1. 212Q475 STRENGTHENING A MATRI X Background of the- Inventron The present _(52)
'|nvent|on rel ates-to.a method of- strengthenrng a- partrculate matri x, NS
conpri.si ng enbeddi ng- 5 generally flat pieces of flexible, open mesh’

_fstructure in the matrix. The word "strengthenrng"_rnclu es rernforcrng

and/ or stabilizing: 1n general terns, the matrix can be ?ﬁulate

matyd X, whet her | oad-bearing or not. The structures 10 forned be for

i nst ance geot echnical structures, structural conmponents for building, or
“{surfacing materials.. The maxtrix can be of.any suitable form such as soi
(whi ch .includes rocks, stones, gravels, sands, clays and the |'ike as wel |

as cement-stabilised 15 soil aﬂﬂREﬂ@EﬁENbNﬂndAgggmumar material s (nornally
cont ai ni ng- 2- 12% cenment ); and mine .spoil or slag), substances conprising a

-.hydrocarbon bi nder such as-asphalt, brtunrnous asphalt or tar, substances

conprising a hydraulrc bi nder or fill, such as cenent, 20 concrete
| ean- m X C oBacddge omn gﬂm&tmﬁa(ﬂ&weﬂtaoe consi-dered as' partrculate)

substances conprrsrng a pozzolanrc bi nder, " and substances conprrsrng a
.reS|nous ' :

The present 1nventlon relates to a method of _
strengthenlng a partlculate matrlx. compr1s1ng embeddlng -
5 generally rlat pleces of flex1ble, open mesn.structure

1n_the matrlx.- The word "strengthenlng“ 1nc1udes.-

reinforcing and/or stablllzlng.

N in'general terms.'the"matrir can be'eny oartngléte
matrlx. whether 1oad bearlng or not. The structures
19 fcrmed can be for 1nstance geotechnlcal structures, -]t
.structural components for bu1ld1ng. or surfac1ng N
-materials. The maxtrlx can be. of any sultabre form. _-
'.such as 5011 (whlch 1nc1udes rocks. stones. gravels,
sands, crays_and the like as well-as cement—stabilised_
' .i15' soil and cement;bonnd granular'materials'(normaliy” |
| .'contalnlng 2- 12% cement). and m1ne sp011 or slag),-
substances comprlslng a hydrocarbon b1nder such as
| aspnalt. bltumlnous-asphalt or tar. substances_:
- fcomprlslnq a hydraullc brnder or f111 such as cement.
: ZG'-concrete. 1ean-m1x concrete or plaster (whlch are
.;.considered_as.partlculate),osubstances comprlslng a_.

- pozzolanic binder, and substances comprising a.resinous-f__




2. blnd , such as - chlp board The natrlx can “be: partlculate and B AT Y
inon ‘cohesi've- or ‘cohiesi ve; -or |nherently substantlally rigid; a naterlal

such as:clay or tar may be viscousand capahl e of Targe novenent or- o
@_defornatlon 5 or a material such as cement spr concrete can be rigid and -
‘{ incapabl e of | arge noverent or deformati on. - Particulate matrices wi'll have

1 natural void s i an.b | roi t and/ or air. _
403 %ﬁe Inventloﬁ§¥ﬁ§e%?e§g ﬁ ?ﬁvgﬁﬁhoﬁﬁgy%gldégﬁ%e %gﬁ%kagaﬁgﬁgforth in

QA L or 25pdP{LeraLes Rl ph KbdbideIdP Shet 36, 200 TRAREAGE }fed

"set forth in O remnalnin arns set prefe

+ boattive [nter peEshEeR Ly cigle B SRba ”‘%32‘%‘?‘5 PUCEAT, BEPY AT may
friction betMBQNb0@1§@3ﬁ§Cﬁhdbgﬁéh%ﬂebQﬁﬂwﬁﬂkéémhovement or deformatxon.
5 or a material such as cenent or concrete can be rigid
and incapable of large_movement or deformatlon.
Particﬁlate matrices will héve'natural'void Spacesfwhich;_
can'be.filléd for inétaﬁce with water and/oﬁ air;

‘- P




~matrix in dif.f erent rresh openl ngs areint erI ocked toget her. 1In.soil at

Y &
4

'_mgtéhal of t he plece and . the ITB.tI’IX . In ot per words 5 Particles of th

-}l east’, the" mesh pi eces” pI us i nterl ocked: soi I partl cles for mfaggregat es of
parti cI es wi'thin the soil mass. Provi di r?g_ there are sufficient nesh .. :
pi eces, - these aggr egat es- Will interact 10-so that the whol'e mass of soil -
i bl be i nt®xé olireentbona si ngl e i nproved nmass. The effectiveness of the _
pieces depends upon them having tenaceous junctions or intersections which

enabl es each piece to interlock effectively with the matrix and" properly -

exploit the 15 strength of the material of the i ece without® the piece
tearing apdiie Preseasi ingantdash pmoydéewasneﬁ@crgﬁl agngedbniPrshan i ty in -
the plane of the piece, which enables the piece to withstand forces in its
plane and RAFBF nltAE 3BabMALEYCOR Afe SRR ok tiROINSCRALPS B4pRAEI 26 are
'graded so as to contain particles froma predetermnm ned nmaximum size-down to
a fine powddid dpchings BE| pefeforidy im Glainec2? o®rtB8.i nTBBtion, the

| ar ge p%rtlcles are anchored by the nesh t;r)Fleces and the small er partlcles
are anchor e%Ffl!ﬁ/Wh’églﬁ?‘@éF‘SZE!e[SalfPlrc“-lbe@rq "g%?ér%?ameeﬁegﬁ §lh|eucture

i eces can be eas
P 1nvent¥o
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T U ~The strengthening can
e e e e - chea strengthen!”gr PPN ieces. -
‘ nanhfacgupﬁ{fg;Oth;ggcgacbnpgct;FOIIS'and:be cut'jnto the piec
upp}Lezwm_th- Jleot.ativ o il ;

' i i  stri ion.in arandom"
5 h the matrix is random (three-di nensional d stribution
Ljwith the .

. . i | 'be parallel to
. . eCeS-mDuld_nOt I N genera te ane|s
iy and th sh, structure pi | WoL . rd or Concre Dé |
k ggg%g% her . _Thﬁrsﬂ,’aei.?f"?‘_l’l%s spechesh sasacehirhl 3RS ta%aﬁa posi .

tend in the directio Y€angl es t?
povll ¥ ' i .10 my exten ' : the thickness o
(or-slabs), song pigeqes h tates, adapP@RdisNG O,
-'iéi_g-h_e.f-aces- as wel an:a ClFfaq”%‘leetF tene hea > aadl S
- copl ana'r. W th th_e pa he mni Xi-ng is random t , Wi t hout.
e Rt SS' a{nﬁfegggglﬁﬁ% '?fz’efwé’cjr%@ mnmomeaﬂﬂﬁgﬁfﬂteegﬁgglg %X:Zgr%q:dvg. _
~incorporated wi hethere.is a large nunber of ' ighly effective
- great skill gvepatpoughgt e Fd % Het di®f @i egESMEER Bbahl :
* Ronot hel ess, 51 (P EPEHH8s; 98 Ens o e ot encondbf BbaRpee! (5! Y

i n-strengt heni nmé@eyggi;{eggtgggggg& ofI 1t e Is i fé 40 | Oﬂnetiﬂ%gpﬁg%\;&isd |

- space.is created;,. Tt ' : iece itself is 25 not consi
'dgCUpied by.tm@lﬁﬁeiﬁéér?%%gaﬁEﬁgge_particles form aggregates of

_space - it is desirabie, 1Roul Lo .
- Particles w1th1n_the,solllmass. Providing there are
sufficient heéh pieées,.these.aggregatés will interaét
| 10 so that the whole mass of-soii will be ihtefiocked into’
o a single improved mass, _The-effectiveness of thé pieces
._deéends upén.them'héving-tenaceous juhctions or
'interSéctions_which eﬁabies_each piecé to interlock_
_effeétifely with:the métrik.ahd properiy'éxploit'the
' 15 strength of the'material'of_thefbiecé'withqut the piecé
tearing apart. 1In addiﬁibn, each piede has high-_ |
-dimensional-stability in- the élané=6f1thé_piéce. which ‘
._enablés the piece tb withstand'férces in its b;ane and

 maintain the stability of the matriz.

- .In general, the mesh'structﬁre_pieces'can*be:éasy_to

= mxing wththe matrix. 's The.ntxrng=ot.the-plece-~:.n
“iimmediatel y prior to mxing wth the natrix

anal - wi i nel s (or sheets), the pieces “§h|€ﬁxii&fﬁ2©§?§zhg¥y
“the panel ; wit hohh'f'}r%%_lojg batweem @tecbemscsmabbnﬁﬁhgt :{??éeé"é'-‘se"caﬁ\h%e o



I

: Giésseptiékf that- the i ncl usion ofjthé-nesh iieces,Shourd.notHdecrEasé,t,%>1'-
m.qulk,dénsTty1of1LhefnapriX'(pFUs'pieces);.[ﬁ-general_ternB,.the fol'lowing ¢ /.
. fare exanpl es of ‘the 5 appl ication .of the nmethod of the invention: soil =~ >~
“§strengthening; :i'ncluding stabilization; the replacenment. of asbestos in. -
lasbest os cenent sheeting; general reinforCenent of cenent and concrete. 10
products; plasterboard reinfor&enent; ﬁhig-board rei nforcement: asphalt -
JreinforceneMAAVEAGTHE: PIAFI¢ERFaR GHOARL S5&SRIRDHAT. FR% he soil 15
on site is of poor quality, it is often practice t,o renove the soil and-
Bring in goSdERRASHERIRG 192k be csBpLiaf Rl £a% dRSHANGE EOMRAE Eonesi ve
material ; if the nesh .structure, piggces_are mxed w.th the existi soil,
;its.qUaIityrpém%nﬂQ§kﬁf cﬁ%el?ﬁgdgﬁgapPﬁﬁeéaﬁﬁﬁ%%}é%ekﬁ)qqﬁ?%x?@ting.soil
“1i s increased, J:educing. t ' of fill required above the soil for e.g. -
r oad constrg‘é't:{lgl%%%nﬂger g‘g%?ﬁlxm_'xed;i-n soil in the * - correct S
proportions, the nesh pieces will act by altering the soil matrix to forma -
{relatively ' - - ' o -

5 The mixing of the pieces with the matrix is random

(three-dimensional dist;ibut?on=in'a #andom-manner); and
 the mesh stru¢turé pieces would not in_genebal be
' paraliél to éach other. Thus, in the specific case of
plasterboard of éoncrete panels_(of.slabs),'some piecés.'
10 may extend in the direction at rightiang1es to the faces

‘as well as parallel to the faées. depending on the -

thickness of the panel; with thin'paneis (o:'sheets).'-
the pieces would b2 more generally coplanar with the

panel;

1;'.Is_As each piece is émall relative to the.éize of.the-ﬂ
- matrix as a whole, and és the mixing is randpm. the__
pieces can be incorpoﬁated with_ease in tﬁe matfix _
witpout.advancedftechnoipgy:énd withbuﬁ'great skili eveh |
:  thoughjﬁhere is a'iargé nuﬁberjqf thé'§igces. _ | R
.zJNohetheless, iﬁ is.éurérisinéiy.foﬁnd';hat the piéées';
ére.hithy effecti?e_ih strengthenihg the matrix,
,'provided'no'substantial:amoﬁnt_offextré'vo;d space is.
" created; for thé_purposés_of thié_spécifiégtiqn. the;
space occupied'byJthe-mgterial'of a mesh piecé'itself i§

zsnbt considered void sbacé - it is desirab1é;'though;not"'



7 honngeneous mass mnth I npr oved engrneerrng behavrour referred to as a
4 soil stabilization technrque Wth optrnuntstrengthenrng t he

% i ncorporation of .the nesh piecés can be equrvalent to an increase in the
overall 5 soil angle of friction of 2 or [err] or.by a |oad spreading
ef f ect through 't he strengthened | ayer, result'ng in an effective increase

i nhe Wi dth of the footing. "In addition, | normal Iy has no si gni fi cant

elastic r ecover%ﬁwteebl-dtbétp&hter dmcdusian gl thorneghani egrsy shesddd

4 | ocations, such as sub:bases for runways, roads or railways. Furthernore,

! at high strain @9t cdegreapesthni pruddknidenfidiE My  thecnatE Ryl RANED soi
~still has high lpad 15 bearing capacity and does not heave. If the natrrx

is rigid, as i rP¥®@e8hse of concrete or * cement-stabilised soil ‘or

cenent - bound granul ar * materials, the pi eces can limt novenent if’

1 cracking occurs and-provrde sone elastic'recovery for instance .20 in

; cenent -stabilised soi ne nor nal | cts, a |l arge nunber of very snalr
4 cracks to be'hiamﬂenﬂﬁfngsFmﬁﬁ'ﬁ€§x§§¥aﬁ¥¥ﬁ%f%Fgeﬂxiﬂgiﬁ§ SFet5ﬁ
4 rntegral plastrcs fatertal h %tHéthoéaégnggrsrngegglecularly orrentated

caty on e 1ln ion.

soil_strengthening: inclﬁding stabilization;

the replacement of asbestos in asbestos cement

E o ' " gheeting;
3 ' S ' general reinforcement of cement and concrete Lo
10 products;

plasterboard'reinforcement;
chip-board reinforcenment:

asphalt reinforcement.

There is a partlcular advantage w1th 5011 *f tne soil

15 on site is of poor quallty. it is often practlce to
remove the 5011 and brlng in good qLallty paftlculate or}
granular materlal. i. e. non—cohe51ve materlal, 1f the
mesh structure pieces a:e m1xed w1th the exlstlng 3011

| 1ts quallty is 1mproved.; The 1oad bearlng capac1ty of

20the existing soxl is 1ncreased reduclnq the amount of

flll .required above the s011 for e, g road
construct1on. - When proper1y mlxed in soil in- the
-'correct'proportions._the mesn p1eces w111 act.by

7_.a1teiing the soii.matrix'to-form:a relatively

elastic recovery; soil strengthened wth the preces 10 agpears to have sone




'3.t0 corrosi-on is" very -benéeficial~ :I'fithe met hod “of maki rig- the nmesh:5

!

E]
I

8'Str'nds : Plastlcs naterlal nesh structures are easy to nanufacture -an
thandle In, spectflc cases’ such as concrete ¢l addi ng- sheets, the reS|sta'gé

istructure.i's SU|tany chosen, there can be a-large anount .of orientation or-
yal'l zones-of each. piece can be at | east p%rtly orientated or even hlghly
orient at ed, avoi di ng wastage of plastics material and al so maxi mi zing the
“ttensile st rbﬁgpﬁeaﬁ@uﬂom&ﬁs Wit rﬂénm_oowecesglnenrﬂns hehaiose where
-fthe meshes. are four-sided and four strands issue fromeach junction or -
i ntersecti oR¢feREededi® @ﬁwﬁnﬁﬂ#ﬂ|%ﬁ%#b¥§?&bl9nsﬁﬁéhéh§@eln1WM$hhrect|ons -
- al ong the allgnnents of the strands. ractice, ,this can be done by -
sequential BPEIMRM f&ﬁﬁngyﬂqﬁfgfn?Qﬁc ﬂ%rPPFéklapoﬁﬁ the Me9Fhnent of
‘tone set of strands and then-glo riﬁthe al %gnnent of the o her set .of :
strands; rpéﬁﬁsﬁngﬁPvaﬁngP¥ﬁ% Bhi T 3T dFBRBERASRedR TR 0GR
directio tret h all the strands,_ openi g t he neshg a%? laterally, and
heat sett §°? sﬁf q§¥ﬁﬁ¥ﬂ?)P r?en?ﬁt d OFr Q¥ 8rd9% e preferred as .
it is easier_to chlev i onal. st.abi l : eral terns, any
suitable | nPRbRaRipea SR s TR n AR s daokPetEdn Breked. ror
I nstance asresultlng in an effective 1ncrease in the width of the
_.footlng. ‘In addition, 011 normally has no-sxgnlf;qant
'jelestic recovery; soil stfengthened with the pieces'
10 appears to have some elastic recovery and could be
: partlcularly useful for dynamlcally—loaded locatlons.:'
such as sub-bases for runways. roads or rallways..e“
Furthermore, at hlgh stra1n (i.e. after significant
1- ‘movement), the strengthened 3011 st111 has hlgh load

15bear1ng capac1ty and- does not heave

- If the matrix is rigid, as in'the case offconcreis;or '
- cement-stabilised soil er cement~bound.g;anu1a;s C
materials, the pieces can limit movement if'cra¢kinq-H
pcéurs and.p:evide some elastic reéo?ery:[for instehee
'ffzoinacement-staﬁilised soil, one normally expects a large

‘number of very small cracks to be formed

- Material of Pieces

. 'The preferred bieceS'are of integral plastics material

‘mesh_s;ructure comprising molecularly 6rientated'




;-dl,scl os.ed in &8 836 555 GB 969 655 GB 1 210 354, GB 1 25250 478. B 1 29f)
‘437, @B 2. 034; 240A or B2 035 191B; ‘a deep st'rand :strugture such: ‘as. that
‘of 'GB 1°210 354 is . 9 very sui tabl e becguse of better anchoring or” -

interl ock - the strands are non-circular, being deeper. than they are Wi de.
In general terns, if a plastics material is . uged, 5 preferred naterlals are
hi gb+-densi ty .pol yet hyl-ene. (HDPE), pol ypropylene (PP)- or polyesters.  HDPE "

. or PP can be orgephalad t ®13sd8@EmA0dF ESPOREEATst Pudlt@le@h A iddssPied: 1

i or-nore, preferably 10:1 or nore: the stretch ratios for polyesters ‘are

less, for instapgfudBchelr® AMhandie. WiR §p8ciasphalekeistica ayrent .

f_mhere the pieces wWill be mxed wth the hot asphalt, a suitable high .
tenperature resgshanetR! albides nptsidels, StEd Peshekuaskerto Y dh e uped;

the mesh structure may have been heat-set at ‘a tenperature of up to for |15

exanple [err] Mreeyi dehedtiftdrall,harmf NilegrmétRbasbECRaRANEr itdle Healct ures
can be used, for instance non-netallic or organic-base materials such as

- resin- bonded ppsorueshreoien sutirtuatily eshosep) etReredcanchestar llcatnqee be| ng-a.
-.20Leno Weave. For soils, the material should be

_amount of orientation or: all zones of each piece can be
at least partly orlentated;or even highly orientated,
'avoiding wastage'of.plastics material and also - - |
maximizing the tensiie:strength and.moduius of the_.
.10pieces. In the normal case where the meshes are
rour—sided'and four strands_issue from‘each.junction or
-interseotion. the mesh struotnre is preferably stretohed
in two directions along the allgnments of the strands |
In practlce. this can be done by sequent1a1 blaxlal
155tretch1ng. stretchzng flrst along the a11gnment of one
set of strands and then along the allgnment of the other
set of strands':or alternatlvely by stretchlng a dlamond
'mesh 1n a 51ng1e dlrectlon. to-stretoh all the'st"nds.
open1ng the meshes up laterally. and heat settlng the
20mesh. Blaxlally orientated structures are preferred as

it 1s easier to achleve dlmen51ona1 stablllty. '

.In general'terms;fan9 snitabiegintegrai plastioS-'d
“material mesh strncture can be.used for instance as. .
Hsdlsclosed 1n GB 836" 555 GB 969 655, GB 1 210 354 GB l
© 25250 478, GB 1 290 437, GB 2 034 240A or GB 2 035 1913. a

~ deep strand-structure-such as that of GB luZLO 354.15_'




'?;forn1of ‘el-bngat.e ‘menber s ‘whi ch exteend part way.or substantially right

- kparticul at eInt@enetaéctteminst.hafpmqﬂsasteicsasmamermaaar h.ec’nsaldd t his coul.d

. _npnlm;ﬂegradable (Iher Strengthenlng The |nvent|on can have 5|gn|f|cant ]
. Fadvantages if used in- " 10-conjunction with other strengthenhing in the - -
through the matri x. ~Such elongate menbers . may be as di'sclosed in GB B 1 - |

}069 361 (where the elongate.. 5 nenbers cauld al'ternatively be nade. of -
flxgeglass for intance wth a‘protectjve wat er -i nper neabl e coating). GB 2 -

{035 191B. Geegy Ozﬁxeaaﬁembeeau?sé)%f %ar@ﬁeﬁb@ﬂﬂ@tern\eme&em@ be used o

not only. in 30|I matrices.' but also nore generally, for instance in

matrices | GepepstshRashudeoth@irdvEi gl beigg @eépekanh@nbithds are - =
-Tenaceous Junctions or Intersections The junctions or intersections of the-

mesh nust bgidepaceous and shoul d not rupture too easily under tensile
=forces i n what ever dlrectlon the forces are I5appI|ed to the piece. This
i s because the pieces will mainly be distributed in the matrix in a
nultlpI|C|ty of directions, i-e. alnmpst totally random. As the matrix is

-cause splitting of the 20junctions of i.ntersections even.if tensile forceS"
were - 5 preferred mater1als are high dens1ty polyethylene

(HDPE). Polypropylene (PP) or - polyesters. HDPE or PP
'ican be orlentated to a qegree correspondlng to stretch
. ratios of 6 1 or-more. preferably 10 1 or nore; the |
.stretch ratlos for polyesters are less. for 1nstance up
| 1oto about 5 l. Wlth e.g. asphalt relnforcement where_
, the Ppieces Wlll ‘be mlxed w1th the hot asphalt. a
'sultable hlgh temperature re51stant plastlcs materlal.
rsuch as polyesfer, snould-be used the mesh structure
. may have been heat set at a temperature of up to for

'lsexample 230°C..

- Mater1als other- than 1ntegral plastlcs materlal
structures can be used. for 1nstance non—metalllc or
:organlc base materlala suth as resin-bonded open mesh '

__5woven structures._a preferred such structure belng a -
20Len9.Veavef3 For. solls, the mater1a1 should be-7 '

”.uon-biodegradable,-_;”

Other Strengthening

. The inveption can have significant advantages if used in




L.appllqg along the axes of -the strands; unless the JUﬂCtIOﬂS or
znntersectlons are tenaceous. In. general terns, the expression tenaceou3'

gﬁjunctions or’interesections" ‘means ‘that the junctins .or . interséctions.
; ‘are not- meak and can .be stressed in any di'rection w thout rupturlng too.-

ﬂ{lea5|ly “Preferably, 'if opposed tensile forcd® are applied across t he

pigge, i n whatever direction, the strands rupture (break or split) 5 before'

C the junctions. eonjumrtioet ivishdotber skieng tihewdnay knuuhﬁeﬁnrmyoff the'

. tensile strength at break of the junctions or intersections in any

di rection acrogsarngats cvenkbensiwhinb pikaeadoatite WA o isubetantially

. substantially | ess than 50% of the average tensile 10 strength at break of

* - the strands: i *f&ght rElprerghcehetBaREiXit Sucho@lengadte tmenberst hay be.

‘intersection can be weaker_ than the strands and still performin a.

satisfactory mifn&isqinsgdh imiGB|B hoP6pr 86dr r(&!lEQ%&Q%pﬁ@@@%ﬂgth 5As

- far as possible, isotropic strength is ained for under opposed ‘tensile
forces in the MeRReLs qqﬂ?%l%%EerWﬂFévﬁéXn§etmﬁd%fﬁftQ%Rﬁ?%Q%??enBPH at.

break in-any di,rection.across the i's not substantially Iess than_t hat’

3 in any other ditfEER%H BT ?ﬁ%t Féége ?@Hﬁ&ﬂ%ﬂPQim%ﬁpkﬁxﬁﬁ% +Bga'sgpand
or'at a junctigng,Jt 1918, GB 2 073 090B or GB 2 096 531A. The

elongate members can be used not ‘only 1n soil matrlces.
‘but also,more_generally; for 1nstance in matrices

10comprising'hydrocarbon.,nyd:aulic oh'p02201anic bindets}

”'Tenaceous Junctions or Intersections

_'Theejuncﬁions'or1lntersections of.tne mesn-mnst-bee
tenaceous ‘and should not rﬁptuse too'easily under-'.
- tensile_forces.-ln whatever dlrectlon the forces are
' 'lsapplled.to the plece. Thls 1s because the pleﬂes w*ll
' mainly.be distrlbuced ;n-the matrlx in a multlpllclty of  '
sdifections, i.e,falmostliotally_tandom;  As the matrixp3h
is partlculate. the.effect of’the pieces relies on_
'"-1nterlock and this could cause splltt1ng of the |
2gJunctlons or 1ntersect1ons even 1f tens1le forces were
' applied along the axes of the strands. unless the

Junctlons or inte:sectlono are tenaceous.

"In"general tezms. the express1on "tenaceous Juncolons or o

interesectlons" means that the Junctlons or

-




_ s how@ver satrsfactory if the tensrle strength at break in any drrectron-
lacross .the piece” “(and” i n-the pl ane of the piece) "i s not substantrally Ies."
- it han 50@6of ‘that“in any. other direction.across:the piece..-:In: general
terms, 25 it is desirable to structure a- square or. rectangular 12 nesh

B theastrands extend. Hi gh Fl exural Recovery The nesh pieces will be
_generally f Latepgsiest itogriad @t dfeakbandi Agn bee staessed ostagwst
slightly curved due to the curvature of the roll fromwhich they have been

' lpr oduced. ¢héeﬁﬂé@@3WMQHOUﬁnﬁﬂﬁﬁhélﬂGeﬁpﬂrPﬁﬁ}lxnd\Hﬂquﬁﬁbkﬁwrﬁ#Iy lie:

perfectly flat when enbedded in. the matri x, _However the pieces should be
chosen in 18PP€F&Q(ﬁ?&ﬁi¥QM§?ﬁﬁ%§|%FEOPPPhéeﬁa?FﬁQ%ﬁ)ﬁhﬁup%9ﬁg'dbnnot
Create a substantral gmount, of extra void _space in the ' I S foundr

mat ri Xx.
that the nme¥ aﬁ?@@éSQ&ﬁ?qQﬂonv%Pe ?tﬁF&BSaFHQﬁHLFo(QQﬁéﬁeﬂ§1%&}bhl

duri ng enbeddi XJ n a single, fold redyces the effective area of a.
15piege, %ng |§§quﬂné%£ﬁ9%ﬁﬂé& bREeFREEFLAER B8t Woen thfe Hhterial of

~Hthe matrix nd the pi_eces. still u nd _nQ _su stantral tra \Vvoi space
B ke 8

li's created. "OVEVEE 54 1 SRARF T4 FBS§ §c§ f?“@'ébﬁﬁﬂ there are

the Junctlons or 1ntersectlons in any dlrectlon across
the piece and 1n the plane of the plece 1s not |
substantially less than 50% of the average tenszle.
~10.strength at break of the strands* i e.; in pract1ca1
'~ .terms, it is found that ‘the Junctlon or 1ntersectlon can

" be weaker than ‘the strands and still perform 1n a

satisfactory manner, though thls-ls-not preferred.

© . ' Isotropic Strenqgth

”fiSAS-far'as ‘possible, isotropic'strength is aimed for

SRR RE R .

-?' I _ under opposed ten511e forces in the plane of the p1ece.
P Ihls.means that the ten511e strength at break in any
directiOn across the-plece la not-substantlally less
'_than that 1n any other dlrectlon across the plece.'.”
_%' .r_f 20whether break occurs in a strand or at a Junctlon. _It['
| | ~:fls however satlsfactor1 1f the ten51le strength at break
in any dlrectton across the p1ece (and in the plane of
: the p1ece) 1s not substantlally 1ess than 50% of that in
'_§9Y7°Fh9‘ dlrectlon:across_the plece.l In general terms, ;

. 25it is'desirable to structure'a square or rectangular

SO that it has substantially eqgual . streng%hs in the two drrectrons I n mhrch.ff



kltoo nany Iayers of the sane prece in contact mnth each 20 . other or very
closeto each other - two layers, -as’in the case of - folded pi‘eces, ‘do no
eemto’ have' a pronounced. effect. . “Nonet hel'ess,- trght condensatron of 't

'5'create extra voi d space; the 25 tight condens®&i on woul d. i rpede the

pehgtratron of the - 13 material of the matrix into the nesh structure and

. woul.d not achi emeshr epethiattt drd aRls haileramt hel byeegaaandtreagmals ivn the
ffaddrtron where a piece is for instance rolled up. there my be a

" substanti al . vai dwopdd;eelcltltolme 5 nrivtcil e t10é os whandst brteaderi al. of the.

h matrix has difficulty in penetrating. . It is therefore desirable to avord
. havi-ng a substantial nunber or. proportron of pieces which are tightly

" condensed. The pi eces shoul d have sufficient flexural recovery for 10 a

-hi gh proporti onH gghtRéemmg@lt@gggxggzcondensed during enmbeddi ng or- m xi ng,

and this is ternmed 'high flexural -recovery™ herein The fl exural recovery

.can be thought'of interms of the stiffness or springiness of the naterral

C_of the piece, the material being. capabl e of 15 high- bendi ng before "

yiel ding.” ThouBhei mesd Déleicoedvitliatbe | esmeaallEcokary PaAGLOL S mbing "

stlffness are the
5 or embeddlng. i.e. at tﬁe most just sllghtly curved due-

- to the curvature of the roll from whlch they have been
',_produced. The pieces w111 have some flexibility and
will not normally lie perfectly flat when embedded tnt'
| the matrix. However.the_pieces should be chosen.in;
1otelation'to-the hateriai_of;the matrix so that they do
. not create a substantiai-amount.of extra.voidqsoace in
~ the matrik;_ it'is_founc that the ﬁesh pieces canlfold;
over or wrap around to”a certaln extent durlng embedding
~or'mixinq{,a.single fold reduces the etfectlve area of a-
lspiece} and thus is not oeszrable._but Lnterlocs between
B the materlal of the matrlx 'and the pleces st111 occurs.
.'and no substantlal extra voxd space 1s created.. It is
'a belleved that extra VOld space 1s created when there are .
'too many layers of the same. piece 1n'contact-w1th_eacn
2gother or- very close to each other - two iaYers;_as'in?'J
'[the case of folded pleces. do,not seemito'have a"_
.rP?onounced.effect, -Nonetheless. tight tcondeﬁéationtlot-
'f'the mesh pieces; e:g rolllng up. tw1st1ng up, ballioq:
'1iiup or crumpllng up, does create extra void space. the

L;ZStlght condensatlon would 1mpede the penetratlon of the'.

T T S T

-mesh pieces, e.g. rolling up, tmtstrngrup;'ballrng up- or crunpling.opfdoes-..




_ ; i o . -
"”Jnderlylng propertles the actual vaIue of. the erxuraI recovery or (Eéji)

fEf;tlffness ‘of_the .mesh pi eces need not be taken as the determinative
“Eriterion; the I engt h: of "t he 20.piece, the" nature. of“the matrix and the-

ret.hod of enbeddi ng are |nportant Various tests can be devised for

'detern1n|ng i f substantial extra void spadd woul d be created. For

' ngl:ance, the material ‘may be chosen so that the piece 25 can be bent

“hrough a pmeaewemmrnﬁj:ngumavwxnounto the mﬁeessmm@qﬁunﬁ|andkw@mh®t|on

[ he test being carried out over a short period of tinme at the tenperature

9_Df |ncorporapﬁomdhﬂQYQrﬂiqmﬂrlkntenlggkthbkwegmammﬁwnkﬁﬂﬁsIQR@rbhe'

~fecovery test is as follows: four sanples 40 x 5 100 nmare cut, -one _

having. its F@ﬁ@lﬁodesifbeﬁr%ﬁi"eW@o Whersef Bheser d5d$oraidgbaNeR hers havi ng
L heir | ong sides at erﬁl in each direction and at '9Q to those, of the first

jsarrpl e. |f E8HAPdS MR & %‘b%cm"ﬁénge aReSHPETRAGIEL V4G SRAGS Banthe

. kstimated. ‘W.th the 10 | es horizontal, 60 mm of Iength are cl anped -

~adj acent %nmédGé%a\hqfﬁf d”l? u%h%fmétﬁﬁf-éé Phatt g0 MARLH0 S out over:

‘T hi's edge. i.s considered undesjrable_if ,the tip droops a di stance -
.correspondlﬁd ?&qgiEﬁmﬂQaQﬁniﬁ%%YEPgthaﬁt[éﬁr]nﬁ£%£ﬂ§%1¢ﬂ§#%F?%% tfor d. of

'. the drOOp'n%v01d having a substantlal number or proportlon of
-pleces_whlch are t1ghtly.condensed,*

" The pieces:should have sufficient flexural recovety-fcr-'

10 a high proportion of them not to become condensed during

" embedding or mixing;-and-this-is termed "high flekural

-recbvery“ he:ein.. The flexural recovery can. be thought.
 _ of in terms of tne stlffness or sprlnglness of the | R

.materlal of the plece. the-materlal being capable of
nshlgh bendlng before yzeldlng Though it is believed '
%' 'ef; that flexural recovery and/or flexural stiffness are the{
'underlylng.propertles. the ac.ual value of the flexural- _'..
recover? or stiffness'of the'mesh-pieces need not be . .
taken ‘as the determinatlve cr1ter10n' the length oF the

' _:z)plece. the nature of the matzzx and the method of’

“‘embeddlng are 1mportant. -'

3 Various tests-cen be'devised fof'determinihg if
substant1a1 extra voiad space would be created For; 3
_.1nstance. tne mate:zal may be- chosen o) that the plece.

zscan be bent through a p:edetermlned angle w1thout



i recovery is the percentage of the- ori-gi nal angle 20-. which-is .
1 recovered; i-. I f -the original droopis [err? and the sanpl e returns to a
§ droep of ‘b (greater than [err]), the flexural recovery is 100 x (90- '

“h)/(90. - a)%
‘possible to obtain 100% recovery, but reasonable qualit

eRCPHPRAVEC P Ast ics defifrarahiln. tbheheeﬁeabeépgde@rrééqcl is
pi eces have

.}:9596recovery an@uFt°V§rpﬁeﬁ§PFédHﬁﬁlQQ)Qﬁm&#%ﬁe%ésth8v¥ﬁ398rﬁé@6@eﬂ¢

| ess. t han 75@60& better 83% ,The test can be carried out on speci nens of a -’
15 different si¥®

~to, say, roll

CORRPrakdof ARG Id1% MAtE k. pi BcBU4EABLRI ﬁéénﬂﬁédﬂeﬁﬁ}%ncy

up. d Ll tend t
ore onsily. | ForieRnEan Besoursy sépt HES tOLEERRF ppur: remrianAR &
recovery test 85 follows. A sufficiently |arge sa
soff IR

-strengt hene

TRROAES; G5 o OBSRANE A SanaiReRoRerad ied 59 i sh

St andard BS 5930-1981

i thout the neotif: Btbsofs *abd o Al dnd o thEPE ndPTal kB 1k o ?&"éaiféh |

comxture. The SSfRL? 5% ﬁgenln each direction and at 90° to those of

': the first sample. If only smaller specimens are

10

15

available, the resultsfcan,be_estimated. With the
samples horizontal. 60 mm of length are clamped adjacent

an edge having a radius of 3 mm so that 40 mm project

"out over this ‘edge. It is considered'undesirable if the

t1p droops by a dlstance correspondlng to an angle of

'greater than 3° measured along the chord of the drooplng-

plece. The sample is then folded 90° down over the

' ledge, held for flve seconds. released and after a

- further five seconds the angle to whlch it has reverted

'-is read (again measured along the chord). -The flexural

- recovery is the petcentade of the. original ‘bend angle

20

which is recovered, i.e. 1f the or1g1nal droop 1s a° and

‘the sample returns to a droop of b° (greater than ae ).

'the flexural recovery is 100 x (90 - b)/(90 - %, In:'

'[_practice, it is- found that, to- the nearest degree,,lt is

25

p0831b1e to obtaln 100% recovery. but reasonable quallty

pleces have 95% recovery and 1t is- preferred not to use

spieces hav1ng a recovery of less than 75% or better

'_ 83%. The test can be carrled out on spec1mens of a

S : - : ' I L - S

;15; pi gce.. The sarrpl eis t hen fol ‘ded 90 dowry over the edge, held for f|ve
: _;econds released and after a further: five. seconds the angle to which it <
% 'has reverted i's read (again - neasured along the chord). .The flexurall S

i - -




--transferred in the vessel to a heated oven- mhere it. renalns for atine a d?f_
At a tenperature 'sui'tabl e- to dry out the sand. and heat  set’ the mesh- plece_.-
in the formthey ‘have taken-up- duri ng- m xi ng and- conpactlon Af:it er. 15 -
cooling, the mxture is tipped fromthe vgssel onto a metal grld_mhlch I's
t hen vibrated until substantlally all the soil- has passed through the grid,

| he_h h J abl ' Sub 1
hoZreos b colERErBEEoTEHR DiE ?wla%%'lza%uﬁg Lt-x?”hﬁgﬁ'gﬁré&re ‘#off?ﬂtg',a -

balling, .t I ke test car.ris
-

concrete.or 3%%&?‘8 3m§g‘§| t@é‘%[er“e yceth%htsh%r e?@TBQ}G‘Rg l?‘tg ﬁ‘ult 1%‘5& bly |
frepiaced wiNgveny bias s dided il FAWED 01 1511 008" t.%t%doael sampl e i s

required -for ratory Work. -7t Tan b2 prepared as Pi.eces
16 of the mesh structure are progressively added by tunble mixing to a wel |-
graded sand (for exanple, Md-Ross Sand), which sand contains a percentage

tmoi sture CORp ENL ‘f’@hB'ieWslolillpsnSLHiﬁg eass;né); %xhgg a1t ggaunt%ltuire content 5.

can be deterntne enpi ri cal he mxing'is con Inu t he required

Fg;cengﬁgf ﬁ?e%ﬁ%%sh‘é%%ﬁb%f e hedl. foM&ng Shogh%fh%rérﬁtﬁlfon“ nued
lazge sample of the strengthened soil 1s put into a
compacthn vessel and.compacted to British Standard BS -

'.5930.1981. 'After compaction, a further 100 mm of tne
same s011 w1thout the mesh pleces 1s added to cover the'

10 surface of the compacted mlxture The sample is then -
transferred 1n the vessel to a heated oven where it

h remalns for a time and at a temperature sultable to dry
out the sand and heat set tne mesh pleces in tne forn
they have taken up dur‘ng m1x1ng and compactlon After

'15 cooling, the mlxture is t;pped from the vegsel onto a

. metal grid which isﬁthen vinrateé_untii substantiaily :

all the soil.has passed through the grid; leaving tne :

heat-set mesh pleces available for'examination.
eSubstantlally no mesh pleces should exhlblt any |
,ezg ,fsubstantlal degree of rolllng, balllng, tw1st1ng or
."-crumpllng. A 11ke test can be carrled out for concrete'n
'% '3.7;_ " or .cement compoeites.~the cement.merely_being.emitted.drtr:-

% | -_g_' possibly replaced qith'very fineasand}

If a conven*ent strengthened soil sample is requlred for"

25:,_1aboratory work it can be prepared as follows. Pleces



%Hrgh drﬂensronél Stabrlrty 10 Hrgh prrnary drnensronal stabrlrty |n the

; plane of the piece means. t'hat - there-is considerabl.e- resi.stance to. - -
'selongatlon ‘Wwhen tensile forces are applled across -the piece:i-n a dlrectlo
i parall:él to a-set of" st rands: thrs i.s inportant. High secondary drnensronal
Estabrlrty 15 nmeans that there is -consi'der abl e ggsi stance to the neshes
' cl o&¥ng up ‘during m-xi ng, particularly when tensile forces are applled

~across the di agoggl gnef mblg @%%:'%%Eturéf%fé“rﬂ%ﬂﬁif‘éés%glgegggeﬁp :‘I{rﬁ%c]i‘g

fpthe entry of the matrix material into t S- woul res

1t may :be inpor tankihfatot BELR 1S GHARFbd SCOVET Ve OF bkeEnikol il MR shape

; after distortion. A useful. measure - of secondary dinensional stability

_ relates the "di ssondh pnwheed’ shad ity »fpéPeent gl E\%&sk‘.ﬁﬂ ?’ ent
* The distortion load is that tensile 17 force which, "when appli across

~any di-agonal of whichewbts, eheduecaddie of apiefnghe ﬂﬁéhmeﬁgﬂhﬁﬁ e tdde
(related to its unloaded area). Generally, the distortion |oad:weight per

square nmetresratéannby detasmimedaendiTikallp; 1 'mieomfﬁlﬂxg( iat icQh thglyad
: 0.5:1 not being. preferred but not bei ng .excluded),: though preferred m ni nrum
_'vaIues are-1:1, 4un®il, tﬁelreauireﬂ percentage of 1nclu51on has been
reached. Mixing should then be contlnued for a further

one minute.
"High dimensional Stability

10 High ﬁrimary dimenSionai stahility'in'the plane of the
piece means'that there.is considerable reéistance'to-
-elongation when-tensile.forCes are applied'across the
piece in'a'direction paraliel to a}set of strands: this
is’imhortant. High secondary d1mens1onal stablllty
- 15emeans that’ there is con51derab1e re51stance to the
' meshes c1051ng up during mixing, partlcularly when
tensile forces are. applled across the dlagonals of. the
fmeshes. If the meshes dld close up on mixing, the entry
:-.of the matrix mater1a1 into the neshes would be |
“20.restr1cted It may be 1mportant that there is. good o

'recovery of the or1g1nal mesh shape after dlstortlon

,*A use‘nl measure of secondary drmen51onal stablllty
relates the “dlstortlon load" to the welght of the plece

fper unlt_area. The_d1stortlon load is’ that ten511e

s




';'hbrnally |f the. secondary stability is- suff|C|entIy hi gh, the’ prlnary
Vrstablllty W'kt be- suffi-ci-ently hi gh-and need not ‘be separately t ested.- The -
Jtest above can be applied for instance ta7p|eces having very el ongate
rectangul ar neshes or having square 15 or‘nearly square meshes. A sinpler.
-caLcuIatlon can be made for square or. nearly square nmeshes if a modi fied -
di St orti on flcg&® iWhithsi WepRdABBL{Adt AREOSKE PEFUHS IR bpbstR® di agonal
fdi mension by half - a_rather smaller | oad need be 20 applied, and the -

el ative d&@SdRsos %ﬁ#q%ﬁsbEEﬁuééthdeFPPeMQﬁhlﬁﬁﬁﬂ%ﬁ) Yahﬂ ﬁelghts

change the stiffness. The no

n1n|nun1value can b%'rea ised with

el 5. 4 ¥ iian, fadivetafk, Poe aéﬁa.rtey"a : d
¢ he”‘;’ing?tstlﬁvﬁ}cﬁarsﬁfd% el TESLr BF PadBRiod rat gk i B py D8t 192"
C0n30|'dat%@1ng-g} f%f%f? S0£ULSe belng excluded). though B '

preferred mlnlmum values are 1: 1, 1.5:1, 2:1, 3:1 or

3.5:1.

The test should be carried out in the diagonal
10 directions. Normally, if the secondary stability is
. gufficiently high., the primary stability will be

~ sufficiently high and need not be separately tested.

The test above can be applied for instance to pieces
having very elongate rectangular meshes or having square -

15 or nearly square meshes.

A simpler calculation can be made for square or nearly .

e et R e o b B AR 8 <

) square meshes if a modified'distertion load is
: con51dered as that which reduces the 099051te dlagonal
dimens1on by half - a rather smaller load need be |
:20 applled. and the relatlve decreases dlffer because the'.
:_ different mesh 51zes and welghts change the stlffness .
The modifled dlstortlon load welght per square metre
ratio is preferably at least 0 ,6:1 and may be at least.
”0 B: l or 1: 1. though minimum Values of 2:1 or 2.5: l or”]

"l' 25 more can be realised w1th some materlals

3. 5: 1, The test shoul d be carried out in the dlagonal 10 dlrectlons : (féa/_

ied.d | oad h Te
Iratio is pr&edahfd &R *E%s?ng°ﬁgida:a}§%%é;| gg;ééfaqaéﬁ goé%gl quliarle {TEE)LSh
I8 & Het B rmay B? ?ﬁe pi eces "

L7 » ks ams « 2 meathoens o bt o8 At ¢ s aomm YIRS X 2e n 8
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of properties;

5

10

- 15

20

Tensile Modulus

;'renaln.dlstrlbuted randonty throughout the natrlx I.e. should not aII te d
£ to-riseto the top or sink to the bottom Tensil-e Mdulus 10 The - effectlv
t tensile nodulus of the piece should. ideally be ‘sim lar ‘to that of the
matrix if the matrix is rigid, using high nodulus-structures for natrlces o
such as conerete; however, the.invention is stlif|l beneficial if the nodul us
i s MNeower . Low nodul us 15 ‘struct ures can be used for matrices such as soil.
Proportlon of Piggsiée Matrix In any matrix there will be. a | arge nunber -
# of pieces. For any particular matrix and nesh piece, there will be an

| _optinum nunber of piecés per unit vol ume to obtain 20 maxi mum i nprovement
this can be determ ned experinmentally. The proportion of
pi eces used w | ITHiepealatpoe dsheityl o tthe naitywrial éhethe phedekr oX,
particle size distributionin the matrix, strand size, nesh pitch, overal
size and shape<ﬁeqhexm5ucﬁndefhexubal1mpdﬁtanxaeﬁubémﬂmmgeoatthénmesh@ﬁ
t he nesh pieces. _
pieces wll grosd ymiximgfané mhehceashsawnny(qﬂmthemmetniﬁ)fandlnbeance
natrlx/plece interlock action will be :

| f- the amobunt of nmesh pieces is too great, the 5 nesh

before setting or consolldatlon The pieces shounld

.remain distributed randomly throughout the matrix, i.e.

should not all tend to rise to the top or sink to the

bottonm.

The effective tensile modulus of the piece should .

ideally be similar to that of the matrixfif the matrix
isfrigid;'using high modulus structures for matrices

such as concrete; however, the invention is still.

tbeneficial if_the modulus is lower. Low modulus

structures can be used for matrices such as soil.

Proportion of Pieces to Matrix

In any matr1x there w111 be a large number of pleces..'
: For any partlcular matrlx and mesh p1ece, there w111 be
'an optlmum number of pieces per un1t volume to- obtaln
maximum 1mp:ovement of propertles. this can be |
':de;eemlned-experlmentally.' The pronortlon of- pleees

'_used'willjgepend upon'inter a11a.the neture of ‘the




-

o s:ppressed .redu0|ng the strength of the matrix - thus |nadequate streng%ﬁg////
" -of th& i ndividual pi-eces cannot be: conpensated for by using' a very | ar ge

afrount. of .the:10 pieces: Nonet hel ess, - there may- be. S0 ‘many pi-eces per- - .

_uni t vol une that "without - the mat.rix - pres g .- the pleces woul d provide ‘a.
el f-supporting mass of about the same volune - .if, as is normal, 'strands _

B CARRORRE UL At R hifgaﬁﬁést&it%%&tsﬁ’egif %)Etggg?%ﬁgtsgfr%e% ton

R | | ecl oeccurre -

B < eﬁ'“%fs’?ﬁé‘P%Pg,aP%%Eeﬁ A dnd Ffrecs \SBéegﬁéchféallyh
- u e nmesh

| FLEBTPaR 0 Be FLRE' GRATRIRION Ik 14hed 8 2 ?Psn&‘?ﬁ@n sand. 1t

ijs believeq{dials a pf?f ehbedmBhR YR 'm%%p%%%%gogﬁotoéo 989 g}%s per -

qubi .c netre and a pre

__oted ‘when
gpeni ngs - (

erred maxi mumi s pi ec

E pleces .
20t Irﬁ g ner rﬁlgép?%g‘grg??(r)ﬁgs?g&g? eeelr[ﬁé}lcée?f{h ﬁg‘:ﬁl ?fl)g(;:l ts‘ggr eferably -
b t | mum :
-~ gensi f‘y"té P 6T4)) Sha BE RRRRI ARG %ﬂ%%tt?%nwttf‘ GaeLTRe

AR R My A BRI St F LT | ag v

10

g

suppressed reduc1ng the strength of the matrlx - thus

:1nadequate strength of the 1nd1v1dual pieces cannot be
compensaten for by u31ng a-very large amount of the
.pleces. Nonetheless. there may ‘be so many pleces per

__unlt volume that w1thout the matrlx present. the pleces

would prov1de a self supportlng mass of about the same

' volume - lf.'as is normal strands protrude from the

edges of the pleces. the mass can be coherent to a

'.'15_1certa1n extent as protrudlng strands or even the corner

of one p1ece can engage 1n the mesh openlng of another

’plece"the effect occurred partlcularly when u51ng
-7jlarger mesh pltches The effect was spec1f1ca11y noted

- when pleces of 18 R pltch mesh hav1ng just four

complete mesh openlngs (2 x 2) were used at 0.5% w/w

"(dry welght) to strengthen sand.”-f

rfiIt is belleved that a preferred mlnlmum 1s about 5., 000
'7or 10 000 pleces per cublc metre and ' preferred maxlmum
is . about 500 000 p1eces per cublc metre. though the

j}_25'.number depends 1nter alla on the size of the pleces.';: B



perortrons are. grven herei n for dry merght For sorl t he proportron 163
|s preferably | ess” than about 2% or 1% but preferably more t han about ' '
0 05% -For hydrocarbon, hydraulic. and pozzolanlc binder product’s, ‘the "~
“proportion is preferably as - for.- sorl “or may be up to 5% 10 Nunber of
- Mesh Cpenlnas I'h a Piece Preferably,'each pi ec®® has up to a ‘thousand, five
humer ed or two hundred and fifty- conplete mesh openings. the nore preferred _
“nunber being abait gewekyifi vheOpropeiinl duity/forof NEi@ngEeeeght oot hai ne
being possible. 15 It is also possible to operate with pieces having as

few as three or oty ixobpl ptefeeablepEriorgabdiveond terrksofachatace of -a

. -piece wi |l 'have an area which-is small relative to the -size of the natrrx,

- being strengthemmbpdfmldheagrwhuehtUMenmamnmx(ﬂasrmaplmun denkd tige tomal |
relative to the greatest di nension of the matrix,. e.g. less than one tenth.

. or one hundredt rbouvnewo handaadhb 1@f trilmesrathatx: Mmesiomrreaﬂon As

- long ‘as the nesh 21 structure pieces have snall widths, they can be.

S quite. Iong,ﬁ(ﬂ Brepentions aoeSdeedomenEﬁﬂxfowndnmgwebgh9veanongonl

~ -Nonetheless, it is preferred that the pieces be roughly square or at | east

'-that the IengthQﬁ? proportlon is preferably less than about 2% or 1%

:y'

but preferably more than about 0. 05% For hydrocarbon.u.
hydraulic and pozvolan1c blnder products. -the proportlon

1s preferably as for SOll. or may be up to 5%.

':10 Number oflMesh OEenlnospin”a'Riece-_-ﬂ'

Preferably,'each plece has up to a thousand flve.'t..
_-hundred or two hundred and f1fty complete mesh openlngs._
'-;the more preferred number belng about twenty-rlve or .
.'twenty but for 1nstance elght or nine be1ng-poss1b1e

;15:lIt is also posslble to operate thh p1eces hav1ng as. few

as three or four complete mesh openlngs.
”siae”of-Pieces

ﬁf_Each face of a p1ece w111 have an area whlch is smalls
rrelatlve to- the 51ze of the matrlx be1ng strengthened'
:fgd The greatest dlmen51on of the plece would be small
) relatlve to the grea*est d1mens1on of the matrlx._e‘olh
'e-less than one: tenth or one- hundredth ‘or one thousandthhh

of the matrxx greatest d1mens1on As long ‘as the mesh




S !

5 of the sane order as the bréadth e.g. pot nDre than ten times the .__g
“{preadt h.and .nore preferably not “-nor et han: t'wi ce.:t he breadth \Wen: O~
‘_'trengthenlng soil, the area of each face éf the 2 pieces is preferably
about 10,0600 nm or less, the 10 preferngp -area being about 1,000 [err],

or. instance 35 nm'square or 30 x 40 nnt | f however the pieces are. Iong

d rel at ter th
i o IR, PR G ot n
hyd b d t t |
[ ocar bon BheQeEob! RHuERBrel % YA, 40 RpECERO A PBAGA! B‘E;Lzzé‘t%ﬁfc

~ Jbi nder produggs, 1sﬁae§' ZeNgfnettlﬁ%l@s%Cesi@% b@z@feteéasehhc tRgugh much

smal |l er 2.20 pieces, Say down to about area of each face) are

[eoncei vabl g3 §b8s MBENr8LEALFRY qURRAN G Okt NEe S ZCt Rt BReATURATH BOT
- ffiller, but” for instance fof cenent roofing sheets,the pieces may be nuch-

g S”H||e@ tha@ff@ﬁe saﬁ@'br&b&e%QtQ%@'Bkeadtﬂz e.g. not more than ten

'tlmes the breadth and more preferably not more than

twice the breadtn

~When strengthenlng 5011. the area of each face of the -
pieces 1s preferably about ‘10, 000 mmz or less, the
10 preferred area being about 1,000 mmz, for instance 35 .

mm square or 30 x 40 mm. 'If-however_thefpieoes.are long

.. and relatively narrow.-each faee:cah_have'eizes
significantly greatez thanflo;OOO'mmz.-forfinstance up
- to 20,000 or 30,000 mm>. |
-~15f§For hydrocarbon blnder products, the size of the p1eces
'-gcan be rather larger than for s011 e.g. about 20.000

'mmz or-less.

'fd' For hydraullc or pozzolanlc blndez products._the'sizegofe"
T*h;the pleces can be as for- 3011 though much snaller
t,ZQ; pieces, say down to about 100 mn2 (area of each face;
| : 3are'conce1vab1e°'the mesh 91ze may depend on tne elze of
;ithe aggregate or flller. but for 1nstance for cement
"'rootlng sheets. the pleces may be nuch smalle: than for

'Vﬁfso11 strengthenlng L




fr.rnstance about 0.1 mm For

fsrze he pitch. may be chosen-in- relatron to-the. partrcle size-of the-
“*natrrx - 'For soil. partrcle si-zes, one normally 5 .cansiders: the D85 valu
i “which is the-grid size through. mhrch 85% w-w 0oz the soil passes. 1t s

} preferred that the pitch shoul d be substantially greater ‘than the partrcle

T sike, a pref err ggl, DRXE YAy Deisng 23 4 WBS RAdd Sl e size and a preferred
- i ni mum bei ng twrte*t%-—pargrcPEﬁmtnr—‘

general for strengthenrng t hose-
: sails and granul ar neterials which-are normally used, the pitch may- be
. between 5 and 40 mnm For fine sand having a 1 nmm D85 val ue, the pieces can

_have a roughly sgyagg eagserofcga%wsﬁemﬂﬁ%@ PRdANebhl gkness ahefor 15

rocarbon, hydraulic and pozzol ani c bi nder.

f'ﬂNbsh j.ze and: Strand Thickness It is easier to consrder p'tCh than ”ESh -gigg)

_ﬁ»\

.. products having ﬁiﬂ@ﬁ'ﬁyﬁ1B@rEhSEQnSH%Pr@lé¥idﬂnt6h€h@'§§E§1E§@ B3R f

roughly square pitch of- about 50 mmw th a strand thickness of for instance
about 2 mm 20 tﬁérem&emngsrlihesba\aerﬁdmaéIspeeéwéﬁerndeaﬁmwgg by

| ~way of exanple, with reference to the acconpanying draw ngs, in
- which: - 5 considers the D85 value, which is the grid size through
| | which 85% w/w of_tne s01l passes. It is preferred that -
-the pitch snouldibe substantially greater than the |
'._ partlcle s1ze. a preferred maxlmum belng 25 times .
particle size and a preferred mlnlmum ‘being twice
10'_.part1c1e size. 1In general for strengthenlng those.501ls
-and granular materlals which are normally used, the
pltch may be between 5 and 40 mnm. For fine sand havzng
'ga 1 mm DBS value. the pzeces can have a roughly square f
-'p1tch of about 3 mm and a strand thlckness of for |
'1x,15} instance about 0. 1 nm. For hydrocarbon, hydraullc and d
'pozzolan1c blnder products hav1ng a max1mum partrcle
_s1ze of 20 mm, the pleces can have a roughly sguare
pxtch of about 50 mm w1th a strand thlcsness of for

"'1nstance about 2 mm
“"20'_ The Drawings

The 1nvent10n WIll be further descrlbed by way of

r_example, witn reference to the accompauylng draw ngs[ﬂin'




__rgur la |s a. schenatrc stice through a natrrx strengthened I n accordanc -
Mth the: |nvent|on Figure I'b il'lustrates nesh pi eces . which are not in .5(- ?>$',
'ccordance with the invention: Figure:lc illustrates mesh pieces which atg ./ -
-n accordancé with the:invention; Figures_ld andle are schematic, -
‘theoretical figures |Ilustrat|ng the behagpour of the. strengthened natrrx
&«Frgures 2 to 4 are views. of three different pi eces of mesh structure
sed in accotd®bse with the: inventi-on; Figure 5 is-a dragrantshomnng t he -
ensrle forces applied to -a piece wher testing the piece; Frgures 6a and- 6b
re graphs of bearrng ratio and dry 15 density agai nst mesh pi ece content .

i-gure 6¢C is graph of |oad bearrng capacrt¥qe arnst strarn Figures 7 and'
are schenEﬂ&?%ﬂ(ﬁiéﬁ%V%t?%ﬂ%méFl i pdfice t T i | -

trengthenrng machi_nes |n accordance wth nventron and Figure 9 is an.
sometric pPotERIRENRd 210 AFCOFIABSR Wit F&F LARERG R whi ch can be used

n the,nachrne_of .5 Frgures 7 and 8 Figures la to le

LY

Figure 1b illustrates mesh pieces'which are not in'f

5 accordance with the invention;

Figure 1lc illustrates mesH pieces which are in

accordance with the invention; .

'Eigu;esllg_and le are schematic, theoretical figures

~illustrating the behaviour of the strengthened matrix;

‘10 Figures 2 to 4 are views of three different pieces of

mesh structure used in accordance with the invention;

) Figuré.s is a'diagram'éhbwinggthe.tensile:forceé_applied

- to a piece when testing the piece:

'_Flgures 6a and 60 are graphs of bearznq ratlo and dry

15 den51ty agalnst mesn plece content"'

F1gure ﬁc is a graph of load bear1nq capac1 y'againet

' stra1n.

© o

Figures 7 and 8 are schema;ic'sidefe;evatidns of first



Flgure |a shoms pieces 1 of - lntegral plastlcs naterlal nesh structure o (gé;

“m xed: Pandon1y W th a matrix 2. The slice shown wll have afinite - lf“-_.:

‘t'hi ckness. . e.g.: one tenth 10 of -the height:of the.- panel Iayer all” ‘the

-pieces 1° (or parts thereof) within the slice bei ng. deplcted in dashed Ilnes

- for-clarity, the pieces 1 are not .shown cut- ®#f at ‘the edges of the slice:

i "and.projecting parts are shown in full lines.- |f desired, continuous, 15

i el.ongate strengthndlBgcomdrGqﬁknanugpqmmanxBgSmaahihe5|nnoapmmmdahqm the
matrix 2. _~Figures Ib and Ic illustrate sanples of mesh pieces recovered -

~after mxing andwébhpade dgvientsiand prdtical flexural: recovery test

descri bed above. Figure |b 20 illustrates the result of usi ng unsui t abl e

mesh pi eces which nmet the requirenents of the test in only one direction.

' Flgure lc illustrates the.result of usirng suitable mesh pieces (Exanple 4

“of Table 1 bel omE'lg“IeZ@ Illsgts'ﬂﬂe isprgionkS apEnderbipBapti At E0ildciafd R&sih

assenbl age, with soil particles 2" interlocked by the filarents 1' of a

single piece 1. SFFBGFErFemﬂiﬂ&#q}n¥#4%%k%ﬂnaggeﬁﬁﬁégé§ the fayine mks.

l 5,'Figure3'23%o 4. The piece 1 of Figure .2 was a heat-set, orientated
_ T " F1gures 7 and . _ _

o b e kst —:;»-.z‘;:.;.—-.mﬂ.-‘.-.r;_m B

Figures.la to le

?iou*e latshows pieces'l of inteoral plastics'material_'
'h.mesh structure, mixed randomly w1tn a matrlx 2.; The'_ _; hw
sllce shown w1ll have a finite thlckness. e.g. one:tenth-'
' 10 .of the he;ght of the panel or layer. all the pieces 1
| (or parts'thereof) within the slioe heing depicted in
dashed lines - for clarlty, the pleces 1 are not shown
cut off. at the edges of the slice and prOJectlng parts'
are shown in full 11nes. -If desired, contlnuous._j

315 elongate strengthenlng or re1nforc1ng members 3 can be

1ncorporated in the matrlx 2.

'lF1gure= 1b and lc 111ustrate samples.o‘ mesh pleces'
'recovered after mlxlng and compa"tlng in sa1d practlcal-l ;
i‘lexural recovery test descrlbed above : Flgure lb = :e _s n

' -?20_111ustrates the result of u51ng unsultable mesh pleoes
L which met the requlrements of the test in. only one_ -
'.fdlrectlon Flgure 1lc illustrates the result of u31ng

..i 1suitab1e mesh P1eces (Example 4 of Table l below)




R, ‘:Tr\)o [ <'|'|-CD"—'Q.'-O H'-m o

plangr dlanDnd nesh structure of GB 836 55 The plece 1 of Flgure 3 wasy/
“heat - set brplanar braxrally ‘ori ent ated squ re nesh: structure of GB 1-250 [
) 4787 'Figures: 2 and -3 iflustrate that the' pieces canbe "on'the di anpnd’

'scl osed in GB 1~ 210 354. - 1n each of Figures 2 to 4, there are _
“t@rsectlonﬁgtreumgt 5AB%sD 'rttnsroque&sgdmema@kxaléot entated strands

-1n Frgures and he i ntersections are-unori entated whereas in

gure 4, SOSEs@RbeALALT G thA%oAAC WAAd ded et T PAEEEPOLKEAS by thiedUre 5

Ari ous mesh Structures were subjected to "hook tests” 20 to determ ne

nei 1 tensil g1 $hREAGENS 1 BEVA isAUy 1Y P ONE, ACK DgSrbNeeskEhUwEUre.  Tabl es
and 2 below give the results. ach of the mesh structures wer e blaX|aIIy

ientated, havepgobred akksenbladduah!thd Osoil - mass.

ghly orientated. Mesh structures 1 to 3'were as in Figure 3 and had been
retched 4.5:1 overall. The orientation passed into the intersections, 5
hough ther epigaraeme woowi entated material in each |ntersect|on Nbsh '
tructures 4 to 6 -were blplanar mesh : : -

~

. The piece 1 of Figure 2 was a heat-set, orientated .
biplanar'diamond mesh structure of GB 836 555. ‘The
piece 1 of Flgure 3 was a heat-set blplanar

-blax1a11y-or1entated square mesn structure of GB 1 250

’t10'478. Flgures 2 and 3 111ustrate that the pieces can be

"on the diamond" or "on the square" The plece 1 of

Efi,.: ' Flgu:e 4 was a deep strand structure.as:diselosed in GB

1 210 354. Ih eabh of Figutessz to 4, there are

; 1ntersect10ns or Junctlons 5 1nterconnected by hlghly

I 15 orlentated strands 6' in F1gures 2 and 3, the o _ f'rlﬁ

ntersect1ons 5 are unorlentated-whereas 1n Figure 4,

- some orientation has occurred in the intersections 5.
- Fiqure S

Varlous mesh structures were subJected to "hook tests“

20 to determlne their *ens1le strengths in varlous _

dlrections across the structure. Tables 1 and 2 below
'-glve the resu’ts Each of the mesh structures were

rb1ax1a11y orientated, hav1ng,been stretched_roughly-to

- "on the ‘square".. - The prece 1 of “Fi gureggt vias a.deep strand structure- as_4

b the. same stretch ratio in each of two directions at 90 the strands wer e o



ORI ....;;..':.-Jmé.t.ai'.f_&}’iﬁfs‘&'.b;im.,' . L,

structsres produced by the met hod of GB 969 FS and stretched 4:1 over al
“Neshsfructure 7 was as in. Figure 4. and had ‘been stretched 6:1 overal

‘W thout: 10 -heat-setting. Mesh. struct.ure 8 wls ‘as. in Figure 3. -and. had . bee
stretched 4:1 overall and heat-set at [err] “As
forces were applied in four or six different: ‘dfPections Ato Dor Ato F
“twoobei ng al ong the respective strands and two. bei ng along 15 the
respective di agofihessamphadasafictedtathe hRreaghostntyecdisectionfmatmif®:

| strength and the mni num strength shoul d be reEresented at | east

" approxi mtely. ¥hil 63 LBRGEd WELA VEL GINLY SO F bR

Atedr -pMaRh éédlt‘-'ddb'i?ferl

" wWth sone details of the materi al In no case, diid the junction or

I;frh Table 2 as a P¥RE

| square and the st"F‘g&rﬁﬁg llﬁ’é’l an

al'so gives the d

 intersection breiR. 3 WeI&a@f ddx&iquke ¥ niRdnhag: beeR SGF@eFI@lW{QS 4g'r‘~e'a36 er

t han 50% of the naxrgﬁﬁggeThe extensron atf gggeéﬁ?gthﬁgpér3$%§%4f%§¥3§¥e
t hi nnest. part_of g ﬁ tr nd was rodgﬂly at # g g\ E 1 in- able 2
F8PY8H qr(?ad’afnds o HOAF+PRE2ERS: BR FGr’raI Lodd e?sa ratio

ni t 3L ﬂﬁépréfﬁgégu%etPoéd¥eg% %%glfhar Wesh

structures produced by the method of GB 969 655 and

to-the wei-ght pe

' stretched 4:1 overall. Mesh structure 7 was as in
| Figure_4. and had beer stretched 6:1 overall, without
10 heat-setting. Mesh structure'szwas as in Figure 3, and

. had been stretched 4:1 overall and heat set at 185°C.

As ‘illustrated in Figure 5,'the'fotces were applied'in
four ot Sixldifferent'directions A toD orrA to F;:twd'
":being along the respecti#e strands and two'beingealcng
“15. the respective diagonals.:'These.directions'ne:eachosen

because the maximum_Strength and the minimum'sttength”

should'be'represented. at least approximately Tab‘es 1

il lustrated in Figure 5, the

_and 2 give the strengths at peak load tcgether with some

'_detalls of the material. In no case did- the Junctlon or

"tzd intersection break;. In-each case.-the minimum force at
-'break'was greater than 50% cf the'makimun.7 The |
extensxon at peak load for A and B is glven 1n Table 2
.as a percentage (as an average for mesh structures l to
3). The thlnnest part of any strand was roughly at its

.- 25 mia- p01nt.

}




-

- .res ectlve dlagonals wer e very close to each other - TabIe 1 gi ves the ) 7
ierag I'n al | 'cases, the mesh structure§7had high primary- dlnen310nal ' F“ g
ablllty I'n.all cases, the naterlals passed said practical flexural

ecovery tes ' Eigurn.e I

covery LShahFESE RIS oy 1 ebrelsd \BaF BHCcHY, hErdareden

bight s bein N d 4 \, h t u C Ly W the -

mensi onal @%Eghrzggc;ﬁa%gaﬁ egragfgér@cg\%ér yél & {}Sl'g% bgr il r&’&éﬂ’b

abl e 1 Nbs@g the mesh structure. ?ﬁ?htheF%%§Hes §EE@”§qEQE%kQﬁ§§ struc ;

at eri al Uni

gp [ert] DtaSCuPht«.%zesDbraqena%d Sogd! | Pagfobi earBlorauenaﬁ tion 81

§50respgcg§ve an%%dils wdR vegg clé§e4to eacﬁ cher 5.0
23 .19 0.20.5

p 1@a§1e 1 g@v%s the'%ééra%g 241n anlzaQes, th@Pmesh 15. 4
3 3. . 07 .17 10 10.0
8 PO'Ystru&Sﬁres had Mgk pridkady d1ﬂe£s1onal stab&ahQW stymnd
dth 0.3 nm. strand height 2 nm. averaged for. each direction.

all cases. the materials passed said practical flexural

*.

's*muomzbzﬁqgmﬁamm”

'recovery test (mesh structure 4 is 1llustrated in Flgure

w0 ). .

'Mesh structures 7 and 8 were not avallable and were not
. tested, thelr unit welghts belng estlmated. It is
' belleved that they wquld comply with the dimensional -

stability and flexuralirecovery tests.

- . Table 1
Mesh Mesh Pitch  Strand Thickness
struc Waterlal Unit. wt mm -~ {mid-point) mm__
-ture : - gm/m?2 - Direc- Direc- Direc~ Direc-
- ___tion A tion B tion A tion B
1 . HDPE  38.2 6.0 6.0 . 0.25% 0.24
3 3  HDPE = 14.5 - 6.0 6.0 0.25  0.21
E 3 PP 17.4 6.0 6.0 0.23 - 0.19
i 4 PP 40 . 4.3 - 5.1 " 0.39  0.20
3 5 PP - . 18.5 - 6.2 7.2 0.24 - 0.17
: 6 PP '15.4 3.3 3.5 0.07  0.17
i -7 - PP .60. ©10.0 ~10.0 * *
: - 8 Poly- = 150 - 20.0 . 20.0 1.2 | 1.2
ester ' . ' ' )

"*strand width 0.3 mm, strand height 2 mm, averaged for -
- each_dlrectlon. o o : o S

[T U



28 TaQie"Z Rati.0 t'%)Extension NEsh-' Hook Break Load (Peak Load Kg) of Nax:;-
t'0 Pea struc “Av B T C D: EF to M.n Load -ture .]. i
Break Load 1 - 1. 44 1. 40 1. 65 A 74 10 66 1 72 1 24:1- 272 0 9

ul 04 1. 37 1 30 1.16 1. 23 1 40 1 - 251@ 1 38 1. 18 1 67 1. 52 1.50 -
1..60 1. 42: 1 RS TS SR 47 1 88 1 50 .1.29" - --. --1.46:1 55 -
355 . - 1.26 1. 53 0.87 1. 34 R Y e s §6 256 - 0.59 0.51 @
© 0.38.0.35 -.. .:  1.69:1 55- 100 Tabre 3 Mesh . Di-stortion Load
" ‘Modi fi ed Structure ‘Ratio (to 50%. Di stortion open ar ea) B Load
Ratio (to 50% diagonal -Dimension) 1 3. 7.1 RatioZ. 6% Extension
4.2:1 - ' Megh 35:Ho8k Break io&dl(Peak Load Kd)Qﬂflde to Pe@kb:1 5
4.0:1 .6 . &™MMée A B € D E F - to Min Load
o - . -ture S L - . . Break
: o . S " Load
1 1.44 1.40 1.65 1.74 1.66 1.72 1.24:1 ... = 27
2 -0.98 1,04 1.37 1.30 1.16 1.23 1.40:1 = 25
3 ‘1.38 1.18 1.67 1.52 1.50 1.60 1.42:1 15
4 .1.47 1.88 1.50 1.29 - - - 1.46:1 55 35
5 1.26 1.53 0.87 1.34 - ~ - .1.76:1 66 ..25
6 0.59 0.51 0.38 0.35 - - - - 1.69:1 ‘§5 - . 100

- Table .3
Mesh ~ Distortion Load . ‘Modified R
Structure Ratio (to SO% '~ Distortion
. - open area) -~ . Load Ratio (to
L : - 50% diagonal -
. Dimension) '
-1 o 3.7:1 2.61:1
.2 4.2:1 - 2.35:1:
3 5.3:1 -4.98:1
5 4.0:1 -
6 6.5:1 -

. Fiqures 6a to 6c

'.fiquie éa illuetrates the-Vatiation.of'the“aveteoe (topu
LjSH. and bottom) CBR value of a- Mld Ross Sand with 9 3% w/w
B 'm01sture content (belleved sllghtly above optlmum). ‘as.
flthe content of the mesh pleces (x) is altered (the
.2; content 1s glven as % W/ of dry sand) Flgure 6b ohOW";
{,how the dry densxty of the mlxture (x) in tonnes per |

10 m° alters w1th the w/w content of the mesh pleces (x),n_:, -




,..
o

n —h e+ o'|'>< C)"" :T-—':f.%_g)"

pu—ry

3;3,;3

gures 6a to 6¢C Firgure 6a |Ilustrates ‘the Vﬁrlatlon of the average (top
&vd b(ﬁtorr) -CBR val ue of a M d- Ross ‘Sand with 9.3% ww noisture ‘content -~
bel i eved sli ghtly above optlnun) “as‘the' cdntent- of the nesh pieces (X))
. altered (the content is given as. % wi w2 dry .sand). Flgure ‘6b shows-
iM/the dry density of the m xture (y) in tonnes per 310 m alters with-

e-W w contgyd @énéb@y”?ﬁ'i‘t@h@@?sr(ié)es bec?a%stéﬂeu?@reiéae b&beg y rises

bcause the pieces occupy some of the void space. The nes preces were 40 :
40 M squasdige Ob£ ERE GbLECEPRGed, ARV AdAP fTbdANPELe 4461 x TR ga 4 and
bel ow) : The m xture was conpacted in 5 —accordance wth BS 5930-1981, . -
Hd the beardq\garsés eogt e WASsEEATLLSE i4) emuvskwusaﬂnttkéﬂﬁlgBB gkandard
bst. The maximumin Figure 6a is at about 0.65% (though it extends: roughly
om 0. 5% t crdb784 4nadndhBi belbwgjure @hed miatuke GidR%omghtsefhennmaxi num .
rength occurred at a | o proportion of pieces which was roughly double
nat whi ¢ geowso ndaa ceinwilehsBBy 59 30ka %8G | waid e od ﬁéuxtmwlsunengnunt of
he mesh pieces increased the CBR value to a value over eight times the
|g|nm valwes memmened Lntanayrdaamaumunh(xﬂetQBRedU£mdahe testu3|on of
=sh pleces '

B

' The maximﬁm in-Eigurehsg is at ahoutlo;ssip(though.it
extends roughly from O. 53.to 0.73%) and that in Figure 6b
ds about'o 32%. Thus the maximum strength occurred at a}p
io,proportlon of p1eces whlch was roughly double: that whlch
. gave max1mum-denszty- The 1nclu51on of the optimum

;amount of the mesh pleces 1ncreased the CBR value to a

'value over eight tlmes the or1g1na1 value However 1t

may. be economlcal to. reduce the 1nclu51on of mesh pleces

ﬁg'jﬁif 15 - for instance the CBR value is more than dounled at

.0, 1% w/w, compared to-unstrengthened.sand. __:. e

Flgure 6c shows the varlatlon of =tress or load bearlng
fcapaclty (1n KN/m ) agalnst straln s (expressed as__ﬁ

'movement in mm) when Mzd-Ross Sand w1th 9-3% mo1sture

'é ;'”flzo;content.-placed 170 mm deep 1n a 500 mm lonq b 75 mm

.w1de X 500 mm deep tank 1s compressed by a square

| sectlon 75 x 75 mm plate mov1ng vertlcally downwards

pCurvehw is.forisahd aioﬂe: curves x ? and Z are as forz

-curve, W but W1th the top 37 5, 75 mm. and 150 mm
'Jrrizsdrespectlvely replaced by sand mlxed w1th 0 13 w/w mesh

'p1eces as for Flgures 6a and 6b ;'""
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15 - f¢ instahce the CBR'vaIue i s nor e t han doubled at - 0. 196m/m1 conpared _
"to unst engthened 'sand.’ “Fi gure 6c-shows’ the variation of stress or 1oad - :
bearlng 2 capacity (inm KN Tert])" agalnst ‘strains- (expressed as novenent.- -
n mm ‘when M d- Ross Sand with 9.3% noi‘sture 20:content, placed 170 nntdeep

% i'n a-500 nntlong X 75 mm w de x 500 nm deep” tan&ols conpressed by a square’
' sectdon 75 X 75 -nm pl ate noving vertically downwards.. Curve Wis for  sand

- al one; curves' X. WhendtHeamaxdsuiorload iseaybug eapaci by uepexieﬁdeHSIHand

and 150 mm 25 respectively repl aced by sand mixed with 0.1% w w nmesh- pi.eces -
as for Figures 6Gamewes6bidewa3s \imsh heavemupuardond bber pAgteapaditt wiilsl
exceeded, sand noves si deways and heaves up around.the plate. - It will be
seen that the i nchbeperani shasf tiige inaarporationoefokhy mAsShepdgseashaot

.'ﬁBXIﬁUﬁ1|Oad bearing capacity, but 5 also causing it to occur at. greater
0%

'strains. The grap®B;
~unl oaded from the point of maximum |oad bearing capacity. _In the case of
~ sand al one (W53t hef
- 10 strengthened sand (2) there IS srgnlflcant recovery or

sdDSHGAS eiSn tdhes iRk Iy sl ead bé%éwgoﬁaﬁélctlﬁ'-éhpltmfe is |
§°|§aﬁﬁﬁﬁﬁaP91§ﬁnR9%P%wa%I@5?@ pEysStrainghe case of the

_The graph also shows in dashed lines the reverSLOn as
the plate is unloaded from the p01nt of maximum load h
_bearlng capac1ty. In the case of sand alone (W). thele_'

his,minimal recovery or elastlcrty.- In the case of the

10 strengthened sand'(Z). there.is significant.recoverysor

elasticity.
”Tables 4 and 5 .below glve the data for the optlmum CBR
. values. us1ng mesh structures 4 to 6 to strengthen a

-M;d—Ross Sand w1th_9.3% w/w moisture content.

s . Tablea

.Ex Mesh - Average : Average :content " Area in
~Struc- . size of . mo of - % wWw né.per
~ “.ture . mesh - - ° ‘mesh ' | -+ mdof.

L — p1eces - . open- . . soil

. _mn ___ings . _ :

1 4 _ 40 x 40 63 . 0.64 290
2 g . 40 x 40 30 - 0.31 303

3. 5 - . 40 x40 131 - 0.10 .98

4 6 40 x

40 12} - 0.30 _ 353




.':e.astlﬁety Tabl es. 4 and 5 beI ow g| ve the data for the optr rrum CBR.val ues

"~ u$ing sh structures 4 to 6 to strengthen a Nld Ross - Sand: mnth 9. 3@bm/w
“mbi sture content’ 15 S ‘Table 4 Ex - Mesh
Ayer age - Ayerage content Arearrtﬁiruc-- "~ size of - - - _no of :
% ww [err] per ture - . nesh sh . - Jerr]-of
-pEeces . .open- - - - _-s&#%u%ﬁ??- - ings 1 - 4 . . '
- 409 x40 : 63 0.64. . 290 2 ) 40 x 40 - - - 30 .
03431 : 30373 5 AU X 24U CBR % 131 0.10 - .98
41 6 ‘HRampde . 12T ' 0. 30 353" 31 Table 5
CBR %5Exanp|e Top ____Bottomgb. ' __BddeOm - s 21.5.2
710 _ ' 1235 3 _ 11.0.3 " 21.5 7.5 4 R
- 45 S 11. 9 Though ‘Tabl e ¢ Jefers to squa12 shaped pleces they
E o -3 : 5.8 ' 7.5
4 ‘4.5 - 11.0

" Though Table 4 :efers'to squareéshabed pleces. ther”
' could be elongate. _Soecifically; as an_exampletfor
strengthening soil, the pieces of Examples 1 to 4 could

5 have a length_of.4oo mm and a width of 40 mm.
The follow1ng Examples are theoretlca  Some details. -

'are collated 1n Table 6 below.
' Example 5 (strengthening soil) e

' U51ng tne machlne of Flgure 8 below. e msss'cf soil-

10 (which could be from s w’ up to 5 x lo8 m ) is -
. strengthencd The 5011.was M1d-Ross Sand hav1ngle'D85.
,value of 1l.7mm and a dry den51ty of 2000 Kg/m | |

;(m01sture content was 9 3% w/w)

,Exémgles Glto.9 (strengihening soil)

15 nxample 6 ‘is as for Example 5 but'a lower proportioh ofll
mesh p1eoes_1s used._ Examples 7 to 9 use a llghter mesh

- structure (in this case the mesh struc;ure_G had ajunzt -




i,

could bg elongate Specnflcally, as an exanpUe fob.strengfhening soil, the 9
?pleces f Exanplies. 1. to 4 could 5 have a | engt’h of 400" nn1and a width of 40 _

%nn1 The fol | ow'ng: ‘Exanpl-es. are t heoretical..  Soge details. ‘are. collated 10N
_gTabIe 6 -bel ow. Exanple 5 - (strengthenlng 50|I) Using t he machi ne of. Flgure
18 below, a mass of soil 10(whigh tould be from[err]- up to. 5 x [err]).

%strengthened The 's6il was M'd-'Ross Sand havi ng. a D85 3 val ue of 1, 7nn1and
~a dry density of 2000 Kg/[err] (noi.sture content was 9. 3% W W) . Exanples 6
“t'o 9 ('strengthening 'soil): 15 Exanple 6:is as for Exanple 5, but a |ower

ﬂproportlon of mesh. pieces is. w%x}engéﬁéﬁmm@scgnaﬁeeegse a lighter mesh
~structure (in thi s case the mesh structure 6 had a unit = 32 . 0). e

; (strengthenlng concrete) x 50 nm concrete slab. was fornmed by n1X|ng Johal
~mixer a graded aggregate ‘with a of 10 nm 'sand, Portland cenent and the
=-_arrp| e 8in t_he prapor ti ons (dr)x vﬂa‘J gim)coxﬁcz?e(:ehelabewas \ﬁ@rrmem 3% atinthog
toral dry 1onal mixer a graded aggregate w1th a.
o of-lo mm. sand Portland cement -and the
'.ample 8 1n the proportzons (dry welght) f
'6 7 (the pleces were 0 3% of the total dry
parts water_were alsoeadded,' The_slab
be in a usable state even'if_it contained a..
1;’.:of'oracks because of a_iarge number_of_meSh
‘e the craoks. It would be. posSible.to use_
. pleces._ Though the mesh structure 8 was
at- settlng 1s unnecessary for use 1n
thls Example (as also in Example l;); the
e X ' _partlcles in the aggregate whlcn are 1arge:a.
| .HVj to sand enable a normal mesh structu*e to o

-ever, it would be posszble to use a deep

B :ture as. in Flgure 4._
strengthened asphalt) =

.m,particle.siie_gap;graded aggregate;#as“:
hé*Bieces'in.anfasphalteﬁixing maohihe.'and_-
;fd_was mlxed with asnhalt at 170°C. 'The o
B applled to a road surface as a wearing

n thlck (and at least 10 m long and 3 m'




. pRrts mater were al so added The sIab be in a usable state even. |f it (?@?
;:c!ntm?unia.of cracks: because of alarge nunber of nesh ;e the cracks Wti- .
~waul d- be p055|ble to-.use pieces.: Though t B8 -nesh structure 8 was - - -

-setting is. unnecessary for use in thi's Exanple (as also in Exanple I1)

moﬁwm*whﬁ

he particl egilge)t,he Boor £1 ¥ 681ar ehbar 4@ sle0 radtd mnay ea aynes el - nesh
ructure-to ever, it would be possible to use a deep ture as in Figure 4.
‘rengt hened tesretkald@ r.éwatfrtasl@nstzengeaeaeadeepa@grtegate was he- pieces
h an asphalt mxing machine, and was mxed with asphalt at [err] The
pplled to a road surface as a wearing i thick (and.at |east .10 m|ong and
m. 33 wide). . The asphalt ‘would show |l ess rutting in a-wheel tracking
>st t han unstrengthened asphalt. Tablle 6 Mesh Unit Average Average -
bnt ent -Area - Pieces struc W size Bableg6of - %ww in  per [err]
k. -ture gm2 nesh -mesh- - (dry) - - (nearest ... ‘ 3
' Mesh Unit Average  Average Content Area Pieces
.. struc wt_' size of no of % w/w in . per m3
- Ex -ture gm/2 mesh mesh (dry) m2  (nearest
: _ ~ pieces  openings- - per _ thousand)
. mm ~ per. - m3 S
.. . piece ' mat-
(cal- - rix
_ _culated) .
5 7 60 45x45 - 16 0.2 - 67 33000
.6 7 60 45x45 16 0.1 33 16000
.7 .8 15 = 40x40 121 - 0.1 136 85000
8. 6 15 = 40x40 121 - 0.5 680 425000
9 6 15 100x100 809 Q.1 136 14000
10 8 150' . 60x860 4 0.3 48 - 13000
11 8 ;go 60X60 4 0.5

77 21000

- Pigures 7 to 9

5 'Figures 7 ahd é show3two similar'machines; and the.same
references are used-for the same or like”parts' Each
machlne 1s 1n the rorm of a vehlcle or traller.: Each

'_,machlne has runnlng wheels 11 and a compactlon roller
';12. Each machlne has a support i3 for an-e g one metre.
__1d'dlameter roll 14 of mesh structure whlch ‘can be for
'":1nstance two metres w1de._ As the machlne travels along._
'Vthe mesh structure 1s hauled off by haul of £ rolls 15,
u_is d1v1ded 1nto-str1ps (say up to fifty str1ps) by __fr;
:?longltudlnal sllttlng xnxves 16 and 1s d1v1ded 1nto

; 15 pleces 1 by a rotary cutter 18- which CO- operates w1th a




T oere

pieces _ dpenings;:'__ ” . per " thousand), mm per . A
ferr] Mece 7. " mat- (cal- U rix culated) 5 7. 60(§Y
"4bx45-" 16 - 0.2 - .. 67 +33000 -6 .7 w60 4545 0 16 TS
0.1 - 33 - 16000 7 6 -~ 15 - -40x40 = 121. 0.1 - 136
85000 8 6 15 . 40x40 - - 121 0.5 34 680 425000 9 6 - 15
-100x100- 809 - -~~~ -0.1 .~ ... 136.--14000 10 8 = 150 . 60x60 . ' - 4
- 0.3° 48 1 1 _ : - s 34 .. 0. 77 o
© 21000 Figures 7 o008t PaBuRE PP igw, HThRed gridde 20t @8R and(he
sane references S Or 4 rgs. ach; gaghicge is in
t he form of a,veﬁ%%?g§§?t§?gFL2§F %Egghlﬁgc-lﬁgﬁhgi ?ﬁ%%?né mﬁeels 11 and a-
conpacti.on rollerp{ghonER¢ReMeRigN e SUPHE ! 48 ER6wANIR. BigARR RELTe
10 di-aneter roll ‘14 of nesh'strugture whi ch can be for I nstance ?ﬁp metres _
wide. As the nmacddér £t2¥8l Ba#iagdat! hedBshwd rwﬁgi_ewsxﬂbanl eBedfingdy -
haul -off rolls 15 is divided into strips (say up to fifty strips) by L
. l'ongi t udi nal %}l td¢PPskniveswi@rand iThdlipiidtask i NtHrd Sguigeasadwhy by rotary
. cutter 18 whic - : E ' '

RO AP L SNSRI

co-operates with, a . : ) _
- funnel 21. As the pieces 1 could stick in the funnel

K 21,.a blower (not shown) may'be_incorporéted'to_blow'ﬁhe
pieces 1 déwn_the-funnél 21. |
. In the machine of FiQﬁref?;.there is a totary-mul;iplé_
lO_ﬁine tool 22 féf placing or pushing the_pieces:l in or
“into the_groﬁnd, .Thé individﬁél'tines,are of different
iengths and can:have for insiaﬁce'a tip c;os#—seéiion of
15 x 15 £0“35 x.35.mm. being:smooth.trnhgatéd-Coﬁes;'- |

There can be-ébout‘five thouéand:tineS'on the tool 22.

iSIIn the machine df Figﬁfé-a;.the-means fo£ ﬁlacing'the'
: ;pie¢§s 1 in the groﬁnd is in the form of é_rotary tool
.'23'£of'di§ging up- the tpp.iayer of'soil;7 There is a |
éhtétd 24 ﬁhigh gﬁides the.thrpwn up soil to.thé ﬁbtﬁom ‘
. 'pf,fhé funne1 2i._wheteithe_léosé sdilnis;mixed Qiﬁh the.

{20.piecés 1.

'aoth machines can.be-proVided-with side curtains 25 tO
. reduce the possibility of wind-disturbance'of the pieces

| 1 ..'_.-_ '

BN 3 e e S S A Y Y e A T e R T b e P el e e e e e e s



_ 1 . [ . B ) ] L
,34 led er bar 19 belom1|ncllned QU|des 20 ag- an. alternative, the roll. (gi)

_:co | d Be pre- S||t .i'nto ri-pbon-1ike ‘1 ong: narrom/strlps as shomn i'n Flgure

‘each strip’ “havi'ng:at -l 'east” 't wo conplete mésh- openi ngs across its'w dth.

: Th;'pleces 1 are-gui'ded down by a funnel.21,__ As the pieces 1 coul d. stick . -

i ngt he funnel 21, a blomer (not shown) nay'Bé |ncorporated to bl ow the-
es 1- down %@9 funnel In.the machine of 'Figure 7, there is a rotary
t“‘tiﬂhlzazesr o%rw'a%wh@ 6prpoyRhed)t ia pihecas reddi g dfto the

S gr undi; ‘The _individual tines are of different |engths and can have for
“indtance a ti e AEL Vet Y DHILAS RigcesolaBaye3benm plaiced I1aiKe

St

ncated cones. T er can be apout five thousand tines on the tool 22. 15

Imfthe machi ndt8R FLIURA E2nSORBRCpPAcPHg thiee rpildeas 12.i n t he

'S0

ngund is in the forn1of a rotary tool 23 for digging up the top |ayer of "
#l .~ There i's a shroud 24 which" QU|des the thrown up soil to the bottom

. of {the funnel 21, where the | cose soil is mxed with the 20 pieces 1. Both
“ma¢hi nes can be provi ded: with side curtains. 25 to reduce the p033|b|I|ty of
‘wi hd di st urbance of the pieces . 35 : :




'The A h|nes are towed: (or pushed) in'the dlrectlon of the arrow.’ Chce thé ¥
.pleces - have" been placed in.the ground thé ground is conpacted by the ~
roller 12, - "36'Claims. 1. A method: of strengthenlng ;a particulate.

mat ri x. conpr|S|ng randoniy ‘embeddi ng in-the natrlx a—Léng—DHHPEL_ELarr
generally flat pieces of flexible; open: nesh 53&tructure W thout cre )
-a:substantial amount of extra void space in the matri ﬂ"ﬂ'ﬁ"m ng
an area which is small relative to the size of the mat um("m m‘TDre
t han one conpl ete nesh opening, having tenaceous juncti‘on$ ot ™
intersections, héﬁhﬁgﬁhlgh 10 flexural recovery, and.having high-

di mensi onal stablllty inits plane. .2.. The method of Caiml, ‘wherein the .
mesh structure is an integral plastlcs material- mesh structure conprising:
‘nol ecularly-orientated strands. 15 - The nethod of Jaim1 or 2, wherein
the strands of the n&H“%‘i‘F‘&@t%FesﬁFénﬁéﬁﬁéﬁlrn&JIaarPaW\hbaéeglﬁeﬁi-'eﬁ-
dimension at right angles to the | ane of the piece than the dinension in

the plane of the 9f shng EHRd %H08m9?d$$PQMﬁ¥(ﬁhqrﬂﬁ$ﬁ%%eﬁlhgfqﬁalns
20 mhereln t here ar ast tenl&gogiand Qf the pieces

num er o genera at pleces of flex1ble. open mesh
S:-structure w1thout creating a substantlal amount of extra'
void space in the matrlx, each plece hav1ng an area
- whlch is small relatlve to the size of the matrlx.
comprlslng-mcre than one complete mesh_openlng.-havingpﬁ
tenaceous jﬁnctions or'intersectiens;.having hiqh: ..
| lo'flexnral'recotery, and having high dimensional etability'"

in ‘its plane.

2.  The. method of Claln l wherein the mesh structure 1s'
'an 1ntegra1 plastlcs mater1ar mesh structure compr1s1ng

hmolecnlarly—orlentated strands.:w; B

215 3. The method.of Claim l or 2, wherein,the'strands of
the mesh structure'are non;circular.?having.a greater
dlmen51on at r1ght angles to the plane of the plece than

- the d1mens1on in the plane of the plece.

=;1p4. The method of any one of the precedlng Clalms. -
zq'whereln there ‘are at - least ten thousand of the p1eces |

per cubic metre of matr.x




r

I

 pdr cubic netre’ of . matrix. 37 5. The nethod oﬁ—aﬁy—onE‘GT‘Th'——_—

tansile str
sUbst ant i al
pitece. 6.
‘tdnsile for
t e pi ece;.

~difagonal d
piece per

pr ecedng d ains, Wnerel n: as- meétsured in: th “plane m;
e{ erigt-h - at -break ‘i n-any di: rection across:t m“ﬁﬂﬂﬂ

l'y less than 50% of that in any ? ot her wonraceoss the
The met hod of any one -of .the pr@ edi ng- d ai ns, . wherein the

r huceBhe HEeU&?@a"Sf aPHe°H@sh’ 0

ce. which, when applied across any -di agon of -a_nesh openlng Of:
ﬁiﬁ Aﬁﬂq Cl31Bgual to at

I dast 10 50% qof the weight of th |ec uar e tr 7. -The met hod of
afy cne of° GW%@EFHPtOﬁg m%ﬁﬁ?é?ﬁ Eﬁet hﬂﬁ%t {E% ?tﬁpﬁreﬁgg are '
rdqughly square d. wherein hh nS| e.force '

Lany’ dlagonaIQﬁniﬁ S t%ﬁ%ﬂF

acr oss -

$; BRRa pllélcényr\egt}tfceedstlt% 3&F "egp
Loihesd By A8 S“ﬁtgﬁgﬁﬁ&ﬁoﬁ% W LR CLEEY: hf%%ﬁd?ﬂéa‘é&af g

overy 0 tes ‘set - forth hereln 9. "The

‘mgthod of any one of Clains.1to 7 mhereln the pleces have a fléXuraI

récovery of -

15

20

10

at Ieast 75@6as : .
6. ' The method of any one of the precedlng Clalms,

-whereln the tensile force which, when applied across any
" diagonal of a mesh opening of.rhe-piece.'reduces the ..
:area of the mesh opening by half. is equal to at least

50% of the welght of the plece per square mefre

7. The method of any one of CiaimS'l to 5 wherein rhe

”mesh openlngs of the pleces are roughly square. and

h. whereln the ten511e force whlch, when applled across any

dlagonal of a mesh openlng of the plece. reduces tne

099031te_d1agonal_dzmen51on by.half. 1s-equa1 to at_,

‘least 60% of-the'weighr_of-rhe"piece per square metre.

8. The method of any one of the precedlng Clalms.'
.whereln the p1eces have a flexural recovery of at least
83% as determlned by the standardlsed flexural recovery

_test set forth hereln.

9., - The method of any one of Clalms l to 7 whereln the
--pieces have a flexural recovery of at least 75% as. .
determlned by the standardlsed flexural recovery test

iset forth hereln._-

wherein tge %t(: c§$¥exu}£*egg aksr @GQV &% of at |east 83% as determ ned: :

by the standar



5..square 12. The nethod of any one of the prec

Lhdeternrned by the standardrsed erxuraI recovery test set —
.+ . #8 10. The nethad of any one of the preceding G

B o] ece cont ains not. nore than :one’thausand conplete e M (}Ewm

met hod of any one of.the preceding @ ains, 5 égherern eac ug

ng Clains. mherern t he
pireces have a size of about 20,000 nm. or less. 13. The met hod of any ‘one

of 7t he precedrndOCIQhﬁ;m%ﬁhQﬂmﬁérﬁnYh@nﬁaPﬁr%hﬁSQQQQEd?nE Clgfmsret hod of

~Claim 13, wherein the pieces are about 2% or |ess of the mat rix (dry

wei ght). 15. Th&¥heReidd SACIO RISFE3CARERERA nRE Piodeed hate A Uthaugand| ess

- of the matrix (dry weight). 15 16. The method of any one of .dains 13 to 15
_wherein the pi e CORRLAE & RRAN OBBBIRESDre of the natrix (dry ‘wei ght)
The met hod -of C aim 16, mherern the . preces are about 0. 2@6or nor e of the
matri x (dry merght) ' : . .

11. The method of any one of the precedlng Clalms,

5 whereln each plece is roughly square

' 12. The method of any one of the preceding.CIaimS.,:"
wherein the pieces_havé.e size of about zo,ooo_mm2 or . - -

less;'

'_13; The method of any one of the precedlng Clalms. '
10 whereéin the matrix is s011. _I]' |
'14;"The'meuhod of Ciaim'l3}_wheiein'the.piecesﬂare

~ about Z%Ibr_less of the matrix (dr? weightx.

15. The method'of“ciaim 13, wherezn the p1eces are about

1% or less of the matrlx (dry wexght)

.f;;si_ls.rTne method”of”any'one of CIaims 13 to 15, whereiu
. the pleces are about 0. 05% or more of the matrlx (dry

'_we&gnt)

“--17 The method of Clalm 16 'where;n the pleces are about

. 0.2% or more of the matrlx (dry welght)

hly




Hf+:+e'.

":. The r_ret hod of any one of ... d ai s, 1 to 12 V\,herel HIMH IHII lﬂl' Hﬂl
dr-o®arbon’ bi nder, .-19. The nethod ‘of any - 0 e of-d rein-
'--natrlx has a hydraullc or: pozzolanlc bj der 5. 20. The nethod of Clal

19, wherein the pieces are about 5%70f -l ess of the-matrix (dry:

|ght) - 21. _ The_pet hod of, O .ai m 20. the i'eces _are about lqbor”
sg of - the hatrFRe(BAFIRS @,ﬁ)anyzzonerh%{ n%f‘h

gt hod of any one of - the precedlng Cl-ai ms, and including the steps of

fp OV|d|ng a plurality of 1ong 15 narrow strips of open mesh. structure in

_ -_c_a?<| al, si dg%EZTF dfﬁet lds’ofeaa 41 g{ réﬁ#{g ;tt é%el n I;'re?}fﬂ S"lé’govery

hgvi ng tenac ancti ns -Or. ctions

pijeces by ‘divi e strrps
e nethod 40 of any one of the precedlng Clalns

een strengthened by

5 20 The method of Clalm 18 or 19 -whereln the pleces are
about S% or less of the matrix (dry welght)
21. The method of Claim 20, wherein the pieces are about

1% or less of the matrix (dry weight).

22"The'method of anf-one ef the'preceding claims;f
10__where1n the matrlx is also strengthened by elongate
-members whlch extend part way or substantlally rrght

.through the matrlx.

_.23; The method of any one.of the precedlng Clalms,.and
'Vflncludlng the steps of prov1d1ng a plurallty of long
.15 .narrow Strlps of open mesh structure 1n coaxlal.-
side-by-31de.rolls. each mesh structure strip belng e
lhu flexible; hav1ng tenaceous Junctlons or 1ntersect10ns;
:hav1ng hlgh flexural recovery and havzng hlqh |
dlmen51ona1 StabllltY 1n 1ts plane. and furnlshlng.sald.

20;”p1eces by d1v1d1ng the strxps S

'.24;.Afmatrix.which has beenfstrengthened_byethe'method-.

_ LRy Lénevwdrreid giwcedi ng- if
" Cjains. 10 wherein | so str thened by el ongate nenbers -
Wi ch extendmﬁEthmbﬁ éﬁi& 3pi8 h? through:the matrix. 23. The

- ahd havi ng hi,9 g|ng §|gn%&d¥%§? dté& ébiéﬁhghﬁg %ﬁggrfurnlshlng said. 20-;5



*

5. A nethod of strengt hening a matrix, substantr al | yJﬁ’"ﬁ ﬂ!' _' __
h r%ference t0, and_as shown: rn any .one:of: Fi gur mjm ﬂﬂ m)and 8 (l)
b f.the acconpanyrng 5 dramnngs “as” herei'n. descrrbed Vi th rBfeterce o, T
“any.one of the mesh structures or Exanples of  Tables 1. to 6..26. A o
strengthened matrix, substantially as herein ﬂ%scrrbed wth reference to,
i fand_as shown i-n, any one of Fi es.la,. lc to 5 7 and 8 of the - _ -

- -acconpanyi ng 1003ranVng§e ot %wsusnepwnn@m Ghaimgen strengt hened- as -
described with. reference to any one-of the nesh structures or Exanples of
Tables 1. to..6. 27. A sorl-strengthenrng machi'ne arranged to nove.over. soi |
bei ng strengthened and havin 15 "a support for mesh structure; neans for .-
dividing the medh- sAr BELHOE | t@ﬁﬁﬁﬂﬂ%ﬁ%%k%gcénB?F§Fﬁg Subs tamdri e Ash |
_-openi ng: -and.neans for _randqmy pl.acing the pieces in the soil. 28 The. _
machine of . O ahAFS¥A dﬁépé.lﬁeeha%rrsﬁene&?etee a3dpds: RO s BRY
plurality of Iong narrow strip fpen ah strucgure I n coaxi al |
side- by- si de roPP€ QEcH1AUERSs (ﬂ%ﬁf§%t bR gangxF Peacﬁéﬂﬂﬁfylné

t enaceous Jgnct ons,or i ntersections., havi n Qeghnggx recove&yéﬁgg

,havr ng hi.gh=di ReVHRGE - sLELAS ¢ PLeLn (desc i efenc“f

~ one of the mesh struotures_or Examples of Tables 1 to.o.

26. A strengthened matrnx. substantfaliy as herein
;3descr1bed with reference to. and as shown in, any one of

Figures lg.-lg_to 5.;7 and,s_of-the accompanylng*

10 drawings, or a matrix which has beenistrengthened'as
described with reference to any one of the mesh

. structures or Examplés-of_Tables 1 to.6.

'-f27 A soil- strengthenlng machlne arranged to move- over o

soil belng strengthened and hav1ng°_
15 a support for mesh_structure: = Do B

".means fo' d1v1d1ng the mesh structure 1nto pleces each -

' '_:fcomprlslng more than one mesh openlng and__
"means for randomly placingfthe'pieces in.the soil.

' 28 The machine of Clalm 27 whereln the mesh structure

:"20_ support supports a plurallty of long narrow strlps of n




.5 Lpl ne. 29. A .soil -strengt heni ng. machi ne, . substant! ﬂ, ﬁﬂ'umlt
red with’ reference to, and ‘as.shownin, Figure 7+0r¢ he

" desgri’

_éaccrnpanylng dr awi ngs: ‘The ‘text. -of:t he: speC|f|cat|on has been reproddced byiQf'

T

_3ocopy|ng the appllcants ori gi nal typescrapt. The orlglnal typescrlpt may
i nspect ed on * the prem ses ofthe patent offlce R

,open mesh structure in coaxial, s1dé by—51de rolls each
.mesh structure strlp belng flexlble. haV1ng tenaceouS
Junctlons or 1ntersect10ns, hav1ng high flexural
recovery and hav1ng hlgh dlmensxonal stablllty 1n tts

'5 ..plane. .

'29 A 5011 strengthenlng machlne, substantlally as
hereln descrlbed ‘with reference to, nd aS ‘shown 1n.

”Flgure 7 or Flgure 8 of nne accompanylng draw1ngs.

The text of the specification has been reproduced by photocopymg the applicants onginal '. T

t;lfpescript. The original typescript may be inspected on the premises of the Patent Office




