present invention includes a plurality of
hinged segments 50 each segment being hinged by
means of pins 52. The segments which are hinged to-
gether are attached to the guy wire 20 and wire 28 by
means of suitable attachments means such as anchor
shackles 54 suitably attached to the end segments. In
a suitable embodiment in accordance with this aspect
of the present invention, the individual segments can be
5 feet by 10 feet by 1 foot in thickness with each seg-
ment weighing approximately 25 kips. Accordingly, the
clump weight can be prepared in the desired weight by
merely attaching the requisite number of segments
thereby providing the desired longitudinally flexible
clump weight.

As indicated previously, the clump weight in accor-
dance with the present invention is adapted to be at
least partially supported on the sea floor under normal
operating conditions but to completely lift off the sea
floor under conditions of extreme environmental
forces. The use of a longitudinally flexible clump
weight as illustrated in FIGS. 3 and 4 has the advantage
when compared with the use of a large concrete block
or similar mass in that the problem of adhesion of the
large concrete block or similar mass to the ocean floor
is eliminated or minimized to a great extent. Moreover,
as seen from FIG. §, the longitudinally flexible clump
weight as illustrated in FIGS. 3 and 4 is only partially
supported by the ocean floor under conditions of nor-
mal stress thereby again eliminating problems with re-
gard to adhesion. Moreover, since the longitudinally
flexible clump weight will be lifted off the ocean floor
gradually with increasing stress upon the guy wires, an
abrupt change in stress which would be associated with
the employment of a large concrete block or similar
mass is avoided. Accordingly, the embodiments of
FIGS. 3 and 4 are preferred in accordance with the
present invention.

The effectiveness achieved in utilizing the clump
weights in accordance with the present invention can
be seen with reference to FIG. 6 which plots the line
tension and restoring force in kips versus the wave
height in feet for a typical guy line system in accor-
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dance with the present invention, the system being de-
veloped for a 50 foot square tower in 1000 feet of wa-
ter, the tower being supported by 16 guy lines each of
3'% inch diameter bridge rope with and without 200 kip
clump weights. Turning to FIG. 6 it is noted that the
same illustrates the guy line system response in a 3 knot
current and wave heights up to 90 feet. In the case of
systems both with and without the clump weights, it can
be seen from FIG. 6 that while both systems behave
quite similarly in waves up to 40 feet high, in higher
waves, in the system without clump weights, the line
tension continues to rise and reaches the maximum al-
lowable guy line tension at a wave height of about 50
feet. In the case with the clump weights, the clump
weights on the windward lines lift off the bottom of the
body of water in 40 foot waves and the line tension rises
very slowly thereafter and is still below the maximum
allowable guy line tension in the design 90 foot wave
plus 3 knot current. Accordingly, this illustrates that
the clump weights allow the marine structure, in this
case an offshore drilling tower, to withstand those
forces which, absent the clump weights, would cause
failure of the marine tower and guying apparatus. Ac-
cordingly, the advantages of the present invention over
those systems not containing the clump weights can be
clearly seen with reference to FIG. 6.

It should be apparent from the foregoing that the
present invention comprises a distinct improvement in
the guying of marine structures, e.g., drilling platforms
and apparatus for guying such marine structure in a
body of water so as to allow the marine structure to
withstand extreme environmental forces. Again the im-
provement in accordance with the present invention
involves guying the marine structure by means of a plu-
rality of anchored guy wires each guy wire having asso-
ciated therewith a clump weight adapted to be at least
partially supported above the sea floor under normal
operating conditions but lift off the sea floor under ¢x-
treme environmental forces thereby allowing the ma-
rine structure to withstand conditions which, absent the
clump weight, would cause failure of the marine struc-
ture and guying apparatus. Again the clump weight is
positioned along the guy wire a sufficient distance from
a pile anchor or other suitable anchoring means to
maintain the forces on the anchor substantially hori-
zontal even when the clump weight is lifted off the sea
floor by extreme environmental forces thereby elimi-
nating any uplift of the anchor. Accordingly, through
the apparatus of the present invention it is possible to
provide a marine structure in which the risk of cata-
strophic failure is reduced to as near zero as possible.

While the present invention has been described pri-
marily with regard to the foregoing specific exemplifi-
cation, it should be understood that the present inven-
tion cannot under any circumstances be deemed lim-
ited thereto but rather must be construed as broadly as
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all or any equivalents thereof.

We claim:

1. A marine structure guyed against substantial
movement in response to extreme environmental
forces comprising:

a marine structure positioned in a body of water, a
portion of said structure being above the surface of
said body of water and a portion of said structure
extending from the surface of said body of water to
its floor;

a plurality of guy means attached at a first end to said
marine structure below the surface of said body of
water and at a point between the longitudinal mid-
point of said structure and the top of said structure,
said guy means being radially arranged around the
periphery of said marine structure;

anchor means associated with each of said guy
means, attached to a second end of each of said guy
means to anchor each of said guy means to the
floor of said body of water; and

clump weight means attached to each of said guy
means between said first and second ends of said
guy means, said clump weight means being adapted
to be at least partially supported on the floor of said
body of water under conditions of stress on said
guy means less than that which would effect sub-
stantial movement of said marine structure absent
said clump weight means and adapted to be raised
off the floor of said body of water under conditions
of greater stress and wherein the weight of each of
said clump weight means is 30 to 60 percent of the
maximum allowable tension of each of said guy
means.

2. The marine structure of claim 1 wherein said
clump weight attached to each of said guy means is lo-
cated between said first and second ends at a point such
that when said clump weight is lifted off the floor of
said body of water, the forces on said anchor means re-
main substantially horizontal.

3. The marine structure of claim 1 wherein the
weight of each of said clump weight is 35 to 40% of the
maximum allowable tension of each of said guy means.

4. The marine structure of claim 1 wherein the ratio
of the distance from each clump weight to the second
end of each guy means to the distance from each clump
weight to the first end of each guy means is at least %.

5. The marine structure of claim 1 wherein said
clump weight means are longitudinally flexible.

6. The marine structure of claim 5 wherein said
clump weight means comprise a plurality of chains.

7. The marine structure of claim 6 wherein said plu-
rality of chains are arranged in parallel.

8. The marine structure of claim § wherein said
clump weight means comprise a plurality of segments

hinged together to form a longitudinally flexible unit.
%k * ¢ * *



