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INSTANT ANCHOR FOR THE EXPEDITIONARY PIER

1. INTRODUCTION

As a means to keeping a floating vessel on station, the anchor has been as com-

mon as the oars and the sails since man first ventured out into the open sea.

As with the other components of the marine industry, the anchor has undegone

continuous changes in form, shape, type and size to match the development of

the sea-going vessels. One of the most ardent contributors to anchor

technology in recent years has been none other than the Navy's own civil

engineering laboratory (NCEL) in Port Hueneme, California. NCEL's publi-

cations on this subject have covered the development of practically all types of

advanced anchoring systems to meet the increasing needs of the Navy. Another

important contributor has been the petroleum industry. In its advance on

offshore oil and gas resources, it has brought about the rapid development of

offshore technology that included vessel stationing technology. The dynamic

positioning system for example, is an offshoot of this advance.

The instant anchor is one of the four concepts selected for further development

by T.Y. Lin International during their current contract year and new pier

concepts with the Office of Naval Research, that began in August 1983. This

further study is considered a necessary step toward closing the technological

gap that separates the expeditionary pier (see Fig. 1) from the state of the art

(SOA).

It is necessary at this juncture to modify two earlier descriptions of the nature

of the present study on the instant anchor. The first is its designation as the

"stiff-leg instant anchor." This designation is not appropriate, as it implied

limitation of the study of anchors that are connected to the pier only by stiff

legs. This should not be so, since the only "sine qua non" is the instancy of the

anchoring device, and not its attachment to the vessel.

ri
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The other modification refers to the implied limitation of solution to suction

type anchors only. The suction anchor will indeed receive prime consideration

as a solution, because of its potentials. The exploratory nature of the study

however, would require it to include consideration of other available advanced

anchor types, as well as to offer new solutions of its own.

The report will generally follow the same format as adopted in previous reports.

It will cover:

(a) The investigation of the validity of the concept based on a set of assumed

design and construction conditions and criteria, and

(b) The investigation of the concept feasibility with respect to SOA tech-

nology.

2. APPROACH METHODOLOGY

It will first be necessary to carry out an order-of-magnitude verification of the

design forces that had governed the earlier development of the instant anchor

concept. The check could be made with the help of a number of computer

programs available today. For this study, the OSCAR program has been used.

Since the study is concerned only with order-of-magnitude values, the analyses

will be carried out only as far as the following purposes are achieved:

(a) Determine the general behavior of the stiff leg.

(b) Determine the hydrodynamic properties and responses of the pier, and

(c) Determine the design forces that will act on the anchoring system.



A brief description of the theory, the analytical model used, as well as the

results, and conclusion are included under Appendix A at the back of this report.

The analyses and the survey of possible advanced anchoring systems, set the

stage from which a new workable anchoring system for the expeditionary pier

may evolve.

3. STIFF-LEG VERSUS MOORING LINE CONNECTION WITH PIER

The stiff-leg connection as previously envisioned for the expeditionary pier is

shown in Fig. 3. It has the advantage of avoiding the problems with mooring

line connection including storing and handling the massive mooring lines, cable

fouling and entangling during slack water.

It now appears from the analyses that the stiff-leg solution will beget more

problems than it solves. Firstly, it lacks the flexibility of adjusting the length

of the connection to the changes in water depth. The stiff-leg connection will

require universal joints at both ends which could add considerably to the cost

and the risk of failures. The most serious drawback however, is having to resist

the axial compression in the compression-tension stress cycle, as the vessel

heaves and surges with each wave.

The mooring line connection therefore turns out to be a more logical solution

in comparison, although it is not without its difficulties. It simplifies the

connection problems, since more degrees of movement are permitted by a
flexible line. The oscillatory forces on the anchor caused by the waves are also

drastically reduced.

3.1 Mooring Line

A chain mooring line would be ideal for a single-point mooring (SPM),

It



because its weight allows the line to form a catenary that reduces uplift
on the SPM. For the mooring force of 2,000 kips under consideration, a

chain line with a diameter of 6" weighing 335 plf would be required.

Numerical details showing the chain length required for water depth of

90 ft are included in Appendix A. A chain line is however costly and

heavy. Its operation is time-consuming, and it poses problems in storage,

handling and connection to the SPM, assuming the latter to be installed

independently of the mooring line.

The polyester fibre rope could be a good alternate. It is more economical,

corrosion-resistant, lightweight, and easier to handle. For it to assume the

catenary shape, however, weights would have to be attached at various

locations along the line. If the presently available "KEVLAR 29" is used,

a mooring line of 9 - 2-1/2" dia. ropes bound together, weighing only 17

plf in air, can provide a breaking strength of 4000 kips. This is however

much more costly than the fiber ropes in commoner use at this stage of

its development. However the cost could be expected to go down as its

use is increased with time. Its use has been conceptualized in illustrations

shown in Figs. 4 and 5, and also pp. A-23 - A-25 in Appendix A.

4. THE SINGLE-POINT MOORING INSTANT ANCHOR

What distinguishes the instant anchor from the conventional anchor is of course

its "instancy", which is a measure of its responsiveness to the requirement of
the expeditionary pier. The rationale behind the instant anchor had been briefly

touched upon in previous reports. For the sake of the completeness of a report

that it dedicated to its development, it is reproduced below:

(a) For the expeditionary pier to be effective, it should be large enough to

accommodate say six combatant ships of the destroyer class.

............................................... .in-. _..?



It should be self-sufficient, so as to be able to operate in far away places

for an extended period of time, and it should be capable of rapid

relocation and deployment. The value of such a pier would be greatly

enhanced, if it is endowed with the capability to go into action

immediately upon arrival at site, or to depart at short notice. An anchor

that could be installed or retrieved quickly, say within an hour, would be

in keeping with the nature and the purposes of the expeditionary pier.

(b) In order to minimize the huge environmental forces the pier/ship complex

would impose on the anchoring system, the pier should be made to head

the sea at all times. These requirements would point to the single-point

mooring (SPM) as the most suitable anchoring system for the pier.

(c) Possible reversal of flow direction in channels due to tidal changes, etc.,

will require the anchoring system to provide the full holding capacity in

any direction. If the SPM is used, it will have to include the use of a

swivelling connection to the mooring line.

(d) The concentration of holding power in one single anchor will greatly

facilitate the installation and retrieval processes, and enhances its

"instancy".

f

5. DESIGN CONSIDERATIONS AND ASUMPTJONS

Major design considerations and assumptions that are used in developing the

instant anchor, are summarized below:

5.1 Design Considerations

(a) The anchor will lend itself to rapid installation and retrieval.

I- -



(b) It will permit the pier to head the sea at all times.

(c) It will provide the full holding capacity in any direction.

(d) It will be easy to maintain and

(e) It is reusable.

5.2 Assumptions

(a) The soils are penetrable to the depth necessary to provide the

required holding force.

(b) Water depth is generally in the order of 150 ft.

(c) For the purpose of a study design, the pier is assumed to be anchored

in sheltered waters, and not exposed to storm condition in excess of

Sea State 4, and

(d) Mooring ships are assumed to cast off and ride out a storm by

themselves, should the risk of anchor failure exist.

6. SURVEY OF STATE OF THE ART ANCHORING SYSTEMS

The requirement of instancy and minimum environmental forces will rule out

anchoring systems that require long installation and retrieval times, and those

requiring fixed orientation of the pier. Because the anchor has to be

operational in any direction, the most likely solution would be a SPM that has

the form of a vertical, cylindrical anchor structure that has the capability of



burrowing itself into the soil. The structure will be designed to resist the

tremendous shear and bending moment caused by a horizontal pull topside.

Several SOA techniques are available to sink the anchoring structure to a re-

quired depth into the sea bottom, or otherwise keep the pier on station:

(a) The suction anchor.

(b) The propellant-embedded anchor.

(c) The drilled-in anchor.

(d) The deadweight anchor.

(e) Dynamic positioning.

(f) Combination of (a), (b), (c) and (d) above with jetting.

These methods have the following common attributes:

(a) Large holding capacity in any direction.

(b) Installation in controlled conditions.

(c) High capacity/self-weight (C/SW) ratio. E.g. the conventional fluke

anchor in sandy soil may have a C/SW of 2. Suction anchor of the

same weight could increase this ratio by a factor of 4.

6.1 Suction Anchor

Only the surface-attached, or the semi-buried type of suction anchor will



be considered, since the presence of the swivelling joint and the umbilical

connections to the top of the anchor will not permit complete burial. The

anchor may be equipped with a jet ring to facilitate and accelerate its

descent into and withdrawal from the bottom of the sea.

A graphic presentation of the suction anchor concept that has been

designed for thb expeditionary pier is shown in Fig. 7.

The advantages of the suction anchor, as reported from experience,

include the following:

(a) Easy handling.

(b) Simple equipment for installation. These generally consist of

submersible pump and light crane on board the anchor vessel.

(c) Rapid installation. Penetration rate of 15cm - 30cm per minute

has been reported.

(d) Instant load application after installation.

(e) Full holding strength in all directions, and

(f) Possibility of recovery.

These advantages refer to the self-buried type of anchor. The possibility

of recovery will be much greater with semi-buried anchors.



6.1.1 Design

The process of designing a semi-buried cup type suction anchor

suitable for the use of the expeditionary pier is presented in a set

of calculations and worksheets shown under Appendix B at the

back of this paper. The process begins with a brief parametric

study to provide baseline data on the effect and influence of

various parameters on anchor capacity. The state-of-the-art

technology is used throughout the design process. The results

indicate that for the suction anchor to provide the holding

capacity of about 3,000 kips ultimate, with a buried depth of 20

ft, the diameter of the suction anchor would be in the order of

50 ft. This is shown in Fig. 7. To facilitate the descent and the

withdrawal of the suction cup, a ring jet around the lower edge

of the anchor, as shown in the illustration, could be used.

6.1.2 Details

Details that have to be worked out include the swivelling joint on

the top of the anchor, an arrangement to avoid the fouling of the

mooring line with the umbilical cables, and the means to keep the

mooring line as close to horizontal as possible, and to reduce the

uplift on the anchor.

As shown on the graph on Page B-5 in the worksheet, under

Appendix B, the efficiency of the suction anchor against hori-

horizontal pull and uplift increases with the increasing horizon-

tality of the mooring line. Both will also increase with the depth

of penetration into the soil.

. . . .



6.2 The Propellant-Embedded Anchor

The embedment of anchor by propellant is one of the simplest and fastest

ways of anchor installation. The method has been used with success in a

number of occasions by the Navy. Unfortunately the technology

developed so far has been limited only to the buried type of anchor. This

essentially consists of a folded fluke, or a plate, which is propelled into

the soil by explosive force. The explosion is controlled by a sensoring

device, and is set off when the anchor package touches bottom. The

plate or the fluke is then keyed or set against the overlying soils, and the

anchor is ready for use. This type of anchor has shown high efficiency. It

has been tested to holding capacities of up to 400 kips, with embedment

depth varying from 20 ft in sandy soil to over 40 ft in soft mud.

The propellant-embedded anchor could conceivably be developed to handle

the much larger holding capacity required for the expeditionary pier. It

does meet all major criteria except two:

1) The irretrievability of the anchor, and

2) The preclusion of swivelling joint at the surface of sea floor.

The loss of a massive anchor assembly after every use is a distinct

disadvantage. Besides the consideration of loss, there is also the

additional problem of storing a number of spare anchor assemblies or

clusters on board, and of handling the massive weight when replacing one

that has been lost in previous use.

6.2.1 Design

The development of a propellant-embedded anchor is shown in the



worksheet under Appendix B. Again, as for the suction anchor,

a parametric study to determine the influence and effects of

various parameters on the capacity of the anchor was first

carried out. Serious limitation of the propellant-embedded

anchor is the size of the plate or fluke that can be driven into

the soil by this method. For this reason and also for the fact

that it is not possible to develop a swivelling joint for this

anchor, it is not further considered in this study.

6.3 Drilled-in Anchor

As its name implies, the anchor is secured to the sea bottom by augering

into the soil to the required depth. It has a number of disadvantages. It

is slower, and it cannot achieve high capacity because of limitation of

auger size and power required. An improvement would be to bundle

several drills together, each in its own cylindrical enclosure, into one large

unit. The difficulty here is with the control of the drilling rates and the

reliability of the performance of the auger in each cylinder. The process

will be seriously jeopardized and put out of control, if any auger in the

bundle fails to perform as designed. In order to provide the necessary

reaction for the rotating tendency of the anchor during drilling, it will be

necessary to develop a drill bundle in units of two drill cylinders, and

rotating the two drills in each unit in opposite direction to cancel the

effect of rotating tendency by each drill. A sketch showing the multi-

cylinder drill bundle is shown in Fig. 8.

6.4 The deadweight Anchor

The holding power of a deadweight anchor is derived primarily from its

own weight. Other contributors include soil friction or adhesion on



contact surfaces, and suction on the underside of the anchor. The latter

is particularly effective against transient loads.

Deadweight anchors, or gravity anchors as they are called in the offshore

field, are generally made up of several steel or concrete boxes that are

ballasted to increase their weight after they are placed on the sea floor.

The commonest ballast are sand and gravel. But concrete, iron ore and

other dense heavy materials have also been used. Considerable amount

of knowledge in gravity structures is already available from experiences

offshore.

In its application to the Navy's expeditionary pier, the deadweight anchor

does offer the advantage of rapid emplacement. However the ballasting

process involving ballast other than water will take much time. It is even

worse in the reverse deballasting process. The anchor is also not weight-

efficient. Heavy equipment will be required to handle a gravity anchor

that may be as large as the one shown in Fig. 9.

For this reason and for consideration of other factors that are unfavorable

to the use of deadweight anchors for the purposes of the expeditionary

pier, this anchor is not considered a likely solution.

6.5 Dynamic Positioning

A survey of the SOA anchor technology will not be complete without

mentioning the dynamic positioning (DP) method of keeping a vessel on

station. Since the pier is expected to be equipped with its own propulsion

system, it may be possible to incorporate the DP capability in the system

without too much additional cost.

r



The biggest advantage of the DP system, besides being a truly "instant"

positioning device, is in its applicability regardless of water depth. It is

therefore practically the only way to go if the pier is deployed in deeper

water, or in the open sea to support the occupancy of an ocean region.

The DP is sufficiently developed by the offshore industry, so that its use

by a large vessel like the expeditionary pier would pose no greater

problem than adapting the commercially available DP units to this new

application. DP units with as much as 8 thrusters of 24,000 HP rating

have been developed and used (SEDCO 709 Semi-submersible). For a

holding power requirement of say 10,000 kips, 15 units of 30,000 HP units

may suffice.

A possible setback in the use of DP by the expeditionary pier, could be

due to the difficulty and time taken in a foreign site to locate and install

a baseline system on the sea floor for DP control. The taut wire system

may be simpler to use. But this also has its limitation.

It is not the intention of this report to go further into this method of

keeping station, than discussing it briefly in passing. With DP technology

continuing to advance, it can be expected to increase its role and its

usefulness with time. For the time being, we will continue our efforts in

the exploration of sea-keeping methods suitable for the purposes of an

expeditionary pier in relatively shallow and sheltered waters.

7. THE COMPOSITE SOLUTION

The above exercises had pointed to an anchoring system for the pier, i.e.:

r (1) Large in size,

C



(2) High in C/SW ratio from embedding itself in the soil, and

(3) Rapidly installable and retrievable.

The solutions according to plausible SOA anchor types, as described above,

represent incremental improvements that are circumscribed by the same

constraints as those before the improvement. What is needed is an advanced

solution that could free the SOA anchors from their present constraints, for the

use of such large vessels as the expeditionary piers, in the years ahead.

A mobile anchor that is equipped with its own systems for propulsion,

ballasting, suction, jetting or other means of burrowing itself into the soil, that

is either manual or remote-controlled, would be one such solution. A plausible

version of this self-contained mobile anchor (SCMA) is shown in Fig. 10. The

self-contained anchor may of course be lowered to the bottom by cranes on

board. The idea of a manned mobile anchor is however more intriguing, and

is therefore given more attention in this report.

A SCMA of say 4,000-kip capacity could be a vessel measuring 70 ft wide and

90 ft long from bow to stern, and 28 ft deep as shown in the drawings.

The SCMA is stowed at the stern of the pier, and lifted out of the water when

not in use. Upon apprival at site, it is lowered into the water with the operator

on board. The operator maneuvers the SCMA into position on the sea floor, and

activates and controls the jetting and suction mechanisms to burrow the SCMA

to the desired depth. He then releases the messenger line to the water surface,

to pick up and guide the lowering of the mooring line to the swivelling joint on

the SCMA. The mooring line is connected to the joint, possibly by remotely-

controlled devices. The whole installation should not take more than a couple



of hours, assuming the rate of descent into the soil is the usual average of 20

cm/min. and the required depth of penetration is 15 ft.

A possible unique feature of the SCMA is the multiple usage of the thrusters.

By manipulating a system of valves, the thrusters can be used to propel the

SCMA, to apply suction or pressure to the suction chambers, and to force water

through the jet nozzles around the lower edges of the suction chambers, to

assist in the burrowing or withdrawing operations. See Fig. 11.

One version of the hypothetical SCMA for 4,000-kip capacity is represented by

Fig. 10. Possible details of the swivelling joint is shown in Fig. 13. A line

diagram describing the mooring operation is included in Fig. 12.

8. COST ESTIMATE

A cost estimate of the 4,000-kip SCMA, necessarily a sketchy one considering

the early stage of its development, is presented herein primarily to satisfy one

of the conditions of the study. The estimate is made up only for the structural

steel system of the SCMA. It does not include the mechanical, electrical,

hydraulic equipment, and the control system which could be several times the

cost of the structure itself.

a. Concrete at $1000/cy $ 20,000

b. Structural Steel at $2500/Ton $900,000

C. Swivel Joint $ 15,000

T 0 T A L $935,000

Ir



9. CONCLUDING REMARKS

Inspite of some of its shortcomings (e.g. a large excursion area for the moored

vessel), the SPM offers many attractive features to the users. It can be simple

and fast to install. It is highly efficient for two major reasons:

(1) Unlike the multi-leg mooring system where an anchor may or may not

be called upon to act depending on the direction of the flow, the SPM

is used regardless of flow direction.

(2) In enabling the vessel to face the sea at all times, thereby reducing

to a minimum the force necessary to keep it on station, the SPM is

in fact equivalent to an anchor 3 or 4 times its size in a multi-leg

system that resists wave and current forces approaching the vessel on

the broadside.

Although large SPM's for offshore applications by the petroleum industry have

been built, they all have been site-specific, permanent structures that are

expected to more than pay for themselves from many years' operation. SPM's

that have to be carried by the ships are necessarily limited in size and capacity.

The SCMA could well be the next generation ship-carried SPM because it frees

the present SPM from the constraint of size. It is conceivable that the removal

of this constraint will open up new possibilities for the use of the SCMA, not

only for anchoring large vessel complexes like the expeditionary pier, but for

other purposes that require the use of underwater surface-attaching crafts.

This report has omitted a section on the identification of problem areas as was

wont with previous reports. This is done for a good reason; the entire concept

of the SCMA is novel and requires almost every component of the invention to

be further researched. Considerable work to develop the SCMA into an

operational anchor lies ahead, should its potentitals justify further pursuit.



REFERENCES

(1) Hogervorst, J.R., "Field Trials with Large Diameter Suction Piles",

OTC, 1980.

(2) NAVFAC DM-26, July 1968.

(3) Taylor, R.J., "Interaction of Anchors with Soil and Anchor Design",

TN No. N-1027, NCEL, 1982.

e



rbeunuS

(

K
t.

III
C'

C

~-.

-' S ~



to,'

'D-963 426SM7OYeN,
M/SS/ce: CR9U56R-

z
IL

4 -=cc

0_ 
_

fI L few - - -

PLL

fWtse P(Lor A&
FROM.,49AT NRK.

REPORT- Ao- 0 sLT~ALOmAz~~~" __ __ __ _ ob___son__A_ ___Oft



HINQ46 C6'NN&Z r/O0N

0/ -r -N

ImdPoIT/OON 
DATIE

! XC1711AY oef

- '~WT/9e/,'qo



___ __ ___ __ ___ __ ___ __ ___ __ _ # OzohF - - - -o

z

X11VOER PI,6R

56 7 1~ ~ " 56 RH7

____ ____ ___ ____ ___ //S~601-O"1 ,~ 0

Dez __ _ _ _ _ _ _

/V///5 eTO J

* ~ ~ ~ l E fqN£ ~r~2 ~7/1.-

(~ E EM

-P u- L

N'/fOS "*/. W1nVWS ~ ~ r.~~r rVs. '% vw

Nwie Po I
- L9

IWPR iK,/03 UM~.RLEK4EW
I 1 a t a O W0 O mism s-is



1= ~~-o"_______ qo-0.= 280'-O"l
,to

____ ___ ___ ___ ___ ___ ___ ______ 24 c LVrR0i

IEI

6e WI ./

bo"pe n .j "ET DTA .II C' ____________________________M W

/00212DZ, PWIWEYI

S/00%"~ Iz/~~1 ~~7~~c LO95/701AT rU/ P/L6'C705-f6"1d



6C4c4.0o"- zfc'-aM

w Ii

SrA5V Ipjr/v

240-

.. 154Z-7Ot

w L o LC rI-
/O.OJOTVO

a.- pA ~i1 ?80'
FROM. Ift-S

-l 00-/o

REK~ /VD // -Tu~~tLE~4~N

ws en mrs Son04 -o. I~a TL sifl 7a"ON



... ......
,v 

,'.Jc

&PG,0(5 OF 19IVHOR~ N4LL

_________ -~ N1 LEVEL

oPm 4Nl 6, 00/'

AAHOA' SOOM /H
20pA~rlVOPOSITON

,51UC77?ON

&x66AoNq YOTTOM



mm A/AVY P/EOR COICERTS
ITEM; IAIIirAIHRA7RO( IO pA

/a= 44 ANCA ORW SIOR jAXP ig ____

SIUTUA ENGINEERING * /d PO 1G*viaOM4
31513uy ft. Ban F~ww~co. Co. 94133

L4

CO-



IL

iaLA A

v', /IQI-io

z
ED.
to_ __w'9 ~t~A~o

f _ _ _ _ _ _ _



/-A- UJ1 6

-Ao -7 -ronC sY

LA UNGLAS/NG A,7)0

NO SCALE

REVISI;G L/A'E

isaod For' DC.b By SETILEMOORING LINE WEIGHT LOADING ASEM8LY SEtN

1 ~OJ6CT INSTANT ANCHOR FOR EXPEDTIONARY PER lil



* AIAVV ,.i 4 CONC".07S

INSV r ACAiO~q AORq FXP. RlrR

STRUCTURAL ENQJNEEPW'JG
315 Smy Sr.. Son F~wcwco. Co. 94133

IO~ I'AO'OAIC.8LOC

71T1L

d)

STLAOA

OS.

S4L~BRA CACEr [A/
OPEN41 PO/T/C

POa S/r/0.

F -%ACK

66EA'V,6 ARA C.e 7f ;



AIVAVY PINA CO,./cA-p6

mUNATINAL u..wUI S'C 7/O N VCM'O4 nvma
STRMiCTUiRAL ENGINEEFUNG
315 Bay St. San Frwscor-co Ca. 94133

MAANCF4OR

LINES

R AIL-~ i'N £ SCC 77

___ ___ ___ ___ ___ __ 5A -Y

P-201

SEC/O 0 Sol,1N

6-MU/C7V4RAL.- S CHEME SUC71OW COMPARTMENTS5



HO/ST1IG FR.AMe A 49

POV~QSWIVELI

AA'CH<DOR
I-/WE - -VERTICAL

A~ A CAI

Z '~ 1 8 RACA/G

("AUGER) SEES 0577A/L. 4/ VE

HIGH4 TRACT/ON 1YI0OR 5'
-- ~rPeA.P-41R OF
0,R/4-1- CASINGS)

A I

00R

CT/MYR) NLCUAI.6HM

~CTO/>1-~ S CONE 0 A-TI

CRLSC7LT

PRIMAY 57"UC7UR~AL SCHEEE~e

6if-nC Tigoc aai ;33 Th.41S4U.

z__/___________



SPRA CIA'G tS 7q,

-- VERTICAL
Sur 77"G

Z31-ADES

-. -CA S/NG(

B RACING -
STrRIA=

, /"CAL. VA A/ES

VOE TAL "Z 6ECT/7OA/ '- IC 5,5CT7/QA/ bD- .

ORI-1 CAS51AGS VANE 6 Y ?)
_CONNEVMC7'6Z Ar'

CONTACT 00/w7

sr~~~~s~ NO5CLED AZ

NVO SCA L E

I - I REVISION nT

S Igrn. a Fc'Ou fy EET TITLE' DRLLED- ANCHORSHEW

________________CT_ INSTANT ANCHOR FOR EXPEDTIOt4ARY PIER8



DALLAS7' 7AN1%IAS
(TyPocAL..) G yAm".

U ItT --

L I

z

0'

6 .30'- o"

Z PLAN SECT/ONA
w
0 _

,qo, s 7,
CAEA4OVD AX7-ER-

* 6'5'Xco' /V57AL4.A7VON1) ',-A~
SAI.LA67* TA(

-3 o

~~2 ~7RANSVERSE SEC T/0r^18'

STRUCTURAL ENGINEEP84G
315 BOY gt.Ssn Frsme'co. C.41 33 Tei.dl 5)992.1050_



HO/STING POINTS

DE TAIL/
/11 A# aoi

H 011 7*S

DETAI 1Z

GPAV/TV AWlCH0P STOWVAGE

MAN/00..Q0/R'Ps,6D (SPA V/T ANVCHOq co,,q
-- I-- AT -- 71 XR4/7/-rO&'4RY P1ii:[7)c 2ao A,1,o Coe~e,

G4Ve-f5,6 'ED"s Hr 2200 o-'t5
Vo/o' Vol-u"v15 e2?0 c>

- TA N6 BAI-6-- A.. E~~V17rM SeA P'A 7WR

5 CLRiAI- H0167ITNG Alvl<S o_-,AjAST,=o

r* rAT

Isue.d For Date -4y SHEET TITLE* GRAVITY ANCHOR "F

PROJECT

____________________INSTANT ANCHOR FOR EXPEDITIONARY PER



V -RTILue to .5w

Ild

0 _

z

0~~~IO /?c',"Ji T 41AAAL6

L/ L' I-OR TA

HAF$'O'N H/AL 5/-/WtAr

0* TO V/E/V /A~~/C'
r (-5'AoANGAI l

PO CI AI

N /OR ,?A1 A

-P -.------ -



ROBOT ARM1J~tJ

Lt-ne to05wl,t'd o

Alc-I- - _- 1
A1A/..I/C'LD~ VA-VF~ <~F'ST

I ~-AY

~~%E 50 CON L EAA~ VAO~~ 7-CA Y~~, s>

W 51G47- /V AI

591Z- 7Acw L

,7-

kwo" For. my meST, W.E: SELF CONTAINED MOBILE ANCHOR W,~

I I j INSTANT ANCHOR FOR EXPEDITIONARY PIER 1



011 IYUM;/A/srA r ANCHOR A~REX /E q

JTUraNATIONAL I ''SCMA 0.P5,Arl SYS-,F pow TSTRUCTURAL ENGINEERING AM315 By St.. Son Fr-ucmco. Co 941~33 OT

0 C

a N .2 E

Co 20 2o. :0~ .
- 0

E 4-E E

I-c z L C

0 0
t! = tA

Z -

0

400

cc

0

UU
0 0zS c-

CLW



'~NAVY -I/LR CONVCEP7-Sk ,S'A' ^C ) AR hrXO 101 FR
U~TENAIOILSIGN. OIP

STRIUCTURAL ENGINEERING

315 Bay St.. Son Frarcieco. Co. 94133 OATS;

.0I



I ~~ NAVY P/ER C01,CEPrSU.

I STRUCTURAL ENGINEERING UNIVERSAL. SWIVEL .1JO/#,T Pumulom~
L315 Say St. Son Frm-cisco. CA. 94-133

II,

0c



APPENDIX A

Single Point Mooring Analysis and Behavior.

. .. .



W ITU MATIONAL OmuSilrUNSvolom
STIFUCTUIRAL ENGINEERING p4t A~/''£
315 Bay St., Sonw twc. Co. 94133 WAY 9 -

M oprcrlJ rorce45

5ea slie (o 5-~ (C/cl-~i 'r 5'Vee
x e' lo le ki '7 l ~te- e P e

irev //o ~ ~ ' w ee.

*~~~C ve.? IceQPsF6re

7- -le--

aL~v 6e tt,'e,



PNCLuCT; A.VY ' '

nft &"bUIWdArloNAL USSIEW;c

=TUTJA NIEFING , uvmaom' -NLY5,
315 ay St. Son F.-acco. Ca. 94133 2

7 A~

='x x2(7~Z 5-i4

~ '7CCc (r lectc 5(,'e ,,e o/"

4 '5

~o 6/ %9 /0 Ile- ~ _

v:, r~ rC'e Krd W~/A 9I f~ 4  
'~'- -

Xc vre cl y z; 'IC i :;/r, r, ate

-,-n t . . z

49e~~0 d7 -sse vWS



inU'd U IATIPJAL B W ir RcE'A-e
STR-CTURAL ENGI4NEERINJG wlr 1ze 4-
315 Ot Son Rt. aw FMcCO. Ca. 94133

viatev- PI'dne area
x

1 ra X Y AX Z AY 0

FT ~ f-rf Rr -r pr -
0 40 47 0 '&00 ,o e5 i x I Ol lie8 i X46

It 5ZOO 0 f8OD 0 0 138-ISA 55.7 j4 Mx7iol 0 2

14400 260 100 ;37' 4 0 00 17134 x 0~ 10 1-Wzvd' eo7.3%*4o 1 ii5"),

14400 940 140 1,4104000 1i12Y 109 4.,32 xiP6 26 2.14 ,40" 17. ZB , ID

110'960O 107044000. (P7,ifak'L c5,I,5xio e00oo"~ :594 .17YIc

X 407044000 15I4, FT,.

-A 594 -~ A3 v 10*'g -000. 64 lIo1

lf2LIll4' 40' em rr

tyy r jo- X ;

I s -7, x06~ 10 1) 4



/'7 v -Sr t'cei A- -4

W & MNATIONAL In Aor6 -r

STRU)CTURLAL ENGINEERING q~e6,ox, POWIN MuvuS
3-15 Bay Utr- Sm Ff'w,oco. C.m. 94133

G 40.4 F-T

40.4' FI

rfdt~bvz Ate V

(200600 xs 5)

CZML Z T

1201600)



A/N-y Pl./Ef eZ44 £

STRUCTURAL ENGINEERN OATU; W,'p~n 4 'V' i
315 Emy~ St. Smn mwcuco. Ca 94133

&.WG f~4 w 5Ox ~a5o-A 3 77) 4 Z 0Z 000
Mx zA 4 1 0

~ ~ ~r~co)par?. 61e lo 6bo ve va/' 14e 1.4r4

~ ;,O"xlol%~wr&bnal no tire ;ye'a

e,.z.Z' 2 jt0.174 0 2 27 ST



STRUCTURAL ENGINEERING _IImmoa

315 mso, St.. Son R aw caco Co. 94133

CMT ~.Lgz~o4 p. (4

eW5&000



Iwm~zijt,xt -jca .-, A p 74-I A-i sIUNNATONAL ou..mum OP__

STRUCTURAL ENGINEERING ' ''" I
3M5 BoV St.. Son Frwocimco. Co. 94133

Jat = 35'

,t,/'" VrIA - 2M' ; w 990 lb/Fr. A= 269

g -gxfp Kf , AF= 0.4 Y4 9 lb

/r

WL~d ArAeal ore' nr -t prrdjP A- ,a -
P-roj.&eted aeeK #wn 2 5*0 r

500
t~ptn'e- A 5x 40D0 zO,ooo PO

Ay 50x 90 47000 Ft

giAjrSA Xw-5 x0 e 4000 Ft;

A'k y O 50x DO Z5.000 pt



THEORY

The forces imposed on the mooring system are caused by wind, current and waves.

A single-point mooring system will not prevent the vessel from changing its head-

ing, but prevents it from drifting. By heading the sea, the vessel will resist the

least forces.

The wind and current forces mainly arise due to pressure drag and viscous drag.

These forces are dependent on the shape and size of the vessel, and the environ-

mental conditions, several empirical techniques are available to estimate these

forces. OSCAR uses a similar approach.

The forces on a moored body can be conisdered to consist of two components. One

is the non-linear contribution, which comprises wind, current and a portion of the

wave drift force. The non-linear forces are constant in nature. Non-linear

contribution of the wave forces is not very large in most cases. On the other

hand, the linear contribution of the wave drift force varies with the encounter

frequency and is quite large for moored bodies. Since the linear contribution is

a function of the wave height over a wave cycle, it will produce a zero net force,

while the non-linear contribution will yield a mean force in the direction of wave

propagation. In other words, the magnitude of the linear force oscillates about a

mean value which is the non-linear contribution. Thus, a new equilibrium position

can be calculated statically based on the non-linear forces.

The effects of the direct wave motions can be either calculated based on speci-

fied Response Amplitude Operators (RAO's) for the vessel or a frequency domain

analysis can be performed of the direct wave induced motion considering the

stiffness of the mooring system in the equilibrium configuration. For the "stiff-

leg" mooring system, the linear wave forces described above are expected to be

very significant since the stiff-leg member will tend to resist any sudden motions

in a rigid manner.



ANALYTICAL MODEL

OSCAR provides two options by which the hydrodynamic forces can be calculated.

One is the strip theory, and the other the three dimensional wave diffraction

theory.

The strip theory was used to analyze the expeditionary pier. In the service mode,

the expeditionary pier has the finger or the wing piers fully extended (Fig. 1). In

essence, there are three vessels interacting with each other, along with the moored

ships. OSCAR can only incorporate two vessels at one time in an analysis. This

limitation was overcome by modelling the wings of an integral part of the spine

pier. Since the pier with or without the wings has very high radii of gyration in

roll and pitch, their approximation will not greatly affect the computed motions

of the vessel for head seas. This is Illustrated by a comparison of RAO's of a

model with large radii of gyration and a model that represents the radii of gyration

of the spine pier alone. See pp. A-12 - A-13, Appendix A.

Another limitation that ensues by using the above model is in the computation of

the non-linear component of drift forces. In order to calculate these, OSCAR

makes certain assumptions that may be applicable to regular vessels, but may not

be apt for a large, irregular waterplane area of the model described for the

expeditionary pier. For instance, OSCAR makes certain generalities of the vessel

shape and size relative to the wave length, which imply erroneous effects of wave

diffraction and generation.

On the other hand, the linear component or the oscillatory component is not as

complex to calculate as the non-linear component. This is a function of wave

velocity, height, angle, etc.; the motion history and the wave diffraction potentials

are not involved in the linear motions.



Since the non-linear drift forces will not be very significant in the behavior of the
stiff-leg, these can be estimated by other means conservatively. The approach will

be to estimate the forces that are "static" in nature (wind, current and non-linear

effect of wave drift) and impose these on the system at the corresponding

equilibrium position, fix the system, and impose the irregular sea condition of

interest and find the linear motions and the resulting forces on the stiff-leg. The

motions and accelerations yielded by this calculation can also help in selecting

(designing) the equipment that may be used on the expeditionary pier.

The results and pertinent output are included in Appendix A.
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RESULTS

The mooring forces calculated above indicate that the stiff-leg anchor is not

feasible. Due to the huge mass and waterplane area of the expeditionary pier, the

linear contribution of the wave force is greatly amplified when a stiffness is

associated with the vessel. In addition to the tension force, the stiff-leg

experiences the same magnitude of compression to complete a cycle correspond-

ing to the wave period.

It is suggested that a mooring line (catenary) should be used to hold the expedi-

tionary pier in position. The catenary line will have to resist the non-linear or the

"non-transient" forces caused by wind, current and wave drift. The linear or the

transient forces can be absorbed as kinetic energy generated by the movement of

the expeditionary pier, limited displacements can be tolerated by the catenary line

without developing excessive forces.
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