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[57] ABSTRACT 
This concerns a deck or platform supported by piles 
above a body of water. The deck is supported by 
slanted or battered piles which converge to a small 
apex area at about the water line elevation. The slanted 
piles pennit the horizontal transfer of load into the soil 
by means of axial loading on the piles. 

8 Claims, 7 Drawing Figures 
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CONFIGURATIONS FOR ICE-RESISTANT 
PLATFORMS 

I BACKGROUND OF THE INVENTION 

1. Field of the Invention 
' ‘This invention relates to a platform or deck sup 
ported above a body of water. It relates especially to a 
particular arrangement of piles for supporting the deck 
in which each of the piles is slanted in a particular man 
ner to aid in the transfer of horizontal load by axial pile 
loading. 

2. Setting of the Invention 
During the last 10 years or so, there has been a tre 

mendous increase in the amount of exploration for, and 
production of, oil in water-covered areas. In a large 
part of such exploration and production, decks are sup 
ported above the bodyof water by piles which are set 
in the bottom. The working deck, piles, etc., are fre 
quently referred to collectively as an offshore platform. 
Then wells are drilled from drilling equipment sup 
ported on the offshore platforms in a manner quite sim 
ilar to dry land operations. The design of the platforms 
is usually a difficult problem. If the platform is under 
designed there is danger of failure endangering both 
human life and property. On the other hand, if the plat 
form is over-designed there is an economic loss and loss 
of valuable materials in over-building the structure. 
Thus, there has been a tremendous amount of ‘study 
and effort put into research in the proper design of such 
platforms. This research involves the study of currents, 
waves, hurricane forces, ice floes, etc. One of the most 
difficult areas is the Arctic North where there are ice 
floes. There the ice forces will be even greater than 
those experienced in any other area, even those experi 
enced‘in the Cook Inlet of Alaska. These ice forces cre 
ate a tremendous horizontal force on the structure. 
One of the major problems involved in the design of 
structures for the high loads to be expected in the Arc 
tic, is the transfer of horizontal loads into the soil. For 
conventional offshore structures, and for the present 
Cook Inlet structures, the horizontal transfer of load 
into the soil is through bending of vertical piles. For the 
higher loads, to be expected in the Arctic, transfer of 
horizontal loads in the conventional manner would pro-v 
pose very dif?cult design problems, especially if the 
soils are very soft as sometimes encountered in offshore 
areas. Thus it is seen that there is a need for a new de 
sign to lessen this problem. The present invention pro 
vides such a radically different design. 

BRIEF DESCRIPTION OF THE INVENTION 

This invention concerns an embodiment of an off 
shore platform in which the horizontal as well as verti 
cal loads are transferred essentially by means of axial 
load on piles. A plurality of piles supports a deck above 
the body of water. The piles are all slanted inwardly 
and converge at a small apex area at or near the water 
line elevation. This configuration makes a small area 
for the ice ?oes to attack and also provides for the hori 
zontal transfer of load to the soil by means of axial load 
on the slanted piles. 

DESCRIPTION OF THE DRAWINGS 

Various objectives and a better understanding of the 
invention can be had from the following description 
taken in conjunction with the drawings. 
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2 
FIG. 1 is a side elevation view of one embodiment of 

an offshore platform according to my invention. 
FIG. 2 is a view taken along the line 2-2 of FIG. 1. 
FIG. 3 is a view of a segment of another embodiment 

of the invention taken between lines 3-3 and 3'--3' 
along the line 3-3 of FIG. 1. 
FIG. 4 illustrates a modification of the embodiment 

of FIG. 1 in which the configuration of the piles of FIG. 
1 has been enclosed by a sheet of metal. 
FIG. 5 shows another arrangement of piles support 

ing a platform according to my invention. 
FIG. 6 is a section view taken along the line 6—6 of 

FIG. 5. 
FIG. 7 is a view taken along the line 7--7 of FIG. 5. 

DETAILED DESCRIPTION OF THE INVENTION 

Attention is directed to FIG. 1 that shows a deck 10 
supported above the surface 12 of the body of water 
14. This support is by battered or slanted piles 16 which 
extend deep into the bottom 18 of water 14. 
As mentioned above it is important that these piles 

have a configuration which has two main features: (I) 
that they be slanting so that the transfer of horizontal 
loads can be by axial load on the piles and (2) that near 
the water line the piles converge to a small area so that 
the area of the ice to which the piles may be subjected 
is minimized. It is preferred that the smallest area to 
which the piles converge be slightly above the normal 
air-water interface so that the ice ?oes will break as 
they “ride” up the sloping piles. A vertical line 20 is 
drawn to intersect the ‘upper end of pile 16A so as to 
define an angle 0. Angle 0 should be sufficiently great 
so that the slope of the composite structure causes sig 
ni?cant vertical force component to be exerted upon 
an ice sheet bearing against the structure. Typically, 
this minimum angle can be about 20°. Typically, the 
maximum angle can be about 45°. Ordinarily, drilling 
operations will be conducted down through piles 16. 
The present technology includes slant drilling rigs ca 
pable of drilling wells from platforms at an angle of up 
to 30° from the vertical, but equipment to drill at 
greater angles could be developed. 
As mentioned above it is important to bring the piles 

‘to a small water line area so that the ice loads on the 
platform are generally reduced. This is accomplished in 
the embodiment shown in FIG. l as it can be seen that 
the piles converge in a small area at about the water 
line 12. This is obtained by having each of the piles 
slant inwardly at about the same angle 0. The direction 
of the piles with respect to the deck are all inwardly. 
Perhaps this can better be seen in FIG. 2 which shows 
piles 16A through 16H. The top of these piles de?nes 
a polygon of eight sides. They also all lie on a circle de 
fined by the top of such piles. Each of these piles is di 
rected inwardly at the same angle p with the sides of a 
polygon illustrated by dotted line 22. By proper selec 
tion of the angle p the pile 16 can be made to converge 
at a relatively small area at about the water line 12. 
The piles in FIG. I between deck 10 and the bottom 

of water 18 approach an hour-glass ?gure having a min 
imized area at or near the water line. As can be seen 
each of the piles constitutes an element of a hyperbo 
loid of one sheet. These piles can, if desired, be en 
closed by skin or sheath such as sheet metal 24. This 
makes a structure such as shown in FIG. 4. If desired, 
the void exterior of piles “and interior of skin or 
sheath 24 can be filled with gravel 26 as illustrated in 
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the cutaway portion of 24 to give added stability to the 
platform. 
Production tubing 28 is provided inside piles 16 and 

extends down to the producing zone. Casing is set and 
cemented in the well in connection with piles 16 in the 
usual manner and is therefore not shown here. Wells 
drilled through these piles 16 are directionally drilled 
under control conditions to complete them at the de 
sired lateral positions. The drilling equipment and pro 
ducing equipment used is supported by deck 10; how 
ever, such equipment has not been shown as such 
equipment is well known. 
The embodiment of FIG. 1 may be modi?ed in vari 

ous manners. For example, for reasons of symmetry 
one may choose to make designs in which there are two 
sets of piles. One set of piles would be similar to that 
shown in FIGS. 1 and 2. The interior circle or set of 
piles would have a battered direction opposite to that 
of the external set of piles. This is shown in FIG. 3 
which shows a portion of the modi?cation between the 
line 3-3 and line 3'--3’ of FIG. 1. The outer set of 
piles 30 is set on an outer circle 32 and each has the 
same angle p with a tangential plane 34. An inner group 
of piles 36 is placed about an inner circle 38. These 
each have the same angle p with a tangent 40. p in each 
case is the same for the inner circle and outer circle ex 
cept that the direction of holes in one set is reversed 
with respect to those of the other. 
Attention is next directed to FIG. 5 which shows an 

other modification of the invention. Shown there is a 
deck 42 supported above a body of water 44 which has 
a bottom 46. The air-water line is indicated by refer 
ence 48. Four structural members or legs 50, 52, 54 
and 56 support the deck. These legs, like piles of FIG. 
1, are slanted inwardly with respect to the center of 
platform 42 and make an angle 0 with the vertical. FIG. 
6 illustrates the small apex area at the water line 48 
where the four legs converge. These legs are tied to 
gether at the area of convergence. As shown in FIG. 6, 
a steel plate 58 is welded or otherwise secured to each 
of the four legs. Thus, the composite structure is a rigid 
frame structure. 
FIG. 7 shows the direction of the legs which they 

have along the line 7-7 of FIG. 5. Each of these legs 
can contain several individual piles 51 which are placed 
deep into the ocean bottom. Drilling and production 
operations are conducted through these piles 51. The 
massive cylindrical legs are typically 10 to 20 feet in di 
ameter and usually do not penetrate the bottom very 
deeply, ordinarily not over about 10 feet, for example. 
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The inner piles within the massive cylindrical legs are 
typically 24 to 42 inches in diameter and penetrate the 
bottom 46 as deep as necessary to develop design hold 
ing capacity. 
While the above embodiments of the invention have 

been described in considerable detail it is to be under 
stood that various modi?cations of the system can be 
made without departing from the spirit or scope of the 
invention. 

I claim: 
I. An offshore structure for use in a water-covered 

area subjected to ice ?oes which comprises: 
a deck; 
a first set of a plurality of battered legs for supporting 

said deck from the bottom of said water-covered 
area, the points of contact between said legs and 
said deck de?ning a polygon, each of said legs 
forming an angle with the vertical, the direction of 
said legs being such that each leg enters the water 
at a point within the vertical projection of said 
polygon to form a small apex area at about the 
water line elevation, there being no bracing exte 
rior of said legs between said deck and said bottom 
of said water-covered area. 

2. A structure as defined in claim 1 in which the verti 
cal angle of each said leg is between about 20° and 
about 45°. 

3. A structure as de?ned in claim 1 in which the legs 
are arranged such that each leg constitutes an element 
of a hyperboloid of one sheet. 

4. A structure as de?ned in claim 2 in which the legs 
are arranged such that they compose a set of osculating 
surfaces at about the water-air interface. 

5. A structure as de?ned in claim 4 in which the legs 
are rigidly tied together at about the level of the water 
air interface. 

6. A structure as de?ned in claim 4 in which the oscu 
lating surface is just above the water-air interface so 
that ice ?oes can ride up the sloping legs, thus causing 
such ice ?oes to break. 

7. A structure as de?ned in claim 2 in which the top 
of the legs are arranged to de?ne a circle, each leg 
making the same vertical angle with a vertical plane 
which is tangential to said circle at such leg. 

8. A structure as defined in claim 7 in which a second 
set of battered legs are arranged inside said ?rst set and 
having a battered direction opposite to that of said ?rst 
set of battered legs. 
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