1 | MPROVEMENTS I N MARI NE ANCHORS The present invention relates to marine
anchors and particularly to drag --enbednent and direct enbednent anchors
and their embednent nmeans. A narine-anchor for enbednment in a noori ng bed
.is attached generally to an anchor |ine-for connection to an object to be
restrained by mooring in a body of water® over the nooring bed. The anchor
~includes a fluke nenber and a |oad application point to one side of the
fluke nmenber for the attachnment of the anchor line thereto via anchor |ine
attachment nmeans (for_ exam“mr.ﬂ_ )- and includes a plane of symretry
containing a first dANESUINEIARLY IARINE ANCHORS the f|uke nenber to
one side of the fluke nmenber when the anchor is in operation has a maxi mum
"projected area and a second (forward) direction (F) in which said surface
has a i przmpt opmwm aekades Gor megpEn dncins, and paﬁmmyemt idosgs maxi mum
and sub t] oent;of the anchor in a

noor i n§ %‘% aﬁlaﬂq)@q’ggét - ﬁﬁ‘%ﬁ%ﬁ?ft’&{@jﬁ@w e g T8 the soil
along the forward direction (F) of mninmumresistance. A drag enbednent

Ill'l
Y=l

anchor - a, e chor, de cr bed e, wher ei,n hor i ne
at t ach A, R M@?&rgme@ 4 Qﬂ"artggb?%ksa?@ﬁlﬁw H:Brm !such that
pul I'i ngrRRkF BABYEE bomedtioderd hA W%mﬁm byim t;ﬁ'%. Bk r%ace

Cher owPtIPARAOY ot obERe Pl cihe Rastio gt Bl & BB ST,
Comonﬁg%h@itmﬁ' ﬁcﬂhﬁ HR@Eld%%f”thé'fHﬂ(e' HefnBer ?ﬁi’ 1R tadhinRht hpﬁlé)?;. dRopi mum

proj ect area of e fl uke menber surface. This causes the anc or to

f ol | owlina tltteretoeciammuhommé atthclnhaitymesnsi (foregrmtisie] akleadidle) ambinchglebed soi | .
The location of the |oad application point thus allows the anchor Iine

at t achagianerehaxsmmetry omeiniog aafrst Wircetive dravhichdhe sudice pé tha Enke .

member to one side of the fluke member when the anchior is in operation has a
maximum projected area and a second (forward) direction (F) in which said surface
has a minimum projected area. Correspondingly, in 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.

4 drag embedment anchor is a marine anchor as described above wherein, the
anchor line atts
such that pulling horizontally on the line with. the anchor lying on the surface

hment means load application point is located on the anchor

of a mooring bed causes the anchor to tilt into penetrative engagement
therewith and then moves into the mooring bed soll with a substantial
component of displacement occurring in the forward direction of minimum
projected area of the fluke member surface. This causes the mc:'l‘;inr to follow:
a curved buridl 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.



" -2- A direct enbednent anchor is a marine anchor as described above which
has an anchor |ine attachnent neans | oad application point |ocated such
“that pulling on the attached anchor2l-i ne causes the anchor to .tend.to nove
in the direction of maxi mnum projected area of the fluke nmenber when buried
in the nooring bed soil. This causes th,e‘:--'ienbekfded, @nchor to follow a path
that Ti seésdirda earedspeiiancat is ArGHEE FHDNESrTTE BEY 290r T 4EEUHE® so
prevents the anchor - Ling o[l AeNABRL |sRags ncti oni ng
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to engage with and push the anchor deep i‘n[(to t he noori ng b%g.sg%iel
subst ant dabdton of mesireRvRIEIECas REer PloieoluTd MEMBR VT2 ELE 4F 83 of the
fluke nenber. US Patent .Flo. CLi i s&ONPIi Si ng
a fluke mr‘&ggﬁlrﬁ?”‘ gltwgéﬁ%%e%ﬁgét]agﬁ| uEeérmﬁéfimPn?gﬁggﬁﬁ?g?@%r ab
enbedneng, ?ﬁd grﬁrgkgrcj,ﬁgqg@ggh ye pidloking pedthefaancror se pisyeatst thaldnghor
horizontally via the shank. Further,. it is a &articul feature o{ ‘the
anchor  t hae ‘andoanai@edinet abpdiaentoneane 58 SHBHCYRT G0gH°t HECTLESBE the 1ine
extendi ng.___bet ween angch |, i BthaBrdbensd and the
f1 uke ceﬁ?eragﬁ'c? ef'ﬁé&%rva%?gg?@g&&%&%\%? e aﬂf‘(ei!d??t Fi ne For drag enbednent
of the apghorsoramthed &eashidglrmhaabeytdnbisvreds aeliowek tasonage kehafsedded;

wherein the pulling force on the anchor_ via fthe,. 1ank. can ac at right

angl es t pusthéhg Iaﬁf%gm't AaerR By IAPHES éjr‘?di'ﬁ%lt é%%%&‘ﬁﬁ%%‘.”n@% _%g)p/%%edue to

t he i[‘Cr8e-écﬁ%nféf%girﬁ&rﬁapra@%ﬁﬂn&%g dithd hexineaeddeon of the pulling force.
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he hodes enabl e the anchor to act first as a drag enmbednent. anchor
nd subsequently as a direct enbedment anchor. -3 Each anchor _
" bef or e- ngAtRamedNw 1474067 ekmaftter heimeimheedomorisies pdotiwetiye gsnl - mari ne
anchor, a drag enbednment anchor or a diréct enbédnent "anchor of the :
attached to the. fluke which is intended for drag embedment in a-mooring bed by pulling -
the ancher substantially hocizontally via the shank. Further, it is a patticular feature of
the anchar that two modss of oparation are possible throtigh the uss of the lins extending
between the anchor cable atrachmient point on the shank and the fluke centroid being

~ variable to provide a first line for drag embedment of the anchor, and a second line

utilized when the anchor is embedded, whersin the pulling force on the anchor via the

: C shank can now beg at right angles to the fluke thereby providing an increased holding
force due to the increased fluke area prasentsd in the dirsction of the pulling force. The.
two modes enable the anchor o dct trst as a drag embedment anchor and subssquently as

a direct embedment aachor,



type described herei nbefore. These anchors have di sadvant ages: the drag
enbednent anchor requires a sonetines unacceptable horizontal conmponent of
di spl acenent to reach a desired enmbetnent depth bel ow the surface of a
nmooring bed and the direct enbednent anchor suffers froma progressively
reduci ng enbednent depth when overloaded which ultimately results in
catastrophic failure by breaking out of the nooring bed. Further, the
direct enbednent anchor requires to be pushed into the seabed by a |ong
follower that is prone to being damaged and is difficult to handle when
decki ng Gmcamrehehbeichemithitivged a4l apieimhterdis) éeies@4o oispehtivaly eésent

i nvention cl inte L pr esent
|nvent|on‘%E§H‘Q%OprOV| ggpgﬁﬂh%rln h%goéggﬁﬁgbghﬁg&%§2 %ﬂﬁ] ﬁgﬂfhe anchor
that fol hpasdaschbed akrdintbgiead. ory when dr agged by an anchor line via an
anchor line attachnent neans after being enbedded to an -4- initial buried
position bel ow a seabed surface and enbednment neans for establishing the
initial byried posstshaR d|@§8\%rﬁ%§& t thd Beng péegeaﬁwhwﬁeﬁa% quBelBy i ne
anchor' as herei nbefore described”and 1in operatlona conflguratlon for
oper at i oporbelivwst lhreacsapfaide %@frzzanhab@orrm@ﬂbeﬂ of |L“ssxéacamergatm herchwaerein a

straight ,(li.ne containin ap cat i on (o] nt cent r0| d of
Che f P ukEesifbErogn W&&%ea{% bREM iSad'go 5%\8%055} T r‘?tddé ASATERe 1 uke
nenber f gfBBd@chOBEWaRE- 8RR B ety eﬁmgb&eﬁ@cmgt&mbhﬁnéﬂﬂﬁééﬁldlfeCthﬂ
F, in which direction said fluke nmenber surface has a M ni mum pr oj ect ed

area, wheheppvedogiad whighfibfraalehppsiitein GlaHordie drrly brrakinsc®idr | i ne at
t.he anch a I e he fluke
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- causes the nchor, to, ten N
dz@mlpto handle when E%CEIDTQ on an anehor-handfmq vessel,

The objactives of the present invention include inter afia mitigating these
disadvantages. The present invention broadly provides enchonng apparatus
comprising a marine anchor that follows a budal trajectory when dragged by an

anchor line via an anchor line attachment means after being embedded to an



the soil of the mooring bed with a substantial conponent of displacenment in
said forward direction F, and wherein said angle (3 is in the range 71 to
85 for operation of the anchor in 56ft cohesive soil and |n t he range 50

to 65 for operation of the anchor in non-cohesive soil. 5 "Preferably
said centroid angl e does not exceed 80 for operation in soft cohesive soil
and does not exceed 60' for operation in.non-cohesive soil. Preferably said

drag anchor is such that a plane orthogonal to the plane of symetry of
t he anchor and containing a forward extremty of the fluke nmenber and said
| oad dpitlal daiieh preitkn fleloe #&a’b&ﬂir'&i}rﬁmnmg smbadmang|megasvifbh sai d

forward Foies said angle a is not less than 95 for operation in
soft C(?ﬁgaéq §§ ﬂ?e%ﬂglnng?ﬁgégﬁt an E5' for operation in non-cohesive
soil Preferably said anchor conprises a fluke nenber with a plate-Ilike
shank reebedingitgilil presenttinversipn, renatine ameharyis rlngrqmb@ﬂor@descmb@d@ndl ane of

f t.h P bl h d, f b |
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menber i udes an onga I|d vemnen erein of the

anchor ckhtrgidadfithe mketm&ﬁeassu@fatda a@tﬁ@fdﬂﬁ agpﬁﬁéhéﬁ péinit didel Htthe Ehukeng as a
first anchor :1 |ine attachnent-nmeans | oad application point and with a

rear emternbersois alforwael-opergngsentroidemghadf avidhte-forwerddiredforelifinmeans

| oad appl.ication point |locate rds rear, edge of said fluke nenber.
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di spl acenent of said ans
below the mooring bed surface by at least twice the square root of the maximum

projected area of said fluke member surface, causes the anchor to tend to move in
the soil of the mooring bed with a 'subsféjmtial component of displacement in said
forward direction F, and wherein said a_rigle B is in the range 71° to 85° for
operation of the anchor in soft cohesive ?soil and in the range 50° to 65° for

operation of the anchor in non-cohesive soil.



rel eases said slide stop neans to permt said attachnent nmeans to slide in
said slot- towards a rear edge of said fluke nenber." _6- "Further
preferably said anchor includes anchor 1ine attachment means conpri sing an
el ongate nmenber with an attachnment point at one end for connection to an
anchor line and with a clevis at the other end carrying a pin nenber

engaeabl e at, said |oa ication int _in.sakd shank nenber. . Preferably
sai d anchorEjf%f?%‘ée%’“f%?@%@%ﬁ?% A 'S?Sa’ﬁﬁoeh&g?d;béﬁn%%ﬁg WAL A ss?liﬁgh‘?sb‘feaiaﬂjon of
said el ongatg menber at %Bppedet er.m ned p%zliat.i on [ el ative to said shank.
menber wheR"d 8 PiEHCeTE AP e ol PRCRUOS I RPT BRES ¥p i cat i on point. Preferably
sai d anchor is such that a plane lying othogonal to said plane of symetry
and cont aiPntfegbly 1204 dengornebarria sielythef a piang ofhogeahiniberplansdoisgmgnetty of -
attachnment point for connection to an anchor Tine forns a forward-opening
angl e wi t htisaiadctooramdr dordainiegt 4 docvierd whiveamsai of éleofigiet enemdrebemdi sidsiaoped
by said stop neans and .is characterised in that said forward-opening angle
is less t__h@gp%a@ngmmrféwaMr@fa%%mg gﬁﬁm@@ﬂmh said ForviRFpQgleppRt S Of
the present invention will now be described by way of exanple with
reference 0 I o 0. il Gacids S S :
el evation %18{1 tégﬁanag‘%\? %%ggﬁg%gé% ’}g;ﬁ% o?c;fo‘%l 1fg—“i 58# éfg?ﬁ%ﬁmﬁmﬁ@ﬁtﬁf&gm@ati on
of the anc\%gg of Fi Q. lri Fi?d 3 §hop/s a plan view of the anchor. of Fig, 110
Pig. 4 showd THPEITRE BRI ERE: Xthor of Fig, 1 in a mooring bed; ‘Fig. 5
shows a side el eyation of a known. direct enbednent chor;. Fig..6 .shows
o front ol QHHFTEH HE ﬁff%oawe-scaﬁfwgfﬁ%f}beﬁr’ﬁtﬂ SPleRdue SRoli BAUFAEER ¢ he
{nchor of Fig, 5; Fig. 11 shows installation of the anchor of Fig. 5in a
noori ng beg@tached thereto and lying paraliel to the plane of symmetry of the anchor.

Preferably said anchor is adapted for deeper burial by dragging and subsequent rearwards -

recovery in a direction substantially opposite to said forward direction F, and wifxfer;ein
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the anchor line attachment ineans with a forward end of said slot serving as a first anl'r;t}qr-

said plate-like shank member includes an elongated slot for stidable movcment,ftheréir:l of

line attachment-means load application point and with a rear end of said slot gsérVEq’g as a

T

| second anchor-line attachment-means load application point lociated towards. arear edge
‘ C ' of said fluke member. | .
Preferably a slide stofn means. is provided just aft of the forward.:end of said _élo_t to
restrain said attachment means at said first ioad application poinft, ‘
Preferably said slide stop means-includes release means which cooperate with said ='aﬁ=01:10r
line  attachment means whereby rotational d-i_sp]aceﬁent of said amachment 5;n$éns
releases ‘said slide stop_'meéns to permit said augéhment means 'to- slide in %axd slot

towards a rear edge of said fluke member.”



Fig. 9 shows a side elevation view of the drag enbednent anchor of Fig. 1
and a follower nenber according to the present invention installed in a
nooring bed; Fig. 10 shows an enl argeﬂ6det ail of the anchor and foll ower of
Fig. 9; Fig.. 11 shows a side elevation of a drag anchor according to the
present invention; Fig. 12 shows. a front el evation of the anchor of Fig.
11; .Fig 13 shows a plan view of the anchor of Fig. 11; Fig. 14 shows a
shackl e stop detail of Fig. 11 with the shackle stopped; Fig. 15 shows the
detail of Fig, 14 with the shackle stop released; Fig. 16 shows the detail
of Fig. 15 with the shackle in a position to nove past the release stop;
Fig. 17 shows a secti on A-A through'the shackl e stop in Fig. 15; Fig. 18
shows the anchg 1 and foll ovver accqrdin o the resent
invention tra ‘r“%kﬁ‘id" Bt Y PP BFluaTs @i H‘E) ine FHA WW@%@%%EW“W

shows the anchor of Fig. 11 and a follower nenber according to. the present
i nvention i nselghged mismier v fmgliasdinent-pgint 200%thewk far soardctan of ar hechandihor
of Fig. 11 by reacting against the follower nenber of Fig. 22; Fig. 21
shows anchor hndevittenstlevis reg tbé dilve ¢rat adrednanchior mander ecgngeakye af saitthiead
foll ower menber of Fig. 23 -8- Fig. 22 shows the anchor of Fig. 11 nodified
to act initi ahﬂ,mldaﬁmtﬁ@nmrgamrshgﬁkme]bapchor of Fig. 1 and subsequently in
t he manner of the anchor of Fig. 11.

Preferably said anchor includes releasable rotation stop means which stops rotation of

C sald elongate member at a predstermined position relative to said shank member when

said pin member is at said load application point.

Preferably said anchor is such that a plans lying othogonal to said plane of symmetry and
cortaining a forward extremity of sa;d fluke member and sasd attachment peint' for
connection to 2n anchor kine forms a forward-opening angle with said forward diréctien E
Qhe; said elongate member is stoppecﬁ by said stop means and is chérazterijéedé in'..that

said forward-opening angle is less than 95° and further preferably less than 75°.”



A known drag enbednent anchor | (Figs. 1, 2, 3) for drag enbednent in a
nooring bed soil conprises a shank 2 connected at one end to a triangul ar
pl ate-li ke or blade-like fluke 3 and’at the other end to an anchor line 4
by nmeans of a shackle 5 pivotably pinned in hole 6 in shank 2. Fluke 3 is
of planar formand anchor 1 is symretrical about a plane of symetry X-X
containing the centre of hole 6 in shank 2-and a. centre-line 7 of fluke 3.
Centre line 7 is paraIIeI to a forward direction F of fluke 3 which points
al ong Eﬁ%&&a@n@m@y Préﬁetcmmnmbww@ desribel e wdtilE 3. A
straight line in ;9- nnetryig%a X co talnlng the centre of
shacklwlé"@‘%ﬁﬁ@ﬁm i@ C?Jép 8?%*’ a forwar d- openi ng
point angle a with forward dlrectlon F. A straight |luxe in plane of
symmetry X-X containing the centre of shackle hole 6 and. the centroid C

of thefigpper suitroReca siderqlevation ola kanownrdrag parledregdAanaiogent r oi d angl e
Wi th fyg ?v@rd di 26 ﬁ’%@ﬁt@jwﬁhﬁh%ﬁhe%%ﬂoﬁnﬂﬁﬁg genbedment anchor is

partlcu arly disclose Pat ent 969°t0 R S. Danforth wherein the
i mit SFigf3a andhmver @ pifinveiewse thezmchgoof Bl 125 to 55 respectively. In UK

Patent gS@ 235. ”t;é]lagic?ﬁ P@%Sam{h@?ai' tﬁ:frufé‘% &S a and P and

states fhat a val Ues excee ependabl e
engagefignd of ahmh@rdwﬂm@mmgwwﬂﬁﬁmmmm R val ues as

hi gh _650may . fended only for use on
sof t ?@g otto “‘%@5@%&%&‘%@%‘@%@ % ?lﬁaﬁ drag enbednent anchor
geonet#ig. i t herdimwens phere vics =5 _rijtgaé, primary requirenment to

penet rﬁte t he zﬁtﬂfac,e Qf t‘_he S e&xg_agﬁg%eﬁlongl lodtif %t*t is laid out on

a noor 8ped ' by anchor |ine
4. Form point. Wa@d@ﬁl&wﬁﬂ@m viehy of Ehd(émg embedment anchor of Fig.

1 and a follower memher ammmdmg to the present invention

installed in 2 moorng bed

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

_ invention;

Fig. 12 shows a front elevation of the anchor of Fig. 11;

Fig. 13 shows a pian view of the anchor of Fig. 11;

Fig, 14 shows a shackle -_st:n_p detuil of Fig, 11 with the shackle stopped;

Fig. 15 shows the detail of Fig. 14 with the shackle stop released;

Fig. 16 shows the detail of Fig. 15 with the shackle in a position to move
past the release stop;

Fig. 17 shows a section A-A 'thmttgh. the shackle stop in Fig. 15;

Fig. 18  shows the anchor of Fig. 11 and a follower member according to

the present imvention traversing a stern roller of an anchor
handling vessel; SRR

Fig. 19  shows the anchor of Fig. 11 and a fallorwer member according to
the present invention installed in a mooring bed;

Fig.20  shows rotation of the anchm of Fig. 11 by reacting against the

follower member of Fig. Qﬁ |
Fig. 21 shows anchor line tmatﬁmng of the rotated anchor and recovery of

the follower member ofFig 23;



3 first penetrates the surface 8 and subsequently anchor fluke centroid C
follows a curved trajectory 9 in the nooring bed soil 10 which eventually
beconmes horizontal at a limting dep@ﬁ d bel ow surface B. The consi derabl e
hori zontal displacenment dd (drag di stanced i nvolved in achieving the
desired penetration depth is often unacceptabl e when space avail able on
the nmooring bed is restricted. A known direct enbednent anchor, ii (pigs.
5 6, 7) for direct enbednent in. a nooring bed conprises a triangular

pl ate shank 2 connected at one end to a substantially rectangular plate
fluke 3 and at the other end to an anchor line 4 by nmeans of a shackle 5
pi votably pinned in a hole 6 in shank 2. Fluke 3 i's of -10- planar form
and antlpi2 11 i shoysberdanchior abbig. 1d whdifieddid st inkially 24 the mentiar ni ng

Gireotion Fis ShrrEe Enk & Apd SPkAedn o sl & oy o7 05

pl ane of symret mpckeXofBig dilni ng the centre of shackle hole 6 and the
centroid C of the upper surface of fluke 3 forms an angle of 900 with

centres Jine 7. Direct.enbednent anchor ,11,i8 driven vertically (Fig. 8)
into aﬁn%’ﬁ?‘f"ﬁ BeS™ Edlfﬁngﬁnnﬁ’@%rnzqg % 1r'|]7tjl% Fd%&ﬁteén{’%ﬁlimgn ferber 13
get ac hatoyirgd b@cmeﬁ doieptbas a dfmmmmve:rh unﬂiemaraﬂsxé@@mrtcsgm fr;gi il&r 1|4 driven
y a pi]e-driving r .15 attached thereto and suspepdeq, fr a line 16.

o i vi hglate ks Blacls Wre g B fpfiemiofhe, PEcT ST I |k SShPE T & ot r oq
dept h gdaglkoyy 4 RRAERRY &5dvHRBly BiHiedCR BoleTHEnPilanid 4.1 Fiikes & sgengaged
fromanchor 11 by pulling up,on 15 line 16 and an inclined pulling force
appl i eBlanay Brehand ppehor dagseemaetenl aaowtoar BlEecoh AYmINeRY threous| y
di spl agentpNiREdghd BEDYEbIdhSE DGR dhal D! and a centre-line 7 of fluke 3.

Centre line 7 is paralle] to a forward direction F of fluke 3 which points along -

fluke 3 away from the connection between shank 2 and fluke 3. A straight

line in



the line of action of force in anchor line 4 passes through centroid C of
fluke 3. The direct enbednent anchor 11 is now orientated such as to
provi de naxi mum resistance to novengnt i nduced by tension in anchor line 4
at the 20 d mnus k burial depth actually achi eved. However, if the anchor
line 4 is |oaded higher: than this maxi.numresistance, the direct
enbednment 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

sur f acplage afeymmpetyiedsenntaimng the camraof shaeide thnle 6famﬁﬁdbgﬂms’t2 i s

ener | t he

gener abbine o iieCs ihidhe AUBRWEREBRkSne it aflalkd S R ecfbn! N

prese I’ nven |on rag e herelnbe ore cri bed,
with apgla s&a@ttgiénd)n plaree pfgjfmmﬂfp gﬁghmmum%m céiftea o ahkykiand | |
pi vota tt at. pl. 4 1 g. ns | to a cooperating clevis
18 in ﬁ'%o&éﬂade&‘"? 5@?@’%& S%tl& %ﬁ? S%é‘f"%ﬁﬁaf{@mﬁfﬁ ﬁo‘%@m'&lﬂ QU“’%pended by
a |0\’Ve#3)%méiﬂn§%nft%id haylePwithTerdded deadiion Fobduked, fluke 3 is arranged
initial parallel to a Iong|tud| nal axis 20 of follower 13 such that

fluke of a 20 and the
uke Q;I%Zcrﬁgg%&me(’ags@w a;:& i&18dy uisclds%d% e PheRt of axis

centre he sumof the mni rrum p_rOJ ected areas of

anchorz 720889 A Sardbokiewhifbid tAe of% S @ el GsiBpehor line 4

paral 'é] t0 axis 20 5 rotates anchor 1 about pi vot 1 unt"ll arrested by

shank .2.eCON 8SL O 21.in,cl p Si,I orientation
of and or%é%begﬁ?ggl |”§ﬁ§%?mﬁly s%|‘ﬁ¥fﬁ€ﬁ’r8‘ o) &gg mﬂ‘g‘ﬁo¢3ﬁ§' ¥ ng t hrough
clevis 18 and shank 2 serves to hold anchor in clevis 18 with centre

| i ne thefimfpotemce Uémqseqﬁ eng Beng statesrihat « Y@ug%uﬁa eging 78n. gD Enbednent

of anchor 1 (Fi hi eved si I b Io r|n anchor 1
rise to ls(mk: gaf dﬂpenda%(fa engagen rrp ¥ y nlvﬁ\le h a mooring bed

surface and that B values as high as 65° m,a;}r_be cmplayeui Whai*e an anchoris

intended only for use on soft mud bntm@a. Th&sj&il:}amfnrth limits show that
drag embedment anchor geometry hitherto has been constrained by the
primary requirement to penetrate the surface of the seabed.

Drag smbedment anchor 1 is laid out on a mooring bed surface 8 (Fig. 4) and
pulled horizontally by anchor line 4. F@fs.r a8 poiet mglmm less than 75°, fluke
3 first penetrates the surface 8 and s%absmenﬂy anchor fluke centroid C
follows a curved trajectory 9 in the r:iam:inng bed scil 10 which eventually
becomes horizontal at a lirniting depth 'd below surface B. The considerable
horizontal &mp&mﬂmmt dd (drag dxstanm] involved in achieving the demmd_l
penetration depth is often unamaptabqlg when space available on the mooring
bed iu restricted. S

A known direct embedment anchor 11 {(Figs. 5, 6, 7} for direct erabedment in a
mooring bed comprises & triangular plate shank 2 connected at one end to &
substantially rectangular plate fluke 3 and at the other end to an anchor line
4 by means of a shackle 5 pivotably psmnetl in & hole 6 in shank 2. Fluke 3 ig

of




attached to follower 13 onto the surface 8 of nooring bed 10 and lconti nui ng
to pay out line 16 with anchor |ine kept slack. Anchor 1 is forced into
nooring bed 10 by the weight of heavy Tollower 13 until the centroid C of
fluke 15 3 is at a desired depth d bel ow nooring bed surface 8 that exceeds
twce the square root of the maxi mum projected area of fluke 3. This is
achi evedplapar dppropni samihprskl ée symymetys gupfa pEiriconk pymzetty ieX16 i s
then | ef | ﬂﬁ-g ang, le ik NGatd él?alhﬁ v, Peenl till in
pl ace toéoﬁftow &3 Crkgéalg?%on lﬂélrbg?rent, t %%gia\%{i r%l\q{etefr%%%gln&fl)%ril\ﬁ%?n%sé causes
shear pifer@ard Figectio) Ftis myaiielr to eendredichof of fiuder 3t ad estiaighhéineoor i ng bed
soi | 10 about pivot upt | - .S res t 21 in.clevis 18.
The CSentﬁ?lgln d 8%'05’?’ 815?%%5 %% hcuosnscgl?fuon%/ gt hg I F%%??ygfgg%%ei{rlétlﬁaﬁ bldeaﬁ?(lil t('Elebel ow
surface d. andqt i qﬂg@gt@g f HPSS3 G h..9f1. g2l S in Fig.
4 is el i(FBGﬁ nat Sd@%égfl?o r 13 ?‘%ét en d?séﬁgg%%da‘?%gﬁfagrfhﬁhl y heavi ng
up on li|e ¥6 and an inclined force is 25 applied to anchor |ine 4 causing
it tocut into soil to nove anchor 1 substantially in forward direction F
al ong a downwards inclined trajectory 9- wherein further enbednent of
anchor EBREESSLHSE Y1111 RSl ARSI BAto L bs,

sust ai ntla%&gklo%ﬁggg g}l r%z%t 'y enbeddelc} w t oa{'( 1%%212{0% er%céﬁgéggpal
nmoveifenthy meamshera tigitbelongete follpver aremsberno phidetadhablzattaplesr therctwaded, by
novi ng i ir ' hor, Li 4, 1t I _qat.. [T but

i nst ead }Er]rool@o%gerﬁllgre ?fz;%érr\?g? ?{)/mg’? 1(\Sc§rells}tﬂ:}£tq 41. ‘pﬁngg% aogﬂéid\?%én geper &\}ﬁts h

. i ncr easiattpdhoaldtharete saflesumpended s lian 16.nSravihgtis ounyeeedy whaot or  of

" 1(5 that_Jjs_aceep f Qr - s adopt ed instead of
2sat oty Pt o Bre s fdiE e SIRPRRRLANERRT o B SURR Rl 1A, 22

anchor s surfage 80 Tla¢ Ipileal4ss tioghidésnigpgedtiiosn anichns 1dnty Iperilingnghons to be
uti lfSSeqirllen 18 Y8R HRRLLY %u?ﬁlr%gt Bra taplpﬁ\é\& i (ajrslgzhor line 4 causes anchor

11 to rotate and simultaneously displace upwards through distance 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
maximuum 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 highér; than this maximum resistance, the direct embedment anchor
will fail catastrofnhically 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.

In a first embodiment of the present invention, a drag embedment anchor 1 as
hereinbefore described, with angle B (Fig. 1) at a préferred high value, is
d'etachably 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 parailel to a longitudinal axis 20 of follower 13 such that
fluke



However, the drag enbednent anchor 1 (Fig. 9) has values of angles a and (3
(Fig. 1) which are within the Danforth Iimts before-nentioned and so
retains 10 the capability of penerﬂéring t he 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 bel ow the seabed

sur f ace. 3 PHFsendg dBBE MUY RILISCHICodFe s Tsadiseqtion 9f axigrRendtharcraie

resi stange, whem ifhiol 5) 6MRRAAEH of VBE Lhiahlvn bRGioctheesabesdhand A
requires an undul'y~heavy follower 13 (Fig. 1§ 9). A drag anchor according
to the pslzsdde 5ilmscint innwithnaxie @0r aSellingn gathasling 4 rengllddomxan@0(3 whi ch
exce th nforth |im e C I f

penet%?JI at 1|'°(raltfcﬁ”z[‘%t%h""enCsheo<51{- & Oéu ac eﬁmﬁgﬁﬁyg%g%%%&oﬁ%% aﬁ%;tg%n‘% )F%egtéjgver

al t hough21i tin roddvas 18 whercoapabi Hediyedobripn agioass| aralhyr Hursyésigbkdienl. Ar agged

horizontal ly from a it on..al ready..bel ow t.he -bed,surface. The
present | YPae A PH T %gﬁ%n@waﬁsﬁﬁ s Pgﬂlr dGr ?@:a%ﬁ Isi?agi{s SFeg (I}H'p act
shank nenhdldraeditbrsioirpelevisdes withnieimte es 7sifdhde 3 @abdiadgo path2o priit i cal |y
into the seaaedzg a follower. Further, the high values of angles a and (3
al | ow , 2% SH€ gt é”hnchor advant ageously to follow a trajectory 9 which is

muchio steeper than is possible for the drag enbednent anchor constrai ned by
.enbednent anchor and a drag anchor

the Danforth limts. Thus, hoth a dra
wi |1 bur §mlsemerdoeidraglyed i EFl : %ﬁdﬁi%@uw@& PR aPE tIgWETIRE PO én at
sone depiha Al ow tRwes Ul a6e &e thEal®BriMachads vEae1diag ergdnmpt anchor

. Is constrained by f 13 the inclusion of structural adaptation to enable
" sl f - perfét PaY i B ¥me dgFithancher fiaget dfeph shedri Mpaied. 1 TRdotredgitiAchor s
not _SUbJ 26brih@ 1RUCID By GRBSI @ tYf he%()ﬁ foll¥ets uhhE ol &g tARaNobs ke Pe
i ncapabl e of Self-penetration through a
15 3 is at a desired depth d below mooring bed surface 8 that exceeds twice the
square root of the maximum projected ared of fluke 3. This is achieved by
. appropriately selecting the mass of follower 13. Line 16 is then left slack and
anchor line 4 is heaved up. With follower 13 still in place to provide a
reaction element, the heaving tension in line 4 causes shear pin 22 {Fig. 10} to
20 part and anchor 1 to rotate in the moorin'g bed soil 10 about pivot 17 until
shank 2 is arrested by stop 21 in clevis 18. The centroid C of fluke 3 thus
moves slightly deeper than depth d below sﬁrféce 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 F 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



5 nooring bed surface. A marine anchor conprising a drag anchor free of
said constraint is disclosed in the _present invention that permts
hitherto wunachievable capabilities %5 be realised. Accordi ng to a second

enbodi ment of the present invention, a drag anchor 23 10 (Figs. 11, 12,
13) in a configuration perm tin% operatiaon when installed below the

surface B39f O 6% i HFPSEIVHD BFTeAYBE| IoRer iR efy manyer opEiiSedia

quadri | afekAlaifdL8hichy Qo8 BANKS 2ty iNBedeRtd RIradi@eUmBYIMBLY ¥ndhatsOf
anchor 23 and wel ded. at rlfght angel s to an upper planar surface 24 of a
a

squar e staelbe pleptedfipgieadzo S@Eﬁfigtfﬁs:tql:_.of%éh%ﬂv'@r dgealbhimaaradgnvforshank 2
and of fhitke énﬂ,édﬂteﬁg aOhoRXERSHR Qo 041 E%%%ro&aﬁ%ﬂ@ff 145 %ﬂbﬁrsdﬁﬁéué}m

exceed 0.03 tines) the square root of the maxi nun projected area of fluke
3. Cent r anthare tp hefutidsad ice gpgn|peering sphtgneabloweyeast.ry X- X at ri ght
angles to an edge 25 of fluke 3 which is sharpened by bevelling to reduce
soil penetration resistance. 20 A | oad application and attachnent point 26
for a shHokkees5 thonimeg e danentaaredionr 1 ifig. 2) bes yhhrds of anglenoadretiBat an

extremty, 27 of, shank 2. rempte fram_fluke 3. The di.recfion fromythe
cent r oi d%‘ég‘o]f] ‘%’B’rc?’a%r@ ‘ﬁﬁkﬂng]ﬁ% D@é‘ﬁ?%}w’ﬁ@ b?f‘er'm?ﬁ%?Ibeé#@ﬂHeS&g@t%Sdef i nes
a f oronvar thedbs@iiion oF peAcithting tt@nici-Bed Gushre kiken alrbgedinBbtizeiay 26 and

sharpened edge 25 forns a line intercept with plane 25 of symetry X-X that
def i nes BFHNFAT d-1Bp ERPATHAYCe tg‘ei ﬁﬁﬁf‘%nés )&W(é)% than iss RECESSAEY f B war d

di rect i oprdereAivd bahghk ohicd€hé aRtRbNIBelbhahearhbel dudasdd Thed agkdse
_attachment point 26 forms. a fogv&(r)d-openi_ ng angle (3 with respect to

" f6rwar d GPRELPIHIGES UGS ARl BighoPepeERieharsiYsnct Shepk iacriiedsedanchor
2371n S@rﬁc&%@%ﬁo@éﬁa'bgﬁ@x@@h@fkqﬁ%es'ﬁﬁnﬁﬁ%ﬂh@é@r folbwepaBafFion in

non- cohesi ve soil (sand) wth preference for a being not |ess than 100
and ¥00 Por soft clay and -14-

A drag anchor according to the present invention, in contrast, has values of

angles o and P 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

:(:‘TQS 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

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



sand respectively. Angle may be as close to 90 as possi ble w thout
preventing anchor 23 fromnoving in the soil of nooring bed 10 with a
substantial conponeft 9B (Fig. 24) -df-di spl acenent of centroid C occurring
in5 direction F. Preferably, said substantial conponent may be regarded as
being not less than 35 per cent of the di'splacenent 9A in the actual '
di r ect i dhredhclumwe méstruatirelsoigpaticerte dnabih eelfpeettrtiod. theowgvahe in
practice I Fi g 0 e i anchor 23
in soft Sc rg&g}:%agncfl lglgggmgnl%%d'g@g%ggg %Bﬁ élﬁglﬁfge@%tﬁ%géﬁtﬁes&aﬁéa? ﬂlg%tﬁ%rn,% angle R
i s in thed,andeed,thet dragOar8horfoay dpeirabpablel of sifperdtegtiandhivd@ht @ 65 f or
operation in sand. is is ,pref.erred,that angle N does not. exce 800 for
oper &t i GHoPHRE JP ielarea na PABHE® SROnak CUBRTREEE RSB AETaer e 4 Wit
Shackl e @bhlsachiernt diddsed6 ifFitge pidsehs fivenEanbyhat fiyrwaryd Exkheeaity 28
of 1_ an el on%&)ﬁe straﬁght slot 29 in shank 2. A rearward extremty 30 of
sl ot 29 YrachigEbieaRaRtitehto Poeli%dr edge 31 of fluke 3 and slot 29 forns
a forward- opening angle Y of up to 300 with centre-line 7, with 100
preferred. A forward edge 32 of shafnk 2 is sharpened by bevelling to
reduce $HICPrHBALLEPTERY FRBPUAES! the PraserddgEcbopia flracmn%honi%

sepgpat ipfysof 1Shackbeiah kaﬁﬁ%@f&ﬁo@pp&%@ﬁm% OpEf B HAER Ghtafiell b €r T ed
to be in the range 0,15L to 0.6L.- A cylindrical steel Bln 17 (Figs. 11-13)
i s nountthe urdresy 8r el pymoRFiggghed Hahey € fpllawver 43t FigcR2hsompsisest 2 and
bearing Jj ' ' i all:atj e 9% ardfior 23, 24) .
Axis 33 aﬁéglﬁ%r%ﬁ?ééegggré%%gg%hrco%%é%%flgcdeg%eoéﬂu%ﬁﬁ?ﬁg? é(h&ég’?i ne of axis 20
'o(f ol | Geeand Iveddest et right Gughlst lecae IPbeh pthnaxSswéaner 24 of amgpargsteeki g. 12)
of--anch ﬁt%%é&l?é’ 3Shp 3. (RN, ARCROLH| RS oF SHk !f%rﬁ@gkﬂﬁf?cel#:.e o
par al | el 5 ditection as viewed i1 opposition to-direction (Figs. 11,
12, 122) doghirmtesrsaed . Ohdaimeh dand qucfeamblysdnds pehexeestli ©03r Bgicst tnce force

R(Fla 22hr&0080 $hWne? thaim | ofitedVdrla f @ hAWE" 3 AXEEn AR i0ggi ni ti &l

surface 24 lies in plane of symmetry X-X at right angles to an edge 25 of fluke

3 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

| Q’S of symmetry X-X that defines a forwardfopening angle o 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 § with respect to

forward direction F. Angle a 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 o being not less than 100° and 90° for soft clay

and



~driven enbednent of drag anchor 23. A rel easable shackle stop 35 (Figs. 11,
30 14, 15, 16, 17) in shank 2 holds pin 36 of shackle 5 in extremty 28 of
~slot. 29.° Stop 35 includes 15- two réttangul ar plates 37 slidably |ocated

in undercut recesses 38 one at each side of shank.2 aft of extrenmity 28 of
slot 29 and on a side of slot 29 remote fromfluke 3. Plates 37 initially

occupy a.pasi LN AALL! Y Anrepesses o38.andsB narbby LD S0t 29, Mhereby pin

36 of shackle 5 |s pr vente “ffom iding anay fromextremty 28"t sl ot

29. A drFti‘,%M}QJ &msfokFh g frdd) ﬁ@vﬁbaﬂk tRe PEIRRNMOPEAESEES 38 $RAL &I NS
two steel ball's 40 of a dianeter slightly [ess than the- di ameter of hol e

39. St eebubalangidGcanrohel dd agha %ry ch dezmipeessibal @qmrtrcngl @Qpccupliagen37 has
a central. hol.e 42 and. an of f set 43, drilled h n mhl 10 .engages
with°a bAITFC40 o %é%&%; ReThe" ?Stg‘%%fﬂe ahiE gﬂd i Yol

he s po Pt on o recess _
38. Pl atgo8Tx Sl@aﬂﬂaﬁs @&rumtcaofdtmgrtmom@duﬂéhtatmamhacb at:uaﬂ @&ne-teamate from

of fset hole 43 that ptﬁtrudes bf%ond Si gr ﬁce 45 of shank 2 F| 17).

A cam 48R I Epr St UdTAY St dePE bﬂe ye 47t §ﬂéHﬁFBP% REfdtat ed
such  that sliding contact(£ Lween cam 46 and b] ock_44 ogcurs n the course
of 15 shéck &15IBet RG' FEEEted f rBMPBarAIIRPL GPERCT 6° pervdntlfd ATt CP6°
surface 24 of fluke 3. Cans 46 thereb push on blocks 44 to cause plates
37 to depressed Biiropaatian sofl. BEger ftis i tthrapgs ed'°48 and then slide
until balls 40 engage in holes 42 whereupon plates 37 are held wholly

cl ean of3sf abr 28« htign &b )koftAclaghaond deyedo reat- et apabliwrs|eevad36A: ski dabl e
in slot 29, may be fitted on pin 20 36 (Fig. 15) to prevent plates 37 being

g)te ate , ”rﬁté“ﬁﬁgaeﬁ fté gtiQn Hetveen, giNq36, Ltugté%%%u?»&%gsa&hag& e 5

ring ca A6 into contact with equent pul I'i ng

af t-wards_of anchqgollne 4.rotates shackle 5 backwar ds
Cexceed 5607 Ior operation i sarl

Shackle attachment point 26 (Fig. 11) is formed by a forward extremity 28 of

15 an elongate straight slot 29 1n shank 2. A rearward extrerﬁity 30 of slot 29'is .
located adjacent to a rear edge 31 of fluke 3 and slot 29 forms a 'fo.rward-
~opening angle y of up to 30° with centre-line 7, with 10° preferred. A forward
edge 32 of shanlk 2 is sharpened by bevelling to reduce soil penetration
resistance as for edge 25 of fluke 3. The separation of shackle attachhnent
20  point 26 from centroid C is preferred to be in the range 0.15L to 0.6L. A
cylindricat steel pin 17 (Figs. 11-1i3) is mounted transversely through shank
C 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 surfac_e?#
such that the line of axis 20 of follower 13 passes through the combined

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

[\
w

pulled back to lie parallel to direction F) as viewed in opposition to direction F
(Figs. 11, 12, 22). This ensures that the resultant soi penetration rebistance
force R (Fig. 22) on anchor 23 is co-linear with follower axis 20 dL‘LIl"lC’ 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 inclucles



C 25 until cams 46 clear blocks 44 thus allow ng sl eeve 36A and p'i n 36 to
slide along slot 29 to relocate at ﬁtren‘ity 30 (Fig. 11) whereby low | oad

retrieval of anchor 23 by neans of the anchor line 4 is possible.

Resetting of stop 35 is. achieved later si-nply by use of a hammer and drift
on each of plates 37 in turn to re-engage balls 40 in offset holes 43 and
. s0 causewd mcesngilar platgd Frdidabliclogatasl inlwadergut redesses 3B one2@ eaghst ep

shackl e 1%_;13;2 rg}a g}l%%ﬂ{:? ragéév?%/ c)e/zzt%é#ﬁ]etggg Sf@l%}.[ 2%8&119& onS% %?de%cgﬁ sél\t;i)"\‘/t fz@' Je?ﬂ\gtre menber

[ Fi gs. ng a nmarine anc the surface 8
of a noadrémgihhled 310 Pbdrp&i7siestially ebomgatepositidre paiByiinaleackiseg 38 apHural ity

of bqdy segnents 48.. The foll.o 3.fupctions substantially.in the manner
of t%e b%;}rgly emn‘glﬁf i%gn‘éfgleﬁbgi @n\l\?éﬂ%osmfg&/n%ﬁs ?6%%@?18@%%@%‘8%& PVaHy nmeans
of line fi&nbéﬁtrmttlgr} 18 of etn VY. alil ériub@rmﬂelnggwiﬁﬁglom) iﬁasf&gﬁ«; tzlo?aweaﬁ whi | e
traversing ste ol ler. 60. Boft erm nal . .se nt .51 0 ollower 13 is
adapt ed rfeg?ssreél SOBFENS I, 3@?? g’]ﬁ‘hf‘ o‘{Ba Og taaﬁla&%%EB Phﬁéﬂﬁsle?ﬁ ék‘ﬁ“b&é?y

descr i begamReer ¢f 1661689, aBtecEbANYAD el GleBVhsart By 4 Ebﬁlg}res?s?o@ 8prihera1.
straddling shark 2 of anchor 23 to _enable a recess socket 104 in each

clevis I®gtq87raesiaecaral ﬁ*&%ee‘%%Iﬁd;ﬁwaffsetphﬁleﬁ%ﬁﬂéq@aﬁhkerzin Ahighy 1106 on
eachoCl eeaole9%id03 has4vhelRtd@ind thl | Bdabld g6 Stibh R puteVdY hreggisters
with a hol'e”108 in shank 2 and receives a retaining Shear pin. 109 which

hol ds anthoPlags Sertgpiiap arhuppiapiding blpcki44 piached pbpniond) reseffdiAms1 wit h
forward d%fs'é?‘fﬁué)a?)':thﬁ@r}:ﬁ'bjcrﬁld_eé Pe@3hd 2B aNFtacPUBR Jf/sHBeS | .Sf’@keﬁs 104. A
stop 21 on a leg 105 of clevis 103 limts rotation of anchor 23 about pin
3 ig;t 0 a wesittetFigudtkbrrofudog beidbgachierad’ ebaadie W thldcatidesgch An
a hpr ftﬂ'é_?'sﬁimrcohfe[@ Blwelh dBRHA aBAPbloLk 44 occurs in the course of
15 shackle 5 being rotated from parallel with to perpendicular to surface 24 of
fluke 3. Cams 46 thereby push on blocks 44 to cause plates 37 to depress
balls 40 out of engagement with holes 43 and then slide until balls 40 engage
in holes 42 whereupon plates 37 are held wholly clear of slot 29 (Fig. 15). A
shouldered non-rotatable sleeve 36A slidable in slot 29, may be fitted on pin
20 36 (Fig. 15) to prevent plates 37 being prematurely moved by friction between
pin 36 and plates 37 as shackle S rotates to bring cams 46 into contact with

blocks 44.

Subsequent pulling aft-wards of anchor line 4 rotates shackle 5 backwards
E C 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 aﬁchor line 4 is possible. Resetting of stop 35 is
achieved later simply by ﬁse 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



five per cent longer than the length of pale 13, is attached at one end to
shackl e 5 of anchor 23 and at another end to a hinge link 110 for
connection to anchor line 4. Hinge'ﬂ@hk 110 is fitted with a protruding;

hi nge pin 110A. Two parallel hooks 111 are spaced apart and nounted cans
fake 74 of control segnment 66 renote fromyoke 87. Each hook 111 serves as
a supp8grinf mio ok 2l wWysteppskackielShioanalidingawae fginn extromitsh@Betfy hi nge
link 110 %y be detachably attached ' to control segment 66 such that
pul i ng upwards on anchor line 4 at an. angle less than 60 off vertical

di hi | ink,-110 hopks . 111... .Thi d habl i
O eSO et 1S TR RS hane g a AR R RRY o 17
i nst al iad ki @P&mor%gg%foeelﬂyﬁggseﬂem ki e%ei“"lf’)hﬁlflhgﬁfégéggturel y

rel easing shackle stop 3 SO preserving the facility o agi ng

link blfralityoor bedkseghidnis yBsequent |y by heaving up on anchor line 4, At
sea, anchor handling vessel 62 and the anchor |ine-carrying vessel proceed
to the installation site. One end of anchor tine 4 is passed over to vessel

cont r ol THeBURuer Ta4uBet wibslhiall s 3 Faensr SLlE RerPaImewaIedd ¥y s! ack
cont rol | AR GISTE Refor ng sl
and anchirwsS RN RN FRE A, Bl OF1f; 16T PORLAF BRGSOt ro

segnenthefifling withouit dimagd Cdeeut WaRK Bflicadifg ktesh e6ler’6y).| er 60 and oper at ed
to pull control segnent 66 aft on dock 61 and so push drag anchor 23 and.

t oget he Wi ERRRAL" st SI'Cof Mollfiey! L I8 MR Mo TR B0
f ol | owegorg@ctionbting e weithoo Ty ars proivusly cizscilbed znd dfidudesnanwei ght  of
Segmntanégat%aed%rmr{ﬁigsf %ﬂw@ﬁf or! 863868 1 “shank 2 of anchor 23 to

enable a recessed sockét 104 in each clevis leg to receive and mate with pivot

pin I7 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 elevis 103 of

bottom terminal segment 51 with forward direction ¥ parallel to axis 20 and

pin 17 mated in sockets 104. A stop 21 on a leg 105 of clevis 103 limits

rotation of anchor 23 about pin 17 to a desired number of degrees by making

contact with fluke 3. An anchor fore-runner line 4&; of length approximately

five per cent longer than the length of pile 13, is attached at one end to

shackle § 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 1104

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 fﬁr

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

ancher line 4 at an angle less than 60° off vertical disenpages hinge link 110
from hooks 111. This detachable connection permits the azimuthal heading

of anchor 23 to be controlled during



sel f-launching with braking restraint provided by winch LO2 as it pays out
line 16 ultinmately to |l ower follower_ 13 and, drag anchor 23 to the surface
8 of the nooring-knee 10 bel ow. ThelAnchor | i ne-carrying vessel pays out

anchor 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 azinuthal
di rectirmhaliﬁﬁﬁmlﬁynm&:hmaimdl qrmhng @8 hoatis] 1ddchithe®? beschamirely i n. sea

bed soj | ag, anghor 3_i ced thr - D "surf 8 into
soi | ﬁfl’f %#‘gbéﬂ’ ' e@“ﬁﬁ"’%?ﬂ%"gﬁ ?%é Lo ?iﬁ’%d f ol | ower
13 as Ilmmni&ﬂahd Hl%&qnmﬂyhg‘m e Gnmmchos divend.ent |y include a
heave conpensator conprising, for exarrpl e an elastic nylon portion to act

2 A R AT SE849 Bt 380ho b Sl

penet r eé mmm&taﬂﬁtﬁdmrmt% Dﬂzmﬂnﬂl dmﬂxdwmﬁ $48¢ aﬁ@d&d mm' W ﬂﬁd&el &2 on

anchor handllno_vess and. j.ndi, e S|on |n ljne 1 reduci ng
to t hef@utRagEEn §H% B?aﬂl liﬂrflzg ai%i‘l%ﬁ“éﬂ@wgf’ 138 ¢ I3 are
conpl esweﬁwﬁewgﬂ@ 18, WnekSLEink AisSlich. allowh@ fOhisy ) Bighitt sl ack

to all ow vessel to nove clear, of the position_of oIIower 13. The anchor

| i ne- chetwaergtheouessels brypreide dirschopakrentepl ofipile dd gndvamchos|2%wer 13 and

171 on ooy RARES6: gt Winch Mo} 2R atth R 1o bl st S Ry T e 4

whi ch bmmmmamnwmmw mndraperated toapultwostrol seemght Eﬁdu st ance

ot ses el BB e ah I U0 st B0 AT IR 1S b i r

si mul t areenusllye F0v Oflse sweigior ofadragizodhopi2d m&harswhémm efingrsal 22- 23) to
cause shear pin 109 to part and force fluke 3 to tilt awa from vertlcal
segment 51 projecting overboard causes follower 13 to bend throug 80" over

roller 60.

Whan a aufﬁc:mmt weight of segments 48 are overboard, foilnmr 13 becomes
self-launching with braking restraint provided by winch 102 as it pays out
line 16 ultumately to Iower follower 13 and drag anchor 23 to the surface 8 of
the mooring-bed 10 below. The anchor line-carrying vessel pays out anchor
line 4 in atap with line 16 being paid out by anchor handling vessel ;Ez'and
keeps sufl
I3 and anchor 23 until anchor 23 is buried in sea bed soil 10,

icient tension in line 4 to control the azimuthal direction of follower

Drag anchor 23 is forced through mooring-bed surface 8 into soil 10 (Fig. 27)
by the combined buoyant weight of anchor 23 and follower 13 as lines 16 and
4 are paid out. Line 16 may conveniently include a heave compensator
comprising, for example, an elastic nylon portion to act as a stretchable
absorber of heave motion of vessel 62 to facilitate smooth penetration of -

surface 8 by drag anchor 23.



Anchor line 4 is next paid out to allow the submerged wei ght of follower 13
to drive anchor 23 downwards in the nowtilted direction F of fluke 3
(Fig. 23). As line 4 is heaved upWaF%is, a powerful couple is fornmed

bet ween the submerged wei ght of foI | ower 13 and, the tension in anchor

line 4, As fine 4 is suybse i d.. ou ower f ul couplelsforrred
betmeego?’ﬁée%ﬁﬁﬂ’ﬁﬁﬁ“a‘ %Fg f F%Wak%diﬁ(gatlﬁ%dﬁ&%%m thsoi |
resi st po &rf @h6RoRhAGHIIAG VRselafg Naid 2ddicBelNbs aup! @a sl i Bnduggent the
desired rotation of anchor, 23, 6‘PI S sequ nce 1S repeated several tines.

Each repecmg ghihesabmergad weight of ling 169, E‘Z?“F@PP apdtlavesdYerti cal
unti | ﬁte%rﬁéle&@%&p@amea%y Wd Qest b Qoil ( Alife 1%31)5 thEh d@&%ﬁt%@% process,

al so known as e |ng occurs_w t hout cau5| ng cent r ol 31to

decr eats"ea]lh?ﬁ’d@ﬁﬁﬂ o fto Japes Fioer G the| praitien 06«5‘@ et Ade 'Pisewcbggh a
d d 11 (Fi
' sta dls%@er %¥é&?%{%%§¥és' hed | Qémﬁn g{:@&&y WM r28 h@:&d (Fig.

| oa renoval of the inst: | ower Ine 4 is now

pal d dagaves auk onEnghosdined ‘@n’é’ﬁérbm% @ngfal 27 nmglmsgmd from mooks away t o
permi t ?f%ﬁ 011?%59'13“ I H2eed b@%ﬂﬁi@g !&hfg%?k? gdd Xn%ﬁ% fli'frﬂceoc{ll ower 13

SO tha W nc can leave I n [1ne ower anchor 23,
out ofwhishrisndhebedéa@d innagaip mdﬂstt?wrmaﬂghaermemd Herduighga Wiistanneh 102 is

hond TePtaSndiety, Sanebk U ledeln) o Bk SEphellh an i iRl LD TAIED T P

angl e tadsdsominzhot d23 fand tihBoweorihdogdthan mbjth@tsaao bled, soil eb® ramdied on t he

sea surfa _The resutln no ckle 5 c 46 (Fi gs.
14- 16)3‘5}?‘ ly giy 8 o ég%uﬁtpégslgaubﬁ’:’%hf% f@é&sﬁ E%‘?‘é?t el eased
posit Im@nswbuﬁ wo wq&m il ferdyfhis $a5ymhaémy fedrhi wareibal. of  anchor

23, lull I 4 f h
3 lu nilzl'?n% I?ncg 18 n&lxg?jaid g‘t\i\{ta%/o aﬁg‘m eesu y ec welg t nfr}ellar!.gesrt I ned
drive anchor 23 downwards in the now tilted divection F of fluke 3 [Fig. 23}.
As line 4

is heaved upwards, a powerful couple is formed between the submerped
weight of follower 13 and the tension in anchor kne 4. As line 4 is
subsequently paid out, a powerful couple is formed between the submerged
weight of follower 13 and the now offset soil resistange foree R acting on
anchor 23. Both couples act to augment the desired rotation of anchor 23.
This sequence ris mpemtéd geveral times. Each repetifon rotates fluke 3 of
anchor 23 further away from vertical until stop 21 makes contact with fluke 3
[Fig. 23). This rotation process, also known as keying, occurs without causing
centroid C of fluke 3 to decrease in depth of penetration below sea bed surface
8 through a distance k as previously described for a direct embedment anchor
11 (Fig. 8} loaded after removal of the installing follower 13.

Anchor line 4 is now paid out slack to allow the anchor line-carrying vessel to
move away to permit anchor-handling vessel 62 to reposition directly over
follower 13 so that winch 102 can heave in line 16 to haul follower 13 off
anchor 23, out of mooring bed 10, and up to stern roller 60.

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



obj ect then causes shackle 5 to slide in slot 29'to extremty 30 (Fig, 11)
whereby | ow resistance to recovery of anchor 23 may be realised during
retrieval. As for the directly enbeddéd drag enbednent anchor 1 previously
described, directly enbedded drag anchor 23 will follow a downwardly

inclined curved trajectory 9 if |oaded beyond the capacity it can. provide
at the Yaspeglcd2 themstnoons abepd o prilciherarmbopilivie 4 nke saflc 19 48ig. @4patity to

mat ch t WoIVI=T o FYaF-Yo i LNV EVANE- -2 Nolghe'§ hLLQRa, , ‘ ,!eg fregl. anchors,
drag anc oF _‘ ﬁgﬁdlm e%ct%?gﬁh&?nn?a?nfg&dg%% %QB%#%% Jé"’ftujr a%ﬁ%ﬂo moori ng bed
10 at westrhinedesa thenscapasifage. Whhe rssultiogomeotedent obshacklophicouses | ure wil |

o o B AG R, J9H R o 570 A B0 SORRTRET

Anchor 2Rasédiposition way shenladhpl egehoo Adaveadynioe] eaxyalstepreirievabober 138

ig. 341 | of_a shackl e’ d to shank 2. wth an.Anchor |
At 1 o h AR Rk Pt SatORR b il B, e Ahenor dictnBRialil 102 (e

straddlggesththely 2 and carries pin 36 for slidable and rotatable engagenent
in straight slot. 29. Shank 2 has an arcuate surface 143 centred on

attachnent _ pging.,2 t aforward, remty .28 of slot.29.. A st 144

i nsi de P& & %ag%sﬁigﬁ & ﬁ%gc@r#%%ﬁ’ ?@r @%‘ehﬁ?@ﬂ%ﬁ%g‘g‘”pi n 36 is
hel d at rea@§tahce?@ recotényl off @ichior @3 why HRealisci3@uahgubtrRRENt 26 brings the
direction of novenent of stop 144 parallel to slot 29 whereupon pin 36 is
free to slide in slot 29. A rotation-stopping shear pin 145 is nounted in
hol es 146 shiwie! Gyis baBded eaibehiald : lﬁ%vi' 2 and serves
to hol dﬁglf%ﬁn%%tlgygﬁfééﬁgﬁberﬂ%% %%Hg[e{ug%xﬂ&g.ggiire Bj(}lsg?}??gn églr?e angl e
r' is |disecthhembedded shragrandioa ity will fellowm dpgnwardly inclined curved

trajectory 9 if loaded beyond the capacity it can prbvide at the target

embedment depth. Anchor 23 will thus increase capacity to match the
overload. Ultimately, as for traditional drag embedment anchors, drag anchor
' 23 will reach a:limiting depth below surface 8 of mooring bed 10 at which

since anchor movement is now horizontal and, in consequence, a normal
safety factor of 1.5 for drag embedment anchors may be utilised.

Anchor 23, further, may be adapted to have an elongate plate member 138
{Fig. 34), instead of a shackle-attached to shank 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 jpin 36 for slidable and rotatable engagement in
straight slot 29. Shank 2 has an arcuate surface 143 centred on attachment
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 is held at point 26
until rotation of member 138 about point 26 brings the direction of movernent
of stop 144 parallel to slot 29 whersupon 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
registering hole 147 in ahank 2 :ﬁnd serves to hold elongate plate member 138

at a



Shear pin 145 is of a size such as to part when a particular val ue of

| oading at hole 139 fromanchor |line 4 is exceeded. This all ows anchor 23
to act initially as a drag enbednent? anchor prior to parting of shear pin
145, and then to act as a drag anchor of greatly increased hol ding
capacity when dragged further. A drag agchor 23 (Figs. 22-24), weighing 9
kg., &nasired positionewhes m@ﬁ@hﬂﬁyﬁﬁﬁnﬁ@ ambpe&;femm bssabiand?dests in a

sli gh@&% aver - égnsol | dat Ci‘gft clay sea bed | , Al mechani sns and

pr oce SRR PisY 847 s8.8f 9 %waﬁtttw%%a p&snm@naawm ofilpadingsstt r oi d C
(Fi 9. hefh) 194 f@maaehaﬁlmesmlexee fﬂ&&%@ﬁ@%charas 0&&@&9 :&%gow sea bed
surface 9 of three tines the sq uare root area o ’k anchor
23 pr amadéna&ew&ﬁdm@to%w@tﬁrtmmf teegartinge sl amestropinnd#§hand (thenedi at el y

after ver f r 0 chor, lute 4 was
pul | o8 28" € kel phhod 88 el BeaRER, DL 00D, MER Brnited. o

Fur t hBartherul | i ng caused anchor 23 to drag whil st burying deeper to gave a
progressively increasing holding capacity that ultimtely becane constant
at 189 tanmes anchor weight with centroid C noving horizontally and with

anchon, dwargeaﬂchurnmlim 22-28, tm@ﬁhgmmgalaﬂmaafuua&@rme&m%ﬁh erI d C OB 4
bel ow sea be

flukeéig{ anchor % mstalledlbg‘gpfollower 13, t0 a dept

sur f adeb gty WErY spt %ﬁ R teg e Hy rovepreonslidaged ﬁP&k@% S&aanchor 23
gave Bed 120" ANSIbEhinasH &ﬁalﬁ}ﬁcéﬂli:%riﬂ-eﬁaﬁﬁﬁr' dskcABEd 'MBBHAREK o4P T O sea
bed surface 8 on being, dragged fromits installed position. This test

pr ovedlanied. oWt eentapiss s g|%t@lwpbﬁ3ws¥ﬂeﬂdﬁéfﬂmr%t%ﬁchor 23 and
of | eSAbAY Bllob)Eea RRIUSTARNE! ANBRLI R e boWlirkSroPlor Al fiZadeand R (FI 0.

11) o The di scl osur es er elrn provrde parti c ar errbodl ments of
t he pRukerd, anchamgdoprogided Rehelding capaditnel 580 tiveess kuehaoth sicighite
0D eChltfidailert Rier ELTRE OfFoliB¥Er 18R bblt 1) WndiPafBRA' B 4! N2

was pulled at an inclination of 18" to horizontal at sea bed surface 8. Further
pu]lmg caused anchor 23 to drag whilst burying deeper to give a pmgressm:ly
mcu:asmg hﬁldmg tﬂpﬂmw that mmmatsly became constant at 189 tim

mt:imei azt 33° tp horizontal.

In a test where centroid C on fluke 3 of anchor 23 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. This test proved the
effectiveness of installation by follower of drag anchor 23 and of eschewing the

before-mentioned Danforth limits for angles o and p (Fig. 11) of anchor 23.

The disclosures hereln provide particular embodiments of the present
invention and the tests outlined above show that the objectives of the
invention have been met. It will be apparent that variations in these
embodiments are within the scope of the invention,



enbodi ments are within the scope of the invention. -21- CLAIMS 1. Anchoring
apparatus in the formof a. marine a chor (23), including a fluke nenber
() and a | oad application point (26) I5n the marine anchor to one side of
the fluke nenber for attaching an anchor-line attachnent-neans (5), said
mar i ne- afchi@fs | n- operational configuration being an anchor for operation
bel ow t he surface of a nooring bed (10), wherein a straight |ine containing
said | oad application point (26) and the centroid (C) of the fluke member
surface at ﬁéﬂfvh%ﬁagﬁw Sftnt Bef bk gioreEbesy A 05 185 in . £ QF War O ORERLHY3 Pmda |

centr0|d angl e forward direction F, in" which dlrectlon sald 1 uke

menber rface _.has a m ect ed

e o e e b L B Cher PPREREP: i DT B PR b er 188 o
attachnment -nmeans | oad- application point (26), when the fl uke centroi d (O

i s buri edndbek-dinet Heeohmni-figabe s eida sErby archoy émeperanional eorl@eiaeTe beisgt an
of thé maximurn projected area of the fluke nenber surface at said one.

side of Lheef kskendreibebeloaus esrfidtconehofing 2kd (1®), Lerekih @ SRS liRe chﬁtamm"j

soi | of the moori'ng bed (10) with. a substantial. ‘conponent (9..B) of

di spl ace Lec 7C t..S .

bl 2CoTBRY o Ript33Ha OUELS OO R DO R0 108 8 e i

cohesive sqil _and in.the range,50 to 65 for atlo of, th anchor in :

non- cohesi & 8k EmTCRERS %gfogﬁﬁér%agl TSP ARSIt NP APV direction F, in

characterised in that said centroid angle (1 does not exceed 80 for:

oper at i owhia Sotttiasobaisi kesoRinbamefisedanct reNgrEY BUCEGH WperabiTohy prpulling

gﬁ ;cohesive soil. 3. Anchoring apparatus as clainmed in claiml or claim
wher efdica #phané or thogotalr by the pliaher liat aytiveetnghofXinX) aivdchiheat-arsahorioad

(23) and containing a forward extrenmity of the fluke nmenber (3) and.said

| oad appla%%ﬁatah@ﬂ RNL6Y, 2Bk KOS 1Bl e d@LURIT-1OREAL NG RO B ARGLE BedWitfice By a{; '
said.” for |rect|on F, characterised i'n that said angle ais not less =

“than oper n soft. co ioL.and. not | e than
oper at | 011 rn“ﬁ%% o sﬁléoogoeltfltﬁ E?Z Pﬁcﬁ%eralan%a 8%8%5? T TRL0g gar%cc? & S‘"ﬂd

claiml or claim %Hlar acterised | al;[ saLd anchor (23).
' one side of ke member, calses the anchor (Z3) 10 tend to move'in the, r011 of the moormv'

bed (10) with a substantial component (9B) of displeceme nt in said famard drrecilon f'é:

characterised in that said angle [ is in the rangc 71° to §5° for operation o.f 'the- &né:!hor; '?mg 501@;

~cohesive soif and in the range 50° to 65° for Operaho*l of the anchor in non- ~cohesive qoxl

(/ 2. Anchoring apparstus as claimed in claim 1, characterised in that said centroid angle B does
not exceed 80° for operation in soft cohesive soil and does not exceed 60° for operation in non-

cohesive soil.

3. Anchoring apparatus as claimed in claim 1 or cia{m_?., wherelin a plané or‘chbgonal to .a plane

of symmetry (X-X) of the a%nchor (23) an_d co-nta_ining'a forward extremity of t_he: fluke member
(3) and said lvoad_ a‘pplicatioﬁ point (26} forms 2 forwegd-opening point angle al..wiﬂa..said 'forWad

difécﬁonF, _gh_aracterig@d n _T.hai said 'an.gle a " not lcss Ll-har; g4° for gperaton in soft c.oﬁesi}ye

s0il and not less than §5° for opemum in non-cohssive sail,



conprises a fluke nenber (3 with a plate-Ilike shank nmenber (2) rigidly
attached thereto and lying parallel to the plane of symetry (X-,X) of the
anchor. ‘5. Ancharing apparatus. .as clgnmed in claim4, wherein said anchor
(23) is adapted for deeper burial by dragging and subsequent rearwards
recovery in a direction substanti-ally opposite to sald forward direCtion

F, charagter,i sed.in that said plate-ljke shank nmember 5{) i,ncl ude§ her ¢

el ongat edf- SPOROTDFPREF S EF §! F‘Edh"b\?*é‘?f%ritortﬂéfféfﬂmbf“ S AL ST Tf‘]ﬁéc r{d3
attachnment neans (5) whit a forward end (28) of said sl ot 829) serving as
~a first anchoess & detatmewhrelt Witan!diodic sppili catilen (Porigidly afachsiltthergto and
rear end (10) of said slot serving as a second anchor-1ine attachnent-neans
| oad apquhspﬁﬂdgm ﬂ@qhgggldnemeﬂn{@wmmm&@aﬁc@age of said fluke nenber
(3). 6. Ancﬁorlng apparatus as claimed in claim5, characterised in that a
slide stop means (35) is provided just aft of the forward end (28) of

said, slot (29) to restrai n said attachnent neans (5) at said first Ioad
appli catl on poi nt, é 6% chorl ng, aQ aratus_as .cl 3 dinclaim6 :
char act ert séFCR R &P %@i‘lﬁ a§|‘il%}€1 18;?‘%@6%5" 5‘3{8’)‘1 SaGapdiged 2t et deR sty riseper -
(44, 46) which cooperate with said anchor |ine attachnent neans (5)

wher eby botigdthyofragzidicspbacbrentnickayards @t each meadirmganssutsntsl eapeststaisdd
slide stop neans (35) to permt said attachnment neans (5) to slide in said

sl ot t OWgHE%r@ dlr8dorEHI at Rkdri B 15 @ sofdul 6@ 11 ERABEE meAber (B inANBROK dngated
‘apparatus as clai nmed in .any of the preceding claims, characterised in t hat

sai d an%ﬂ}?%%z_[%% ié@ %?(ﬁve an a L.i’x:l'l"lnCﬂ: Lﬂé t&ﬂ&{mﬁpffy llL..'I:(Et 1{1-9&1’158(':5]?/1%® JO_E’J»ELTU '

tachnent ol nt at one end

ELongate me

onnectlon an. anchor and. w ¢levis - at the other :

carryi ng o b HAEES ée%> ERUAGEAB b AT S T PRSP TSR PTH

'141) sai d_shank rrenber @) 9. Anchoring apparatus as clainedin claim8, _

char act eFI$ &4t A TERRES 430D ahsher sipR 3 VIRCH B 65Ot s abre aﬁf@@ﬁ@%ﬁﬂe@%ﬁﬁﬂd

nmeans (145) for stopping rotation of said elongate nenmber (138) at a
application point located towards a rear edge of éaxd fluke member (3). ‘

- 6. Anchoring apparatus as claimed in claim 5, characterised in that a slide stop means (35) is
provided just aft of the forward end (28) of said slot (29) 1o restrain said attechmentimeans (35) atg

said first load application peint (26).

C o 7. Anchoring apparatus as claimed In claim 6, characterised in that said slide stop means (35)
1n§ludes releaqc. means (44, 46) which cooperate with sald anchor line artachment means (5)

whereby rotational displ acemfznt of said attachmem' means (5) releases said slide stop means (35)

~ to permut said attachment means. {5) to slide in said slot _Téwa:rds & rear edge (31) of said fluke

member (3).

8. Anchoring apparatus as claimed in any of the preceding claims, characterised in that said
~ anchor (23) includes anchor line attechment means comprising an elongate member (138) with

an attachment point (139) at one end (140} for connection to an anchor line (4) and with a clevis



predeterm ned position relative to said shank nenber (2) when said pin
menber (36) is at said first |oad application point. : 10. Anchoring
apparatus as clainmed in claim6 or 9.2w%herein a plane |ying orthogonal to
said plane of symetry (X-X) and containing a forward extrenity of said
fluke menber (3) and said attachnent point (139) for connection to an
anchor line forms a forward-opening angle a' - with said forward direction F
when sai o1&l bright eUrks §De £21 I DEtAOPP ERTRRET $ 3 ) Prig faynb! s akl 1oat apiltartan e (Z6)in
that said angle a' is less than 95. 12. Anchoring apparatus as clainmed in

cl ai m 10, se¢hefattreemsad?).n that said angle a' is less than 75'.

9. Anchonng apparatus zs claimed in claim 8, characterised in that aid anchor (23) includes
releasable rotation stop means (145) for stopping rotatien of said elongate member (138) at a
predetermined position relative to said shank member (2) when said pin member (36} 1s at said.

first load application point. :

10. A:achoring apparatus as claimed in claim § or 9, wherein a plane lying onhogbna] to said
plane of syrn._rrietry (X-X) and contairung a forward extremitfy of said fluke nﬁemﬁér (3) and said’
attachment point .(139) for connection to zn énchor line f(AJITIlS.‘B. forward-opening angle of with -~
said forward direction F when said elong_até member 1s sjtoppcd by said stop-means, characterised

in that said angle o' is less than 95°.

11, Anchoring apparatus as claimed in cleim 10, characterised in that said engle o* is less than

75°.



