FLEXI'BLE ‘-BLANKET The present invention relates to flexible blankets, and -
more particularly to such blankets for protection or stabilisation_of
underwat ey structures and pipe lines, sea and river beds, enbank&khﬁ??éhds

ot her/Ji tuations subject to instability and 5 ~ erosion. It 1s ¢&nmon .

pl atforns and onshore processing facilities. However, as a
strong currents the sea bed is a very unstable environnent. 10-
An renove the sea bed from beneath any object which interrupts
gf the currents and sand waves can erode the entire sea bed over

a consihg€érabl e area. Furthernore the tenperature and viscosity of the
product conveyed may induce regular novenent and oscillation of the 15

pi pe |ine. Many net hods of pipe |line stabilisation have been enpl oyed

wi th varying degrees of |imted success. Damage fromtraw boards, anchors,
debris and the like is another problemfacing pipe |lines. Furt her, anchor
chains or construction lines may cut through protective concrete 20
coatings and damage exposed pi pes. A stabilisation systemtherefore which
can additionally provide significant nmech- anical resistance has particul ar
advant ages. -2- It is known to provide pipe-lines with a pre-cast rein-
forced concrete coating. Thi s provides ball ast and nechani cal protection

but renders the pipes nore difficul t ELEXIBLE BLANKET

The present invention relates to flexiﬁle blankets, and more

particularly to such blankets for protection or stabilisation

of underwater structures and pipe lines, sea and river beds,

embankments and other situations subject to instability and
5 erosion.

It is common practice to la y pipe lines on the sea bed
between for example o0il production platforms and onshore
processing facilities. However, as a result of strong
currents the sea bed is a very unstable environment.

10 Scoﬁring can remove the sea bed from beneath any object

which interrupts the flow of the currents and sand waves

can erode the entiz_:é sea bed over a considerable area. (\10

Furthermore the temperature and viscosity of the product
conveyed may 1ndﬁce regular movement and oscillation of the

15 pipe line. Many methods of pipe line stabilisation have
been employed with varying degrees of limited success.

Damage from trawl boards, anchors, debris and the like is
another problem facing pipe lines. Further, anchor chains
or construction lines may cut through protective concrete
.20 coatings and damage exposed pipes. A stabilisation system
therefore which can additionally provide significant mech-

anical resistance has particular advantages.



to i nstall ;and necessitates nore sophisticated installation 5

vessel s as required coating thicknesses increase. |n order to obtain
sufficient ballast, the thickness of concrete may need to be quite -
considerable and in order to remain within practicable linits, .
supplenentary ball ast may still be needed.=SRich coatings do not address th
probl ens of sea bed scour 10 since their external contour, |ike
of a pipe, maxim ses turbul ance and thereb¥ under scour of the pipe |ine
found= ation. It is alsdskhBoWnti® RPYidecRipe pines melthy gt PYEICEsL &R does

not overcone the probksaredf c&&ftdtd\lﬁﬂbﬁtﬁﬂ’gOSI O'Bhy:hlp&bvms ballast and cause t he
sea bed elevation to red the limt enchin

capabi lity. Another mfﬁﬂ?j"iﬁgg 5 r'ie%{'trlfxét utr’rﬁ?“?%r \}g?c% £t ﬁ’@‘% 9‘8]? cH]“bf
erosion i s rock dunpi by.instdlid\wevit rnpecessitatescmore csopdvigticategl dhstadtatiomt

through thegrock, a fbggserlsbaegr%umﬂ%qaﬁqg thickne thﬁéﬁsgeedgmt Qrb&

built up as a prelimnary rock are not bound one to

anot her and hence nové?reqhta&h(f‘éﬁcﬁﬂfg batlagt s tilﬂ thigknesh ofi eonqrete may
- Erosion at the perinmeheed #oS bRl aqn@sawﬁda%mnauelﬂat&aer ttPQSinBizpnﬂthﬂg

- of the rock is difficult on and t ot ent
fromthe drop is cons P&@?‘éﬁé L&r‘fgf’h fPFYeha*lgs't Fﬂ?"pr‘&N s?%n“%ﬁgg
- concrete saddl es. Howsueh cdalninzsnﬂbhndt aidldreﬁmna ptétﬂenbhef semt bedismmng

[igid protecigon. 15 il SHERCRLn AN IE. YS iy & 4 Bibe! Wnltoes

foundatlons Such ods are co nab
ggnt erosi on of fotwrknlapas W@aﬂﬂm mscom: o thef Imkﬁblieevémmctm of
oncrete saddl e i gfolte provision of concrete grout bags. These are
onIy flexible at a limted nunber of hinge points and are expensi ve to

It is also known to entrench pipe lines but this again does
not overcoﬁe the probl_em of sand wave erosion which may

15 cause the sea bed elevation to reduce by more than the limit
of trenching depth capability.

.Another method used in an attempt to overcome the problem
of erosion is rock dumping. However, to prevent scaveng-
ing of sediment through the rock, a filter bed of graded
20 ﬁarticles needs to be built up as a preliminary. The part-
icles of rock are not bound one to another and hence
S movement and sifting. occurs in hydrodynamic surge, Erosion
' af the perimeters is progressive and unavoidable. Position-
ing of the rock is difficult to control and the potential of
25 | dam_age from the drop is considerable.

- Another method tried is the provision of concrete saddles.
However, this method, in common with other methods insing
rigid protection, is only successful when the unit is laid on
stable foundations. Such methods are completely unai:le to

30 withstand or prevent erosion of foundations by sea bed scour.

. . :

A more flexible version of the concrete saddle is the

provision of concrete grout bags. These are only flexible

at a limited number of hinge. points and are expensive to
install,



e e e At s & vt v s

“be subj

“install,. ; -3- Anot her known nethod is the provision of fi Iled bitunen

matt resses. These are in theory flexible but the theory is severely
limted by the di sadvant ageous properties of the bitunen. In warm
weat her, /DNt unen |Is conparatively fluid 5 and the nattresses nust-

8Ccty 1Yo consi derabl.e constraint in fading, transportation, storage
a i on. How-.--ever, in cold weather, bitunen beconmes so hard that

and i ng
s are’figid and brittle. Terrperatures at the sea bed are )| ow

.and t hlis\g , i nst alAnedhex henaoven tmethods is dbhe pbovision of filted bdtmemen i t™y and

y very sl OV"‘nY ttresIQéS sloyudel S¥s ih”%é@& l?ge:éﬂié'lﬁlte@ t‘i’mecargF1

accommodat+t gr adual es In the sea bed caused by erosion
sufficient to accom‘FGye tYeli‘hiéedebfe'ehﬁ)fdiﬁ‘é‘}éﬁgsm@G°P?rt|‘1?5 iof thesi red

to nove the mattrespighhéh. | NAndladhd WratRerd BEMAGL AL SolmPdTatiR1P| AQ1dD
line or if_ the mattrességs di sturbedF{’)?/ nchors, trawl boards etc

Furt her nore, bi t uned?™edBreRatireties © Shieey é°vx'n“i‘ﬁi§§‘?béﬁo“t"rﬁ5§ai“t
mattresses using bi tiurmunhnwg atdanspberitindy, etbrage pimd tinsetdllindorf i t .Howi- i S

an object of the P SREPL VA4l ekl ONLUE b LLENLOLS Rk epg ene! 2K

which,in addition t super er- cones
di sadvant ages. Accomthg-ﬂses aa!fel rrtsidaspécbrmlet he Feuperdaturescatt the seahere

is provided a flexiRjeqy Rr@nNesl ah@ thufl&ide PRs1eH, abﬁéléau&;egflose

underwat er _structures and pipe lines, unstable beds and
embankment ¥ the bl 3ARM teiang flow qnlyi t’?’%fs@%ﬁent This slow flex-

ing may be sufficient to accommodate gradual changes in the \J
sea bed caused by erosion but is not sufficignt to accommo-
- date the degree of flexing caused if it is desired to move
the mattress after installation to a new location on the pipe
15 line or if the mattress is disturbed by anchors, trawl
boards etc. Furthermore, bi't_uinen becomes gradually more
brittle with age and thus mattresses using bitumen have a

limited period of practical benefit.

It is an object of the present invention to provide a flexible
20 blanket which,in addition to its general superiority, over-
comes the above disadvantages.
According to a first aspect of the present invention, there- Nt
is provided a flexible blanket for protection or stabilisation
of underwater structures and pipe lines,unstdle beds aﬁd
25 embahkments, the blanket comprising a plurality of segments '
arranged in one or more layers each one segment in height,
the segments of the or each layer being disposed substan-
tially contiguously at least at a median zone of their height
dimension, each segment tapering substantially regularly from
30 a maximum cross section at said median zone to a minimum
cross section at one or both ends thereof and each segment
being so _bonded. to each adjacent segment in the region of
their respective median zones that the_ segments are held sub-

stantially contiguously but are free to pivot relative one to



arranged in one or nore | ayers each one segnment in height, the segnents of
.the or each | ayer being di sposed substan- tially contiguously at |east ay a
medi an zone of their height dinmension, each s§gnent t apering substanti al
regularly from 30 a naxinun1cross séction at said nedian zone t

nt ni mum cross section at one or both ends thereof and each segnent bei-n

bended to each adj gﬁg{%rzregﬁpt éﬁg R4’ §H! YD Odart NG 'id gﬁéﬁ%ﬁttt)\f g?dl ?r =

zones that the segne - stanti aI l'y contigu
to pivot -rel ative 3Rery( the maaﬂ!ﬂ%r %fbotke t {apergorkeing ns%hf &hat geaghg

pernmitted by saigedniR is [dapabfd | BNOPIOBItIRY With WOPET ThakCoRd depfde
t hat each segnent #g caé) ble of pivotting wwth nore than one degree of
freedom 5 Jze bl anket is very flexible and can be used to
nmoul d about al nbst any required cont our Preferably each segment Is, in

plan view ga regul %%;HQOE ﬁgi’ angj S%ﬂéxﬁ?ﬁh QIR e ushl Rb aH:PMiaEW

a regul ar hexagon pro uch segnents 1 s extrene
flexi bl e. The segnahew nhyosttaper lfmqmeconmran zone to one end only, the
ot her end being parallel-sided; or alternatively they may taper fromthe

medi an zone toward_each end. | f t he segrrents are onl tapere 0 one end,
the resulting 15 Preferpbly, each 3e8mept <%y | 1o, Péé’gmg, » vt | FeRYAYY POJEgny o

to flex in one diraavantagésuslyt héaqh asegmént hesbl apkelblanl fvidw, t e sembidnt s
taper fromthe mdhggagzogqe'rhg g?acnrlteg roétpceedr § Iunc% segments is extremely

N 10 flexible.

\/;
The segments may taper from the median zone to one end
only, the other end being parallel-sided; or alternatively
they may taper from the median zone toward each end. If
the segments are only fapered to one end, the resulting

15 blanket made of similar segments will only be able to flex
in one direction from the plane of the blanket. If all the
segments taper from the median zone to each end, the resulting
blanket may flex in .two directions from the plane of the
blanket, In many cases the appropriate form for the blanket

20 is a .combination of different shaped and arranged segments
so that in some areas the blanket can only flex in one direction,

W in others in only one opbosite direction and, in others in

two directions.

The segments are typically Bonded one to another by rope
25 means extending between adjacent segments.

The rope means preferably forms an interwoven network
extending throughout the blanket and embedded in the material

of each segment.

The rope means are, preferably plastics material, advantageously
30 nylon, polypropylene or polyester. i

‘ Each segment may comprise a solid block of a mixture of



bl anket may flex in two directions from the plane of the blanket. -
In many cases the appropriate formfor the bl anket 20 Is a
copbiation of different shaped and arranged segnents so that in sone
™ie bl anket can only flex in one direction, in others in only one .
A direction and, in others in twe-directions. The segnents are
bonded one to another by rope 25 . nmeans extendi ng between

alj akent/ segnents. The rope.neans preferably fornms an interwoven network;
extendi flg t hABARESEEtENCA HiiLisEoand Ry RIREEEe I he, PrAtPTREd c788TP8Y e cach
seghst’. ThemagpdeTRRGSe Algtanites§ maghdtited| daStlaemetteer | The pdefsrradeous|y

30 nyl ol opyl gne aqr._ pal ter se C rise a
solid bl ock?ﬁa?t%a #%(tﬁ%lneq% ng are §ﬁxglgﬁ‘felgi§€ g?&g 'f |".IgF"egrm aggdaeglgnm_er . The
preferred aggesigate nay be stone, granite, magnetite or haenetite. The
preferred fillers and binders are crushed |inestone, cenent and epoxy
resin. 5 However it is preferred that each segnent conprises a

pl asti®s sheHpweVer eif 15t RTofegEed cthast each, segment LOMRTige% 13 RIBSHFFe t he
required weiggbfl antieddoRitht Ya derddec mateeidl isuchr @fsercvakyetel @er vk ded and

I's preferabl ol.yethyl.ene.. The shells serve facil.itgte contr of the
posi ti-oni ng X\‘glﬁzqupyephew?'&}é ﬂé‘%ﬁ?@% ngtlﬁ’ffnu?ﬂhet}k u?é. prfﬁ%v%irso
reduce frict bdowbmédnided dind iscpmeferably fpulgetheyldnet rope transitions. In

addition to strengthening the concrete by retarding the set, they provide

addi tional surface protection, are nore confortable to handl e o
" The shells serve to facilitate control of the positioning of ) u

10 the rope network during manufacture. They also reduce friction
between the segment surfaces and at rope transitions. In addition
to strengthening the concrete by retarc_ling the set, they provide
additional surface brotection. are more comfortable to handle
and retard marine growth. The polyethylene gives a much

15 more sympathetic surface to contact adjoining pipe lines, structures

or equipment.

The segments may taper at an included angle in the region
of 25° to 30°.

~ The blanket may comprise a variety of layers, some of which

20 need not extend over the entire area of the blanket. v

The blanket is preferably bendable about a radius of greater

than 200mm. For "over-bend", when one blanket bends over

"a pipe the preferred minimum radius is 200mm and for “sag-

bend®”, when the blanket sags the preferred minimum radius
25 is 400mm.

According to a second aspect of the invention there is provided

a method of making a flexible blanket for protection or stabilis-

ation of underwater structures and pipe lines, the method com-

" prising the steps of providing a plurality of hollow plastic
30 shells, each shell tapering substantially regularly from a maximum

cross section at a median zone of their height dimension

-




and retard nmarine growmh.  The polyethylene gives a nmuch 15 nor e
ssynpat hetic surface to contact adjoining pipe |lines, structures or _
equi pnent. The segnents may taper at an included angle in the region of # °
[ERR] to [ERR]. The bl anket may conprise a variety of |ayers, sone of
20 . need not extend over the entire ares-of the blanket. The bl anke
preferably bendabl e about a radius of greater than 200nm For '
‘over -pend", whéo dneinimamketodscrestiovart anpiqrebotie emdsf theredf namranging,
radi i s 200m aP | quk s.th f e
m ni mum r adi us fgmi Lﬁéu 488nm Eig\gcorﬁme %Jﬁ nggo% g}ggecé @:{Jﬂ%ﬁ thd
i nvention ther e shellsr bweleﬂleéf rﬂ-ﬂ!?édabfsa kinedian F‘PQ?)(ISBP%“BF‘&M&EFOF@B“O“S-

protecti on or shabldding firofh OprdLaéRIdEd asorssrupttuée&aw 4l PRrerwdeen the
met hod com prising the steps of providin EI ur.al |t of hollow plastic 30

shel|'s, Sach sh@PIVeHh&f FRPE BRARS,Mhereh RPFHES oHhel! nis cRmmRctedss
section at abyesli part zepe said hﬁl&id’rk hwhgéuchdlamjaaem plastﬁ-; tshea? _
m ni mum cr oss secti t ong or th ends ther arran sai d,s s in
a layer one segABft Of?hﬁl iéﬁ?, slhﬁﬁ |cﬂgt He §& E?‘Ir’ h%l\fép ég’giegt said
medi an zone subsueht ithiaty thent segmants tdnecalieldy tstabmgﬂaphe MIMSbnres
~in the shells apypnheg V"i’é@e”t@ pivot b :I g& k&P @f'Sa K\ﬁﬁr Q§¥ ¢868

pl astics shell is connected by a part o network to eac acent
pl astics18hel | Ae3npi |ipsofari 138 s‘l‘?ellP‘!s"“Hn*’fﬁﬁl abEetthgptapenpbsthe oﬁhﬁ’dﬁerl al ,

~such that the sqggehirfamgemenit! df SUR6 ! Mpdrd | DeiBPNsuENOUBAY each segment
% is capable of pivoting with more than one degree of freedom.

Embodiments of the present invention will now be more particularly
described by way of example and with reference to the accom-
15 panying drawings, in which:

Figure 1 is a perspective view of a segment for use in a blanket

embodying the inventions;

Figure 2 is a perspective.view of an alternative form of segment

for use in a blanket embodying the invention;

20 Figure 3 is a schematic plan view of a blanket embodying

the invention;

Figure 4 shows a multi-layer blanket embodying the invention
in use; ' '

Figure 5 shows another form of multi-layer blanket in use;

25 Figure 6 shows a continuous length of blanket l_n typical install-~
ation procedure;

Figure 7 shows blankéts laid contiguously in the form of surface
paving; '

Figure 8 is a perspective view of a further form of segment

30 for use in a blanket embodying the invention; and



but are free to pivot relative one to another about the rope 10 means ’-
insofaF~as is permtted by the taper of the shells, the arrangenent of
t he /tepgrs being such that each segnment is capable of pivoting with nore
t hgn .oneNdegree of freedom Enbodi nents of the present invention will now

a¢com 5 panyi ng drawi ngs, in which: Figure 1 is a perspective view
3 gnt for use in a blanket enbodying the invention; Figure 2 is a-
pefNspegtife view of an alternative formof segment for use in a bl anke¥™*
enbodyi pg ther%jg’wenéima ééction thrbedH Rhe3segnfent of GQEFd isc plan view of
a bl anket enbodying the invention; Figure 4 shows a nulti-|ayer bl anket
enbodyi ng the invention in use; Figure 5 shows another formof multi-Iayer
bl anket i n usBefebing nowFtguhe drawings,aFtguresnlicurl 2eshdw aftebhstbket i n

typical inst akgr-msa#oge eggep%,'e:i;lb{airgyg;ibaagﬂgy\@ﬁo%&gg\és | ai d contiguously

in the form of surface pavl ng, S a perspec view of a further

form of segnment 30 for use in a bl anket enbodying the inventionf and

Figure 9 is a section through the segnent of Figure 8. Referring n to the
drawi ngs, Figures 1 and 2 show alternative fornms of segnent 1 for/use In a

bl anket .enbodyi ng




the inventi.on. ‘Each segnment has a waist portion 2 where the segnent i
smaxi mum ¢t 0ss-secti onal area. It is at this point that each segnent /.
touches the next adjacent seg- nent in the bl anket. The segnment shgiwnsd
Figure | is 5 paral |l el -sided at one gnd and tapered at an anfgl
bétween [ERR] and [ERR] toward the other end.® ~This enables a bl ankat
of such segnents to either sag-bend or over-bend dependi ng on which wg
the segnents are used, The segment shown in Fi gure 2 tapers fromthe
wai sé~portion 2 10 ‘the invenfjady oRachoAesmeptyhagpayaigbgpertion Sythere
segnment’'s can be used the wBfmewt & ootk alaxidiumhciéds-séxtidnslagréand ands at
over-bend as is requijed. T, eqnent.s are_ideally 100mm side l.enath _at the
wai st, have a total h%hﬁﬁh?o%gt v&eagnei‘gb it gﬁag% ﬁ%‘ﬁs 391 aB%fP()afd j-i%sqltt Se8-
20mm - 25nm and are awemt dd the Hdankef.ounTheaségmendnahewn aimrRigiremtlelly 200
mm i noverbegd, and doygi,gAPPARY TR!GeY eA@02hd {aPefadANdn dNSSBUIYS are

constructed froma settable conpound com gISI ng an ag regate, a filler
and a binder.  Mater3al anghpeh taEsrdthesather engeoneT g%&ﬁFPkﬂ,s Aablrnkete,

haematite, 20 madélitl, sGER Shegrehts RSt Sftfler CRIFEBEnANSY Qve®PBend I €SI N.
The bl ankets have a variety of functions. e is to act as a‘?@allq_%t to
hol d pi pe |ines or stP{R&AEE ?H "&"ﬂ‘ewiaﬁ RRi the SesmephniarepPret e
characteristic i s a hsagmes¢nshdwn inn Figude 2asgserst feonh ahei eatstppestiibh c2
filler, suchgas hae ' ' he U i may
be as high gg 3.7 tcﬁ\o&?ﬁﬁ.@ah ﬁntdertcr’\aﬁs\?él%;?? %é&fanﬁ%@n&%ﬂgmr tSgtllded
“to:-protect against anehorsesy teonake acblomket whick\wHY bethysagtbendsand

hardfiess is the pri MeovediabanliCad ki Fedigwd ! €d. In this

The segments are ideally 100mm side length at the waist,

have a total height between 150mm and 200mm, a taper of
15 20mm - 25mm and are adapted to bend around radii down to

approximately 200 mm inoverbend, and downto pproximmtely

400 mm in sagbend.

The segments are constfucted from a settable compound com-

prising an aggregate, a filler and a binder. Materials

which may be used are stone, granite, magnetite, haematite,

20 sand, crushed limestone, cement and/or epoxy resin.

U The blankets have a variety of functions. One is-to act
as a ballast to hold pipe lines or structures in place in
which case their prime characteristic is a high density. In
such caseé, the heaviest possible filler, such as haematite,

25 is used and the product density may be as high as 3.7

" tonnes/m3 , Alternatively, the blanket may be provided to
protect against anchor or construction line sawing in which
case hardness is the prime characteristic required. - In this
case, a hard filler, such as granite is used, and the hard-

30 ness may be as high as 7 on the Mohs scale. In some
circumstances, bqth density and hardnéss may be requii'ed
in which case a compromise is reached between the

characteristics,

- m- -




-case, ahard filler, such as granite is used, and the hard- 30. ness%
may. be"as high as 7 on the Mhs scal e. I n some circunstances, bqth iy
densigy._and hardness may be required i m®htch case a conpronise is reached -

; e characteristics. A third exanple of a segnent is showmn in

Fi gureq\8\and 9. The segment conprises a bl ownmoul ded polyethylene shell

12 {fi 1% i t A cthiedetexahithleThd saelsegriénthals ashowe id tﬂigumgh 8vhagd it |Is
frl 2101 g, ! 48 Rgubnr 'QoBF@P 3 blow Hitnade! ¥eifbtheikhe iRl 12,
.gi V&S segmen ar dwear

not
{1st 12 h@llﬁﬁlmiéhecﬂqueitﬂg“m Tgweéellhézhnhgﬁ ¥ ehalet 9/4 r&f&l’sgd A

bl anket™1s nmagasés o i G3AACHRYIA Pie Hop¥i U5 Ng pratleyral ity of shells 12
arranged with their edges substantially contiguous Each of the shells 12

has 6 holes bored in it to acconmodate the rope network 15. The rope 15 are
t hr eadegl t hr opgé tﬂ‘wybﬂiﬁ&neo shHt lazachi\pésasttie: séghdnt1A hardweardug ed by a

part of the ro net ach adj a n S 12 are
then filled V\f&%aﬁ%n\(lz\ﬁg‘fe though ﬁ{’) 2{ Whl c+1e ée?isiﬁk;t tIPd ?‘%&I FL'e(S)pes 15
in place. filHEng e lhresives athe ﬂidshedlenswitb reapizedeet as shown in Figure 3.
They are arranged with their waist portions 2 touching and are held

t oget her by a network of ropes. Longitudinal lifting ropes 3 extend
paral | el y thr dubharkes bs awddst from these segments by providing a plurality

of shells 12 arfanged with their edges substantially contiguous
Each of the shells 12 has 6 holes bored in it to accommodate the d
rope network 15. The rope 15 are threaded through the holes

so that each p'lastic shell 12 is connected by a part of the rope
network to each adjacent plastics shell., The shells 12 are then

filled with concrete through holes '14 which sets to hold the

ropes 15 in place. -




5. : 10mm to 20mm thick three-strand nylon for individual blan- k
«depending on l'ength and up to 48mmthick for continuous bl anket |engthg.
The bl anket may be |ifted by nmeans of these ropes either by both ends{
a single end. Each of these lifting ropes 3 extends through a |ine
of segnents. Each |line of segnents is conmerted to the next adjacent)
by criss-crossing |linking ropes 5. These |inking ropes are generallyz4nﬁ1
to 7mnmdi aneter three-strand nylon and extend diagonally through the" .

bl anke®. At the edg'he ségnients b&mketmed Hayo eardrlgakét am shews cndigsre n

the 15 - form P d | | 36
between 2.4m and |1 O vm eéya;L ebé Friid Eg %{Lgr%}(}l!%%i% ?r%ﬁﬂ]n?szit;bugwng
conveni ent size for PPﬂt#m held taggther hor mametwerk ofiorapes:, fbengitudimah

appl i cations such as)gefhg trbae@uﬁ e&w@d c;smlnetabeuwoaﬁhethé H1REREUISEE hfe
I'onger 20 Ien t hs an on reel can be attached to

suitabl e véssel s for 1PRT; 19 I@H“bﬁ%a ks%ﬁﬁ"f‘ﬁaﬁgﬁ’f]@% or-iiggtetdpal nbiad -one

met hod of using the ketldeipendihl Ileﬁ@ttﬁ and kgl kais4sann hiek okt i - | ayer

bl anket in which the Ia AR arelatnﬁ(g her
Rlapke pr|

ps e
| oner nost | ayer 7 25‘"’n inucus y' Ia%’? E?a%eq fay hgeel;mefleby
assenbly can be |ift e#ans dihdhess aopesteipher ity diothhesd.prqrrrbwyal single f or s

a scour skirt to adaghglo CEQIGE ibseOitbins®Rofls (9 Sxpiifud Hlrdlli’la it D
caused by the i ntroduction o %cge ne an I'ts e ect on er
currents. 10At the céﬁt%!“eﬁ&‘r‘t 9 3dine of segmemds HisyArRRectedicloethe 5gain

onlysthe primary | ayeextidmacént 1ihersy, r&:/sst-easkstmgfnakmg a:togesnsa.ggl Mheadd
di §~I-ddgerrent of in- gi\” dual bl ankets " hors rava boar ds

Bet ween the out er nost HIPE EORER afﬁesetfﬁ’%}lgl P& t0g 'ﬁ?‘ed?"fﬁ}ﬁbeﬁhﬁ?‘s““d

nylon and extend diagonally through the blanket. At the

edges of the blanket, they emerge from the segments in the
15 form of loops 4.

Preferred indivldual blanket sizes are between 2.4m

and 10.0m. R wide and betven 6.5m and 19.5 m long
This is a convenient size ‘for lifting and trans-
portation. However, for certain applications s_uch as con-

tinuous pipe cover the blanket is produced in longer
20 lengths and supplied on reels which can be attached to
suitable vessels for installation as shown in Figure 6.

N Figure 4 shows one method of using the blanket. Pipe line
6 is ballasted by a .multi—layer blanket in which the layers
are held together at the loops 4. The lowermost layer 7
25 ' is the primary layer by which the entire assembly can be
lifted. The outermost part 8 of this priinary layer forms
a scour skirt to adapt to 'éhanges in condition of the sea bed
which may be caused by the introduction of the pipe line
and its effect on water currents. At the central part 9 of
30 the blanket, there is again only the. primary layer since bulk
here may tend to faci_lltéte snagging and dislodgement of in-
dividual blankets 'by' anchors. trawl boards etc. Between
the outermost part 8 and the centrall part 9 are a number of
secondary layers 10 adapted to provide weight at the points
35 : where it will most advantageously hold the pipe line in
position.



secondary | ayers 10 adapted to provi de wei ght .at the points 35 .

where tt. will nost advantageously hold the pipe line in position. Figure "

shows ‘an alternative formin which two |ayers 7 and 11 are provided each-

idegtical width but the upper |ayer belng of reduced | ength. A shear «

kane (not shown) is provided between” the | ayers to enable relative 5
betmeen t hem and accommobdate the over-bend and sag- bend

&. ,
o tials. lgiafbe p§%4 'Qﬁ htetRd18E | RRmOlin Awhdl 'twa,o':'&ér%nethhﬁ

J anket/ whi ch wou arti cul argX advant ageous -wher e nechani cal
Qt ecfion i s par aafshirkl. are |provided feachy pf s‘ﬁ‘&ﬁ@ﬁcﬁb wifdth but the; wpPefgency

and™df sl odgenent |l%y\éi'r§é!ﬁig| ur&iddmgaat&gllgtﬂ QULE sheaboMembbsnd| @ket |aid
In contlguous pavi on the se ena | t.he erineter. to rate as a
boou skEr T o oy i) 18 R EO4RR RS resmn &t (1AEPPE tonenahie, SeRES

const ant sel-evat i onmevententatetwmer thémr agd caqrommvdaitecthlei teedbend and

expansi on | oop or o] ndation raft for super- inposed
structures, pipe Iiga §e83 &ﬁ%r%q‘ttiag%d the like. Blankets nade of segnents
shown in flgures 1 and 2 are manufactured by providing either a--nunber of

lower hal f-nmoul ds el @rsﬁm%ﬁsSQHP'ﬁQt&ﬁaﬁQHt wtu)te%niﬁmduat 1Mk Bg Or by
providing a multi-form | ower havi ng plurality of

pockets.  The |ifolagdet o‘ﬁ%’s‘hs "%ﬂ‘n’ddl P?\k‘i’*fé“r‘ﬂﬁé’s? E?dé'Pét?Q?Pé‘FV\H?EFF and laid
out on top of the :heuvernibal fprotedtibmnd ﬁaﬁﬁdmpmdtmghwmtmhﬁls‘naakﬁmed in

posi ti 0”10 The rméo%tingenlcsv}' angndfsqsagemen s vl lqy &?miena%ed \.J

Of

Figure 7 shows the blanket laid in contiguous paving on the
sea bed enabling the perimeter to operate as a scour skirt
to protect the elevation of the inner area for use as a
constant elevation slip-pad under, for example a pipe line
15 expansion loop or as a protected foundation raft for super-

imposed structures, pipe lines, equipment and the like.

Blankets made of segments shown in figures 1 and 2

are manufactured by providing either -a~-number
of lower half-moulds which are assembled in continuous re-

lationship or by providing a multi-form lower half-mould

20 having a plurality of pockets, The lifting ropes 3 and
linking ropes 5 are interwoven apd laid out on top of the o’
lower half-mould and a corresponding upper half placed in
position. The material is then cast into the mould thereby
embedding the ropes. If so desired, the ropes can be

25 welded or clamped.together at their-trossing. points-at ‘the

«centre .of ¢ach segment. . |

As stated above, the 1deai shape for each segment is, in plan
view, a regular 'hexagon. This enable_s flexibility in a.ny
direction and also helps prevent sawing by anchor cables or

30 construction lines since there are no straight line joins |
through which the sawing can be facilitated.

¢ The blankets have been more specifically described in

relation to stabilisation and protection of underwater



enbeddlng t he ropes If so desired, the ropes can be 25 _or
-cl anped together at-their-crossing. points at 'the centre of each/s -
As stated above, the ideal shape for each segnent is, in plan vie

regul ar hexagon. This enables flexibility in any dlrectlon and ps
prevent sawi ng by anchor cables or 30 -igenstruction |ines B

there are no straight line joins through which the sawi ng can be '
facilitated. The bl ankets have been nore specifically described in reI at i on;
to skabi | i sation and ptraiceatésoanal pupeldined,cbut oﬂabtuaiw.esoﬁndupdmalteﬂes '

but other uses, both underwat nd .on_ | and ar n
t he conbi nation of in?egraWal %FI gre i?‘(taesnﬁtjj %& é’?qngb t}'uhe 3“'?1(%% ect ed
from damage, and in aOﬁﬁnmwaMrtébwmesuet@r@binhWBtweﬁr are prote¢tednot

i npai red by acci dent akrdi‘n?%ardé%k' OaﬂupfinoQemQBné'Prv?hélfebErhﬁtrﬁﬁgﬂfﬂt :fn&rgrittys

relative tie ropes, together Wt he | t1-directional duc
bl anket makds it idealsfrat pmpalagdahy aeridantad §eﬁtrae@°nm%@npher uBereppf

158n}n a% ZEOrTm hi gh lsgam% tnanw ol & reﬂaﬁuae tie roBGBl%gQQfe'réWi‘ﬂﬁ'th@OWS on
t1dal enpanknents wou S se stance to ti r.un
whi ch, Toget her it PedtseRigeeliia “SRAIORF of SRailnkay Hrisn dt weEpbiPy,
to alternative forns pavimptaayt nastdbde sexfatel and i nland water
enbankment s.
Also the use of 150mm and 200mm litgh segments in alter-
K/ 10 native horizontal rows on tidal embankments would afford un-
surpassed resistance to tidal run-up which, together with
its structural integrity, makes the blanket superior to
alternative forms of protection for coastal and inland water

emban kments .



-13 - CLAIMB 1, A flexible blanket for prot ection oF

stabilisation of underwater structures and pi pe lines, unstable beds . )
and enbanknents, the bl anket conprising a ¢ yr-al [ ty of segnments arranged in-
on nor e Iayers each one segnent in height, 5 t he segnents of the

orf eath | ayer being disposed substantially contiguously at least at a

bdi g one of tGi&AIMShei ght di nension, each segnent tapering substantially
regu y froma maxi mum cross section at said nedian zone to a m ni mum,
CYOsS/I\§ ¢

' d b d
ot on 2ty e o ROILSR DRLASE, 900 CaleRRORT Y DS ERAAT!

zones thaif tiirieregteant stmmﬂwl camlibpipet livesy mostabjeotedsl yaddut

are free to p|vo relatl e ope .t her t he f
permtted by sai dnlf aper ¥?'henérr§}1%{ek%ntec om%t}?%%tg egﬂﬂgeltﬂgsoguc%?ﬁﬁﬁ each
segnent is capabiraamedlSIn one 9y voPré nlpXErsh esche Opﬁaﬁe!m@tdégr ceight, .
freedomg2. he” seBth&itsClos aw%dlmh tlee:Cl Béifg dis dsed \A@b&@mﬁﬁ@

segnent is, in ptl an view, a regular anket according

to Claim 2, iGeatigypesty é&c’l‘?agbg’r?eﬁt “‘nga’ﬁ mong Af thely, haiﬁhégﬂ?%?“sﬁ‘é‘kagon

20 4. eachA éﬂgﬁaket ta':mmﬁ@h Bﬁbétﬁnﬂamwfrédilhrﬂlyecfednng Crh#&x 1¥fum
I ncl udi ng segnents wh taper gmm alr‘regl an ﬁone ti)nione endsé)n; id he
ot her end being cﬁgﬁl F%? lot 43%. saé e AP anet® dCcordi 0 anfto'?n t he

precedi ng cl ai nmt ionel oxli hgttsagndsnttbemfchndapuh fsmemebmdl &0 boned
toward 2gg t%acghc%d ?}ﬁceﬁt segrhedt We{hécfﬁighngaft Gnaly Plspdifive

precedi ng cl ai ns segnents are bonded one_to another bw
rope means ext erfedignhzensse thatdjthe cyREmesgsATes held substantially contiguous-

ly but are free to pivot relative one to another about the
bond in so far as is permitted by said taper, the arrangement
of the tapers being such that each segment is capable of

15 pivotting with more than one degree of freedom.

2. A blanket according to Claim 1, in which each
segment is, in plan view, a regular polygon.

3. A blanket according to Claim 2, in which each
segment is, in plan view, a regular hexagon.

20 4, A blanket according to any of the preceding claims, v
including segments which taper from the median zone to

one end only, the other end being parallel-sided.

5. A blanket according to any of the preceding claims,
including segments which taper from the median zone toward
25 each end. '

6. A blanket according to any of the preceding claims,
in which the segments are bonded one to another by rope

means extending between adjacent segments.

7. " A blanket according to Claim 6, in which the rope

30 means forms an interwoven network extending throughout

* € L K s =
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7,.-‘ i A blanI(et' according.to Claim 6, in which the rope 30

-formse an interwoven network extending throughout -14- the
and is enbedded in the material of each segapgt-. 8. A bl anke
according to Caim 6 or 7, in which the rope neans are
material advant ageously nylon, pol ypropyl ene or polyester. 5

A bl anket accor di HBe t Blaak¥t Ofandn@s pedbedded 11 ahes matéridhiafh eeanhswem
conpri.ses a block of a mixture of an aggregate, a filler and a binder...10._.
A bwanket according to Cdaim 9, in which the aggregate may be'
stone, granite, rragnet [ terrblmwt jaceordipg to Cldim 6 or A7.bli,mkwthich
according to O ghg 3 J.Q askn plibheR Uhitebid) CladvafithBbiMi§’ nekf,
crushed | i nestone, cenent ang resi accor |ng
to any one of P@ﬁ?#ﬁ?"liﬂe@é B° Ylef‘i‘“%l ch each segmant,c,orrprl ses
plastics shell filled 15 wth a dense filler such as concrete. 13

A Dbl anket_ according to one prec ng cl ai ns |n whi ch
the segments tapes *at an Pngﬂéﬁg dﬁﬁ?ﬁdVW ﬁﬁeanglg g? PERFSIing FrAmS:

14. A bl ankét wddcbr cdacll degmeaty compeisesf at bioclpr efedi myixilre of
clainms, which co [ arj e f yer me of which may not extend
over the entire 2?%5@ ?%t\é b+a{r% lee Jl@ & ﬁnd@ﬁ bl anket according to any of
the preceding clainms, which is bendabl e about a radius greater than 200 nm

in any direction. jo, A blanket according to Claim 9, in which the

oo aggregate may be stone, granite, magnetite or haemetite.
o :

10 11, A blanket according to Claim 9 or 10, in which
the fillers and binders are crushed limestone, cement and
epoxy resin,

12, A blanket aﬁcording to any one of Claims 1 to
8, in which each segmént comprises a. plastics shell filled

15 with a dense filler such as concrete.

13, A Dblanket according to any one of the preceding
claims, in which the segments taper at an included angle
in the region of 25° to 30°. '

14, A blanket according to any one of the preceding

20 claims, which comprises a variety of layers, some of which

may not extend over the entire area of the blanket.

15, A blanket according to any of the preceding claims,
- which is bendable about a radius greater than 200 mm in any
direction.
25 16. A flexible blanket for protection or stabilisation

of underwater structures and pipe lines, unstable beds and
embankments arranged substantially as described herein with
reference to and illustrated in Figure 1 of the accompany-
ing drawings.

[ NI



25 . 16. A flexible blanket for protection or stabilisation*

of underwater structures and pipe lines, unstable beds and .
enbankment s arranged substantially as described herein with reference to
and illustrated in Figure 1 of the acconpany- i.ng draw ngs. 17. A .

|bIe bl anket for protection -or stabrffsation of underwater structures
ang~p\pe |ines, unstable beds,a/nd embank- . ments arranged substantially as

bed her é?n WAt hflesitlecnbianket arfdr aspriotéction abed stnbﬂlitzpﬂicn 20fnd. '3 of
yompany 'uﬂge Hyater stu@MQSan&?rpmﬁneL' SiHsPible BE&QZ&E egfbank-

yion or I sat1 on tructures an |nes
ungt abl e bedswaseam;amed ragstantiall ¥ nae Flesgbihesh hiegein, azétluéséﬁqyea herei n

wi t referenceotandarad aAflustiadsdr dh etigute 2 Gide ¥ &Ff thide are6RPRRNENY
dr aw ngg d ? A flexible blanket for protection or -

stabi | i ati on “*BF Rffder wat er structures and pipe |lines, unstable beds and
enbank- nments, arranged substantially as described herein with reference to
and as Illustrated jn 5 e c a

flexible bl arll et fg‘r ﬁegk%ect ganng? sftgglb:)‘m;il %/1!1&9 @E V!tggms&%n dé’?wat er
structures an@npepeaﬂerneyucmamé Dlpgs lined, elm#kle Mﬂ#sandaﬁmmgéd

substanti al | y sagesleirrhhgsd Qﬁbﬁtﬁtﬂlw ésef&rsﬁi-‘%dt @aer@i’&dwf'i@h | Jefaiedncat ed i n
Figures 8 and 9 of the accorrpta;le}r;_}/éB raw n met hod _of making a

flexible bl ank®t 3§ ag, Hluskrp Fis“’%rgﬁfab‘i‘? |a§&?'PBﬁ“¥§P3uﬁ6°é’fW§Fer

structures and pipe lines, the nmethod conprising the steps of providing a ..

PLuralhpy of B9 OWAP! ASkh1es "Bldrker 2460 SPkbehBROLEGiAbBILAMA ALY
underwater structures and pipe lines, unstable beds and embank-

ments, arranged substantially as described herein with reference
to and as illustrated in Figure 5 of the accompanying drawings.
K | .

20. A flexible blanket for protection or stabilisation of
15 underwater structures and pipe lines, unstabie beds and embank-

ments, arranged substantially as described herein with reference

to, and as .1llustrated in Figures 8 and 9 of the accompanying

drawings.

21. A method of ma'king a flexible blanket for protection

20 or stabilisation of underwater structures and pipe lines, the

method comprising the steps of providing a pluraiity of hollow

plastic shells, each Shell tapering substantially regularly from

a maximum cross section at a median zone of their height
dimension to a minimum cross section at one or both ends thereof,

25 arranging said shells in a layer one segment in height, in

which the shells have their edges at said median zone substan-

tially contiguous, threading through pre-moulded bores in the

shells an interwoven network of rope means whereby each plastics

shell is connected by a part of said network to each adjacent

30 plastics shell and filling the shells with a settable composition
. material, such that the segments are held sub;tantially contiguously

but are free to pivot relative one to another about the'-i. rope

—_—
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as=maxi mum cross section at a .nedian zone of their height dinmensiont
m ni mum cross section at one or both ends thereof, 25 arrangi ng
shells in a | ayer one segnent in height, in which the shells have thejr <)
edges at said median zone substan- tially contiguous, threading through &
pre-nmoul ded bores in the shells an interwove&-network of rope neans
each plastics shell is connected by a part of said network to each adj
30 . plastics shell and filling the shells with a settable conposition
mat er™dl , such t Heganshelnsefererass & epemshittedibbiyanthieal tapeconti gheushgllsyt
are free to pivotipee! 3t t o} h p -16- n
arhigenith® 0P 3HE Pg%ﬁ?sﬁéﬁnﬁs esuE:ﬁ Shat each %%gallnoeixt the

insofar as is permtted by the taper o e e arrangene
tapers bei ng sucHS: feRallgcAt Rigptine Witk mers| thaw ope\dedreg off freedoms t han

one degree of freedom
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