2136858 1 Strengt hening a Matri x Background of the Invention Generally t(&éj
present invention relates to a method of strengthing any particulate matrix
by random.yenbeddi ng 5 therein at |least one flexible strip: the matrices
can be as disclosed in GB 2 120 475 B. but would normal |y i ch

i nclL.udes wastes such as mine spoil or slag and al so mltsiitsse)éisgh '
fljf s). -When formng a soil matri-x. a binder such as cenment can be

i negrporated. 10 In EP. 0 017 548A and in Volyne |11 of the "Proceedi ngs of

the Second International Conference on CGeotextiles", pages 721 to 726,
there is a disclosure of 'such a method, mainly in connection with

strengthening soil. The preferred elenent i's a highly flexible yarn, but a
15 close-weave strip can alternatively be used. There is however a very
poor interlock between the surface of the strip itself and the soil; it is
believed that the primry strengthhgtieggehéringi 8 Mateiged by the | ooping
round of the strip and engagenent of the soil in this 20 manner. The

distribution of the strip al so appears to. be nalnly in horlzontal pl anes.
Wt h snall ‘radi us curves.
Background of the Invention.

'Gene:ally. the presént invention_relates to a metnpd of

stfengthinq any particulate matrix by rahdomlylembedding'_'
5  therein at legst one flexible stripé the ma;riéés can be

as.disclosed in GB'2 120 475 B, but would normally be

soil (which includes wastes such as mine spoil or slag .

and also silts and hYdraulic.fills). When forming a

soil'matrix..a binder such as cement can be incorporated.

.lO In EP 0 017 54éA and in Volume III of the "Prpceedings
of'tne Second International Conference on Geotektiles“.
pages 721 to 726, thére is a'disclosure of sqph a
méthod, maihly-in connection-witn.st:engtnening soil.
‘The preferred eiement is a'hignly_flexible yarn, but a

15 close-weave strip_can_alte:nativély be used. There is
hoﬁever a very poor interlock between the'surfade of tne
steip itselfland the soil; it is believed that the
priméry_st:engtneqing effect is ob;aihéd_by the looping
round of tne'strip'énd.éngagemgnt of the soil in this

: 20 mannér._ The dist:ibutiohlof the strip also_appea:é to

be mainly in horizontal planes, with small radius curves.



&

i n each plane (i.e. about vertical axes), giving poor anchoring-of one
yer into the | ayers above and bel ow. Furthernore, the strip will tend to
|l or to twist or condense into a rope-like shape, reducing the, surface 5 .
rea avail abl e for engaging the soil and tending to create extra void space .
“iin the soil. An article on pages 47 to 52 in C.R Colil. Int. Renforcenent

- des. Sol's,” Paris 1979, discloses snmall strips for strengthening soil, but .

the strips do not 10 give the optln%:D reinforcing effect as they have noe,f

~significant transverse- strength and ul d have a poor purchase on the soi

The I'nvention The present invention pyovjdes ne of strengthening 15 a

t hods
mat ri x i8s.edgh mlane (i §qj3hout Yeﬁ.lciﬁuF¥&?Endgngnﬁ BRPFi x which has

been stren tq ned y . th neth me, 2 to 10 set fort F referred
Teat ur 889 BRS dATomA s a1 Ereln RS TR RR: PEO%0r ovi di ng a

'gOOd'a%%tthermore. the-s;rlp will tend to roll or to twist or
condense into a rope-like_shepe; reducing the surface |
'_5 area available for engaging the soil and tending to

create extra vdid space .in the soil.

An artiCLe.on'péées-47 to 52°in 6;3. Coll. Int.
Renforcement des Sols.;Paris'1979."diec10see small
striés for stfenétheninq soii bnt the stripé'do not
10 give the optxmum rexnforczng effect as they have no
81gn1f1cant transverse strength and would have a poor

'putchase on the so11
The Invention

The éresent invention ptovides methode of strengthening
15 a matrix as set forth in Clalms 1 or 11. and ektends to

a matrix which has been strengthened by the method.

'c1a1ms 2 to 10 set forth preferred features of the

1nvent10n .

The strip strengthens the-matkix. prOViding a good and
20 positive interlock generally as described-in

GB 2 120 475 B, the particles of the matrix penetrating



28 positive-interlock generally as described in GB 2 120 475 B. the
particles of the matrix penetrating. 3 into and through the open meshes
of the" strip, Thus the primary strengthening effect. is within relatively
sfiort lengths of the strip (see the discussion on page 4 lines 1 to 19 and
also Figures Id and le of- 5 GB 2 120 475 B). It was found in prelimnary
testing that the stripis mainly in large swirls wth little creasing or .
crqullng and often a succeedlng Iayer is at geast partly above (and spaced
above) a precedlng | ayer: the “runs' of the strip extend.in all directions

and are 10 not ghigngdsvt ﬁP?ggnpgﬁg gséntﬁeeasghekheae stPip Pl #4hECEne

t hree- di nensi onal rengt en mat r eed 0O

strip in rel at'oﬁ'rilﬂaf?esff‘&ﬁgeﬁeﬁ#, ?"8&53@ parmeﬂiﬁt gem%b% gABrke

altered to provide good control -o he configuration of the strip 15 in
situ as a feedi npakleWhé o StHOVEE ?Ot@de(ﬁﬂd a1 §6us80bh0bnOpafleqyei ght

percentage of strip .included). The [ ooping of the strip provides a
secondary - lines 1 to 19 and also Figures 14 and le of
5 GB 2 120 47% B). It was fouﬁd in prelimihary testing
'_thatlthe strip is mainly in large swirls with little
creasing or ctumpling and often a succgeding 1a§er-is ét
least partly ébove (and spaced_abbve).a preceding layer:
the 'runs' of the_strip extend in all directions and are
10 not aligned with or parallel to each other. This
prov1des tnree dimensional strengthenlng of the matrix.
'The speed of feed of the str1p in relation to the rate
of flow of the partlculate material can be altered to.
prbvide good.controi;of.the éonfiguration of the strip
15 in sitﬁ as a féeding device is moVed around (and also .
control of the weight pezcentége bf strip included).
The looping of the strip ﬁrovides a secondary |
reinforcing effect, but this is believed to be much less
than the'prima:y effeét referred to above. There is the
20 .additiohal advantage that ﬁhere ié'greater'ancnorage'
into the body of the mé#zix in locations where e.g.
water or wind erosion may have a significant eﬁfect.-
Eor'reasdné_discussed below. no substantial extra vo;d~
space is created ih_tne matrix. The junctions or |
| 25 inﬁersections are ténaceoué and enable considerable

tensile forces to be taken up by the strip.



' reinfokcing effect, but this is believed to be much less thar the-primry %
ffect referred to above. There is the 20 additional advantage that there
s greater anchorage into the body of the matrix in Iocatlons where e. g.

iter or wind erosion may have a S|gn|f|cant effect " For reasons di scussed

_be|OMl no substantial extra void space is created in.the matrix. The

junctions or 25 intersections are tenaceous and enabl e consi derable tensile
forces to be taken up by the strip. ,- The strip can be nmixed with the \g<
matrix in any suitable way. It is nbt necessary that flui.d conveyance be =~
used for the particulate material and/or fo éﬁthe str g ‘One way of mxing
 howeverhes 8t 1 Sady k& "’t"f?@%t‘ﬂ'pp |'rﬂ?) R3EF b%r?‘?%u %%Eama?erl al while

the particul gte . .materjal_is novi rkg ravity feed or
fluid ¥B¥veydd UhdiPt MeSRRRARY Jhat, ﬁhfirm‘%mgsegmm ‘uptoa -

Iarge 1 [ ar L% I I'C8$ eto

streng S'the r?a-gtr}%ig %}?r%e(#%eﬁyéf af%f l?%:u%/ lgFmt I al s_uspen_d'ed _

ina fU&'ydo‘fh'm‘in%“ h%d%zeris(tﬂ? m%d@ée'ﬁaé e OPEp " Ies athéC -

5' particulate material wh11e the particulate material is
mov1ng in loose form. e.g. grav1ty feed or fluid
conveYeda-when the_masses’of]the'matefial.will be broken
up to a large extent. The presentfinvention is
_partlcularly applicable to strength1ng a matrlx formed
'10' by feeding a partlculate materlal suspended in a fluld '
which can be water (the mater1a1 is termed "nydraulic
£ill") or air. 1If a consttuction is formed by feeding
suspended panticulate-material,'there'can be confinement
in the construction'itsélf-in the form qf.é
15 water-pervious wall or there may be no confinement at
all. If the construction'is confined, the cellular
arrangement of GB 2 078 833 A can be used to provide
 water-pervious or apertured walls. Without confinement,
the particulate material can assume an angle of repose
20 greater than its normal angle of repose. - As an instance
of such const:ﬁctions. an artificial shore line or an
artificial island can be constructed by pumping sand
from an adjacent'lpcatidn, e.g. dredged from the sea_:'
bed. Simultaneous feeding leads to a reasonable
25 distribution of the strip, even for instance on the

~ underwater sloping sides_ofia:tificial islands or shore

q -



particulate material, there can be confinement in the construction itself
inthe formof a ™15 water-pervious wall or there may be no confinenent at
all. - If the construction is_,confined, the cellular arrangenent of GB 2 078
833 .A can be used to provide water-pervious or apertured walls. Wthout
confinenment, the particulate material can assunme an angl e of repose 20
gréaber than its normal - angl e of repose. As an i nstance of such _
constructions, an artificial shore line or an-artificial island can be"
constructed by'pHHEing sand from an adjacent |ocation, e.g. dredged from
the sea bed. Si fteous feeding | eads to a reasonabl e 25 distribution of
the strip, even for instance on the underwater sloping sides of artificial
islands or shore- - 5 1lines. In all cases, the transverse strands of the

strip can cause ggoqihf %r;%ggr't ;ggQﬁmqﬁ%%;&gnésh%§tgﬂeo é&fﬂ]?cﬁ?”se

that each layer i's properly pu
cause good'tranéporta;icn and bedding of the strip in

fi11") or air. If a construction is formed by feeding suspended - Cé;D

the sense that each layer is properly pushed down by the
5 pa:ticuiate.material. which will tend to lie on top of
thé iayer'and separate that_layet'from the next layer. |
In the case of undérwate; constructions (e.g. forming.
‘artificial islands, reclaiming land or stabilizing river
banks). the strip is carried well ddwn-beiow the surface
10 by the particulate material, and there is less tendenc?
for the particulate material to drop down below ﬁhe '

gstrip as the strip descends..

The foliowing features can be ekactly as described in GB

2 120 475 B:

15 other strengfhening.-with élongacg members::
'tenaceous7juhctions'or intersectigns: |
| tensile'modulﬁs: |
propottion by weight of the strips (iie;.thg pieces)'

to the matrix;
' 20 Material of the Strips .

- This can be exactly as described in relation to the



particulate material, which will tend to lie on top of the Fayer and
@ parate that |ayer. fromthe next layer. In the case of underwater

onstructions (e.g. formng artificial islands, reclainmng |and or

Stabilizing river banks), the strip is carried well down bel ow t he surface
10 by the particulate material, and there is |ess 't endency- for the

"particulate material to drop. domn below the strip as the strlp descends. .
The following features can be exactly as described in GB'2 120 475 B: 15 \_ﬁr
ot her strengthening,. with elongate nenbers: .tenaceous junctions or

‘interse ib€g§o ?eaﬁlbelggduggsﬁhfgggwgvﬁykhe r|pséﬁ1 he strips (i.e

t he pietes he matri Xx: rial I's can be exactly as

descr i begbp158kahhPNbeO1hB8rtant Peeees £8lr . However, as .~
. transverse interl ocg may bg mportantge ?% ap§ﬂ§|ng good .

"~ traction to the strip when feedlng w1th_a fluld-conveyed-

or grav1ty-fed stream of part1cu1ate mater1a1 just the
5.. transverse strands can be deep strands. The _
longitudinal strands can be highly orientated (e.g. up:
to.12:1 or ﬁore_for'poiypropylehe:(PP):or'nigh density'
polyethylene) and the transverselstrands less highly'_
‘orientated or_non-orientated as found suiteble;1 In-.. .
10 situ, a deep strand structure (in one or two directions)
sreates a good interlock and abutment with the

particulate material.

Itlis-preferable'that the strips have'longitudinal |
strands - the other strands of the mesh structure would
15 normally be roughly at rzght angles to the longltudxnal
strands. though thigs need not be so in all .
circumstances., For instance, the structures of Fzgure
'2b of GB 2 034 240 B or of F'igure.zzg of EP O 062 462 Al
.could be used.if the strands are,mucn wider than they-
20 are tnick and.tne material is'sufficiently flexible to

give reasonable transverse dimensional stability.

The strips have open meshes., edd-at least 50% of their
face area is open. -The open meshes reduce_tne tendency

for slip planes to farm_in-the*matrik and give better



tfaction to the Strip when feeding with a fluid-conveyed or gravity-fed
stream of particulate material, just the 5 transverse strands can be deep g
strands. - The longitudinal strands can.be highly orientated (e.g. up to

12:1 or nore for pol ypropylepe (PP) or high density pol yethylene) and the
transverse strands |less highly orientated or -non-orientatéd as found :
suktable. In 10 situ, a deep strand structure (in one or two directions)
créates a good interl ock and abutment .with the particulate material. It is
preferable that the strips have |ongitudinal strands - the other strands of

t he nmesh struct normal |y be roughly at right angles to the
| ongi t udi nal st?g§ﬂ¥Pf+%%Ugh this need not be so in all circunstances. For

i nstance, the structures of Figure 2b of GB 2 034 240 B or of Figure 22b of.
EP. 0 062 462 Al could be used if the strands are nmuch wi der than they 20 -

are thick and th@iggigfjgérigssufficiently flexible to give reasonable. -
ST apl

transverse di nenstonarl 'ty. The strips have open neshes, and at: | east
50% of their face area is open. The open neshes:-reduce the tendency for
slip planes' to formin the matrix and give better

: In all cases the strlp w111 be thin relative to its

width, i.e. much wider than it is thick; for instance,:
5. the strip may have a width at least 10 times its
 £hickné§s and preferably at'leést 20 times its
-thickness. the thickness being as méasu:ed.from tne'tops.
of the strands on one face ﬁo the ﬁops of the strands on

the other face.

10 Ig general terms, the strip will be more than one or two
hundred times as long as it is wide. The length Qould.
normally be greater thania hundked metres and lengths of

.nuﬁdreds of metres, e.g. more'than 560 or 1000 metres,
.can be used. For iarge constructions, the strip could

15 be up to half a metre wide or one metre wide and e.q.
two Km long. such a strip-could be used for insﬁance for
constructlng an 1sland for supportlng an oil rig 'in ten
metres or twenty metres of water with a top d1ameter of
a hundred metres. The strip could be longer than the

20 maximum dimension of the matrix and one face of. the
strip :ould have_an area greate; than say the plan atea

of the matrix.



l)’;)-int-erlock,-Size_of StriDs In all cases the strip will be thin relative to *.

ifs width i.e. much wider than it is thick: for instance 5 the strip may
ave a wdth at least 10 times its thickness and preferably at |east 20
times its thiekness, the thickness being as nmeasured fromthe tops of the
strands on one face to the tops of the strands on the other face.. In
general terms, the strip will be nore than one or- two hundred tinmes as Iong
as it is wide. The length would norgally be greater than a hundred net r e,
and 1 engths of hundreds of metres. e g. nore than 500 or 1000 netres can be.

W de orfAPARAR L rfﬁe{%c“ﬁ%veémie%%% §°¥£Seﬁgac§?s‘£féiteguf‘3' Leau?é’érfeor |
ot nerRR A PR ARG gl £3 06t BhoRoPBRRLERE BB r. ot 'rQSte“TL“Z”e? |
Strip qgiah ehd owﬂptf@nfw +GOcHE*LEHA" 8F "ERS' RUePhx' RRedRLrTX and one

 face of
wnlch-the strip will be anchored. and as a practical

5 measure in undefwater construction, longer than the
distance from the feed point'to the bed of the e.g.

-river, canal, lake or sea.
Number-of-ue;h Openings in a strip

The sﬁrip may have just one complete mesh openinq.acfoss

10 'its widﬁh. par;icularly if_the strip has ;elatively
-1étge'meshés; e.g. meshes 15 mm wide. However, the

- ‘strip preferably'has'é'blurality_af complete.mesh~
-openings across its width, especiélly if the_mesh
openihg widths'éré'smalle;. e;g. at 4 or 6'mm'pitéh:

15 pattidula:ly with small mesh_opening widths. it is
difficult to-cut é'mesh‘strucﬁuie'into single:mesh; 
‘opening widths.'_A preferred maximum fo::most'”
applications is ten or twenty complete mesh*bpénings

across the_width-of the strip.
20 Mesh Size and Strand Thickness

These can be as described in GB 2 120 475 B. The mesh

opening sizes will depend'to a certain extent upon the



L . '4'. . . | . . ;
strip could have an area greater than say the plan area of the matrix. 94#
In general, it is believed desirable that each strip should be |onger than

the distance fromthe point fromwhich the strip is fed to the zone of the
matrix into which the strip will be anchored, and as a practical 5 nmeasure
i n ynderwater construction, |longer than the distance fromthe feed point to
the bed of the e.g. river,; canal, |ake or sea. Nunmber of Mesh Openings in a
StﬁhEVThe strip may have just one conplete nmegh opening -across 10 its
width, particularly. if the strip has relatively |arge neshes, e.g. neshes.

15 mm wide.  HOWBY@k4ch e szl BePkeC AR ARt Matedial), OfrL YeLlah Mesh
openings across Its wdth, especially if -the nmesh opening widths are - o

smal ler, e.g. at iAseanGe)MeRirt €inelsilRar @i @4uarley piitich YB/dan®ePireeni ng
widths, it is difficult to cut a nesh structure into single nmesh opening
widths. A preferpédloammmom down st e.g. 4 or 6 mm could be used, say

with a strip width of so_mm..

5 As explained under “Plexural Recovery" below, the
transvérse strand thickness may be greater than that o:

the axiai'(i.e. longitudinal) strands.

Isotropic Strength

In gene:al terms, this can be as described in GB 2 120
10 475 B and the strengths can be as in Claim 5 or Claim 6

of GB 2 120 475 B.” However, ﬁhe axial strength could be

substantially greater than the transverse strength and

the strengths in other directions are not so important.

High Flexural Recovery

‘15 'In general terms, this can be as deséiibed in GB 2 120,
-475 B. Axial flexural stiffnesé is desirable to avoiad:
significant c:easing or crumpling in situ. Transverse:
.flexural'stiffness-is desirable to avoid rolling,
twisting or condensin§ into a rope-like shape ig situ;
20 to assist this, the mesh structure may n#ve |

- substantially greater tradsverse flexural stiffness than



plications is ten or twenty conplete nmesh openings across the w dth of

strip. 20 Mesh Size and Strand Thi ckness These can be as described in

Bl 2 120 475 B. The nmesh opening sizes will depend to a certain extent

upon t he -9 particle size of the particulate material. To give an

|nstance, for fine silt, a square pltch (strand pitch) of 10 nm or down

-to.e.g. 4 or 6 nmcoul d be used, say wth a strip width of 60 nm 5 As
expl ai ned under "Fl exural Recovery" P¢l ow, the transverse strand thlcknese.J
may be greater than that of the axial (i.e. |ongitudinal) strands.

?

1%k Ry, AL o0 s 2*%{85‘”1€eb9§6’9§f?#%b§? P50

B, HowgM@ntaidea@x &l (gnﬁ stRettphhy¥vgEgater than the .
transverse strength amf%tmastrengt S 1n Sﬂﬁer dlrect¥ons are not so :
'Wport%"ttraddlsgfbeﬁlr@(l&e%pﬁecﬁh/ﬁ Yehe longitudinal strands or

Just of greater cross- sectlonal area than the

5“ longitud1nal strands.
Flexibility

In theory, the strips'need onIy'nave axial flexibility
‘though in'practice they would be expected to have

 transverse flexibility.
10 High Dimensional Stability

'Thls can be as in GB z 120 475 B However. 1n general
Ithls need only be considered in the ax1a1 and- transverse
'd1rect10ns. and the axxal dlmen31ona1 StabllltY can be
much greate:.than the transverse d1mens1onal_stab111ty
15 provided there is sufficient transverse'dimensional
'stability te prevent excessive opening un; e.qg. | _
generall? as defined innrelation to the distortion- load
test given in GB 120'475 B but carried eut transversely
instead ofIOn the diagonals and considering the axial

20 _léngth reduction.



1% In general terns, this can be as described in GB 2 120 475 B. Axi al
flexural stiffness is desirable to avoid significant creasing or crunpli
in situ. Transverse flexural stiffness is desirable to avoid rolling,
t%i sting or condensing into a _rope-like shape in situ; 20 to assist this,
the nesh structure may have substantlally greater transverse flexura
stiffness than -~ 10 longitudinal flexural stiffness (even if biaxially
origptated) - this can be achieved by the trapgverse strands being deeper .
than the | ongitudinal strands or just of greater cross-sectional area than -
the 5 Iongithﬁqgﬂ%i%iandS; Flexibility In theory, the strips . need only-
have axi al flexiTrrrty though in practice they woul d be expected to have
transverse flexibitity. 10 H gh D nensional. Stability This can be as in G .
2° 120 475 B. However, in general this need only be considered in the axial

and transverse in general terms, this can be as described in GB 2 120

475 B. However, if nydraulic £ill is being used.'it may
Be preferred to use.a denser plastics material such as
5 polyamide or polyeste: (both haV1ng a density greater

than 1 gm/cm ).

Preferred Embodiments

Tha invention will be further described, by way of
'éxampie. with reference to the accompanying drawings, in

10 which:-

Figure 1 is an isometric projection of part of a strip

in accordance with the invention;

Figure 2 isja'schema;ic section, showing a method of the

invention:

15 Fiéufe 3 is a photograph. takenaho:izon;aliy. showing

the strips of the invention as they would be in a matrix:

F1gu:e 4 1s a schemat1c gsection, showing another method

of the 1nvent10n' and

<\



dimections, and the axial dinmensional stability can be much greater than ’
transverse dinensional stability 15 provided there is sufficient
N\{rapgsverse dinmensional stability to prevent excessive opening:up, e.qg.
generally as defined in relation'to the distortioh |oad test given.in GB
120,475 B but carried out transversely instead of on the diagonal s-and '
considering the axial 20 length reduction. = Densityln general terns, "
“this can be as described in GB 2.120,475 B. However, if hydraulic fill i\gy
bei'ng used, it may be preferred to u%% a denser plastics naterial such as 5
ol yami_de or pol yester. (both having a density greater 3 than 1 gmcm). N
'FF)>r e?erFé@‘Eﬁo%di%ﬂ% l'I‘T('?é’isfﬁ/'é R0 FFLYRSf urt her described, by way of
exanple, with reference to the acconpanying draw ngs, in 10 which:- Figure
1 is an isonetric projection of part of a strip - -

Fiqure 1

'Figure 1 illustrates a part of aﬁ open.mesh sirip'i 
(which may be termed a:ribbon) having highiy orientated;'
5 rouqﬁly circular cross-section longitudinél'strandS'Z'
| and non-orientated or low-ofiéntatad. non-circular; |
deép-section transverse sﬁrands 3."Tne strip 1 exten&s_
.in the dirgctidn“of'the double-headed arrow. The strip
1 is formed of plastics material aslin&icafed in Table 1

10 below.
Figuredg 2 and 3

In the simpie arrangement shown ianigﬁfé'2. a
‘particulate material 4, such as broken-up earﬁh or mine
spoil, is fed by gravity from a feeding device such as.a
15 funnel.5 simUltanebusly.with a strip i:'thé feeding
device'gan be movéd'ardund horizontally to spread the
hate:ial 4 orIChe'feeding'device'may be the end of a
stationary conveyor for a mine'dump, fhé strip 1 can be
‘as in-Eigﬁré 1 or éan for instance be st:ugtﬁred_as in
20 Figure 4 of GB 2 120 475 B (see Table 1 below). jhough
the transport of the striﬁ'l'is assisﬁed by the |

énqagement-of_its transve:sé strands with the falling



i accordance wit’h the invention; Figure 2 is a schematic section, shomﬁdégégD .
. . . I |

a method of the invention: 15 Figure 3 is a photograph, taken horizontal
showi ng the strips of the inventicon as theywould be in a matrix: Figure 4

is a schematic section, show ng another nethod of the invention: and 12
Fi gure 5 shows | oad settlenent curves. Figure 1 Figure 1 illustrates a part
of =an open nmesh strip 1 (which may be terned a ribbon) having highly
oriteptated. 5 roughly circular cross- sectlonlbongltudlnal strands 2 and
non-orientated or loworientated, non-circul ar. deep-section transverse .

Shionce, 3 The SALReaPhendhe Beits 3 k5 b egh HEGBPRE g ¥ o
bel ow. Figures 2tgngive! B ﬁbﬁ;ﬁiGBLecéﬁEEBQQEﬁﬂEeéﬁqwﬂIh“gEh@EaQ-%eris.
| although there is positioning of the strip 1 by means of
the feedlng dev1ce or by means of the rolls 6. . the |
S .embedding of the strlp 1 is uncontrolled and random.
 The strip 1 could possibly be cut into lengths by a
chopper blade 7.-'Tné strip 1 comes from a reel 8, and
the length on tne reel 8 can be'very great; with a reel
8 of two metres diameter. the length on the reel 8 could
10 be thousands of metres. The st;ip_l is mucn ionger than
“ the distance from the point from wnidh the strip 1 is
fed (the.nip rolls 6) td the zone of the matrix 9 into
which the strip 1 becomes ancﬁpred; The strips 1
themselves:can be wound in side-by-side reels, generaily
15 as disclosed in Figure 9 of3GB 2 120 475 B, for instance
| into.thirty sidé-by-side réels. a plurality of étripsll

being fed at the same time.

It can be seen from Figure-? that the sﬁrip 1 becomes -
randomly embedded in the matrix 9 which is formed. The

20 strip 1 is mainly inllafge swirls~with_no or little .
creasing or crumpling and often a_succeeding.layer;is at
"least partly above (éng'spaced above) a preceding iayet.
the "runs" of the strip l'extendihg in all di:ectionsi
and nqt.in general being aligned with or.parallel_td

25 each other - the non-alignment is shown rather better in

~\



NXticulate material 4, such as broken- up earth or mne spoil; is-fed by - #_

4)v1ty froma feeding device such.as a 15 funnel 5 sinmultaneously with a .

~stfip: 1. the feeding device can be noved around horizontally to spread the
material 4 or the feeding device may be.the end of a stationary conveyor

for a mne dunp. The strip 1 can be as in Figure: ‘1 or can for instance be -

structured as in 20 Figure 4 of GB 2 120 475 B (see Table 1 bel ow). - “‘

-~ Though the transport of the strip 1 i assisted by the engagement of its \,a
“transverse strands with the falling 13 material 4, -the strip 1 may be

Lorme. PRSI (e ?rse&)osg#ﬁvf%% Rt '%V*ﬁ% SOPRCY o0 feed In general,
ter: he feedi
uncont FARE ERARRTY, (ke Bdnd) fﬁ"" FEREHPTEE BT "1 cngins by

a chopReniindde whaehhe %Jdd’]iyl %{@Sﬁé’gﬁ%a)frfﬂ eng %11 e l.ength on the

reel 8 Can be very great W ree ter, the length.
on the ynRehumd1@d!ih the matrix 9.

-5 .It_WOuld be exﬁécted"that the stiip 1 shown in-Figure 2.
would be about 0.2% wW/W of the matrix 9. ﬁeasuring the
‘area of oneﬁface_of_the strip 1, there could be 30 to
G_O'm2 of stzips'l éer'éubic'metre.df métrix._ If the
pa:ticulate'ma£e£1a1 is sdil;.it-can be 9dtf".-i.e. with

10 just ifé normal moisture content (whién can for instance

be up to 10% for sand).
'Figure 4

Fiqute-#‘shows_the reconstruction'of'a civer bénk“Q'
using dredged sand 4 which is ejected through a spout
lS_iO._ The arrangment is similar to that of Figu?e 2,
except that strips 1 paés down tﬁrough the inSidé of the
funnel or cowl 5, which formes a Venturi; the reduced
p:essute?assists'in'the transport.of,tne strips 1.
'though'this is also assisted-by the_engagément'of tne- 

20 -sand 4 with the trénsvetse,sttandé_3.of the strips 1.

The spout 1o-may have a diameter of 70 or 100 cm, and is

moved around (together with the cowl 5) as the sand 4 is



fromthe point fromwhich the strip 1 is fed (the nip rolls 6) to the zone
of, the matrix 9 imto which the strip 1 beconmes anchored. The strips 1
thenselves can be wound in side-by-side reels, generally 15 as di sclosed in
Figure 9 of GB 2 120 475 B. for instance into thirty side-by-side reels, a
plyrality of strips 1 being fed at the sane tine. -It can be seen from
FléuLe 2 that the strip 1 beconmes randonly endédded in the matrix 9 which
is-fornmed.  The 20 strip 1 is mainly in large swirlls with no or little
creasing or crunpliecgednd Theesaadsdcwdddi s8didayadowns thie |sdapie,pdeneatdbove
(and spaced above) a preceding layer, the "runs" of the strip 1 extending
in all directionshenwaner.i Argggéngl tbei sgrdpsgledonin Wigh ar.alpagitlyo 25
each other - the non-alignnment is shown rather better in 14 Figure 3.
where ten stripsddeafe §gemﬁngé§e§PR§IPﬁnéb&sﬁ?“éeécﬁlﬁé &Qefﬂﬁénéﬂﬁ§%@
conpl ete nesh openlngs mtde) Nbstly the strips 1 lie generally

10" be thousands of nmetres. The strip 1 is much longer than the distance (iga

5 Though not shown, the strips 1 in Figure 4 will lie in
the matrix 9 in the same way as is shown for the strips

1 in Figures 2 and 3.

Examples

Table 1 below gives examples of fou;'different strips
10 that can be used. The test below indicates a use of the

strips, on a laboratory scale,

~2N\



ry".

ubjc netre of matrix.
i.e. with 10 just its nornal

ncrunpled in the matrix 9. 5 1t would be expected that the stri:p 1 shown

ANNFigure 2 would be about 0.2% w w of the matrix 9.

:_‘aﬂb face of the strip 1. there could be 30 to 60 m[err] of strips 1 per
f If the particulate material is soil, it can be

moi sture content (which can for -

4

Measuring the area of .

'Y

instance be up to 10% for sand). Figure 4 Figure 4 shows the reconstructioﬁ;
of a river bank 9 using dredged sand g which is ejected through a spout
is simlar to that of Figure 2, except that strips 1

~10. The arrangnent

pass down through the inside of the funnel
e assists 1n tHe transport of the strips 1
v t he engagenfent -of the 20 sand 4 with the

Vent uri ;

the reduce
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transverse strands

70 or 100 cm. and i
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around (togetherl with the cowl 5) as the sand 4



ej'ected. The -sand" 4 will slide down the slope, beneath the water, dragging
the strips.1 down with it, partly due to the engagenent of the sand 4 with
the transverse strands 3. 5 Though.not shown, the strips 1 in Figure 4
will lieinthe matrix 9 in the same way as is shown for the strips 1 in
Figures 2 and 3. Exanples- Table 1 bel ow gi ves exanpl es of four different-
strips 10 that can be used. The test below indicates a use of the strips,
on¥a_taboratory scal e. 16 [err] 17 Al t¥¥e nmeshes were nmade from a
square cast mesh. Mesh No. 2 is the biaxially orientated version of Msh

No. 3, and is asAdllowhe meshpsr weteomad® Zrb) a4 Egquadre Mast Meshl | MedOWD.

2 is the biaxially orientated version of Mesh No. B;Iand_is

~ as shown in Figure 4 of GB 2 120 475 B. Mesh No. 4 is shown

in Figuie_l of the accompanying drawings. Peak strength
5 testing was done with clamps - apart from Mesh No. 3, it
Qcortesponds to the break ioad. ‘All the strips can be. .

manufactured and used in 1 Km léngths.

Test .

The test eguipment includes a glass sided tank 2.0 m long x

10 0.3 m wide x 1.14 m deep with an overhead pressure foot 0.3

.m long'x 0.12 m wide. The foot is positioned centrally with

its longer dimension extending transVerséiy of the tank.
The tank was filled with Leighton Buzzard sand using a
traveréing-sand shower to ensﬁre a constant sand.density

15 throughout the depth of the tank. For the test with the

mesh strip inclusions, strips of mesh No. 1 of Table 1 were

randomly included in the upéer part of the tank to a depth
twice the width of the ﬁressu:e foot, i.e. 0.24 m. The
" reinforced part of the sand contained o.é%'by weight of

20 strips The rate of'penét:ation of tne foot was 10.25

mm/hr.

'The data from the test is given in dimensionless form with

the foot settlement (§) divided by its width (B) and the



i h Figure 1 of the acconpanying drawi ngs. Peak strength 5 testing was done #*
ﬁ%nth clanps - apart from Mesh No. 3, it corresponds to the break load. Al
e strips can be manufactured and used in 1 Kmlengths. Test:The test
“equi pment includes a glass sided tank 2.0 mlong x 10 0.3 mwide X 1.14 m
deép with an overhead pressure foot 0.3 mlong x 0.12 mw de. The foot is

5p05|t|oned centrally with its | onger di-nension extendi ng transversely of
the tank. The tank was filled w th Lasghton Buzzard sand using a traver singgs
‘'sand shower to.ensure a constant sand density 15 throughout the depth of

t he taru? pliwd ibsatestigedhpyhenaeshest b theCledsitons, TgS. ¢ RppafigdEsh No.

1 of Table 1 were randomy included in the upper part of the tank to a

depth tetress heani cwhiok ibeinreasnraifgaed bycthQ F4im whignteiorf orced
part of the sand contained 0.2% by wei ght of -20 strips The rate of

penet r atheonsailt (i) fooltiptidd. B nhehwidtheodataef foott.he Thesttest gi venxin
di rensionless formwith the foot settlenent (6) divided by its width (B)

and thewas repeated using sand alone and the results are compared

?

5 1n Table 2-and graphically in Figure 5 (curve A is sand plus
strip-and'curve B is sand alone). Figure S clearly shows
not . only an improved performance at low strains. but also a
continulng 1mprovement far beyond the peak performance of

the sand alone. Table 2 quantlfles the lmprovement as a

-10. ‘ratio.
Table 2
5/B s/y B " Improvemernt Ratio ~
Sand alone Sand + Mesh ' - -
0.17 184 283  1.54
0.24_ 129 366 2.84 -
0.32 129 440 - 3.41




18—app[ied | oad .df vided by the area of the foot to _give applied stress (a)'
which is in turn divided by the unit weight of the soil [err] nultiplied by
thge width of the foot. The test was repeated using ﬂ E
results are conpared 5 in Table 2-and graphically .lmmﬂlmﬂm “ Ais
sand plus strip and curve:B is sand alone). Figure-57%léarly 8hots fhot only

an i nproved performance at |ow strains, but also a continuing inprovenent
faﬁ§beyond t he peak performance of the sand allene. Table 2 quantifies the

| nprovenent. as a 10 ratio. Table 2 S/B ~aly B.

| nprovenent Ratio Sand al one |- Sand + Mesh 0.17 184 283

1.54 0.24 - 129 366 : 2.84 0.32 129

440 ~3.41 19 dainms 1. A nethod of strengthening a -

partlculate matri x. P ' .
‘Claims

1. A method of strenétnening a particulate métrix.
comprising substantially randomly embedding therein at
least one flexible strip of 6peﬂ mesh structure without
5 creating a substantial amount of extra void space'in the
matrix, said strip'being more than one hundred times as
long-és it iS-wide,_and said.st;ip having tenaceous
‘junctions or intersections, high flexural recovery and

high dimensional stability in its plane.

10 2. The method of Claim 1, wherein the mesh structure is
an integral plastics material mesh structure comprising

moiecularly-orientated sttands.

3. The method of Claim 2. wherein the étripﬂhés
longitudinal strands intgrconnected by transverse
15 strahds at said junctions or intersections, tne
_ longitudinal st:ands being molecularly orientated and
the t;ansverse st:ands not being'substantially | |

molecularly orientated.

4. The method of any one of the preceding Claims,
20 wherein the strip is introduced into the particulate
material of the matrix while the material is moving in

 loose form.



i sing substantially randomy enbeddi ng therein at
i p of—open nesh structure without 5

R —/—' -

extra
ti mes

as I m "Hﬁl MH and said strip havi ng tenaceous junctions or %
~intersec raI recovery and hi gh di mensi onal stability in |ts

pl ane.
i ntegr

strands.

| east -one {1 exible
creating a substanti al

anmount of

voi d sEace in the natrlx said strip being nore than one hundred

10 2.° The fret fod*of . Claim 1 wherein the mesh structure is an
al plastics material mesh strggture conprising nol ecul arly- orlentakedf

3. The nethod of laim2. wherein the strip has-|ongitudinal.

“strands interconnected by transverse 15 strands at said junctions or
|ntersect|ons t he Iongltudlnal strands belng nDIecuIarIy orientated and

the tr

) The ne Rgé %§Bgﬁdogf%§ﬁg réc bSt liiﬁ%ytﬁélg?ﬁﬁée?s 4.
s rOdﬁggg:kgﬁ tshg]ll hldcéldl e a”%%&'aa'an%’ :tr{be M{ﬂ )&Mé‘f the material

I'S nNov

o0Se
within the flow of the suspended partlculate material.

6. The method of any one*of-the'precedinq Clainms,

wherein the strip has longitudinal strands

'intercbnnected'by transverse strands a;'eaid junctions.

“or intersections, the transverse strands being of

10

15

non-circular cross- section. the cross- section having a

substantlally greater d1men51on at right angles to the

plane of the strip than the dlmen31on in the plane of .

the str1p.

7. The method of Claim 5, wherein the longitudinal-
strands are of'ﬁon-circuler cross-sectidn; the ;.
cross~section having a eubstantially greater dimension
et right angles to tne plane.of the-strip“than“the

dimension in the plane of the strip.

. 8.”?The'method*bf_any'one'of thefpreceding Claims,

20

wherein the strip is longer than the distance from the

p01nt from whlch the str1p 1s fed to the zone of the -

matrix into which the strlp will be anchored.

9. The method of any one Of the preceding Clainms,

- R



ih afluid and the stripis fed within the flow of t

particulate matevial. 6. The method of any one of trI]ﬂmHMjmﬁﬂlwl,mms 5
wherein the strip has. |ongitudinal ‘strands interconntct%dtby®tr@nsverse
strands at said junctions or intersections, the transverse strands being of
nok-circul ar cross-section, the cross-section having a substantially
grigater dinension at right angles to the 10 plane of  the strip than the

di rension in the plane of the strip. 7. The 2kthod of daimb5, wherein the.
l'ongi tudi nal strands are of non-circul ar, cross-sectjon ross-section
havi ng a subst aftheAgin gfr%t"%ﬁftfiﬁw%ﬁﬁilw(a%thﬂﬁm ‘?ﬁéﬁ%% 1o the plane
of the strip than the dinension in the plane of the strip. 8. The method
of any one of the precedlng Cains, wherein the strip is longer than the

dstance rom ! b PO Y E ) SRk 148 S SlaS e RG] 48 20

the preceding Qﬁﬂéﬁsto form an underwater structure of the reinforced

2 5 The method of CaimA4. wherein the particul ate material 1s suspended<%%5

métrix by feeding the strip and the particulate material

5 of the matrix from above the surfacé of the water.

11. A method of stfengthening a pérticulate matrix, _
substantia11y as herein described with teferénce to, and
as shown in, Figurell or Figures 2.and 3 or Figu;g'4 of
the accompanying drawings, or substantially'as_herein

10 described with reference to Table 1 herein.

12. A matrix which has been strengthéned by the method

'of any one of the preceding Claims.

;41\



lerein the matrix is soil (as herein defined).. 10. The nethod of any
'lof the preceding dains, and used to form an underwater structure of

he matrix from above the surface of the water. 11. A method’ of -

_ engthening a particulate matri x. substantially a5 herein described with
reference to, and as shown in. Figure 1 or Figures.2 and 3 or Figure 4. of
t he acconpanyi ng drawi.ngs, or substantially as herein 10 described with
reference to Table 1 herein. 12. A matrix which has been strengthened by

the method of any one of the preceding Oains. ~———

reinforced matrix by feeding the strip and the particulate material 5

N4



