Anchor wth an optical nmeasuring device BACKGROUND OF THE | NVENTI ON

Thei nvent i onr el at est oananchor, particularly for anchoring heavy maritine
obj ects, wochi22s@7a drilling platform in an anchori ngpgroundi2foseioa | ong
period of use that may | ast many years. A known anchor at an

anchoring line is placed onto the anchoring ground froman installation
ship, after which the installation ship pulls at the 10 anchoring line to
bring the anchor into the anchoring ground. At the end of the period of use
t he anchor is pulled out of the anchoring ground by pulling in the
anchoring line. Both when introducing and pulling in the anchor it is of

i nportance that the behaviour of 15 the anchor in the anchoring ground can
be reliably established. In the known anchor the novenent of the anchor is
cal cul ated by neans of prediction nodels on the basis of the tension in the
anchoring line during pulling the anchoring Iine. The predicted

di spl acenent 20 of. t he anchaor qpﬁldeviate fromthe actual displacenent of
ke

the anchorfnchor with an qp SG5EHPIoASYAESi nvention to provide an

anchor, wherein the displacenment of the anchor with respect to the
anchoring ground can be reliably 25 ascertained. SUVWMARY OF THE | NVENTI ON
2 According to a first aspect the invention provides an anchor
with a nmeasuring device that is fixedly attached to the anchor for
measuring the 5 displacenent of the soil with respect to the anchor,

wherein tthQ% ‘?#@9%¥8ﬁ¥h9%ﬂV%N&&%ﬁided with a light source and an optica

sensor, wheréin source when operational emts a |ight beam
illumnating a part of the soil opposite the neasuring device, wherein the

The invention relates to an anchor,

particularly for anchoring heavy maritime objects, such
b as a drilling platform, in an anchoring ground for a
long period of use that may last many years.

A known anchor at an anchoring line is placed
onto the anchoring ground from an installation ship,
after which the installation ship ©pulls at the

10 anchoring line to bring the anchor into the anchoring
ground. At the end of the period of use the anchor is
pulled out of the anchoring ground by pulling in the
anchoring line. Both when introducing and pulling in
the anchor it is of importance that the behaviour of

15 the anchor in the anchoring ground can be reliably
established. In the known anchor the movement of the
anchor 1is calculated by means of prediction models on
the basis of the tension in the anchoring line during
pulling the anchoring line. The predicted displacement

20 of the anchor may deviate from the actual displacement
of the anchor.

It is an object of the invention to provide an
anchor, wherein the displacement of the anchor with
respect to the anchoring ground can be reliably

25 ascertained.

SUMMARY OF THE INVENTION



10 soil reflects at least a part of the light of the |ight beamin the
direction of the neasuring device, wherein the optical sensor conprises a

| i ght - sersot2n12e128@nsor surface divided into segnents, werCTNIQoRfoae®7 per
segnent converts the light incident at the location of 15 the segnents into
an electric signal which according toza predeterm ned ratio corresponds
with the intensity of the incident |ight, wherein the neasuring device is
operationally connected to a cal culation and data processing unit that
converts the signals into a 20 reproduction divided into segnents, wherein
the cal cul ation and Aaiardqimecessi ng ufitst s fapadtdedndi t indest osage medi um
for storing 5gpégguct|onscg Ieast at, two_consecut|ve nnnﬁgtg in tinme and
an electrit circuit recogn|3|ng pat?erns |ngeac t otgd 25
reproductl6h§edbbnpa?t®@h¢®e tecoynt sednplae er isr of megwuchNsecube ve

reproduct i @Nsp dedht herbagis 96itheiconpacdson deberdidi Ag-hbe,
di spl acenent of . the pattern between the fwo consecutive nonents in tine.

The measur 'RgEoEVi & Bgl JeZFFUE DG % thePravatfde "GNdidspt i¥ehent of the
soil with sespeet ahd theopgasali rgndevi, cevhesaich tilse ali‘g?dtl amlercp@r anet er

for the relalhveodspl 3 Beermeih; O 1 hes SNChRL i 1 LfBRs LD S0t |-

In one enbo sensor nprlses a plu ght
detectors ?fﬂthFmSﬁtllly OP@Pﬁllttﬁe 3 W@%fd%Wer g?hers@ﬁsl’%h%e sensor

surface Theiligbilseteciorsease abpert cocorwertidhe &f gthe i DLiglent per
segnent of the Ilg hgsensmlve sut{acgne into an. electric si
t

nal .. 3
In one enbdatfeht SedERt§ ol 9 iTYH 2 t ?/‘él%ee'ns‘%}?elé‘fﬂrf ace are
arranged i bhseyptakadowsrawt cobmpnsseThe sligldl -safsithoesegemests can be

processed byrthe. caheytatyoniand d%te%m%%essmﬁldﬁ“' s AU Foer
t wo- di nensi onal reproduction divided’into segments. The two-di rren5| onal

r epr oduct | SRTREKesCPEVHEsSi ble tdIREcdghicendi epl dddner@@ Gt erns in
t wo d|1r5ectt1®e§|35e<yxt*nemm Bﬂﬁfﬂ@d&aﬂ'ﬁ@le(ﬁhﬁldﬂgh@nébbwlﬁﬁc}h Sapdowvdided 46 with a

light emtfi ggeg% gTolge@ laser. . P{% é/rpaesls Vp |9{§1t sources, arec able to
effect a contras um na fon © SOl he anchoring %round
I n one enbblde nelmCltOh?@tl i ghohHet ettegies ncofPei s@eagﬁmm ode¥icPhot®di odes nay

have a norgpéifeasnadbl charagiardesd i ccd hap |ightusansdd | viehd esistors, and
are noreover able to respond to |ight variations nmuch nore, rtrfgld y.

In one enbRtPReHt The WRsur Y devs O Cohprilies MRS ngttifat §s provi ded

with &9 inspectdwrtion divided into segments, wherein  the

calculation and data processing unit is provided with a

storage medium for storing reproductions at least at

two consecutive moments in time and an electric circuit

for recognising patterns in each of the stored

25 reproductions, comparing the recognised patterns of two

consecutive reproductions and on the basis of the

comparison determining the displacement of the pattern

between the two consecutive moments in time. The

measuring device is able to measure the relative

30 displacement of the soil with respect to the measuring

device, which is a reliable parameter for the relative
displacement of the anchor with respect to the soil.

In one embodiment the optical sensor comprises

a plurality of 1light detectors that Jjointly form the

36 segments of the 1light-sensitive sensor surface. The

light detectors are able to convert the light incident

per segment of the light-sensitive surface into an

electric signal.



20 opening having a substantially transparent sight glass in it,
sensor is placed behind the sight glass in the housing and in the

the Iight

pat h of twe 2bixgihgeirnci dent through the sight gl ass.

wher ei n

The poopgizo/0a0@7 si ght

glass are jointly able to counteract the penetration of 25 water or dirt
ng. I n one enbodi nent the sight glass is nmade of
sapphire glass, particularly artificial sapphire glass, particularly

t he housi

artificial sapphire 9Iass of crystallised alum nium oxi de. Sapphire gl ass
has t he advant age of

surface. Mseaevehivsapehisoe Huastadesade pakrirbadkar i highe har dregs, as a
result of i,ch r of a scratching the rface of the sight glass due
to soil sli anc§§§Pngf cgﬁebesé un 3ra8?ed£H§5lﬁegﬁgnéﬁboa?%en gthe

BOORGVEAGOFeRERS &S poTeEad i 2T e atignes

in the

measuring 8&eceesed proviltedcal chlatiensand tdatpaphootsshrgrenliect ed
light, sherakB the fegalqdhshansgadf therdenstisnsi tyaffbd n Qheat the

| i ght-sensitive senso

i nci dent,

surface ens is able to converge.t
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| i ght - senspbegébiensor udigadee |diddiatcenanta nof epali tsddmct 1ior tiocused
represent ayi;pn.pf L he soil sliding past can 5 be obtai ned.
| noneenbodi nent t heanchor hasa | ongi tudi nal plane of symetry, wher
light- sensitive sen5oroRurdRAEBAENdS S UBHENSCATCE par RFPELAEE t he
I ongi ;u@li nati tpl Qi_nellilehtSYémﬂil lﬂ.’J?/hg Theod®ngi-t !ddll%%lelrl.o Bdtaﬂeth@;sewaﬁet ry
extends substantia arallel to_the vertica ne in the_so
TRRBR' et T g *saRsi Yl Sendbr <aFFRce | & apraRFoAasY
di spl aceneatdupanatieh ¢ the werlicflthd @mehoiringe ggound. 151 n one
enbodi ment the anchof, COPrdrgSisi GnddtikSe light detectors comprise

result of
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photodiodes. Photodiodes may have a more linear
characteristic than light-sensitive resistors, and are
moreover able to respond to light variations much more
rapidly.

In one embodiment the measuring device
comprises a housing that is provided with an inspection
opening having a substantially transparent sight glass
in it, wherein the light sensor is placed behind the
sight glass in the housing and in the path of the light
incident through the sight glass. The housing and sight
glass are jointly able to counteract the penetration of
water or dirt in the housing.

In one embodiment the sight glass is made of
sapphire glass, particularly artificial sapphire glass,
particularly artificial sapphire glass of crystallised
aluminium oxide. Sapphire glass has the advantage of
having few to no pores and irregularities in the
surface. Moreover sapphire glass has a particularly
high hardness, as a result of which wear of and
scratching the surface of the sight glass due to soil
sliding past it can be counteracted.

In one embodiment the measuring device 1is
provided with a 1lens in the path of the reflected
light, wherein the focal distance of the 1lens 1is

situated in or at the light-sensitive sensor surface.

ein the

as a
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and a shank that is upright with respect to the fluke, wherein the shank
conprises a plate section extending substantially parallel to the

| ongi t udiwel2opl@s@7of synmmetry and bearing the nmeasuri ngcaeuizee/osdioe 20

| ongi tudi nal plane of symetry and the plate section extend substantially

parallel to the vertical plane in thegsoil, as a result of which the
| i ght-sensitive sensor surface is able to ascertain displacenents parall el
to the vertical plane of the soil. 25In one enbodi nent the anchor is

provi ded wiPR affishcl§ nékBeert© s6ORREEIF n tAGdi 11 otdant t heehtastie@d rel ati ve

di spl acenentght tbheysoi koW ther espght tactbetdrasubEngtHevi cegrtso the
novenent s oén'tsrilgiggcggglsvwrth respect fo ghnoti onal_ pl ane aantbe t(__:Ieterm' ned,
which is 30°B°par aRreter Por THE 5t chand F ol 98 & HE Hhchdrtine

| n one enbeodi Fesusehe replregkeatirdoacandfdathe pracdessiidinmirasts agcommodat ed
in the dougingprIhgefrasuring device can as a result provide processed data
about the displacenent of the soil with respect to the 35 anchor and/or the

di spl acenent of the Hhchdt™Sui t FHRPEER Y 0 £hE soppchor  has  ajp gne
enbodi nent 1bhgianchoal i sparoyi ded v idmea riyr, ansiietrbén f dhew L eyless dat a

transm ssi - h r Lite % ter
Surface. OLCPRLCTYE oSpnint! SIPELLL Pl 8ol SRBELARORAIED Bhab LSRNyt
the feedba&R &het Rengisudinght Blehe eApcalmebiYt héhgedsepitydaprk to adj ust

the forge pmahet Be QS}%QEEﬁge%&QﬁdEnsQEQ@éntﬂaiW|p'@f‘&?léi"et& ntura%dg_cti on
of, the anchor e enpbodi nment

path or the retraction_pat, . In .o
Phe cal cul 86T BRCARd PA4PR prbcedSi AGLani £ < dFSEBbEd °6n THE lvesael . As the
data need hoghbespnoteseed Sfdnsstr, butrfeam besf abiar déd 18sceptatessed, the
el ectroni Céib?lé@@m&?@é“@a’l&ﬂ%‘i‘ Ceocaehebfeggmhai' ehanthi gt reguces the

¢

risk of the electronics breaking down or I ng. According to
a second aSfpéet the invention provides an optical neasuring device,

suitabi®e to be 15 used @afe tdidaticher descanbedraboempridbe eptigid neasuring

devi ce can | aced,as,a.separate part .qn any anchar_ pr,ovi ded that during
the pr oces%?ﬁggpﬁ%lgm{e?tgﬁéctasl ouﬁjrol'fg%t é”lgta}ft a]fé/st%eec‘ﬁ choattf%en gfu]f%’e measuri ng
devi ce on vherahehshe sshaakencompolseToantrlate section extending

substantially parallel to the longitudinal plane of
symmetry and bearing the measuring device. The

20 longitudinal plane of symmetry and the plate section
extend substantially parallel to the vertical plane in
the so0il, as a result of which the light-sensitive
sensor surface 1is able to ascertain displacements
parallel to the vertical plane of the soil.

25 In one embcdiment the anchor is provided with
an inclinometer, so that in addition to the measured
relative displacement of the soil with respect to the
measuring device also the movements of the anchor with
respect to a notional plane can be determined, which is

30 a parameter for the pitch and roll of the anchor.

In one embodiment the calculation and data
processing unit 1is accommodated in the housing. The
measuring device can as a result provide processed data
about the displacement of the so0il with respect to the

35 anchor and/or the displacement of the anchor with
respect to the soil.

In one embodiment the anchor is provided with

a transmitter for wireless data transmission from the



20 According to a third aspect the invention provides a nmethod for
nmeasuri ng the anchor displacenent of an anchor in soil of an anchoring
ground, wweneim2sdie anchor is provided with a neasuri ngprdeniee2iosai7 i S
fixedly attached to the anchor for neasuring 25 displacenent of the soi

Wi th respect to the anchor, wherein the neasuring device is provided with a
| i ght source and an optical sensor, wherein the optical sensor conprises a
plurality of light detectors that jointly forma |ight-sensitive sensor
surface, whEPrRFR1BBCRBAtR 19 gffes TRt eé%@t@évéﬁs fesegieat BRI Epee-

| i ght - sensbhi V’ﬁ'lesené@ée&urﬂ%eda\daer@aﬂ tHe m&aauupg demhteohs a

operatlonal Hz(l ¢opne ftdntoc at konogn?,% azﬁﬁ%{ﬁaﬁesaﬁggerﬂlt that is

provi ded w gtorage me um an an ‘el 8ct Pt he net hod
conpri ses: C@Etéw@r viftng-hee puessag for edlen an adgheti ngel ifvewrasonoect ed to

the anchorth8 ordendAdt r edHee tihe a@%@& I nto sqi |lelfen%@ anghori ng
ground accordin penetration path means of the Ilght source

to. a
emtting a' PFﬁﬂ‘guc%l%'éé?ﬁ‘tW dilif t%qalcgrﬁpnbgéﬁf‘l PEuflfatBS@Tpart of the
soi|l opposite the neTasumneg elevodimemihertdien thecsbitidref bact sdatal east a

part of thebLobLyof bhe: ! Lghtbeanin e, rasidan of, the. measur i ng

devi ce, by neans o etectors convertin I nci dent at the
| ocation oFeefle RRHmMEIR spéﬁﬁelsé?fiecféﬁs'ﬂ oR4the & I bﬁnt goeverdedc signal s

V\ﬂ' ch mgondpﬁgcégs@dpr eget eélré@teﬂorﬁﬂ%é olﬁorfﬁép@d&swrtlmgt h@e‘l/ﬂtf:@n?]' ty of
the incident Ii irst nonmen aps of the

cal cul ati oh® lEs‘mdg?jat Jf)]c%sescr’ng Laf‘rﬁctah cSYEFES ngt%]ﬁe éﬂaﬁt r?g stiyhal s of the
| i ght det eelersromios dblfeiearlsitng elpwodwat iferi 1dingi.ded i nto segments; storing
the first reproductin.dmyitfe E&ouag%e%%qauns?aé%@ %%gongnagﬂPD$

consecutive to the first npment by 15 means e calculation and data
processi ngPHAY 19RHNGEr t PRl GHe BPESHFLRISiGVAISE of StheaPlghtoddbect ors into
a secord repea@duchi onhdi vistrthornt GesRGNRRICS; dofd.ng THe sesonchl

reproducti oo, é th Sg%grgge m;ldllye P%crrgagaic?:‘ Otnggnggtgctrl C CI [cuit

recogni si ng patter I tHe first repro he Pé&dond’
reproduct i ®y canPeF ngPrhd dest ogiaded dpatingr nshef phecésssrgr epr oduct i on

and the secobdrpeofodusti op; opntheghasis ehet he LMan sy detigs i ning the
di spl acenent of t he é)attern bet ween he first reproduction and the second

25 1 epr oduBt RO AR I eSS UrThd e AR l&blté‘kFB MBESUFEPHRCrel ati ve
di spl asenent of the Aswidrdainioh ltespacttnnrd hespeasur thg denveetiohi ch is a

reliable PaEagRLes Lohelfisyr oAl hubsdhoRy ACAIBORAL BEANENG N th respect

to the soi 30l n one e i ment e anchor 1s provided
i ncli nomet f, 3aheG P heR msehdd Tonphi SEShogANEhe 1a8id ofh¢keimat a of the

i ncl i nonet ke deherst nh@gptrbella@al WieR Qf ntd¥sAnehRorddduIdang:-HEasiki ng the
di spl acene of . t he é)ta? erh 3:| usti ng t he asured 35 displacenent of the
0 € de

pattern onpfﬁed%%5| S at | 55‘ of £RE"BOsit8h of “the althor with
resped t odisplaeguray hér ithont abipogiitthonre Peggendiag thre tdechiewi at i ng

posi tion ofnhihei @RNERRT RS sTBASYr @ NEs provided with a light
source and an optical sensor, wherein the optical
sensor comprises a plurality of light detectors that
jointly form a light-sensitive sensor surface, wherein

30 each 1light detector covers a segment of the light-
sensitive sensor surface, wherein the measuring device

is operationally connected to a calculation and data
processing unit that is provided with a storage medium

and an electric circuit, wherein the method comprises:

36 exerting a pulling force on an anchoring line connected
to the anchor in order to introduce the anchor into
soil of an anchoring ground according to a penetration

path; by means of the 1light source emitting a light



7 inclinoneter, the data of the anchor displacenent can be adjusted, so
that the neasured horizontal displacenent and the vertical displacenent

wi t hi n t hwol2nphi2s@ensi tive surface do actual |y correspordrmiziniose0s

noti onal horizontal plane perpendicular to the gravitational direction and
the notional vertical plane in which gravity is active, respectively.

The aspects and neasures described in this description and the clains of

the application and/or 10 shown in the draw ngs of this application may
wher e possPBRB, alV88TB&NuEBE ilddNF PFaM i 1lSHiRatssi v Rt Rbebhe nay be
t he subj ectoof dipticsiiaral tipat ertsapphigcaddwing,r elbBtragnt hereet ©oiThi s

particul ar Les, t esca aspects th are described 15 per
e in the 5B orar et SFERr DERLH P CRICF TR CRAV Mooy o€ "BEAR"E 15 FEC
i nventi on Wnl Ithige dinadtdanedonthtempashsing devacauntyer refarsxeddl ary

enbodi ngent shehawyHih sdecatdashednsehernyi o idyraw RS abAt WhitChi he

figure 1 sgows a si def vi.ew of an anchor aCCﬂ)dl n tg t he |nventlfn t hat has
been i nt r od8EBH PRt & Tsofte ofeIHCAhE G IGhgt GF bEndS hatPRg H'Sed@iti ng 25
devi ce forihhe opeileakrireasusiiggadk t herhdichpl acermetdiofg t hecanchar wit h

reSpeCt.tOFEQ8e§Q£$iﬁ% tIP%t@%ChﬁéipgsﬁgﬁH”“%ﬁth ?be intenghg Feo§ shows an
isonetric front view of the anchor according to figure 1; 30figure 3 shows
an i sonet r FEef AHREAPNEW bfIhthePdpt S€AMeREas Al ng deviSée BRI PY to the

circleid | I meanki goif e 2ie calculatior | Qe 4ashowWprac¥sennhgf thet opti cal
measuring device acc%giQn%lto fiqure i.n di | ed el i

figure 5 sﬁ8%eﬁtf%%gl Gdinaf t&a&t i% %Sflst ﬁefsgt;}fe?gg]rgeh asug(':a(tr:]%grg%v?ge
accordi ng totoheal i etV irediqnaidn divided into segments;
storing the first reproduction in the storage medium;
at a second moment consecutive to the first moment by

15 means of the calculation and data processing unit
converting the electric signals of the light detectors
into a second reproduction divided into segments;
storing the second reproduction in the storage medium;
by means of the electric circuit recognising patterns

20 in the first reproduction and the second reproduction;
comparing the recognised patterns of the first
reproduction and the second reproduction; on the basis
of the comparison determining the displacement of the
pattern between the first reproduction and the second

25 reproduction. The measuring device is able to measure
the relative displacement of the soil with respect to
the measuring device, which is a reliable parameter for
the relative displacement of the anchor with respect to
the soil.

30 In one embodiment the anchor is provided with
an inclinometer, wherein the method comprises: on the
basis of the data of the inclinometer determining the
position of the anchor during measuring the
displacement of the pattern, adjusting the measured

35 displacement of the pattern on the basis of the
deviation of the position of the anchor with respect to
its regular horizontal position. Depending on the

deviating position of the anchor as measured by the



8 figure 6 shows a view in perspective of details of the

optical neasuring device according to figure 5; figure 7A-D
show depiwbizomnsi2efi7how t he optical 5 neasuring device aecomiiog/oseofi gure 3
wor ks. DETAI LED DESCRI PTI ON OF THE DRAW NGS 10Figures 1 and 2 show a stee
anchor 1 according to an enbodi ment of; the invention. The anchor 1 is
adapted for anchoring heavy maritine objects, such as a drilling platform
that is not shown further, in soil 90 of an anchoring ground 9 for a |ong
period of 1BC&§§°@ﬁ5?rna?h?aéﬁﬂﬁhn9fyééﬁsanﬁh@%ﬂﬁ%$§ﬂﬁ¢%ﬁ%ﬂ%oﬁ®@s|t|on of

clay and saad. Ihgzuaﬂ@dsnpr ls@OWDJHa&BS and ukech@uaed a hervapdtylinclined
shank 20 t t he f#uke 10,.and at its outer, end provi ded

with an angﬁoplace |ne §ndT AndRdF Tt s HaBSeSATFAL v 36 Sy ntREri cal with
respect tolnghtveensc‘aiw oagrfw ndd prthoneldy symespyndiwivhftigare 1 a

verticaj Chess$oR8Eti ORoPf 24501 1519 d S %Q%mlltau%ger tQ exppse its
buried, subterranean anchored position. The anchor 1 formed to be

|ntroducedgFﬁth?ﬁéO%%%hgffﬁ@tb?%uﬁﬂdQtQ% 8856?@?%gv?6té¢%%n%%?%?lon path T
in a forwaid dhmehtgrmwxﬁyFmﬂmﬂdmmvanlﬂ%spﬂmﬁh&@ﬂwalIy parallel to the

| ongi tudi nal pl ane of, %y@l‘ﬁ%r&s ahd %@%5%88% cig;sg)lh{k?ecél qn, the; anchor 1

can be pulled out of t hori ng groun infigure 2 the
fluke 10 i 9ceprsPELeR e@nd t B &‘tlélr%irt%f afiicataRmie qadgors| @l”edévlér its

wi dt h o@rrpéhseﬁ arbasgepldif ikswhbeh @iid hephl 084t O6n batsly sidese of centre
| ongi t udi nal g Ee Nlnerg S |nto a flrst %€$ ul ar frontdenddlz and a
second 35 PPP ﬁg far® ¥ ontentdS§s, +%gﬁ¥i:9 38 i¢h +FRItREYPRhet ration
directi on Pspadtsn maps b¢. Athet hestmm& of divisional patent
applications relating thereto. This particularly
applies to the measures and aspects that are described

156 per se in the sub claims.
SHORT DESCRIPTION OF THE DRAWINGS

The invention will be elucidated on the basis

20 of a number of exemplary embodiments shown in the
attached schematic drawings, in which:

figure 1 shows a side wview of an anchor
according to the invention that has been introduced
into soil of an anchoring ground, having a measuring

25 device for the optical measuring of the displacement of
the anchor with respect to the so0il of the anchoring
ground;

figure 2 shows an isometric front view of the
anchor according to figure 1;

30 figure 3 shows an isometric front view of the
optical measuring device according to the circle III of
figure 2;

figure 4 shows a view of the optical measuring
device according to figure 3 in disassembled condition;

35 figure 5 shows a longitudinal section of the
optical measuring device according to the line V-V in

figure 3;



the base plate 11 nerges into two diagonally downwardly oriented side
plates 15. Fromthe tips 14, below the 9 front ends 12 two parall el

| ongi t udiwel2o/me@rs 16 extend bel ow the base plate 11 PoToNIdenr/s5e07
reinforce them Above the base plate 11 at the | ocation of the |ongitudinal
girders 16 the fluke 10 is provided wgth 5 upright attachnent lips 17, 18
with attachnment pins 19 with which the fluke 10 is coupled to the shank 20.
The shank 20 is constructed with a first plate-shaped shank leg 21 and a
second pl at e- shaped SHiHIE | & ZNCAHT clR oV i8% i A8t BPEEPaFkiprovefled with 10
fixing hol astabrougt whheh cprG I Ngned N\5r iy eytendel Alceaupligngebhe shank
20 to the tfl. ugeelg), At a second outer end facing away fromthe fl uke 10,
the first shank | eg 21 and the second shank | eg 22 are provided with a
first end ear 23 andfiwetolfd kerthoeadepd ctibnsesfebbivvehy. oBetwekn t he end

ears 2% 2deaAsGPYRYi &Gy etEMRM 2P P RF GagRdated fes coupling the anchor 1
to an anchoring line 8. The coupling el enment 25 can be provided with

el ectroni cs capabl e of neasuring the deformati on of the coupling el enment 25
as a result of 20 the pulling force of the anchoring Iine 8 on the coupling

el ement 25 h e k leg 21 and the second shank
Thembb Needihlker Aol dieyly bRl

leg 22 wit Irst plate section and a second plate section 27 extend
parallel to each other and to the |ongitudinal plane of 25 symmetry Min an

upwar diy inclined dirgatdn. 1Subgeguent Iyndihe {irstepl atgnsgsti on 26 and

t he second Iatg.sec%ion 27 rrer?lﬁ intofa third gl at e seﬁ}lt]ion 28 and a
fourth plafeC8B2tiont202" r BURRATSRY yOr WhirEh PEeUbhRP d OiT eRRFRRAT i ncl i ne

t owar ds eathiet hdrpbed30oconuehgeind\l bagvyhearit engt boféet shaskchegs 21, 22

are connectegd t ogeach Qf hgl Py ARaRs 0f itd apsverss.pl atgs 130 shown in
figure 1 the,gnchor 1ri93ts %r%vi%led Wi th an opt?’lcgl wrreasulrﬁlscn% deﬁ%e 4 t hat

i s arrange@®bdh 38 ffe d r&CHR B sPERYTh 26T8F Ehe AcHRATICD TRE anchor 1
furthers coupei sesa@in mopustdsr mageip 3 e@rsanotrher soil 90 is a

composition of clay and sand. The anchor 1 comprises a
fluke 10 and a forwardly inclined shank 20 that is
upright from the fluke 10 and at its outer end provided
with an anchoring line 8. The anchor 1 is substantially

20 symmetrical with respect to its wvertical longitudinal
plane of symmetry M. In figure 1 a vertical cross-
section of the soil 90 is shown, in order to expose its
buried, subterranean anchored position. The anchor 1 is
formed to be introduced into the anchoring ground 9

25 according to a penetration path T in a forward
direction of penetration P substantially parallel to
the longitudinal plane of symmetry M. In the opposite
direction the anchor 1 can be pulled out of the
anchoring ground 9.

30 As shown in figure 2 the fluke 10 1is
constructed with plate parts and at the rear side over
its width comprises a base plate 11 which at the front
on both sides of centre longitudinal plane M merges
into a first triangular front end 12 and a second

35 triangular front end 13, respectively, which in the
penetration direction P end in tips 14. At the sides
the base plate 11 merges into two diagonally downwardly
oriented side plates 15. From the tips 14, below the



sui tabl e conmuni cati on neans for transmtting data to an installation ship
that is not shown and/or receiving 10 data fromthe installation ship that
i s not shwomnoi2liresimodem 31 is coupled to the optical neasumingndewvioce 4 via
a communi cation cable 32 and a pull relief 33. The comuni cation cable 32
has a |l ength counteracting that 5 thesnodem 31 di sappears bel ow t he
anchoring ground 9. In an alternative enbodi nent that is not shown, the
nodem 31 can al so be fixedly arranged on the anchor 1, for instance

adj acent t hECBpt i TS ndfsufRg BREFEESH oPRAdUdingl ppardesdctibn 26. The
nodem 31 i axtball tedewl(HH shppeapsahbel avt t he ancheritg gedonhfdrOein the

soil 90. T tr t i g ransmtt by the.npdem 3 hen has to
be adj ust egﬁgﬁj t %ggbghghﬁoggﬁélgg%té ?gr {ga% ngg%p%iﬁ,cgﬁéggi nors% a%%ée Si X
metres, sufpngésudbnphsgirfesagh bt Hrsofluo® AAd iseaeteryined ngidlhl ation 15

ship. Te {i;psight ahteBcERERt i $ipsoizded gt AN @custdrit Pdem that is not
shown, for COﬁEunl catlgnhﬁth the .nodem 31 on thg1 an%hoF( % In an

al t er nat i vBERbBY ARntRE Mtttk Tott SHEHR L Sth& CaiRof P s “Br ovi ded with a
comuni cation cabl e THat shanki n8bante extresidsuafe0wicht he ifAstat!| ation
ship. Wt hosueb.an comunieald oncgable L optifaloiPagustoosgylge 4 can be
supplied th electricity fromthe 1nstallation ship. , , Prior to
t he situat FBANAs 18Fovr? i WriFlyuPe B theStanéhef PhRasPiV €99 réithosition on
t he anmdhor engird goousdtBratigdephich. sEr@ringt @imt 100 shighdnasoexerted a

force N on_the anchor 1 via the anchoring Line 8, as result of which the
bnchor 1 reonst RS et Thdnt s GEdC Bt bt e Bone tRTEEMM a
penet rati opupat h endupfeoingsevmwl posint iOre aflakewnl@n fihguréidsat a 30

certain dephhnf hBqt B anchofhd9sgEONAdsBanktha e3NCh0r, de apHoE g QP i Cal
measuring devjce 4 flxedl%/ attached_thereto are thgndaiully sur?r#)unded by
h

the soil 98%6F thefdAchorfHy GFBund39.2Vhed t ABSAR N9p¢8E tAif ough t he
soil 91 thessoettistigesBeelathveha tdndespest 13, t he 35 aogbbind past the

measuring ' 4,c . S i j qur : piical
measur i ng géﬂln%gt 42|5_slf)r%§:/f:oe oo&\?fzﬁd aﬂﬁl r%{)ﬁg#e%l ﬁ%%baertrlaﬁofoa{ndgg second
shel | menbeh ANARGIrdRY ol ¢ y8forThey prepdype elpment 25 can be

provided with electronics capable of measuring the
deformation of the coupling element 25 as a result of
20 the pulling force of the anchoring 1line 8 on the
coupling element 25. From the fluke 10, the first shank
leg 21 and the second shank leg 22 with a first plate
section 26 and a second plate section 27 extend
parallel to each other and to the longitudinal plane of
25 symmetry M in an upwardly inclined direction.
Subsequently the first plate section 26 and the second
plate section 27 merge into a third plate section 28
and a fourth plate section 29, respectively, which in
upward direction incline towards each other or
30 converge. Along their length the shank legs 21, 22 are
connected to each other by means of transverse plates

30.
As shown in figure 1 the anchor 1 is provided
with an optical measuring device 4 that is arranged on
35 the first plate section 26 of the anchor 1. The anchor
1 further comprises an acoustic modem 31 or another
suitable communication means for transmitting data to

an installation ship that is not shown and/or receiving



housi ng 40. The shell nenbers 41, 42 are placed tightly agai nst each ot her
by bolts 48 and then connect to each other seanlessly, for instance by
means of wowai2xmnséight sealing or glued joint, in order tPtoTNIQVREOSI®IeEctric
5 conponents to be described further and acconmodated in the pressure
housi ng 40 agai nst the water outside wf the pressure housing 40. The
electric conmponents are fed by a battery or a supply cable that is not
shown and that is connected to an external electricity 10 source. The
communi cat PBRacaBPE 3beedtdits llRE 1pPe $8HPe Hitsiify 20 vFROYThe PURI relief

33, and atmbhah Bocatd arouslednnectad topttike 1elnecdgurG neo rpaniadd s4
The first shell nenber .41 Egnp%§%gde%2mﬁth a C|pﬁylar {Q§p§§t|99 openi ng 43

and a circﬁﬁ%rasFﬁﬁpufécaFass I's osgﬁq n t'he |H§%%c i on” opening 43 and

seal i ng t heoimmgpécat bpn opemﬁg323hﬁ@t er tleath Theunighmciglingstdat has an

outer sgirfage 4%d@ﬁ!Qﬂ.a&1§{§?6&¥§|9518% Eh@'@d&ﬂbﬁi&g"Jﬂﬁﬂhﬁr941 connects
flush to the first _shell er 41, so.that the soil 90 surroundlng 20 the

anchor 1 afnB t3He BﬁFFEHFthﬁﬁsd?v?ﬁmeﬁﬂ that, dSapPet ¢ #ROMBut hiYSsli de over
t he outer sudéacél4@aaf atibe Heghiiglddss aﬂcéh:an'ﬁha@i out erthesuaficlcer 49, ext ends

subst ant i ak}>¥ FE?}EE‘EB?E 5%9&{ :vfﬁérhgﬂ;g![ﬁ exﬁééé"];r%@g aﬁ@vi@@ 21"35111' cal

| ongi t udi na ane o ass” 44 1s nade o
coIourlessth?r§ﬁ§§éréﬁﬁﬂﬁf%QQ%%QQM%#H Hh%nﬁﬁﬁemlﬁé gﬂhs%ha$a?@ﬁ%ularly

S?pp_hl T® gH@@gppé@r@a}bél&W Fmae Sé(ﬁ&ﬂil@firﬁ}g s%p@md €9 gir?sﬁh@f s@i¥sgal l'i sed

al um ni um gxi de ir ass .has .t advant age ,Q avin e 0 No pores
and irregu?g?lnggnggﬂ Q’sﬁ?ﬁ%ﬁg'qﬁﬁVbSVer sap h|ql %%s ﬁ%é a
particulartyehlghﬁhatdndss adguatedswie oGhawhitthe weadenf hhda§cratch|ng t he

out er SurféE?tQQnOfdéﬂ)c% si ght ol ass.ft4 due it Oméﬁ)fés 90 ssifirdicRg past it can
be counteracted. 35As shown in figure 4 the optical neasurlnghdeV|ce 4 is

provi ded mP?ﬁsa*HHFHé?l4§hGWHﬁﬂ+lstPgldﬁi aE?B%E tHe i AEPEELTBhIBPeni ng 43
in theigirshiphel fheenterst4llssiaht acheg t d ¢ heoseciatel shelth meaber 42, 12

The optical Qg%' %(c%‘éb) ggagacogrp osces}s]ﬁ‘?whghtfosrouf:SS{laﬂﬁicilQEoﬁ”Stance a

l'i ght enlt?lng or aser is fixed I'sposed in or at
t he hol der w4sh A@esmmMﬁMrﬁil@0réh§t¢ﬁ?m¢@hﬂ sd@rd§1461éﬁfvétaV$lght 5

beam L froahbbslxh@h@lethéé iwhingh IthQJwtn be;a{@ RASSRS thrpygpr&h@déaght gl ass
44 at an eni ssion a Qg |ong£ % use | ens t gsed bet ween
the | i ant Bbohca fGNaNEICRE BN REob? aEBahatan CeTaRet P OEPREE Fho I | oht
beam L2@ni tbedtloy tihetkilghtisourseipr Mikés 40ch he | cghtwbheaat dohfuse. The
i ght beam%g-buel Ltfﬂenaéﬁél Paﬁgagmﬁﬂt R Q! e@gf% the apcherLag ground 9

whi ch at at nmonment 1's situated at the outsid he optical neasuring
device 4 iWithonteetrimktvuler™ s dawted 16 ioRe S§itght gl ass 44 or noves

past it. To 15 clarigyidwowd htBeW@ﬁ_K&at&Bﬁ d'SStm hiet wvepguitdeipart 91 of
t he soil 99 and t e o ter_surface 49 gf t he 3|gpt ass are schematical ly

shown in frgG r@ng Ni%h! 3 eXaddéPat &8 Star? nFeaf 'ty fhddpart 91 of
the so2% 90rwirhd Bea$iKmaﬁéd[}uglhenim$tﬁﬁliﬁlqn slyad nkas t pgerted

a force N on the anchor 1 via the anchoring line 8, as
a result of which the anchor 1 from the first position
described above has gone through a penetration path T
up to a second position as shown in figure 1 at a
30 certain depth E in the anchoring ground 9. The anchor 1
and the optical measuring device 4 fixedly attached
thereto are then fully surrounded by the soil 90 of the
anchoring ground 9. When the anchor moves through the
soil 90, the soil slides relative with respect to the

35 anchor 1 past the measuring device 4.
As shown in figure 3, the optical measuring
device 4 is provided with a first shell member 41 and a

second shell member 42 which jointly form a pressure



20 outer surface 49 of the sight glass 44. At |least a part of the Iight
beam L is reflected by the part 91 of the soil 90 and, as a plurality of
refl ecti omol2ophizssiays R at a reflection angle B, differect/Nzoemmwsassi on
angle A is reflected back to the sight glass 44. 25The optical measuring
device 4 furthernore conprises an optiical sensor 50 having a plurality of

| i ght detectors for receiving the reflection |ight rays R The opti cal
sensor 50 in this exanple conprises a plurality of photodiodes 51 that are
pl aced in 8°YFo0p 48-i hhg §agg%emambar6r4é mfr Pxei Rl1aFedr tightdym a |i ght -
sensitive sga$ﬁétsuétﬁcet55r HpebSEﬂgonssuﬁaaeaeESC@xh@aQSt§ues&antlalIy

paral | el section 26 and the vert cal nal pl ane
of synnetrgthF§T%egﬁ% ?LngdegrSingF%n%%n%%c?%% vi8 a 3§ag?? g£
circuit-boardlsngt ®ra @hW%@Iapnch,aﬂdldgr@eprdcesgI¢qunnelSBtrio whi ch t he

phot odimdesohpohBet ¥i ddaley Hg i e mtﬁenatamggegém%bé{@d qyantity of

| i ght deteg%ed q%;ggig c%gggg§l Bhotodlodes 51

against the water outside of
the pressure housing 40. The electric components are
fed by a battery or a supply cable that is not shown
and that 1is connected to an external electricity
10 source. The communication cable 32 enters the pressure
housing 40 via the pull relief 33, and at that location
1s connected to the electric components.
The first shell member 41 is provided with a
circular inspection opening 43 and a circular sight
15 glass 44 disposed in the inspection opening 43 and
sealing the inspection opening 43 watertight. The sight
glass 44 has an outer surface 49 which at the outside
of the first shell member 41 connects flush to the
first shell member 41, so that the soil 90 surrounding
20 the anchor 1 and the optical measuring device 4 are
able to smoothly slide over the outer surface 49 of the
sight glass 44. The outer surface 49 extends
substantially parallel to the first plate section 26
and the vertical longitudinal plane of symmetry M. The
25 sight glass 44 is made of colourless, transparent or
translucent diamond-like glass, particularly sapphire
glass, in particular synthetic sapphire glass of
crystallised aluminium oxide. Sapphire glass has the
advantage of having few to no pores and irregularities
30 in the surface. Moreover sapphire glass has a
particularly high hardness, as a result of which wear
of and scratching the outer surface 49 of the sight
glass 44 due to soil 90 sliding past it can be
counteracted.
35 As shown 1in figure 4 the optical measuring
device 4 is provided with a holder 45 which straight
across the inspection opening 43 in the first shell

member 41 is attached to the second shell member 42.



13 phot odi odes 51 have a linear characteristic as regards the conversion of
incident light into electric signals. Photodi odes 51 can noreover quickly
respond twowvarz®@séions in light intensity. 5As shown in PrcgwieoB/ostwe7 anchor
1is also provided with an inclinonmeter 58 which in this enbodinent is
accomodated in the optical neasuringzdevice 4. In an alternative

enbodi nent that is not shown the inclinoneter 58 can al so be arranged on a

10 dlfferent | ocation at the anchor 1, for instance near or in the coupling
el enent 25Th¢hePFAERINBRRPBF1IBE PEBUTHes AFRr hpRUtat hEIPFt EAUER rol | or
the angle a%,i nﬁ:dn nahs@anaad & ollighg rmﬁitansug)f dhbeeancltm lowi tdh respect

to graV|tylg ané ?Rg%rggt% ngiﬁeggééﬁes t n1§ gggq% ﬁofnd a Qotlonal

hori zont al ere e regul ar p05|t|on of
t he anchorAﬁ shoghowh ﬁngﬂmguﬁetbe\Mﬂghﬁrﬁqqn§QEﬁﬁ3?W%ﬁ% a41loghthe fl uke

10 ext @dSbeaﬁalLl elerbR thee nabherzl hori zental Pi@ﬁ"@ #RAnt hgashank 20 is
p03|t|oned ggt 0 therefro The ga a of the ncllnonet? 58 are either

directly cb S h&*88Fc SIson nddafd pTBtessihg 2A€ 53 of the
opti cal HEQSUEDﬂglﬂEVBCélﬁfUSE aeest iandirspodeed sepavadel yhei dighe nodem 31

tothe instahiati an ship. ohy Widgt torhe coRDLAGAL NaLE Wl hofgeihe data of

the optical neasurin ptical neasurin vice 4°iIs provided
with a | en§ha7ligat i @ﬂtﬁuﬁ@&F%ﬁﬁwk%ntpﬁelﬂﬁéﬁodﬂbﬂé§ FIC ofa ke optlca
sensor1®0 and thghsi @l@bmgldas_fsuéé m% henmtd bhas @ {orahigisdange F

situated in tP sensor_, 30 surf e 2P o of tqug }{§a1_§§ns ro 50 mhéch surface
is formed By hg ﬁ% gloébs 5%’ iH orterit conﬁ%r% ‘Fhe re¥?% ion |ight
rays R inchdenthahrOMQMHﬂhel§lghutghas@ 42t | rthtehe oditisédei onfof thde
i ndi vi dual ,photQdi 0f€Ssuring device 4 in front of the outer

surface 49 of the sight glass 44 or moves past it. To

16 clarify how this works, the distance between the part
91 of the soil 90 and the outer surface 49 of the sight
glass are schematically shown in figure 6 in a highly
exaggerated manner. In reality the part 91 of the soil
90 will be situated Jjust in front of or against the

20 outer surface 49 of the sight glass 44. At least a part
of the light beam L is reflected by the part 91 of the
soil 90 and, as a plurality of reflection light rays R
at a reflection angle B, different from emission angle
A, 1s reflected back to the sight glass 44.

25 The optical measuring device 4 furthermore
comprises an optical sensor 50 having a plurality of
light detectors for receiving the reflection light rays
R. The optical sensor 50 in this example comprises a
plurality of photodiodes 51 that are placed in a group

30 in a square grid or a matrix in order to form a light-
sensitive sensor surface ©55. The sensor surface 55
extends substantially parallel to the first plate
section 26 and the vertical longitudinal plane of
symmetry M. The photodiodes 51 are connected via a

35 printed circuit-board 52 to a calculation and data
processing unit 53, to which the photodiodes 51
individually give a signal that depends on the quantity
of light detected by the individual photodiodes 51. The



51. Due to the lens 47 a nore distinct or focused 35 representation of the
soil 90 can be obtained. Wien choosing the di stances between the | ens 47,

t he si ghtwglamsi2dsizand the optical sensor 50 the refracrrraizogesoo? t he
sapphire glass is taken into account, which 14 index is able to slightly

i nfluence the paths of the reflectionslight rays R Figure 6
and 7A-D show the working of the optical measuring device 4. 5Figure 6
shows the sjtuation in which the |ight beamL has been emtted by the |ight
source 46 BRAtPAE’ERS t At olighet e Yimdisparlentaigitstdlcasss 4depdirdapphire

gl ass. Thethéghbnb@aﬁldmlbfuﬂhﬁﬂcﬂ@ﬁttbﬁgﬁ@' in09 éh@ét@ﬂct@j?g@éli@ de of the
opti cal ?EUf %9% $¥|c%110 4 slides past the o ical neasurrng devi ce 4,
a 9

particul ar of TR sdiATeEY Shhi cA Lt “that TRSRBAE i stLituated in
front of there@te¢DSLnﬁe&%ghK)xﬁtQﬂaauM ght glass 44. The part 91 of the

soi | 9G that is visifyespBraugh, tbgﬁefehte glcﬁésa%h'oe Pf esged, agai nst 15

the outer surface 49 of the sight glass he overpressure prevailing
at depth EPTa¥ideq eshiFh thé”%lgﬁﬂckﬂﬁﬁﬂﬁtﬁf sh%%s yhigRal ¢r osEhs®ction of
the soil 98mbdgimdret Neias Ukicegmoledbhced4 is d‘Jl’ﬁEDOS)@dl@Qlt heedsutisingl at e

section 26??€gcéh?%fr&§t Aagﬁt%e% t?@e26ehﬂo§?ﬁ nornal Luse ext ends

substanti a e verti cal t he CrosSs-sec Eron of the E0il 90 in
general i sShovyer ttheal lfé@bls@l%eé‘{ﬁﬁ ohBofcarheakap| bg0. amranasd | 090 has an

irreguicar girpetene 1ekEhecbhngtt b&lé |ﬂ"ft§hdlaY§ ofrotrhe ddtahcbaam L _
i rregul arl esult not all %& 25 retur .as reflectjon |ight
I~a

é' A3, 8 % e in no b8
rays R at &hgld B*fr oty +ﬂ95|d' clinomedRe i3y vi dua
phot odi odesr&iidds t i@t @peboat sSkaspitbb deﬁeablﬂherrmwauadgﬂeId@ht rays R

returning atcangle & thrQuahtne sight; glasgr44nMichfAYS as: @,
respect to gravity that 1is directed perpendicularly
15 downwards and a notional horizontal plane that is at
right angles thereto. The regular position of the
anchor 1 is shown in figure 1, wherein the base plate
11 of the fluke 10 extends parallel to the notional
horizontal plane and the shank 20 is positioned upright
20 therefrom. The data of the inclinometer 58 are either
directly combined in the calculation and data
processing unit 53 of the optical measuring device 4,
or are transmitted separately via the modem 31 to the
installation ship, in order to be combined there with

25 the data of the optical measuring device 4.
The optical measuring device 4 is provided
with a lens 47 that is situated between the photodiodes
51 of the optical sensor 50 and the sight glass 44. The
lens 47 has a focal distance F situated in the sensor
30 surface 55 of the optical sensor 50 which surface 1is
formed by the photodiodes 51, in order to converge the
reflection 1light rays R incident through the sight
glass 44 in the direction of the individual photodiodes
51. Due to the 1lens 47 a more distinct or focused
35 representation of the soil 90 can be obtained. When
choosing the distances between the lens 47, the sight
glass 44 and the optical sensor 50 the refractive index

of the sapphire glass 1is taken into account, which



30 result of the irregularities in the structure of the soil 90 have not
been refl ected everywhere to the sane extent. This influences the Iight

i ntensit iwe 2btvas@re detected by the individual photodi edesNiadiz/eésiogzhown in
figure 6 each photodi ode 51 covers 35 an individual part of the sensor
surface 55 of the Iight sensor 50. Each photodi ode 51 individually converts
the locally detected light intensity into a signal which according to a

predetermned ratio 15 corresponds linearly with the detected |ight
i ntensi ty. 1PAEXvAS a8 Yhs tPn 4ight Livnt Bnslugnas ethadipeabed 9t fhgures 7A-D
by means oftediéteientliypesrdfs @t chings. The | egend 60 schematically shows

the light intensities, 5 correspondi-ng W th the hatchipngs by s of a sun
with |ight rays. Th:ksls Yral & of"'¢ heﬂpkll)ot %%?"(’)dgt?%lw%]égg%% ﬁfg‘éggied by the
cal cul ati oarahdadanaa protessigiaemid. 53 into a two-di nensi onal

reprodugtion, represerdatd o OshphSt U 61i0fathendefectedhefLgetion |ight
rays R 10 detected by the photodi odes 51, which reproduction is divided
into segnent 9t TRE e o}aﬁgt' 6616 P tegh RS e hP gt ivEDSf SHFGRare®91 of the
soil 90 whieoH atasses nomeniglof thhe trrecerdiregtwasight uglledsi 4 reat of the
outer surf f .t sight. g 4 he 15 r |_ytion o

r epr oduct i %%sgiﬂf?ﬁgp % gsénqﬁ?e. %u ntité?/a;‘o(f %p_r]%oa‘tlélgr?ig1 :~a£seSSTtha(:'£1dg %ure 6
shows an eX8gyErat O ItHR miHseds rehores Bt skl KeasuhtndpdeEafe measuri ng

devi cer@t war kssliiies hi ghsy sitmpl | féeeh d@nnemeakrigal i tdetike sepsor surface
55 of the gptjical,sensor, 20 50 c be. fornmed by far instance f ew hundred
to a few tﬁgﬁééﬁ‘dl%ﬁg}’oépgdggrgl,agqvm?%ht?%sﬁf’fi igﬁ A HiGhett r&%? ution and
a greater mewanhcyis situated inWheepehsof hehanchoer lspatses 4firofigh t he

penetratiopnpakhgily gSakBdiygat edel Rfiguie b e 5 anghor, Je mpyes through
the soil 90, Als0O in"case of pulling the anchor, 1 out of the anchoring
ground 9, VASEPHEt FhESHERar et StHE pehet? affordl HaRFEISed nddamehbr 1 noves

througtt t hehsoidut¥x Fhefaoel £9 iof bohd ceasgs ngvessrefat bye twethe
opt i cal UES%EQPQ? Yé Cgur%vgc_h?%%gacch@q dte%ﬁkhelz angfior, 1. Figures, /A-D show
er rroa o e I n

how, during a arn p ich the .anchoresf I's novi ng
t hr ough t héigbt| g9essséddersdiovpara slarlospis gtreaddidn IE aflee sseihted in

front of tbhe.onkernhsuikace r48q0ficthecsisghts dasgsoAd Jhept fcake sensor 50
records plate section 26 and the first plate section 26 in case
20 of normal use extends substantially in the vertical
plane, the cross-section of the soil 90 in general is a
vertical cross-section of the soil 90. The soil 90 has
an irregular structure reflecting the light rays of the
light beam L irregularly. As a result not all 1light
25 rays return as reflection 1light rays R at angle B
through the sight glass 44.
The individual photodiodes 51 of the optical
sensor 50 detect the reflection light rays R returning
at angle B through the sight glass 44, which rays as a
30 result of the irreqgularities in the structure of the
soil 90 have not been reflected everywhere to the same
extent. This influences the light intensities that are
detected by the individual photodiodes 51.
As shown in figure 6 each photodiode 51 covers
35 an individual part of the sensor surface 55 of the
light sensor 50. Each photodiode 51 individually
converts the 1locally detected light intensity into a

signal which according to a predetermined ratio



35 reflection light rays Rreflected by the consecutive parts 91-94 of the
soil 90 at a certain constant frequency or a constant interval. 16

Fi gures AwoDoshassiiow t he signals of the |ight sensor 5@cowanoR/semntai n
period of tinme have been processed by the cal cul ati on and data processing
unit 53 into, in this exanple, four aensecutive 5 reproductions 61-64. Each
reproduction 61-64 contains a pattern of light intensities representative
of the reflection light rays R as reflected b%/ t he consecutive parts 91-94

of the soi FOBPEFRCRER sHAPRhbY sVt Hkeh@t debertednsisiiti vREFRFERYs in ti me.
The cal cul ahéonvatidatlibrdat dnpr degssi NpnteditH3 iaxepr aviddedtwdt him st or age

medi umin ' a [ t ast.t cutive repr ' 61- 64 can
be stored i néggﬁgrggabbg a%leea 1(:% 0 chon%gfr% t%gcm%v&h%%s eﬁghgggﬁgr?g%he
frequency dhet hegentdepVabcheraeepathe sepradileei dbhghblivgengiehe®sen such 15

t ha}g t @48@6%rf’%}pé$@irﬁ?i d¢i|t9f0 ﬁ%t%mﬂgygﬁd?éaﬁé rofnta ofud E@;{@wt eL t
surface 0 e sig ass uring a firs wo snapshots taken a
consecut i ver#BheAfYSin ?Igﬁ“ﬂs?l‘?%a]s?i PE ath9 e%l%?t%‘gjr?‘is%? I gtﬂprc@é’en]?ei n front
of the outprosessadebsd9 tife t bl culpitiqi agsd44ladar i prpadss i2Qy secdnd

snapshot . E§§f-%ft%b'av p@-é{rﬁ%wapfrégfo&@@gﬁmSr'?ﬁrégeabgt{&vge of

appr oxi mat e twenty-five sn ots per second to a few hundred, preferably
a few t houshn®16h4p&hdtls PertRecHRbecind &&féarairon ldRdtdate oridcessi ng
unit 5@ i sdebeptoyi 8ed tMd hplebesdiom € 61 ) Cwihtisht hadp wodncadapt eds f or

recogni zi ngi‘trhgegat terns on trqenggsi S Cg}ieconrter asts, l%%ta\f\leenﬂhe det ect ed
l'ight i nt ef&1 1785 per repro&gctel 6ii° 61-64° THecal culation and data

processi ngrepres&8tatiere def echenearthdlsiof | ahet sedli PO heridtoghi zed

patterns 30Dhbelugenct wor CORsecUtiby8ihePrRAlCsi ORsted Okni NSiRfCE et veen the
first reproduction 61 and the second _

the outer surface 49 of the sight glass 44. The

15 resolution of the reproduction 61 depends on the

quantity of photodiodes 51 and figure 6 shows an

exaggerated low number in order to show how the optical

measuring device 4 works in a highly simplified manner.

In reality the sensor surface 55 of the optical sensor

20 50 can be formed by for instance a few hundred to a few

thousand photodiodes 51, which results in a higher
resolution and a greater accuracy.

Whereas the anchor 1 passes through the

penetration path T, as indicated in figure 1, the

25 anchor 1 moves through the soil 90. Also in case of

pulling the anchor 1 out of the anchoring ground 9, in

a path contrary to the penetration path T, the anchor 1

/ moves through the soil 90. The soil 90 in both cases

moves relative to the optical measuring device 4

30 attached to the anchor 1. Figures 7A-D show how, during

a certain period of time in which the anchor 1 is

moving through the socil 90, several parts 91-94 of the

soil 90 are situated in front of the outer surface 49

of the sight glass 44. The optical sensor 50 records

36 reflection light rays R reflected by the consecutive

parts 91-94 of the soil 90 at a certain constant

frequency or a constant interval.



reproduction 62, as shown in figures 7A and 7B. Finally the cal cul ati on and
data processing unit 53 determ nes a horizontal displacenent conponent X1
and a verwocai2/1381di spl acenent conponent Yl of the secomdTpanorrosoion
reproduction 62 with respect to the first pattern in reproduction 61. On
the basis of the horizontal displacemsnt conponent X1 and the vertical

di spl acenent 17 conponent Yl the relative soil displacenent U of the

second pattern with respect to the first gattern can be determ ned, which
is representative off YR SSe|’d D&Y POYi §pPagéfBats UPL ofP@ot19W with
respect toséheob il i ogkrneaswdrigidevpeeidd Wt h tameaddbtreonsdercal cul ati on

action the i pn and dat cessing. unit 53 is abl.e to convert the
relative d?g%{:%%ée%%n?yuﬁhoef (f%gc@%%l% <%}vll(%’(flhIglratecéipepcrtocteosStlﬁlég olf)rflltcal
measuring @évi cénioj nt oian oppdsi t e arrtide. di spfacenmencondeefitite 10
opti cals measyrbfig- B £ ec s andei her efor e e anchored dddtairss fd xedly
connected thereto, Vit respect to the soil 90. , In figure 70
the rel atiRatsdft of p|5aﬂc03}¥gntl“l§f“&flttlﬁé t REPEEParE283Ysf ©he S¥71 90 with
respect toréhkedbisecbightpardy92R oéist hefsacted®y stishovwnsSaidids spl acenent
U2 is det e%é?@ﬁ' @1LP2 & e d@g?%' lyed 14P°¥ﬁeb%n%géhb'tghtca%%%soét 50 and
processed by the calculation an ata processing unit 53 into a rel ated
val ue for fRerr EPAERFELAKEhACTENS S| adenkhfe v2 Th2o |G ¥G\gdrtd orD aké rel ati ve
soi | diepl ageaerddz @fingheuhour tdB past Bdovfdéde wsaH 90 stdhagespect to
the third pant 93 .of t %Eoil 9}9 IS shogﬂ Saidcdis | acenent U3 is detected
t

in the manfer#8sch bd oveE By {HES Setitor B a%%n%?%%%%%%d by the

reproductions 61-64 can be stored in order to be able

to compare them with each other. The frequency of the

interval between the reproductions 61-64 is chosen such

15 that the part of the soil 90 that was situated in front

of the outer surface 49 of the sight glass 44 during a

first of two snapshots taken at consecutive moments in

time, 1is still at least partially present in front of

the outer surface 49 of the sight glass 44 during the

20 second snapshot. Preferably the frequency of the

snapshots 1is in the range of approximately twenty-five

snapshots per second to a few hundred, preferably a few
thousand snapshots per second.

The calculation and data processing unit 53 is

25 provided with electronic circuits that are adapted for

recognizing the patterns on the basis of contrasts

between the detected light intensities per reproduction

©1-64. The calculation and data processing unit 53 then

determines the similarities in the recognized patterns

30 between two consecutive reproductions, for instance

between the first reproduction 61 and the second

reproduction 62, as shown in figures 7A and 7B. Finally

the calculation and data processing unit 53 determines

a horizontal displacement component X1 and a vertical

35 displacement component Y1 of the second pattern in

reproduction 62 with respect to the first pattern in

reproduction 61. On the basis of the horizontal

displacement component X1 and the vertical displacement



25 cal cul ation and data processing unit 53 into a related value for the

rel ati ve anchor displacenent V3. In the neasuring device 4 or
on the i ngpabizatsan ship the data about the rel ative anebomNidiepsaoerent
V1-V3 with respect to the soil 90 are 30 conbined with the neasuring data
of the inclinoneter 58 about the pitaly and roll of the anchor 1 with
respect to the regular position of the anchor 1. Depending on the deviating
position of the anchor 1 as nmeasured by the inclinoneter 58, the data of
the anchor c8BPERERF addndhte Vac ki e 8@ LisPégplaserpnt Uhe Geati ed

hori zont al sdcspliapeteatn coipRneassedt - X3 and fhsst/epét@@in d¢§rplla§errent
conponents g Y Y3. mﬁthln th |I%ht senS|t|ve sensor face 35 do actual ly
18 correspon mntﬁ?%ehotlona horlzonPa?p?aBe e$peﬂ%| Farr? athee

gravit ati opalldidiestlisoergnd the rdt i onial 9értwh@1 pEapectn twhi thegravity is

active, 5re§9€§&hY6|%e5§U¥%ﬁﬁa|U@évE%ethQ CO”ﬁ?@Ht'%ﬁy ophkopabhyy adj usted
relati ve anc dIS acenent's V1-V3 are reglstere y the cal cul ati on and

dat a proce§§Eﬁ6 ﬁﬁf N 53ChhgN atBegiFdEI? td HnﬁﬂF%a?%ﬁaVPéo?ﬁ%Sh%%nunlcatlon
cable 32 andithé&3mbderb3& to aocoaketl aheoneaandidat aidplpracessiy unit at

the Instalbatign shipy 8 Wity "SaldAL! 00 Shich ddie al s ol Lhe relative

anchor di splacenents V1-V3 can be shown on a d @%
By pIottlnéeYhéerélaPFQeaan@HBPSHFgpPa@@ﬂén@lﬁﬂl%Eﬁmﬁﬂtr%ﬁ utk¢on 62-64

agai nsto t hept i 881 Ohes8idiAd§ Hepieduati eng GarddbroaR ay axidmdd op of the

penetratlo th T _can be plotte nd .t he di spl.acenent eed of the anchor
can be cgpggléf 51xedqy Connecqe% gFﬁ |v&%} rﬁ?%éﬁ%ﬁ'ﬁ%r%h for

|nstance heeiizoh®al di spl acenent conponent X1- X3 and 20 vertical

di spl acenent conponepy ¢ Jgu\i% 7%;61%%' %%1%@'{}%”‘3bﬁﬁdd59pw8ezhé‘§$ ahpation ship
via the modem 31 in order  for themto grocesse there I n the nanner

descri bed 8bo¥Rei hRbrdaPREs abott Ehe ?%+ t PYe"hhehbPSRESHI BRebfit s V1- V3.
251 n tte embodhdenpadescribedbmbomest hgoopti @@l is shown. Said

displacement U2 1is detected 1in the manner described
above by the 1light sensor 50 and processed by the
calculation and data processing unit 53 into a related
value for the relative anchor displacement V2.

20 In figure 7D the relative soil displacement U3
of the fourth part 94 of the soil 90 with respect to
the third part 93 of the so0il 90 1is shown. Said
displacement U3 1is detected in the manner described
above by the light sensor 50 and processed by the

25 calculation and data processing unit 53 into a related
value for the relative anchor displacement V3.

In the measuring device 4 or on the
installation ship the data about the relative anchor
displacement V1-V3 with respect to the so0il 90 are

30 combined with the measuring data of the inclinometer 58
about the pitch and roll of the anchor 1 with respect
to the regular position of the anchor 1. Depending on
the deviating position of the anchor 1 as measured by
the inclinometer 58, the data of the anchor

35 displacement V1 can be adjusted, so that the measured
horizontal displacement components X1-X3 and the
vertical displacement components Y1-Y3 within the

light-sensitive sensor surface 55 do actually



measuring device 4 is disposed on the first plate section 26, so that the
optical sensor 50 at that location is able to perceive a substantially
vertical woese/reqari on of the soil 90 through the sight pgiragag03®séié7 | n an
alternative enbodi nent that is not shown, the optical neasuring device 4,
however, is disposed at an inclined sgrface of the anchor 1, for instance
at the first triangular front end 12, the second triangular front end 13,
the third plate section 28 or the fourth 35 plate section 29. Al so in other
types of anthbPSPeMat a¥ethot SRown, NeRECRBE i calorbERfrahg dRlAR® 4 can be
di sposed apespehosen pt ame, i clyrpretardbhy1duding-tiwen panat ratd on path T
s Tully shproynded Jy Saih 90 ¥ben  19,1he optl.eal, measuring, device 4 is
di sposed at an anchor "at a de |at|ngr1ocaf|on a deviating angle, the
optical sehns®peSOivElY- be able to perceive a diagonal cross-section of the

soi | 9G through the ®jghty0l@%S of the consecutive, optionally
adjusted relative anchor displacements V1-V3 are
registered by the calculation and data processing unit
53 and are directly communicated wvia the communication
cable 32 and the modem 31 to a calculation and data

10 processing unit at the installation ship. At the
installation ship the wvalues of the relative anchor
displacements V1-V3 can be visually shown on a display.

By plotting the relative anchor displacement
V1-V3 per reproduction 62-64 against the time of said

15 reproductions 62-64, an approximation of the
penetration path T can be plotted and the displacement
speed of the anchor 1 can be calculated.

Alternatively the rough data, for instance the
horizontal displacement component X1-X3 and the

20 vertical displacement component Y1-Y3, <can also be
transmitted to the installation ship wvia the modem 31
in order for them to be processed there in the manner
described above into values about the relative anchor
displacements V1-V3.

25 In the embodiment described above the optical
measuring device 4 1is disposed on the first plate
section 26, so that the optical sensor 50 at that
location is able to perceive a substantially vertical
cross-section of the so0il 90 through the sight glass

30 44, In an alternative embodiment that is not shown, the
optical measuring device 4, however, is disposed at an
inclined surface of the anchor 1, for instance at the
first triangular front end 12, the second triangular
front end 13, the third plate section 28 or the fourth

3b plate section 29. Also in other types of anchors that
are not shown, the optical measuring device 4 can be
disposed at a chosen plane, which preferably during the

penetration path T is fully surrounded by soil 90. When



5 44. The neasured displ acenent conponents will then represent different
directional data about the relative displacenent of the anchor 1 with
respect twotdoe/meélr 90. In an alternative enbodi nent thatTiNg.200105007 shown,
the anchor 1 is provided with a second optical neasuring device that
preferably is placed at right angles oo the optical measuring device 4
descri bed above. Such a second optical neasuring device 4 is able to

provi de addltlonal data, for instance about a third 15 directional
conponent . tNR PRAECAAYMERBUBERBt RATISH Hath FLeROTER AhcHor2NCR@R be

det er m nedatn &hrcﬁandaml Qas:athﬁab@uedaasczfelvmatqmgSI aebudedtenél | ustrate
t he operatlog pgg%grre qt ntsbgf %0 th%ééyggnlo langngft to limt
t he scope oF %ﬁe i Aiven |on from t e Fabove exp anat? on many

vari ati onscrpas- $a¢tlﬂmtﬁﬁnfﬂhe 5911|@0an@hS@@ye ohet d ghrtesehas$ nvent i on
will besevidentrho aﬂeﬁgﬁﬁg& disp 1@ t com onents lyifChEfenith a
nmeasuri ng device that i xedl attached e anchor for_neasuring the

di spl acenehEPbFSERE gbffeﬁ?T% ?gﬁﬁ%ﬁ{oq%}t %t%n%?%Yt Wher BF 2 thee neasuri ng
device is gispideement hoé lthghtarkcleourtewand aersppticalo sansoseilherein the
l'ight sourgg when operational emts a light beamillum nating a part of the
soi | opposite the neasuring device, wherein the soil reflects at |east a
part of the |ight ofl®helli gtes@amive t RELGAABEDFontbRTt heS neld’tri ng
devi ceio whenewn, 1theh%rwh'blrcal §§n§@bv§@€@r ms_@a a ldghinsenstiéye sensor
surface divided into(fqﬂ_ whi ch urf er se qgft %onverts the |ight
c

i nci dent aP°therto8atq= %h%tsé’ G to 2n Bt HhEE whi ch
accordi ng ﬁogaepradetéﬁﬁin@étnaaﬂo gox s espondsianiide t He dﬁﬁ@nsb¢@ of 15 the

inci dent | Lg8fe. "“é‘@éﬁ'& 5Be-HEASYE 1 891 dﬁ¥a§§rir§g opey Atd onal d yagpanected to
a cal cul ation and. data roce55|n%§un|t t hat, converts the signals into a

reproducti bR BEEVdea PAESTI8FARN tawhéPén%Q%ﬂ?Wﬁ%(ﬂh%ﬁ%d% GBhtrdat a
processs ngdunéttisnpr ovovaesnat h BnZOhstowagetnedpuﬂetﬁatBdmrpmgh

reproductigns at legast ggc PnsggHti%% no 1n% thglangh el ectric

circuit for recognising pa erns i n eac ored reproduc |ons
conparing ﬂh@emét@@ﬁlsed patterns of two consecutlve reproductions and on

the basis of the The above description is included to
illustrate the operation of preferred embodiments of

20 the invention and not to 1limit the scope of the
invention. Starting from the above explanation many
variations that fall within the spirit and scope of the

present invention will be evident to an expert.



25 conparison determ ning the displacenent of the pattern between the two

consecutive nonents in tine. 2. Anchor according to claim1,
wher ei n twe 20¥1i28@lr sensor conprises a plurality of |iglktTdakeriossi®7t hat
jointly formthe segnents of the Ii Q@hsensrtrve 30 sensor surface. 21
3. Anchor according to claim1l1 or 24 erein the segnents of the

| i ght-sensitive sensor surface are arranged in several rows and col unmss=
4. Anchor according to any one of the 5 preceding clains, wherein the |ight

source is provided with a light emtting diode or a Iaser 5.
Anchor according to any one of the clainms 2-4, wherein the |ight detectors
conpri se phot odi odes. 6. Anchor accordrng to any one of the 10

precedi ng clai ns, wherein the nmeasuring device conprises a housing that is
provi ded wFlaim® i nspection opening having a substantially transparent
sight glass in it, wherein the light sensor is placed behind the sight
glass in the housing and in the path of the light 15 incident through the
si ght gl ass. 7. Anchor according to claim®6, wherein the sight
gl ass is made of sapphire glass, particularly artificial sapphire glass,

particularly artrfrqraIAgaHBQ|r§a84 ?%e8£a§ﬁ¥§$ﬁlkk%ﬂQx@'H&%@'“f@ox'de

208. Anchor according to any one recedi erein the
nmeasuri ng H&¥FEEY| sa'b‘ri‘)%}il%d WPt hthe | e%%cﬁl?\rt h%O]E)atlﬂe%fmeHég r efrect ed

l'ight, wheaesplibendwcabrditgteansei of wtlhla | enspdSe stbuathed dmclosrat the
l'i ght - sensrtrve sensor surface (ﬁ chor ac édrn%hto any_jone of the

pr ecedi ng c?%r &r 8157°° uﬁéngnceVlﬁrs a Poﬁgr i al pIane ? symmetry,
wher ei P theorrgﬁtasénsntp@@lgeﬁs@ﬁn§@ﬂﬂacéuﬂxﬂehdgusubEQQ#n$@WtqeparalIeI

to the | onghtydipal-pl e ofmSYdMBt { YohB0d0am ADEDNGH RS Sl g4 o any one of

t he
of the soil opposite the measuring device, wherein the

soil reflects at least a part of the light of the light

beam in the direction of the measuring device, wherein

10 the optical sensor comprises a light-sensitive sensor

surface divided into segments, which surface per

segment converts the light incident at the location of

the segments into an electric signal which according to

a predetermined ratio corresponds with the intensity of

15 the incident 1light, wherein the measuring device 1is

operationally connected to a calculation and data

processing unit that converts the signals into a

reproduction divided into segments, wherein the

calculation and data processing unit is provided with a

20 storage medium for storing reproductions at least at

two consecutive moments in time and an electric circuit

for recognising patterns in each of the stored

reproductions, comparing the recognised patterns of two

consecutive reproductions and on the basis of the

25 comparison determining the displacement of the pattern
between the two consecutive moments in time.

2. Anchor according to claim 1, wherein the

optical sensor comprises a plurality of light detectors

that jointly form the segments of the light-sensitive

30 sensor surface.



precedi ng clai ns, wherein the anchor conprises a fluke and a shank that is
upright with respect to the fluke, wherein the shank conprises a plate
secti on ewbentymngsisubstantially parallel to the |ongitudcmalLpi2aseonf 35

symmetry and bearing the neasuring devi ce. 11. Anchor according
to any one of the preceding clains, wherein the anchor is provided with an
i nclinoneter. 22 12. Anchor according to any one of the

precedi ng clains, wherein the calcul ation and data processing unit is
accommodat ed in t he hodIFpr according tq3clagBhér Odccor dIRFYS any one of
t he 5 precegk ngeghahts, ovhehel 1 ilghe 3RERAL ive Re@Modeduridtea dra@ansm tter
for wirel ess data transm ssi.on fromthe transm tter to a vessel |ocated at
the water SuUf? e %ed irseveralirows fﬁld ,&nc Or >accor di ng to claim13, wherein
the cal cul ati on and 4dat Arpriovessiaeruding i stdi spogedoon t 1o 10thessel .

15. Anghorpprovdded i hmone,Reraph et thhgneharRelier s nor-deasiy es
descri bed |n the at tached descr i ption and/ﬁ shown in the attached
dr awi ngs. With a light emigging,diode pgagulPR§ devi ce, suitable to be 15

used on the anchor dccamiing tacamydione 0é bthe pnecedi ngec|@ladsus
17. Met hod t I - | of
od} oy :%?%éﬂ_fvé]’}g éheeatr!}citgé%angiﬁ%%c%‘%gﬁ%mgﬁaéa ?ﬁ&@&&&)@eéo' or an

anchoring gro erein i'S provi a neasuring 20 device
that is fixedly attdchedt@Qhe 2¢eNeH1TDr heasa@h¥ngO@esplodcendit of the

soi |l widh gespeging 0 tdieianghor wnekernai N the n'eﬁéaléhflgmgjewdl@vi@ provi ded
with a Ilght sour ce an% an, o ttica1{ sensor Cgh the orptl cat sensor
conprises PPUEHTtY OTUTHht Tt ebf P 5OV H 2"51 T0i W 13ERT

| i ght - sensépéviEngehsvinguef acds twhérieil d yedale nisipghrende tsacthdr q:lﬁ/%frs a

segment of jtheli %ter%e_“t'?ts'ﬁlluélel%%%orse%lér fraces Whgrehnyhe neeasiy i ng device
is operati onal |y connected to a cal culation and data roce55| n unlt t hat

i s provi det 9t 93T oFAge FrER UMD 20 Hh Hredtdtil & rfdif t11%WMerein the
et hod conprid Bt exerdugry thepulilghig gflasee on an anchoring |ine connected

to the anchor in order Age%g}rgggggdgﬁs ac%Ché)IairPt swher% fr11ant},?éwchorl ng

ground according to a penetration pa nmeans of 'the Ilg t source
emtting astglnt glass is made of sapphlre glass, particularly

artificial sapphire glass, particularly artificial
sapphire glass of crystallised aluminium oxide.

20 8. Anchor according to any one of the
preceding c¢laims, wherein the measuring device 1is
provided with a lens 1in the path of the reflected
light, wherein the focal distance of the lens 1is
situated in or at the light-sensitive sensor surface.

25 9. Anchor according to any one of the
preceding claims, wherein the anchor has a longitudinal
plane of symmetry, wherein the light-sensitive sensor
surface extends substantially parallel to the
longitudinal plane of symmetry.

30 10. Anchor according to any one of the
preceding claims, wherein the anchor comprises a fluke
and a shank that is upright with respect to the fluke,
wherein the shank comprises a plate section extending
substantially parallel to the longitudinal plane of

35 symmetry and bearing the measuring device.

11. Anchor according to any one of the
preceding claims, wherein the anchor is provided with

an inclinometer.



35 beam wherein the light beamillum nates a part of the soil opposite the
measuri ng device, wherein the soil reflects at |least a part of the |ight of
t he | i ghtwbeamiz2gsirhe direction of the neasuring devi cepchwureansoof 23
the light detectors converting light incident at the |ocation of the
segnents and reflected fromthe soil dznto electric signals which according
to a predetermned ratio correspond with the intensity of 5 the incident

| ight per segnent; at a first nmonment by neans of the cal culation and data
processing unit converti MpeHE el I gried s VY t g i gbf def@ctors into
a first repredugihgn diyimed iwHaresiegnemes; cstienilngibhe hhastdseproduction
in the storzraggeggdrilun&n%,g at a Cso%%noorgj% noyrent t%%n%%%gtiinve to the first
nonent by RERRS Ot ? he tal cul BT O and data processi nggl'mit converting the
el ectric signals of the ligfhodetartordinnt da sEcondnreproducthen divi ded

into se@ﬁéﬁkééeéi@@!ega_mg, SRIcORd: f eproduetion { D Lheyshay ageciregi um 15 by
means of the electric circuit rﬁ%g ni %ﬂg patterns in the first
ct

reproduct i bh23AAther s d"rép CHBE G tWe FELBgntR®d patterns
of the firstanspiodectiomn amkddie Isecord epraduebicen; sonfabe. basi s of the

conpari son determni t [, SPl aCEIE, t - tt the first
reproduction_and thelnzg'ec%ﬁ(ﬂépir%&uct :}%)gn.ago %]fa_&(? P?’ 1§%ﬁg\§€§ccordi ng
to claimi17alaréreiontfed afebdrPrICHF DIVREE inf t bS afl FPRTTH PRt BRS wherein

t he netdghodvesspri ses: on the basis of the data of the 25 inclinoneter

determ ning the position of the anchqr .dur.ing nmeasuring_the displacenent of
the pattern, adj usti]nég‘ t FeChRasBF Y GFEpI™ ég‘mecfﬂe o?rtﬁlgrﬁatcifgrﬁ?%n t he
basi s of thbadeviatismoef nbespossti dasofibhd arnchorthvé t hatespeed to its

regul ar hogLzopigt i HOSiAd _ bewnlgl-n M?lteh%Qt%%%gi 3&89188@, or more of the

characterising neasures described in the attache escription and/or shown

in the attached draWk%ngptlcal measuring device, suiltable to be
15 used on the anchor according to any one of the
preceding claims.

17. Method for measuring the anchor
displacement of an anchor in soil of an anchoring
ground, wherein the anchor is provided with a measuring

20 device that 1s fixedly attached to the anchor for
measuring displacement of the soil with respect to the
anchor, wherein the measuring device is provided with a
light source and an optical sensor, wherein the optical
sensor comprises a plurality of light detectors that

25 Jjointly form a light-sensitive sensor surface, wherein
each 1light detector covers a segment of the 1light-
sensitive sensor surface, wherein the measuring device
is operationally connected to a calculation and data
processing unit that is provided with a storage medium

30 and an electric circuit, wherein the method comprises:
exerting a pulling force on an anchoring line connected
to the anchor in order to introduce the anchor into
soil of an anchoring ground according to a penetration
path; by means of the light source emitting a light

35 Dbeam, wherein the light beam illuminates a part of the
soil opposite the measuring device, wherein the soil
reflects at least a part of the light of the light beam

in the direction of the measuring device, by means of
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the 1light detectors converting 1light incident at the
location of the segments and reflected from the soil
into electric signals which according to a
predetermined ratio correspond with the intensity of
the incident 1light per segment; at a first moment by
means of the «calculation and data processing unit
converting the electric signals of the light detectors
into a first reproduction divided 1into segments;
storing the first reproduction in the storage medium;
at a second moment consecutive to the first moment by
means of the <calculation and data processing unit
converting the electric signals of the light detectors
into a second reproduction divided into segments;
storing the second reproduction in the storage medium;
by means of the electric circuit recognising patterns
in the first reproduction and the second reproduction;
comparing the recognised patterns of the first
reproduction and the second reproduction; on the basis
of the comparison determining the displacement of the
pattern between the first reproduction and the second
reproduction.

18. Method according to claim 17, wherein the
anchor is provided with an inclinometer, wherein the
method comprises: on the basis of the data of the
inclinometer determining the position of the anchor
during measuring the displacement of the pattern,
adjusting the measured displacement of the pattern on
the basis of the deviation of the position of the
anchor with respect to its regular horizontal position.

19. Method comprising one or more of the
characterising measures described in the attached

description and/or shown in the attached drawings.
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