I nvent to marine anchors and particularly to drag 5 enbednent
and di nt anchors and theiy enbednent neans. A marine anchor for
enbednent *Ge00* nooring bed is attached generally to an anchor line for
connection to an object to be restrained by nooring in a body of water over
t he nmooring bed. The IMEROVEMENES INMABRINEANCHORS on point 10 for the
attachnment of the anchor line thereto via anchor |ine attachnent neans (for
exanpl e, a shackle) and a fluke nenber and includes a plane of synmmetry
cont ai nimhg @rés'emtlndéui&@mimatbs\ mhhmhlﬂdwenehﬁxfsaaﬁdof)ammliﬂljdkte aeggoer

V|evvablef applicatio oj nt the anchor is in operation
nas 8 neRTRSRR L AE6CarBRe Stk Behdin A HreimrapoaRRBE B ) 15 1 1
whi ch sal d surface has a m ninmum projected area. Correspondingly, in these

di rections nmaxi mum and substant lally mnimmresistance to novenent of the

anchor IAMRTHSORAERPTIE] capRqdrpentinsa moming\bedis attarlked gerprally tadmance in

the soi l,nahePginkhsr EoAMBELb O] aﬁtdbs?&t(tﬁ)beolfesmamé&lﬂyrrﬁéér‘fﬁgm‘a bad)y A drag

enbednent anchor 1s a marine anchor as descri bed above wherein t anchor

| i ne at Lactatehpverethesmoosigedinsl i Cheiamehppiimelufss pdead eabpdisatipe nwirthor such

t hatoPuledy e NAEIARALA LY R Aflthdrl e Winbfoth NiadRElRL: Ltk NeheQlhohliy Surface
of a nooring bed causes the anchor to t Into penetrative engagenent

t her ewi mheatrrd (foheramples: sheeklehandwoflikg membevandvncivndss suplarenef al 25

conpone S o. he 1 t f I mum

pr oj ect ggmgirletg&o& t %e ¥? ﬁl%lﬂngirg&édur? Lgcgvhl%l S cgﬁg%ggt%foﬁji%c dc}lrent 0

f ol | ow anembwedidwablal fromajtlectlgagr faaphctatlenbpdmtl whent the mocshbngshbimd soil .

at't achnBRE REhtEa PR ARRPLESHER LR ol ¢ Bl IO BARBNS ) 30°

15 in which said surface has a minimum prOJected area. Correspondingly, in

;1 #ei Hﬁ@'ﬂﬁﬂ@ A <>6>TR?0 , | MPROVEMENTS | N MARI NE ANCHORS The present

these directions maximum and substantially minimum resistance to
movement of the anchor in a mooring bed soil occurs. The anchor fluke tends

to advance in the soil along the forward direction (F) of minimum resistance.

20 A drag embedment anchor is a marine anchor as described above wherein the
anchor line attachment means load application point is located on the anchor
such that pulling horizontally on the line with the anchor lying on the surface
of a mooring bed causes the anchor to tilt into penetrative engagement
therewith and then moves into the mooring bed soil with a substantial

25 component of displacement occurring in the forward direction of minimum
projected area of the fluke member surface. This causes the anchor to follow
a curved burial trajectory as it embeds into the mooring bed soil. The location
of the load application point thus allows the anchor line attachment means to
function as the embedment means of the anchor.

30 ‘
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initial buried position below a .seabed Surface and enbednent neans for
establishing the initial buried position. 5 According to a first aspect of
the present invention, a marine anchop as hereinbefore described and in
operational configuration for operation bel ow the ‘surface of a nooring bed
is a drag anchor characterised in that a straight |ine containing the |oad
?ppl i Cﬁt ixflﬂap(biufﬂieldfi@dsﬂtim ety @.} Seded Bfﬁrfﬁbéll@gldfgiﬁlfbﬁrr_%ﬂtf &féa?yi f(é\?/giﬂl e )
romthe | oag applicat|on pojlnt torns a forwar openi ng angl e W t
t he for\/\ﬁ?t&bgﬂ’é‘&tihﬁﬁn{ husiedRPsitioie 68 to 85 for operation in soft
cohesive -soil and in the range 50 to 65for operation in non-cohesive soil
whereby a pulling force applied to the anchor by the anchor |ine at the
ancho? | paecrdingdhne irsheaspsct GAdthspprasent ilavefsimt avinepnehanehrhes f 1 uke

centroi dhle?eix@t%f%&d dBL e RARS hnliVhCEpd AR AL RE £ ioff fo %&r%ﬁomilgwm

proj ected area bel ow t;\e noor i ngg%ed surface %g%ges tﬁe anchor to tend to
nmove in theswdate of amheonms bedds Betragiatchar shbsacieriseal incthasenstraightt

di spl ace t 1 SRGCO g, gl r o) Pr ef . i.d.s tanti al
corrponengﬁgf(:dcﬁl g’%ﬁﬁ%e&n%n?%%%?g?lgggg%oﬁﬁhk o%m%r%l%Zgé@?Jrn}eéct% ?(}%eegggsds 35
per cent meimhdreswdacmlviaaid doenethte. loadr apyicapioef poial| fpraai al fetvrstdant i al
conponent of displacenment in said second forward direction excegds 50 per
cent 1&f ppeninstandle dB)syithchreforwapd diyestiondl) yn $he Faventtoi tb 8Aglferdoes not
exceed 80 for operation in soft cohesive soil and does not exceed 60 for
oper at i osp@fatidanirc ebfesiokesivei dail Rnéfier ey yarsgd 808rtag6siten @petgiditih her
characterised in that a plane orthogonal to the plane of symetry of the
anchor andneohtsivaisng vehdrebyarpilrg fervetappiied30 thhewnfichuk by teatzerchand t he

| oan appl.] [ ' m}{%@ctfeh 4 rwar d-openj ngl. vvi%h t he
forward E??%&tﬁonaﬁt‘?& T eh TS Not tI ggegn\féﬁgndg% 5%%8§e$%‘§|t ((E)W?\ﬂeinn 35+ ¢
cohesi veaschdr dmkencentresk ishhnried favrleagietwideomhe nsquare root of said
15 maximum projected area below the mooring bed surface causes the anchor to
tend to move in the soil of the mooring bed with a substantial component of

displacement in the second forward direction.

Preferably said substantial component of displacement in said second forward

20 direction exceeds 35 per cent of the actual displacement.

Further preferably said substantial component of displacement in said second

forward direction exceeds 50 per cent of the actual displacement.

25  Preferably said centroid angle does not exceed 80° for operation in soft

. . ] . . .
cohesive soil and does not exceed 60 for operation of non-cohesive soil.

Preferably said drag anchor is further characterised in that a plane orthogonal
to the plane of symmetry of the anchor and containing a forward extremity of

30 the fluke member and the loan application point forms a



non- cohesive soil. 5 Preferably said point angle is not |less than 100 for
operation in soft cohesive soil and is not less than 90 for operation in
non- cohesive soil. Preferably the dra,g anchor according to the first aspect
of the present 10 invention conprises a fluke with a plate-Iike shank
menber rigidly attached thereto and lying parallel to said plane of

symet r yfonl‘v’aﬁ{-@]b@zbihg il () wite the Kerwehia iredBBRgF) WhidH fesotaRs€ kigagat ed

slot for slidable novenent therein of an anchor 1ine attachnent nmeans, wth

a 15 foryel dyrepskrationahtsct ebhesive/ sbil aRd it 185€ Qin Iaisﬁefoatc;ﬁaﬁitmmn means
| oad application point permtting deeper burial of the anchor by dragging

and w t hmeneRésiehdoil.ocated towards a rear edge of said fluke serving as a
substitute anchor line attachnment neans | oad application point permtting
easysrearwar ds recovery of the anchor in a direction substantially opposite

to said 20_fo rd.directiqn.. Preferabl sl i de stop neans, i s, pr.ovi ded
just aft @ferﬁhga?edﬁi\ﬁaﬂ%t ool né’gkfsggﬁ'g 1?0(9 rIJQEtOPSfaﬁP%FHS%H £aREHERt means
at said |oad application poigt. 25 Preferably said slide stop neans

i ncl udessaikimrdsenaelzas thivi O  dovpperationvpiriorsedlEsavecsmr | i ne attachment

means whereby rotational displacenent of said 5, attachnent neans
rel eases said slide stop neans to permt said attachnent neans to slide in

sai d sl oprefQwBldsht hgrdeahcAbr Sicdrdihgkey the PhAftenghda¢ spite apedieht | i ne
attachnent neans conprises an el ongate shackle. Further preferabl ydsal d

anchi®r |inFentien sORHERES i ANKeCHIRra skate-dire ShgmiamemRardgidly attaghe

at t achmefifer 91 AHd BinPParLRY 5 8hM fliné 8f spABRESLI on to an anchor |ine and
with a clevis at another end carrying a pin nenber serving to 10 engage

slidably and rotatably in said slot in said shank nenber. Preferably said

shank mepher.,hic| g SH1aRk-Alks U £nid WnbAber CRAIUGE QR $Rirfated slot for

slidable movement therein of an anchor line attachment means, with a
15 forward end of said slot serving as an anchor line attachment means load
application point permitting deeper burial of the anchor by dragging and with
a rear end located towards a rear edge of said fluke serving as a substitute
anchor line attachment means load application point permitting easy
rearwards recovery of the anchor in a direction substantially opposite to said

20 forward direction.

Preferably a slide stop means is provided just aft of the forward end of said

slot to restrain said attachment means at said load application point.

25  Preferably said slide stop means includes release means which cooperate with

said anchor line attachment means whereby rotational displacement of said



| oad application point and said el ongate nenber includes a stop slidably
engageabl e on the arcuate -surface whereby said pin nenber is held at the
15 load application point in said slot until rotation of the elongate
menber about the | oad application poinht brings the direction of novenent of
the stop parallel to the slot whereupon the pin nenber is free to slide in
the sl ot 5t RE1ghenaRansdetbadbs RAId 5HEd HEPS nle@h8adaperenit @bal BB chiRRt MBANS
whi ch stops 20 rotation of said el ongate nmenber at a predeterm ned position
rel ati vemeans ¢ glidp inraidedipieiowardn thareprpidaibfivke. i s at said | oad
application point. Preferably the length of said elongate nenber is such
that, when the nenber is stopped fromrotating by said rel easable rotation
st op Smeafrsferabpl saié anghay ling agiachamwgancans cunpripéaae ebingayerpieackie.and
containing a forward extremty of said fluke nmenber and said attachnent
point on the el ongate nmenber fornms a forward-opening angle with said second
di r ect i ofusthec prefomdlnstideanded ke attdcimenhereamsed@nptibss doedongsite exceed
75. 6 Accor di tQ cond t _of the present invent.io a marine
anchor arﬁlﬁngtf%e‘ﬁlﬁr@g?“ r%%r?gl%b%ﬁp‘?(?}égg%oor?ee ?Qaseg‘flglé féfrbceo&ﬁ’igﬁ?oréﬁgh as

her ei nbedm¢trdascandediinadleads dt dnathearaiararryng aapineinentwt aefvihg esver 5
menber detachably, attached, thereto. and adapt.ed for pushing said anchor,
substfant F:438§ ﬁ?lﬁa}é’@i ?f“gé%téfﬁ?q?' 6?\?/3*@%? F’eﬁ%flosg’%‘?‘ Wlemstf?ﬁm proj ected area of
the surface of said fluke nmenber viewable fromsaid anchor |ine attachnent
means | oad a ication point, until the anchor fluke centroid is at |east
Tt Co. t PEreSeTaRIe SOt e SO P] SEPBIE SHERH O nen St ace of a
10 noor i Radbgsplheiabpobitbsed ueid {ohddtsgmembeheinaicdwar al $top slidHly

det achnent of the fo]l ower nenber fromthe e.g‘;)edded anhor causes t he
anchor tP4ERAPECHIDE AAUEeSLERTE SReTHY PRy TSRO thheldsabifanti al
conp@nentoaafaphlisntias Eait ini $hig aldt wegloRdatibd of thdBlongbterReaitdr Rpolie a third
aspect of the res?_nt Jdnvention, a rrgri ne anchor., and enbed%ﬁg!ﬁﬁ neans

conpri se@"eollféacgfa@ I9RULP BB NRARESTRR TSP i MOVEMERbE i hor and
a drag el 8stHed161 whefeRipRnd@Raih BRemBBSisAReetP RN B i dlever nmenber

det achably attached thereto and adapted for pushing said anchor
substantially in said second direction into a nooring bed 20 characteri sed

in that plefd:@851 sQiACahrArdLadshRleaBlS 2btatiohosopt Rchak lvwiveh dtspadapt ed
to provide a reaction ful crum about whic (tahe_ agchor_ .may pivot. Pr,gf erably
a

sai P%ariotation ohsrid slongaln BETIRST 35 & BFF ROFIHOR FP &R FR N
pul 1'i ng §id0enmsnmpbhadshia pihenamebets Hysan 184d appréataicpointl i ne. 25

Preferably the length of said elongate member is such that, when the member
is stopped from rotating by said releasable rotation stop means, a plane lying
25 orthonogal to said plane of symmetry and containing a forward extremity of

said fluke member and said attachment point on the elongate member forms-

a forward-opening angle with said second direction which does not exceed 95°

and further preferably does not exceed 75°.



Preferably said enbednent neans for directly enbedding a marine anchor
conprises an elongate foll ower nenber adapted to provi de detachabl e
attachment to a marine anchor and a rgaction ful crum about which the anchor
may pivot when pushed into a nooring bed by said foll ower nenber. 30
According to a fourth aspect of the present invention, a marine anchor and

enbednmenicdRang PHNeCERE ApBBY bNEnAPedRhit ASvdiRtiodl RPafLiR Se&kdd hed and an
el ongate foll ower nmenber detachably attached thereto and adapted for 5

pushi ng FaPermAThomeanSstRMRBIISy 0 solf d sdermdembedercndn aashior ups her
adapt ed {§9..0RE Lo %@E@é& Yarl L0041 apdlf T6{HR8, dRGs V&*ﬂ&f%aiybfo?‘aaf%ﬁ to

transverse forces, exanple, due to traversing a curved surface such as
a st érn mefdber detachakiycttachednthdaraty endsadaptad fow pushingsaid an¢hd, h aspect
of the p Lmyent edns -F@Qs . direc ' a
mari ne aﬁgﬁﬁgﬁ%%l §?§€§P§ﬁagfgngate P%f omghoﬂgﬁ%géﬁﬁﬁg%ﬁggggggg g?achable
att achnethte surfacenaf said fancd oreraber Viemtabbr fradaphiddatchdrelitt agaokmeabl vy

wi t hout suffering damage when. subj.ected to transverse. forc f or. exanpl e,
due to (PSTRT A1HhAEP R RRPE sy HRHT B Rogor EFE PRATEIG B atBagt MRS S nchor
handl i ngtheesgedre Po&f ef adaliy makiinfinl Iprvjectedte abet behgd wthessarfhesvaf 4 er m nal

COVEer ] line . and inlcudes a plurality

segnent attached to a lowering and r ng I

of hihy BonnBRtecthisy o e P IRGn HieRr o Bt SS5RmarEr api y
sai d bodyf thedBROwer sithshanioml he @nbedddcandhict d0WRsithe adidlof @6 @ared | Ng
e e e or e o, 4R . IPATRRL Sty BER B Y RANEASL BSONEX: of

displacement in said second direction.

15 According to a third aspect of the present invention, a marine anchor and
embedment means comprises one of a drag embedment anchor and a direct
embedment anchor and a drag anchor as hereinbefore described and an
elongate follower member detachably attached thereto and adapted for
pushing said anchor substantially in said second direction into a mooring bed

20 characterised in that at least one of said anchor and said elongate follower is

adapted to provide a reaction fulcrum about which the anchor may pivot.

Preferably said marine anchor is adapted for pivoting about said fulcrum
when a pulling force is applied to the anchor by an attached anchor line.
25
Preferably said embedment means for directly embedding a marine anchor
comprises an elongate follower member adapted to provide detachable
attachment to a marine anchor and a reaction fulcrum about which the
anchor may pivot when pushed into a mooring bed by said follower member.
30



25 segnent registering with a correspondi ng concave recess on an adj acent
segnent. Preferably said | owering and recovering line fornms an axi s passing
t hrough said body segnents. 30 8 Pregferably at |east a portion of said
line within said body segnents conpriSes at | east '‘one of a rope and a
chain. 5 Preferably at |least a portion of said |ine within said body

segnent s &g RA aOfouk 85 kbt by tHRXbRRASHP il ehRIoB! ladnadteNafShod Rhaexanpl e,
pol yester rope.” Preferably when said line within said body segnents is
ext endeccrohednent mdans Gireprises d maineaacheras srpingeioes descaibed andi d | i ne

IS preve J L Y, | t n upper
body seg%{eﬁe?mgﬁagg]s%ga&lﬁ ﬁéé%gg)edbe?aésﬂa#? E‘{é%&hggg&n%ﬁ?@ %fr}g %ﬁl n (girfr?gd in a
st at & ofpwstiial saidpresbbonswibdtentipilp vindesids siedomd odigedtionf aindoViartheenber
with a degr of trapsver | 1. [esl s kli,ng when id foll oner
is at | €48 P%g%rtﬂ }beggprpe%(r)?%&%yy “%gﬁ%ﬁlgp%g{/fmer?% é} agxg 3’5’ e%u??%cegfeadlgo

Pr ef er abiryinswarse lfomes sfoopexaegpis, dne taitdaveppiay dadyveslegurade sacli elseasabl e
wher eby, when lzq(%i fol | quer ull ed up and bent over said curved surface,

said || ngciBre SEGRRNY Q{i}hélfq}g‘g‘%qsﬁﬁlmer to allow rel ati ve axi al novenent

between the |line and the upper body segnment to avoid excessive stretching

of 20 the |ine due t? bendi ng of the follower. Prefegably said line stop
meand i s\eordingetont &by asRach Of SR REYRERE ARVEIIIOM 2Rt BRFSTCRBRISG SIORt act

Wi th saidgrédifyveghbsHAfRACE marine anchor comprises an elongate follower member
adapted for detachable attachment to a marine anchor and further adapted to
bend recoverably without suffering damage when subjected to transverse
forces, for example, due to traversing a curved surface such as a stern roller

15 of an anchor handling vessel.

Preferably said follower member includes a lower terminal segment attached
to a lowering and recovering line and inlcudes a plurality of body segments
supported by said lower terminal segment.

20
Preferably said body segments substantially encircle said lowering and

recovering line.

Preferably said segments fit together by means of a convex protuberance on a
25 segment registering with a corresponding concave recess on an adjacent

segment.

Preferably said lowering and recovering line forms an axis passing through
said body segments.
30



~25 Preferably said |ine stop neans includes a tooth nenber |ocated on one
of said |line and said upper body segnent whi ch engages in a recess in a
recess nenber |ocated on the other g of the line and the upper body
segnent. According to a sixth aspect ©f the present invention, an enbednent
means for 30 enbeddi ng said drag anchor conprises an anchor |ine attached
thereto i I i gﬁﬁp C ns, said
eIongate#%%%%gPrﬁ§5%ﬁga Iﬁféfggg%ac qﬁgﬁﬁegﬁétgpgghghkgggser§¥%%§for

at t achment least otmeobachpe ahilreckaid. a second attachnent point at another end
for attachnent to 5 said anchor |ine attachnent neans | oad application
poi nt on the anchor, and rel easable rotation stop neans for hol ding the

el ongat ePregsrably aeleaist \aepdrdiohhe mdhmre within Edﬂdtb@:lyphég‘iﬂexﬂfstibd@ﬁﬁedl to said

Cara 11 vt eRenik e Shi i S if o6, B sehinst MRyl R said second

direction which does not exceed 75 10 to pronDte penetration of a nooring
ed t her eover but  which releases due to

tsjgﬂsur;l%q%wgﬁnéfé{% ?%r%&eh%es“é 1& w&k@OSééca%gefbtarfse&erf{eﬁeuﬁ%fing bed

soi | . Prehel@bivhenasdddefonb@at & hiadkthgRerBiRhINASaia ITAELW préVentd Gosecond
attachnment 15 point which carries a _pin nmenber serving to eng aae sl i dably

and Yoot atekatipg by ashng S§CPR)¥neiaﬁs%P&gé%%‘ﬁkeweéfboé&seg@ie&@a&

Enbodi nefls @hetdds réraﬁeﬂw NYQRRE W | mAGWARRAIGAC T heskebYeWaY; 0T
exanple with refefence to the acconpany |ngﬂdramnn gs wherein: 20 Fig. 1lshows

a side et@RRIgssiPnoWhickk pEQrides é@ldeﬁlﬂéaﬁ’i?n lawenanember wWidhaviegsies obnt

el evati Oeitaﬂgvetrgé SRR tgf rdsi - béelﬁirgg w:fz%ﬁ()%dafoﬂlo@r@r Vs ew Rbst Bargpchor of
Fig. 1,Fig. 4shows installation of the anchor of Fig. 1 in a nboring bed; 25

Fig. 5shewepastest By centagarvithaseabel soWfacsi rect enbedment anchor: Fig. 6shows

a frgnt elevation of the anchor of Fig. 5 Fig. 7shows a plan VIeM/Of t he

anchor of Fig. 5;Fig. 8shows installation of the anchor of Flg 5in a
moor i ng BreéerEbly. saishéing sfopi Means @ sSRish uppew bordyt segmenigisentieasadie anchor

of Fig. éﬁezjebg”%férf QAJEOf\HngQPYQ)ﬁﬁn@&%%V 2h8%Beh? JVBE sRILEGRd! BUe! ON

installed In
said line 1is released within the follower to allow relative axial movement

between the line and the upper body segment to avoid excessive stretching of

20 the line due to bending of the follower.

Preferably said line stop means is releaseable by means of movement of an

actuator making contact with said curved surface.

25  Preferably said line stop means includes a tooth member located on one of
said line and said upper body segment which engages in a recess in a recess

member located on the other one of the line and the upper body segment.

According to a sixth aspect of the present invention, an embedment means for

30 embedding said drag anchor comprises an anchor line attached thereto via an



10 5 10 Fig. 10 shows an enlarged detail of the anchor and follower of Fig.
9; Fig. 11 shows a side elevation of a drag anchor according to the present
i nvention; Fig. 12 shows a front elevation of the anchor of Fig. 11; Fig.
13 shows a plan view of the anchor of Fig. 11; Fig. 14 shows a shackle stop
detail of Fig. 11 with the shackle stopped; Fig. 15 shows the detail of

Fig. 14 ‘é’g]rfagg%‘ﬁgﬂ‘ﬂ%&hﬁeééﬂ&&@ﬂiﬁ@ﬁﬁﬁbhﬁeﬁt rﬁ%ﬂ?%‘é@d Eia%lgg&t &Jﬁkng P Fig. 15

with the e’1n a position to nove past t rel ease stop; 17 shows
a secti ommaging ehficaighttathmehbloint ot ome andi serving; foFi gttadlBnehows thkee anchor
of Fig. 11 and,.a fol [ r.accordi.ng 1o the present .jnyentian
traversi ig Caog%lgF nanrdo%,\%f:o% ggt%cgﬁ%:e%grp %%ﬁ%‘i ARgt se§1§1 f,%r f&t){alg?{‘&.lenféos hows a
sect i Bnalsaki arcledrelirad htiaclfnenat segmsribadfapplieafiat poistro? the2ancksrhbandof Fi g.

18; Fig. 20 shows a part, section. of fit between adjacent. segnents of Fig.
Io o rgaidigoBeBRtion rataay fop e UbE bR R BrertSe Nelat e s thR ot | ho
anc holr | ofinther sidh ahdt a plaht @ntHogorabes saikiCplatiensf dyoninbeyHoas&iRing AVeNnt i on
installe

[ i d;. Fi.g. 23 sh t.al i f_.th h f Fig. 11
byt e Sorirhnd ey ol Seie s Rt SRt irs B3t hs POGTIIRE R Chas
[i i i f t.h 1ch . f the foll omenb
of "Fi g YoM SpetiR ARSI R PRta-Bl AR R R dso SREY 6P segnent
of the f ;eé YR TBERG 2 @8 n BF - mBditk et HiSRNGREE 4ns Naiflol 2Kl ed

mechani s
thereover but which releases due to soil loading on said fluke as said fluke

becomes buried in the mooring bed soil.

Preferably said elongate rigid member has a clevis at said second attachment
15 point which carries a pin member serving to engage slidably and rotatably in

said slot in said shank member of said drag anchor.

Embodiments of the present invention will now be described by way of

example with reference to the accompanying drawings wherein:

20

Fig. 1 shows a side elevation of a known drag embedment anchor;

Fig. 2 shows a front elevation of the anchor of Fig. 1;

Fig. 3 shows a plan view of the anchor of Fig. 1;

Fig. 4 shows installation of the anchor of Fig. 1 in a mooring bed;
25 Fig. 5 shows a side elevation of a known direct embedment anchor;

Fig. 6 shows a front elevation of the anchor of Fig. 5;

Fig. 7 shows a plan view of the anchor of Fig. 5;

Fig. 8 shows installation of the anchor of Fig. 5 in a mooring bed;

Fig. 9 shows a side elevation view of the drag embedment anchor of Fig.
30 1 and a follower member according to the present invention

installed in a mooring bed;



Fig. 26 shows the control segnent of Fig. 25 with the chain | ocking
mechani sm engaged,; 11 Fig. 27shows a sectional side elevation of the
control segment as shownin Fig. 25;Figy 28shows a sectional side elevation
of the control segnent as shown5in Fig. 26;Fig. 29shows an oblique view of
an orientation link shown in Fig. 18 inan orientated attitude enforced by
heiavi ng iEig.oll\Oer a;]sb\eﬁ lanrdiilb.tg"edfdaa]il aﬂ&tmr;d}mcﬂr#migllmez&sef Fiéir.rg.; 30820\/\/?] to
a larger scale a bottomtermnal. se ng of the followerl0 er and the
anchor oﬁgfia]gl. 22SRPYS 2y o‘?k%vaélﬂ?agggéfmgé‘(?tcg% AECH HRE boiGRe PrpvaRt
connection bet weepRatibattom term nal segnent of the follower nenber and

t heanchor_ of Fig. 25;Fi gf 32shows a partial section CGC of a |ubricant
passage Figtlfe angheVs afnoy gevaiipnoithezmehenef Bigodrdti al section D-D of a

| ubri canfipassageg@nds di15HAKA68F idd S5 t;on forward edges of the
shank and1 | uke o? thséar?zhor of Fig. 25;°|%iog.%?%4ls]ﬁows t he anchor of Fig. 11

modi fi edFi® Ifct i shewakrishackle stoprretaibeDBigl 11 tvdtiatlahshadcifle Btapped; and
subseque int 3 n -.0f _Fi.Q. .drag enbednent
anchor 1@%:%,133. 191@%‘0@%@ ?%%Eldéﬂe}gg'e%%tﬁe%ﬁe ‘J’lk%cgﬂerlr%tgﬁirjfél{g%g e%l soi |l conprises
a shank Figsdifnect smowas tiomedetndof Biga 15r withghk aahazklepinaa epolsitiom tr ndalvade- | i ke
flukey,3 and at th t.her n anchor line 4 by neans of a shackle 5

pi vof%bl y pinned ?%&htg%ere% |?1th dnk 2. Fluke 3 is of planar form and anchor
1 is synfeg.rli7cal sihous aseptiand-AfthsgugtetireyshacKlestopanritiggl$;he centre of

hole 6 ig. nk 2_an tre-|j 7,pf flu 3. Centre line 7 is parallel
to a forﬁ1 : %di ret ?‘g%%ﬁgggcbﬁﬂﬁéﬁg'%f@ﬁdp%? WL T EosE %angiaway from
t he connecti on betheegrestankn@naiott fttavieesilg A stermi goller| bhen ranchb? pl ane

of symmetry X-X ¢ nt(mni n t{]e centre of shackle hole 6 and a forenost

poi nt of fluke 3 FBPME&F S War d- opening point angle a with forward

di retdi oRigr.19A st sladvghita Isendonal Bldeneleohticry BTELS YepfnohiC @NtthkNidligwehe centre
of shackle 5 hole 6 aqrsl?d %Ee clg]troid C of the upper surface of fluke 3
forms a forward opERTITG %éMtrvi’d angle (3 with forward direction F of fluke
3. Such aigirag- entteslveatparniséton 6f PAL betndenrddjactng Gegmedtd 6f jiK Pat ent

2,674,969.tq R S. Danforth wherein the limts, of a and (err) are given as
50 to 1085"0%&nd AN o %?H?Iégt?@’c?ﬁ Sg?.g“}eﬁ‘teﬁkgatléht 553, 235, Danforth

di scl oseBid. 2@ i npstidveneiee ahchogbeFig BNdnd3 slbwidranhembehalccarding ¥6s

exce%?i ng 75 gi v&ri se to. Iac# of, %gﬂe dabl e eyage ent of an anchor with

a nmooting bed surPECFCSHY PSRN WSALES e MOYH&EESES nay be enpl oyed

wher e anFgna3or ishdwd ecgeidnonf Yhé @nclse odIFigoll bdehainapainthese

Danforth limts show that 15 dr e%?edrrent anchor geonetry hitherto has
r‘iﬁggq

been constrai ned By FRe T rement to penetrate the surface of the
seabed. BPrga@4enbestmi anciedroine trsidriihg obthe WiaRdratorGnlde@cswdry age 8

(Fig. 4) and the follower member of Fig. 23;
25 Fig. 25 shows a plan view of the top terminal (control) segment of the
follower member of Fig. 23 with a disengaged chain locking
mechanism; .
Fig. 26 shows the control segment of Fig. 25 with the chain locking

mechanism engaged;



pul I ed horizontally by anchor line 4. For a point angle a | ess than 75 ,
fluke 20 3 first penetrates the surface 8 and subsequently anchor fl uke
centroid C follows a curved trajectory 9 in the nooring bed soil 10 which
eventual |y becones horizontal at a liniting depth d bel ow surface 8. The
consi derabl e horizontal displacenent dd (drag distance) involved in

achi evi ngigt bg desdHoeeh pesRetibAsl site GtvabiohSofadhleatbritfAeghical £ ¥h&nSpace
avai |l abl e on the noori ng 25 bed is restricted. A known direct enbednent
anchor 11 (Figs. 18,Fig 2%) for direct embedment in a nmooring bed conprises a

triangulpg phat e $hanka 2.60508CHiad oAvaliBa cﬁr\:ﬂet&rﬁroﬁ%ﬁﬁﬁ?xttia[%l éﬂo% 4 by

rectangul ar plate fluke 3 and at the other end to an anchor [ine
mean$ of a shacklig HgpP®otably pinned in a hole 6 in shank 2. Fluke 3 is of

13 pl anag;.f ggm a ChT ottty Svisy BFeL] LA ut: | .ane: of. sypgret ry X- X
cont ai niag:llﬁ' gﬁackln%mho 29601%1#1& at e shanhﬁgﬁ%aﬁggaﬁ%%ns?lpe Fggl; ggﬂ;#l uke 3.
A forward directianofentatepdattitusle endorsedthyché¢avimg in oferf & skern3rollar of r ai ght

line in 5 plane q %Wﬁ%&iﬁ%&&@&ai ning the centre of shackle hole 6 and

the centroid C of e upper surface of fluke 3 forms an angle of 90 wth
centre |Fige30. Distects enrbddrgentscalechbopttbin terminal esgmvent ofcdid foliovieg. 8)

into_a nooring bed 10 10 hy,neans of .a. rigid el ongate foll ower nenber 13
det @Chabl y attacﬁgﬁm?’ﬁéﬁ'&aot.}’eleﬁcﬁ%vgfﬁﬁeh%er 13 conprises a pile 14 driven
by a pi |Rigdsilvi ngshamsmarpdrbiahistaidtre B-Bherretigh angivet qoamdetoh rsstiveeh i ne 16.
Driving is conpl eted, when centre of are f fluke 3 is at a desjred depth
d bel ow t he rmorithﬁ B%‘&O%??fé%‘&aé.%ﬁ]é’ngi ‘?c%et eélf‘i’lio‘i’?’feffl?i? TnGRGedBf r om
anchor 11 by pul lddighodf G 25;l i ne 16 and an inclined pulling force applied
causes anchor and si mul t aneousl i spl ace

via anchQr Line 4 11 rotate, di
ipwar de TBr 800 OV BARLAIREFHOR feC) bl AGFIcABE PORARS IPOREAHSRoR R hor 1 i ne
4 passes through mgnesoid C of fluke 3. The direct enbednent anchor 11 is
now orientated such as to provide L mimresjstance to noye t induced by
L ensi on 1. SHchors oM o™ Bastial FREon T Thioh s UPrisant Fosesn RS chesiarge
achi eved. Howevergrifides!pteséedicbarfotwarl 4diss bpaglednbhihand thake bhitge maxi mum
resi stance, the direct ?nbedzr?nt anchor
anchor of Fig. 25;
Fig. 34 shows the anchor of Fig. 11 modified to act initially in the manner
20 of the anchor of Fig. 1 and subsequently in the manner of the

anchor of Fig. 11.

A known drag embedment anchor 1 (Figs. 1, 2, 3) for drag embedment in a
mooring bed soil comprises a shank 2 connected at one end to a triangular
25 plate-like or blade-like fluke 3 and at the other end to an anchor line 4 by
means of a shackle 5 pivotably pinned in hole 6 in shank 2. Fluke 3 is of
planar form and anchor 1 is symmetrical about a plane of symmetry X-X
containing the centre of hole 6 in shank 2 and a centre-line 7 of fluke 3.
Centre line 7 is parallel to a forward direction F of fluke 3 which points along
30 fluke 3 away from the connection between shank 2 and fluke 3. A straight

line in



will fail catastrophically by noving in the direction of the anchor line 4
until it uses up to and breaks out of the sea-bed surface 8. For this
reason, an installation factor of safgty of 2 is generally required for
such anchors. 25 In a first enbodi ne of the present invention, a drag
enbednent anchor 1 as hereinbefore described, with angle (3 (Fig. 1) at a

preferr e91ameqh syﬁhﬁstry e xOQIRaRHRE YheaBchtpé EPEH@&Me %leas hed Aot 17

(Fig. 9) on s ank to a cooperatlng clevis inalower extremty 19 of a

heavy el BRigatod fltuéqe| %\f\@mqs fopvardspranded p@yxtaa%wwr@ fonwarddireetipmg | i ne

gt ouk b S e Bt A AhARO S ARkt 8 el of Sufs,

m ni reum holej @catrﬁkjh tlag eant]trmd Reoflthree appen satfasaiof fﬁ&aaﬂcffotﬂme aﬁffdilttv#a&doa area C
Fig t t t 1

shackl e hniag cPRepihasge AVt Y BRy B BMRERor 1 Tne @ parallel to

axis 20 5 rotates anchor 1 about pivot 17 until arrested by shank 2

contacting a stop 21 in clevis 18 whereupon a desired orientation of anchor
1 is esta@Bfl sﬁeeragqelgwﬁﬂmeglﬁeaxacfmrn 1?2P§1ﬁ°§‘1arbb)dlﬁ‘§§§‘?41gmt HouBateatevis 18

and shan ve n n clevi th centre line 7 of
fluke 3 )Q%ér?e‘%? Q& gxg ﬂrf.‘) Felflot'}?a}i“ﬁltf éﬁ F"B P 5 BY5RA%e™Y & anchor
1 (Fig. 9),is ach&eved Sinmply by lowering anchor 1 attached to follower 13
ont ol@ he8&Urhac?S § tof5Sromspagti 10 GkPatent PRAIARP, tldapfaythodisclospe 16 wit h
anchor line 4 kept slack. Anchor 1 is forced into nooring bed 10 by the

wei ght  ofhehiemportdndd ofeigldsS atkiid B anllestaedy theitd, Caloks fdkobeling 73° givat a

« desired depth d bel ow nooring bed surface 8 that exceeds tw ce the square
root of tike toabackuof peppmdalde engagement |afken 3inchior swith acivioevieg byd .
appropriately selecting the mass of faqllower 13. Line 16 is then |eft slack
and anc hwrfmeh@ndl tlil%t healves aghignes P ompgkeremploged Where ap| apaiior és pr ovi de

a reaction e t he heavi nsion in_Jine 4 ca she r pin 22 (Fig.
10) to 1 LR “{ %Ef fQﬁ&WBrO“lS?{ggﬁ“b‘fé’P&OW tﬁ% QF‘PE&ILEBE’G“%F oY h3hout

pi vots 17dtHpt entedaidat2ahshar rgesmecfybmtﬁma BasiPect] @vhStrathedlty €Ot roid C
of fluke 3 thus noves s|i ghtrHey dee}ger t thagJ ael ow surface 8 and the
di sadvanP%ﬁ@tSﬁé’ecﬂ%%mﬁ‘Ft PeRTH e Bug FYF Reg °Big. 4 is elininated.
Follower 13 is then di sengaged from anchor 1 by heaving up on |line 16 and

an inclined force is
Drag embedment anchor 1 is laid out on a mooring bed surface 8 (Fig. 4) and

pulled horizontally by anchor line 4. For a point angle a less than 75° , fluke

20 3 first penetrates the surface 8 and subsequently anchor fluke centroid C
follows a curved trajectory 9 in the mooring bed soil 10 which eventually
becomes horizontal at a limiting depth d below surface 8. The considerable
horizontal displacement dd (drag distance) involved in achieving the desired
penetration depth is often unacceptable when space available on the mooring

25  bed is restricted.

A known direct embedment anchor 11 (Figs. 5, 6, 7) for direct embedment in a
mooring bed comprises a triangular plate shank 2 connected at one end to a
substantially rectangular plate fluke 3 and at the other end to an anchor line

30 4 by means of a shackle 5 pivotably pinned in a hole 6 in shank 2. Fluke 3 is
of



25 applied to anchor line 4 causing it to cut into soil to nove anchor 1
substantially in forward direction F along a downwards inclined trajectory
9 wherein further enbednent of anchor al l ows progressively higher |oads
in anchor line 4 to be sustained. Al thbugh directly enbedded wi t hout

undesi rabl e horizontal novenent, anchor 1 does not fail catastrophically,

30 when geel aadedun PdmEkng: L shbendicectbon: o pRRENA shifiRed, Soxpul | out

at surfa noves |zonta y at const ant

di ves deepeninihgishiagkleehslerfy it pdatei shaalksafadmamentre s, offhikien8t aAI at| on
safety f t cep .S can be
adopt ed ﬁ%é’%éa?lref t1§n 19? : tﬂyﬁ?@%t% £§}qnizﬁ%‘%df g?él?‘%gﬁgr?{y] Sﬁraalr%jq?l 6? $or 5
direa eplednehisyamémy sXkowmtiinidgithe cedrasd rofpdtiaxdd yhold e warai Ithws

smal | er anchors to be utilised in a given nooring systemat |ower cost.
However , cartieoidr@@f éhbethpentsuafecharf flulers dormgy ahamnglaloti®9° ofithnghe=s-a and (3
(Fig. 1) which are within the Danforth |imts before-nentioned and so
retai ns e ¥he capability of penetrating the sea-bed surface when dragged
hori zontal ly thereover. In consequence, the shank is longer than is
necessary for progressive burying once the anchor is below the seabed

sur f ace. Dithisemkedsent anghor pi deldeiwsn wadesilydblgy Shingh peweringthesh10

o uthar 57 RER ot FEPRRRARRIShEL ey 3 ActRR R R IR, T °°
pL esent meiimvﬁn mmbmgﬁb n0m§stsges laalsll%éﬁmgjg bjaragg@davmgjhmmw th exceﬁd
the Dan g‘{t& %to a5&hs %ﬁae@%o aa\r/ﬁng CRIARL 1%360?%&%8& f].alIl.l ng the

sea- bed sur?ace ori zon t her eover ough 't retains
t he capadrritrd pf cafrem@g:fetbskwél is bulaydmramdnptﬂhr dglg:ddwhthel mmmg pedrom a

position lf%ﬁ?eagy ’?h tﬂ? 1§?ﬁerpedg e%%ﬁé&f?rorrlr%c oreﬁ‘igb%%) ?%ypgggp?g\??des

anchor ther res onl'y a act ank
m ni Ml lies |1§tamtantmcbaedmpuﬂim@&dceepphe@lvleyanmm- lihe 4seatsed dnchar

fol | over 11 ﬁgr}ort]aege a}u!l] eSlrrllll gtgn\égxlls \' dlsplacen Q.lpe\gar%satrk]lgo&gh %stance k until

the line of action of force in anchor line 4 passes through centroid C of fluke
3. The direct embedment anchor 11 is now orientated such as to provide
maximum resistance to movement induced by tension in anchor line 4 at the

20 d minus k burial depth actually achieved. However, if the anchor line 4 is
loaded higher than this maximum resistance, the direct embedment anchor
will fail catastrophically by moving in the direction of the anchor line 4 until it
rises up to and breaks out of the sea-bed surface 8. For this reason, an
installation factor of safety of 2 is generally required for such anchors.

25
In a first embodiment of the present invention, a drag embedment anchor 1 as
hereinbefore described, with angle B (Fig. 1} at a preferred high value, is
detachably and pivotably attached at pivot 17 (Fig. 9) on shank 2 to a
cooperating clevis 18 in a lower extremity 19 of a heavy elongate follower 13

30 suspended by a lowering and retrieving line 16. Centre line 7 of fluke 3 is
arranged initially parallel to a longitudinal axis 20 of follower 13 such that
fluke



25 the drag anchor advantageously to follow a trajectory 9 which is much
steeper than is possible for the drag enbednent anchor constrained by the
Danforth limts. Thus, both a drag enpfdnent anchor and a drag anchor wl|
bury when 30 dragged in a nooring bed*froma starting position at sone
depth bel ow the surface of the nooring bed. The drag enbednent anchor is

constraip ﬁrée%ms ﬁl&ﬂfm Smié&%écp éyinsekfe%&wt@erldaﬂ%ﬁgaigr QAdkRe SBRRLe self

penetrat i roug ace a nooring b ag anchor 1's not
subj ect Dbamﬁlab“xgoﬁtpf thensurnd the missgdum peojdetad aan@Shof amdtyorbbandcapabl e

of self on, t o} bed e anchaqr
conpri si 5 & Sr ié Eﬁg%g{he%ugfjﬂgaﬁgﬂﬁgn% falglbﬁ]‘iraﬁ& ?ﬁ
present ironaees aﬁﬁhd:’natatmeutrpltnst bt uhﬂrltarrme@ myesmatnle 2c<acpftbcﬂmg laestopo be

realised, Acc rdl a second enbodi, rren sent ntjo a drag

anchor 23178 ?Ylag% Y%eref’fonl% CPR° 088?1% %é ’r‘ﬁeﬁtii %Fﬁle gtl

\(Mlgen [ g;@aidne@hmlpiw zmgﬁgun?)apsss%?g)fch@ulrgaoav:ﬂg ltEﬁdn&thblhkaz fse}deewarl 13 f
ig onprlses a gua ateral stee e shan ying_in a plane o

symet ry)hfl dageh %fn%ﬁ?)f’ﬂiﬁs L%a“(}aewd"éae e i |‘S‘J %géﬁ%éﬂ% t X PR P anar

surface 24s8id @dtsGsrare steel plate fluke 3 of length L. The average

t hi ckness of shank 2 and of fluke 3 15 does not exceed 0.04 tines (and
prefé?ably does not exceed 0.03 tines) the square root of the maxi mum

proj ect e@n%&ﬁnéﬁt bt wkendr Confel @l Isn@chle@fd §Hﬁ€>@*c§y216wleh afciane of

symetry X-X at %ht angles to an edge I's sharpened by
bevel | i n@ttt%hﬁ‘édl@l laygrn IHonée the FBﬁfaF‘é& %ftraxﬁe@ngzi@dAqum eppinwiagi on and

attachmegy ?'&Et ffef 08 vatﬁfmksbfe 1§1e0@r1£e°pqtglaa< anAﬁ&Fd?OI 1ls'fa?ceﬁhir&88hank 2

is locatedat an extremty 2 shank renote fromfluke 3 irection

from t he mangingbefl €0 &ty @Ger‘&%]ét %%"Mrﬁgﬂfb@?ﬁ Fpuntih ghe cenfreids? péfodcedge 25
defipes a 1f30itV@51Q31géc[ ae%apa Belo iR 3Gy 60D RIHN-ER &Qﬁc&cge&l R@i‘& FgRt poi nt

26 and sharpened edge 25 forns a line Intercept wt Yg ane symetry
X- X t hat sdefieneaptpff thewmegirapenpryjedadiarea dfflpieade Rbig s aqahlp‘e@bém to
forward QF&P&HﬁaQQI sele%tﬁltgr@feqhasé bﬁﬁuﬁ%} aini metfeels%@hneftdsl&l@aﬁds hackl e

attachment poi nt forms a forwar -ogemn ngle [3 with respect to
forward @heber ilivg ﬁ isnhgreedaups WBith| wlewenald stillf ot Ri@@r é@lmvtﬂe anchor 23

0 Soft SaaRkNAA0N!, e IR AN00h 1955 4 BAN.APAor ARUAREN

non- cohesi ve SOl san reference for cc than 100
and 90 f pertsand agichyr dAntp rO@?e g e meeqrieg bed| spil b@@l@%@mﬁyl’belmd cl ose

to 90 as sﬂgﬁﬁlé) Ilse aWeg&Qlu{‘;y stop 21 in clevis 18. The centroid C of fluke 3 thus
moves slightly deeper than depth d below surface 8 and the disadvantageous

loss of depth of burial k shown in Fig. 4 is eliminated. Follower 13 is then
disengaged from anchor 1 by heaving up on line 16 and an inclined force is

25 applied to anchor line 4 causing it to cut into soil to move anchor 1
substantially in forward direction I along a downwards inclined trajectory 9

wherein further embedment of anchor 1 allows progressively higher loads in

anchor line 4 to be sustained. Although directly embedded without
undesirable horizontal movement, anchor 1 does not fail catastrophically,

30 when overloaded, by moving in the direction of anchor line 4 to pull out at

surface 8 but instead moves horizontally at constant



preventing anchor 23 fromnoving in the soil of nmooring bed 10 with a

subst anti al conponent 9B (Fig. 24) of displacenent of centroid C occurring
in 5 direction F. Preferably, said sufpstantial conponent nmay be regarded as
bei ng not | ess than 35 per cent of the displacenent 9A in the actual
direction of novenent with 50 per cent further preferred. However, in

pract i celoadn@k edivds (ddeper Lkith HRecadiel 10%6eRM BBafd MMaMRa! atTiaLs, ofnanchor
23 in soft clay and does not exsceed 70 for Peratl on in sand. Further

angl e (emtal'l%u%smév fagige obd.S thatis agseptest foglipgremabedmenioprcharay and 50

to 65 fehnaResd@ied mgteaan&k a lshfdtp fREVE I e Ehihat uﬁaal;ﬂn(élda@ fapt exceed
80 for operation in soft clay and does not exceed 60 f operaftion in

sand. 5 Shderftecrabedmhie ALCRYISHNOB (Fifgl cqt@)stm@hfczaﬂlﬁedﬂby ablowe sraligr
extremt f t k 2. Arearward
o em | oot PG ERLA RPN 5Ll 20, S0

extremty nt to a rear edge 31 of fluke 3
and slot 29 fornms a forward openi ng angle y of up to 30 with centre-line 7,

W th 10 BLSESLY S ol aRISLEATE ARy of RD20nZ: LayahaRSnRd By el 1109

to reducé Ssoi tron resis ance a or e
separ at i (Figof) ﬁfhfmkm Qith&ﬂlﬂﬁeﬂ]lanz&thdhﬁits Zﬁfdré&ﬁbx@ﬁdiﬁd’cbaﬂd Goirztaanef erred

to be in the r e 15L t0,.0.6 ndr cal stee i 7 .(Figs. 11-13)
i s mbunt 8F £RR %%‘8@? ok PneHAERgHT h %4 et‘ﬁh%ﬂz rﬁggeg éPV&ntgﬁﬂ beari ng
pin for medresgerM tih adnké@idaldeatthen sﬁ@.hkoi/wl’loﬂ@er( Ehas . is22ecesdarP4br AXis 33

of pine 17 is spaced from suyface 24 su h that the line of axis 20 of
foll omrpi%rm@feeum’%e&ﬁeﬁ%% SBEREH IHoRF1oY DereRBCHFuERES 3 I $¥GSS12) of

anchor  2&napel Esdswd@seurside(swm anghpéndttateort résistauke %eha&‘ Ks kmbetigedar al | el
to dlrectlon as viewed in F 05|t|on to direction F gs. 11, 12, 22).

Thi s enstgrisail ha%t%%’ yeedaf ik s Teqyéirstambperby Beret He&relr d3dBisR (Fig

22) o5 apghor 23 is co-linear with follower axis 20 during initial drlven
enbednent of drag anchor 23. A rel easabl e shackle stop 35 (Figs. 11, 30 14,
15, 16, 17) in shank 2 holds pin 36 of shackle 5 in extremty 28 of sl|ot

29. St OpA3§raign&!.de>@Sacco-i"c§ng to the present invention, in contrast, has values of
angles o. and 3 which exceed the Danforth limits and so does not have the
capability of penetrating the sea-bed surface when dragged horizontally

20 thereover although it retains the capability of progressively burying when
dragged horizontally from a position already below the sea-bed surface. The
presently described drag anchor therefore requires only a short compact
shank member and so provides minimal resistance to being pushed vertically
into the seabed by a follower. Further, the high values of angles o and B allow

25 the drag anchor advantageously to follow a trajectory 9 which is much
steeper than is possible for the drag embedment anchor constrained by the

Danforth limits.

Thus, both a drag embedment anchor and a drag anchor will bury when
30 dragged in a mooring bed from a starting position at some depth below the

surface of the mooring bed. The drag embedment anchor is constrained by



two rectangul ar plates 37 slidably |located in undercut recesses 38 one at
each side of shank 2 aft of extremty 28 of slot 29 and on a side of slot
29 renote fromfluke 3. Plates 37 |n|f§ally occupy a position partly in
recesses 38 and 5 partly in slot 29 whereby pin 36 of shackle 5 is
prevented fromsliding away fromextremty 28 of slot 29. Adrilled hole 39

(Fig. 178hd thcphabk of RAIMELA A@HHR58R 130ertbd %blﬁ%)eh\é&aﬁbﬁeﬂhr h $h40 of a

di aneter slightly I ess than the dianmeter of hole 39. Steel balTs 40 are
hel d apan‘fW of %m@&b% $heidagg anchey iprrotaubiesf ta el gensforiat42 and

an of f sef,, o n%e el a} aﬁ&%refn ﬁﬁaﬁg;%ﬂ&ﬂgéﬁ g\ﬁétg%@orgﬁjulo @gﬁ
det er m ne the s osition o ate In rec ["at e al so has
an upgst am@pnggmedcwrzﬁwat Aaahedeanc@nr eatiprising e drragmmﬂn‘oséteemﬂ saldlS t hat

Pr ot T udes havang § 96.0UIR%8 4AcOb AR iRk Eb: D) plefANABLRLS. 19

pr ot rudi hg iHsi deSedch slldlng
cont act xbﬂawlﬁemmanagﬁo&ndsbcbbekedusembcurs in the course of 15 shackle 5
being rotated fromparallel with to perpendicular to surface 24 of fluke 3.
Canms 46 thereby push on blocks 44 to cause plates 37 to depress balls 40
out of engageimNio asédoritibéadodiinamdoft therprekérteinuaihiibn baldrsg 4Qciestozge in

hol es. 42 _wher eupaqn ates 37 are.held whally clear of slot 29 (Fig. 15). A
Chouittor B N3 4Bh5t & coPbeREa i APETT HABE PRER LT8R BPaR 1 oq on
Pi n 20 3ﬁ1§( Eﬁ@facel@) of e6ﬁroe\émfgt bphaigs?byBZ ﬂbﬁbﬁgxl' aragr(mgumb )boPﬁ-‘;MﬁCéb sby 46

riction e en and. p as shac r ot at ring cans
into con® BTCG P?tﬂfhaégbgiﬁ‘ﬁ’@rﬁ“ HR955 33"?%%2 z%’i’(?ﬁ‘BF line 4
rotates @im@ekal @el@.e@&@'ﬁ@kft@ﬁlg%ﬁ tmanlup“pqué&@mcmﬁcdot%ka é&ﬁla&@@&eal | owi ng
sl eeve 36A and pin 36 to sI|Qﬁ?alon 29 to relocate at extremty 30

(Fig. 119 %gilgsﬁ oW E R et é\‘f‘éﬂagSf C&ﬁkﬂﬁéro SNV Al obtluiged anchor

lineist | §odd0ast Bk&edReoat tiinke @hdSHRErdbly 8o@e Rbe\¢REeddad 3 ﬁh{Ha} ¥hdy use of
a hamer and drift on each of plates 37 inturn to re-engage balls 40 in

of f set h%l‘é%%@oérftf the @B YRaPEeded 1 egoohflykeude &sabre-ling 39 n into

sl ot 29 §iorf8de0Py ﬁ@@% bR éff Ymsleti§ XK avaight bAReSXbledge ZBopflugbot 29. 5
Accordlng to ath enbodi nent of the present Invention, a follower nenber
which is sharpened by bevelling to reduce soil penetration resistance.

20 A load application and attachment point 26 for a shackle 5 connecting an
anchor line 4 to shank 2 is located at an extremity 27 of shank 2 remote from
fluke 3. The direction from the centroid C of surface 24 along centre-line 7 to
sharpened edge 25 defines a forward direction F. A plane containing shackle
attachment point 26 and sharpened edge 25 forms a line intercept with plane

25 of symmetry X-X that defines a forward-opening angle a in plane X-X with
respect to forward direction F. A straight line containing the centroid C and

shackle attachment point 26 forms a forward-opening angle 8 with respect to

forward direction F. Angle « is not less than 95° for operation of anchor 23 in
soft cohesive soil (clay) and not less than 85° for operation in non-cohesive

30 soil (sand) with preference for « being not less than 100° and 90° for soft clay

and



(Figs. 18-25) for directly enbedding a marine anchor below the surface 8 of
a nooring bed 10 conprises an elongate nenber 13 including a plurality of
body segnments 48. Segnents 48 (Figs. ﬂﬁ-Zl) are of wwdth Wand of square
cross-section to provide stability on deck. Segments 48 are axially 10
symmetrical about an axis 20 with an axi al passageway 49 provided there

t hrough to acco date a,chaip 50 attached to, a bhettomtern nal segment 51
of folgl oviet f§.5g%g’§’§§'gev@9g398i’?aéfrh?:iafsorc Sent% s s 28 RO TENEt WEOHEt r ai n

chain 50 rotat.ional I,y rekative {o. ments 48. 15 Segnent Fig. 19) are
each pr o?ﬁeﬁgrdu%tef’fmgy Fr g%’\c}g?@d r%%vﬁﬁggfl ;.Bﬂeots ﬁs‘i’%ﬁm@f‘%ﬁr gfécf‘?n‘éﬁ“’f"?%m a)
|toer i ph?l’ﬁibﬁw_‘lﬁalfﬁ)rﬁﬁoﬂd&nt?%B gﬁig. a?) gf _d'spgm:me_n‘ﬂﬁf aaxdtraicb?rdoea?dﬁgitmg

runcat ed conic eces indented.in a peripheral surfac at an
Cpport et R L B EReRRy” Rt SRS e Bn B IR b ARk hhg el
I NtO a reaeRrss3hahn38perdcirestt thzedidphicedat A i @he ckwall Hiatticd) ofur f aces
58_ and. 59 respecti.yel ermt tgqt_\(%#acent se%{mg_'is 48 to rotate whi] st .

mai nt ai MPAYCTHERT SR é?s g‘?fn??ﬂ',tt ReY RESESTTRSE hdfoWaUehsit REACHET, angle Bxi al
passageway 49 in each segggnto48 is flared at each end to mnimse axial

bendi ng &1&-chiidresratiEcter Bot H0F SRR rPtioaehin sffsiat and glogs

follower 13 passes over a cylindrical stern roller 60 onto deck 61 of
anchor hastdéxaegd 79 Vios opler@on imatndg Rantisera asglef fiteirbthe Crgen630to s
secured to bottomterm nal segnment 51 (Fig. 30) by means of pin 64 passing
t hr aegh &3 fbi BlseBionf i hatnchy ad G0°i o Bb’ epdashertiough each at isegnents
48 (Figs. 18, 22-24) and through an upper body segnent 66 which functions

as a co n I j el [ i Ol ' 30 20
R P ) R S R e i P S A S P
el ongat e ctyl i nd i6f)a| glg ?ag t hat h an axi al borehole 69 for acconmpdati ng
chain 50 PaESERG PPhdPEOPHASRENS €89t cylindrical collar 70 is rigidly
fixed onto 5 three links (Figs. 27-28) of chain 50 to fit closely inside
the length of borehole 69 and is rotationally and axially restrained

t her ei n Yyaddeattaghmert grans2AdFisghridlgh faroiddaby a0foawardvekirer2tyo28 pfg 68.
Pin, él i I ro@t t i e h i.ng

t ens]i%on ag? @%ﬁ%aﬁeeg%&%g% %?%v%%tén gs%{r??gzédﬂg%%{‘gﬁdi %ﬁr%wgﬁagnﬁégggégnt r ol
segment leeatiedsadjpotrt %8 ai reagppsiasedl sif dbuke0 3f and sla29puhs pedatwagtde t hr ough
to borehole 67. Pig 68 has opposed keying blocks 75 balted thereto that
engage i9PcawaE anglesy pldapite 30, witBicenirs-lify7 swithel @ oprafesredi A foryasd

rotati one(’j‘c{gley?ﬁli (gth sfxgrslﬁegtist (s)hgroprég‘xrégl b3§ etger\rrleaﬂi%gfs?d rlac%ger r;%hl genetration

resistance as for edge 25 of fluke 3. The separation of shackle attachment

20 point 26 from centroid C is preferred to be in the range 0.15L to 0.6L. A

cylindrical steel pin 17 (Figs. 11-13) is mounted transversely through shank

plate 2 to act as a pivot and bearing pin for mating with an installation

follower 13 (Figs. 22, 23, 24). Axis 33 of pine 17 is spaced from surface 24

such that the line of axis 20 of follower 13 passes through the combined

25 centre of area 34 (Fig. 12) of anchor 23 and shackle 5 (when anchor line 4 is

pulled back to lie parallel to direction F) as viewed in opposition to direction F

(Figs. 11, 12, 22). This ensures that the resultant soil penetration resistance

force R (Fig. 22) on anchor 23 is co-linear with follower axis 20 during initial

driven embedment of drag anchor 23. A releasable shackle stop 35 (Figs. 11,

30 14, 15, 16, 17) in shank 2 holds pin 36 of shackle 5 in extremity 28 of slot 29.
Stop 35 includes



t hreaded sl eeve 76 is engaged on external thread 77 on wall 72 of pig 68 so
as to be axially adjustable and | ockabl e thereon by threaded | ocking ring
78 15 which has a bevelled surface 79, yenmote from sl eeve 76. Sl eeve 76 has
a peripheral groove 80 (Figs. 27-28) ich receives a pair of opposed

| at ches 81 slidably nounted on upper surface 82 of control segnent 66 and

driven taypralthHgelal %ﬁ&e@@?e@f&a%lﬁ?ocat’ecp&”@ﬁ&&%m)Pec%@éé§§§ oﬁ@ dte ?‘éfn' ng

agai nst |ugs 84 upstanding fromsurface 82. Each latch has a | ower

i ncl i nedsidgoyd SHROKF2 gt OQGXtZGTmM)28 of Sl@@r@a@mdr@gl peids Dédoéaﬁfmtw on
| ocki ng fro%ﬂ&ﬁe%dandé irﬂgail gé}l 5 1&%:15 }:fag lgﬁggr%&gs%saié gypassage

of locking ring sequen I'n groove 80 of
sl eeve 7partfhin plgi29 eherafy pat 66&8’ SihckteeS dsrprewﬂdtedi fiom tshwliragy awa@6 of a

Stop | ugLoBbSEPETiNaTR g SR 21 ol bR le o ol PG ed pleeRng
agai Inst tatgs &R 8P sdomnalindgtwd etaes biatlackd 82 of dtm@teah@kighg? lag@yhdd lQHbldug 90
unt i 91 o r 8Q, e e qn sto ere ext ernal edge 92
of yoke SPTHHEE PURGE Tevoie! Jats403u8 etk PPAR s COREOT6) STHREL hal d 1 n
al i gnmenplag t37 adgea 3ntril ¢ A0t amdl tdh SEBENHLR 48T dBledihaeek wWhickf anchor
handl i ng vessel 62 (Fi 21 Each arm 86 ofﬁﬁoke 87 has an

.ncnonedel?-%&géswﬂmfg%l?“% f&tewneﬁgﬁﬁw&l%ﬂosfjitlﬁatqf@aqe 1 imEgFepce 95 on

each | at g8, Blatehenardamsden %smﬁ@ngﬁld&c 443&&@%&@&9@&@%%@&&3 edge 93
of control segnment 66 by contact wth roller 60 deck 61 (Fig

This for %@%etl%ﬁl'é ﬁ%@%tcpr@&ﬂﬁeésl?ygﬁﬁl%ﬁe §9rizag 41509%516’1‘}%1{ 8f (Féglg]a@en%nt o) with
groove 8fahnuslrRYe Y%reﬁ-uamgz&)mdglegc@%gemﬁ boshhege s 91kt kdak! e

t hrough a dlstance wW al ong borehol e %revent undesirabl e extra

t ensi on BEtngiding|qeaéact hetewanncap Hiandoblosk] dhwaccuss (rjthe amyrseeidi ng

throygh 90,190 o Béiyl%r@ta@dsﬁrsﬁlnf;&%ﬂe@ Rmﬁp to HargdiRtidiad! toPQRFLde0Pq Qfs S| eeve
76 on pl& 68 1 s adjustable and Tockab by ring 78 such that when ftoll ower
ang

13 i s hafgkag whems 4ethsteorrap OG’ObIOFl‘ié Yuty sausewpiahs 3t to deprerer 13
stret chegaghap rbLﬁQ)fle‘r'%E%&HEﬁﬂ GAtBMd1¥s 48 Q{d Agd @ﬁcfé‘ﬁﬁt1§ﬂ>ail§”4@ &fgaggeﬁent

wi th groove 80 Onaz% his automatically prevents the 15 stretch in

chai n 50if helesrel aiengran plagewndi gie held mdialuelpari of plot @RedigprByr edsi vel y

suppor t e%&iﬂﬁbﬂﬁl RENSLEARbRS1EA036A 388REME i91041bt 26 &Ie&%@?ﬁie‘de&if Shﬁ‘cr easi ng
cla g force between the segnents of follower 13 therefore occ

pr ov e 36 dFigi L) thareysne wlaes 3f7o¢q1amrer113tw¢ebfmmyeql|thfglcy@f1dMWémm| etion
of penet @t 8N P2Plates 37 as shackle 5 rotates to bring cams 46 into contact with

blocks 44.

Subsequent pulling aft-wards of anchor line 4 rotates shackle 5 backwards
25 until cams 46 clear blocks 44 thus allowing sleeve 36A and pin 36 to slide
along slot 29 to relocate at extremity 30 (Fig. 11) whereby low load retrieval of-
anchor 23 by means of the anchor line 4 is possible. Resetting of stop 35 is
achieved later simply by use of a hammer and drift on each of plates 37 in
turn to re-engage balls 40 in offset holes 43 and so cause plates 37 to

30 protrude once



Thus follower 13 functions substantially in the manner of the before
mentioned rigid foll ower when suspended vertically by neans of |ine 16 but
permts recoverabl e bending without d ge to occur while traversing stern
roller 60. 25 An orientating |ink 96 igs. 18, 29) having a cardioid cam
97 bearing a straight edge 98, as disclosed in the Applicant's UK Patent
No. 2, 19% AR5 %9%@325%6&5 quacﬂ@%&i%?shdia SRAGLE oM etrBingySSg it control
segnent %. airn 50 Is conﬁected via pin 99 %o a‘rear clevis 100 on |ink
96 whichslok@®is is 30 inclined at 45 to edge 98. Link 96, in turn, is
connected via shackle 101 to |lowering and recovering line 16 which is paid
out and heaved in by first winch 102 on deck 22 61 of anchor handling
vessed 6Rc{dridihg i8R thidd ebo8ircent of the mesentr imlvhmiotﬁ,Oa follcaves trabinder

orientatjon en.str e 98 is |n ont roller
50 and- sl VY < isbrEe R dabegR & iy Ao I (RS b o'

ori ent at irdring Bed alll icohpdisekiark efingase tnii‘rﬁﬁbéIOIlB MSRthhQ d phwalithefl i nks of
chain 50 t straddle t 5 aqai rol]er 60 in.the. o rqt ati ona

ori ent at P8R RRASTAR™LSAS ‘&fi%gf-oi‘f@&? PoY °§§@%@h%8§8\ﬁ6}a§q&‘8ﬁ’ ar 70
and bl ocksséhsebiigheits, %01ﬂgssbé(b|ﬂﬁy8?)ni Nde@kCONtSAGIewtd N48 Obt&r a RIS
control segnent 66 is heaved up_ thereover. 10 Bottomterm nal segnent 51 of

f ol | Ber syyBmedrigelapbedt ABr 2¥8| €hsabt @Nc 3Rk PEsRE BTt ArRrgvisiengieres as

previ ous{a&o@lgﬁctrol hedranddhf £Utas 30 £tenoat & a AW téﬁﬁu(a'f'sggme%@ 23) for
straddlin 2 of anchor 23 to enable a recessed sqocket 104 in each

clevis | 8§ afdoHewer V&- aRasTAEEwWayi 4°h ipFinaiform 5y Rrops-SRtR FAKCONSRIR g 106

ron each ghgwi 50 L&GtibBalPaslaBivded Sedldnidrdd.l ed there through which registers
with a hole 108 in shank 2 and receives a retaining shear pin 109 which

hol ds anchor 23 tenporarily in clevis 103 of bottomterm nal segnent 51

Wi t h1§ or s de gy ﬁét(ng‘ 1) RRE %Iahﬁlprbeld%alv&t% fghchidd dohibRt Sbtidsisecket s
104. A stop 21 on eg 105 of cl'evis 103 limts 20 rotation of anchor 23

about pi B2 ]PIOIthlalgcfé@mr%@eﬁBhB@l syrfage glelsapyengdakt Afsegmenic#d windnaf | uke 3.
An anchog&@ﬁ:{d{g@%@ﬂ&&@a #bnicaf réc@wsé iARRL R 'lﬂatﬁéﬁbﬁermesmac syt | onger

t han the Is attached at one end to shackl e of anchor
23 and agt anophEPSIéfn@ntio5§ Wagshat akpmotoision Tdwneent cﬁf;gmnarf&w&m i ne 4.

H nge i 0; i aspr n n aralle
hooks 11?1%3%1 lﬂtgc% Iéc@g? \t,ggégg arrgu%%gggng?égggﬂgf@ of %%ﬁérgoclgyﬁmm%eagt 66

renod® fperfRgekessmd BACRSPRIGICIY1NCTSRE peircaBt SeRrapREr18 foFoteiyadig a
protrudi pg.;end oy p'eagﬁepalnc&;lt% whex eé%)éhhbf}gﬁ' [Figk 185178y The detachabl y

attached to cont o gnment 66 such that pulling Upwards on anchor |ine 4
at an anpghesdgewaytHannedchosqementt #84p firedregagpel endde minmise gxial

bending of chain 50 due to rotation between adjacent segments 48 as follower
13 passes over a cylindrical stern roller 60 onto deck 61 of anchor handling

25 vessel 62 floating on sea surface 63. Chain 50 is secured to bottom terminal
segment 51 (Fig. 30) by means of pin 64 passing through end link 65 of chain
50 which is threaded through each of segments 48 (Figs. 18, 22-24) and
through an upper body segment 66 which functions as a control segment for
holding and releasing tension in chain 50.

30



30 from hooks 111. This detachabl e connection permts the azinuthal heading
of anchor 23 to be controlled during 23 installation by anchor line 4

pul l'ing on hooks 111 without prematurgly rel easing shackle stop 35 and so
preserving the facility of disengagiﬁg)link 110 from hooks 111 subsequently
by heaving up on anchor line 4 5 For assenbling in port, all conponents of

fol | ower - n 6%~0 ndl i ng
vessel %&%gﬁﬁ@e%@?ﬁaﬁﬁﬁ%QB Q%F#aéqug%&ﬁg b%%8§§h§70%“§§§ﬁ§% Q%G in
cont act alpng\atdemylhnﬂncaup@ 68rtd:1}a(orha333m slealthoe'dholo ﬁﬂ)faromdommbdaﬂing egment
51 with pi mat ed i.n_sackets 1Q4..an she 09 is
Piired (hongh BR S iierdBishey Shuf utddstioahdl 26 2 ERln Bl 5hi (34 1o
t hree | ithitse tihkel{Rigs. 30-28) dflmharreaoltbe‘d cdoseﬂﬁlim&dé tlwlemgﬂobf boretinte of chain
50. Pig is slid ontq, collar X t hereto b 71. .Chain 50
is then %ﬁ@r@ St %tb‘a'ﬁ%ﬁ??cﬁm%lg'g g’t %ngl?ﬁf&“ég lfémn?ﬁsnﬂﬁ g 68
makes goﬂhtr?ﬁgh whlllr YO endaxalerd d‘ffp@fﬁBGlﬂih@ 1616 zlelab@meal): sheQ"@# ?15&1 15I now
protru roma segnent 48 renote fromcaqntyo, gnent 66 sufficiently to
al | ow ch'iiaﬁ Bndess; ght %ﬁﬁﬁgé‘guFeé’&lqrh Ogof?% 1%@ &9 rfovideg gesitoast py

nmeans of pRitéethith €dF éheuﬁOQSO Acbu%atsngﬁeﬁmzanhhgcsifotwmm Hosed QAL r OI
segnent 66 to pull on chain 50 and, consequent%% npr ess togﬁ:her t he

segniént sfases 761 Waiskrrepstrate shriely foebershele 67 &ﬁﬁ 15%? PRRASCHEEEYHIE t he

chain 20,jcRE K5I 1881 th%gaal tHle® ehgggéupaﬁa%é smaamrlh é’l@t!s%‘ aflfi depbd OVer 13
and drag anchor 23 conbi ned his Stretches chain 50 until ?roove 80 (Fig.

27) on sfoceoptrang pig 68 ’@tGBOIil%HbetheEFSQB‘Eio@ central sqgmerd 166n [eisrmaldt segnent
' 66. Sl eeyge fed Slebhes [OLRL %édocfh theaad tﬁzeﬁlwloacmwwwﬁege %ﬁag ng 78 so

that | atches 81 are en%gg e In groove 80 just before t In chain

50 equalt® b& atalls @diteytgele budykwekalei gsrewt Wothwsaded locking Wrag &nchor 23
combjisnedyyitRe Lehal HekBK shisfakderd eBYEE AN L0k LN algra.d 7BKn2S At tached

between |1 ne 16 and chain 50 at a separation frompig 68 sufficient to
al | ow f apdriniearall graoye 88 (Fégsatdbl§) whishrreseivesp rair ebopprsediataficadt her e

fromw td; c& | ne%t%ﬂ bih rﬂ%)ﬁ%ﬁ BB Rk cWth)l rs%k%n%ht %8 éﬁ&g%rn?e%) tq Anchor

fore- runner I's co cted 30 to shackle on anchor and to hinge
| i nk 110pmsitiude ingo fohe¢h<éﬁéa’g@dc¢mpm@l@1 mrlngm%dﬁwtmg agansshgyedt 62.

Thi s conp &taﬁau?ﬁgﬁbé\.\{rfg& @@Cmrchh 8f‘ﬂa¥%§l§>@)er %hréaqa@é 8}3 19% 4 i's

spool ed o on an assl stant anc 'l ne- carryling vesse or to
i nst28l | &27-@8) dor seatacting bevelled surface 79 on locking rmg 78 and d1sp1acmg

latch 81 against spring 83 to allow passage of locking ring 78 and subsequent
engagement of latch 81 in groove 80 of sleeve 76. The positions of latches 81
are controlled by two arms 86 of a U-shaped yoke 87 (Figs. 25-26) that is
slidably restrained on surface 82 by stop lugs 88 upstanding there from.

25 Compression spring 89 reacting against lug 90 upstanding from surface 82
forces yoke 87 away from lug 90 until stops 91 on arms 86 engage on stop
lugs 88 whereby external edge 92 of yoke 87 protrudes beyond edge 93 of
surface 82 (Fig. 26) unless held in alignment with edge 93 by contact with
stern roller 60 or deck 61 of anchor handling vessel 62 (Figs. 18, 26).

30



At sea, anchor handling vessel 62 and the anchor |ine-carrying vessel
proceed to the installation site. One end of anchor line 4 is passed over
to vessel 62 for connection to hinge%#rm 110 which is engaged on hooks 111
of control segment 66 of pile 13. Anchor line 4 is then allowed to hang
slack in a bight 10 between the vessels to provide directional control of

pil e 13 pach aReBs oRPokdB7 HRSSR] inkfined WAGeT4 igE RI-DEEFhatepatiachsd to
control segment 66 via pulley blaocks fixed adj acent stern roller 60 and

oper at ed® FeAtRg indissdrfare et Arcibiatch &l when gdek 9 of ydsed®%és fused dr ag
anchor %%xt@@ﬂaﬁﬁieln?‘eﬁﬁh J:g%éjggrol?‘%@ﬁf}oy b?gn?érﬁréb Ezlcbﬁ%al(ﬁqmtﬂ- henaes@pE of drag
2 5 segnent

anchor t 0g&t er with bottomterm na i projecting overboard
causés fdddkonk(Fig318b Bhisdforeasdatih §0 tovempress sprimd) 83 Einsl mose louit o

i nduction, of , [ ONg hal I event ed . ' noyving a

di st ance%ﬁe%%gﬁﬁlﬁ %?%é\‘% %%rqréﬁscl)%ggﬁo ‘Flrlg'i %e) co%t?%llg))s&élgérrgﬁetgéég. b"f:ol | ower
13 t hus detedde tthraugih a908isimdes W A4 alaeres borphiotd 68T tdb @reventt thdesiside on i n
chain 50 rising.only.to.a,mximm val al.t0 th . S r buoyant
ve gt oPt SRR SRR O PhuR) ST et Tndh g Bl RRe: "l gne
of segne e I 13 becones self |launching with

br aki ng @ltéﬂéltlglgigﬁt opr?%r\%@%%%ﬁ%;te&mﬁﬁéﬁ%% as it pays out line 16 ultimtely
to I@wer follower 13 and drag anchor 23 to the surface 8 of the nooring-bed
10 bel ow. The anchor |ine-carrying vessel pays out anchor 25 line 4 in step
Wi ]EP N n%hqem@émgltmf simvzbt aﬂmﬁaﬁiSlhar@dms’fgWe%;iocgab%w k@@g?ff y

suf fici : r [ ol | ower
13 and gﬂ%%?ﬂ%ﬁ%ﬁ?i Olgﬁ}?:ﬂors %SE%%grYfelgl%{ %%.lsc{gtrgedr sgi ?E%L(%R{B &nsi on

i nduced weigbhaf Holioveiu 3 tshratpleess olvminr 3 dustesyfiiciestlydicabrinadhtahes38B0 and

fol | ower; 13 ¢ gag%rggﬁggﬁqufm%g wgn%g%é.s;g;gaﬁ@%ﬁgﬁe%%m t§ p€ngage

25 with sprin ' ich have Been rel ease y S ng-driven
nov elPent sto¢tchoke cBrim S dram ofelasangrean ted vedighat s of dbllewersd.3 Pheothas ches 81

prevent progressively supported during penetration into a seabed soil. A progressively

increasing clamping force between the segments of follower 13 therefore
occurs to provide rigidity that prevents follower 13 from buckling before

completion of penetration.

20
Thus follower 13 functions substantially in the manner of the before
mentioned rigid follower when suspended vertically by means of line 16 but
permits recoverable bending without damage to occur while traversing stern
roller 60.

25

An orientating link 96 (Figs. 18, 29) having a cardioid cam 97 bearing a
straight edge 98, as disclosed in the Applicant’s UK Patent No. 2,199,005 and
US Patent No. 4,864,955, is spaced from pig 68 in control segment 66. Chain

50 is connected via pin 99 to a rear clevis 100 on link 96 which clevis is
30 inclined at 45° to edge 98. Link 96, in turn, is connected via shackle 101 to

lowering and recovering line 16 which is paid out and heaved in by first winch
102 on deck



chain 50 fromcontaining and thus act to maintain the weight-induced 5
tension in chain 50. Drag anchor 23 is forced through nooring-bed surface 8
into soil 10 (Fig. 27) by the conbin buoyant wei ght of anchor 23 and
follower 13 as lines 16 and 4 are paid out. Line 16 may conveniently

I ncl ude a heave conpensator 10 conprising, for exanple, an elastic nylon
portion 60 dcGinchdr hadidliagcleasdlSAIREr 18I IGhk DBayen fdliel vier @dlleredBal a62 to

facilitate snmooth penetration of surface 8 .drag anchor 23. The, segnents
of foll oﬁ@‘bﬁﬂs"r%g‘&‘?r&d’d@ﬂ R YhEey, egﬁee Q%éﬁ%i%nc%ﬂﬁfeaicﬂ’éﬁﬁcit ¢hai n 50

by | at chesi&les0ahdaliwhpd |t@¥9§1reslé50cﬁ.&t Sardoilif cdth 9BI€n@l thidl Gndidt&blelS
Conpl etion of penetration of anchor 23 is signalled by a |oad cell on w nch
102 onh aREsBatipINg 9stRplisdsde|Ligk %rig theaiemstEredyy foree thedinkmof ¢hainne 16
reduci ng _to the subnmerged wei ght of |ine 16 when anchor 23 and follower 13
are conpPEtt@Israddinat #ad a@ﬁﬂﬁ%&&%ﬁé@ teene rprafonpd orieniatign Whid.out

slack 20 _to allow vessel. 62 to ve cl ear .of the posityon of.foll r 13.
The anch8™< ﬁ%%‘é‘r‘?’ﬁ?ﬁe& g%s%o&tpﬁow%vgtsﬁ 0§ 68@?“% i@n a&dr %}f}% 2 er

f ol | ower tHetesr)thrinegy sk B7oint@rohodct | Witle réllen 60has cohtigb ségrikntl40 iks

di sengaged from hooks 111 on follower 13 and |ine 4 becones taut. A mark is
made on Sﬁﬁ‘feq‘ilﬂéhﬁre\%‘?rch is then heaved in again until the mark has noved
through a di stance 25 approxi mately equal to the length of two segnents 48

of follower 13. This raises anchor 23 and follower_ 13 together in the sea
bed soi | BPOOFhdtesTHRRl S58B6G8E yOpbi ¢ht OlWEROL3 25 AdARted; for1 7eleasaleket 104

(Figs. 22oRdctldd ¢aUSQIrafeaicHIrn2408 tReRdly ahheacahd UiftoudiesOahi |t anay

fromvertical. Anchor line 4 is next paid out to allow the subnmerged wei ght

of fol | ofkenessd glegs dAPBVEgMCAIP oSl as shanihe whvanahef e dPrecti on
F of flukgaBle(dtdbesged) sodk&t l108ENn%each clevis leg to receive and mate with pivot

15 pin 17 on shank 2. A lug 106 on each clevis leg 105 has a hole 107 drilled
there through which registers with a hole 108 in shank 2 and receives a
retaining shear pin 109 which holds anchor 23 temporarily in clevis 103 of
bottom terminal segment 51 with forward direction F parallel to axis 20 and
pin 17 mated in sockets 104. A stop 21 on a leg 105 of clevis 103 limits

20 rotation of anchor 23 about pin 17 to a desired number of degrees by making
contact with fluke 3. An anchor fore-runner line 4A, of length approximately
five per cent longer than the length of pile 13, is attached at one end to
shackle 5 of anchor 23 and at another end to a hinge link 110 for connection
to anchor line 4. Hinge link 110 is fitted with a protruding hinge pin 110A.

25 Two parallel hooks 111 are spaced apart and mounted on face 74 of control
segment 66 remote from yoke 87. Each hook 111 serves as a support for
engaging a protruding end of hinge pin 110A whereby hinge link 110 may be
detachably attached to control segment 66 such that pulling upwards on

anchor line 4 at an angle less than 60° off vertical disengages hinge link 110

30 from hooks 111. This detachable connection permits the azimuthal heading

of anchor 23 to be controlled during



26 i s heaved upwards, a powerful couple is formed between the subnerged
wei ght of follower 13 and the tension in anchor line 4. As line 4 is
subsequently paid out, a powerful couyple is forned between the subnerged 5
wei ght of follower 13 and the now of f'Set soil resistance force R acting on
anchor 23. Both couples act to augnent the desired rotation of anchor 23.

Thi s sequepfifition bePeAtiest s@eenabullid®sn Ba6Rs r EPEtWitheqt HREAla@Srdly uke 3 of
anchor 23 further away fromvertical untijl StOP 21 makes contact wth fluke

3 (Fig. Zhpasingsbaelde P process prasesyingndviniasditedfi Aigenerging dink t hout
causi ng {{y ﬁg@%ﬁ@‘ﬁﬁ pfsugg%gﬁ%g%ﬁggﬁgg%% 40 aﬂ@ﬁ’?&hléﬁ’é qpenetration bel ow

sea bed sur rough a previously described for a direct
enbednent anchor 11 (Fig. 8) | oaded after renmoval of the installing

follower,13. Anchor line.4 is n 1 d | t o, all he chor

i ne- car}?(ifi %sgseggogglé lnt%orf’Saﬂrr%\?rél%\ag\?gékst %foféiel?%ne?qgna&doraﬁﬁgg%}éﬁoﬁg@%3’§eseI 62 to
reposi tilaid dut eatdegkd@/lenf dnthavneandihgvedskh62 WFigc 18] 82thc pokd8A\Rigsh | 1 ne 16
to haul I.Lower 13

ff anchor.23, out of. ri,ng .bed. 10, and to stern
ol oy et 2R CRonaiiatt cealenh e ancettaed o Rl a0 RraR e Eor B i€ ned
agai nst fped ng bB%oanderiminab segmeahes Bithagai 15 matpdiingsockstsand4 cand of
engagenent W th groove i.n i 8. 20 Pi i.s thus release 0 nove a
di st ncéeaﬂafwﬁﬁafew gg%éf it fPHg&%WS‘eggﬁ%ﬁ%H@ o3 JOBy | §ﬁf1%| | ower
13dt o beﬁj (Figr ovol Ot tHYée Miﬁlk@mfgihﬁiﬁamlfgtf el I@Quﬁ@d\rflﬂistgm_e frarduci ng "
undesirabl e extra tension in chain . ul i ng_by C i s stoppe en
all of fRAtIRendief haiprUjetie 7 1s 8 Vé‘é%@?ll%ﬂ&ﬁé’#‘g’feé]a rReRE P pul |
' the anchpf. IGH¥En4%0 N er&PbllldE thihweh 24ntral séineital 6% aindl Segdidiits 48
hori zontal for the nooring of an Ob}'g%Ct to be restrained on the sea

sur f ace. Uierigdfimakag cAB th tre W0 of bprehele &y (Bidg 48 (@rey8.5%4- 16) on

shaclel e g% pfdtrhifeP ol RlsdE@%ns 480fentdto Brod® cbAtrel béEnéd easadid@sds i on on
shank 2 of anchor 23 ready for easy later retrieval of 30 anchar 23.

f | I |~ of
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27 causeseahsddf! SinSed qQrel. i3y, i A ﬁk@ﬁau’ﬂlﬁ ERaiBX fdcRMst yho¥htedi¢h cdhironher eby
| ow resistance to recovery of anchor 23 may be realised during retrieval. 5

As for tIRERANCRS 1) REhadehady 28 3Rte APRIAUSAEROFORPEFBY fRRFNSF & cri bed,
di rect| yseanhedded rdiRerai® hahe2Bndild orkelih Q¥ agh GOEMRIAEAYbY RES ichath cur ved

20 jack is set equal to the submerged buoyant weight of follower 13 and drag
anchor 23 combined. This stretches chain 50 until groove 80 (Fig. 27) on
sleeve 76 of pig 68 is pulled opposite latches 81 on control segment 66.
Sleeve 76 is then rotated on thread 77 and locked thereon by ring 78 so that
latches 81 are engageable in groove 80 just before the load in chain 50 equals

25 the submerged buoyant weight of follower 13 and drag anchor 23 combined.
The chain jack is then removed and orientation link 96 attached between line
16 and chain 50 at a separation from pig 68 sufficient to allow follower 13 to
be rotatably clear of roller 60 when hanging there from with orientation link
96 in contact with roller 60 (Fig. 29). Anchor fore-runner line 4A is connected

30 to shackle 5 on anchor 23 and to hinge link 110 which is then engaged in

hooks 111 on control



trajectory 9 if | oaded beyond the capacity it can provide at the target
enbednent depth. Anchor 23 will thus increase capacity to nmatch the
overload. Utimately, as for traditiq@npal drag enbednent anchors ) drag
anchor 10 23 will reach a limting dépth bel ow surface 8 of nooring bed 10
at whi ch maxi num capacity will be reached but catastrophic failure will not

occur siee, ARG THRYESRBPletd SadiRWHIP lonZAididr HHHHling vesaSEIUARECRor @ NOT Ml
safety factor of 1.5 fox drag enbednent anchors may be utilised. 15 Anchor

23 and fling hviespegledeyn advmshadt 8isISpiyiant gaphegline CRHIHIDH BPWELPFIRE

t eachi n%iﬁg%ﬁ@- r t applicant's co-pending International Patent

Appl i cation . llg 98/ 01089 (publication no W98/49048) that discl oses
apparsatus for providing a filmof |ubricant on external surfaces of a

mari ne apchor _an ir W fgs. 30
20 33, cint oo eaghiAntatk T TN WL RURLE il R RRE el

pr evi oustoythdeinstallzaibn tippeOpoend of ahthonlins efyiepasdetl ovecltadesseabaxi al
cylindrigal cavit 12 and .a ular.piston | 13 attache Q.piston rod
T Aot £rngecidn 1 BER 4R JR0NBloRis e e R e b B BBl e ca
cavity Ilskpnydht@® af:pﬂér}mdazmaqcﬁriimd érigahen fallsedd pb i=ang él?ﬁk i\ af eighend of .
piston 116 is 25 rigidly attached.tqo.upper porti.on, 5 of , se nt. .51 inside
cavitdy ﬁezwe%ﬁ FateSpf §tt8nprfi’§{]e| 811'?%?0&{ ocr?é‘iell‘%]/' qf&?eiét%“%ﬁﬁgggrpéf’ti on 51A
by key 1@&_@&&65!?2,QLA'gggraﬂidchtlﬁtdwdregiltmglgd_lt&&oh&%ﬂ degraani g@ wWiabli11d51 9 ?f
upper portion 51A. A piston ri sea is fitted at a bottomend o
FPhed bralpgR Bxed A onan BIRs B0 PR gPesied 59 Fok pntol tees et cent 51

' and servgs onntesk @1 antoss3pukRtdiiag McHRMI bdhd Asloter CEBY iokyrbbhzd ansl house
ring seal 122 for _sealing pi ségn rod 1%3’163?“8’ ment 51 contains an

28
upper arfteimrodenfy Thesweight of Sars gns tf%Bthéﬁdmég I ARG i cal
ity 115 insi i.St d, 114, | t , t b 124 d

passe IS THopRE i Pl o13% ratisd PRt Tite PR Be Fbr can

d - | . pi 6
porm 15 “Shet ED- 11hY fed B HRRRBARE MK B e 50 (B REARL Y | o
114 is nexipiglG8 meotiepdedistrons Véf diaially elqnel perehpls Bgnirside rastyséri pher al
passagessLafRAd! Ifdliohr 49 fh bEREY A groale &Qvé&mgg Al HGSt

I'n erentia 1 I'n

pi st on 1% o circu passagewa Inrefain
with the tension in chain 50 rising only to a maximum value equal to the

20 submerged buoyant weight of drag anchor 23 and follower 13 combined.
When a sufficient weight of segments 48 are overboard, follower 13 becomes
self-launching with braking restraint provided by winch 102 as it pays out
line 16 ultimately to lower follower 13 and drag anchor 23 to the surface 8 of
the mooring-bed 10 below. The anchor line-carrying vessel pays out anchor

25 line 4 in step with line 16 being paid out by anchor handling vessel 62 and
keeps sufficient tension in line 4 to control the azimuthal direction of follower

13 and anchor 23 until anchor 23 is buried in sea bed soil 10.

Tension induced in chain 50 due to the submerged weight of drag anchor 23

30 and follower 13 stretches chain 50 and permits groove 80 on pig 68 to engage



cap 121. A plurality of holes 130 conmunicating wth passageway 129 are
equal |y spaced along the circunference of retaining cap 121 to act as
external outlet orifices to deliver lubricant evenly to the external
srrfacel of ritSailgisn?F_cap ég)l Pib\ston rod ﬂif :ncljudfes cl evi jst 10§i5\/\/_hi c_hdhas
clevis |egs ig. : passage eads fromcavity i nsi de
pi st on rwithIsbtirghthtehen§ 1 ealtichl legyelBfer teleaekleds spfidgafrivenemioserh@ldt such as
to register w and joip into sage 132 axjially located in pin 17 of
bnchor 26 Tatkensp: 40 cohfrel sefotl RocdtRe B0 theHehtos 1 phyensg)
Ring sealixid380( Foth dhtainM@drde thlisdadd Yo dhnaenaadadee weiialindaead i ng
between pin 17 and clevis 103 inside 20 sockets 104. Pasgg%e 134 (Figs.
30-32) rignsionnisi ¢haig®dhk 2 of anchor 23 from passage 132 in pin 17 to
passages 135 (Figs. 30, 33J which run parallel with and enter into
sharpened edge 32 of shank 2 and sharpened edge 25 of fluke 3. Holes 136
are spacetreametidry23 ivfgced ferwurh madrigg-hed priéaded® inse 89ihal (Bigt R&

orifice Ei i I L G 5 enly to
the ext axnare SRpPAAEEodsnck Mt oanchih AP oSE ikRer EOBATARL 1E DY o
115 and 428eapaidf plik.edLmet A6binage geaicalidrgly egeltidb| @ hpayeseothpbmsatant 137
vi a jnon-r et ur. alyves ng_1 .25 i ) a or, netrates
surf@ce %’r}é#{l%%%r iférg et}){ééj%i% g‘g %égélgo‘ﬁg%/ es%’ﬁ \E)[%%?:ts%j)slclrél f?bl%rﬁ:e}gaﬁosl ance

}‘ Ol‘b ce R a(l:l%iogg%rz f)’ 7H@ve esiopbst mﬁwic:eLéSbB 6(321(113 %fbﬁil'gﬁeg srrimlyh tpr_rmtm'rmlr ofe

e o818 45 MR e AR G R 19 k00 o
23 and foktihse byltheatea sfoar mathtaitied inhehaind30 by laethes @1l sd bhdtyfollbetr

conbi ned :ﬁubrrer%gd vve{_fght . 4? .'[he isolation of cavity 115 fromcavity 123
ensures ThAFSAGRT WELF A6i§8F PHOnment of vol ume of |ubricant discharged from
fol liewer 13 relative to that discharged fromanchor 23 for unit novenment of
N th ol SOTBHRs P B RR AR T BReBPRAY SuRRLE BY BAERbF B PR EEl | ouer
13 and tios ogr eathyr heddling vessel 62 and indicated by the tension in line 16

reducing to the submerged weight of line 16 when anchor 23 and follower 13
are completely supported by the sea bed soil. Line 16 is then paid out slack

20 to allow vessel 62 to move clear of the position of follower 13. The anchor
line-carrying vessel now moves to a position directly over follower 13 and
heaves up on anchor line 4 so that hinge link 110 is disengaged from hooks
111 on follower 13 and line 4 becomes taut. A mark is made on taut line 4
which is then heaved in again until the mark has moved through a distance

25 approximately equal to the length of two segments 48 of follower 13. This
raises anchor 23 and follower 13 together in the sea bed soil 10 and
simultaneously pivots anchor 23 about pin 17 in socket 104 (Figs. 22-23) to
cause shear pin 109 to part and force fluke 3 to tilt away from vertical.
Anchor line 4 is next paid out to allow the submerged weight of follower 13 to

30 drive anchor 23 downwards in the now tilted direction F of fluke 3 (Fig. 23).
As line 4



10 the ability of soil to adhere to these surfaces. The effective skin
friction forces on the external surfaces of anchor 23 and follower 13, due
to soil adhesion, are therefore very nsi derably reduced with concomtant
desirabl e pronotion of penetration into nooring bed 10 and, very
significantly, subsequent pronotion of |low retrieval |oads when recovering

fol I over isl3ehv@Mupairdsg Dedwkbful Ocouhe st Piriiede bededns thlk SRIMGREgE] f rom

anchor 23, the supply of lubricant is cut off. Subsequent novenent of
anchor 28eghgngf tfﬁ’lgi"é’?ft 3Py agdnithesteppiona iy paghefudine dor i darking Huds

restori ngghenbhbigtinaatut (ﬁsbéﬁéﬂﬁﬁc&%@r&@%Em@é wdtivedh Nle faidotd Q04 Ng as a
drag anchor as previ ousI% descri bed. Anchor 23, further, nmay De adapted

to hdve wright oglatlewsr ai%e amentra np3g offpeig soidgpesistarice farcofR @cthgco e
attached,f g, hesk B?cth"\é;&ﬂ:el@é‘ a@f'?g'%%lg it &%t&‘%“ nfotﬁﬁ{;\rg o%saglr?gEr% end 140

and a clevis 141 at another end 142-that straddles sha carries pin
36 for sThidatdgeieand is geptatotesavarpgament Eaclsrepétifiun sbpte? dukShhok 2 has

an arcuafe ,sur e 143 c : hnent ,25 int 26 at. rwar d
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Wi t h sur fFag.e3)4 3 hik estebipnpinocds, iassohleh alvatasfieiyivig, 26curd withbat edusng of
menb | 38 .ab int .26 brings.th irection of noyenent. of st 144
par i ol SehsPRR 5t obB R 28 s HEER b 3ferth of PenSaBin FRIST R4 P <5658
r ot at i on8 shopphng didteace Rias drébiouslyndestribddifor haliest ledthedmetiteinichot 41 and
in 30 regjsterin ole_ 147 in sh 2 and. serves tqg,hold elongate plate
nmenber 1 gﬁ%ﬁ'é)gmgﬁdag§ff@ﬁoﬁgéﬁgFSﬁng&éhqg ﬁaP8f33-is |l ess than 95 and
preferably less than 75 . Shear pin 145 is of a size such as to part when
a particylar value .of |oading at, hole 139 fromanchor line 4 is exceeded.
Thie' ol | SRS GEHOS 19 3ooDE YR rs pEw st FRTg [GicRATHERE YaTRASh pr | o
to pw tifngvefawdieas dermitl4bchantahbiBAg tvesadlt 6aStoardiodgicelettipiovareat |y
increasegggolding ca acité when. dr agged fur&ger. A qgaq anchor 23 (Figs.
22-24), REPHAT G 8° 1&5?& “ihah ol 4% CRBuRTavEain {BFgHR e byt iiolowen 43 offier e
,SAI ulbj ect ﬁﬁ'xf_ﬁkﬁbrt 23] gui: rbfamgbfigﬂtlbad Q_voerazﬁaoad@otd @@%r@xgr(?igrt&?.' aa% Sﬂﬁtﬂ@f)d 10d

mechani sns rocedyres previqusly desgribed functigned as pl anned.
Wth cen?ergé’?‘ﬂﬁéaé] g9 .a°1'2€4ﬁolf{9f %Qné( A&T ggs‘s PH?F‘STSI"‘@SIW SPB‘InIgcﬁﬁe?n‘_iL%olFﬁs a depth
bel ow seRtdied SUnfaeet Sphhes BBead dWESH ddpRgsmieat eriftogloodé 80NA Mg e®. of fl uke
3, ancho%,%ésgéovidqg a leding capacity of 53 tinmes anchor &ﬁgﬁht 15
(i mfdi atel Futs TREHTEr P BPVE & (iStRRCC19PRIPSIMAEY pdiRl19) WAEHORHchor
line 4 borehole 67 to allow follower 13 to bend through 90° on moving up and over

roller 60 without inducing undesirable extra tension in chain 50. Hauling by

winch 102 is stopped when all of follower 13 is on deck 61.

25  Vessel 62 then steams ahead to pull the anchor line 4 into soil 10 (Fig. 24) at
an appropriate angle to horizontal for the mooring of an object to be
restrained on the sea surface. The resulting movement of shackle 5 causes
peg 46 (Figs. 14-16) on shackle eye 47 to push plates 37 of stop 35 into the
released position on shank 2 of anchor 23 ready for easy later retrieval of

30 anchor 23. Pulling anchor line 4 away from the direction of the restrained

object then



was pulled at an inclination of 18 to horizontal at sea bed surface 8.
Further pulling caused anchor 23 to drag whilst burying deeper to give a
progressively increasing holding cap ty that ultimately becanme constant
at 189 tinmes anchor weight with centroid C noving horizontally and with
anchor line 4 20 inclined at 23 to horizontal. Tests with and w t hout

| ubri cant, i étﬁtc@de %Oto soimeﬁ thatod he éx%hh%a@b { grqtﬁ%&@a}et&@t i on of

centroid Cof fluke 3 by 3.2 tinmes, and indicated that follower 13 required
to be al raséstanes tu,osrqcpﬁ@'sr qfeasmh@r%mﬁwe realisadcdiaring retsiesehi eve the sane
penetration as occurred with lubrication. In an unlubricated test where
centroid C on fluke 3 of anchor 23 25 was installed by follower 13 to a
dept Ip beAa\iostk&: dizectiueibedded cirag embedment tanehoy Uaprevicovsly désarfedar ea of

fluke 3, anc 3 Ci and
rose bacﬂlre%t m%egﬁgéfad rgﬁlro acg{eO? L)éff)gg& agg}}’gv%}aa'?n'{}%n%?p %

posi ti ontra’la&m Desft stoapietalvéiéybhé ettef exbhavignesscai proloidec att ethe msig&tl at i on

by foll ovve chor chewi ng the 30.before-nentjoned

Bnt ort nefbptmetl 3ol Andsndd iy ERES Hiihst " Sariatin b8 mally thed

di scl osusesider elminpateyt, de fbatﬁad@mm drap et s entafndhioes, pdrageitichibAvent i on
and t he tests out i ned apov sho that t bgﬁectiv,es f 2}% i.r‘%gntion have
beentGret 23 Wi 1V\}felalc b2 ‘é‘b]ﬁ’é’rgeﬁ? OV’aP? F%% raorgePed dhhivhit s are

Wi thin thexseape cabatite willvBstieabhed Wutesaaplrophiz RiiBfit ywil het etk e

synt hetic rope y be used inside follower 13 |nstead of chain SOwth the
resul t tHACSt RECPERIPRIFREM B PRY E@Eﬁ%ﬁa&m IR TATSS AU R e 058 hay not

be requi §g8ty fac@®? JELAT MY drag embedment anchors may be utilised.

15 Anchor 23 and follower 13 may advantageously be adapted to incorporate the
teachings of the present applicant’s co-pending International Patent
Application No. PCT/GB98/01089 (publication no WO098/49048) that
discloses apparatus for providing a film of lubricant on external surfaces of a
marine anchor and a direct embedment follower. With reference to Figs. 30-

20 33, control segment 51 of follower 13 is attached to chain 50 as previously
described. Upper portion 51A of segment 51 includes an axial cylindrical
cavity 112 and an annular piston 113 attached to piston rod 114. Annular
piston 113 and piston rod 114 contain an elongate cylindrical cavity 115
which accommodates an elongate fixed piston 116. A top end of piston 116 is

25 rigidly attached to upper portion 51A of segment 51 inside cavity 112.
Annular piston 113 is rotationally locked to upper portion S1A by key 117
slidable in an internal groove 118 inside cavity wall 119 of upper portion 51A.
A piston ring seal 120 is fitted at a bottom end of fixed piston 116. A
detachable retaining cap 121 forms part of segment 51 and serves inter alia to

30 retain piston 113 inside cavity 112 and house ring seal 122 for sealing piston
rod 114. Thus,



1. Anchoring apparatus in the formof a marine anchor including a fluke
menber (3) and a | oad application point 5 (2G on the marine anchor for
attaching an anchor-1ine attachnent-:ﬁsﬂns (5), said marine anchor in
operational configuration being an arfthor for operation bel ow the surface
of a nooring bed (10) characterised in that a straight line containing said
| oad appld 1,081 PAAL: (2 n o} - . e nber
surface %/éiggl\?\é/é t| glfégﬁ&ggi gﬂl%&a%%#i%ﬁ%gﬁ&p%%n%%ﬁg{?&tlﬂé Jell#é o%[r?s in
oper at i omnd erlowea ciondrcal-Gpéyi hi vwide pistorangd é14. MhtsegmehoPidamoendi r ect i on

F, in which directi said_f r r. f h ] Ni r.oj ected
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anch@ i suisable lebbranyersbinonaretuireivalyei b26 lend pageadefvayo 185 theougtper at i on
in ncn-cphesi ve sqi.l. wher.eby a ing f e ied to the anchor by the
anchor Igﬁﬁeéfﬁts(g‘?rhg 1&&%%3?1&! K%VIQ{)? L%ﬁ?r%ﬁttﬁ{?éa‘??gﬁ%ﬁguaﬁﬁ??tcé‘fl?%ﬁuB%‘? n%/ (26),
when ?U pigeorabsd@n 4 fib ukeigellyrextehded)rod retiihiag cp 12Rst twi ce the square

root of said nmaxi mum projected area bel ow the nporing bed surface causes
t he anchor (1, 23) to tend to nove in the soil of the nooring bed (10) with

a subst apisted 1¢9MMANSSHPHRB) paEsdies NRBCRIANE! foMa:88 R0 LRvilh@riyadohddict ecti on
F. 2. Anchori n% apparatus according to claimcharacterised in that said
conpbhentubrgBnt gtasyi Riptosc BN te eaienn s Pasencvery LRR Bcigaining

di spl aceggnt oq9AN. piPaidy ANRHREI 15D a@ﬂ%ﬁiuéuggwwbagsa waly2l 99 bre
characterised in t%at sai d component. (9H) of displ acenent exceeds 35 ner
cent o= eqralict §RRCRH FBPRR SREnEircUmferenca piretaining 19apy 123pke Adlisasns

clai med ifefl Al Mdet GRALACILUEERE Iubridat SahY ©eRld ekl AROkErthd of0€S not
exceed 80 for operation In soft cohesive soil and does not exceed 60 for
oper at i ofetimimgapolidsi Vistenirpd BElohincwderoeleng Hpbavhichshas clevigilegsl i n any
of clai 4 C i i | : )1 114S rther
char Aot or SR, 0} AP ESERE 137 endh EORL (AR £ B A B B LIS 0 of
t he anchalengragcborgaidd tyseckess idddol1¢lavia xtiOBesrialy agftotnggisteruwith er (3)
and sai d; i.cati ot £ 0L I noypt: . angl e
(a) w tﬂlogrg?lgto?g%\%% 1(:1?2:8%%':1 lgnlolé:%\%}]li 1]((r:lhﬁli[irﬂ; lﬁooif \gglggt aﬁ’@%gg?l%r 1gt&arati on

in soft Gehediyeogkith ldddohdevisedl3 (Mign3@5 Risg swpls 483 dhig B lhonodddesi ve
soil. 15 C ' |l inochal ei&harna@t erd:sed in
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that sai _ s than 100 for operation in so
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20 7. A i : i i . 1 i i hat th
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A {agToRle P80 S)e oM el QL AL A2 PGl oS hchlipba( 20) serving as a

first an 't ne attachnent - neans application point permtting deeper
burial of the anchor (23) by dragging ar~d with a rear end (30) | ocated

towards fh &8' cggigx%sofIS and 123 are filled with biodegradable vegetable grease
lubricant 137 via non-return valves 126 and 124 respectively. When anchor

23 penetrates surface 8 of mooring bed 10 as previously described, soil

30 resistance force R (Fig. 22) forces pistons 113 and 116 (Fig. 30) to pressurise

lubricant



34 said fluke nenber (3) serving as a second anchor-1|ine attachnent-neans

| oad application point facilitating rearwards recovery of the anchor (23)
in adirection substantially oppositegdo said forward direction (F). 5 9.
Anchoring apparatus as clained in claim 8, characterised in that in the
shank nmenber (2) a slide stop neans (35) is provided just aft of the
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14. Anchoring apparatus as clainmed in claim13, characterised in that the
nall o) -sabel oSl a0gats meher (190 i Sactsh Shel) iep Wi slopsate
(145), amiganse), Mssehdt toghaakiet attashet pbasteartf 2, with an anchor line
attachment hole 139 at an end 140 and a clevis 141 at another end 142 that
straddles shank 2 and carries pin 36 for slidable and rotatable engagement in
straight slot 29. Shank 2 has an arcuate surface 143 centred on attachment
25 point 26 at a forward extremity 28 of slot 29. A stop 144 inside clevis 141
makes sliding contact with surface 143 whereby pin 36 1is held at point 26
until rotation of member 138 about point 26 brings the direction of movement
of stop 144 parallel to slot 29 whereupon pin 36 is free to slide in slot 29. A
rotation-stopping shear pin 145 is mounted in holes 146 in clevis 141 and in
30 registering hole 147 in shank 2 and serves to hold elongate plate member 138

at a



2U syr, ~nmetry (x-x) and containing a forward extremty of said fluke nenber
(3y, and said attachnment point on the el ongate nenber (138) forns a
forward-opening angle (a') with said rward d=rection F which is |less than
95. ?5 15. Anchoring apparatus as clained in claiml~, characterised in
that said formard openi ng angl e (a ) is less than 75. 16. Anchoring
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anchor weight with centroid C moving horizontally and with anchor line 4
20 inclined at 23° to horizontal. Tests with and without lubricant 137 (Fig. 30)

showed that the lubricant increased penetration of centroid C of fluke 3 by
3.2 times, and indicated that follower 13 required to be almost three times
heavier without lubrication to achieve the same penetration as occurred with
lubrication. In an unlubricated test where centroid C on fluke 3 of anchor 23
25 was installed by follower 13 to a depth below sea bed surface 8 of 1.1 times
the square root of the area of fluke 3, anchor 23 gave a progressively
decreasing holding capacity and rose back up to sea bed surface 8 on being
dragged from its installed position. These tests proved the effectiveness of
lubricated installation by follower of drag anchor 23 and of eschewing the

30 Dbefore-mentioned Danforth limits for angles o and B (Fig. 11) of anchor 23.
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%MUHU&T()ék?%ﬁ%%ﬁ#%ﬁﬁgpcontaining said load application point (26)
10 and the centroid (C) of the fluke member surface viewable
from said load application point when the anchor is in
operation forms a forward-opening centroid angle B with a
forward direction F, in which direction said fluke member
surface has a minimum projected area, said angle { being
15 in the range 68° to 85° for operation of the anchor :in
soft coheslve soi1l and being in the range 50° to 65° for
operation in non-cohesive soil whereby a pulling force
applied to the anchor by the anchor line at the anchor-
line attachment-means load application point (26), when
20 the anchor fluke centroid (c) is buried at least twice
the square root of said maximum projected area below the
mooring bed surface causes the anchor (1, 23) to tend to
move in the soil of the mooring bed (10) with a
substantial component (9B) of displacement in said

25 forward direction F.

2. Anchoring apparatus according to claim 1,

characterised in that said component (9B) of displacement

exceeds 50 per cent of the actual displacement (9a).

3. Anchoring apparatus according to claim 1,
characterised in that said component (9B) of displacement

exceeds 35 per cent of the actual displacement (9A).
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4_5'5%0Fcextremity of the fluke member (3) and said load
application point (26) forms a forward-opening point
angle (o) with said forward direction F which is not less
than 95° for operation in soft cohesive soil and not less

than 85° for operation in non-cohesive soil.

1S
g, Anchoring apparatus as claimed in claim 5,
characterised in that said point angle («) 1s not less
than 100° for operation in soft cohesive soil and is not
less than 90° for operation in non-cohesive soil,

20

7. Anchoring apparatus as claimed in claim 1,

characterised in that the drag anchor (23) comprises a

fluke member (3) with a plate-like shank member (2)

rigidly attached thereto and lying parallel to said plane
25 of symmetry (%-X).

8. Anchoring apparatus as claimed in ¢claim 7,
characterised in that said plate-like shank member (2)
includes an elongated slot (29) for slidable movement
30 therein of the anchor line attachment means (5) with a
forward end (28) of said slot (29) serving as a first
anchor-line attachment-means load application point
permitting deeper burial of the anchor (23) by dragging

and with a rear end (30) located towards a rear edge of
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’ %aracterlsed in that said forward-opening angle (a’) is

less than 75°.

16. Ancnoring apparatus as claimed in any preceding
30 claim, characterised in that said anchor embedment means
(13) comprises an elongate follower adapted to bend
recoverably when subject to a transverse force, for

example due to the follower (13) traversing a curved
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