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PREFACE

As offshore 0il exploration moves into ever deeper waters, greater
demands are placed on mooring systems. Safety of the crew, preservation of
the environment, and protection of the rig itself demand that mooring sys-
tems perform reliably during operations and storms alike. It is the respon—-
sibility of the Minerals Management Service (MMS) of the U.S. Department of
the Interior to insure the satisfactory performance of mooring equipment
aboard exploratory oil rigs in service in United States offshore oil fields.
This work was commissioned to provide MMS personnel with a manual for the
analytical and physical evaluation of rig mooring systems. The manual devel-
oped from a study of a rig mooring failure several years ago on Georges
Bank. While that failure was a simple case of wearing size 9 shoes on size
10 feet - the gear was slightly undersized -~ combined with failure properly
to relieve storm loads, what impressed the reviewer was the lack of specific
information about the mooring in the submittal to MMS. It seemed that a
mooring reviewer”s manual could help ensure that mooring components were
evaluated as thoroughly as other systems on floating rigs.

“The purpose of this manual is to provide a procedural structure in
support of this responsibility. It does not purport to be a textbook of
mooring analysis or design, nor a compendium of mooring design data. That
ground has been well plowed by others. Rather, a procedure for evaluating
the mooring gear for a drilling rig is described. The manual provides a
basic list of references essential to the evaluation process. The references
include tutorial material, compendiums and computer program resources to
support the evaluation procedure. Having less than ten references, this
library is a valuable complement to the direction provided in this manual.

The procedures outlined in this manual are supported by two programs
for a personal computer. A spreadsheet "template” simplifies tabulating
projected area for wind and current force estimates. The second program,
named RIGMOOR, performs the complex calculations associated with multiple
catenary moorings. It is designed for minimal operator input. User’s can
request further explanation for each input request before entering their
response. The spreadsheet program includes graphics commands for plotting
RIGMOOR results on a standard PC printer. '

, A sample mooring evaluation problem is introduced in Section 2 and

illustrates the discussion in succeeding sections. The rig and assumed
mooring design are purely hypothetical, but illustrate methods and demon—
strate tools available to a mooring design reviewer.

What is the use of a manual like this? Is it not enough to perform pull
tests on the mooring when it is installed? These questions were raised while
this manual was being prepared. Verifying by pull tests that anchors are
fully set and that the bottom is capable of holding them are prudent actions
for any operator, but they are not a panacea for all the ills that can
befall a mooring. A pull test has nothing to say about what loads the
environment can be expected to impose on the mooring. The mooring design
needs to be reviewed in order to compare its design environment with the
environment expected at the site. '
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Pull tests can only give information about the mooring capability for
the installed anchor circle. The relation of mooring performance to anchor
circle radius is rarely discussed in introductory mooring design manuals,
yet this is an important design factor when drag embedment (fluked) anchors
are used. It is commonly understood that if the anchor circle is too small,
storm loads 1ift the anchor shank and pry the flukes loose. Less commonly
noted is the fact that if the circle is too large the leg parts before the
anchor drags. It seems apparent that a well designed mooring holds its
design load, but at some level of overload drags its anchors. Once a leg
parts, 1ts holding power is lost for the duration, but if an anchor slips,
its bite may shortly be regained. RIGMOOR routinely computes the tradeoff of
anchor radius and holding power.

Finally, the mooring responds to environmental loads by displacing
within the anchor circle, but a simple pull test performed by hauling in on
all the legs to increase the preload does not measure the displacement that
the same environmental 1oad would produce nor emulate the effects of the
displacement upon the upwind and downwind legs. Workboats and tugs could
provide displacement loading, but they do not have sufficient bollard pull
to emulate a large storm. Displaced loading can be emulated by using the
anchor winches differentially, but the design and conduct of such a pull
test is complex and time consuming. Furthermore, the anchor circle must be
expanded to allow the lee leg to develop the design load with an eccentric
pull test. All told, the mooring design review and the installation pull
test provide complementary information. Both have merits and nelther can
claim to supersede the utility of the other.

This manual is the first in a four-volume set:

Volume I Methods for Spread Mooring Review

Volume IT Methods for Spread Mooring Inspection
Volume III Dynamic Modeling in Spread Mooring Review
Volume IV A Static Model for Spread Mooring Review

Volume I decsibes procedures for the analytical evaluation of spread
moorings. Volume II is a review of mooring evaluation from the standpoint of
the hardware itself - the components, their inspection and testing. Volume
IITI illustrates dynamic modeling of a spread-moored drilling platform and
Volume IV contains documentation for the static model, RIGMOOR.
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INTRODUCTION

Figure 1 shows the context in which a mooring evaluation takes place.
The circle encloses, figuratively, all the procedures necessary to evaluate
a mooring. Information needed to perform the evaluation enters the circle,
and the results of the evaluation come out of the circle.

The primary information flow into the mooring design evaluation process

~1is the mooring design submission It consists of all the data needed to

describe the rig, its mooring gear and its environment: site, weather,
seabottom composition and the like. Also entering the process are require—
ments drawn from laws, standard practices and experience, and resources
drawn from manuals, handbooks, and models. The normal result of an evalua-
tion is to accept the mooring design. Otherwise, information not provided in
the submission is requested or recommended improvements are returned.

Figure 2 is an expansion of the interior of Figure 1. It shows five
procedures that make up a mooring design evaluation. Each procedure is
developed in a corresponding section of this manual. A sample problem is
introduced in Section 1 and used throughout the ensuing sections to illus-
trate their procedures.

Checking for Completeness

The first step in evaluating a mooring is to determine whether perti-
nent information has been omitted. This decision is based on the information
required for subsequent stages of the review. Thus a data requirement list
must be prepared for each of the following tasks. The normal conclusion of
the completeness check is to forward the pertinent data requirements to each
subsequent stage. Otherwise, request the missing data.

Reviewing Design Methods

The primary objective of a mooring design is to match the holding
capacity of the mooring to the loads imposed by the environment. Thus, the
design must show separate determinations of holding capacity and external
loading. The purpose of this procedure is to evaluate the methods used for
each of the two parts. This review will provide important clues to the care
that has been taken with the design and aid selecting appropriate
evaluation methods.

Evaluate Envirommental Loads

In these procedures, the specifications as submitted are used to com-
pute holding power and environmental load. This corroborates the design
values but also confirms that the design submittal is complete. It is not
necessary to repeat all the decisions made during the design process; only
the final design is evaluated. Reference 8 includes a survey of 30 computer
models of semi-submersible and tension-leg platforms.

Environmental loads (Procedure 3.0) have three primary sources - wind,
waves and current. Sea ice approaches the status of an irresistible force,
and spread moored rigs have no choice but to move out of its way. Its
prevalence at drillsites in polar climates must be evaluated as well as pro-
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visions for early warning, so that the rig may conduct an orderly retreat.
The composition of the seafloor is an important part of the drilling envir-
onment because it strongly affects the type and size of the anchors.

Evaluate Mooring Capacity

Evaluation of mooring capacity (Procedure 4.0) breaks into several
parts. The most difficult computations deal with the composite holding
capacity of the spread mooring catenaries. The anchors must be sized to
restrain the leg loads and matched to the soil composition at the drillsite.
Finally, the winches, fairleads and other handling gear must be matched to
the mooring components.

The issue of rig dynamics relates more to its seaworthiness and ability
to operate on station than to mooring safety. However, the mooring
constrains the rig”s response, so that seakeeping models routinely include
mooring computations. A dynamic analysis of the sample problem is presented
in Volume III. The static results from that study verify RIGMOOR’s results.

Compare Estimates with Design

The final review (Procedure 5.0) compares the environmental load with
the holding capacity and the estimates prepared by the reviewer with the
design. The normal result is that the design matches load with strength and
is accepted. Otherwise the reviewer may suggest design changes to obtain the
needed strength. :

———



SECTION 1
r CHECK FOR COMPLETENESS

An exhaustive design submission would include all information needed to
reconstruct the design. In most cases the reviewer will not want or need to
18 belabor the issue in such detail, especially in regard to advanced wave-
i force theories. However, the submission should sustain the simpler proce-
dures recommended by ABS (Ref. 2) or API (Ref. 5). The following checklist
outlines categories of items to look for.

Rig Geometry.

Scale sketches or drawings of the rig in front, side and top views are
used to compute areas exposed to wind, current and waves. The drawings
should also indicate the location of the fairlead for each anchor leg.
m Figure 1-1 is a rough sketch of the hypothetical semi-submersible for the
Wy sample calculations throughout this manual. The rough sketch is supported by

particular dimensions listed in Table 1-1. A more detailed drawing might not
?ﬁ . be supported by a table of dimensions.

Anchor Pattern.

The top view of the rig should also show the direction and radius to
ki the anchor from each fairlead. For simplicity of analysis, ease of operation

and symmetry of response to environmental forces, the anchor radii are
[ arranged with at least one axis of symmetry, usually port and starboard. If
£ the number of legs is even, then fore and aft symmetry can be imposed as
well. Figure 1-2 shows the sample rig and its mooring pattern in plan view,
sketched to the same scale as Figure 1-1.

o ¥

The plan in Figure 1-2 depicts a spread mooring of ten legs in a 0-45-
90 degree pattern. The mooring pattern shown might be chosen for a drilling
site where the weather or current follows a dominant track. Notice that four
legs are active at each end against bow/stern forces, while only three legs
are active on each side against beam forces. The directional quality is
emphasized by the difference in underwater areas - the beam legs must con-
tend with forces accumulated along the sides of the footers, while the
bow/stern areas underwater are much smaller.

e

i

g
e

Anchor Selection.

The size and kind of anchor are important as well. Most oil rigs use

L fluked anchors designed to pry themselves free when the shank is lifted from

i the seafloor. Thus the holding power of these anchors depends on combining

- the length of the leg, the radius to the anchor and the load on the leg so

~ that the leg does not lift the shank.

- Deadweight clumps can be shackled into the leg near the anchor to allow
greater loads with shorter legs, but this is rarely done in rig moorings

m because deploying and recovering the clumps is more troublesome than using

' longer legs.

r The holding power of an anchor depends on its size (weight), shape and

“’ the composition of the seafloor. References 1, 6 and 7 provide tutorial and

specific technical descriptions of anchor properties.

o
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Table 1-1. Sample Rig Bill of Particulars

Figure 1-1 is a sketch of a hypothetical semi-submersible rig used to
demonstrate the procedures for estimating environmental forces and evaluat-
ing mooring capacity. While most dimensions are realistic, they are not in-
tended to be representative in detail. They provide a basis for demonstrat-
ing computations and approximate the scale of current drilling rigs.

Main Deck » Crew Space (2 stories)
Length 200 ft Length 62 ft
Width 200 ft Width ’ 62 ft
Height 12 ft Height 24 ft

Crane Base Crane House
Length 50 ft Length 38 ft
Width 50 ft Width 38 ft
Height 12 ft Height 12 ft

.Dérrick'Tower (Trusswork) . Crane Boom (Trusswork)

Base 50 ft sq. Base 8 ft sq.
Top 25 ft sq. Top 8 ft sq.
Height - 150 ft Length 138 ft

Caissons (6, cylindrical) Footers (2, cylindrical)
Length 100 ft Length 200 ft
Diameter 25 ft - Diameter 25 ft

Diagonal Braces (4, cylindrical) Lateral Braces (2, cylindrical)
Length 115 ft Length 150 £t
Diameter 10 ft Diameter 10 ft

Drilling Trim ~ Towing Trim
Draft 75 ft Draft 21 ft
Displacement 10300 LT Displacement 5400 LT
Flooded 4900 LT Flooded None

1 -3
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Figure 1-2. Sample Rig Mooring Plan
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Drilled-in and explosive embedment anchors restrain both vertical and
horizontal loads but they are rarely, if ever, used with current drilling.
rigs. Deep water drilling with the coming generation of taut-legged moorings
and lightweight fiber materials will require these anchors.

Mooring Component List.

A table or assembly schematic detailing the size, weight (in air and in
seawater), length and strength of all the components in each leg is essen-
tial for computing mooring holding power. 0il rig moorings generally use one
of three leg configurations: all wire rope legs; all chain legs; or wire
rope coupled to a length of chain at the anchor end. For simplicity and
economy, all the legs of a spread mooring are usually alike. Reference 7
includes tables of mooring component characteristics by class and size.

The sample mooring plan shows that three different leg constructions
are used. The purpose for this unconventional layout is to demonstrate the
ability of the RIGMOOR model to handle a variety of spread moorings. Table
1-2 lists the particulars of this unconventional spread mooring.

The strength and stiffness of a spread mooring depend significantly on
the length of the legs in relation to the anchor radius, or preload. So the
total length of wire on the winch or chain in the locker is not as important
as the amount paid out. This can be varied at a touch on the winch control-
ler, so holding power is usually expressed at a rated preload.

Preload and Pretension.

Preload is the horizontal force with which opposing legs pull against
each other. If the preload is zero (a theoretical concept that is not useful
in practice), the legs drop vertically to the bottom, then lie on the bottom
along a radius to the anchor. Ignoring strength limits, at very large pre-—
loads the leg lies along a slant radius from the rig fairlead to the anchor.
Two other values stand out: the preload which 1lifts the anchor shank and the
preload which parts the leg.

Once the anchors are set, preload is inversely related to the length of
the legs, a fact readily confirmed by intuition: preload goes up as the legs
are shortened. Almost as obvious is the relation that stiffness increases
with preload. Elasticity of the leg material and anchor capacity limit the
leg stiffness.

Pretension is closely related to preload, being the temnsion produced at
the top end of the leg by the preload; pretension is the vector sum of
preload and the weight of the suspended length of the leg. Pretension is
more readily monitored than preload or leg length. It has the further advan-
tage, as a leg tension, of being directly comparable with breaking strength.
Saying the pretension is 20 percent of the breaking strength is more inform-
ative than saying the preload is 15 percent of the breaking strength - in
the former case one knows immediately that one fifth of the leg strength is
being used to provide mooring stiffness.



Table 1-2. Sample Mooring Bill of Particulars

Leg Leg Anchor
No. Type Direction
1 1 0.
2 2 45.
3 3 90.
4 2 135.
5 1 180.
6 1 180.
7 2 225.
8 3 270.
9 2 315.
10 1 0.
Leg Construction
Leg Segment Material Size Quantity Deployed1
Type No. . (in) (ft) (ft)
1 1 Stud-Link Chain 3. 22502 1350
2 1 IWRC Wire Rope (6x37) 3. 6000 4270
3 13 IWRC Wire Rope (6x37) 3. 6000 4800
2 Stud-Link Chain 3. 5404 540
Note
1 Qutboard of fairlead.
2 25 shots at 90 feet per shot.
3 Segments count from fairlead toward anchor.
4 6 shots at 90 feet per shot.

Anchor Selection
Holding Capacity

Style Size Sand Mud
Stato 15,000 1b 450,000 1b 350,000 1b

Holding Power.

Holding power is the restoring force produced by a mooring when it is
deflected until some design limit is reached - a leg reaches its working

load limit, the deflection equals the working limit of the riser pipe, etc.
That is, the mooring can restrain an external force of equal magnitude and
opposite direction to the holding power. The restoring force of the mooring
is the vector sum of the individual leg restoring forces. If the anchor
pattern is symmetric and the top ends of the legs are brought to a single
fairlead, then the restoring force always lies along the deflection radius.
When the leg fairleads are distributed around the rig, the restoring force
is only approximately in the same direction as the deflection.

1 -6
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The holding power varies with the direction of the deflection. As a
rule of thumb, the holding power is a minimum when the external force is
aligned with one leg, and a maximum when it is aligned midway between two
adjacent legs. A polar plot of holding power, sometimes called the holding
power "rose”, appears as sketched on Figure 1-3, with lobes coinciding with
axes of symmetry. The mooring design specification should identify the inner
and outer limits of the holding power rose, whether the entire rose is
plotted or not.

Holding power is usually established for two conditions, using names
like "operatiomnal” and "survival." The first condition describes the
strength of the mooring without making any ad justment to the mooring nor
curtailing drilling operations. The latter condition is the strength of the
mooring when drilling operations are curtailed so that the preload can be
adjusted for maximum mooring performance. The rig operator, however, should
not count on being able to deploy extra legs or piggy—-back anchors in the
transition between operational and survival status.

Environmental Forces.

There is a corresponding pair of weather conditions that impose the
operational and survival loads on the mooring. As foul weather approaches
the operational limit, the prudent operator prepares to curtail drilling.
Then as the weather worsens, he adjusts the mooring to survival status and
prepares, if the forecast warrants, to move the rig away from the storm.

Environmental forces on a drilling rig are produced by wind, waves and
currents. The design specification should identify each of these for each of
the two mooring conditions. ABS Rules specify a sustained wind speed of 70
knots for the operational condition and 100 knots for survival. The API
standard is based on wind probability. Waves should be specified by signifi-
cant height and period, spectrum, or sea state commensurate with the wind
standards. The current must include not only wind driven flow’ but also
tides, the Gulf Stream or other flows independent of wind.

Environmental standards like the ABS rules (Ref. 2) serve as minimum

- values. Where the weather is unusually harsh, the weather specification

should be based on the local weather profile using historical weather data
or on-site survey results.

The reviewer should be familiar with the ABS and API (Ref. 5) methods
for estimating wave forces, since many applicants rely on the recommen-
dations of these influential organizations. The ABS method uses height and
period to predict wave force. The API predictions use significant wave
height and significant wave period based on statistical methods. Reference 8
discusses other wave theories, their characteristic parameters and their
utilization in wave force models.

Current forces are predicted from a "current profile” which is a table
or graph of current speed as a function of depth.

Ice is characterized, not so much by the force exerted on moored rigs

as by the frequency of occurrence, and methods for obtaining advance warning
so that the drilling equipment can be removed.

1 -7
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SECTION 2
REVIEW DESIGN METHODS

Estimating environmental forces, mooring capacity and dynamic response
are all highly mathematical and require computer support. A variety of com-
puter programs are used. The mathematical basis of these programs varies,
and part of the review of design methods is to evaluate whether the esti-
mates of holding power and weather loading have been derived by reliable
models.

A review of design methods also reveals other clues to the care inves—
ted in the mooring design. For example, is the environmental specification
supported by a field survey at the drill site, by historical data for some
area near the drill site, from large scale atlases, or from standard "rules
of thumb”. This is not to advocate an unthinking devotion to expensive field
data. Moorings in established blocks where there is a firm basis of experi-
ence do not need to re-study the weather, but when a rig is heading for
remote waters it is common prudence to get reliable weather data.

Usually rig moorings are designed to satisfy two states of operation.
While names vary, one of the states represents the most severe weather
condition in which the rig can operate on a “"business as usual" basis. This
"Operational” state is characterized by maintaining a tensile safety factor
in the mooring legs, typically 3; keeping the moon pool centered over the
drill hole within some percentage, usually 5 to 7, of the water depth. Other
requirements may also be imposed as appropriate. The second, "Survival,"
state is marked as the worst weather that the moored rig can ride out safely
without leaving the drillsite. This may require uncoupling the riser pipe
and relaxing the displacement restriction so that the mooring lines can be
adjusted for maximum holding capacity.

A mooring evaluator draws on other resources besides the design
submission. They can be divided into four classes. Laws and standards are
criteria against which the evaluator measures the design, such as regula-
tions of the U. S. Coast Guard (USCG), and recommended practices of the
American Petroleum Institute (API) and rules of the American Bureau of
Shipping (ABS). Models and theory are representations of the mooring and its
environment by means of experiments, computer program models or theoretical

formulas. Engineering and environmental data may be drawn from texts and
references.

Not least, the mooring evaluator must draw upon past experience and
good judgement in forming his decision. We are not talking, after all, about
sending a man to the stars, but rather of providing oversight to an estab-
lished technology. Hundreds of rigs, large and small, have been successfully
moored in good weather and foul at sites all over the globe. Given the bona
fide intent to operate with safe equipment, the ability to design a safe
mooring exceeds our ability to predict exactly when a mooring will fail.
During the life cycle of a rig the emphasis shifts toward inspection and
away from mooring design review.

The review of design methods must pick out the characteristics for
each mooring state and their limiting values. The corresponding weather
parameters, such as sustained wind speed, current profile, tide range, sea
state, etc. should also be stated in the design for each operating state.

2 -1



ABS rules and API practices provide threshold values for design limits.
However, the economics of exploratory drilling may force more stringent
specifications in order safely to remain operational in an area character-
ized by severe weather.
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SECTION 3
EVALUATE ENVIRONMENTAL LOADS

A good mooring design is one in which the holding capacity of the
mooring is well matched to the loads imposed by the environment. Figure 3-1
shows wind, waves, currents and ice as the significant envirommental loads.
Each of these factors requires information from the environmental sciences.
The loads imposed by drifting sea ice are irresistible in the context of
conventional spread moorings, and are evaluated in terms of the risk that
drifting ice will approach the rig. The remaining loads can be modeled, but
require knowledge of the size, shape and texture of the moored vessel.

Predict Wind Forces

The wind force on a complex object such as a semisubmersible drilling
rig is the sum of the wind forces on all of its parts. The analysis of wind
force in detail quickly becomes like a bog of quicksand as complicated
interactions of airflow and part geometry are addressed: parts lie in the
wake of other parts; the windspeed increases with height above the sea
surface and so on.

The procedure recommended by the American Bureau of Shipping (ABS, Ref.
2) is built around the concept of the pressure produced by the wind measured
at a standard height (10 meters above sealevel). A "height coefficient”
takes the variation of windspeed with altitude into account and a "shape
coefficient” accounts for the shape and texture of the object in the wind-
stream. The wind force on the object is the product of the wind pressure
times the area of the object projected onto a plane perpendicular to the
wind ("projected frontal area”).

The Example Analysis in Reference 5 shows how the complex shape of a
drillship is subdivided into smaller parts classed by height above the water
line. Their area when projected on a plane perpendicular to the wind direc-

~tion is calculated. Then height and shape coefficients are assigned, and the

resulting wind force summed. Table 3-~1 illustrates the decomposition of the
sample problem geometry into sub—areas.

An engineering spreadsheet is a convenient way to tabulate the remain-
ing computations. Several well-known programs for personal computers sim-
plify spreadsheet computations. Appendix A describes MOORLOAD, a spreadsheet
"template” set up to perform wind and current load calculations. Table 3-2
shows the spreadsheet of wind and current loading for the sample problem.

The ABS wind formulas do not take into account aerodynamic details like
turbulence, wake effects and interference. These make precise estimates of
the wind force an uncertain art. While it would be disastrous to ignore thenm
in the design of a jet fighter, the uncertainty is acceptable for moorings.
Indeed, if we wanted semi-submersibles to fly, we would put wings on them.

Evaluate Current Forces
Current forces are estimated by much the same procedures used to
estimate wind forces. The hydrodynamic pressure, that depends on the current

speed and water density, is scaled to force units by an area that represents
the size of the obstacle and a drag coefficient that represents its shape.

3-1
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Table 3-1
Areas Exposed to Wind

Areas exposed to wind are grouped in classes by shape factor
and height above sealevel.

(1) Cylinders

There are six caissons and four braces extending from the
waterline to the underdeck. The projected area is diameter times
height:

Caissons 6(25)(38) = 5700 ft2
Braces ) 4(10)(38) = 1520
‘ , 7220 ft2 0-50 ft height

(2) Deckhouses

The sides of the main deck are below 50 ft. Two deckhouses
are shown, one for crewspace,the other for supporting the crane.
Each deckhouse has two stories of 12 ft.The crewspace and crane-
house are in the next height class.

Main deck 200(12) = 2400 ft2 0-50 ft height

Crewspace 2(62)(12) = 1488 ft2
Cranehouse (50+38)(12) = 1056
2544 ft?2  50-100 ft height

(3) Abovedeck Trusswork
The crane boom is 8 ft square and 138 ft tall, so it is
considered in three height classes.

(a) 8(38) = 304 ft2  50-100 ft height
(b) 8(50) = 400 ft2 100~150 ft height
(c) 8(50) = 400 ft2 150-200 ft height

(4) Underdeck Smooth

The smooth area of the underdeck, assuming a 3 degree heel is
the flat surface of the tilted deck, projected on a vertical
surface.

Underdeck  (200)28in(3) = 2093 ft2 0-50 £t height

(5) Underdeck Trusswork

The projected area of underdeck trusswork can be determined
from design drawings. For this example, assume that trusswork
occupies 25 percent of the underdeck smooth area.

Trusswork .25(2093) = 523 ft? 0-50 ft height

(6) Rig Derrick

The rig derrick is usually open trusswork, but may be
enclosed to keep out the weather. If it is enclosed, it should be
treated as a deckhouse, but in separate height classes.

(a)  50(50.00+41.67)/2 = 2292 ft2  50-100 ft height

50(41.67+33.33)/2 = 1875 £t2  100-150 ft height
50(33.33+25.00)/2 = 1458 £t2  150-200 ft height
3-3
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Current force = (Drag coefficient)(Area)(Dynamic Bressure)
Dynamic pressure = (1/2)(Density)(Velocity<)

.00338 (Knots?)

In air: ' Dynamic pressure (Lb/SqFt)
2.835 (Knots2)

In seawater: Dynamic pressure (Lb/SqFt)

In the case of wind force, a second coefficient accounts for the normal
variation of wind speed relative to the wind at a standard measurement
height. This coefficient is unnecessary in the current force formula because
the draft of drillships and semi”s is typically less than half the height of
the derrick. Furthermore, many factors combine to average the water velocity
in a "mixed” layer whose depth normally exceeds the draft of semi”s. Table
3-3 indicates drag coefficients and reference areas for underwater members.

Table 3-3. Parameters for Estimating Current Forces

Drag Reference

Shape Coefficient Area
Cylinder 0.85 Projected
Hull (beam) 0,11 Wetted surface
Hull (bow-on) 0.0056 Wetted surface
Other 2.00 Projected

A~ ot e

Only in shallow water can a uniform current can be assumed at all
depths. In deep water, currents vary in speed and direction with depth, but
not in a regular manner that permits a schedule of height coefficients. This
complicates precise estimates of the drag on the riser pipe and mooring
lines, which extend through the entire water column. However, the drag of
the riser pipe and mooring lines is usually only a few percent of the drag
on the drillship or semi, so elaborate calculations are unnecessary.

Divide the water column into layers in which the current speed and
direction are constant, and compute the riser pipe and mooring line drag
separately for each layer. Usually a moving layer over a still layer is
sufficient; occasionally a submerged counterflow requires a third layer.
This procedure is nearly exact for the riser pipe, which is essentially
vertical. The reference area for a riser is the product of its diameter
times the thickness of the current layer. The procedure is inexact for
mooring lines because they present a continuously varying aspect to the
current.

The varying aspect presented by catenary arcs makes an accurate summa-
tion of the current drag difficult, although well within the capacity of
modern computers. A sophisticated model is not used for large moorings
because:

- describing the hydrodynamic properties of the mooring elements and
the current structure places an additional burden on the mooring
designer/analyst;

- the cost of computer resources 1s substantially greater; and

3 -6
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- the total drag of the mooring lines rarely exceeds five percent of
the drag of a moored semi-submersible.

The working procedure described above - to assume that mooring lines
are vertical in any moving layer - 1is inexact geometrically, but adequate
and simple for estimating drag. The reference area for wire rope is the
product of the rope diameter times the current layer thickness. Chain dia-
meter is the nominal size of the "wire" from which the links are formed. The
shape of the links is accounted for in the drag coefficient, Table 3-4.

Table 3-4. Riser and Mooring Parameters

Drag Reference
Shape Coefficient . Area
Riser 1.00 Projected
Wire rope 1.40 Projected
Chain 2.50 . Projected

Reference 1 cites empirical formulas for riser pipe and mooring line
drag that imply a one-layer current. The drag coefficients implicit in the
empirical multipliers are less than those listed in Table 3-4 in order to
account for two—layer current profiles commonly encountered.

Sample Estimate of Current Forces

A two-layer current profile is assumed for the sample problem begun in
Section 1. The moving layer extends from the surface to a depth of 300 ft.
Below 300 ft, the water is still. Areas exposed to current are classed by
shape according to Tables 3-3 and 3-4. The area presented to beam currents
is substantially different from the area exposed to bow~on currents, so
separate tabulations must be made.

(1) Cylinders .
There are six caissons, two footers, four transverse
braces and two transverse spacers. The braces are in-
clined 37 degrees from vertical. Their underwater length
is 50/Cos(37) = 62.5 ft.

Beam Areas Bow-on Areas

Caissons 6(25)(50) = 7500 ft2  6(25)(50) = 7500 ft?
Footers  2(25)(200) = 10000 2(pi)(25)2/4 = 982
Braces  4(10)(50) = 2000 4(10)(62.5) = 2500
Spacers 2(10)(150) = 3000
Cylinders: 19500 ft2 13982 f£t2

(2) Riser

The riser is 20 inches in diameter: (1.67)(300) 500 ft2



(3) Mooring lines

There are ten three inch mooring lines. The sample
mooring has the unusual feature of three distinct leg
styles - four are all chain, three are all wire, and two
are wire plus chain. The chain and wire rope have the
same nominal size, so the total reference area is the
same as if all the legs had been alike. But the drag
coefficients for wire rope and chain are very different,
S0 separate projected areas must be estimated for each
type. The approximation is made that the legs hang
vertically through the current layer:

4 Chain legs: 4(3/12)(300) 300 ft2
6 Wire legs: 6(3/12)(300) = 450 f£t2

Table 3-2 includes MOORLOAD"s current force summary for the sample
problen.

Estimate Wave Force

. Wave forces, even the force of waves on a rigid structure, are not
easily estimated. When waves impact a floating, complex, compliant structure
such as a moored semi-submersible, the problem becomes much more difficult
to describe mathematically, so that simple tools like MOORLOAD are not
useful. The Morison Equation attempts to describe wave forces on a cylindri-
cal piling driven into the seafloor. It has given good results when its
coefficients are judiciously selected by an experienced analyst (Ref. 8, v.
I, p. 164), and has been the subject of extensive study in the 35 years
since its introduction. .

The Morison Equation assumes that the piling has negligible effect on
the wave. Diffraction theory is used for objects large enough to alter the
waveform (Ibid, p. 160). Both theories are differential equations that are
solved by numerical methods using large computers. Many theories and variant
formulations are being studied.

The American Bureau of Shipping (Ref. 2, App. A) relies on linear wave
theory in shallow and deep water expressions. The deepwater equations can be
integrated in closed form for simple shapes like the vertical caissons and
horizontal footers in a semi-submersible rig:

IFilc = Cpe Dy (1 - e-kL)

where |F is the amplitude of a sinusoidally varying inertial force
ile
on a vertical cylindrical caisson;

Cae is the apparent mass coefficient of the caisson;

Dy, is the displacement of the cylinder between the still-water '
line and the wave crest;

k is the wave number; and

L is the length of the caisson below the still-water line.

&
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The corresponding equation for a horizomtal cylindrical footer is:
IFilg = (2 pi) Gpg Dp (Hy/Ly)
where |F;|¢ is the inertial force amplitude on a footer in a beam sea;
Cas is the apparent mass coefficient of the footer;
D¢ is the displacement of the footer;
H, is the wave height; and
Ly is the wave length.

The semi-submersible shown in Figure 1-1 provides a numerical example.
Assume that H_ is 35 ft, crest to trough, and that the wave period, T is 12
seconds. The caisson is 25 ft in diameter, and extends 50 ft below the still
water level. The footer is the same diameter, but 200 ft long.

Reference 2 recommends a tﬁo-dimensional apparent mass coefficient of
1.5 for cylinders more than 8 ft in diameter. A second correction is used to

determine the three-dimensional apparent mass coefficient:

K = (/a2
[1 + (1/4)“]

where 1 is the cyiinder length and d is its diameter, Thus,

Ke

(50/25)2 = 4/5
T + (50725)2]

(200/25)2 = 64/65
[T + (200/25)2]

(1.5)(0.80)

0.80 for the caissons, and

0.98 for the footers.

K¢

1.20

£

(1.5)(0.98)

1.47

4

]
[]

- (pi)(252/4)(35/2)(64) 550,000 1b per caisson

Dy = (pi)(252/4)(200)(64) = 6,300,000 1b per footer
Ly, = (2)(T)/(2 pi) = (32.2)(122)/(6.28) = 738 ft
k = (2pi) /L, = 6.28/738 = 0.00851 ft~!

|Filo = (1.20)(550,000)(1~ &(-00831)(50)y = 329,000 1b/caisson

[Fyle

Unlike the wind and current forces estimated in previous sections which
act over times much longer than the characteristic response periods of a
moored vessel, these force estimates represent the amplitude of a periodic

(1.47)(6,300,000)(6.28)(35/738) = 2,760,000 1b/footer

'

3-9



force. They are enormous, but their actual effect on the mooring depends omn
the ratio of wave period to the natural period of the moored rig. The ABS
formulations do not provide rig periodicities. Furthermore, the periodicity
of these inertial terms means that their time average is zero.

The Recommended Practice of the American Petroleum Institute (RP-2P,
Reference 5) acknowledges the difficulty of computing low frequency vessel
motions and concentrates instead upon other terms in the wave forcing func-
tion, the mean drift force and the wave displacement force. Numerically
complex functions are presented graphically, and the remaining computations
are simple enough to be done with an engineering calculator or slide rule.
Numeric examples are given in RP-2P for both ship shape and semi-submersible
rigs. ‘

Large Computer Models

The methods described above provide the simplest means for estimating
environmental forces on moored rigs. They are sufficient for evaluating a
rig. The rig and mooring designer need more specific results than these
formulas provide and may use one of the large computer models to get them.
Reference 8 is a detailed review of most of the large models currently in
use. They use various mathematical techniques, all numerically intensive, to
predict wind, current and wave loadings on moored and unmoored floating
objects and their responses.

Large computer models are typically programmed as an assembly of
modular "building blocks”. The user selects the parts of the model that are
appropriate: the module for semi-submersibles instead of the ship shape hull
or axisymmetric buoy module; a wave spectrum module from a list of spectra,
moored versus unmoored; time domain or frequency domain and so on. In some
models the selection includes deciding upon the mathematical method to be
employed.

~ While these features represent successful programming and spell Versa-
tility to the expert user, the novice often reads Bewilderment. Furthermore,
the mooring designer is able to concentrate on a single model of his choice
and gain familiarity with it. A reviewer is confronted with the full range
of models used by designers, and he cannot be expert in all of then,
although commercial models are often supported by technical advisors who
assist users who call on a telephone "hotline”. Volume III shows how the
sample problem was set up on a large model, describes the technical adjust-
ments that were made in order to arrive at a solution, and gives a partial
listing of the results.

3-10
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\ SECTION 4
EVALUATE MOORING CAPACITY

A mooring design is evaluated by making an independent estimate of its
holding capacity using the mooring components specified for the design.
Figure 4-1 illustrates the function as consisting of four processes. The
last two are simple verifications, but the first two are mathematically
intense and require computer support. Volume IV describes RIGMOOR, a com-
puter program in the public domain that simplifies these computations.

Reconcile Preload, Leg Length and Anchor Radius

Designing a spread mooring involves selecting six parameters to meet
five conditions -~ mathematically, five equations in six unknowns, which
means that mooring solutions are not unique. The designer has one parameter
which he may adjust to meet some external optimum condition, such as minimum
weight. Appendix B describes one method for optimizing the mooring preload.
Preload is the horizontal force with which the legs pull against each other
in the absence of external load.

Constraints Parameters
Environmental load ~ No. of legs
'Load direction Anchor pattern

' Water depth Material size
Permissible deflection Leg length
Anchor capacity Leg preload

Anchor radius

A common procedure is to select the number of legs, anchor pattern and
a trial element size, then compute a table of length, preload and anchor
radius subject to the listed constraints. Then a preload is selected from
the table, from which the holding power of the mooring is developed.

Compute- Holding Power Roses

When the preload, leg length and anchor radius have been reconciled,
the load vs deflection curve for each leg can be computed. The static
holding power of the rig mooring is then readily computed as the sum of the
restoring forces produced by the legs for any deflection. Figure 4-2 shows a
symmetric fivelegged spread mooring. The anchors are equi-spaced around an
"anchor circle”. When no force disturbs the mooring equilibrium, the rig is
centered over the drill hole and the legs are drawn to the preload.

The deflection limit on the riser pipe defines a "watch circle”
centered on the drill hole. We may, figuratively, move the rig around the
watch circle. At each point, the distance to each anchor can be computed,
and by means of the X vs H relation for the leg, the restoring force for
each leg computed. The sum of these forces represents the total restoring
force of the mooring. Its vector negative is the environmental force re-
quired to deflect the rig to that position on the watch circle. The largest
deflection of a leg occurs when the deflection is diametrically opposite the

4 -1
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Figure 4-1. Evaluate Mooring Capacity

86-031-9



Fxn
FIS
e

!

-

y

B

4

P s
[

B

raen

N

i |

from

(i

FaR

i

T

14 i
L QY

i

v‘w}

Sy

E g

THE X VS. H CURVE FOR

EACH LEG DETERMINES
DASHED LINES SHOW ITS CONTRIBUTION TO
MOORING DEFLECTED THE RESTORING FORCE

TO THE DESIGN LIMIT
BY A DESIGN LOAD

‘ WATCH CIRCLE
SOLID LINES SHOW T oy
MOORING UNDER NO OR EFLECTON
EXTERNAL LOAD

Figure 4-2. Static Mooring Deflection



leg’s anchor. That defines the worst loading condition for the leg. For all
other points on the watch circle, the leg will be loaded more lightly.

It is apparent from the symmetry of the mooring in Figure 4-2 that the
holding power is symmetrical about each leg. We need only consider points on
the watch circle in the arc between an anchor radius and the bisector of two
anchor radii. When the deflection is diametrically opposed to an anchor, the
load concentrates in that leg, giving maximum stiffness and least holding
power. When the deflection is evenly divided between legs, the stiffness is
least and holding power maximized because the load is shared by two legs. A
polar plot of the holding power forms a "rose” with as many "petals” as
there are legs. Figure 4-3 shows one half-petal of the holding power rose
for the sample problem.

The sample problem was evaluated as described in Appendix C using the
RIGMOOR model. Table 4-1 shows the holding power "rose" computed by RIGMOOR.
The rose was evaluated over 90 degrees, reflecting the symmetry of the
mooring plan sketched on Figure 1-2. Figure 4-3 was plotted from Table 4-1.

The legs of a spread mooring are deployed from fairleads spaced around
the extremities of the rig, and the anchor radii often do not pass thru the
center of the moon pool. The leg loads therefore produce yawing moments. The
rig rotates in the mooring to the angle which produces no net moment. When

~n ~a~

Table 4~1. Sample Problem Holding Power Rose
OPERATIONAL AND SURVIVAL HOLDING POWER ANALYSIS FOR 0. FEET HEAVE

Direction Operational (All legs active) Survival (Lee legs slacked)

of Rig Holding Weather Safety Rig Holding Weather Safety Rig
Deflection Power Direction Factor Yaw Power Direction Factor Yaw
.00 494178. .00 3.00 .00 634780. .00 3.00 .00
5.00 493301. 4.03 3.01 .01 633787. 2.78 3.01 .01
10.00 491053. 8.04 3.03 .0l 631181. 5.54 3.03 .03
15.00 486944. 12.28 3.07 .02 626982. 8.36 3.07 .04
20.00 481860. 16.45 3.12 .03 635695. 16.32 3.12 .05
25.00 475494, 20.77 3.15 .03 629824, 18.61 3.15 .06
30.00 467834, 25.17 3.08 .04 622212. 20.88 3.08 .07
35.00 458955. 29.94 3.04 .04 591041. 29.58 3.04 .07
40.00 449943. 34.61 3.01 .04 582831. 32.69 3.01 .08
45.00 440232, 39.53 3.00 .04 573396. 35.93 3.00 .08
50.00 431319. 44.61 3.01 .04 °  564082. 39.22 3.01 .09
55.00 423004, 49.79 3.04 .04 554633. 42.50 3.04 .10
60.00 415245. 55.34 3.08 .04 544581. 45.99 3.08 .10
65.00 409112. 60.63 3.15 .03 535557. 49.23 3.15 .11
70.00 403312. 66.34 3.13 .03 535412, 58.25 3.13 .10
75.00 398158. 72.40 3.08 .02 527149. 61.16 3.08 .11
80.00 395433. 78.23 3.04 .01 475125. 81.15 3.04 .01
85.00 393146. 84.04 3.01 .01 473852. 85.52 3.01 .01
90.00 392432, 90.00 3.00 .00 473494, 90.00 3.00 .00
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the rig is deflected, the directions of the anchor radii change slightly
(see Figure 4-2 again). If these are unsymmetric the rig rotates slightly to
cancel the new leg moments. The rig yaw (in degrees) is shown on Table 4-1
for each loading conditiom.

The asymmetry of the deflected mooring also means that the restoring
force does not exactly parallel the deflection. Figure 4-4 compares the
"weather direction” (direction of the external force) to the direction of
the resulting deflection, again based on Table 4-1.

Several adjustments can be made to increase the holding power during
storms. The easiest is also the most conservative: pay out the leeward legs
to reduce their back tension on the upwind legs. If the legs have been
optimized according the procedure described above and in Appendix B, the
working tension limit is attained when the mooring is deflected to the watch
circle aligned opposite an anchor. The safe survival deflection using this
procedure is still the operating watch circle, whether the lee legs are
slacked or not. Figure 4-5 shows the survival holding power for the sample
problem by this method as computed by the RIGMOOR program. The corresponding
survival conditions are tabulated in the right half of Table 4-1. The safety
factor is exactly three when a leg is aligned with the deflection, under
both operational and survival conditions. For other alignments, the safety
factor is greater because other legs share more of the load.

Table 4-2 and Table 4-3 show results similar to Table 4-1, except that
the rig is assumed to be heaved upward by 10 feet in Table 4-2 and downward
in Table 4-3. It is assumed that no dynamic adjustments are made in the legs
to compensate for the heave motion. The safety factor is reduced by upward
heave -~ the legs are more taut because the anchors are farther away - and
increased by downward displacement. Holding power -~ actually, the force
required to displace the rig - varies inversely. Upward heave increases the
holding power, but this no free lunch. It is the consequence of nibbling at
the safety factor. In this context, safety factor is the ratio of breaking
strength to tension. The tabulated value is the least safety factor in any
leg.

The legs aligned with storm forces normally bear the brunt of the load.
Additional holding power for survival conditions can be achieved by drawing
in on the other upwind legs to increase their share of the load. This is
practical only if the rig operator has accurate tension monitors on each leg
and an on-line mooring model to ensure that neither the working temnsion nor
the transition load (that lifts anchor shank) is exceeded. This procedure
also keeps the deflection within the original watch circle.

Instead of paying out the leeward legs and drawing in the upwind legs,
the holding power can be increased by paying out the upwind legs. This has
the effect of slacking the leeward legs (by moving the rig closer to the
leeward anchors). Furthermore, a sketch like Figure 4-6 shows that the
cross-wind legs get a "better angle” on the storm. This procedure also
requires careful monitoring of accurate tension meters in conjunction with
an on—line mooring model to be done safely. The risk that the lateral force
on fluked anchors will "tumble” them and pull them out must be weighed in
the decision to use this method.
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Table 4-2. Operational and Survival Holding Power Analysis
for 10. Feet Heave

Direction
of Rig
Deflection

.00
5.00
10.00
15.00
20.00
25.00
30.00
35.00
40.00
45.00
50.00
55.00
60.00
65.00
70.00
75.00
80.00
85.00
90.00

Operational (All legs active) |
Weather Safety Rig |
Direction Factor Yaw |

Holding
Power
547551.
546342.
542064.
535293.
527542.
519008.
508510.
497588,
487109.
475260.
464697.
454504.
444834,
436020.
428080.
422932.
419071.
416614.
415730.

.00
3.84
7.73

11.79

15.94

20.06

24 .45

29.05

33.75

38.64

43.64

48.83

54.27

60.02

65.89

71.73

77.73

83.98

90.00

2.70
2.71
2.73
2.77
2.82
2.89
2.91
2.87
2.84
2.83
2.84
2.87
2.91
2.97
2.97
2.92
2.88
2.85
2.84

.00
.01
.01
.02
.03
.03
.04
.04
.05
.05
.05
.04
.04
.04
.03
.02
.02
.01
.00

Survival (Lee legs slacked)
Holding Weather Safety Rig
Power Direction Factor Yaw

701156.
699943.
696220.
690213.
697314.
690281.
680783.
670008.
634667.
622985.
611897.
600325.
588791.
577628.

1575075.

566520.
506026.
504316.
503828.

.00
2.68
5.31
7.99

15.82
18.00
20.24
22.48
31.83
35.06
38.30
41.60
44,95
48.32
57.37
60.19
80.80
85.46
90.00

2.70
2.71
2.73
2.77
2.82
2.89
2.91
2.87
2.84
2.83
2.84
2.87
2.91
2.97
2.97
2.92
2.88
2.85
2.84

ot s o

A~

Table 4-3. Operational and Survival Holding Power Analysis
Feet Heave

Direction
of Rig
Deflection

.00
5.00
10.00
15.00
20.00
25.00
30.00
35.00
40.00
45.00
50.00
55.00
60.00
65.00
70.00
75.00
80.00
85.00
90.00

Operational (All legs active)

Holding
Power
446249,
445808,
443871,
441613,
437639.
432755.
426785,
420084.
413715.
406896 .
398946.
393088.
387259.
382072.

" 378441,

375402.
371976.
370105.
369282.

for -10.
Weather Safety
Direction Factor
.00 3.33
4.19 3.34
8.53 3.36
12.68 3.40
17.10 3.43
21.57 3.34
26.22 3.27
30.69 3.23
35.45 3.20
40.31 3.19
45.48 3.20
50.81 3.23
56.06 3.27
61.67 3.34
67.10 3.32
72.69 3.26
78.46 3.21
84.29 3.19
90.00 3.18
4

Rig
Yaw
.00
.01
.0l
.02
.02
.03
.03
.04
.04
.04
.04
.04
.03
.03
.03
.02
.01
.01
.00

.00

.01
.03
.04
.05
.06
.08
.09
.08
.09
.10
.10
.11
.11
.11
.11
.01
.01
.00

Survival (Lee legs slacked)

Holding
Power
574163.
573598.
571270.
568396.
577380.
572890.
566755.
539828.
533263.
526012.
517827.
510701.
502856.
501887.
496449,
490144,
444427,
443685,
443229.

Weather Safety

Direction Factor
.00 3.33
2.87 3.34
5.83 3.36
8.63 3.40
16.88 3.43
19.18 3.34
21.58 3.27
30.34 3.23
33.59 3.20
36.84 3.19
40.17 3.20
43.58 3.23
46.84 3.27
56.43 3.34
59.15 3.32
62.00 3.26
81.35 3.21
85.73 3.19
90.00 3.18

Rig
Yaw
.00
.01
.02
.04
.04
.06
.07
.06
.07
.08
.08
.09
.09
.09
.10
.10
.01
.01
.00



WIND

SURVIVAL WATCH CIRCLE

Figure 4-6. Survival Holding Power by Slacking Upwind Legs

When the upwind legs are slacked, the survival watch
circle is larger than the operational circle. Upwind legs
(A and B) gain a better angle for resisting the storm,
but the increased angle may tumble the anchor.
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On balance, it is best to design for comnservative operation during
storms by simply slacking the downwind legs as described above. The other
methods can be held in reserve for emergencies.

Verify Handling Gear

This part of the mooring evaluation is not less important because it is
not difficult. It is a straightforward check that the mooring winches,
wildcats, fairleads and chain lockers are matched to the leg components. The
winches must have sufficient line pull to perform anchor setting tests and
adjust the line tension under storm loads. A mechanical stop by means of a
dog or pawl with a manual emergency release is necessary in addition to
friction brakes.

Wire rope is easily damaged by drawing it around sheaves that are too
narrow or too small. The ratio of sheave diameter to cable diameter must
exceed 20. Level winds or grooved drums help wire rope to wrap neatly on the
drum in closely spaced turns. Wildcats and fairleads must be properly sized
for chain links to avoid damage. References 1, 6, and 7 each discuss wire
rope, chain, winches and windlasses, tensiometers and other deck fittings.
Volume II is a survey of mooring hardware, with emphasis on failure modes,
inspection methods and testing facilities. '

Verify Anchor Selection

Anchors are selected by weight and style. The composition of the sea-
floor strongly affects the holding power of anchors. References 1, 6 and
especially 7 include illustrations of the numerous styles of anchors in
common usage as well as technical discussions of holding qualities. Seamen
have been devising anchors for as long as they have been "going down to the
sea in ships”, and analyzing anchor holding power has much the same preci-
sion as analysis of the tonal qualities of a Stradivarius.

4 - 11
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SECTION 5
COMPARE ESTIMATES WITH DESIGN

The final review (Precedure 5.0) compares the environmental load with
the holding capacity and the estimates prepared by the reviewer with the
design. The normal result is that the design matches load with strength and

is accepted. Otherwise the reviewer may suggest design changes to obtain the
needed strength.

Table 5-1 is a comparison of the environmental loads and holding power
for the sample problem. The environmental loads are taken from Table 3-2
which shows the wind and current spreadsheet calculations for the sample
problem. The holding power results are copied from Tables 4-1, 4-2 and 4~3
based on the RIGMOOR static model. The columns headed "Reserve" contain the
difference (Holding Power) - (Loading Force). Positive values indicate extra
holding capacity for the environmental condition. Thus, in a 70 kt storm on
the bow, the reserve holding power is 494 - 325 = 169 Kips. Negative reserve
values mean that the mooring will be overloaded.

Table 5-1. Comparison of Proposed Mooring Holding Power
with Estimated Wind and Current Load

Condition
Operational Survival
Windspeed (Kt) 70. 100.
Heave Load Reserve Load Reserve
Bow-On (Feet) (Kips) (Kips) (Kips) (Kips)
Wind and Current
Loading Force 325. 734,
Estimated Mooring 0. 494, 169. 683. - -51.
Holding Power 10. 548. 223. 750.° 16.

-10u 4460 121- 6230 -1110

Heave Load Reserve Load Reserve

Beam (Feet) (Kips) (Kips) (Kips) (Kips)
Wind and Current
Loading Force 339. 787.
Estimated Mooring 6.. 392. 53. 510. =-277.
Holding Power 10. 416. 77. 540. =247.

~10. 369. 30.  479. -308.

~

o mare

Two facts are apparent in Table 5-1. First, the proposed mooring fails
to hold the expected load in a survival wind (100 kt) but is satisfactory in
an ordinary storm (70 kt). The second fact is not so easily seen, but notice
that the beam wind and current produce larger loads than a bow-on storm. The
mooring, on the other hand, is stronger against bow-on than beam storms.

5-1



1f these facts had occurred singly, the reviewer might take a charit-
able view and inquire whether there is justification for the discrepancy.
Perhaps, for example, the drillsite is unusually sheltered from severe
storms. To have the lobes of the holding power rose out of phase with the
lobes of the storm loading rose is a clear design error.

In the narrow sense, this concludes the task of mooring review: the
proposed mooring is inadequate. But in the real world, a negative review
should suggest remedial actions likely to correct the problem. The goal is
not to redesign the mooring but to suggest profitable directions the
redesign might follow. The reviewer should go back over the proposed design
in order to pinpoint the weakness. v

There is no royal road to effective problem diagnosis, no more in
mooring review than in medicine or auto mechanics. In moorings, there are
always the simplistic solutions — more legs, more anchors, larger gear - but
these can be very costly to implement on an operational rig. There are other
avenues that have little or no cost:

- If the weather has a strongly predominant direction, does the rig
have a low-drag profile that can be aligned to that direction?

- Can the mooring be installed with the strong lobe of its holding
power rose aligned with the predominant storm direction? :

- The holding power rose is sensitive to the mooring pattern. Simply
changing the direction of the anchors relative to their fairleads
can alter the ratio of bow to beam holding power.

Useful recommendations can usually be derived from these approaches without
resorting to costly tactics like replacing or relocating mooring gear,
especially when a rig has an established operating history.

Applying this to the sample problem, ignore for the moment the differ-
ent construction of the legs. If the legs have a common construction, then
it can be shown from the geometry of the sample mooring pattern (Figure 1-2)
that increasing the angle of the corner legs from 45 degrees to 70 degrees
off the bow/stern will bring the ratio of bow/beam holding power into better
agreement with the ratio of bow/beam storm load:

Ratio Holding Power Storm Value
Bow = 2 + 2COS(70) = 787 = 1.073
Beam- 1 + 25in(70) 734

The figures and tables in Section 1 remind us that the sample mooring
is an unusual design, with all-chain legs on the bow and stern, wire rope
legs at the corners, and two-part legs on the beam. Table C-4 in Appendix C
shows the sample runstream for RIGMOOR"s analysis of the sample problem. The
holding power tables for each leg (pp. C~11 through C-13) can be compared,
with interesting results. The preload theory presented in Appendix B says
the optimum design for a mooring leg with a drag-embedment (fluked) anchor
is adjusted so that the leg will 1lift the anchor shank if the design load is
exceeded. ‘

N
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Table 5-2 compares the optimum design conditions for the three leg
types. It was prepared from the H vs S table in appendix C for each leg
type. Entries were selected for the least length on the bottom under the
design load. (Note: length on bottom is shown as negative in the tables;
positive entries denote the upward force of the leg on the anchor, with none
on the bottom. This unusual convention is useful because legs lay along the
bottom or pull upward on the anchor, but never both). The table shows that
combining chain legs with wire rope legs may be useful as an illustration,
but not as a mooring. The chain leg has forced a larger preload than is
desirable for the other legs. "Forced" because the chain legs would raise
their anchor shank at the design load if the preload were lowered to
optimize the wire rope legs. The mooring would be substantially improved by
using only leg type 2 or leg type 3 for all ten legs.

.

Table 5-2. Comparison of Optimum Holding Power
for Sample Problem Leg Types

Leg Bottomed Deployed Pre- Design Holding
Type Size Length Length Load Load Power
(In) (Feet) (Feet) (Kips) (Kips) (Kips)
1 Chain 3 38. 1350. 100.4 203.7 103.3
2 Wire 3 39. 3300. 89.5 245.6 156.1
3 Mixed 3 30.% 1250. 41.7 224.4 182.8

* Interpolated

~re -~

Table 5-3 gives the revised holding power when the mooring pattern is
changed to 0-70-90 degrees and all the legs are entirely 3-inch wire rope.
The new mooring pattern corrects the bow/beam holding power ratio and in-
creases the holding power, but not enough to restrain the 100 knot storm.

The survival condition for the sample problem simply requires heavier
gear. Since the strength of wire rope and chain varies as the square of the
diameter, one can estimate the holding power of 3.5-inch legs by scaling the
holding power from Table 5-3 (541.8 Kips):

(3.5/3.0)2 = 1.361 1.361 * 541.8 = 737.4 Kips.

The holding power estimated for 3.5-inch wire rope legs matches the‘required
734 Kips imposed by the 100 knot storm. Table 5-4 verifies that the second
revision meets the envirommental requirement for the 100 knot storm. °

In this section, the sample problem illustrates methods to improve
mooring performance: The weak bow/beam holding power ratio was remedied by
adjusting the mooring pattern, and heavier legs increased the total

strength. The result is a mooring which can be used with safety and
confidence in fair weather and foul.

5-3



Table 5-3. RIGMOOR Sample Problem Revision One

Water
Depth
312.00

Design Safety
Offset Factor
7800 3.00

Anchor Fairlead Position Anchor Position

No. Type

CWOVWONO UL FWN
el el el i

M

Leg Type
Seg. Mater

1 IWRC

X Y
88.00 100.00
96.00 96.00

100.00 .00
96.00 ~926.00
88.00 -100.00

-88.00 -100.00

-96.00 -96.00
100.00 .00
-96.00 96.00
-88.00 100.00

1
ial Siz
Wire Rope 3.0

X Y
88.0 3369.9
3168.7 1214.4
3369.9 .0
3168.7 -1214.4
88.0 =3369.9
-88.0 -3369.9
-3168.7 -1214.4
-3369.9 .0
-3168.7 1214.4
-88.0 3369.9
e Length Wel
00 6000.00

No. No.Leg
Anchors Types
10 1

Anchor Anchor Anchor
Direction Radius Preload
.00 3270. 89469.
70.00 3270. 89469.
20.00 3270. 89469.
110.00 3270. 89469.
180.00 3270. 89469.
-180.00 3270. 89469.
-110.00 3270. 89469.
-90.00 3270. 89469.
~70.00 3270. 89469.
.00 3270. 89469.

Top
Scope
3297.
3297.
3297.
3297.
3297.
3297.
3297.
3297.
3297.
3297.

ght Strength Elasticity Buoyancy

OPERATIONAL AND SURVIVAL HOLDING POWER ANALYSIS FOR

Direction
of Rig
Deflection

.00
5.00
10.00
15.00
20.00
25.00
30.00
35.00
40.00
45.00
50.00
55.00
60.00
65.00
70.00
75.00
80.00
85.00
90.00

Operational (All legs active)

Holding Weather Safety
Power Direction Factor
465021. .00 3.00
465198. 5.71 2.99
466001. 11.23 3.00
467259. 16.84 3.03
470317 . 22.61 3.09
474444, 28.31 3.17
479906. 34.10 3.28
486023. 39.70 3.42
493392. 45.42 3.48
502013. 51.00 3.35
512116. 56.27 3.25
523504. 61.29 3.17
535028. 65.99 3.11
546218. 70.40 3.07
556106. 74.70 3.05
564688. 78.87 3.05
571642. 82.65 3.04
575587. 86.36 3.01
576954, 90.00 3.00

Rig
Yaw
.00
.10
.21
.31
.40
47
.52
.54
.57
.59
.59
.56
.52
.46
.38
.31
.22
.11
.00

14.4805 750264. 5.7960E+07

0.

0. FEET HEAVE

Survival (Lee legs slacked)

Holding Weather Safety
Power Direction Factor
541879. .00 3.00
530235. 9.93 2.99
532294. 14.37 3.00
554145. 24.26 3.03
558642. 28.20 3.09
562829. 32.21 3.17
568221. 36.41 3.28
592970. 45.66 3.42
601661. 49.20 3.48
610385. 52.72 3.35
619483. 56.16 3.25
629051. 59.49 3.17
637679. 62.66 3.11
646232. 65.59 3.07
624208. 76.74 3.05
631537. 80.28 3.05
637226. 83.53 3.04
640977. 86.79 3.01
642272. 90.00 3.00

Rig
Yaw
.00
-.34
-.18
-.05
.08
.20
.28
.97
.96
.94
.90
.84
.78
.69
47
37
025
.13
.00
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Table 5-4. RIGMOOR Sample Problem Revision Two

Water Design Safety No. No.Leg
Depth Offset Factor  Anchors Types
312.00 7.00 3.00 10 1
Anchor Fairlead Position Anchor Position Anchor Anchor Anchor Top
No. Type X Y X Y Direction Radius Preload Scope
1 1 88.00 100.00 88.0 3368.7 .00 3269. 120748, 3297.
2 1 96.00 96.00 3167.6 1214.0 70.00 3269. 120748. 3297.
3 1 100.00 .00 3368.7 .0 90.00 3269. 120748. 3297.
4 1 96.00 -96.00 3167.6 -1214.0 110.00 3269. 120748. 3297.
5 1 88.00 -100.00 88.0 -3368.7 180.00 3269. 120748. 3297.
6 1 -88.00 -~100.00 -88.0 -3368.7 -180.00 3269. 120748. 3297.
7 1 -96.00 -96.00 -3167.6 =1214.0 -110.00 3269. 120748. 3297.
8 1 -100.00 .00 -3368.7 .0 -90.00 3269. 120748. 3297.
9 1  -96.00 96.00 -3167.6 1214.0 -70.00 3269. 120748, 3297.
10 1 -88.00 100.00 -88.0  3368.7 .00 3269. 120748. 3297.
Leg Type 1
Seg. Material Size Length Weight Strength Elasticity Buoyancy
1 IWRC Wire Rope 3.500 6000.00 19.7109 1013814. 7.8890E+07 0.
OPERATIONAL AND SURVIVAL HOLDING POWER ANALYSIS FOR 0. FEET HEAVE
Direction Operational (All legs active) ] Survival (Lee legs slacked)
of Rig Holding Weather Safety Rig Holding Weather Safety Rig
Deflection Power Direction Factor Yaw Power Direction Factor Yaw
.00 629900. .00 3.00 .00 731616. .00 3.00 .00
5.00 630702, 5.60 2.99 .10 716250, 9.90 2.99 -.34
10.00 632128. 11.26 3.00 .21 718929.- 14.32 3.00 -.18
15.00 633970. 16.84 3.03 .31 748529, 24.27 3.03 -.05
20.00 . 636305. 22.47 3.09 .39 754069. 28.16 3.09 .09
25.00 640930. 28.28 3.18 45 759950. 32.22 3.18 .19
30.00 646965. 34.11 3.28 .52 766920. 36.38 3.28 .28
35.00 654809. 39.85 3.42 <55 800674. 45.66 3.42 .97
40.00 664940, 45.46  3.48 .58 811951. 49.19 3.48 .96
45.00 677836. 50.97 3.35 .59 823810. 52.70 3.35 .94
50.00 692694. 56.32 3.25 .58 836250. 56.18 3.25 .90
55.00 707893, 61.23 3.17 .57 848942, 59.49 3.17 .84
60.00 723797. 65.92 3.11 .51 861284, 62.65 3.11 .77
65.00 738661. 70.45 3.07 44 872306. 65.63 3.07 .69
70.00 752616. 74.78 3,05 .38 842783. 76.81 3.05 .48
75.00 764584, 78.77 3.05 .29 853090. 80.22 3.05 .37
80.00 773734, 82.56 3.04 <20 860836. 83.49 3.04 .25
85.00 779873. 86.36 3.01 .10 865737. 86.81 3.01 .13
90.00 782461. 90.00 3.00 .00 867498. 90.00 3.00 .00
5-5
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ship-shaped hulls and circular caissons and footings in deep

~ water. The theory of wave forces in shallow water does not
§§ yield convenient formulas. A set of 9 charts is provided to
- simplify these computationms.
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- Recommended Practice RP 2P, American Petroleum Institute, Dallas, TX,

fi 1982.

p A comprehensive procedure for analyzing spread moorings is

& presented, with emphasis on practical computation. A simple

£ method for estimating design wind speed and wave height from
wind and wave records is shown. The ABS formulas for wind and

, f: current forces are accepted, with slightly different values

f} for current drag coefficients. Waves are treated by Mean
Drift Force and Response Amplitude Operators in surge and

~ sway. Curves of anchor and line holding power are shown and

i the summation of catenary forces around the mooring plan

Lo geometry illustrated. Section 6 is an example analysis with
complete numerical details.
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6. Lessons in Rotary Drilling Unit V: Offshore Technology, Petroleum
Extenson Service, University of Texas, Austin, TX, 1976.

This is the fifth Unit in a series of correspondence lessons
prepared in cooperation with the International Association of
Drilling Contractors. Lesson 1, Wind, Waves, and Weather, and

. Lesson 2, Spread Mooring Systems provide a tutorial introduc-
tion to the subject, with a strong practical emphasis.

7. Shields, D.R., R.L. Wendt and B.A. Johnson, OTEC Mooring Technology,
Naval Civil Engineering Laboratory Technical Memorandum No. 44-83-05,
Port Hueneme, CA, 1982.

Existing technology for mooring components prepared for the
Ocean Thermal Energy Conversion project, which explored the
feasibility of mooring large powerplants in the ocean is
summarized in this report. Common mooring components are
evaluated, with tables of size and strength, discussion of
common failure modes, lists of manufacturers and testing
facilities.

8. Rajabi, F., S. Ghosh and C. Oran, Review of Semisubmersible and Tension
Leg Platform Analysis Techniques, Naval Civil Engineering Laboratory
Technical Memorandum No. 44~85-02CR, 1985 (3 volumes).

This heavily theoretical study combines a literature review
of current methods for estimating environmental forces on
floating and moored objects with a review of computer soft-
ware for designing such ocean structures. The large size of
the report itself suggests the principal result - that envi-
ronmental forces are very difficult to estimate accurately in
detail. The report provides a background for evaluating moor—
ings designed using the software tools described in the
report.
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APPENDIX A
MOORLOAD

MOORLOAD is a template for estimating the wind and wave force on a
moored semi-submersible drilling rig using an electronic spreadsheet for a
personal computer. "Template” is what a program for a spreadsheet is called.
Spreadsheet programs derive their name from the large paper ruled in many
columns used for financial calculations. Greybearded engineers may recall
- the days when engineering calculations were laid out in similar fashion to
simplify work with a sliderule. FORTRAN weaned engineers from their slide-
rules, but the emergence of electronic spreadsheets has put new life into
an old concept. The personal computer screen is used like a camera that can
be aimed at any part of a spreadsheet having hundreds of columns and rows.

On a spreadsheet, the intersection of a column and row forms a box or
cell. With a paper spreadsheet, one writes a number or a label in a cell.
Electronic spreadsheets add a third choice, which is the basis for their
popularity: one may write a formula into a cell. The formula describes how
to calculate the number to be displayed in the cell. Listing A-1 gives the
formulas for the MOORLOAD template. It remains only for the user to fill in
the title cell and enter the numbers particular to a mooring problem. The
spreadsheet performs all the associated arithmetic.

The template is actually two templates in one. One calculates storm
forces aligned with the bow or stern of the rig and the other makes the
estimate for beam winds and currents.

MOORLOAD is based on the wind and current force formulas prescribed by
the American Bureau of Shipping in Section 3 of Reference 2. Table A-1 shows
the empty MOORLOAD template as it exists upon first loading. Table 3-2 is a
sample of the template after it has been filled in for the sample problem
used throughout this manual. The SuperCalc user’s guide tells how to load a
template, fill it in, and print the results.

The top line of the MOORLOAD template is reserved for a case title,
entered by the user. Below the title are two credit lines. Next are a pair
of tables. On the left, the default value for wind speed, current speed and
current depth for the operating and survival conditions. Users may alter any
of these values. If so, the equivalent pressure of wind/current will be
corrected automatically by the spreadsheet monitor. The table on the right
consists of reference values for documentation purposes; they would not
ordinarily be changed.

The wind load table is a matrix of area subtotals. There is a line in
the matrix for each type of structure recognized in the ABS wind force
model, and there is a column in the matrix for each height class from sea
level to 250 feet. The matrix is initially filled with zeroes; the user
simply enters values in appropriate elements of the matrix, ignoring the
elements that do not apply to the rig under study. The spreadsheet program
sums the weighted areas by row and computes the force produced by the
operational wind and the survival wind.

Current forces are computed in a table beneath the wind load matrix.
Only a single column of entries is needed -~ projected areas of cylinders and

A-1



other shapes, wetted surface of hull shapes, riser pipe diameter, and moor-
ing chain or wire rope size (use whichever material occurs in the current
layer defined in the top left table). Current forces are summed and the
total is combined with the wind force and displayed. The first page of the
template, as described, applies to storms aligned with the bow or stern of
the rig. The template is repeated on a second page for beam storms.

-
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™ .
# Listing A-1. MOORLOAD Template Formulas
r SuperCalc ver. 1.12
gﬁ Bl TL = "Replace element Bl with case title, then /Copy to B70
B3 TL = "Wind and Current Force Estimation for Moored
T Exploratory 0il Drilling Rigs
g C4 TL = "using ABS formulas and coefficients
. H4 TL = "David B. Dillon EG&G 1985
] E6 TR = "QOperating
5 F6 TR = "Survival
- H6 TL = "Ft/Sec per Knot
J6 = 1.68781
§3 B7 TL = "Wind Speed
s D7 = "(Knots)
E7 = 70
ks F7 = 100
£ H7 TL = "Truss Factor
J7 $ = .6
~ B8 TL = "Current Speed
b D8 = "(Knots)
g; E8 = 2
F8 =4
g? H8 TL = “Temperature
L J8 = "60 F
B9 TL = “"Current Depth
= D9 = "(Feet)
&3 E9 = 300
” F9 = 300
: H9 = "Density
£ J9 = "(51/CuFt)
L B10 TR = "Wind Q
D10 = "(Lb/SqFt)
o E1l0 = 5%J10%J6*J6*E7*E7
£y F10 = .5%J10*J6*J6*F7*F7
H10 = "Air
J10 = ,00237
B11 TL = "Current Q
D11 = "(Lb/SqFt)
- Ell = 5*%J11*J6*J6*ES*ES
- F11 = .5%J11*J6*J6*F8*F8
& H11 = "Seawater
J11 = 1.9903
o D13 TL = "Height (Feet) Above Waterline
f Cl4 = "0-50
" D14 = "50-100
-~ El4 = "100~150
ii Fl4 = "150-200,
s T Gl4 = "200+
B15 = "Shape
- Al6 TR = "Height
r Bl6 TR = "Coef.
-
] : (Continued on next page)
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SuperCalc

Cc16
D16
El6
F16
Glé
H16
116
H17
Cc18
H18
I18
J18
A20
B20
Cc20
D20
E20
F20
G20
H20
120
J20
A22
B22
c22
D22
E22
F22
G22
H22
122
J22
A24
B24
C24
D24
E24
F24
G24
H24
124
J24
A26
B26
C26
D26
E26
F26

TR

TL
TR
TR
TR

.
1 T T T T J T AT NN RN NN NN NN

OO OO

Listing A-1 (Continued). MOORLOAD Template Formulas

ver. 1.12

®
L]
°

[FVRL VRN (L

7

Weighted

" Wind Force, (Lb)

"Area

"= = - Bow-On Projected Area (Sq. Ft.) - — =
"(Sq.Ft.)

"QOperating

"Survival

"Cylinders

0.5

T e e

COO0 OO

B20*(Cl6*C20+D16*D20+E 16 *E20+F 16 *F20+G16*G20)
H20*E10 .
H20*F10

"Hull

SCOO0OO0CO

B22*(Cl6*C22+D16*D22+E16*E22+F16*F22+G16*G22)
H22*E10

H22*F10

"Deck Houses

[aNoNoNoNoll

B24*(Cl6*C24+D16*D24+E16*E24+F16*F24+G16*G24)
H24*E10

H24*F10

"Abovedeck Trusswork

1.5

(Continued on next page)
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SuperCalc

G26
H26
I26
J26
K26
A28
B28
c28
D28
E28
F28
G238
H28
128
J28
A30
B30
C30
D30
E30
F30
G30
H30
I30
J30
K30
A32
B32
c32
D32
E32
F32
G32
H32
132
J32
K32
B34
G34
134
J34
H39
139
J39
B40
H40
140
J40

TL

Listing A-1 (Continued). MOORLOAD Template Formulas

ver. 1.12

uuuuuuuuuuuuunnnuunnuuuuuuuuuunuunuuunnnunu_u||||||n

0
B26*(Cl6*C26+D16*D26+E16*E26+F16*F26+G16*G26)*J7
H26*E10

H26*F10

"o

"Underdeck, Smooth

OCOOO0O0O

‘B28*%(C16*C28+D16*D28+E16*E28+F16*F28+G16*G28)

H28*E10

H28*F10

"Underdeck Structures
3

1.
0
0
0
0

0
B30*(Cl6*C30+D16*D30+E16*E30+F 16 *F30+G16*G30)*J7
H30*E10

H30*F10

"ok

“"Rig Derrick

1.25

[N eleoNoNa]

B32*(C16*C32+D16*D32+E16*E32+F16*F32+G16*G32)*J7
H32*E10

H32*F10

"%

"* Truss Factor applied
"Bow—-on Wind Force:
SUM(I120:132)
SUM(J20:J32)

"Weighted

"Operation

"Survival

"Drag

"Area

"Force

"Force

(Continued on next page)
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Listing A-1 (Continued). MOORLOAD Template Formulas

SuperCalc ver. 1.12

B4l TL = "Coefficient
F&l = "Units

G4l TR = "Entry

H41 = "(Sq.Ft.)
141 = "(Pounds)
J41 = "(Pounds)
A43 = "Cylinders
B43 = .85

D43 TL = "Bow=-on Area
F43 = "(Sq.Ft.)
G43 =0

H43 = B43*G43

143 = H43*E1ll

Ja3 = H43%F11

A45 = "Other Shapes
B45 = 2

. D45 TL = "Bow—on Area
F45 = "(Sq.Ft.)
G45 =0

H45 =. B45*G45 ‘
145 = H45%E1l

J45 = H45*F11

A47 = "Hull

B47 G = ,0056

D47 TL = "Wetted Area
F47 = "(8q.Ft.)
G47 =0

H47 = B47*G47

147 = HA7*E1ll

J&7 = H47*F11

A49 = "Riser Pipe
B49 G = ,0035

D49 TL = "Diameter
F49 = "(In.)

G49 = 0

H49 = B49*G49*PI*E9/12
149 = H49*E1l

J49 = H49*F1l

A51 = "Mooring

D51 TL = "No. Legs
G51 =0

A52 = "Chain

B52 = 1,5

D52 TL = "Diameter
F52 = "(In.)

G52 =0

H52 = B52%GS52*E9/12%G51
152 = H52*E1ll

(Continued on next page)
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E% Listing A-1 (Continued). MOORLOAD Template Formulas
- SuperCalc ver. 1.12
[ 3]
£ J52 = H52*F11
A53 = "Wire Rope
m BS53 = ,5
P D53 TL = "Diameter
F53 = “(In.)
0 G53 =0
f{ H53 = B53*%G53*E9/12*G51
e 153 = H53*Ell
J53 = H53*F1l1
e G55 = "Current Force:
8 155 = SUM(143:153)
J55 = SUM(J43:J53)
™ G57 = "Total Bow-on Force:
P 157 = 134+155
h J57° = J34+J55
-~ B70 TL = "Use "/Cbl,b70<cr>" to copy case title to page 2
b D73 TL = "Height (Feet) Above Waterline
B 74 = "0-50
D74 = "50-100
5? E74 = "100-150
£ F74 = "150-200
G74 = "200+
~ B75 = "Shape
E; A76 TR = "Height
“ B76 TR = "Coef.
C76 =1
~ D76 = 1.1
b E76 = 1.2
F76 = 1.3
~ G76 = 1.37
b H76 TR = "Weighted
: I76 TL. = "  Wind Force, (Lb)
H77 = "Area
C78 TL = "= ~ - Beam Projected Area (Sq. Ft.) - - -
H78 TR = "(Sq.Ft.)
178 TR = "QOperating
= J78 TR = "Survival
%3 A80 = "Cylinders
B8O = 0.5
o~ C80 =0
D8O = 0
E80 =0
F80 =0
8 G80 =0 .
£l H80 = B80*(C76*C80+D76*DB8O+E76*ESO+F76*F80+G76*G80)
180 = H80*E1O0
- J8o = H80*F10
b A82 = "Hull
-
B - (Continued on next page)
Lo

-
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SuperCalc

B82
c82
D82
E82
F82
G82
H82
182
J82
A84
B84
C84
D84
E84
F84
G84
H84
184
J84
A86
B86
C86
D86
E86
F86
G86
H86
186
J86
K86
A88
B88
Cc88
D88
E88
F88
G88
H88
188
J8s
A90
B9O
c90
D90
ES0O
F90
G990
H90

[ R I I I NN N I N I e A OO O I T T TN N T A N R

Listing A-1 (Continued). MOORLOAD Template Formulas

ver., 1l.12

QO OO0+

B82*(C76*C82+D76*D82+E76*E82+F76*F82+G76*G82)
H82*E10

H82*F10

"Deck Houses

COoOO0CoOoCOrH

B84*(C76*C84+D76*D84+ET76*E84+F76*F84+G76%G84)
H84*E10

H84*F10

"Abovedeck Trusswork

1.5

[~NeNeNeNel

B86*(C76*C86+D76*D86+E76*E86+F76*F86+G76*G86)*J7
H86*E10

H86*F10

" ok

"Underdeck, Smooth

coooo+

B88*(C76*C88+D76*D88+E76*E88+F76*F88+G76*%G88)
H88*E10

H88*F10

"Underdeck Structures

1.3

0

0
0
0
0
B90*(C76*C90+D76*DI0+E76*EIO+F 76 *FI0+G76*G90)*J7

(Continued on next page)
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%é Listing A-1 (Continued). MOORLOAD Template Formulas
- SuperCalc ver. 1.12
&g 190 = H90*E10
J90 = H90*F10
o K90 =" %
i A92 = "Rig Derrick
B92 = 1.25
c92 =0
f} D92 =0
- E92 =0
F92 =0
£ G92 =0
E H92 = B92*%(C76*%C92+D76*D92+E76*E92+F76*F92+G76*G92)*J7
192 = H92*E10Q
~ J92 = H92*F10
k?i K92 =" %
- B94 TL = "* Truss Factor applied
, G9%4 = "Beam Wind Force:
7 194 = SUM(180:192)
L J94 = SUM(J80:J92)
H99 = "Weighted
£ 199 = "QOperation
éj J99 = "Survival
B10O = "Drag
~ H100 = "Area
b 1100 = "Force
J100 = "Force
B101 TL = "Coefficient
- F101 = "Units
b G101 TR = "Entry
H101 = "(Sq.Ft.)
™~ 1101 = "(Pounds)
f J101 = "(Pounds)
- A103 = "Cylinders
- B103 = .85
ég D103 TL = "Beam Area
L F103 = "(8q.Ft.)
G103 =0
e H103 = B103*G103
i 1103 = H103*E1l
J103 = H103#F11
~ Al05 = "QOther Shapes
Eﬁ B105 =2
- D105 TL = "Beam Area
F105 = "(Sq.Ft.)
£ G105 =0
L H105 = B105*%*G105
1105 = H105%E1l1l
- J105 = H105*F11
) AL07 = "Hull
J—
B (Concluded on next page)
5 \
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Listing A-1 (Concluded). MOORLOAD Template Formulas

SuperCalc ver. 1.12

B107
D107
F107
G107
H107
1107
J107
AlQ09
B109
D109
F109
G109
H109
1109
J109
Alll
D111
G111
All2
B112
D112
F112
G112
H112
Ii12
Ji12
All3
B113
D113
F113
G113
H113
I113
J113
G115
I115
J115
G117
I117
J117

G
TL

G
TL

TL

TL

oW w8 o R RN R RN NN RN B BB NN N

.1058

"Wetted Area
"(Sq.Ft.)

0

B107*%G107
H107*Ell

H107*F11

"Riser Pipe

.0035

"Diameter

"(In.)

0
B109*G109*PI*E9/12
H109%*E1l1

H109%F11

"Mooring

"No. Legs

0

"Chain

1.5

"Diameter

"(In.)

0
B112*G1l12*E9/12*G1l11l
H112*Ell

H112*F11

"Wire Rope

.5 .

"Diameter

“(In.)

0
B113*G113*E9/12*G111
H113*Ell

H113*Fll

"Beam Current Force:
SUM(I103:1113)
SUM(J103:J113)
"Total Beam Force:
19441115

J94+J115

A - 14
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APPENDIX B

CATENARY PRELOAD THEORY

- The catenary is a mathematical function that describes the shape a
o heavy, flexible, inextensible line suspended between two supports. Table B-1
.%i lists the catenary equations. Lightweight mooring designs take into account
L the hydrodynamic force distribution along the line. The equations are then
expressed in differential form and solved numerically. Hydrodynamic forces

2! on heavy rig mooring lines are much smaller than environmental forces on the

o
i,

rig, so they are usually ignored or lumped with rig forces.

b |
i

Table B-1

i
b

The Catenary Equations

Tension: T = H % Sec(Phi)
e . Vertical Load: V = H * Tan(Phi)
Ei he _ _ H '
Arc Length: 89 Sy = ;.* (Ty - T;)
& Vertical Span: Y, - Y; = <% * (Vy = V1)
r
Horizontal Span: X - X; = - * Lo — o

[

If subscript 2 denotes the "higher” end of a mooring, then
the differences on the left of the equations are all posi-

f? tive. H is the horizontal load acting on the element, w is
et the linear weight density of the element, and Phi is the
angle from H to T. Phi is positive when T tends upward.
e« When the element is elastic, the stretched arc length, s, must be
L distinguished from the unstretched material point, S, and the elastic param-
eter, AE, enters the equations. The cable functions can still be expressed
e, in formulas when the line obey”s Hook e Law. Table B~2 shows the form they
B take. The equations degenerate to the catenary equations above in the limit
o as AE increases indefinitely.
, g}  Mooring line dynamic analysis takes into account the acceleration of
=5t the fluid and the inertia of the line. Dynamic solutions fall into two main
classes: solutions in the frequency domain and solutions in the time domain.
f? Frequency domain solutions express steady-state dynamics in terms of the
b amplitude, frequency and phase of sine functions. The three characteristics

B

B-1

[ d



listed vary along the length of the line. Moorings in a seaway are amenable
to this approach. Time domain solutions require simultaneous integration in
two dimensions ~ in time and along the length of the line. Sophisticated
numerical procedures are required to address these solutions.

Table B-2

Elastic Cable Functions

T = H * Sec(Phi)
V = H * Tan(Phi)
H (VZTZ - VlTl)
S = 8 = Sy =8 + — % (X, - Xq) +
1 1
2 ! 2 2AE 2 2wAE
(Vy + Vp)
2 - V1 = Y2 Y+ ——e— % (53 - §p)
H
xz - Xl = Xz - Xl + —AE— * (Sz - Sl)

Dynamic models of spread moorings for oil rigs rarely include the
dynamics of the mooring lines themselves because the mass of the rig far
exceeds the mass of the mooring lines. Furthermore, the dynamic excitation
comes at or near the surface. The mooring lines provide another restoring
force on the rig motions and hold the rig at the mooring site. These models,
therefore, cannot predict dynamic mooring line responses, such as standing
waves, and theilr associated failure modes.

The static design of a mooring is built around the displacement vs
force function ("X vs H curve”) of a single leg. Figure B-1 shows an ideal-
ized mooring leg under five horizontal loadings, H. The length of the leg,
S, exceeds the depth, Y, so that if His zero, the line drops vertically to
the seabed, then extends along the bottom to the anchor. The vertical load
is the weight of the suspended line, wY. If the length of the line is not
changed while the horizontal load increases, the intersection of the line
with the water surface moves away from the anchor, and the point of tangency
with the bottom moves towards the anchor. If H exceeds the value where the
point of tangency reaches the anchor, then the angle of the line with the
bottom increases, so the line pulls upward on the anchor. When the hori