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(57) ABSTRACT 
The invention relates to a leg assembly for an offshore 
structure, such as a self-elevating jack-up rig. The leg 
assembly has a pair of parallel leg chords divided into a 
plurality of sections by transverse bracing members. Aunit 
of angular bracing members is secured within each such 
section. The unit has four angular members de?ning a 
rhombus, with each angular bracing member attached to a 
transverse bracing member and an adjacent leg chord. The 
braces are connected at four points to each other. The leg 
assembly is free from obstructing, drag-increasing auxiliary 
braces. 
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LEG ASSEMBLY FOR AN OFFSHORE 
STRUCTURE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation-in-part of my 
co-pending application Ser. No. 09/071,760 ?led on May 1, 
1998 for “Leg Assembly for an Offshore Structure,” the full 
disclosure of Which is incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to structural compo 
nents of multi-cord legs and, more particularly, to a leg 
structure With improved drag characteristics. 

[0003] Any object exposed to gas or liquid movement is 
subject to a force acting on exposed surfaces of the object. 
Drag constitutes a component of the force on such surfaces 
in the direction of the mean ?uid ?oW relative to the body. 
When the molecules of ?uid contact the solid surface of an 
object they create friction as the molecules slide along the 
object. 
[0004] Drag, as generally understood in aerodynamics and 
hydrodynamics, imposes limitations upon the top speed of 
vehicles, missiles and the like. The magnitude of drag 
increases as the velocity of the moving body is increased. A 
static body, for example, an offshore structure experiences 
similar drag forces induced by Wind and Wave motions. All 
parts exposed to the air or Water streams must be streamlined 
in order to reduce the drag. 

[0005] In an effort to reduce drag, as Well as make offshore 
structures less costly, naval architects and designers create 
leg structures supporting the offshore platforms as a com 
plex Web of intersecting holloW metal tubes. It Would be 
ideal to form the leg chords and bracings from thin, light 
Weight metal. HoWever, the leg Weight cannot be reduced 
inde?nitely, as the structure is also exposed to overturning 
moments caused by the air and Water movement. Therefore, 
a careful balance must be retained betWeen drag coef?cient 
of the structure and its Weight, so as to develop the most 
optimum inertia response of exposed solid surfaces to the 
forces induced by Wind and Wave motions. 

[0006] One of the examples of the effort to reduce loading 
on leg structure due to Wind is shoWn in US. Pat. No. 
1,935,095 issued on Nov. 14, 1933 to Arthur W. LeWis 
entitled “Derrick Construction.” In that patent, an oil derrick 
supported by four leg members is provided With horiZontal 
and diagonal bracing members. Elongated diagonal braces 
extend betWeen the horiZontal girt members and are con 
nected to the horiZontal girt members in six-point connec 
tion units at the center of the horiZontal braces. The main 
diagonal braces also form a six-point connection unit With 
the legs at a point midWay betWeen the planes of adjacent 
horiZontal girt members. In addition, the patent suggests 
using auxiliary diagonal braces extending from a comer that 
connects a horiZontal girt to the leg to the main horiZontal 
brace, intercepting that brace at midpoint. Such auxiliary 
braces, especially in an offshore environment Would sub 
stantially increase drag and Weight of the vessel, increase the 
cost of the leg construction and the overall cost of the 
offshore structure. 

[0007] Many offshore platforms are designed With leg 
structures extending to the ?oor of the ocean and anchored 
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or embedded in the ?oor for supporting a platform raised 
above the ocean Waves. The legs of such platforms carry 
considerable loads, and particular attention is paid to the 
Weight of an individual leg. The legs are made from non 
corrosive metal capable of Withstanding overturning 
moments in order to support the platform at an elevated 
level. The cost of metal is also a consideration When 
designing the leg of offshore platform designers. Any reduc 
tion in the Weight of the legs translates into considerable cost 
savings to the manufacture and platform oWner. 

[0008] Government regulations also control the quality of 
leg construction. A recent amendment introduced by the 
American Bureau of Shipping (ABS) provided for a change 
in the drag force coef?cient from 0.5 to 0.62. The increase 
in the required drag coef?cient necessitates either provision 
of heavier leg structures to create the necessary resistance to 
air and Water streams or reconsideration of conventional 
designs that most often include horiZontal bracings and 
X-shaped diagonal leg bracings. 

[0009] The present invention contemplates provision of an 
improved leg design Which is in compliance With the neW 
ABS requirements for maintaining the drag coefficient, 
While at the same time providing cost savings through 
reduction of the amount of metal necessary for the construc 
tion of a leg assembly for an offshore structure. 

SUMMARY OF THE INVENTION 

[0010] It is therefore, an object of the present invention to 
provide a leg assembly for offshore platforms, With 
improved drag characteristics. 

[0011] It is another object of the present invention to 
provide a leg assembly and an improved bracing structure 
for offshore platform legs that have less Weight in compari 
son With conventional bracing members. 

[0012] It is a further object of the present invention to 
provide leg structures that are more cost ef?cient to manu 
facture and operate. 

[0013] It is still another object of the present invention to 
provide a leg assembly for an offshore structure that uses a 
minimum number of bracing members to reduce drag and 
Weight of the offshore structure. 

[0014] These and other objects of the invention are 
achieved through a provision of a leg assembly comprising 
a pair of parallel leg chords divided into a plurality of 
sections by transverse bracing members. A unit of angular 
bracing members is secured to the leg chords and transverse 
bracing members Within each section. The unit has a pair of 
angular bracing members extending at an obtuse doWn 
Wardly from a transverse member. Another pair of angular 
bracing members extends upWardly from a transverse brac 
ing member that is located immediately beloW the ?rst 
transverse bracing member. 

[0015] When the units are connected, the bracing angular 
bracing members form a “double-K” structure, With the 
angular bracing members attached back-to-back to a trans 
verse bracing member. The unit of angular bracing members 
resembles a rhombus When seen at a front elevation. The 

legs do not have any other auxiliary braces, providing strong 
support members, While substantially reducing Weight and 
drag of the offshore structure. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] Reference Will noW be made to the drawings, 
Wherein like parts are designated by like numerals, and 
Wherein 

[0017] FIG. 1 is a perspective vieW of an offshore plat 
form using improved leg bracing structure of the present 
invention. 

[0018] FIG. 2 is an outward pro?le of an offshore struc 
ture that utiliZes the improved leg assembly of the present 
invention. 

[0019] FIG. 3 is a schematic vieW of a leg chord With an 
improved bracing members of the present invention; and 

[0020] FIG. 4 is a detail vieW of the bracing member of 
the present invention. 

DETAIL DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0021] Turning noW to the draWings in more detail, 
numeral 10 designates an offshore structure that uses 
elevated legs 12, 14 and 16 for supporting a Work platform 
18. The platform 18 is adapted for conducting mineral 
exploration and production operations offshore. The unit 10 
is designed to operate in over 300 feet Water depth in harsh 
environments, While in less challenging environments, the 
unit can Work in up to 400 feet of Water. 

[0022] The unit 10 conventionally uses a jacking system, 
Whereby the platform 18 is elevated above the Wave motions 
by a rack chock and pinion system. The legs 12, 14 and 16 
extend doWnWardly from the bottom of the platform 18, 
beloW the Water surface 20 to the sea bed 22 to be either 
embedded in the ?oor of the ocean or placed on footings 24, 
26 to ensure stability of the legs and a relatively ?xed 
position of the platform 18 in relation to the sea bed 22. 

[0023] The platform 18 conventionally supports a derrick 
28 and may be provided With a helicopter deck 30, as Well 
as creW living quarters 32. Various cranes 34 can be used for 
riser and export lines, While the hull 36 of the platform 18 
is conventionally divided into compartments (not shoWn) to 
house machinery, equipment, supplies, liquids and the like. 

[0024] Turning noW in more detail to the leg assembly of 
the present invention, reference Will be made to a construc 
tion of the leg 12, bearing in mind that legs 14 and 16 are 
identical, in all respects to the structure of the leg 12. As 
shoWn in the draWings, the leg 12 has three chords 40, 42 
and 44. Secured betWeen the chords 40 and 42 are a plurality 
of bracing members, some of Which are oriented perpen 
dicular to the longitudinal axes of the chords While others 
extend at a predetermined angle thereto. 

[0025] The leg chords 40, 42 and 44 are provided With 
teeth (not shoWn) for engagement With jack-up units and 
elevation of the platform 18 from a ?oating condition, in 
Which it is conventionally transported to the site, to an 
elevated position shoWn in FIGS. 1 and 2, that is to an 
operational height above the Water surface 20. 

[0026] The horiZontal braces 46 are arranged in a trian 
gular con?guration betWeen the chords 40, 42 and 44 at 
various vertical levels along the length of the legs. The 
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horiZontal bracing members 46 are secured to each chord 
along a single imaginary plane passing through the center of 
the bracing members 46. 

[0027] Conventional leg structures are usually provided 
With diagonal braces that Would extend from one comer to 
a diagonally opposite comer of a segment of the leg betWeen 
tWo adjacent horiZontal braces 46. The neW regulations, With 
the increased coef?cient of drag forces requires that the 
braces Withstand stronger forces induced by Wind and Wave 
motions in order to increase safety of the offshore structures. 
Conventional approach Would be to increase surface or mass 
of the braces in order to comply With the neW regulations. 
HoWever, such approach is costly and may not be Widely 
accepted by naval architects, manufacturers and platform 
oWners. The present invention contemplates improvement in 
a conventional design by providing a “double-K” structure 
of the leg braces. 

[0028] As shoWn in more detail in FIGS. 2, 3 and 4, 
angular braces are secured to the leg chords 40, 42 and 44 
in sections de?ned by spaced horiZontal bracing members 
46. A ?rst angular bracing member 50 extends from a 
mid-point 52 of a horiZontal bracing member 46a to a 
mid-point 54 of a section 56 de?ned betWeen adjacent 
horiZontal bracing 46a and a horiZontal bracing 46b. 

[0029] A second angular bracing member 58 extends 
betWeen the mid-point 52 to a mid-point 60 on a leg chord 
42 (FIG. 3) Within the section 56. A third angular member 
62 extends from the mid-point 52 to a mid-point 64 in a 
section 70 above the horizontal bracing member 46a. A 
fourth angular bracing member 66 extends from the mid 
point 52 to a mid-point 68 on the chord 42 Within the next 
adjacent segment 70. 

[0030] The angular members 50, 58 are secured back-to 
back to the angular members 62 and 66 respectively With the 
horiZontal bracing member 46a intersecting the angular 
members in a manner that can be best seen in FIG. 4. In 
effect, When vieWed from a horiZontal level, inclined bracing 
members 50 and 58 form an inverted V-shaped unit attached 
at the apex to the transverse bracing 46a, While the inclined 
bracings 62 and 66 form a V-shaped unit attached at the apex 
to the transverse bracing 46a. The inclined bracings attached 
to midpoints along transverse bracing members 46 and to 
midpoints along leg chord sections de?ned by the transverse 
bracing members 46 form a rhombus Within each section 56, 
70, 80, etc. 

[0031] The bracing members 50 and 66, and the angular 
bracing members 62 and 58 are connected to the horiZontal 
bracing member 46a at four Weld points 72, 74, 76 and 78. 
Empirical data con?rms that these points are critical in 
establishing a secure, rigid attachment of the angular braces 
to the horiZontal braces. Such system is believed to be more 
ef?cient in comparison With a six-point connection system 
found in prior art. 

[0032] As shoWn in FIGS. 2 and 3, the leg chords are 
divided into a plurality of segments by the horiZontal 
bracing members 46. The arrangement of the angular brac 
ing members 50, 58, 62, and 66 is repeated for the next 
section 80 (FIG. 3), Wherein the angular bracings are 
designated by respective numerals 50b, 58b, 62b, and 66b. 
The relative arrangement betWeen the horiZontal and angular 
braces is repeated from section to section. The adjacent 
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chords 40-42, 42-44 and 40-44 are divided into independent 
sections by horizontal bracing members 46 and are provided 
With corresponding angular bracing members 50,58, 62 and 
66. 

[0033] While only one leg assembly Was described, it 
should understood that identical leg assemblies are located 
betWeen leg chords 42-44 and 44-40. In combination, they 
provide bene?ts not available heretofore With conventional 
leg structures. 

[0034] The leg structure of the present invention reduces 
leg drag and storm loads, alloWs to reduce leg Weight, While 
maintaining a high stiffness to Weight ratio. The number of 
Weld points, or ?xed connections is reduced to a minimum 
While the structural integrity of the bracing members 
remains the same as With the conventional bracings or 
greater. Additionally, the strength-to-cost ratio is believed to 
be improved With the leg assembly of the present invention. 

[0035] As an example, and for illustrative purposes only, 
it is envisioned that the horiZontal space betWeen the leg 
chords 40-42, 42-44, and 40-44 can be approximately 39-40 
feet. The chords can be over 500 feet in length, divided into 
segment portions 56, 70, 80, etc. of about 30 feet by bracing 
members 46a, 46b etc. The mid-points 54, 60, 64 and 68 Will 
then be at a distance of betWeen 14-15 feet from the 
horiZontal bracing members 46a, 46b, etc. 

[0036] An angle “a” formed betWeen intersecting angular 
bracings 50, 58 etc. is greater then 90 degrees, such that the 
angular bracings 50, 58 form an obtuse angle, With a 
mid-point 52 being at the apex of the angle. A similar angle 
is formed by the opposing bracings 62, 66, making the 
connections betWeen the bracings 62 and 66 a mirror image 
of the connections betWeen bracings 50 and 58. Both hori 
Zontal and angular members are formed from heavy pipe 
lengths, With Wall thickness of up to 1“ and outer diameter 
of up to 11“. 

[0037] The horiZontal, as Well as angular bracing members 
are formed from -non-corrosive material capable of With 
standing vertical and horiZontal loads, bending moments 
imposed by the environmental forces acing on the legs as 
Well the loads associated With the platform structure 18. 

[0038] While only one embodiment of the present inven 
tion Was disclosed for illustrative purposes, it is believed that 
many changes and modi?cations can be made in the design 
of the present invention Without departing from the spirit 
thereof. I, therefore, pray that my rights to the present 
invention be limited only by the scope of the appended 
claims. 

We claim: 
1. A leg assembly for offshore structures, comprising: 

at least a pair of elongated parallel leg chords; 

a plurality of transverse bracing members extending 
betWeen said leg chords and dividing said leg chords 
into a plurality of leg sections de?ned by adjacent 
transverse bracing members; 

a ?rst pair of angular bracing members secured to a 
midpoint of a ?rst transverse bracing member, each of 
said ?rst pair of angular bracing members having a free 
end secured to a leg chord at a midpoint of a leg section 
beloW said transverse bracing member; and 
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a second pair of angular bracing members secured to the 
midpoint of said ?rst transverse bracing member, each 
of said second pair of angular bracing members having 
a free end secured to a leg chord at a midpoint of a leg 
section above said ?rst transverse bracing member, said 
angular bracing members being secured to said trans 
verse members at four attachment points, said leg 
assembly being free from drag-increasing auxiliary 
braces. 

2. The apparatus of claim 1, Wherein an obtuse angle is 
formed by said ?rst pair of angular bracing members. 

3. The apparatus of claim 1, Wherein an obtuse angle is 
formed by said second pair of angular bracing members. 

4. A leg assembly for an offshore structure, comprising: 

a pair of elongated parallel leg chords divided into a 
plurality of sections by transverse bracing members; 
and 

a plurality of inclined bracing members secured in sec 
tions betWeen said transverse bracing members, said 
inclined bracing members de?ning a rhombus-shaped 
bracing unit Within each of said sections, said inclined 
bracing members forming a four-point connection With 
their respective transverse bracing members, said leg 
assembly being free from obstructing auxiliary braces. 

5. The assembly of claim 4, Wherein each of said inclined 
bracing members is secured to an adjacent leg chord and to 
a transverse bracing member. 

6. The assembly of claim 5, Wherein a ?rst pair of said 
inclined bracing members is ?xedly attached to a midpoint 
of a transverse bracing member and extends doWnWardly 
from said bracing member. 

7. The assembly of claim 6, Wherein a second pair of said 
inclined bracing members is ?xedly attached to a midpoint 
of an adjacent bracing member and extends upWardly from 
said adjacent bracing member. 

8. The assembly of claim 6, Wherein said ?rst pair of 
bracing members de?nes an obtuse angle, With an apex of 
said angle being at a point of attachment of said ?rst pair of 
bracing members to said transverse member. 

9. The assembly of claim 7, Wherein said second pair of 
bracing members de?nes an obtuse angle, With an apex of 
said angle being at a point of attachment of said second pair 
of bracing members to said adjacent transverse member. 

10. A leg assembly for an offshore structure, comprising: 

at least a pair of parallel leg chords divided into a plurality 
of sections by transverse bracing members; 

an angular bracing unit positioned in each of said sections, 
said angular bracing unit comprising a ?rst angular 
bracing member extending doWnWardly from a ?rst 
transverse member, a second angular bracing member 
extending doWnWardly from said ?rst transverse mem 
ber, a third angular bracing member extending 
upWardly from a second transverse bracing member 
located immediately beloW said ?rst transverse bracing 
member, and a fourth angular bracing member extend 
ing upWardly from s aid second transverse bracing 
member, said ?rst angular bracing member and said 
second angular bracing member being ?xedly attached 
to a midpoint of said ?rst transverse bracing member, 
said third angular bracing member and said fourth 
angular bracing member being ?xedly attached to a 
midpoint of said second transverse bracing member , 
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said leg assembly being free from obstructing auxiliary 
braces between said transverse bracing members and 
said angular bracing members. 

11. The assembly of claim 10, Wherein a free end of said 
?rst angular bracing member is ?xedly attached to a ?st leg 
chord at midpoint betWeen said ?rst transverse bracing 
member and said second transverse bracing member. 

12. The assembly of claim 10, Wherein said second 
angular bracing member is ?Xedly attached to a second leg 
chord at a midpoint betWeen said ?rst transverse bracing 
member and said second transverse bracing member. 
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13. The assembly of claim 10, Wherein said third angular 
bracing member is ?Xedly attached to said ?rst leg chord 
adjacent to a point of attachment of said ?rst angular bracing 
member. 

14. The assembly of claim 10, Wherein said fourth angular 
bracing member is ?Xedly attached to said second leg chord 
at a point adjacent to a point of attachment of said second 
angular bracing member. 


