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ABSTRACT

Single point moorings (3FMs) are now being design-
ed For deepwater ports off the coasts of the United
States, and other SPMs are being designed for deeper
deptha and more severe environments such.as the North
Sea. The paper addresses the important aspecta of
designing an SPH, including: what parameters must be
sonsidered, how mooring loada vary with key parameters,
how model tests should be conducted and their results
analyzed to determine mooring loads, what factors de-
termine limiting loads and eavircnments, and what
criteria should be cbserved in mooring syatem design.

The 5PM deaigner must consider all pertinent
design parameters ineluding the site, environment,
tankers which will be moored, and cperating parameters
of the mooring. Computer simulation and analytical
techniques are now used for design studies and to pre=
dict deaign loada. However, medel testing is still
usually used to establish final design lcads and Lo
verify designs. The maxisum mooring loads measured
in & single model test are not aufficient to establish
realistic design leads; therefore statistical methoda
are applied. The designer can now refer to reccgnized
standards when deaigning the SPM structure. High-
atrength SPM components, such aa chalns and synthetic
ropes, are now available. The capacities of mooring
equipment on the vessels to be moored may lmpose
limitationa on loads and environments unlesa the
SPM will serve only a few specially modified vessels.

INTRODUCTION

In the past fifteen yeara the SPM hasz developed
from a curiosity to a widely applied means of mooring
very large tankers and handling their carges. In
that time the design of SPMa has become a highly
specialized engineering practice. The 5PM deaigner
must understand hew the aite, environment, tanker,
and operating procedures, as well aa the phyaical
. | design parameters of the mooring will effect the
... |meoring loads and the performance of the SPM system.
Exxon Research and Engineering (ER4E) has been investi-
Eating and deaigning SPM ayatems for cver ten years.
This paper discusse= scme of the principala of SPM
design which have been learned.

S

IMPOETANT DESICGH FARAMETERS

The designer of the SPM must conaider all per-
tinent design parameters. The major site and environ-
ment parameters and the methods by which they should
be determined are discussed in the American Bureau
of Shipping Rules for Buillding and Classiog Single
Foint Moorings. The tankers which will be moored
and the procedures by which the mooring will operate
are glac important in establishing the deaign loada.
The physical deaign parameters of the SPM system
have a major ilafluence on mooring loads.

Ihe Environment

The meost important deaign parametera are the ;
operational and survival environments that the SPM wil
be subject to. The operational environment conaista
of the maximum wave, wind, and current conditionsin
which a vesael will remain mocred. The survival
environment normally consiats of the most extrems
wave, wind, and current condtions that the 3PM will
be subject to. In moat cases the operational environ=-
ment will dictate the design moocring loada.

Waves at typical 5PM sites are irregular and
therefore should be defined in terms of significant
wave height (the average of the highest one-third
wave heighta), type of wave spectrum, and mean wave
period. The significant wave neight defines the
relative magnitude of the waves. The wave apectrum
represents the frequency distribution of energy in
the irregular waves.

For a given significant wave height, a narrow
wave spectrum, such as a Plerson-Moskowitz spectrum
where most of the energy is concentrated in a rela-
tively narrow frequency band, will influence the
reaponse of a veasel moored to the SPM differently
than a wide wave spectrum, such as & Roll-Fischer
spactrum. Wave height and wave period are not
sufficient to eatablish the distribution of wave
pericds. For a fully-developed sea the mean wave
period of irregular waves can be derived from know-
ledge of the =ignificant wave height and type of wave
spectrum.
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The magnitudea and directions of cperational
wind and current conditicns are two other ilmportant
environment parametersa that must be included in the
design analysis of an S5PM. The relative directions
at which waves, wind, and current appreoach the mooring
cannot be disregarded. If wind and current are within
about 15 degrees to the direction of waves, they may bq
assumed to act co-linear with wave direction and may
be copaidered as such in the deaign analysis with
little affect on resulta. However, if wind or current
approach the mooring at large anglea to the waves,
they may substantially alter the response of the
moored tanker and therefore their directions musat
be treated in the design analyais.

In cases where the paxipum waves, wind, and
current in which tankers will occcupy the mooring
will be in the same direction, it still may be
necessary to consider the effects of lesser environ-
ments having wind or current at angles to waves.
Higher loada may be experienced in lower non-
parallel environments than in the higher parallel
environment.

The Tanker

Normally the largesat vesael which will moor to
the SPM is chosen a3 the design-basis vessel. How-
ever, where a large range of tanker sizes ia to moor atl
a SPM, consideration must be given to-the influence of
various tanker aizea on mooring loada. An SPM deaign
may be optimum for mocoring one claas of tanker sizes,
but less than cptimum for larger or smaller tankers.
ER%E has found that very-large tankers, in the order
of 500,000 dwt, may actually exert lower peak mooring
loads than intermediate size tankers, in the order of
250,000 dwt, on the same SPM in identical envircnments.
Small tankers axert lower mooring loads, but because
mooring fittings on small tankers are not as strong
as those on large tankera, special consideration may
have to be given to the mooring loads which smaller
tankers can tolerate in establishing cperating
eriteria.

In addition %o the range of tanker sizes which
will be moored, the leoading condition in which these
tankers will most probably be in when exposed Lo the
maximum operating environments must be conaidered
in establishing mooring loads. If tankers are to
discharge cargo, they usually moor in the loaded con-
dition in relatively mild environmenta. However, when
completing the discharge of cargo they may be aubjected|
to the maximum operating environment in ballasted
or light condition. Operating procedures may require
that the tanker take on ballast while discharging
cargo to preclude being exposed to severe environments
while in a light condition. These operating aspecta
must be conslidered in establishing the tanker loading
conditiona which in turn influence design loads.

Ihe Mooring Svstem

The physiecal design parameters of the SPFM syatem
have a major influence on mooring loads. For a given
tanker and envirenment, mooring lcads may be much
different at one type or deaign of SPM than at ancther
because of the different elasticity characteristics
of the mooring aystem. Therefore, parameters which
affect the elasticity characteristics of the mooring
asystem are of prime importance.

For a fixed-tower types of 3PM, the mooring line
@lasticity is the primary conaideration. The length
and size of the mooring line as well as its material
and construction determine ita elaaticity characteris-
tics.

For buoy-type 3PMs, the elasticity of the mooring
line acting in series with the load-deflection charac-
teristics of the buoy anchoring system determines the |
averall elasticity of the mooring system. For the SALY
(single anchor leg mooring) the net buoyancy of the
buoy (the difference between buoy diaplacement and buoy
weight) and the length of the anchor leg, which is
a function of the water depth at the site, influ-
ence the over-all elastieity of the mooring. For the
CALM (catenary anchor leg mooring), the number, size,
length, and pretension of the anchor chaina influence
elasticity. The aize and weight of the CALM buoy
has a secondary but still important influence on
mooring loads.

At any type of SPM the length of the mocring line
has another influence on tanker response beaides
the influence on mocring system elasticity. If the
mooring line is too long the moored tanker may have
too much freedom of motion, and may gain exXcessive
inertia which reaulits in very high peak mooring
loada, A general rule of thumb is the length of the
mooring line should be approximately equal to the beam
of the moored vessel.

All of the above menticned environment, veasel,
and mooring-system parameters have an influence on
mooring loads and must be adequately considered in
the design of the SPM s2ystem. If a opitical mooring-
system paramster is not adequately taken into con-
gideration in determining mooring loada or Lif it is
altered substantially after the mooring lcads have
been determined, the mooring system design may be
inadequate.

SEM HODEL TESTING

A properly planned and executed model test pro=-
gram for the purpose of establlshing SPM design loads
must take inteo acoount the important design parametera
discussed in the precesding section. Although advance
are belng made in SPM dealzn analysls by means of com-
computers, and in other analytical methods for SPM
deaign, principal reliance 13 still placed ocn the re-
aulta of model testing to establish the mooring loada
and verify the performance of the syatem.

The Model-Test Facility e

The qualificaticns of the model test facility
used to conduct the tests are very important. The - il
model-teat facility must be capable of acourately "%

modeling all important parameters of the environment..

Model tests of SPM systems must generally be con
ducted in irregular waves with wind and current. Um
leas the operating environment at the site is such
that waves, wind, and current will approach from
nearly the same direction, the model-test facility
must be capable of creating wind and current at var
ous angles to the direction of waves. Wind and QUrCR
effects on a vessel moored to an 5PM cannot be nd?g i
ly modeled by lines over pulleys to welghts. 3




The competence and experience of Lhe ressarcnera
nd technicians conducting the model tests are also
mportant conaiderations. Skill must be exercised in
onatructing the models and in setting up the model
eata, Care must be taken in c¢onducting each teat.
pnatrusmentation must be properly calibrated at the
tart of the teat program and should be recalibrated
eriodically during the test program. Electronic
nterference can distort measurements, as can improper
rocessing of data. Data analysis and reduction are
apecially eritical. The assistance of =killed and
iperienced model-test researchers can be of much value
o the SPM designer in interpreting and analyzing
odel teat results.

pdeling Conziderations

The model teat facility should be large enough to
ermit the use of large models in order to avoid, as
uch as possible, problems associated with scale
ffeata. SPM model tests in waves should be conducted
sing Froude's law scaling in crder to properly medel
ravity effects. Current Forces on the moored veasel
re a combination of gravity and viacous-drag effects.
owever, at anglea other than near bow-on the gravity
ffeats govern and Froude's law scaling of current
slocity is adeguate.

Wind forcea on the moored tanker are influenced
f wiseoua drag. Viscous drag effects are accurately
sdeled using Reynold's law scaling but are distorted
sing Froude's law scaling. It is impractical to
zale wind by Reyneold's law in the model basin. To
stter modal wind effects, the wind veleecity sheuld
 adjusted to produce forces on the tanker proportion-
L to full-acale wind forcea scaled by Froude's law.
113 may lead to the use of model wind velocities dif-
zrent than those calculated by Froude's law scaling.

Model copstruction is another ilmportant factor in
stablishing model scale. The accuracy with which
iny ocomponents of the mooring ayatem are modeled is
rucial to the accuracy of the model test resulta.

t is very difficult to construst acsurate models of
yme key components, such a3 swivels and hoses, at
sall model agales, because such components muat be
sdeled not omly with respect to aize and weight, but
l2o with respect to friction in the case of swivels
* to bending rigidity in the case of hosea. Certain
tall componenta become very fragile when modeled at
» small a scale and distorticon can cause inacou-
wies.

Force and moment measurements are much more
curate at larger model scales because the measured
tlues are higher. There i3 a practical limit to
W ageurate force and moment tranaducera can be
wricated and calibrated. At small scalea the pra-
tnce of a relatively large or heavy transducer can
Ifluence the response of the model and in turn produce
‘rors in the resulta.

alvsls of Test Results

s‘t"l maximum force measured in a single model

'3t will not be sufficient to establish realistic

'8ign loads for a mooring system. The statistics

ey .;::*:T'd forces from a number of similar model
¢ analyzed to establish realistic des
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duration, typically corresponding to about 30 minutes
of prototype time. The maximum meoring force measured
in an individual model test is not necessarily typical
of the maximum mooring forces that might be expected af
the 3PM. Mooring forces are analogous to wave helghts
in that they have stochastic properties; therefore,
mooring force records should be statistically analyzed
in order to properly interpret them. One statistical
parameter that is normally caleulated ia the signifi-
ecant mooring force; the average of the higheat one-
third mooring forces in the record. The significant
mooring force is a statistical value which remaina
congtant regardless of the length of the record, pro-
viding the recerd iz of sufficient lemgth. Although
the maximum mooring forces may vary substantially
in comparisons between identical model tests gon-
ducted with the same tanker at the same mooring syatem
in the same environment, the significant mooring for-
ges will show close agreement.

Statistical correlations of the ratio of maximum
meoring force to significant mooring force can be
developed through analysis of data from a number of
model testa conducted in similar, though not necea-
sarily identical conditions. The ratis of maximum
ta significant mooring forces from individual tests
may be ranked and plotted as a probability graph
to develop probability ratios of maximum mooring
farce to significant mooring force. If the data
represents tests of 30-minute duration, such a proba--
bility plet can be used to determine the probability
of a given ratic of maximum load to significant load
being exceeded during 30 minutes. Statistiecal pre-
pedures can then be applied to determine the proba=-
bility of the given ratio being exceeded during longer
durations. Figure 1 is an example of model teat
data plotted on probabllity paper and extrapolated
for longer durations.

LOAD-PREDICTION TECHWIQUES

SPM load-prediction techniques and SFM dynamie
computer programs are considered, at least at this
time, seccndary to model testing as a means of eatab-
lishing design loads for an SPM. ERAE uses these tech
nigues to conduct general studies and to eatablish
preliminary design loads. However, ERLE continues to
rely primarily on the results of model testa to estab—
1ish final design loads for 3PM designs.

Dynamig Analvais on the Computer

In recent years there has been much effort de-
voted to developing computer programs which aimulate
the dynamiec response of a vesssl moored to an SPM.
ER&E is developing such a computer program as an
adaptation of a program recently developed to model
tankers moored at conventional piers. The SPM dynamig
computer program being developed by ERAE ia eapable
of medeling the combined effects of waves, wind,
and current.

ERLE's experience in developing thia and other
programs has shown that simple computer programs
are not adequate for modeling a tanker at am 3PM.
in example of the complexity of reaponse at an SFM
under the influence of wind or current ia discussed
later. Assumptions and short-cuts should be avolded
wherever possible in developing dynamic SPM computer

E
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programs, The principal advantage of the dynamic SPM
computer program will be to apnalyze a number of SFPM
deaigns in a much ahorter time than that which ia

now required to conduct a model test program.

Empirical Design Techniques

—several methods for predicting mooring loads at
EPMs have been developed through EREE's continuing SPM
research program. These method=2 are empirical, based
on the analysis of hundreds of model tests.
are capable of predicting mooring loads in both shallow
and deep water (up to at least 600 feet) and in various
conbinations of waves, winds, and current.

These emperical techniques are essentially inter-
polation and extrapolation methoda of model test data
which enable the 3SPM deaigner to prediot mooring
loads for an 5PM syatem which has not been model
tested from the mooring loads measurad in the model
teata of cther generally similar 3PM syatems. For
5PMa which are scmewhat different than those which
have been model teated, and for major SPM projects,
ER&E uaesz these methods only to establish preliminary
design loada, and then conducts model tests to vali-
date or more accurately establish the final 3PM design
loads.

Ihe Energy Theory

A key element of these emperical lead-prediction
techniques i3 the energy theory. A relatiocnship
between the area under the mooring elasticity curve up
te the significant mooring force and the environment
and tanker aize parameters has been found through the
analysis of many model teata of tankera moored to
SMMa. The area under the mooring elasticity surve
represents energy stored in the system and thus thia
relationship iz known as the energy theory. Throush
the energy theory, the aignificant foree for an SFM
ayatem can be predicted from the significant force
measdred in tests of another SPH aystem having dif-
ferent mooring elasticity characteristica.

Flgure 2 shows mooring elasticity curvea for two
mooring systems, 3PM A and SPM B. If a given tanker
iz moored in a given environment to SPM A, a signi-
ficant mooring force, F_, would be experienced. If
the same tanker were to be moored in the same environ-
nent to SPM B, a different aignificant foroe, F_,
would be experienced. The area under the tlaahiﬂlty
zurve for SPM A up to foree F_ is equivalent to the
mergy stored in the aystem whén it is elongated by the
significant force F_ and therefore, it 1s refered
to as the aigntfiuan% energy E_. Significanat
mergy Eb may be defined for Eﬁﬂ B in the same
BATner . .

The analysis of many model-test records has shown
shat for a given tanker size and a given environment,
‘he energy under the elasticity curve up to the signifid
wmnt force is essentially equal in different 3PMa of
rairly similar deaign. For the example given
were, energy E_ would equal energy Eb because the
;anker size a environment are the same even though
:ne moorings are different.

For other tankera or other environments at SPH A
lifferent significant mooring forces and thua dif-
'erent significant energies would be determined.
lowever, the same corresponding significant energies

The methodj

would be expected at SFM B under the same conditiona. [
Thus from measurements of significant forces at SPM
A with various tankers and envircnments, predictions
of the corresponding significant forces at 3PM B
can be made.
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The energy technique as deacribed above can be i
used with caution to relate the mooring loada at one :
SPM system to those at another SPM syatem of generally i
similar design. Other aspecta of ER&E's emperical i
lead-prediotion techniques acgount for the effesta of
bow hawser length, water depth, buoy size, wind, and
current on mooring loads.

THE INFLUENCES OF DEZICH FARAMETERS

Variations in environment, cperational, and mocorins |
aystem design parameters can have a pronounced effect
on mooring loads at SPMs. The SPM designer must have
a general knowledge of these effecta in order to
select the moat important design parameters and intel-
ligently analyze their influences on the 5PM aystem.

Certain rules of thumb relating the influence of
various parameters on the mooring loads have been
developed from observation and analysis of many SPM
model tests. These rules are not precise enough for
design purposes, but they can be helpful in asseasing
the effect which a change in a parameter will have on
mooring load.

Ihe Iofluence of Waves

Wave height iz generally the moat important para=
mater in influencing SPM mooring loada. Bow hawser [
loads have been found to increass roughly in proportiod |
to the sgquare of wave height in the absence of wind ang |
current. This holds even in moderate wind and current | |
nearly in-line with waves. However, a2 wind and cur=
rent effects become more prominent the influence of a
change in wave height on mooring loads i=s not as
strong. This rule of thumb assumes that in addition —
to the tanker aize and load conditlon remaining con-
atant, the type of wave apectrum remaina the same
and the wave pericd changea commensurate with wave
height. L

Changes in wdve period and wave spectrum also
influence mooring loads, though in general their in-
fluence ia not as great as wave height. A change of
wave pericd with conatant wave height implies a change
in the band of frequencies in which wave energy i3
concentrated. For a constant significant wave helght,
mooring loads geperally increase with a2 decrease in
wave pericd. Of course if the natural pericd of
the buoy or acme mode of reaponas, for example roll,
of the moored tanker is very near the dominant wave
period, then aystem reaponse and thus mooring loads
may be higher than if the natural frequency of the
aystem is out of reaonance with the periocds prezent
in the waves.

Ihe Influence of Wind and Current

Until recently it had been assumed that wind or
current acting on a vessel moored at a SPM produced
an easentially constant force on the veasel, and that
the wind or current flowing past the vessal would

tend to stablize the action of the moored vessael.
Yaw and sway of the vessel were believed to be caocaed | |
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primarily by wave action. When the moored vessel
would yaw and sway due to wind or currsnt alone in
model tesats, thias was attributed to vortex shedding
which would not occour on the prototype.

HNow a more full understanding of the effects of
wind and current has been reached through theoretical
analysis, computer simulation, and model testing. It
has been discovered that sustained combined yaw and
away motions can be caused by alternating wind or cur=
rent lift lorces on the veasel hull.

Thiz phenomena can be explained by referring to
Figure 3. The vessel may start in position 1 with
a slack bow hawser and a slight yaw to the direction
of wind. In this position the vessel is unaymetrical
to the flow of air and the hull acts like an airfoil
or wing in the wind field. The lift created as air
flow=s arcund the hull causes the hull te away to
port. The veesel will continue to sway until the
bow hawser becomes taut in poaltiou -

Az the tension in the bow hawser inereases, it
retarda the ootion of the bow to port, but the
vessel then begins to yaw about the bow due to ita
inertia of movement and to swing to position 3. The
elastic bow hawser then relaxes as the vessel swings
about its bow. The rebound of the bow hawser pulls
the vessel forward toward the mooring bucy and the
bow is again unrestrained.

The angle of the vessel hull to the wind
field has now reversed in position 3, and the flow
of air eround the hull now lifts the hull to starboard.
The vessel will sway to starboard through the center
position 4 to the opposite side of the mooring. It
will pass through poaitions 5 and 6 and return to
position 1, thus completing the eycle.

Sustaining the motion depends on the vessel
yawing far enough while the bow hawser is taut to
revarse the angle of the hull to the wind, and then
on the vesael swaying to the other side of the mocoring
before the bow hawser becomes taut again. The action
thus depends on proper phasing of the perioda of surge,
away, and yaw of the vesael on the mooring. Under the
proper combination of wind {(or current) velocity, ves=
sel asize, mass, and freeboard, bow hawaer length, and
mooring system elasticity, the action will grow to a
certain amplitude and continue indefinitely.

Ihe Influepces of the Tanker and the Mooring

HMooring loads increass with tanker aize, approxl-
mately in propertion to the aquare-root of tanker size.
However, very large tankera tend to respond leas
than smaller tankers, and tankers of 500,000 dwt
and larger may experience lower peak mooring loads
than tankers of 200,000 dwt to 400,000 dwt. A range
of tanker sizes, not just the largest and smallest
tankers, should ba considerad in the deaign of an
SPM which will serve a wide range of tanker aizea,

Variation of mooring aystem design parameters
which aff'ect the elasticity of the mcoring system
also affect the mooring loads. If the mooring avatem
is very soft, the tanker may respond too freely,
building up momentum as it moves under the influence
of waves, wind, and current, exerting large loada
on the mooring as it comes to the limita of mooring
aystem elasticity. Excessive mooring line length
%an reault in axcesaive fresdom of tanker movement,

eapecially in the case of a ballasted or light
tanker moored in high winda, resulting in very high
peak mooring loads.

A near-coptimum mooring-system elasticity may be
established through preliminary design studies and
model testing. In the CALM, the length and size of
mooring linea, the number and size of anchor chains
and the anchor=chain pretension all affest mooring
system elasticity. In the SALM, the length and 2ize
of mooring linea, the length of the anchor leg, and
the net buoyancy of the mooring booy affect mooring
syatem elasticity. In either 3PM syatem a subatantial
change in deaign water depth after the near-optimum
design parameters have been esatabliszshed may cause an
increase in mooring loada. A revised set of near-
optimum design parameters may be established through
re=analysis based on a2 thorough knowledge of how
variations in key parameters affect mooring loads.
However, a new model test program may be necessary
to establish revised mooring loads.

DESIGNING THE SPM

The preceeding sections have addresased the manner
in which mooring loads may be determined. However,
the SPM must be deaigned for a defined maximum mooring
lead. The bew hawser, the buoy, and the anchoring
system must be designed by reasonable standards to
withatand the maximum mooring load. The eatablished
operational envircnment and the determined maximum
design load must be commensurate with tanker and
operational limitations.

Determination of Maximum Logds

The design mooring loada for the SPM should be
developed uaing mooring=load probability data in a
manner similar to that described above. The operating
eriteria must be considered in eatablishing a reason-
able duration of exposure on the mooring for given
tanker sizea in given environments.

A reasonable chance-of-exceadence of design
load must al2c be eatablished. Statistically, a zerc
percent chance-of-exceedence cannot be achieved. A
ten percent chance-of-exceedence in a 3ix hour duratios
omay be acceptable with the philosophy that the proba-
bility of the full operational environment lasting
for aix hours combined with the probability of the
most oritical design vessel being scored in its most
critical loading condition is extremely small, and
ashould thiz event cccur the design safety factors
will permit cocasienal lsads in excess of the deaign
mooring load.

Based on the salectad chance-of-sxcesdence and
durations, the ratioc of maximum to algnificant mooring
load is determined from a probability¥ curve auch aa
Figure 1. The significant wooring load from model
test data for the design tanker in the design storm
i=s multiplied by the maximm-to-significant force
ratic to determine the design mooring force. This
design mooring load may differ subatantially from
the maximum mooring load measured in an individusl
model test. The deaign-load determination exercize
may be performed for several different tanker sizes,
loading conditions, and environments, eapecially
iff different cperating criteria are eatabllahed for
different tanker aizes.
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The kmerican Bureau of Shipping (ABS) Rules for
Buildine and Classing Single Point Moorings include de-
aign criteria and conatruction requiresents for the
various components of 5PMa. These rules are the
moat comprehensive and complete criteria for SPM
design available; however, other criteria and standards
may ba used to supplement them.

The structural design rules incorporated into the
ABS SFM rulea cover varioua types of loading and come-
binaticns of loading conditiona. In general the rules
limit tensile stresa in structural components to less
than 80 percent of yleld strength under combined condi-
tions of gravity, wave, wind, current, and mooring
loads. The criteria and methoda of analysis given in
the rules follew from the ABE rules for ship hulla.

Although generally intended to apply to bucy
hulls, the rules are broad enough to apply to mooring
bases and to oooring towers, In additiom to covering
structural design and welding standards, the rules
cover cargo system, meoring line, and anchoring design.
The ABS rulea call for carge piping to conform to ANSI
E31.3 for manned SPMs and to ANSI B3i1.4 for unmanned
SFMa. The ABS rules are supplemented by the 01l
Companies International Marine Forum (OCIMF) Hose
Standardas and Hose Guide.

The ABS rules call for anchor legs of buaoy-type
3PMs to be designed with a factor of safety of 3 on
the breaking load. In the case of moorings employing
plles, the ABS rules recommend that pile foundations
be designed in accordance with the American Petroleum
Institute (API) RP2A Recommended Practice for
Elannineg., Designine apnd Construction, Fixed Of{shore
Blatforps.

One or two mooring lines are usually used between
the tanker and the SPM. If two mooring lines are
used they should pasa through the same fairlead or
fairleads as close together as possible at or near
the center of the tanker forecastle. If two meoring
lines run to widely separated fairleads first one
line and then the other will take almost all the
mooring load as the tanker yaws and sways at the

moaring .

The ABS rules recognize this by requiring a higher
factor of saflety when two separate mooring lines are
used which may be brought through separate falrleads.
The combined rated breaking strength of the two
mcoring lines must be 2.5 times the maximum mooring
load. Where a single mooring line is used there i3 no
concern about sharing of the leoad, and the breaking L
strength must be at least 1.67 times the maximum moorin
load. These criteria are based on the philosophy the
pexioum mooring load will seldom be approached and
has only a slight probability of being exceeded and
that mooring lines should be frequently inspected
and periodically replaced.

The Strength of Components

The sizes and strengths of synthetic ropes,
chaing, and other mooring system components for SPMs
have increazed substantially in the paat ten yeara.
For example, in 1966 the largest chain available was
4-3/4 inches in diameter and the largest synthetic
rope was 12 inches in eircumference. HNow T inch
diameter chain and 30 ineh circumference synthetic

rope are available.

The baaia of published rated loads of synthetic
ropes may vary. Some manufacturers list fdeal break-
ing strengtha for ropes in their cataloga. These
are the breaking strengths which would be achiewed if
the rope were tested without intermediate or eye
splices. The rated breaking strengths should be
appropriately reduced if they are not based on tests
of typical spliced samples. 3ome sanufacturers pub-
lish average breaking strengths while others publish
minimum breaking strengtha.

An endlesa grommet rope of a given size would
appear to be twice as strong as a single rope of
the same aize with eye splices at each end. However,
assuming the radius of the thimble provided on the
grommet iz the same as that on the eye aplices, the
strength of the grommet may be cnly 1.7 times that
of the single rope with eye splice,

Limitaktions on Loads and Enviropmenta

Designing the lcad-carrying membera of the 5PM
for the meoring leads which can be expected for a
range of vessel sizes in certain specified environ-
mental sconditions is not sufficient to insure a safe
mooring. SPMs may be designed for very-severe environd
ments and very-high mooring loads if tankers which
are to moor at the facility are specially modified.
However, a number of technical and operational factora
may limit the meoring leads and envirconments which can
be tolerated at a SPM which must moor a general tanker
fleet. A wide variety of tankers may be expected to
moor and the capabilities of tanker-mounted mooring
equipment wvary from vessel to vessel.

The adequacy and strength of the mooring fit-
tinga on the tanker are important considerationa in
establishing limiting SPM mooring loads and environ-
ments. Since the adequacy and atrength of these tanked
fittings is beyond the control of the SPM deaigner, the
only steps he can take are to design a mooring which
experiences low leads in a given environment and to
elearly point cut to the operator what loads may be
experienced for various vessel sizes in specified
operating environments. The operator inm turn may
have little control over which vessels moor at the
facility. However, with reference to mooring load
dats and an assessment of the adequacy and strength
of tanker-mounted mooring fittings, the operator
can limit the environments in which the tanker shall
remain moored.

Most tankers of the VLCC (very large crude car=
rier) alass (generally 140,000 dwt and larger) are
equipped with special fittings on their forecastle
to fasten mooring lines from SPMs. The Smitts bracket
13 the most commen type of tanker-mounted SFM fitting,
although specially adapted chain stoppers are now
being fitted on scme VLCCa. These fittings are limi-
ted as to the size of chain which they will accept.

In general, the maxisum chain size which can fit a
tanker-mounted SPM Smitts bracket or chaim atepper

iz 3 inches in diameter. Spaller VLCCa generally
have one such fitting, although some smaller VLOCa

and slmost all large VLCCs now have two such fittings.
The mooring load levels to which these fittings are
designed varies.

Some smaller VLCCa and many smaller tankera have
no special fittings on the forecastle for recelving
SPM mooring lines. When such tankers call at a SPM,
gpe2ial arrangements must be made to fasten the enda of]
the moering lines to bellards or other strong polinta on

174



the forecastle. Usually a wire line or synthetic rope

strop is passed through the end link of the SPM mooring
line and looped or Pigure-eighted about bollards. The

atrengths of the wire line or synthetic rope strop and

of the bollarda are sometimes questionable.

Limitations on the maximum environments in which
carge transfer may take place at an SPM may depend on
the stressea induced 1in the cargo heoass or en the
maxioum environment in which hoses can be safely dis-
connected and lowered. Cargo tranafer should be
discontinued and the hoses diaconnected and lowered
at mooring loada and environments below the maximum
for which the mcoring 1s deaigned in order to pre-
clude the poasibility of & vessel break-out causing
overstressing the hoses and resulting in a spill.

The cargo hose when lifted out of the water, over

the rall, and attached to the tanker manifold, is
subjected to cyelic loading by waveas. These loads
increase with higher wave heights. Although wave-
induced loads in the tanker-end cargo hoses are not
a0 severe a3 to cause immediate faillure, they can
reduce the 1ife of the hose and lead to early failure.

Zevere wind and wave environments can limit or
impede the functions of the tanker crew on the fore-
castle and main deck and also the operations of
launches serving the mooring. It is prudent to dia-
continue cargo transfer and lower hoses before the
environment becomes 20 severe that the crew cannot
safely work around the tanker manifold. Likewise,
it is prudent to disconnect the mooring lines from
the forecastle of the vessel before it is unsafe
for the orew to work on the forecastle. If launches
are required to aild in lewering cargo hoses or other-
wiae assist the tanker in leaving the mooring, these
cperaticns should be carried cut before the environment
hinders launch operationa.

LCONCLUSIONS

Although SPM deaign has progressed beyond the
stage of belng an art, 1t 1a atill an emerging science.
The variocus design parameters which influence the
performance of an SPM are now well underatood. Computer
analysis, and thecretical and empirical techniques
are being uaed to conduct dealgn studies. However,
model testing is still wsually relied on to establish
final design loads. Standards and rules are available
to guide the design of the SPM structure and the
varicus SPM components. Communication of ideas among
SPM designera hasa helped to bring the science of
SPM design to the stage it is today, and hopefully
will continue to advance the sclence of SPM design.
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