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3,103,200
MOORING BUQY

Edward F. Fulkerson and Mitchell L. Barksdale, San

Trancisco, Calif., assignors to California Research Cor-

poration, San Francisco, Calif., a corporation of Dela-

ware

Filed Sept. 13, 1948, Ser. No. 55,671
4 Claims, (CL 114—230)

This invention relates to mooring buoys, and more
particularly to an arrangement for prolonging the useful
life of a mooring buoy assembly installed at an offshore
location while decreasing the amount of periodic main-
tenance it requires.

A mooring buoy, as is well understood in the art,
comprises a buoy or float member which is anchored at
an offshore location by a slack anchor chain attached
to a heavy bottom anchor. A vessel is moored by at-
taching it to the float member by a mooring line, and
the restraining anchoring force is transmitted from the
bottom anchor through the float member to the vessel.
As the vessel exerts increased force on the mooring buoy
installation under the influence of wind and water forces
at the surface of the water attemping to move the vessel
from its moored position, the float member is pulled
downwardly into the water. The resistant force this
member exerts on the system increases as it is submerged,
tending to restore the vessel to its initial position, and
assisting the bottom anchor in restraining the movement
of the vessel.

In situations where it is desired to restrict the move-
ment of the vessel to a very limited area, such as occurs,
for instance, in offshore loading and unloading terminals
for oil tankers, mooring stations are established wherein
several mooring buoys are displaced around the area in
which the vessel is to be maintained. The vessel is ma-
neuvered into position in a particular location within
the surrcunding buoys and secured to them by bow and
stern mooring lines, and in some cases by mooring lines
placed amidships of the vessel. Al of the buoys then
act on the vessel to maintain it in the desired position
where the appropriate hoses can be connected to it with-
out danger of rupture while the cargo is being loaded
or unloaded.

Mooring buoy stations commonly are installed in
open-water locations where the buoys are exposed to
constantly applied wave forces as well as tidal varia-
tions in the elevation of the surface of the water. These
forces cause the buoy to be in constant movement and
its elevation above the underwater bottom to change con-
tinuously, and this movement is transmitted to the an-
chor chain which secures it to the bottom anchor. The
constant wear on the anchor chain, which results from
such movement, added to the well-known corrosive
effects of a salt-water environment, reduces the useful
life of the anchor chain to a marked degree, particularly
in the dip section, where the chain curves from a ver-
tical to @ horizontal direction adjacent the ocean floor.
It'is good practice, at a well-maintained offshore ter-
{mma.ll, to pull the mooring buoys out of the water and
inspect the anchor chains at least once each year, since
experience has proved that normally at least some of the
anchor chain links must be replaced in this period of
time. With equipment of the size used to moor oil
tankers, the cost of maintaining the offshore terminal
can be very appreciable and may approximate $10,000°
per year for the maintenance of the buoys. .

It is among the objects of this inveation to provide:
2 novel mooring buoy assemblage which functions in a.
manner to extend its useful life beyond that of the moor-
ing buoy installations now commonly in use, which will
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require less frequent maintenance while assuring that the
elements of the assemblage are in safe working condi-
tion, which will increase the ease with which a vesspl
can be moored to an offshore terminal, and which ml
maintain the moored vessel in position with less periodic
increased strain in the anchor lines due to the r'o]ﬂing
and pitching of the vessel than is presently experienced
with mooring buoys.

Other objects of this invention will become apparent
as the description of it proceeds in conjunction Witl} the
accompanying drawings which form part of the specifica-
tion and in which:

FIG. 1 illustrates in side elevation a mooring buoy
assemblage made in accordance with this invention and
instailed in a body of water. For the purpose of better
illustrating the inventive comcept, the buodyant portion
of the assemblage is shown rotated horizontally 90° from
the position it normally will assume when a vessel is
moored to it.

FIG. 2 is an end elevation of the top portion of the
assemblage illustrated in FIG. 1.

FIG. 3 illustrates in end elevation and partly in sec-
ticn details of the construction of the topmost buoyant
member of the assemblage llustrated in FIG. 1.

The illustration of FIG. 1 represents a mooring buoy
assembly installed in a body of water in an operative
condition. A buoyant portion 20 is located at the sur-
face 22 of the body of water 24 and, through a rigidly
extending element 26 affixed to it and to an anchor line
28, is connected to a mass 38 which is seated on the
submerged land surface 32. A laterally disposed bot-
tom anchor 34 is conmected through a second anchor
chain 36 to the first anchor chain 28 in a location adja-
cent the mass 30, all in a manner to be described in more
detail hereinafter.

The buoyant portion of the assembly preferably is
formed of two float sections which are affixed to each
other in vertically spaced relationship by connecting
members which provide a reduced effective cross-
sectional area and reduced effective buoyancy throughout
the region between the float sections. The float sections
and the means for connecting them together may have
various forms, or the buoyant portion may be formed
of a single float with a midsection of reduced area and
shaped in a manner which will be effective for the pur-
poses of this invention.

In a preferred embodiment of the invention, as illus-
trated in FIG. 1, the float sections are wylindrical in
form and similar in size, and in an operating position are
disposed with their longitudinal axes parallel to each other
and to the surface of the water. The bottom float section
38 is rigidly connected to the top float section 40 by a
plurality of struts 42 which extend between the float
sections and are laterally spaced apart from each other.
The dimensions of the struts are chosen to supply the
desired rigidity to the structure while decreasing the area
exposed to wave forces in the region between the float
sections and also while decreasing the buoyancy of the
assembly in this region. Additionally, the rigid element
26 passes through each float section along the aligned
transverse symmetrical axis common to them and is se-
cured fo each float section in a water-tight connection, as
by welding. )

The struts are not only structural” elements for secur-
ing the float sections together, but function ralso as:a
fender system for operating and maintenance launches to
reduce the hazard of damage to the floats by small craft
impinging on or between them.

The rigid element 26 preferably, although not neces-
sarily, is a length of thick-walled pipe which is secured
at its upper end to the interior wall 44 of the topmost
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3.
portion of the buoyant section 49 and extends down-
wardly and passes through the bottom wall of this buoyant
section in a water-tight connection, as indicated at 46
in-FIG.-3.. The-element 26. continues vertically through

the lower-buoyant section 38; to the top and bottom walls-

of - which. it -is sealed- in a water-tight. connection, and
projects-downwardly -into the water in coaxial relationship
to- thé:-common® axis -of  symmetry of these:buoyant
members. )

Preferably, the lower end- of the element 26 is weighted

with a dense material, as represented by-the cement 48,

in-a- sufficient- amount to  maintain the common sym-

metrical axis -of the. assembled. buoyant sections and. .

element 26 in a vertical position when this portion of the
assemblage is floating freely in the water. This arrange-
ment: assists-in-stabilizing the assembly under all operat-
ing -conditions::

Tt'will -be ‘understood-that a particle on the surface of -

a-body-of water: influenced by wave action will move
in-anorbital path -with ‘a vertical displacement approxi=
mately-equal to'the total surface wave height. Within

the body of water, the orbital motion of the. particle -

decreases-with inereasing depth until, at the ocean bottom,

‘this motion becomes substantially zero.. The-element 26. -

may- project- downwardly-from' the lower buoyant mem-

ber-38-a sufficient distance to place the lower end of it

at a depth in the water- where the transverse forces im-
posed on it by the erbital movement of the water-particles
at -this- depth will- be- negligible.
installation in 60 feet of water, the lower end of the ele-
ment 26 may be located approximately 30 feet below the
surface . of-the -water. This- distance. will, of course, be
influenced by the depth and water conditions at a parti-
cular location.where the mooring buoy is to be installed.

The lower end-of the element 26 is closed in a fluid-
tight-manner-by.a closure member 59, and to it is affixed
a -connector 52 to which the.length of anchor chain
28 is connected. The anchor chain 28 extends down-
wardly through-the water and is pivotally connected at

its-lower end through a.connector- 54-to.the weighted-
mass 3¢; which in its normal position-engages the sub-

merged land surface 32,

The: lengths of the: element 26-~and ancher- chain 28-

and.the weight: of the mass -3¢ are-selected: to hold the
buoyant-section 38 submerged ‘below its-free-floating posi-

tion- for certain. water <conditions, and -with.the anchor-

chain 28-taut; for reasons to. be explained hereinafter.

One of the links-56 of the anchor: chain 28, preferably
located in a position near the bottom:of the chain, is
formed with a laterally extending portion 58 to which is
pivotally connected a second length 36 of anchor chain.
The anchor chain 36 extends laterally of the first anchor
chain 28 to a bottom anchor 34 to which it is pivotally
connected, as-through a linkage 68. This bottom anchor
ultimately- will supply the anchoring forces to hold a
meored vessel in position and may be of any known
form found useful for this purpose.

In accordance with the concept of this invention, during
normal water conditions and within a predetermined
range of variations -of the elevation of the water surface
above-the submerged land through wave and tidal action,
the buoyant portion 29 will be held at a fixed elevation
above the underwater bottom and will be restrained from
following-or- moving with the changing elevation of the
watersurface.. To this end, the weight of the mass 30 is
selected to hold the lower buoyant section 38 substantially
completely submerged in the water for a predetermined
clevation of the water surface below the mean tide level
and of course for elevations. of the water surface which
exceed this minimum, At this predetermined elevation,
the upper buoyant section 4§, which is vertically spaced
apart from the lower buoyant section, is held above the
surface: of the water at a distance which will permit
the: elevation of the water surface. to. increase a prede-

For " example; in an -
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4
termined amount before contacting this upper buoyant
section.

Retween these upper and lower limits of water move-
ment, the openwork nature of the structure connecting
the lower and the upper buoyancy sections permits waves
to wash through the region between the buoyant sections
without imposing substantial additional transverse force
on the assembly and additional movement in the sub-
merged anchor chains to which the buoys are connected.
Of more importance, the reduced. cross-sectional area
and reduced buoyancy of the portion of the structure
between the buoyant sections permits the water to rise in
the region between them without increasing -substantially
the -buoyant force created by. the buoy portion on the
submerged parts of: the assemblage, and hence does not
induce in - these. parts changing stresses and movement
which might otherwise occur.

When the water level. reaches the upper buoyant sec-
tion 40 and rises along. it; the additional buoyant force
transmitted to the submerged portions of the assemblage
will Jift the mass 3¢-off bottom. When this occurs, and
so.lonig s the. water level remains above the predeter-
mined. maximum limit, the buoy portion and. the inter-
connected parts will rise and fall with increased and de-
creased elevations -of the water surface.

In the.embodiment of the invention illustrated in FIG.
1, the parts of the assemblage are proportioned to hold
the.buoyant sections stationary in-elevation between the
limits of mean_ lower low water and mean higher high
water. Within these  limits, since the buoyant portion
will not change elevation as the surface of the water
changes, the amount of movement in the length of the
anchor chain 28 and in the interconnected anchor chain
36 will be reduced considerably below that which cccurs
in the mooring buoy installations now commonly in use.
The amount of ‘wear on the anchor chain in-the dip sec-
tion. of-it adjacent. the submerged land surface, where it
is. more exposed to. abrasive particles entrained in the
water, is proportional-to -the amount of movement and ‘
rubbing action occurring between the.links of the chain.
Thus, by reducing the-movement of the chain in this
region, the wear of. the chain is -proportionately reduced
and “its useful life- is . extended.

The elements -of the assemblage of the present inven-
tion - are- proportioned to hold the buoyant portion sta-
tionary .in elevation under water conditions -which occur
during the greater portion of the year. However, when
the elevation of the. water surface exceeds the maximum
elevation for which this function of. the mooring buoy
assembly is.designed, for example, when the elevation
of the.water. surface. exceeds the level-of mean higher-
high water, the mass. 3¢ lifts off bottom and the buoyant
portion 20 floats with substantially all of the top buoyant -
section 49 exposed above the surface of the water.. Thus,
under all water conditions.the resistant force of buoyant
section 4@ is available to provide the restoring force de-
sired in an anchor system of this type.

It would be possible, of course, to proportion the parts
of the assembly in a -manner to cause.the buoy portion
to remain stationary throughout a longer period «of time
than that described heretofore. This, however, would re-
quire that the size -and masses of the pertinent -elements
would be increased proportionately and would result in
an_assemblage which would. be more cumbersome. in
strircture and to which it would be more difficult to anchor
a.vessel in an efficient manner. This practical -considera-
tion, however, does not limit the effective -operability of
this invention to ranges.of water level between mean -
lower-low water and mean higher high water, and it is
apparent that the. mooring buoy of this invention will
function. effectively ‘when constructed to operate in other
ranges of water level than those mentioned.

A -vessel is moored to this: assemblage by securing a
mooring; line -from: the vessel to the hook 62 pivotally
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mounted on the top portion of the upper buoyant section
48, Normally this pivoted hook rests-against a bumper
element 64 which is secured to the cuter wall of the
buovant section 46 and protects-the shell of the buoy
wom damage by the hook.- The tension of the mooring
tine lifts the hook from the bumper and is transmitted
through the hook and the ‘element 26 to the length of
anchor chain 28, and thus, under conditions to be ex-
plained hereinafter, through the connecting link 58 to the
length of anchor chain 36, and finally to the bottom
anchor 34, As the force imposed by the vessel on the
anchoring system increases, the buoyant portion and the
interconnected element 26 are canted from the vertical

to bring the parts more nearly into alignment between -
the vessel and the bottom-engaging mass 3¢ as the buoy:

sections are being puiled downwardly into. the water.
As the force from the vessel increases, the resultant of
the forces in the members connecting the vessel with the
bottom. anchor 34 causes the mass. 39 to be lifted off
bottom and suspended in the water. The weight of the
mass 30 coniinues to exert a force atiempting to restore
the buoy assembly to its vertical position.. This force,
coupled with the buoyant force of the buoy section, acts
as a damper for sudden increases in the tension of the
mooring line connecting the-assemblage to the vessel and
tends to smooth out such sudden increases of tension and
hold them within more acceptable working limits.

The mass 3¢ preferably is made with a large transverse
area, such as occurs in a flat disc, and will react with
the water to resist sudden surges or sudden movements
of the mooring system while this mass is lifted off bottom.
This damping action of the 'disc-shaped mass will be
effective to smooth out and reduce the amplitude of the
movement of the float portion, and hence the movement
of the anchor chains to which it is attached, both in the
situation where high water has caused the float portion to
rise sufficiently to lift the mass 39 cff bottom, and in
the situation where there are surges in the tension of the
mooring line from the vessel. The damping action of
the system tends to smooth out the resultant variations
in the force applied to the bottom anchor 34, and the
holding power of the bottom anchor is thus effectively
increased.

It is apparent from the foregoing description that the
assemblage of this invention provides a means for re-
ducing to a marked degree the period of time when there
is an appreciable relative movement between adjacent
links of the anchor chains, particularly in the dip section
where the largest amount of wear normally occurs. Since
the wear in the anchor chain in this section is related
to the amount of movement occurring there between the
links of the chain, this invention provides a means for
reducing the wear in these links and thus increases the
normal operating ‘life of the mooring buoy. The de-
scribed - structure of the buoyant portion 2¢ provides a
substantially constant restoring force under water con-
ditions which are experienced during most of the year
and assists in mooring the vessel and keeping it within
the prescribed area of the offshore terminal.

It is apparent that modifications may be made to the
exemplary embodiment of the apparatus described herein
without deéparting from the inventive concept. - Therefore,
it is intended that the invention embrace all equivalents
within the scope of the appended claims.

We claim:

1. A mooring buoy assembly comprising a float por-
tion including a first float means and a second float means,
said second float means affixed to and above said first
float means in vertical spaced relationship thereto, a rigid
clement affixed to said float portion and projecting down-
wardly therefrom in coaxial relationship to a common
axis of symmetry of said first and said second float
means, a weighted mass, a length of anchor chain con-
nected at one end to the lower end of said rigid element
and at the other end to said weighted mass, the weight
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of said mass and the length of said rigid element and said
anchor chain being proportioned to hold said length of
anchor chain in tension with said first float means sub-
stantially submerged within a body of water and with said
mass in contact with the land surface submerged under
said body. of water when the elevation of the surface of
said body of water is greater than a predetermined mini-
mum elevation above the submerged land surface, the
weight of said mass being proportioned to cause said mass
to be lifted from contact with said submerged land sur-
face when the elevation of said surface of said body of
water  increases above said submerged land surface to
engage said second float means a predetermined amount,
a second length of anchor chain, a laterally displaceable
bottom -anchor means connected by said second length
of anchor chain to said first length of anchor chain, and
means mounted on said float portion for connecting: a
mooring line from a vessel thereto. :

2. A mooring body assembly comprising a first float
means, a second float means affixed to and above said
first float means in vertically spaced relationship thereto,
a rigid element affixed adjacent one end- portion of said
first float means and projecting downwardly therefrom
in coaxial relationship to a common axis of symmetry
of said first and said second float means, a weighted mass,
a length of chain connected at one end to the lower end
portion of said rigid element and at the other end to said
weighted mass, the weight of said mass and the lengths
of said rigid element and said length of chain being
proportioned to hold said length of chain in tension with
said first float means substantially submerged below the
surface of a body of water with said mass in contact with
the submerged land surface when the elevation of the
surface of said body of water is greater than a predeter-
mined minimum elevation above said submerged land

“ surface, the weight of said mass being proportioned to

cause said mass to be lifted from contact with said sub-
merged land surface when said surface of said body of
water engages said second float means, a second length
of chain, a laterally displaceable bottom anchor means
connected by said second length of chain to the first ‘said
length of chain, and means mounted on said second float
means for connecting a mooring line from a vessel thereto.
3. A mooring buoy assembly comprising a first float
means, a second float means affixed to said first float
means in vertically spaced relationship by laterally spaced-
apart connecting members, a length of pipe rigidly affixed
at its upper end portion to said first float means and
projecting downwardly therefrom in coaxial relationship
to a common axis of symmeiry of said first and said second
float means, a weighted mass, a length of anchor chain
pivotally connected at one end to the lower end of said
length of pipe and at the other end to said weighted mass,
the weight of said mass and the lengths of said pipe and
said anchor chain being selected to hold said anchor chain
in tension with said first float means substantially sub-
merged below the surface of a body of water with said
mass in contact with the land surface submerged under
said body of water when the elevation of said surface of
said water is greater than a predetermined minimum
elevation above said land surface and to cause said mass
to be lifted from contact with said land surface when said
water surface increases in elevation above said land sur-
face to engage said second float means a predetermined
amount, a second length of another chain, a laterally dis-
placeable anchor means connected by said second length
of anchor chain-to the lower end portion of the first said
anchor chain, and hook means pivotally mounted on the
top of said second float means for connecting a mooring
line from a vessel thereto. o )
4. A mooring buoy assembly comprising. a first float
means, a second float means affixed to and above said
first float means in vertically spaced relationship by
laterally spaced-apart connecting members, a length of
pipe rigidly affixed at its upper end portion to said first
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and said second float means and projecting downwardly
from - said. first -float-means -in coaxial relationship -with

a common axis of symmetry of said first and said second .

float means; a weighting- material disposed within the
lower-end portion- of said length- of pipe in an -amount
to maintain said axis-of symmetry-in a vertically disposed
position’ when said float means are placed in‘a body of
water, a weighted mass;-a-length of anchor-chain-con-
nected at one end to:the lower end of said length of pipe
and at the .other end to said weighted mass, the weight of
said mass and the-lengths:of-said -pipe-and said anchor
chain- being-selected to hold said ancher chain in-tension
to maintain said first fioat-means substantially-submerged

below-the surface of said -body of water-with-said:mass

in contact with ‘the submerged land: surface -when- the
elevation- of said surface of said water is greater than a

10

15 .

predetermined minimum elevation - above said submerged
land surface and to cause.said- mass- to be lifted from .

contact with-said submerged land surface when said water

surface increases. in elevation-above said submerged. land-

20

surface to engage said second float means a predetermined
amount, a second length of anchor chain, a laterally dis-
placeable anchor means connected by said second length
of anchor chain to the lower end portion of the first said
length of anchor chain, and hook means pivotally mounted
on the top of said second float means for connecting a
mooring line from a vessel thereto.
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