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57 ABSTRACT 

This invention relates to a structure floating on a body of 
water. Three or more spar buoy-type floats support the struc 
ture above the water. The structure is connected to anchors in 
the floor of the body of water by elongated members such as 
large diameter pipe. There are no other anchoring connec 
tions in the system. Each spar buoy has a unique structure so 
that vertical forces and overturning moments on the floating 
structure are minimized. The spar buoys have a buoyancy 
means having a volume of two parts. The first part can be 
defined as resulting from a straight, vertical, prismatic shape 
which runs the entire vertical length of the buoyancy means. 
The volume of this prismatic portion comprises between about 
40 and 80 percent of the total displacement. The buoyancy 
means have a second or auxiliary volume of displacement 
which runs considerably less than the vertical length of the 
prismatic portion. This critical arrangement of buoyancy 
between these two parts as taught in this invention minimizes 
mooring forces imposed on the vertical elongated members, 
such as occur to react forces on the structure due to passing 
WaWes. 

42 Claims, 40 Drawing Figures 
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WERTICALLY MOORED PLATFORMS 

CROSS-REFERENCE TO RELATED APPLICATION 

This application is a continuation-in-part application of 
copending application Ser. No. 754,628, entitled "Vertically 
Moored Platforms," filed Aug. 28, 1968, Kenneth A. Blen 
karn and now abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to a structure floating on a body of 

water. More particularly, the invention relates to a floating 
structure from which drilling or production operations are 
carried out. In its more specific aspects, the invention con 
cerns a floating structure having buoyancy means placed espe 
cially with respect to the trough of a design wave so as to 
minimize mooring forces imposed on the vertical elongated 
members which anchor the structure, such as those forces 
which may be caused by passing waves. 

2. Setting of the Invention 
In recent years there has been considerable attention at 

tracted to the drilling and production of wells located in water. 
Wells may be drilled in the ocean floor from either fixed plat 
forms in relatively shallow water or from floating structures or 
vessels in deeper water. The most common means of anchor 
ing fixed platforms include the driving or otherwise anchoring 
of long piles in the ocean floor. Such piles extend above the 
surface of the water with a support or platform attached to the 
top of the piles. This works fairly well in shallower water, but 
as the water gets deeper, the problems of design and accom 
panying costs become prohibitive. In deeper water it is com 
mon practice to drill from a floating structure. 

In recent years there has been some attention directed 
toward many different kinds of floating structures, for the 
most part maintained on station by conventional spread cate 
nary mooring lines, or by propulsion thruster units. One 
scheme recently receiving attention for mooring is employed 
in the so-called vertically moored platform. One such platform 
is described in U.S. Pat. No. 3,154,039, issued Oct. 27, 1964. 
A key feature of the disclosure in the patent is that the floating 
platform is connected to an anchor base only by elongated 
parallel members. The members there are held in tension by 
excess buoyancy of the platform. This feature offers a remedy 
for one of the major problems arising in the conduct of 
drilling, or like operations from a floating structure. This 
major problem is that ordinary hull-type barges or vessels, in 
response to ocean waves, may exhibit substantial amounts of 
vertical heave and angular roll motion. Such motions signifi 
cantly hinder drilling operations. Motion difficulties are al 
leviated to a degree by use of the so-called semisubmersible 
vessels or structures in which flotation buoyancy is provided 
by long, slender vertical bottles or tanks. This design suffers 
the inconvenience that, if carried to the logical extreme of 
having very little waterplane area, the unit would become 
statically unstable, requiring careful reballasting to offset 
changes in vertical loads, such as drilling hook load (e.g., 
when pulling drill pipe, etc.) or changes in weight of supplies. 
Some of those problems are eliminated or at least reduced in 
the vertically moored platform. Being subjected to tension, 
the elongated parallel members of the vertically moored plat 
form are substantially inextensible and therefore restrain the 
platform to move primarily in the horizontal direction. This 
virtually eliminates heave and roll motions. In vertically 
moored structures heretofore considered, exceptionally 
strong mooring would be required to resist the vertical forces 
which might be imposed upon a structure by the orbital mo 
tion of passing waves. The present invention describes a 
means to minimize the mooring forces imposed by the struc 
ture on the elongated members, such as those caused by 
passing waves. 
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BRIEF DESCRIPTION OF THE INVENTION 

Briefly, a preferred embodiment of this invention concerns 
a floating structure having limited lateral movement for use in 
a body of water. It is especially designed for an expected max 
imum wave. This expected wave is usually called the "max 
imum design wave." The structure includes a working plat 
form supported by a buoyancy means comprising a plurality of 
slender vertical float members. The float members are rigidly 
anchored to the ocean floor by a plurality of horizontally 
spaced-apart, parallel, elongated members. The volume of the 
buoyancy means can be defined as comprising two parts, the 
first part resulting from a straight, vertical, prismatic shape 
which runs the entire vertical length of each vertical float 
member. The volume of the prismatic portion comprises from 
about 40 percent to about 80 percent of the total displace 
ment of the buoyancy means below the "still water' line. The 
ratio of the displacement of the prismatic portion to the total 
displacement is called the prismatic ratio p. A second volume 
of displacement surrounds the prismatic portion and com 
prises the remainder of the total displacement. This second 
volume is placed below the trough of the design wave. This 
critical placement of the second or auxiliary volume and the 
critical size minimizes the critical mooring forces imposed on 
the vertical elongated members by the structure due to the or 
bital motion of the passing waves. 

Various objects and a better understanding of the invention 
can be had from the following description taken in conjunc 
tion with the drawings. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a view of a floating structure of this invention; 
FIG. 2 illustrates a perspective view of a part of one of the 

vertical floats of FIG. 1; 
FIG. 3 is a section taken along the line 3-3 of FIG. 1; 
FIG. 4A illustrates relative vertical forces for ratios of the 

radii and the lengths of the prismatic portion and the auxiliary 
portion of the vertical buoyancy means for a still water draft of 
100 feet; 
FIG. 4B is similar to FIG. 4A and illustrates selection of 

limits of the prismatic ratios for the same still water draft of 
100 feet; 
FIG. SA is similar to FIG. 4A except it is for a still water 

draft of 125 feet; 
FIG. 5B is similar to FIG. 4B except it is for a still water 

draft of 125 feet; 
FIGS. 6A, 6B and 6C illustrate the variation in mooring 

force for three fundamental types of vertically moored plat 
forms which consist respectively of only one slender, vertical 
float member; a float member completely submerged; and a 
buoyancy member according to this invention; 

FIG. 7A shows the shape of a typical vertical buoyancy 
means of my invention; 

FIG. 7B shows the forces acting on a typical vertically 
moored platform comprising only one vertical float member 
of my invention; 

FIG. 8 shows an example of overturning moment on a float 
ing structure such as shown in FIG. 1; 

FIG. 9 shows an example of variation in mooring force for a 
given leg due to the overturning moments shown in FIG.8; 

FIG. i0 demonstrates the typical influence on a floating 
structure according to my invention due to coupling between 
net vertical forces on individual legs; 

FIGS. 11A and 11B illustrate the net variation in-mooring 
force at one leg of a vertically moored platform which com 
prises vertical float members of a typical configuration ac 
cording to my invention; 

FIGS. 12A and 12B illustrate the net variation in mooring 
force at one leg of a vertically moored platform which com 
prises vertical float members made up of prismatic cylinders; 

FIGS. 13A and 13B illustrate the net variation in mooring 
force at one leg of a vertically moored platform in which the 
float members are made up of deep spheroidal floats only; 
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FIG. 14 shows the maximum variation in mooring force at a 
given leg, expressed as a percent of the displacement per leg, 
for various values of the shape parameters r and (L/H) (the 
term r, L and H are defined hereinafter) and for particular 
platform size and design condition, as noted; 

FIGS. 15A through 23A illustrate (a) the best combinations 
of shape parameters rand (L/H) and (b) the range of practical 
combinations of these parameters for various platform sizes 
and design conditions, as noted; 

FIGS. 15B through 23B illustrate (a) the best combinations 
of shape parameters p and r and (b) the range of practical 
combinations of these parameters for various platform sizes 
and design conditions, as noted. 

Referring to the drawings in which identical numbers are 
employed to identify identical parts, numeral 10 designates, 
generally, the floating structure or platform. The floating 
structure 10 includes a deck portion 12 which may have a der 
rick 14 mounted thereon. The deck 12 is preferably an en 
closed space where quarters, workshop area, etc., are located. 
This is to aid in streamlining the system. Various auxiliary 
means, including a port for helicopter, etc., may be provided. 
The deck 12 is supported by at least three vertical float 

means, generally designated by the numeral 16. This includes 
an upper "skinny' portion 18 and a lower "fat" portion 20. 
There are enough of these vertical support means 16 to pro 
vide stability. This would ordinarily be three or more. There 
are four shown as indicated in FIG. 3. The size and placement 
of the lower portion 20 of the float will be discussed later. 
The platform is anchored by suitable means to the ocean 

floor. Shown in the drawing is a baseplate 22. Anchor piles 24 
extend into the bottom of the ocean for whatever depth is 
needed to secure the proper anchorage, e.g., 500 feet. These 
anchor members are secured in place, for example, by cement 
26. Connecting anchor members 24 to the working structure 
or platform are a plurality of elongated member 28 alternately 
called risers. These elongated members 28 are preferably 
large-diameter steel pipe, e.g., 20 to 30 inches in diameter. 
These elongated members 28 could be cables of wire, chain, 
and the like. However, it is preferred that they be pipe so that 
operations can be conducted from the floating structure down 
through them to underground formations. Preferably, it is 
desired to drill down through these pipes. 
The structure shown in FIG. 1 is essentially rigid in the verti 

cal direction, but is relatively free to move in the horizontal 
direction. Restraint against horizontal movement is only the 
horizontal component of riser tension, that component being 
proportional to the angular departure of the riser from true 
vertical. Under the action of wind, current and other steady 
forces, the platform will be shifted horizontally until the 
resultant horizontal restraint equals such applied loads. In 
response to wave action the platform will oscillate back and 
forth about the shifted or average position. The platform will, 
for storm wave situations, generally oscillate horizontally so as 
to move with the surrounding fluid. The horizontal motion of 
the platform will basically satisfy the following relation. 

H + B (T, IT 
H + MIT, IT? - 1 

(1) X = A 

in which 
X = the single amplitude horizontal motion of the platform. 
A" = the horizontal, single amplitude wave motion of water 

at the elevation of the platform center of buoyancy. See Equa 
tion (2). 
B = the buoyancy or displacement of the platform. 
H' = the "hydrodynamic mass' of water associated with ac 

celeration of the platform. For most configurations H" is es 
sentially equal to buoyancy. 
M = the actual weight of the platform. 
T= the wave period. 
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4 
T = the natural sway period, calculated from Equation (3). 

Water motion A' is calculated, for simple wave theories, ac 
cording to the following equation. 

A = - e-2T Sia 
2 (2) 

in which 
h = wave height, crest to trough. 
S = the submergence of the platform center of buoyancy 

below still water level. 
N = wave length (= 5.12T, by Airy Theory). 

Natural sway period of the platform is expressed as (3) T = 
L' (H+M)/B-M 
in which 

L' = the length of vertical mooring lines or risers, and other 
symbols are as previously defined. 

For most platform configurations of interest, a design wave 
100 feet high would cause the platform to move 50 feet either 
side of the average shifted position. It is generally to be 
preferred that steady storm shift of the platform be approxi 
mately equal to the single amplitude of the wave induced mo 
tion. For the case just described, an appropriate design shift 
would be 50 feet. For water depth requiring vertical risers 
1,000 feet long, such a horizontal shift would correspond to a 
horizontal restraint equal to 1/20 of the tension in the vertical 
mooring lines or risers. Thus, tension in the risers should 
generally be between 15 and 25 times the steady horizontal 
storm loads. Typically required total tensions in the order of: 
10,000,000 pounds are to be expected. Typically such a ten 
sion could be carried by 16 or 20 pipe risers which have 20 
inches outside diameter with a wall thickness of 0.625 inches. 

It has been found that when pipes such as risers 28 are 
under tension and subject to angular rotation, the influence of 
tension is to concentrate the angular rotation at the ends of 
the pipe. Accordingly, means are provided in risers 28 to per- . 
mit this angular rotation with the two terminals of the riser 
pipe 28. This is provided in the form of a ball joint 30 at the 
upper end and a ball joint 32 at the lower end. 
Another means of providing for the excess stresses which 

would be built up near the ends of pipe 28 if they were not 
hinged, is to provide a section of special size and wall 
thicknesses at the end of the pipe to make them sufficiently 
strong to withstand the imposed stresses. Other suitable means 
for limiting this concentration of stress are described in the 
copending patent application of Blenkarn and Dixon, Ser. No. 
748,867 filed July 30, 1968. The vertical members 16 are con 
nected by cross bracing 34. This cross bracing is preferably all 
located below the still waterline indicated by line 36. As men 
tioned earlier, this structure will be subjected to various wave 
forces. In Naval engineering, when designing floating struc 
tures, or other marine structures for that matter, it is quite 
common to select what is known as a maximum design wave. 
The maximum design wave will have a crest 38 and a trough 
40. 
There are concepts disclosed herein which teach the means 

by which the mooring forces are minimized when using the in 
vention as exemplified by the embodiment of FIG. 1. A par 
ticularly desirable shape for the vertically positioned elon 
gated floats is illustrated in FIG. 1. With reference to such a 
shape, the following applies. The volume of buoyancy or dis 
placement can be conceived as being made up of two parts. 
The first part results from a straight, vertical, prismatic shape 
which has the diameter of upper portion 18 and runs the entire 
vertical length of the structure. The volume of this prismatic 
portion of the structure comprises between about 40 percent 
and about 80 percent of the total displacement. The second or 
auxiliary volume of displacement is that part which is the an 
nulus volume between the prismatic volume and the inner wall 
of enlarged portion 20. This auxiliary volume is placed below 
trough 40 of the maximum design wave. 
The auxiliary volume should be placed in a smooth and 

streamlined fashion, as indicated above, as an annular space 
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around the basic prismatic volume. The size of the auxiliary 
volume in the annulus portion of the "bottles' should be 
reduced to the extent of displacement provided by the bracing 
34 within the structure which is below the trough of the design 
wave. The auxiliary volume in the annular space should be 
streamlined and flared into the basic prismatic volume to the 
extent practical. While I have discussed a prismatic volume 
and an auxiliary volume, it is to be understood that these two 
volumes can be continuous and that it is not necessary that 
they be separated into physical compartments. 

If a vertically moored platform is to be used, it is usually 
necessary that variations of vertical mooring forces, which 
arise in reaction to forces imposed on the structure by wave 
action, be minimized within the range of wavelengths of im 
portance. Wavelengths of importance vary from one wave 
area to another but many are typically in the range of from 
about 500 ft. to 2,000 ft. Wave action on the structure results 
in (a) a net vertical force on the structure, (b) a net couple on 
the structure due to vertical forces on individual bottles, and 
(c) a net overturning moment on the structure due to horizon 
tal wave forces. All of these forces contribute to the variation 
in mooring force. 
The structures of my invention minimize the variation in 

mooring force, for the range of wave lengths of importance, by 
permitting offsetting contribution from each of the contribut 
ing factors: net vertical force, net couple of vertical forces and 
net overturning moment. If I did not use the structure of my 
invention to obtain proper distribution, one of these forces 
might be overpowering. For example, if vertical forces on in 
dividual bottles are eliminated or minimized, thereby eliminat 
ing or minimizing the net vertical forces and the net couple 
due to vertical force on the structure, the variation in mooring 
force is due entirely to overturning moment and can be un 
desirably large, especially for the longer wavelengths. On the 
other hand, if the buoyancy arrangement is such that a small 
amount of net vertical force is admissible for all wavelengths, 
there is a phenomenon associated with this force, the net 
coupling of vertical forces, which causes a net reduction in 
overturning moments at the larger wavelengths. Therefore, a 
careful selection of buoyancy distribution can result in a 
minimization of mooring force variations over the entire range 
of important wavelengths. This I teach. 
The vertical forces on the structure are dominated by forces 

which fall into two categories: namely, (a) variable buoyancy 
and (b) vertical water acceleration forces. While there are 
other contributions to the net vertical forces, they are of lesser 
importance. All of these forces on the structure were calcu 
lated by elementary, commonly understood means. However, 
the dominant two forces were combined for the calculations 
into one net force, heave, which is discussed below. The two 
categories of dominant vertical forces act in opposite 
direction to one another and one of the concepts of this inven 
tion is to carefully adjust the magnitudes of these forces to ob 
tain the desired net vertical force. This is possible with my 
design for certain ratios (L/H) of the length (L) of the en 
larged portion to the total design draft (H) and for certain 
ratios (r) of the radius R of the enlarged portion to the radius 
Ro of the prismatic portion for a selected draft where L, H, Ro 
and R are defined in FIG. 1. As shown above, the prismatic 
ratio "p' is defined as the ratio of the displacement of the 
prismatic portion to the total displacement. 

I shall first consider the net vertical forces on the structure. 
(I shall consider the net overturning moment later and how my 
structure minimizes such moment.) These various net vertical 
forces can be calculated by using the following equation. 

y = 0 

A (y) p(y) el-H)dy 
where: 
F = net change in vertical force, positive upwards 
A(m) = total displacement below the instantaneous water 
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6 
A(O) = design displacement, or total displacement below 

design still water level 
k = wave decay factor, i.e., = 27th where \ = wave length 

(Airy Theory) 
p = water mass density 
g = gravitational acceleration 
A(y) = cross section area (varies with depth ory) 
d(y) = hydrodynamic mass coefficient and varies with 

depth, 
i.e., b(y) = mass of cylinder + added fluid mass/mass of 
cylinder 
H = design draft 
y = a vertical coordinate measured position upwards from 

the base of the buoyancy means 
m = a vertical coordinate measured position upwards from 

the design still water level to the instantaneous water surface 
(= Y-H). In Equation (4) terms A(n)-A(O)) give the force 
due to variable buoyancy, and the remaining term gives the 
force due to vertical water acceleration. 
Consider first two very elementary types of vertically 

moored structures as shown in FIGS. 6A and 6B. In FIG. 6A is 
a buoy consisting only of one cylinder. This buoy is moored by 
one or more vertical tethers such that it is not free to move 
vertically, but it can move horizontally or rotate. The buoy 
does not have an annular, or auxiliary portion; all displace 
ment is from the prismatic portion. Therefore, the prismatic 
ratiop which is defined as the ratio of the displacement of the 
prismatic portion to the total displacement, equals one (p=1). 
The three curves in FIG. 6A show the variation of net vertical 
force on the cylinder due to passage of a single wave from 
three different wave trains. The three wave trains have periods 
of 10, 14 and 20 seconds; the corresponding wave lengths are 
512, 1,004 and 2,048 ft., respectively. In this example and all 
subsequent examples it is assumed that the wave height cor 
responding to each wavelength equals either one-tenth of the 
wavelength or the maximum design wave height, whichever is 
smaller. In this and most of the subsequent examples, except 
where noted, the maximum design wave height is 100 ft. 
Therefore, the corresponding wave heights for the curves in 
FIG. 6A are 51.2, 100 and 100 ft., respectively. The variation 
of net vertical forces is expressed as a percent of total dis 
placement. For example, a 20-second wave causes a reduction 
in net vertical force of about 32 percent of the displacement 
when the wave trough is aligned at the axis of the cylindrical 
buoy. When the crest is aligned with the axis of the cylindrical 
buoy there is an increase in net vertical force of about 22 per 
cent of the displacement. By virtue of the decrease in net ver 
tical force at the trough and the increase at the crest, this ex 
ample demonstrates that forces due to variable buoyancy are 
dominating for the high prismatic ratio. As an explanation of 
terminology, the term "leading crest" is that part of the wave 
halfway between the trough and the next crest. The term "fol 
lowing crest' is that part of the wave train at a point one-half 
way between the crest and the next trough. 

F.G. 6B shows similar curves for another fundamental con 
figuration of a vertically moored structure. In this case the en 
tire displacement is contributed by a spherical cavity at the 
bottom of the buoy and the portion of the structure projecting 
upwards from the sphere has an extremely small cross section. 
Consequently, the prismatic portion contributes essentially 
nothing to the total displacement, and the annular, or auxilia 
ry, portion contributes the entire displacement. The prismatic 
ratio equals zero (p=0). The curves of FIG. 6B show that the 
maximum variation in net vertical force is about 30 percent of 
the displacement in the long-period, 20-second wave. How 
ever, in this example, the vertically moored structure ex 
periences an increase in net vertical force when the wave 
trough is aligned with the buoy, rather than a decrease as with 
the cylindrical buoy in FIG. 6A. This example demonstrates 
that for a low prismatic ratio the forces due to vertical water 
acceleration are dominating. 
My invention teaches that for a low prismatic ratio, forces 

due to vertical water acceleration are dominating while for a 
high prismatic ratio, forces due to variation in buoyancy are 
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dominating. Moreover, my invention teaches that for an inter 
mediate value of the prismatic ratio, p, there exists a balance 
between variable buoyancy forces and vertical water accelera 
tion forces such that the variation in net vertical force for the 
wavelengths of interest are substantially smaller than in the 
two fundamental cases examined above. 
Consider for example a vertically moored structure of my 

invention as shown in FIG. 6C. In this case the parameters 
describing the physical properties of the bottle are r=1.853, 
(LIH)=-0.5 and p=0.545. In addition, the maximum design 
wave height, h, is 100 ft. and the draft, H, is 125 ft., which 
is the same as in the two preceding examples. The curves of 
FIG. 6C show the variation of net vertical force when the bot 
tle is subjected to the same three waves. In this case the max 
imum variation in force is about 7 percent and it occurs under 
the influence of both the 10 and 20 second waves, although it 
is an increase for the 10-second wave and a decrease for the 
20-second wave. FIG. 6C shows that for a bottle with this 
specific distribution of displacement, vertical water accelera 
tion forces dominate for short-period waves while variable 
buoyancy forces dominate for longer-period waves. Further 

... more, there is a wave (about a 16-second wave) for which 
there is virtually no variation in net vertical force because 
there is a perfect balance between the variable buoyancy and 
vertical water acceleration forces. 

If the prismatic ratio had been slightly greater, buoyancy 
forces would have dominated as in FIG. 6A, consequently the 
maximum variation due to the 20-second wave (a decrease in 
net vertical force) would have been greater than 7 percent. If 
the prismatic ratio had been smaller, as in FIG. 6B, vertical 
water acceleration forces would have dominated and con 
sequently the maximum variation due to the 10-second wave 
(an increase in net vertical force) would have been greater 
than 7 percent. Therefore, my invention teaches that for the 
range of waves of interest, 10- to 20-second waves, that a best 
balance between the two influencing vertical forces is ob 
tained for the combination of parameters in FIG. 6C, re-1.853, 
L/H=0.5 and p=0.545. 
There are other combinations of the parameters r, L/H and 

p for which a best balance between the two vertical forces is 
obtained. These are found by studying a wide range of practi 
cal combinations of the parameters in the same manner as 
described for FIG. 6C. For each set of parameters the max 
imum variation in net vertical force due to any wave in the 
range of interest is noted. The maximum variation is then 
plotted for each set of parameters on a type of "contour" plot 
such as in FIGS. 4A, 4B, SA and 5B. Such a plot indicates the 
combination of parameters giving the lowest value for the 
maximum variation, the "valleys,' and also shows which sets 
of parameters give slightly higher, but practically acceptable 
values of the variation. FIGS. 4A and 4B give values for a 100 
ft. draft and FIGS.5A and 5B for a 125-ft. draft. 
The basic configuration of the bottle is described by any two 

of the three parameters. The most fundamental set is r and 
LIH where p is a function of these two parameters. On the 
other hand, it is convenient to express the design of the 
buoyancy members in terms of p and r. Therefore, both com 
binations of parameters are used in FIGS. 4A through 5B to il 
lustrate the preferred design configurations. In FIG. 4A, solid 
line 80 represents the relation between r and L/H for which 
the magnitude of the net vertical force has been minimized 
over the selected range of wavelengths. The same relationship 
is illustrated by solid line 80A of FIG. 5A. These forces were 
evaluated using Equation (4). 

It is recognized that the most practical selection of r and 
L/H may not always be for the minimum net vertical force and 
therefore some knowledge is needed of the influence of varia 
tions from the minimum. Area 82 on either side of line 80, 
FIG. 4A, (or area 82A of FIG. 5A) represents variations in r 
and LIH which might occur or be possible if a net vertical 
force equal to 10 percent of the total displacement would be 
tolerated. If a net vertical force equivalent to 12%% of the 
total displacement can be tolerated, r and L/H can vary so 

8 
long as their corresponding ordinate and coordinate intersect 
within shaded area 84 in FIG. 4A, 

In FIG. 4B, the solid line 90 represents the best selection of 
p and r for a design draft of 100 feet, i.e., the magnitude of the 
net vertical force has been minimized over the selected range 
of wavelengths for the value of p and rfalling on solid line 90. 
(in FIG. 5B, solid line 90A represents the best selection of p 
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and r for a design draft of 125 feet.) In FIG. 4B, shaded area 
92 and shaded area 94, respectively represent regions for 
which changes are less than 10 percent and 12% percent of 
the total displacement. In FIG. 5B, shaded area 92A 
represents regions for which changes are less than 10 percent 
of the total displacement for 125 feet draft. 

Citing FIGS. 4A and 4B, my invention teaches that for the 
design of a vertically moored structure consisting of a single 
bottle having a draft of 100 ft. that the maximum variation of 
net vertical force on the structure could be minimized by 
keeping the displacement due to the prismatic portion 
between 40 and 60 percent of the total displacement (0.4 sp 
s 0.6). More specifically my invention teaches the designer 
that a more practical design, one for which the maximum 
variation of net vertical force is within 12.5 percent of the 
total displacement, can be obtained by selecting combinations 
of design parameters which fall within the shaded region 84 of 
FIG. 4A or 94 of FIG, 4B; or one for which the maximum 
variation of net vertical force is within 10 percent of the dis 
placement can be obtained by a selected combination of 
design parameters which lie within the shaded region, 82 of 
FIG. 4A or 92 of FIG. 4B. Furthermore, my invention teaches 
that if the combination of design parameters lies on the heavy 
line, 80 in FIG. 4A or 90 in FIG. 4B, then the maximum varia 
tion of net vertical force is reduced to the smallest amount 
possible. 

Citing FIGS. 5A and 5B, my invention teaches that for the 
design of a vertically moored structure of this nature having a 
draft of 125 feet, that the maximum variation of net vertical 
force on the structure could be minimized by keeping the dis 
placement due to the prismatic portion between 45 and 65 
percent of the total displacement (0.45 sps 0.65). More 
specifically my invention teaches that a more practical design 
for a vertically moored structure for which the maximum 
variation of net vertical force is within 10 percent of the total 
displacement can be obtained by selecting combinations of 
the design parameters which fall within the shaded region of 
FIGS. 5A and 5B. Furthermore, my invention teaches that if 
the combination of design parameters lies on the heavy line in 
FIGS. SA or 5B, then the maximum variation of net vertical 
force is reduced to the smallest amount possible. 
The configuration of a typical bottle is illustrated in FIG. 

7A, in which the basic design parameters L, H, R and R are 
defined. My invention teaches that it is best to maintain the 
annular to auxiliary displacement as low on the bottle configu 
ration as is possible; in this way the annular or auxiliary dis 
placement is maintained below the wave trough 40. The varia 
tion in net vertical force rises sharply if the annular portion of 
the displacement enters into the wave trough. Therefore, the 
height of the annular or auxiliary displacement is measured 
from the lower most point CK on the bottle. Consequently, my 
invention also teaches that a most advantageous design is one 
for which 
(5) L is H - ha?2 t 
O 

(6) (LIH) s 1 - 2 (hi? H). 
FIG. 7A also shows the approximate location of the center 

of gravity CG and the center of buoyancy CB of a typical bot 
tle configuration. The center of gravity of a vertically moored 
platform is generally higher than the center of buoyancy due 
to the large mass of structure, such as bottle extension or 
deck, and equipment located well above the design wave 
crest. Such a structure would normally be unstable if not for 
the vertical tethering force Twhich is usually applied near the 
base of the structure, for example, CK. 
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This simple type of vertically moored structure consisting of 
a single bottle is restrained from vertical motion, but is free to 
move horizontally, and moreover, is subject to roll or pitch 
motions. When subjected to the horizontal component of 
oscillatory wave forces, the platform moves back and forth 
through the water. FIG. 7B shows the bottle at its furthermost 
excursion towards the right; at this instant the structure is mo 
tionless and its acceleration is a maximum towards the left. At 
this instant the horizontal forces shown are in equilibrium. 
The governing horizontal forces are (a) the fictitious force 
due to platform acceleration F which has a point of applica 
tion at the center of gravity, (b) the horizontal water particle 
acceleration (or inertia) force F which has a point of applica 
tion in the vicinity of the center of buoyancy CB, and (c) 
finally the horizontal component of the tethering force T. 
which acts at the point CK. The above mentioned forces can 
be calculated by fundamental textbook dynamics and 
hydrodynamics. While these forces are in equilibrium in terms 
of horizontal force, they produce moments which are not by 
themselves in equilibrium. These moments will hereinafter be 
called "overturning moments." Water particle drag also 
produces components of horizontal force and overturning mo 
ment which are small due to the shape of the bottle, and there 
fore, will be negligible. 

In the case of the simple vertically moored platform, con 
sisting of a single bottle, overturning moments cause the bottle 
to pitch through an angle 6, which is the single amplitude 
degree of pitch motion. The degree of pitch is large enough for 
the couple between the static vertical forces to be sufficient to 
counter balance the overturning moments. The static vertical 
forces consist of (a) the vertical component of the tethering 
force T, (b) the buoyancy force B and (c) the weight of the 
platform M. 

I will now consider a more complex type of vertically 
moored platform made up of three or more bottles, such as the 
structure depicted in FIGS. 1, 2 and 3 which consists of four 
bottles, or legs. The individual bottles, or legs, are intercon 
nected by a deck structure above water and structural bracing 
below water. The overall structure is extremely rigid. Vertical 
mooring lines, either cables or elongated tubular members, 
are attached to the base of each bottle, or leg. Therefore, the 
platform is free to move in a horizontal direction only and 
pitch or roll motions as well as vertical motions are restrained. 
The platform is subjected to the same forces and overturning 
moments as were the individual bottles discussed previously; 
the vertical and horizontal water particle acceleration forces, 
variable buoyancy force, and platform inertia force. 
The dynamic vertical forces are primarily the variable 

buoyancy and vertical water acceleration forces as before. 
There is also a vertical drag force, but this is insignificant com 
pared to the first two. The net resultant of these vertical forces 
is reacted by variations in the tethering forces, which is the 
same as with the single vertically moored bottle. Also as with 
the single bottle, horizontal forces such as the platform inertia 
force and the horizontal waterinertia forces are reacted by the 
horizontal component of the tethering force. However, 
because this more complex vertically moored platform is not 
free to undergo pitch or roll motion, the overturning moments 
must be reacted by an additional variation in the tethering 
force. Overturning moment for a multilegged vertically 
moored platform is still dominated by coupling between the 
horizontal forces such as due to (a) platform inertia, (b) 
horizontal water particle acceleration forces, and (c) the 
horizontal component of the tethering force. There are other, 
less significant sources of overturning moment such as shown 
in FIG. 8 for a 100-ft., 20-second wave. As noted previously 
horizontal drag produces a small but insignificant contribution 
to overturning moment. Vertical water particle drag forces, 
due to the phase difference of the wave cycle at different legs, 
also contributes a small amount of overturning moment. Wind 
lift on the deck may produce a small amount of moment. If 
elongated members, such as risers, are used to tether the plat 
form instead of cables and if the ends of these members are 
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O 
rigidly attached to the platform rather than attached by a 
hinged connection such as a gimbal joint, then there is a sig 
nificant amount of riser end moment which adds to the over 
turning moment on a platform. The dashed line in FIG. 8 
shows the net overturning moment on a typical four-legged, 
vertically moored platform due to a 100-foot-high, 20-second 
period wave. The net overturning moment is not radically dif 
ferent from the overturning moment due only to coupling of 
horizontal forces. 

Using simple textbook statics, the variation in net tethering 
force due to overturning moment is calculated by making the 
most reasonable assumption that the platform is very rigid 
compared to the vertical tethers which act like elastic springs. 
For a four-legged platform, overturning moment is most de 
manding on the tethers at any given leg if the storm, or waves, 
approach the platform along a diagonal rather than a direction 
normal to a side. In this case the tethers at the two diagonally 
opposite legs which are in line with the storm direction pro 
vide the entire reaction to overturning moment. If the center 
to-center leg spacing along a side is "A," then the reaction to 
overturning moment in each resisting leg is the value of the 
overturning moment divided by A V2. The tethering forces 
in the other two legs are not affected by overturning moment. 

Considering the influence of static horizontal forces such as 
wind and current on variation of vertical tethering forces, one 
of the two legs resisting overturning moment will be more 
heavily loaded than the other. This leg, which will hereinafter 
be called Leg No. 4 as indicated in FIG. 11A, is that leg, or 
bottle, which is oriented toward the oncoming waves. While 
the influence of static horizontal forces will not be considered 
here, it is convenient to distinguish this leg from the others. 
For a positive overturning moment as shown in FIG. 8, the 
variation in tethering force at Leg No. 4 is positive as shown in 
FIG. 9, for each of three different waves. FEG. 9 shows the 
variation in tethering force in Leg. No. 4 due to overturning 
moment only. The variation is expressed as a percent of the 
displacement per bottle, or leg; in this case it is a percent of 
one-fourth of the total displacement. 

in a floating structure as described here, the legs may be 
spaced 200 feet apart, more or less. Because of the wide leg 
spacing, each of the legs may experience different net vertical 
forces at any given instant. Consequently, it is impossible for 
all of the legs to simultaneously experience the maximum net 
vertical force for long-period waves. Therefore, the net verti 
cal force on the entire four-legged structure will never be as 
great as four times the net vertical force on a single vertically 
moored bottle, and in turn, the reaction in the tethers at each 
leg due to net vertical force only will never be as great as the 
reaction in the mooring lines of a single bottle. 

Furthermore, because of the wide leg spacing the dif 
ferences in net vertical forces on individual legs at any instant 
give rise to couples which must also be reacted by variations in 
the tethering forces. Consider the example depicted in FIG. 
10, where the four legs are spaced 200 feet apart in the outline 
of a square and a wave with a 400-foot wavelength is passing 
the platform. There is an instant when the crest of the wave is 
aligned with two legs and the trough is aligned with the other 
two. if the variable buoyancy forces are governing for this 
wave, then the net vertical forces on the bottles at the crest are 
upwards and at the trough are downwards, as illustrated by the 
arrows in FIG. 10. While the net vertical force on the entire 
structure may be nearly balanced, there is a relatively large 
couple, or moment, acting on the structure due to the dif 
ferences in net vertical force. In accordance with my inven 
tion, this couple must be reacted by variations in the tethering 
forces in the same manner as were overturning moments. 

It can be shown that if the variable buoyancy contribution 
to net vertical force is greater than that due to vertical water 
particle acceleration, such as with long period waves, then this 
coupling of net vertical forces acts in the opposite sense to the 
dominant source of overturning moment mentioned previ 
ously. Consequently, the coupling between net vertical force 
on each leg tends to reduce the influence of overturning mo 
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ment, especially for long period waves. However, as the net 
vertical force on individual legs is increased in order to reduce 
the effect of overturning moment, the net vertical force on the 
entire structure is increased. In other words, as the variation in 
mooring force is decreased through a reduction of the effect 
of overturning moment, it is at the same time increased due to 
the increase of net vertical force on the platform. There exists 
a proper amount of net vertical force on individual bottles for 
which the net effect of these influences is minimized. It is a 
concept of this invention to minimize the variation in mooring 
force on the most heavily loaded leg, and therefore the max 
imum mooring force over the range of important wavelengths, 
through a proper selection of the ratios of variable buoyancy 
force and vertical water acceleration force as was done previ 
ously to minimize net vertical force for the single vertically 
moored bottle. 
There are three contributions to the variation in mooring 

force in the most heavily loaded leg. These are (a) the reac 
tion to net vertical force on the entire structure, (b) the eac 
tion to overturning moments and (c) the reaction to coupling 
of vertical forces on individual, widely spaced legs. FIG. 11A 
shows the variations in mooring force in Leg No. 4 due to each 
of these influences for a 100-ft., 20-sec. wave. The net varia 
tion is also shown by the heavy line. For this example the plat 
forms consist of four bottles where each bottle has the same 
physical properties as in FIG. 6C: r = 1.853, LIH = 0.5, p = 
0.545. The variation in mooring force is expressed as a per 
cent of the displacement per bottle. The maximum variation 
for the 20-second wave is about 13.5 percent and occurs 
shortly after the wave trough has passed the center of the plat 
form. In FIG. 11A it is worth pointing out that for the long 
period wave, the variation due to coupling of net vertical 
forces on individual legs while small in magnitude acts op 
posite in sense to the variation due to overturning moments. 

FIG. 11B shows the net variation in mooring force for three 
different waves. It is evident from these curves that the max 
imum variation in mooring force due to any of the waves in the 
range of interest is 14.1 percent. For the platform examined in 
FIG. 11, the draft is 125 feet, leg spacing is 160 feet, total dis 
placement is 28,675 kips (1 kip = 1,000 lb.), weight of struc 
ture and equipment is about 18,675 kips and the total, still 
water mooring force is 10,000 kips. While the maximum net 
variation in mooring force is 14.1 percent of the displacement 
per leg, it is about 40 percent (14.1 x 28,675/10,000 = 40.4) 
of the still water mooring force per leg. 

FIGS. 12 and 13 show the influence of other bottle configu 
rations on maximum net variation in mooring force. In each of 
these examples the platform size including displacement is the 
same as in FIG. 11 and only the proportions of prismatic and 
annular displacements are altered by varying the shape of in 
dividual bottles. The variation in mooring force due to over 
turning moment is essentially the same in each case for similar 
waves. Therefore, the net variation in mooring force is altered 
only by the variation of net vertical forces on individual bot 
tles. 

In FIGS. 12A and 12B the displacement is due entirely to 
the cylindrical prismatic portion (p = 1). It is interesting that 
the variation due to coupling of net vertical forces on in 
dividual bottles almost completely counterbalances the varia 
tion due to overturning moment. Consequently, the net varia 
tion in mooring force is almost entirely due to total net vertical 
force on the platform. As a result, the maximum variation in 
mooring force is 32 percent of the displacement per bottle and 
occurs when the trough of the wave is at the center of the plat 
form. This is very similar to the response of the vertically 
moored, single cylindrical bottle. 

In FIGS. 13A and 13B the displacement is due entirely to 
the annular portion at the base of the leg (p = 0). In this case 
the net variation of mooring force is a complex combination of 
the three influences as shown in FIG. 13A for the 20-second 
wave. Because vertical water acceleration forces are dominat 
ing instead of variable buoyancy forces, the influences due to 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

12 
for FIG. 12A. Consequently, the variation in mooring force 
due to coupling of net vertical force on individual legs adds to 
the variation in mooring force due to overturning moment. 
Furthermore, the maximum net variation in mooring force, 45 
percent, is much greater than the net vertical force on a single 
bottle of this configuration. 

It is apparent by comparing FIG. 11B with FIGS. 12B and 
13B that the maximum variation in mooring forces, for the 
range of waves of interest, can vary significantly depending on 
the configuration of the individual legs. I have discovered that 
there are certain combinations of the design parameters r, L/H 
and p for which a minimum value can be achieved for the max 
imum variation in mooring force. A type of "contour' plot, 
similar to those prepared for net vertical force on individual 
bottles in FIGS. 4 and 5, can be prepared giving the percent 
age variation in mooring force as a function of the shape 
parameters r, L/Handp. 

In order to prepare such a plot we need to examine a large 
number of examples such as in FIGS. 11, 12 and 13 for the 
range of waves of interest and for a wide range of the shape 
parameters. For each set of shape parameters the maximum 
variation of mooring force is noted. Next, the values of max 
imum variation can be plotted as a function of the shape 
parameters such as in FIGS. 14 or 15. Actually, FIG. 14 assists 
in preparing FIG. 15. In FIG. 14 the maximum variation 
(designated AT), as a percent of displacement per leg 
(designated b), is plotted versus r for fixed values of LIH. This 
simplifies the procedure for determining the values of r and 
L/Hat which the maximum variation is an even value, such as 
0.14, 0.16, 0.18, 0.20, etc. Finally, the contours for fixed 
values of maximum variation are plotted versus LIH and ras in 
FIG. 15A, or versusp ras in FIG. 15B. FIGS. 14, 15A and 15B 
have been prepared from calculations for a specific platform 
and design criteria. The pertinent data are 

1. Maximum Design Wave Height = 100 feet, 
2. Draft= 125 feet, 
3. Leg Spacing = 160 feet, 
4. Total Displacement=28,675 kips, 
5. Platform Weight = 18,675 kips, 
6. Total Still Water Mooring Force = 10,000 kips. 
From FIG. 14 it is apparent that the minimum attainable 

value of maximum variation is about 13.5 percent of displace 
ment per leg (28,675/4 = 7,170 kips). This would account for 
about a 39 percent variation of the still water mooring force 
per leg (13.5 X28,675/10,000 = 38.7). It may not always be 
practical to select a configuration for which the shape parame 
ters indicate the lowest value of maximum variation. However, 
my invention teaches that a practical range of maximum varia 
tion, e.g., less than 1.2 times the lowest value, is attainable if 
the set uf shape parameters lie within the 16 percent contours 
(1.2 x 13.5 = 16.2), the shaded regions of FIGS. 15A or 15B. 
My invention teaches, when designing a platform for the 

size and maximum design wave height listed above, that max 
imum variation of mooring force for the range of wave lengths 
of practical interest can be minimized to a range of practically 
acceptable values (e.g., less than about 16 percent) if the 
shape parameters which govern the shape of the individual 
bottles lie within or near the shaded regions of FIGS. 15A or 
15B. Moreover, the best selection of shape parameters in 
order to minimize variation in mooring forces are those falling 
on the heavy dashed line in either FIGS. 15A or 15B. 

FIG. 15 illustrates the best selection of shape parameters for 
a limited case, namely one designed for a maximum wave, 
draft, displacement, etc., equal to the values itemized above. I 
will now demonstrate the best selection of shape parameters 
for other values of leg spacing, draft, maximum design wave 
height, displacement and platform weight. 
Comparison of FIGS. 16, 15 and 17, in that order, demon 

strates the influence of varying leg spacing. In these examples 
all other parameters remain constant, while the leg spacing 
takes values of 140 feet, 160 feet and 200 feet, respectively. 
Changing the leg spacing has not significantly altered the posi 

net vertical force on individual legs act in the opposite sense as 75 tion of the heavy dashed line which describes the best selec 
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tion of shape parameters. Neither has it significantly altered 
the region for selection of most practical combinations of 
shape parameters, the shaded region in each figure. (In these 
examples and all subsequent examples, the shaded region 
bounds those sets of parameters for which the maximum varia 
tion is less than or equal to 1.2 times the lowest attainable 
value of maximum variation). However, for the range of 
values of leg spacing examined, the minimum attainable value 
of maximum variation is approximately proportional to the in 
verse of leg spacing. 
My invention teaches the best combination of shape 

parameters defined by the heavy, dashed line in FIG. 15 and 
the most practical combination of design parameters as 
defined by the shaded region in FIG. 15 are independent of leg 
spacing. However, my invention also teaches that the lowest 
attainable value of maximum variation is inversely propor 
tional to leg spacing. 
Comparison of FIGS. 18, 15 and 19 in that order demon 

strate the effect of altering draft. In these three examples all 
parameters are the same as listed above except the still water 
draft of the bottles, which are 100 feet, 125 feet, and 150 feet, 
respectively. Changing the draft does alter slightly the position 
of the heavy dashed line and the shaded region, which denote 
the best combination of shape parameters and the range of 
practical combinations of the shape parameters, respectively. 
As one example, my invention teaches for a platform with 

the following properties: 
1. Maximum Design Wave Height = 100 feet 
2. Total Displacement = 28,675 kips 
3. Platform Weight = 18,675 kips 
4. Total Still Water Mooring Force = 10,000 kips and for a 

100-foot draft that the most practical combination of shape 
parameters are those falling in the shaded region of FIGS. 18A 
and 18B and that the best selection of shape parameters are 
those lying on or near the heavy dashed line in FIGS. 18A and 
18B. Also for a platform with the above list of properties, but a 
draft of 150 feet, my invention teaches that the most practical 
combination of shape parameters are those lying in the shaded 
region of FIG. 19 and that the best selection of shape parame 
ters are those sets lying on or near the heavy, dashed line of 
FIG. 19. Furthermore, for a platform with the properties listed 
above and designed for a maximum design wave height listed 
above but having a draft between 100 feet and 150 feet, the 
range of most practical sets of the shape parameters are found 
approximately by interpolating between the shaded regions of 
FIGS. 18, 15 and 19; and the best combination of shape 
parameters are determined approximately by interpolating 
between the heavy dashed lines in FIGS. 18, 15 and 19. For 
these figures the maximum value of the prismatic ratio p is 
about 0.8 and the minimum value is about 0.5. However, in 
FIG. 4 the minimum value of p is about 0.4. I have found that 
for a wide range of design in vertically moored platforms 
(covering the generally acceptable sizes) that the prismatic 
ratio should be between about 0.4 and 0.8. 
Furthermore, the lowest attainable value of maximum varia 

tion is influenced significantly by changes in draft, especially 
for shallower draft. The lowest value is about 15 percent for a 
100-foot draft as compared to 13.5 percent for a 125-foot 
draft and about 13.2 percent for a 150-foot draft. For a 
decrease in draft less than 100 feet, the lowest value of the 
maximum variation rises rapidly, while for an increase in draft 
above 150 feet there is little additional reduction in the lowest 
value of maximum variation. Therefore, my invention teaches 
that, at least for a maximum design wave height h of 100 
feet, the penalty in terms of variation of tethering force 
becomes very severe for a draft H less than 100 feet (hnal H > 
1.00). Furthermore, my invention teaches that, for the same 
maximum design wave height, h, the penalty in terms of un 
necessary structure becomes costly with a design draft H 
greater than 150 feet (hi? H < 0.67). Therefore, my inven 
tion teaches that for a platform of the displacement being 
discussed here, 28,675 kips, the most attractive ratio (hna/H) 
of maximum design wave height to draft is about 0.8 and that 
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4. 
the practical range for this ratio is between 0.67 and 1.00 
(0.67 s hi? H s 1.0). 

In FIG. 18, the sharp convergence of the "contours' for 
values of LIH greater than 0.5 demonstrates the effect of the 
annular portion of the displacement projecting above the 
wave trough. The result is that the values of maximum varia 
tion in mooring force rise sharply as more of the annular dis 
placement projects into the trough of the wave. Therefore, my 
invention teaches that a best selection of shape parameters is 
one which maintains the top of the annular, or auxiliary, por 
tion of displacement near or below the trough of the maximum 
design wave. Mathematically, this teaching is formulated by 
the bounds established by Inequalities (5) or (6). 
Whereas I have taught that the best selection of draft for a 

given maximum design wave height should be determined 
from the ratio (hn/H) as 0.8, it is also instructive to look at 
the influence of varying draft for constant values of this ratio. 
FIGS. 20 and 21 demonstrate the values of maximum varia 
tion of mooring force for other maximum design waves, 60 
feet and 80 feet, and corresponding draft, 75 feet and 100 
feet, respectively. In each case the leg spacing displacement 
and platform mass is the same as in FIG. 15. Also, the ratio of 
maximum design wave height to draft is the same in every case 
(hn/HAwx 0.8). 
Comparison of FIGS. 20, 21, and 15 shows the influence of 

varying draft for fixed ratios of (hn/H). The effect of smaller 
draft is to alter the position of the heavy, dashed line and the 
shaded region, which correspond to the best combination of 
shape parameters and the most practical range of shape 
parameters, respectively. More importantly such a com 
parison shows that the lowest attainable value of maximum 
variation in mooring force is not altered significantly by so 
large a variation in draft; in the three examples the value is 
about 12.1 to 13.5 percent. This observation strengthens my 
earlier teaching that the best ratio of maximum design wave 
height to draft is about 0.8 (hn? Has 0.8), independently of 
the value of either draft or maximum design wave height. 
However, the density of the lines in FIG. 20 indicates for so 
small a draft (or more exactly, for so large a displacement for 
the given draft) that the values of maximum variation in moor 
ing force are very sensitive to the selection of the shape 
parameters. 
As an example, my invention teaches for a platform with the 

following properties: 
1. Ratio; hi? H = 0.8 
2. Total Displacement= 28,675 kips 
3. Platform Mass= 18,675 kips 
4. Total Still Water Mooring Force = 10,000 kips 

and for a 75-foot draft that the most practical combination of 
shape parameters are those falling in the shaded region of FIG. 
20 and that the best selection of shape parameters are those 
lying on or near the heavy, dashed line in FIG. 20. Also, for a 
platform with the above list of properties, but a draft of 100 
feet, my invention teaches that the most practical combination 
of shape parameters are those falling into the shaded region of 
FIG. 21 and that the best selection of shape parameters are 
those sets lying on or near the heavy, dashed line of FIG. 21. 
Furthermore, for a platform with the dimensions listed above 
and for drafts lying between 75 feet and 125 feet, the range of 
most practical combinations of the shape parameters are 
found approximately by interpolating between the shaded re 
gions of FIGS. 20, 21 and 15; and the best combination of 
shape parameters are determined approximately by inter 
polating between the heavy, dashed lines in FIGS. 20, 21 and 
S. 
Comparison of FIGS. 22, 15 and 23, in that order, demon 

strate the effect of total displacement on maximum variation 
of mooring force. For each case shown the maximum design 
wave height is 100 feet, draft is 125 feet and leg spacing is 160 
feet. Total displacements are 14,700 kips, 28,675 kips and 
57,350 kips, respectively. The ratio (MIB) of platform mass to 
total displacement is the same in each case. Consequently, two 
parameters have been varied simultaneously; however, as will 



3,648,638 
15 

be discussed shortly, variation of the platform mass within 
practical limitations has no significant influence on the values 
of maximum variation of mooring force. Since the total still 
water mooring force T is simply the difference between total 
displacement and platform mass, the ratio (TIB) is also the 
same in each example. Therefore, in order to express the 
variation of mooring force as a percent of the still water moor 
ing force, the value of the variation found in the "contour' 
plots, which is expressed as a percent of displacement per leg, 
is multiplied by 2.87 (=28,675/10,000) in each of these exam 
ples. 
As seen by the comparison, changing displacement has a 

significant influence on selection of the proper shape parame 
ters. Moreover, the lowest attainable value of maximum varia 
tion rises with a decrease in displacement, whereas this value 
does not decrease significantly for an increase in displace 
ment. From examination of several other examples not shown 
here, it was found that the values of maximum variation rise 
sharply for displacements less than about 20,000 kips in the 
case of the specific design properties listed above. 

Therefore, my invention teaches for a platform with the fol 
lowing design parameters and dimensions: 

1. Ratio: hr/H = 0.8 
2. Draft = 125 feet 
3. Ratio: M/B = 18,675/28,675 
4. Ratio: TIB = 10,000/28,675 

and for a 14,700-kip displacement that the most practical 
combination of shape parameters are those falling in the 
shaded region of FIG. 22 and that the best selection of shape 
parameters are those lying on or near the heavy, dashed line in 
FIG. 22. Also, for a platform with the above listed properties, 
but a 57,300-kips displacement, my invention teaches that the 
most practical combination of shape parameters are those 
falling into the shaded region of FIG. 23 and that the best 
selection of shape parameters are those sets lying on or near 
the heavy, dashed line of FIG. 23. Furthermore, for a platform 
with the design properties listed above and for displacements 
lying between 14,700 kips and 57,300 kips, the range of most 
practical combinations of the shape parameters are found ap 
proximately by interpolating between the shaded regions of 
FIGS. 22, 15 and 23; and the best combinations of shape 
parameters are determined approximately by interpolating 
between the heavy, dashed lines in FIGS. 22, 15 and 23. 

Several cases, not included herein, have been examined in 
which platform mass was varied independently of all other 
parameters. It was observed that such variation of platform 
mass, within practical limitations, did not significantly alter 
the range of the most practical combinations of shape parame 
ters in each case, the shaded regions, or the values of the best 
combination of shape parameters in each case, the heavy, 
dashed line. 
The practical range of platform mass was determined as foll 

lows. The platform mass comprises (a) equipment of weight Q 
such as for drilling or producing, and (b) the structural mass 
of the platform. From design experience I have observed that 
the mass of the deck required to provide the necessary support 
for the equipment of weight Q is approximately Q/4. Also, the 
mass of the jacket necessary to obtain the required displace 
ment B is approximately Bf4. These two observations are suffi 
ciently accurate for a practical range of platform dimensions. 
Therefore, the total platform mass is the sum of the above 
three contributions, or 
(7) Mas Q -- Of4 + Bf4 = (5 O+B)/4 
For the purposes of offshore petroleum drilling and produc 
tion, equipment weights might vary between 4,500 kips and 
18,000 kips. Therefore, the bounds on platform mass are a 
function of the design displacement as follows: 
(8) 5,600 kips + Bf4 s M s 22,500 kips + B/4 
Therefore, for the range of values for displacement which 
were discussed previously (14,700 kipss BS 57,300 kips), 
above inequality. 
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In view of the above description of practical range for plat 

form mass, my invention teaches that the maximum net varia 
tion of mooring force, where expressed as a function of dis 
placement per leg, is not significantly influenced by an altera 
tion of the platform mass. However, my invention teaches that 
the maximum variation of mooring force expressed as a per 
cent of the total mooring force can be decreased by decreas 
ing the platform mass, and consequently, increasing the total 
mooring force, for a fixed displacement, as demonstrated by 
the following derivation: m 
(9) ATIT= (ATIB) ; B/Fe (AT)/BB/B-M = (AT)B/(1- MIB) 
While I have heretofore taught the best selection of shape 

parameters for only a few of the many examples studied, I now 
propose to teach a means for determining the best selection of 
shape parameters for the entire range of each of the parame 
ters which I have discussed. Many examples, not all of which 
have been included herein, have been studied. These exam 
ples were selected from the large range of cases bounded by 
the limits on the following parameters: 

1. Maximum design wave height, 60 ft. s h s 100 ft. 
2. Draft, 75 ft. s H s 150 ft. 
3. Leg Spacing, 140 ft. s. A s 200ft. 
4. Displacement, 14,700 kips s B s 57,300 kips 
5. Platform Mass, see (8) for limits on M 
6. Total mooring force, T = B-M Obviously, not all of the 

possible combinations of these parameters could be examined. 
However, a sufficient number of examples were studied so 
that an empirical formulation could be derived, using curve 
fitting techniques, which will give with suitable approximation 
the best selection of the shape parameters. 

Best Combinations of Shape Parameters 
Those combinations of shape parameters which give the 

lowest value of maximum variation of mooring force (those 
combinations which were defined by the heavy, dashed lines 
in FIGS. 15 through 23) are defined by the formula 
(10) r = 1 + CI(LIH)." 
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(29.775) 

) (4588) 
B 

-- (a 
H 

n = - (0.088) -- (125) 

- (0.56) ( 

(1) C = (0.4505) - 

himax (0.07) 
s 

) (os) VO 
3. 

(573,000) 

(12) 
himax (3928.5) 
H ) -- B 

in accordance with my earlier teaching Formula (10) is 
valid for 
(13) . . . . . (LIH) s 1-4(h/H) 
Formula (10) gives the best value of r for each value of L as a 
function of draft H, displacement B and the ratio (h/H) of 
maximum design wave height to draft. The best value of r for 
each L is independent of leg spacing A and platform mass M as 
was taught earlier. 

Range of Practical Values 
As was noted previously the range of most practical com 

binations of the shape parameters is arbitrarily defined as con 
taining all sets for which maximum variation in mooring force 
is within 20 percent of the lowest attainable value of maximum 
variation for the given draft, displacement, etc. In FIGS. 15 
through 23 this range was defined by the shaded regions. 
Through the use of curve fitting techniques, the range of prac 
tical values of r for each value L, may be suitably approxi 
mated by 



where r is defined by Formula (10). 
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H2 
(14) rt- (0.341 ...) S. r 

k \ H 
s r -- (34.41 f ) B 

The empirical Formulas (10) through (14) which define the 
best or most practical combinations of shape parameters are 
in terms of r and L, only. The prismatic ratiop corresponding 
to each combination of r and L, is determined directly from 
the values of r and L, but depends on the overall bottle con 
figuration. For the general bottle shape associated with my in 
vention (FIG. 7), p is given approximately by 

l 
p = 2 r w 

(r,t2+(-) (r-1) 
For other practical configurations, the values of p will not be 
significantly different as long as R is always the maximum 
radius of the bottle, R is the bottle radius at still water level 
and L is the height of the annular, or auxiliary, portion mea 
sured from the lowest point on the bottle. 

Previously, I taught that the best design draft for a given 
maximum design wave height is determined by the ratio (h 

fH = 0.8). If this specific value is chosen for the ratio, the 
best selection of the shape parameters is given by (10) and the 
most practical range of shape parameters is given by (14), 

(15) 

where C and n are determined specifically by 

- (29.775') (3670.4) B 
(16) C = (0.4265) H -- B (895,310i) 

H (3928.5k) 
(17) n = - (0.088) -- - - - - - 

(226.76') B 

The selection of an exact maximum design wave height is 
somewhat ambiguous. The simple wave theory employed in 4 
this study is approximate, but suitable. There are other wave 
theories which would render slightly different results for a 
specific maximum design wave height and platform size. 
Therefore, it is more practical to speak of a range of shape 
parameters in which the best selection of shape parameters 
are contained; but, by this definition, the best combination of 
parameters is not specified exactly. 
Suppose for example that it is impossible to say the ratio (h 
/H) is exactly 0.8, but the designer is reasonably confident 

0.75 s hf H is 0.85. 
My invention then teaches that the designer is reasonably cer 
tain of designing the best configuration if for a given value of 
L, r is bounded by 
(19) r s R s r. 
where 

(20) r = 1 + c, (I) 1. 
- (0.4261) - (34°). - B - (21) c = (0.4261) -- - + (1,018,670), 

H (3928.5) (22) m- --- ------------- n--(0.088)+asant - a 
and 

L 23) r = 1 +c(t) (23) r cal H 

(29.775') (3900) B T C = (0. --...-- - -m- (24), C = (0.427l) - + - (793,080k) 

928.5k D (3928.5'). = - (0.088) -- - - - n:-- (0.088) + B (25) 
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Moreover, the range of "most practical" combinations of 

shape parameters, the shaded regions, becomes the "union" 
of all regions defined by (14) for all values of (hina/H) which 
are bounded by (18). More specifically, the range of "most 
practical" values of r for each Lisbounded by 

26 r - (o.s.lf.)" s r S r -- (34.4lf); 
I taught previously that the acceptable or practical range for 
the ratio h.mo/His approximately 
(27) 0.65 s (h/H) s 1.00. 
For a ratio smaller than 0.65 there would be too much struc 
ture for the maximum design wave height, and consequently, 
the structure becomes unnecessarily expensive. If the ratio is 
greater than 1.00, there is too small a structure for the max 
imum design wave height, and consequently, the maximum 
variation in mooring force becomes untractable. Therefore, 
my invention teaches the designer that the best selection of 
draft is such that the ratio (hal H) is bounded as in (27). 
Under this condition, the best selection of shape parameters is 
bounded by 
(28) 
where 

ra s r. s ra 

r = 1 + c () - (29) 

(29.775) 
(30) H C = (0.4261) - 

(2982.2) B 
B (1,356,200) 

H (3928.5') 
(196.7') B 

r = 1 + (c(A)) 
(29.775'). (4588) B 

H B (573,000) 

H + (3928.5') 
(284.7') B 

My invention teaches the designer that the maximum variation 
in mooring force is reasonably acceptable if the shape parame 
ters fall within the bounds set forth by (28) through (34) 
above. However, he must also recognize that the very best 
design may not have been defined. 
The range of "most practical' values of r for each L is 

bounded by 

(31) na = - (0.088) + 
and 

(33) C = (0.4305) - 

ft2) B r s. r; +(34.4. ); 
This range comprises the union of all combinations of shape 
parameters which are defined as the most practical combina 
tions by Formulas (10) through (14) for values of (hi? H) 
satisfying (27). 

Attention is directed to FIG. 3 which is taken along the line 
3-3 of FIG. 1. This shows four vertical float members ar 
ranged in a square and connected by cross bracing 34. As can 
be seen, there is a plurality, in this case four, of riser pipes 28A 
which extend upwardly through these vertical float members 
to the deck 12. Derrick 14 supports drilling equipment which 
is used to drill holes in the bottom of the body of water 
through these riser pipes 28A. In this system the well head 
equipment, including blowout preventers, etc., can be located 
at the surface. From the arrangement of FIG. 3, it is seen that 
as many as 16 wells can be conveniently drilled from this one 
structure. After the wells are drilled, the structure can, if 
desired, remain on location and be used as a production 
gathering facility. 
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FIG. 2 illustrates how the upper portion 28A of the riser 
pipes extends through the lower end member 42 of section 20 
of the float. These pipes are rigidly attached, as by welding, to 
such floats or portions of the structure so that the structure is 
rigidly connected to the ocean floor by pipes 28A. 
The predominating vertical forces acting on a properly 

designed, vertically moored platform are associated with iner 
tia and acceleration phenomena. In viewing this invention it is 
illustrative to separate these vertical forces into two catego 
ries: namely, variable buoyancy and vertical water accelera 
tion forces. The two categories of forces act in opposite 
direction, and it is the basic concept of the invention to 
balance the forces to give as small a variation in mooring force 
as possible. In achieving the desired balance, it may for some 
designs be desirable to increase or adjust the acceleration 
force acting on the platform. Acceleration force can be in 
creased by addition of fins 50. Recognize that acceleration 
forces are associated with volumes of displaced and therefore 
accelerated water. The action of the fins is to trap a surround 
ing "hydrodynamic mass' or volume of water. In this way ac 
celeration forces are increased by opening the fins out to en 
trap more hydrodynamic mass. On the other hand, when the 
fins are folded into a vertical position, they do not influence 
acceleration forces. 

Installation of the vertically moored platform might typi 
cally be done according to the following steps: 

1. Launch, or otherwise remove the baseplate 22 from a 
transportation barge. 

2. Lower the baseplate 22 to the ocean floor by means of 
guidelines. 

3. Using a semisubmersible drilling unit (preferably dynami 
cally positioned) drive marine conductors 24 (e.g., 30 inches 
in diameter) through the baseplate following subsea drilling 
practice. 

4. Drill out through the marine conductor 24 for 20-inch 
surface casing. 

5. Run 20-inch surface string with the lower portion of ball 
joint 32 at the top of this 20-inch casing string. 

6. Cement casing string in the well. 
7. Repeat the operation for other conductors and casings in 

stalled in the baseplate. 
8. Bring platform 10 to the location. 
9. Ballast the platform to float at the designed draft. 
10. Using, for example, derrick 14, run elongated members 

28 in the manner normally employed for installing marine 
risers, passing the elongated members through vertical con 
ductor pipes down through the platform. 

11. Make up ball joint 32 at the bottom of each elongated 
member 28. 

12. Weld off, or otherwise fix, the top of elongated members 
28 at the platform deck. 

13. Deballast the platform 10 in order to apply the proper 
tension to the elongated members 28. 
While a limited number of embodiments of the present in 

vention have been shown, various modifications can be made 
thereto without departing from spirit or scope of the inven 
tion. 

I claim: 
1. A floating structure having limited lateral movement for 

use in a body of water which comprises: 
a working deck; 
buoyancy means for supporting said working deck, said 
buoyancy means including a plurality of slender vertical 
float members; 

anchor means in the floor of the body of water; 
horizontally spaced-apart, parallel, elongated members in-, 

terconnecting the said buoyancy means and said anchor 
means whereby said deck is maintained parallel to and at 
a substantially constant angle with reference to the 
horizontal; 

each said vertical float member of said buoyancy means 
having prismatic volume resulting from a straight, verti 
cal, prismatic shape which runs the entire vertical length 
of the buoyancy means, the volume of the prismatic por 
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20 
tion comprising between about 40 and 80 percent of the 
total displacement of the buoyancy means, and the struc 
ture having an auxiliary buoyancy portion having a 
volume of displacement between about 20 and about 60 
percent of the total displacement of the buoyancy means, 
said auxiliary volume being placed below the trough of an 
expected maximum wave; 

said platform and buoyancy means being free of any 
anchoring connection with the water bottom other tha 
said parallel elongated members. 

2. A structure as defined in claim 1 in which the volume of 
the prismatic portion comprises between about 40 and about 
60 percent of the total displacement of the buoyancy means. 

3. A structure as defined in claim 1 in which the ratio 
h/H is about 0.8 in which he is the height of an expected 
maximum wave and His the still water draft. 

4. A structure as defined as claim 3 in which the still water 
draft is between about 75 feet and about 150 feet. 

5. A structure as defined in claim 1 in which the structure is 
so designed so as to have a still water draft between about 75 
feet and about 150 feet. 

6. An apparatus as defined in claim 1 including pivotal 
means connecting the lower ends of said elongated members 
with said anchor means and additional pivotal means connect 
ing the upper ends of said elongated members with said 
buoyancy means. 

7. An apparatus as defined in claim 1 including horizontal 
fins attached to the lower portion of said buoyancy means. 

8. An apparatus as defined in claim 7 including means to 
move said horizontal fins about a horizontal axis. 

9. An apparatus as defined in claim 1 in which said elon 
gated members are tubular members. 

10. An apparatus as defined in claim 1 including cross brac 
ing between the vertical float means, said cross bracing being 
restricted to the areas below the still waterline. 

11. A floating structure for use in the body of water having 
an expected maximum wave which comprises: 
a deck; 
buoyancy means rigidly supporting said deck, said buoyan 

cy means including at least three slender, vertical float 
members, each such float member having two parts, the 
first part resulting from a straight, vertical, prismatic 
shape which runs the entire vertical length of the vertical 
float member, the volume of the prismatic portion com 
prising between about 40 and about 80 percent of the 
total displacement of the vertical float member, and an 
auxiliary portion exterior said prismatic portion and, 
comprising between about 20 and about 60 percent of the 
total displacement of the buoyancy means below still 
water, said auxiliary portion being placed below the 
trough of the expected maximum wave; 

anchor means at the bottom of said body of water; 
an elongated member connecting each said vertical float 
member and said anchor means, said elongated members 
being parallel; 

said structure being free of any anchoring connection with 
the water bottom other than said parallel elongated mem 
bers. 

12. A structure as defined in claim 11 in which the volume 
of the prismatic portion of the vertical float member is 
between about 45 and 65 percent of the total displacement of 
the vertical float member and the auxiliary portion exterior of 
said prismatic portion comprises between about 55 and about 
35 percent of the total displacement of the buoyancy means 
below still water. 

13. An apparatus as defined in claim 11 including pivotal 
means connecting the lower ends of said elongated members 
with said anchor means and additional pivotal means connect 
ing the upper ends of said elongated members with said 
buoyancy means. 

14. An apparatus as defined in claim 11 in which said elon 
gated members are tubular members. 
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15. A structure as defined in claim 11 in which the ratio 
harf H is about 0.8 in which him is the expected maximum 
wave height and His the still water draft. 

16. A structure as defined in claim 11 with a ratio hi? H 
that is between about 0.65 and about 1.00 where h is the 5 
expected maximum wave height and His the still water draft. 

17. A floating structure for use in a body of water having an 
expected maximum wave heighth, which comprises: 

a deck; 
buoyancy means rigidly supporting said deck, said buoyan 

cy means providing a total still water displacement B and 
including at least one slender vertical float member hav 
ing a still water draft H, comprising two parts, the first 
part resulting from a straight prismatic shape which runs 
the entire vertical length of the vertical float member and 
an auxiliary portion exterior to said prismatic portion 
having an overall vertical length L, said auxiliary portion 
being placed below the trough of the expected maximum 
wave, for which the shape of the slender, vertical float 
member is defined by a value of r, said parameter r being 
the ratio of the maximum radius of the auxiliary portion 
to the radius of the prismatic portion, which value r is 
between about Ira-(0.3441 kipsfift.”)(H/B) and about 
ra-(34.41 kipsfift.)(H/B) where r is determined from 
Equations (29) through (31) and r is determined from 
Equations (32) through (34); 

anchor means at the bottom of said body of water; 
elongated member interconnecting each said slender verti 

cal float member and said anchor means, if there is more 
than one vertical float member, the said elongated mem 
bers associated therewith are parallel; 

said structure being free of any anchoring connection with 
the water bottom other than said elongated member. 

18. A structure as defined in claim 17 in which the ratio (h 
of H) is about 0.8. 
19. A structure as defined in claim 7 in which the ratio 

hif H is between about 0.65 and about 1.00. 
20. A structure as defined in claim 7 in which said elon 

gated members are tubular members. S. 
2. A structure as defined in claim 17 in which there are at 

least three slender vertical float members and an elongated 
member connecting each said slender vertical float member 
and said anchor means, said elongated members being paral 
lel; said structure being free of any anchoring connecting with 
the water bottom other than said elongated members. 

22. A structure as defined in claim 2i in which the ratio 
hf H is between about 0.65 and about 1.00. 

23. A structure as defined in claim 22 in which the ratio 
hn? His about 0.8. 

24. A structure as defined in claim 17 in which r is between 
about ra and ra. 

25. A floating structure for use in a body of water and hav 
ing an expected maximum wave height him which comprises: 

a deck; 
buoyancy means rigidly supporting said deck, said buoyan 
cy means providing a total still water displacement B and 
including at least one slender vertical float member, said 
vertical float member having a still water draft H, com 
prising two parts, the first part resulting from a straight 
prismatic shape which runs the entire vertical length of 
the vertical float member and an auxiliary portion exteri 
or to said prismatic portion having an overall vertical 
length L, said auxiliary portion being placed below the 
trough of the expected maximum wave, for which the 
shape of the slender, vertical float member is defined by a 
value of r, said parameter r being the ratio of the max 
imum radius of the auxiliary portion to the radius of the 
prismatic portion, which value r is between about r 70 
-(0.3441 kips/ft.”)(H/B)) and about r(34.41 
kips/ft.) (HLB) where r1 is determined from equations 
(20) through (22) and r2 is determined from equations 
(23) through (25); 

anchor means at the bottom of said body of water; 
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an elongated member interconnecting each said vertical 

float member and said anchor means, if there is more 
than one vertical float member, the said elongated mem 
bers associated therewith are parallel; 

said structure being free of any anchoring connection with 
the water bottom other than said parallel elongated mem 
bers. 

26. An apparatus as defined in claim 25 including pivotal 
means connecting the lower ends of said elongated members 
with said anchor means and additional pivotal means connect 
ing the upper ends of said elongated members with said 
buoyancy means. 

27. An apparatus as defined in claim 25 in which said elon 
gated members are tubular members. - 

28. A structure as defined in claim 25 in which there are at 
least three slender vertical float members and an elongated 
member connecting each said slender vertical float members 
and said anchor means, the said elongated members as 
sociated therewith being parallel; 

said structure being free of any anchoring connected to the 
water bottom other than said elongated members. 

29. A structure as defined in claim 28 in which the ratio 
hf His between about 0.65 and about 1.00, 

30. A structure as defined in claim 29 in which the ratio 
hil His about 0.8. 

31. A structure as defined in claim 25 in which the value of r 
is between about r and r. 

32. A floating structure as defined in claim 25 in which the 
ratio hi? His between about 0.75 and about 0.85. 

33. A structure as defined in claim 32 in which the ratio 
harl His about 0.8. 

34. A floating structure for use in a body of water having an 
expected maximum wave heighth, which comprises: 

a deck; 
buoyancy means rigidly supporting said deck, said buoyan 
cy means providing a total still water displacement B and 
including at least one slender vertical float member hav 
ing a still water draft H, each said vertical float member 
comprising two parts, the first part resulting from a 
straight prismatic shape which runs the entire vertical 
length of the vertical float member and an auxiliary por 
tion exterior to said prismatic portion having an overall 
vertical length L, said auxiliary portion being placed 
below the trough of the expected maximum design wave, 
for which the shape of the slender, vertical float member 
is defined by a value of r, said parameter r being the ratio 
of the maximum radius of the auxiliary portion of the 
radius of the prismatic portion, which value r is between 
about re-(0.3441 kips/ft.”)(H/B)) and about r 
--(34.41 kips/ft.) (HB) where r is determined from 
Equations (10), (16) and (17); 

anchor means at the bottom of said body of water; 
an elongated member connecting each said vertical float 
member and said anchor means, said elongated members 
associated therewith being parallel; 

said structure being free of any anchoring connection with 
the water bottom other that said parallel elongated mem 
bers. 

35. An apparatus as defined in claim 34 including pivotal 
means connecting the lower ends of said elongated members 
with said anchor means and additional pivotal means connect 
ing the upper ends of said elongated members with said 
buoyancy means. 

36. A structure as defined in claim 34 in which there are at 
least three slender vertical float members and an elongated 
member connecting each said slender vertical float members 
and said anchor means, the said elongated members as 
sociated therewith being parallel; 

said structure being free of any anchoring connection to the 
water bottom other than said elongated members. 

37. An apparatus as defined in claim 34 in which said elon 
gated members are tubular members. 

38. A structure as defined in claim 34 in which the value of r 
is equal to re. 
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39. A structure as defined in claim 34 wherein said ratio imum design wave, for which the shape of the slender, 
h/His about 0.8. vertical float member is defined by either (a) values of p 

40. A structure as defined in claim 36 in which the ratio and r which when plotted as a point falls into the shaded 
h/H is about 0.8. regions of either FIGS. 15B through 23B or falls into 

41. A floating structure for use in a body of water which 5 shaded regions obtained by a linear interpolation between 
comprises: the shaded regions of these figures, said interpolation 
a deck; being made on the basis of still water displacement and 
buoyancy means rigidly supporting said deck, said buoyan- still water draft; 
cy means providing a total still water displacement anchor means at the bottom of said body of water; 
between about 15,000,000 pounds and about 60,000,000 10 an elongated member interconnecting each said buoyancy 
pounds and including at least three slender, vertical float means and said anchor means, said elongated members 
members, each such vertical float member having a still associated therewith being parallel; 
water draft between about 75 feet and about 150 feet and said structure being free of any anchoring connection with 

the water bottom other than said parallel elongated mem 
15 bers. 

42. An apparatus as defined in claim 41 in which said elon 
gated members are tubular members. 

comprising two parts, the first part resulting from a 
straight, vertical prismatic shape which runs the entire 
vertical length of the vertical float member and an aux 
iliary portion exterior to said prismatic portion, said aux 
iliary portion being placed below the trough of the max 
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