2173152 1 H GH PROFI LE STRUCTURES, E. G FOR SO L RETENTI ON OR DRAI NAGE
Background of the Invention The present invention relates generally to
hiigh;profile 5  bulked multi-layer.plastics material structures in which
at | east ‘one Iayer is4n a non-planar configuration. A high-pr %1'@3157
structure has a thickness considerably greater than that of a ~
texti-Ne fabric. The thickness should in general be such as to be capabl e of
10 re%t rai ni.ng the novement of soil or gravel filling the reentrants in a
profiled face of the structure when the structure is at a steep angle. In a
flexible form such structures can be used for soil retention. The
structure is placed on e.g. an 15 enbanknment and may be filled with e.qg.
soil and grass seed. The grass seed gr ows and |ts roots entmnne t he
structure, preventing grosst&£&sh 2 ERY BS 2 QYL action of
a river or sea. The structure itsel f_can be pe ged domn to prOV|de firm
retention, at least 20 in the |n|t|é§§$¥¥§é@£dg—425£_§£§§ﬂh A nore rigid

structure can for instance be used as a 2

Background of the Invention

The present invention relates generally to high-profile
AL 5 bulked multi-layer plastics material structures in which
at least one layer is in a non-planar configuration. A
high-profile structure has a thickness considerably
greater than that of a bulked textile fabric. The
thickness should in general be such as to be capable of
10 restraining the movement of soil or gravel £filling the
reentrants in a profiled face of the structure when the

structure is at a steep angle.

In a flgxible form, such structures can be used for soil
retention. The structure is placed on e.g. an

15 embankment and may be filled with e.g. soil and grass
seed. The gtass'seed grows and its roots entwine the
structure, preventing gross erosion by heavy rainfall or
the wave action of a river or sea. The structure itself
can be pegged down to provide firm retention, at least

20 1in the initial stages of root growth.

A more rigid structure can for instance be used as a



*spacer for soil drainage, particularly when the conpression resistance need "
not be too high. One or both faces of the structure would be provided wth -
.a layer of geofilter to prevent the structure filling with 5 soi| or, S|§t
and to maintain gaps within the structure through which.water can drain. It.
istdesirable to be able to form high-profile_structures which are

di mensional ly stable and fairly regular, in 4 qui ck -and sinple manner in-a.
nodern 10 manufacturing plant. It is also desirable to develop a struct U¥e
whi ch does not spacset af o sm:bu@hathQQQelBamhiehlééédeheadthe scouring in
soil retention. The Invention In the nethod of the invention, the shri nk
layer is 15 bi SORPIessien -Eesinkanre nead Betohe F89eP19§ of OHESHI
structure, and the layers are fixed to et her screte, %@ICh lie on
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It is desirable to be able to form high-profile

structures which are dimensionally stable and fairly 'i;

regular, in a quick and simple manner in a modern |
10 manufacturing plant. It is also desirable to develop a

structure which does not have 1arge through-channels

which could lead to scouring in soil retention.

The Invention

In the method of the invention, the shrink layer is
15 biaxially heat-shrinkable, the second layer is of mesh 'C;
structure, and the layers are fixed together at discrete
zones which lie on the intérsections-of a notional,
generally square grid, each zone being spaced from
adjacent zones along each axis of the grid; on heating
20 the shrink layer shrinks and the second layer bulks to
form a nigh-profile, fairly regular cuspated
configuration, i.e. having a face formed as an array of

pyramid-like projections. Preferably the second layer

(the non-shrink layer) does not shrink substantially,



3 and it can be unorientated or. alternatively orientated and then heat-set
at a suitabl e tenperature; however what is inportant is that the shrink
kayer should shrink much nore than the non-shrink |ayer. The use of a

heat - shri nkabl e plastics material |ayer enables relatively high percentage
shrinkages to be gbtained and thus produces high-profile structures
SU|tébIe for soil retention or soil drainageszand nore generally for
geotechnlcal structures. It has been found that the nmesh structure of the

‘non-shrink | ayegngnakl gant Be ausaabﬁ@a%fe@%t:u q%etz%af{q\)‘quﬂ%cmm%the

strands of the nesh structure can nove relative to one an .g. a type
of swivelling nauenenanaheuadsbheaJtUBCTsuq&%bqre e TRt ANS Hw strands
of the structure as the non-shrink |ayer forns the cuspations. It has been

appreci ated thawhabeist ¢mpoetahitxiBgthae ltageshriioketlaglerathof1d'@rink
shrinking can be perforned at |ocations renote fromeach other, and even in

di fferent countmueb. méfeethanxthg nba-shrdnk tlagetrher, the structure is

rel atively dense and can be transported by public road, rail, sea or air in
this sem -finished form for instance as a roll. As significantly less air
4

The use of a heat-shrinkable plastics material layer
enables relatively high percentage shrinkages to be
obtained and thus produces high-profile structures
suitable for soil retention or soil drainage and more
generally for geotechnical structures. It has been
found that the mesh structure of the non-shrink layer
enables the cuspated structures to be formed because the
strands of the mesh structure can move relative to one
another, e.g. a type of swivelling movement around the
junctions or intersections of the strands of the

structure as the non-shrink layer forms the cuspations.

It has been appreciated that the steps of fixihg the
layers together and of heat shrinking can be performed
at locations remote from each other, and even in
different countries. After fixing the layers together,
the structure is relatively dense and can be transported
by public road, rail, sea or air in this semi-finished

form, for instance as a roll. As significantly less air



is being transported (conpared to the bul ked final .product), a very high
percentage of transportation costs can be saved. Thus the relatkvely dense
structure can be secured, e.g. fornmed into a roll which can be tied, .
strapped, packaged or containerised at the manufacturing .site, transported
a substantial distance (which would normally be tens or hundreds of
kiloneters), and then shrunk, for instance in a warehouse closer to the oy
actual site of use. Though it is possible to have the shrink |ayer of -
i nperforate ”ﬁifrb@inésﬂfbnﬁﬁoﬁhéatk%%m%&&%ﬁ'%b ftiheMbullikea |BAS are
preferably all fornmed of nesh structure. The nesh structures may be
integral | y-extpeél@dctpshasirergt High, peecentalganod® ftaafipdrt A degwes Wit h
GB 836 555, GB 1 250 478, GB 1 264 629, SP 396 734 or GB 1 075 487 or
pierced film eihecbeasavedy, Thasl aher redar ilve liyodenseh\s tmrtiune awan
knitting. A whole range of plastics materials can be used, for instance

| ow, nedi um orbéi gacucedit ¢.gol formpdeAdtor apaioldr shilcdneanibeidiiad, i s
possible to arrange. for the heat shrinking to occur at relatively |ow
tenperature, i8tFappedscpackagedcarr gontadnggised at e manufagtnning

boiling point of water as this _provides siqple tenperature caontrol_and al so
gite, transported a substantial distance (which would

x

normally be tens or hundreds of kilometers), and then
shrunk, for instance in a warehouse closer to the actual

site of use.

Though it is possible to have the shrink layer of
impezforaté material (such as plastics material film),
the layers are preferably all formed of mesh structure.
The mesh structures may be integrally-extruded mesh
structures, for instance formed in accordance with GB
836 555, GB 1 250 478, GB 1 264 629, SP 396 734 or GB 1
075 487 or pierced film; alternatively, the layers can
be formed by weaving or knitting. A whole range of C;
plastics materials can be used, for instance low, medium
or high density polyethylene or polypropylene. . Though
it is possible to arrange for the heat shrinking to
occur at relatively low temperature, it is preferred to
carry this out at or very close to the boiling point of

water as this provides simple temperature control and

also



5 avoi ds accidental heat shrinkage. Even hi gher tenperatures can be used
(utilising say=+hot air), in particular when the shrink layer is nade from
pol ypropyl ene or if higher shrinkages are required. 5 Al so, if the shrink
| ayqr is not powerful:enough, it is an advantage to heat the non-shrink

| ayer sufficiently to soften it and nake it nmore easily deformable. The

m ni-fum heat shri nkage may be 5% and t he maxi fum may be 50% the anount of
heat™$hr i nkage dependi ng upon the 10 thickness required in the bul ked
structure. The cav¥pafgdascidentadsheat sbriakagevel Evenr bighes wel | as
regul ar arid di mensionally stable, being faorned of individual |ayers each of
whi ch can be di nERBPBRALLFe8t SBRcbeTHECA {NEidd sdnGySaYr 80taR18d -mdde very

ickly 15 i d factur| I . ,Cuspat.ed st t h
"ar ge 1 hr ough- ChERRERGUIRA HARD RS PBEABK IENRF AG MRER GL88 for Soil

retention, but n I ve_t Is [ i l, dr bi_lLity. Preferred
Enbodi ments 20 Tﬁgﬁﬁﬁggﬁﬁﬁgﬁgmﬁfl%gequsg%egﬂgéggfgggdFr8y¥ﬁﬁy1§FSéxanple,
with referenge tg;Lge 26CPRRABNERARIIYERITs HOr BorruT Wotigh,  1t31s
i sometric view of a cuspated structure;
an advantage to heat the non-shrink layer sufficiently
to soften it and make it more easily deformable. The
minimum heat shrinkage may be 5% and the maximum may be

A 50%, the amount of heat shrinkage depending upon the

10 thickness required in the bulked structure.

The cuspated structures can be relative;y strong as well
as regular and dimensionally stable, being formed of
individual layers each of which can be dimensionally
stable. The cuspated structure can be made very quickly
15 in a modern manufacturing plant. Cuspated structures
have no large through-channels and can thus resist
scouring when used for soil retention, but nonetheless

have two directional drapability.
Preferred Embodiments

20 The invention will be further described, by way of
example, with reference to the accompanying drawings, in

which: -

Figure 1 is an isometric view of a cuspated structure:



6 Figure 2 is a schematic vertical section thraugh.a cuspated structure;
Figure 3 is a plan view of the mddle | ayer of the structure of<- Figure 2; 5
Figures 4 and 4a are alternate plan views of the structure of Figure 1,
prigmarily to show alterate heat-wel ding zones; Figure 5 is a schematic
vertical section through another cuspated structure; 10 Figure 6 is a
schematic side view of plant for making the structure of Figure 1; Figurg,7
is a schematic view of the structure of Fiqure 1, in use as an embanknent™’
stabi | iser; andFREY&eRe 28 1ifs 3 sCHRMAR YT VAR AL (SR IR CRREMGR &igure 15
1, in use as a draina% structure. Figures 1 to 5 Figure 1 shows a flat
first layer 1 (SHPPAESAaPHEMCINFe: cuspated second 1ayer (non-shrink |ayer)
2. The layers are fixed together at discrete fixing zones 3 which lie 7
on all the intersections of a notional, generally square grid, as shown in

Floure 4 of 42 pagale?d19s7d DoAY H Y 36FTH1 S e G Ot SCN aXTS

structure of Figure 2;

5 Figures 4 and 4a are alternate plan views of the
structure of Figure 1, primarily to show alterate

heat-welding zones: _ t)

Figure 5 is a schematic vertical section through another

cuspated structure;

10 Figure 6 is a schematic side view of plant for making

the structure of Figure 1;

Figure 7 is a schematic view of the structure of Figure

1, in use as an embankment stabiliser; and

Figure 8 is a schematic view of the structure of Figure

15 1. in use as a drainage structure.

Figures 1 to 5

Figure 1 shows a flat first layer 1 (shrink layer) and a
cuspated second layer (non-shrink layer) 2. The layers

are fixed together at discrete fixing zones 3 which lie



al ong each side of the square. .The notional grid is not 5 depicted in
Figures 4 and 4a, but the sides of the grid run at [err] to the sheet of
‘Jhe drawing; the grid need not be precisely square, it only being necessary
that, the grid be generally or roughly square; i.e. one side could be rather
| arger than the other and/or the corner 10 angles may be rather different
fronr[err]. In Figures 4 and 4a, the nmachine @irection (MD) will be up and
down>t he sheet so that in the finished structure, the cuspate grid will be
"on the dianond"onTalt thepirtersedtionscoBaaknmentioanabi jeneracddy shoagh if
the cuspated 15 structure is used as a spacer, one coul d have the cuspate
grid "on the squaridd, sdvshgwnhincBigure 4rPd 2ah ehAehsgoneel janspacedde
good drai nage channel s _extending parallel to the run of the cuspated
structure. The nbFeRjaf)dfeRkezqResnk pA9RE eaghsaxpe efpibredsid20ibeaxi al

heat shrinkage, apd this jis Provided by stretching all the strands.,in ways
whi ch are al ready*®R@wHacR §ldeyoh; thei 8AUaFeent ARLoROGRCRAAAREE AdsROt

hi ahl y dosi r bl SERAFteRctRRi Bk PRI EZ8nR.08 BOE e Re LR ROe RS R e B much
non- shri nk 1 ayer P il FroctBCtRg e lbeRCke rhY drplRtgr R GRIE kS Th
not be precisely square, it only being necessary that
the grid be generally or roughly square; i.e. one side
ot could be rather larger than the other and/or the corner
10 angles may be rather different from 90°. 1In Figures 4
and 4a, the machine direction (MD) will be up and down
the sheet so that in the finished structure, the cuspate
grid will be "on the diamond”. This is preferred for
embankment stabilisation, though if the cuspated
15 structure is used as a spacer, one could have the
cuspate grid "on the square". Having the cuspate grid

"on the square“ can provide good drainage channels

extending parallel to the run of the cuspated structure.

C

The material of the shrink layer 1 must be capable of
20 biaxial heat shrinkage, and this is provided by
stretching all the strands in ways which are already
known, e.g. by bi-axial orientation of a formed mesh
structure. Although it is the differential shrinkage
that matters, it is highly desirable that the non-shrink
25 layer 2 should not shrink very much during bulking up

(but a shrinkage of say 2 to 3% may be acceptable). The



or can be of material which has been stretched and.heat set at a

t enperature appreciably higher than the ultinmate shrinking tenperature. 5
Al though it is possible to have the shrink tayer 1 of inperforate p]astics
film say 0.1 to 1 mmthick (Figure 5), it is preferred that each |ayer
shoul d be forned of plastics nesh. This: lightens the structure;

facilitates entangl ement of roots when used feor 10 enmbanknent

stabilisation;

allows the roots to penetrate into the ground bel ow the N

structure; and abheshriaknlayesaecano thaente off hmouglerntdet edinater Dabyel

retai ned by the structure and into the ground bel ow. Though the |layers 1, 2

can be knitted oF eeuche pf materdads ch6 hasatbedne stnetinhed and chéat

firmy connected together at the junctions or knots, e.g. with integral

strand junction§etadtt Bi $eRPEEStALey APRE PRI Atighen Ahan hicture

whi |l st allow ng the novenent regéired of the non-shrink layer 2 to formthe
r

cuspat ed confi gBthimafe. shyinki

FeMmPeSATUE®-| uent |y extruded meshes are

preferred. For the shrink layer 1, it is possible to use a nmesh with the
si des of the neshes generally parallel to the cuspate grid (i.e. a dianond

T el v aos ALk oydh §0e1d 3pRUTbhe RAMRUTE W% WrAIHK! TS T 21 ©

relatively dnsta

mMensi ona IS prererr I'n nmanufacture to use a

square or rectapgpbafobat® pHa8Rics £ilm, say 0.1 to 1 mm thick (Figure

10 -

15

20

25

5), it is preferred that each layer should be formed of
plastics mesh. This: lightens the structure; L)
facilitates entanglement of roots when used for
embankment stabilisation: allows the roots to penetrate
into the ground below the structure; and allows rain or
water t§ permeate through the soil or gravel retained by
the structure and into the ground below. Though the
layers 1, 2 can be knitted or woven, it is preferred

that the strands should be firmly connected together at
the junctions or knots, e.g. wifn integral strand
junctions, as this givés a more dimensionally stable
structure whilst allowing the movement required of the
non-shrink layer 2 to form the cuspated configuration -
integrally or confluently extruded meshes are

preferred. For the shrink layer 1, it is possible to

use a mesh with the sides of the meshes generally
parallel to the cuspate grid (i.e. a diamond mesh if the
grid is "on the diamond“).' However, as diamond meshes
are relatively unstable dimensionally, it is preferred

in manufacture to use a square or rectangular form, when



’9 the sides of the nmeshes would normally be substantially parallel to the
di agonal s of the cuspate grid. In addition, to formthe shrink layer 1, it
Js preferred to overlay the mesh structures so that there are two plies, 5
as jjllustrated in Figure 3. Though separately produced mesh structures can
be used, it is possible to fold over the nmesh structure with a fold
extending in the machine direction so that any one strand runs generally in
t hem~sane direction in each ply (i.e. the MD strands continue 10 to run in
the MD directiont%hdsiﬁést?gnéberBeSGPFeUPDbﬂ poppailyahessuvbatantidaldyr un
in tHe transverse diyection). In_practice, it is very expensive to provide
mesh structures B@ﬁ%hl%}et%rEE?s%fﬁgﬁEEEFa?ﬁ tB8nEvEPaLe| grifdioudR the MD
strands are usually.fairly 15 parallel wth the nmachine directign; the TD
strands are not %4%#%%??'af°[§$¥T F%etﬁgr%ﬁﬁhrﬂgeﬁi?ec%Foﬁ? BEPgﬁrﬁFdat°
smal | amount |es [ ] Yy 70.0 o] ; [ a
Puot Bl | Eh¢ e S pEhuleRbbs (8o PEnRECho RS ok PuETBTRRE oy

I rregul ar cuspation omr he age. By overl ayrng,

fairly equalgan énifgugepgéé e fli g f wn.s.S%ﬁgegntQEPWaegﬂygpggpéceE the

transverse shrinkage forces of the TD strands o ne pry are
conpensated for hysh herOpPOsiée dbhcoanesedl sief 16hpsssPbibheookhes Bl¥rand

good cuspated structures can be achieved. 25 Although the shrink layer 1
can be | ess robuste thégh téructure with a fold extending in the machine
direction so that any one strand runs generally in the
same direction in each ply (i.e. the MD strands continue
10 to run in the MD direction and the transverse direction
(TD) strands continue to run in the transverse
direction). 1In practice, it is very expensive to
provide mesh structures which are precisely accurate
geometrically, though the MD strands are usually fairly
15 parallel with the machine direction; the TD strands are
not strictly at 90° to the machine direction, being at a
small amount less than 90°, say at about 70° or about
80°:; this causes irregular cuspation on heat.shrinkage.
By overlaying, the small amounts are fairly equal and in
20 opposite directions so that the MD components of the
transverse shrinkage forces of the TD strands of one ply
are largely compensated for by the opposite MD
components of those of the other.ply and good cuspated

structures can be achieved.

25 Although the shrink layer 1 can be less robust than the

non-shrink layer 2, the shrink layer 1 must have enough



non-shrink layer 2, the shrink layer 1 nust have enough 10 strength and
sufficient shrinkage to pull the non-shrink layer 2 into the type of
cuspation required. The material chosen for.the shrink layer 1 will also
depend upon the material chosen for the other layer(s). 5 Though medi um
density polyethylene is one possible material, the preferred material is

i near | ow density polyethylene for the shrinkOlayer 1 in association with
| ow, medi um or high density polyethyl ene for the other layer(s). In.an .™

alternative, polsgrepytkrendssubeicient 18hfbnkage shrpnkll aher ndbnastirtink
non-shrink layer 2 can be nmade of polyethylene, which softens at a | ower
t enperature thadﬁ!ﬁ%qi(inNQwﬁh%nﬁvnﬁlOftéhﬂpcblenrbseutnedpolypropylene

during heat welding, giving good weld strength. Nonetheless, all the |ayers

can be fornmed of 15 the sanme material, if desired. The non- shri nk | ayer 2

be i i h 1 f onulti tructi
(as shown ?ns'pf‘?,q}fee%eﬁsaf Henen Fﬁﬁﬁtgﬁe%agieé’ b?”ierslhﬁa al8ocuspate

TR iR i

I't is prefergeddfidigd MfedAih S&@ﬂé‘i‘t}%@iy@tﬁ@?&hg P Bfie possibile
material, the preferred material is linear low density
polyethylene for the shrink layer 1 in association with
low, medium or high density'polyethylene for the other
layer(s). In an alternative, polypropylene can be used

10 for the shrink layer 1 and the non-shrink layer 2 can be

made of polyethylene, which softens at a lower
temperature than polypropylene and will tend to enrobe
the'polypropylene during heat welding, giving good weld
strength. 'Nonetheless, all the layers can be formed of

15 the same material, if desired.

The non-shrink layer 2 can be in a single ply (as shown
in Pigure 1) or of multi-ply construction (as shown in
.Figure 2). It is found that one heavy ply is harder to
cuspate than two lighter plies, and the two plies also
20 provide more filaments for the entanglement of roots in
an embankment stabilisation application. It is
preferred that the non-shrink layer 2 should be of
square or rectangular form mesh structure with the sides
of the meshes generally parallel to the cuspate grid (as

25 shown in Figure 1):; in the preferred form of production

o

!;

*



Square or rectangular form mesh structure with the sides of the meshes
generally paral-lel to the cuspate grid (as 25 shown in Figure 1); in the
preferred formof production .used, this will mean that the non-shrink
layeL 2 wll be termed a dianond nmesh. This gives nore pronounced troughing
on shrinkage, even if the nmesh sizes of the two plies are different, and it
is believed that the 5 strands swivel slight}¥ to enable the pyran1ds of
t he bﬁspated structure to be forned. In addition, the fact that the strands
are running parmusidicxhiiawﬁlrimﬁamrmhtUsphcemosfshcinkeIQYGESzgnmﬂlcbesh

resistance and a relatively stiff material. Though not illustrated, the 10
non-shrink | ayer YekRRd A drm&sh+tsTkxﬁamugesunﬁrﬁgppanauneedto t he
di agonal s of the cuspate grid, g. being of square or rectangular nesh on

the production plEFRUINIRG - %##¥%ﬁa¢%yeﬁvﬁnn%§ Bhecheghi §LE§sShafethfe
Dl 65 of trol |1 WA PiARs TAFe e FREFa orand chouke 8o+ifed Hhat HBPmal -
20 The' | ayer & 1, 2 Ae A vdhe esr*?ﬁ}#f’ég?%%%?e*?% EFfafiteraf 6Rh ane
form Al though any i fedddddi® to be formed. 1In addition, the fact
that the strands are running parallel to the grid of the
 cuspated structure gives good crush resistance and a
N .relatively stiff material. Though not illustrated, the
10 non-shrink layer zicould however have its strands
running parallel to the diagonals of the cuspate grid,
e.g. being of square or rectangular mesh on the

production plant.

The non-shrink layer 2 may alternatively have the form
15 ©of a trellis net (parallelogram mesh openings), or of

double-laid plies of trellis net.

The non-shrink layer 2 shown is formed of a normal
thermoplastics material, but it may be formed of a

thermoplastic elastomer.

20 The layers 1,2 are fixed together while they are in
substantially planar form. Although any suitable fixing
can be used, it is generally preferred to use a material
which enrobes the shrink layer 1 as this provides a

locked seal (i.e. a fixing which prevents printihg



can be used, it is generally preferred to use a material which enrobes the
shrink layer 1 as this provides a | ocked seal (i.e. a fixing which prevents
printing 12 between the layers 1, 2 at the .fixing zone) and causes. a
nore regul ar cuspated formto be produced; the fixing can be by nelt fusion
and the subsequent solidifying of the material, e.g. by ultrasonic welding
or hot nelt 5 printing, or preferably hot Wlding. It is inportant tqgg
t he wel ding zone 3 should extend over enough strands to ensure fixi-ng; as a
resul t, though pdvweémItli®Esyérsan, o2 vat gobe £ Esihgszéned &nduceusps a

el ongate zones 3 are preferred (see Figure 4a) as they will 10 extend over
nmore than one stomndeégulan |¢uspatédveormyeeybeapgedured: hebauléxingy are
narrow. |f the shrink layer 1 has_its strands generallz al i ngd with the

di agonal s of timan ki mele fusionfapd fheseiheeapes cﬁﬁlgé £BLREdOEF the

gaps between the wel ding, zones 3 in 15 each row are_appr oxi el ual to
the | engths of'QQR;W&%Q#&@de%é%'3th%ﬁ§5?§%§gckﬂﬁ£9égg P Fﬁg E%%ggds of

e oL O S ST HESL L RRLAhSE b18Re7 8P 5F, WBBeBLaRe! o,
gaps being amm%hgg)éﬁ%ﬂagiéfﬁblfgﬂéh§ Shot 18 ¥&ktdhB9o%8RCENBuGh MO e
strands to ensure fixing: as a result, though circular
zones 3 can give good results (see Figure 4), elongate |
zones 3 are preferred (see Figure 4gj as they will LJ
10 extend over more. than one strand but will not have a
very large area because they are narrow. -1f the shrink
layer 1 has its strands generally aligned with the
diagonals of the cuspate grid, satisfactory structures
can be formed if the gaps between the welding zones 3 in
15 each row are approximately equal to the lengths of the
welding zones 3 themselves. However, if the strands of
the shrink layer 1 exﬁend roughly parallel to the sides
of the cuspate grid, it is preferred that the gaps
should be substantially longer, the gaps being about
20 double the lengths of the welding zones 3 or more
specifically the welding zones 3 representing about 34%

of the total length of the row.

The preferred mesh pitch'for the shrink layer 1 is 3 to
15 mm and the preferred mesh pitch for the non-shrink

25 layer 2 is 5 to 11 mm.



specifically the welding zones.3 representing about 34% of the total |ength
of the row The preferred nesh pitch for the shrink layer 1 is 3 to 15 nm
and the preferred nmesh pitch for the non-shrink 25 layer 2 is 5 to 11 nm
13 As shown in Figure 2, there may be a third, non-shrink |ayer 5 on the

ot her side of the first layer 1, which third layer 5 would normally be

i dentical to the hon-shrink layer 2 (though nd3 necessarily so). The 5
thirg#layer 5 will also assume a cuspated form It is also possible to put
the shrink | ayer Ag# ehowat AnsFdguref 2t.hahege siay e laaydrird, Tom-ciedatked
structure’'so formed would have | ess height as the non-shrink |ayer 2 is
constricted and BB¥YRIf &ced® hbEl @thernsidey of &ie £irethlianere lst Mhdiak e

could provide a %ood bond for woven or non-woven ,geotextiles filter
material s on one Bﬁrﬂoﬂﬁyﬁicés?°PédfGPHN&#&WhéGb‘%@WG&F&ﬂe§P Ribfure 2

EESAAR R AN T AR P i O
mmchi ne) as fhe SREFAIARSE > W1, dFeolarEune. ¥ Shamal A tA ) &¢ 1R
alternative is | 4$o possible to put the shrink layer 1 on both sides of
the non-shrink layer 2. The cuspated structure so
formed would have less height as the non-shrink layer 2
Nt is constricted and both faces would be nearly planar,
- 10 but the structure could provide a good bond for woven or
non-woven geotextiles filter materials on one or both

faces, to form drainage structures.

Figure 2 illustrates that at the selvedge, the shrink
layer 1 can project e.g. S cms out beyond the non-shrink

15 1layers 2 and 5. This enables lengths of the structure
to be sewn or fixed together side-by-side (in a sewing
or welding machine) as the shrink layer 1 at the
selvedges remains fairly flat. An alternative is just
to have the fixing zones a suitable distance from the

20 edges. Another alternative is just to compress the
cuspations in the sewing or welding machine. Once
gside-by-side lengths have been joined together, they can

be folded over down the sew lines.

Py
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to have the fixing zones a suitable distance fromthe 20 edges. Another
alternative is just to conpress the cuspations in the sewi ng or-welding
machi ne. Once side-by-side | engths have been joined together, they can be
fo| ded over down the sew |ines. 14 Plant (Figure 6) Fi.gure 6 illustrates
a manufacturing process for making the cuspated structures. The part
bet ween the vertical dashed |ines nmay i ncl udé4an accumul at or " (f or
continuous 5 manufacture), or may be represented by collecting the
sem -fini shed pRhamet (Bhgurecbding it (e.g. by rolling it up tightly in a
dense roll and strapping it), and either bulking it later on the sanme site
or transporting it a long distance (represented by the schematic, 10

smal | er scale |%lustraé on, of &Fuck) and then bul Ki loas FAC i ni.t.i al
part of the plantJ%b8r g?-’éﬁa Puﬁﬁﬁgﬁé &qdpﬁgr?e&?ri Aamaking
mterials are f@ﬂ?‘; g%ﬁ?%bss%}uégu gépecﬁ'h e\%éf:&u%'ett%erw t?lL?DJe(ytﬁ%a]l?’ and

are 15 fixed toge ransversely-space i ng too

cooperate with ﬁ% ﬁé&eﬂxﬁés(ﬂéﬁfﬁhéﬁhﬁé Hﬁhﬁékﬁﬁuﬁﬁ%o¥5(Q%rt%%b&1¥§o%% the

sane shape as t t ool tools 15 are preferably
tenperaturesconﬁsﬂﬁfgétﬁeey, or may be represented by collecting the

semi-finished product and securing it (e.g. by rolling
it up tightly in a dense roll and strapping it), and
either bulking it later on the same site or transporting \;J
it a long distance (represented by the schematic,
10 smaller scale illustration of a truck) and then bulking

ic.

The initial part of the plant operates step-wise.
Shrinkable and non-shrinkable materials are fed from
rolls 11,12 respectively., united by nip rolls 13 and are
15 fixed together by transversely-spaced welding tools 14
which cooperate with a heated or (preferably) unheated
bar 15 or tools 15 of the same shape as the tools 14;
the tools 15 are preferably temperature-controlled to a
temperature below, say 10°C below, that of the tools 14;
20 and below the melt temperature of the non-shrink layer
12. As the tools 14 contact the non-shrink layer 12,
the material in contact with the tools 14 melts and
adheres to the shrink layer 11, preferably flowing and
enrobing the shrink layer 11. On the next step forward,

25 ©€o0ld tools 16, similar in shape to the welding tools 14,



‘tenperature below, say [err] below, that of the tools 14, 20 and bel ow the
nelt tenperature of the non-shrink |ayer 12. As the tools 14 contact the
,hoon-shrink, layer 12, the materi.al in contact with the tools 14 nelts and
adheres to the shrink layer 11, preferably flowi ng and enrobing the shrink
| ayer -11. On the next step formard 25 cold tools 16, simlar in shape to
t he.wel di ng tool s 14. 15 hol d the wel di ng 28nes 3 agai nst a second
unhé&ted bar 17 and prevent the |ayers pulling apart before the materi al
has cool ed. An ahpddn&hevwelding zonesodpadgatinsg aofste comdoamhesities ibaxt ead
of the tools 16 5_ and the bar 17. Continuous systens are however
possi bl e, such a§7u§PﬁgPﬁ6VGPﬁgtﬁeaé§Y666péﬁdﬂﬂﬂg\ﬁHPHQWHQQ9@§ dheni t h
transport chains. |n orgeLPto bul kK .up the structure, the structure is

f

passed t hrough t RBtRFp2 ﬁpGP°}8PIs Ap aﬂﬁFG&@ﬁlgeh&F e uS& h 22
d b ff b [
S whi ch s "gear GAOPEERGEPE BoYH EhpBed folde” Instiadlal Toe ttﬁfrf%iﬂﬁ;o
h |
o "bert s candhe RREYERE BaERRrED cOHRYHIoRS, %ﬁ?@aﬁ??@?’ VB brast may

be applied by nosagmzé-. fach! b8 B8inYCwe1l9hg?neals (cRbpRra%d ntARike used

rollers or with transport chains.

N in order to bulk up the structure, the structure is

passed through the nip of input rolls 21, through a hot

10 bath 22 containing water at 95-100°C, under a bar 23 and
under a stiff brush roll 24 which is geared to rolls 21
and determines the MD shrink; the roll 24 can have steel
or nylon bristles. Though not shown, converging fine
chains or belts can be used to predetermine TD

15 shrinkage. A cold air blast may be applied by nozzles
25. As alternatives, hot air or infra-red can be used
for shrinking, and the material may be on a

continuously-moving conveyor.
Uses (Figqures 7 and 8

20 There are many end uses for the structure, such as
carpet underlay, mattresses and other cushioning
applications, and side safety mats for the edges of
swimming baths. However, the structures are primarily

designed for geoengineering (geotechnical) use such as



for shrinking, and the material nmay be on a continuously-novi ng conveyor.
Uses (Figures 7 and 8) 20 There are nmany end uses for the structure, such
as carpet underlay, mattresses and ot her cushi oning applications, apd side
safety mats for the edges of sw nming baths. However, the structures are
prlnarlly desi gned for geoengi neering (geotechnical) use such as 16
enbankment stabilisation (Figure 7) and dralﬂébe (Figure 8). 'In Figure 7,~a
singl e-sided structure 31 (as in Figure 1) is laid on the bank 32 of.a
river or sea wakembankmead, swiaibi ltiilsa tdigpaiRicgune/ 1) Andpiraimsdge THRigure
structure 31 is pegged down and fine soil and suitable seed are spread over
the structure 38)so 38 PdgvEes Tdoin sindd atadded Bhiueturs Ihe(as rivture
31. In Figure 8, ,a doubl e-sided structure 33 as in Figure 2 has a

geotextile 34 aBpONER €3 dfe ladfeonsithe hank P2 (P r?pewmrat%r ReRYRLLFi | m
35 | dto the | th te | 34 d fil 35 b | d
andaBPe%irabf’y 9F. 50A8 a&%ﬁnm%#%%af?&e' eererza&méqg‘astm% © applie
aiternatives Lhgraagkarh 53 35 FRGAG IR Shd T L g bl fiRTe o

The naterlaP 33 I'ni ng a contail ni'ng re USe
drai ni ng seed are spread over the structure 31 so as to pass down

into the intertices of the structure 31.

In Figure 8, a double-sided structure 33 ‘as in Figure 2 o/

has a geotextile 34 applied to the upper side and an
10 imperforate plastics film 35 aéplied-tO-the lower side -
the geotextile 34 and film 35 may be applied and
. preferably attached during manufacture (after bulking).
As an alternative, the geotextile 34 may be applied to
the structure of Figure S. The material 33,34,35 is
15 shown lining a pit containing refuse 36, for draining
foul water from the refuse 36. In other applications,
for instance as a vertical drainage core, geofabrics

could be applied to each side of the structure 33.

Example

20 A structure similar to that illustrated in Figure 1 was
made in the laboratory. The shrink layer 1 was formed
of two plies; each ply is a linear low density.
polyethylene square mesh extruded as in GB 1 250 478 and

‘each ply biaxially orientated by stretchihg 4:1 overall



*foul water fromthe refuse.36.. In other applications, for instance as a
vertical drainage core, geofabrics could be applied to each side of the
,Structure 33. Exanple 20 A structure simlar to that illustrated in Figure
"1 was made in the laboratory. The shrink layer 1 was formed of two plies:
each ply is a linear |ow density pol yethyl ene square mesh extruded as in GB
1 250 478 and each ply biaxially orientated Y7 stretching 4:1 overal 17
inBéth the MD and the TD at [err]. In each ply there was a square nesh
pitch of 7 to 8 inmbatte the MR and MhS8IY/4er69°C. ThEnneacshplyktheyer 2
was forméd of two plies; each ply is an unorientated | ow density 5

pol yet hyl ene di &ffshd® RAUALR ML RI TR Rkl tDi§ ks Lhe e ightn beimg

5 She ohri et AR SRR A bk UiAdsnetoh ARk 4 ST SFStmed B RS nir *lha
bef or o QﬁP{ﬁE;'g?‘wae?fés%'{ At @fhﬁﬁ%@fﬁ%@aﬁ% AR W shrinic
o} AR VS S s 00 WGt ¥ gBhEL WriLs 341
11 mm. The weight of each ply was 135 g/mz, Although
in general terms the weight of the shrink layer 1 can be
equal to or less than (or even more than) that of the
N non-shrink layer 2, in this case the weight of the
10 shrink layer 1 before shrinkage was less than a third of

the weight of_the'non—shrink layer 2.

The layers 1,2 were heat welded together using welding
tools with rectangular faces, as in FPigure 4a; the tools
contacting the shrink layer 1 were at a temperature 10°C

15 1less than the tools contacting the non-shrink layer 2.
The welding zones were staggered in rows, each welding
zone being 17 mm long and 6 mm wide, the pitching of the
welding zones and of the rows being S0 mm and 25 mm
respectively. The plastics of the non-shrink layer 2

20 melted in tne'welding zones and enrobed the strands of

the shrink layer 1 to a certain extent in those zones.

The unbulked material had a weight of about 350 g/m2

and a thickness of about 3 mm.

The structure was bulked by being passed through a water



contacting the shrink layer 1 were at a tenperatwure.[err] 15 less than the
tool s contacting the non-shrink |ayer 2. The wel ding zones were staggered
in rows, each welding zone being 17 mmlong and 6 mm w de, the pitching of

t heg wel di ng zones and of the rows being 50 mmand 25 mmrespectively. The
plastics of the non-shrink layer 2 20 nelted_in the welding zones and _
enrobed the strands of the shrink layer 1 to &8certain extent in t hose =
zones. The unbul ked material had a mei?ht of about 350 g/[err] and a- -

t hi ckness of abdkAtls atn 98%E. st Thet 6hEinks1B¥PKed E?rbé'ngﬁﬂa§§e@°ﬁﬁr6ﬁbh_a
wat er 1 8 bath at er[%. The shrink Iaxer 1,shr%nk 16% in both MD and
TD directions; 3 TRrd3kechikonsyer thenBaRsBBELRK: LANRF o8B i nkage. The

Stpucture bul KeddgeLoRT) B Dy IhoPLRERMRache kil s6HRRTREE, BhfHREVTS o
e 2 e, RN o 4RCb AR 487 BB Rl IR Uit
SOurC 07, S 2 ad"E SR hEKIESTpect TR ae e italge 38y 20, 10
and bul ked fabrigsowt €180k8Bta¥ken as the thickness from the tops of the
cusps). In general, it is preferred that the thickness
of the structure should not be less than around 12 mm,
but the maximum thickness could be considerable, say 30, ;J
10 40 or 50 mm. As the maximum thickness of a bulked
fabric is around 6 mm, and bulked fabrics are normally
significantly thinner than 6 mm, the bulked structure of
the invention can be considered as having a thickness of
at least double that of a bulked fabric and in general

15 terms around an order greater than that of a bulked

fabric.

A test has been devised for ensuring that the bulked
structure of the invention is capable of restraining
soil movement. A 1 m X 1 m square of the structure is

70 secured to a base board.. While the board is horizontal,
aggregate of sieve size 3-6 mm is poured on the
structure and is levelled off, and the dry weight of the
aggregate noted. The board and structure are then
tilted to 45° - some aggregate will fall off, but the

25 loss should not be too great, say not more than 50%

w/w. The dry weight of aggregate remaining is



*significantly thinner than 6 nm the bul ked structure of the invention can
be considered as having a thickness of at |east double that of a bul ked
fabric . and,in general 15 terns -around an order greater than that of a
‘bulked fabric. A test. has been devised for ensuring that the bul ked
structure of the invention is capable of restraining soil novenent. A 1 mx
1 m.square of the structure is 20 secured to &%ase board. Wile the board
i s hef.izontal, aggregate of sieve size 3-6 nmis poured on the structure
and is levell ed 6Plcudagedne Wisingeiagweiar, tahd layyrafg22 SndtideresTimeoard
and structure are then tilted to [err] - sone aggregate will fall off, but
the 25 | oss shouPdn¥&e PeL wtgﬁeﬁl,d%}%(ﬁlsrﬁﬁ‘g‘“c% RPN \EherHoOR Qf

wei ght of aggregate renmmining is 19 .cal cul ated., Usi a weir, a flow of

25 811 o1 ea ner (bR, FETHSEuRE, ADd ot TR AT AR TRAE 1 hHp of ¢he

structure and conti for, fiv | .U . r f.e shed, out was

dried and wei ghe%%gglé?;tesugssthgﬁt %’1 g‘%urﬂm%da%gbfggeaﬁg&%bu% remai n, say

at | east 50%swW w l-q 2t Foal 1 gt i t fLr s P % W W.

The test vvasoscar F%%%t\gﬁl{tqgr} t%&ltg%glt}l I?efda trﬂﬁaﬁ sﬁ@hdg taet?cl&irﬂ éﬁ "
least 50% w/w (of weight after tilting up) but

preferably up to 80% w/w.

w; The test was carried out on the bulked structure of the
Example above, but made using circular welding zones 3
10 (Figure 4); it is believed that the results for the
Exanple strictly as described, would be very similar.
14.7 Kg/m2 of aggregate was loaded on. On tilting,
the load of aggregate reduced to 10.4 Kg/m2 (29%
loss); on flowing the water the load of aggregate was
15 reduced to 8.5 Kg/m2 (18% loss, of weight after

tilting up).

A layer of filter material can be attached to one or
both faces of the bulked structure, and/or an impervious
layer attached to one face, for instance by glueing or

20 hot melt printing or flame bonding.

In full scale production, as in the plant of Figure 6,

the layers 1, 2 can be continuous and of 3 m width.

The unbulked material can be bulked in the same



Exanpl e above, but made using circular welding zones 3 10 (Figure 4); it is
believed that the results for the Exanple strictly as described;y would be
very simlar. 2 14.7 Kg/[err] of aggregate was | oaded on. On tilting, the
| ogd of aggregate reduced to 10.4 Kg/[err] ( | oss); on flow ng the water
the | oad of aggregate was 15 reduced to 8.5 Kg/[err] (18% 1 oss, of weight
after tilting up). A layer of filter material can be attached to one or —,
both faces of the bul ked structure, and/or an,iqurvious | ayer attaohed°\ﬁ£
one face, for i RAORFACWFINAAIRE or BAFIRRAMEYS1Y i HRe MBABRL F2hin@aRohei ng.
In full scale prodquctjiqn, as in the ant_of Fjgure 6, the Iayeri 1, ‘2 can

I
be continuous arff® Q3Hﬂﬁﬂ(ﬁ9+lsﬂﬁ?{hﬂﬁﬂq&ﬁf Ere o9 L0 R RNkt FREF he
same manuf act uri.ng liine. Al ternatively,.the terial be rolled into
rolls each contai M% é.a&“lc?d‘ ﬁﬁheanscf“éﬁ t%’e‘%gbﬂﬁnﬁ%ﬂ;#ﬁ%f@%}. TR BBk site
or transported f | el s - S [
materi al I05 \/\D&w?koiéﬁ[ !egﬁé%%'epp-e%ﬁa%@%é%%%@i Egiri% s'g%tle%\bg%der to
secure it. By tiRRsROHd R4 & %&Jﬁﬁéﬁ.ngpaa{udecﬁb&ytcm@aﬁéw%% {Re
bul ked space is required. The present 1nvention has been described above
purely by order to secure it. By transporting before bulking,

only about one sixth of the bulked space is required.

The present invention has been described above purely by ./
way of example. Modifications can be made within the

10 scope of the invention.



Way of exanple. Mdifications can be made within the 10 scope of the

I nventi on. & ainms 1. A nethod of nmaking a high-profile structure,
conprising: providing a first, substantially planar, biaxially 5
hean-shfinkable, pl astics material (shrink) Iaifr; provi ding a second,
substantially planar, plastics material |ayer, the second | ayer being of
mesh structure; fixing the first (shrink) and second | ayers together at

di sCr€t e zones which lie on the intersection of a 10 notional, generally
square grid, eacleladms bei ng spaced from adj acent zones al ong each axis of
the grid; "and heating the structure so formed to cause the first (shrink)

| ayer to shrink biaxially with respect to the second | ayer and cause the
second layer to assune a 15 fairly regul ar cuspated configuration. 2. The
nmet hod of O aim 1. whReM&thodhoff making @ ihigh{ppefile sEieMLRructure. 3.
The nmethod of Caim2,. wherein the first (shrink) layer has integral strand

junctions or int &PEREISIRG:

providing a first, substantially planar, biaxially

5 heat-shrinkable, plastics material (shrink) layer;

N providing a second, substantially planar, plastics

material layer, the second layer being of mesh structure;

fixing the first (shrink) and second layers together at
discrete zones which lie on the intersection of a
10 notional, generally square grid, each zone being spaced

from adjacent zones along each axis of the grid; and

heating the structure so formed to cause the first
— ' (shrink) layer to shrink biaxially with respect to the
gsecond layer and cause the second layer to assume a

15 fairly regular cuspated configuration.

2. The method of Claim 1, wherein the first (shrink)

layer is a mesh structure.

3. The method of Claim 2, wherein the first (shrink)

layer has integral strand junctions or intersections.

T
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4. The nmethod of aim2 or 3, wherein the first (shrink) layer is a square . *

or rectangular form bi-axially nolecularly orientated mesh structure with
the sides of the neshes substantially parallel -to the 5 di agonal s, of said
gr%d. 5. The method of Caim4, wherein the figst (shrink) |ayer conprises
afirst ply and a second ply, each ply bei ng20rned of a nesh structure
conprising a first set of strands and a second set of strand$ which makes-
an 10 angle which is a smal|l amount less than [err] to the first set, théw
first set of the.firhé mbynbai 68 cahimazt ozl 3y pAearldial the tfiadd rst set of
the second ply and said small anmount in respect of the second set of 'the’
first ply being{shrihk)opppert ésdar equiace a irlexitamigullar ¥orswcond set of
the second ply. 6. The nmethod of Claim1, wherein the first (shrink) |ayer
i s substantial | bi+apbaldyamelepulandynroricdtatednpesh it uptarediwidid ai ns,
wherein the second |layer is a square or rectangul ar formnmesh 20 structure
with the sides BhetftdadsAfsthenBeghes substastiad ly;ipargdilel &o The net hod
of any of the precedin CI%ith wherein the second | ayer is conposite,

bei ng for ned ofdé?gPE%g? ° Fﬂbdppfég'of mesh structure.

5. The method of Claim 4, wherein the first (shrink)
layer comprises a first ply and a second ply. each ply
being formed of a mesh structure comprising a first set LJ
of strands and a second set of strands_which‘makes an

10 angle which is a small amount less than 90° to the first
set, the first set of the first ply being substantially
parallel to the first set of the second ply and said
small amount in respect of the second set of the first
ply being in the opposite direction to that of the

15 second set of the second ply.

6. The method of Claim 1, wherein the first (shrink) g

layer is substantially imperforate.

7. The method of any of the preceding Claims, wherein
the second layer is a square or rectangular form mesh
20 structure with the sides of the meshes generally

parallel to said grid.

8. The method of any of the preceding Claims, wherein

the second layer is composite, being formed of at least

_

I



M. The method of any of the. preceding Cains, wherein the second | ayer does
not shrink substantially during said heating. 5 10. The nethod of any of
t he preceding Cains, wherein the fixing zones are each el ongate, a fixing
Zonej being aligned with other, spaced fixing ﬁzges inafirst row, the
next, - second row of fixing zones being stagger®d with respect to the fixing
zones of the first row so 10 that the md-points of the second row of
fixiwg zones are substantially half way between the first row fixing zones,
the next, third rowe gjliesiof) mestessbeacuse aggered with respect to the
second row of fixing zones so that the mid-points of the third row of
fixing zones 15 are opposite the md-points of the first row of fixing
zones, and so on. 11. The nethod of C aim 10, wherein the gaps between the
fixing zones in each TRAy REENOG QM AnEREI the PRRCELHRT HS18imE heWherehp
zones thensel ves. 20 12. The, nethod of Claim 10, wherein the gaps between
the fixing zones YHf BRIPIDW I¥EF %?aﬁ??a§?§1¢5n§%Ps?ﬁ%BI?hgyléﬂﬁ%ﬂg of

the fixing zones thepgel ves. 13. The method of any of Clainms 1 to 9,
wherein the fixiff YW %ircular. 14. The method of any of the
precedi ng C ai ns, which the :

5 10. The method of any of the preceding Claims, wherein
the fixing zones are each elongate, a fixing zone being
_/ aligned with other, spaced fixing zones in a first row,
| the next, second row of fixing zones being staggered
with respect to the fixing zones of the first row so
10 that the mid-points of the second row of fixing zones
are substantially half way between the first row fixing
zones, the next, third row of fixing zones being
staggered with respect to the second row of fixing zones
so that the mid-points of the third row of fixing zones
15 are opposite the mid-points of the first row of fixing
—_— zones, and so on.
11. The method of Claim 10, wherein the gaps between the
fixing zones in each row are roughly equal to the

lengths of the fixing zones themselves.

o
20 12. The method of Claim N,, wherein the gaps between the
fixing zones in each row are substantially longer than

the lengths of the fixing zones themselves.

* c L M S *



fixing is performed by a material which enrobes parts of 5 the first
(shrink) layer at the fixing zones. 15. The nethod of any of the preceding
Clainms, wherein the fixing is perforned by nelt fusion and the subsequent
hgrdening of the nelted material. 16. The metffod of any of the preceding

C ains, wherein 10 the fixing is perfornmed by heat welding. 17. The nethod
of Caim16, wherein, to fix the first (shrink) and second | ayers togethér,
heated tools are applied to the second | ayer whjle the f%rst.és? I nk) Ié?%r
's suppor ted by-lat The.BethRd &F 12RE of SIATNE L 150 Lrpehaf il than he -
tools. 18. The _rethod of O aim 16 or 17, wherein, after heat wel ding, the
layers are hel & 10 ARReR 48R F355%WP%ones by cold tools. 19. The method
of any of the preceding Cainms, wherein 20 there is a third layer on the
other side of the first (shrink) layer to the second layer, the third |ayer

bei ng as defingq f hérﬁééﬁgé"Ek|%%?”ofrt@QYpPécéaﬁﬁGEciaﬁﬂg.7thcﬁ-tﬁ@-

The nmethod of any of Cains 1 to

wherein there is a third (shrink)

llayer on the otghgsiny des Oéber.tx’.flsa:nfﬁ@cvqwl 4 augtefDaiwniénséntsbesnsartayet,

the third (shrink) layer

5

10

15

20

eing as defined for the first (shrink)
the first (shrink) layer at the fixing zones.

15. The method of any of the preceding Claims, wherein

the fixing is performed by melt fusion and the W,

subsequent hardening of the melted material,

16. The method of any of the preceding Claims, wherein

the fixing is performed by heat welding.

17. The method of Claim 16, wnerein; to £ix the first
(shrink) and second layers together, heated tools are
applied to the second layer while the first (shrink)

layer is supported by at least one surface at a lower

temperature than the tools.

18. The method of Claim 16 or 17, wherein, after heat
welding, the layers are held together at the fixing

zones by cold tools.

19. The method of any of the preceding Claims, wherein
there is a third layer on the other side of the first

(shrink) layer to the second layer, the third layer

* 1 C L M $  *



tayer in any of Clains 1 to 6. .21. The nethod of any of the preceding

Cl ains, wherein, along at |east one margin of the cuspated structure forned
by the method, the first (shrink) layer extends beyond the second | ayer and
beyond the third layer if present. 22. The method of any of the preceding
Cl aims, wherein, when the first and second | ayers have been fixed together,
the relatively dense conposite structure so med i s transported by
vehieke away fromthe site at which the layers were fixed together, the

structure beingyopRgcls e fIAbACEOE! thie ggcoﬁﬂe&gﬁkQOangggl%E”tﬁ%d qrein

the relatively dense conposite structure is tied, strappe packaged or
containerized psh@r7teothe transporting. 26 24. The nethod of any of
Clainms 1 to 21, wherein after heating to formthe cuspationsa further |ayer
is attached to one or both faces of the structure. 25. A high-profile
bul ked structure nmade by the nethod of any of the preceding Cains. 26. A
met hod of naki ng0a Thghmetbhddl efbahikedfsCladmsr @, toulist, amhiexleliyn aher@r ei n
described with reference to any of Figures 1 to 6 of the acconpanying
dr awi ngs. is a third (shrink) layer on the other side of the
second layer to the first (shrink) layer, the third
(shrink) layer being as defined for the first (shrink)

layer in any of Claims 1 to 6.

21. The method of any of the preceding Claims, wherein,
along at least one margin of the cuspated structure
formed Ey the method, the first (shrink) layer extends
beyond the second layer and beyond the third layer if

present.

22. The method of any of the preceding Claims, wherein,
when the first and second layers'have been fixed
together, the relatively dense composite structure so
formed is transported by vehicle away from the site at
which the layers were fixed together, the structure

being heated at another site.

23. The method of Claim 22, wherein the relatively dense
composite structure is tied, strapped, packaged or

containerized prior to the transporting.

- I —————
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27. A high-profile bul ked structure, substantially as herein described with
reference to, and as shown in, any of Figures 1 and 4 or 4a, Figure 2,
Figure 3, or Figure 5 of the acconpanying drawi ngs. 28. A nethod of naklng
a high-profile bul ked structure, substantially as herein described in the
foregoing Exanple. 29. A high-profile bul ked structure, substantially as
herein described in the foregoi ng Exanpl e. 30. A geotechnical structufre.
i ncorporating the high- profile bul ked structUre of any of Cains 25,.27 smf

20 b S5 SCHLCRh R IR ARy b F AT, HU AN Fecer
geot echni cal Sﬁ%ie%ﬂéetgf g¥ﬁlﬁg§0 u %Qtﬁgﬂﬁr'sk%gdﬂéyj I*ép q gthi ch the

hi gh-profile bu truc ure inserted as a age material. 33.

A met hod OfF”&WtQéHQdatSGQBECBE'S@EhSEEE%%UB% th Rt rdth dd1COr por ati ng
the high-profile bulked structure of any of Clains 25, 27 and 29. 34. A

geotechni cal structure, substantially as herein described with reference
to, and as shown in, Figure 7 or Figure 8 of the acconpanyi ng draw ngs.
25. A high-profile bulked structure made by the method

of any of the preceding Claims.

26. A method of making a high-profile bulked structure,
substantially as herein described with reference to any W/

of Figures 1 to 6 of the accompanying drawings.

27. A high-profile bulked structure, substantially as
herein described with reference to, and as shown in, any
of Figures 1 and 4 or 4a, Figure 2, Figure 3, or Figure

5, of the accompanying drawings.

28. A method of making a high-profile bulked structure,

substantially as herein described in the foregoing W,

Example.

29. A high-profile bulked structure, substantially as

herein described in the foregoing Example.
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m5 'A method of provi ding a geotechnical structure, substantially as herein
described with.reference to Figure 7 or Figure 8 of the acconpanying

drawi ngs.

E

s

z

30. A geotechnical structure incorporating the
high-profile bulked structure of any of Claims 25, 27 or

29.

31. The geotechnical structure of Claim 30, and
comprising an embankment covered by the high-profile

bulked structure.

32. The geotechnical structure of Claim 30, and
comprising ground into which the high-profile bulked

structure has been inserted as a drainage material.

33. A method of providing a geotechnical structure,
comprising incorporating the high-profile bulked
strgctu:e of any of Claims 25, 27 and 29.

'
341A geotechnical structure, substantially as herein
described with reference to, and as shown in, Figure 7

or Figure 8 of the accompanying drawings.

35. A method of providing a géotethﬁicai structure,
substantially as herein described with reference to

Figure 7 or Fiqure 8 of the accompanying drawings.
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