2201632 1 DRAI NAGE MATERI AL AND DRAI NAGE CORE FOR A DRAI NAGE SYSTEM
Background of the Invention Draft 88.01.07. The present

i nvention relates to a drai nage system and nore part?@ éq 395? drgai nage
material and to a nmesh structure drainage core there nage core
conprises two sets of generally parallel strands in a b| planar
configuration, by which is neant that the nedi an plane of one set is _
di spl aced fromthe nedian plane of the other s&t. The drainage material has
a pervious or inpervious nenber against one face, and in use in the

drai nage systemw || normally have a pervious nenber agai nst the other

face. The pervious nenber nornmally conprises filter material in order to
keep soil particles etc out of the drain. Such drai nage materials and -

dr ai nage systens
descri be such sy . v e
material in the fornlof a bi-planar plastics naterlal mesh core | am nated
with a non-woven fabric filter material. Such cores are conventionally made

by integral extrgisiofebidnd B%a%h'ecslm&lfi@h and integral Iﬁ/ﬁgﬁé@ﬁ@ﬁ@;h
structures are FﬁEY;gﬁﬁ?VE‘aﬁd‘CGTF6§“Uﬁ‘TE§|stant and are

store, transport and use. The cores are symetrical about

The present invention relates to a drainage system and
\_ _ more particularly to a drainage material and to a mesh @%
structure drainage core therefor. The drainage core
comprises two sets of generally parallel strands in a
bi-planar configuration, by which-is meant that the
median plane of one set is displaced from the median
plane of the other set. The drainage material has a
pervious or impervious member against one face, and in
use in the drainage system will normally have a pervious
member against the other face. Ihe pervious member
normally comprises filter maierial in ordér to keep soil(g
particles etc out of the drain. such drainége materials
and drainage systems are known, and
US 3 371 785, US 3 563 038 and US 3 654 765 describe
such systems: GB-A-Z 002 686 describes a specific
drainage material in the form of a bi-planar'plastics
material mesh core laminated with a non-woven fabric
filter material.  such cores are conventionally made by
integral extrusion in a plastics material, and
integrally-extrudea mesh structures are inekpénsive and
‘'corrosion resistant and are convenient to store,

transport and use. The cores are symmetrical about



2 their nedian plane, i.e. the strand heights are substantially equal.

There are three nmain types, of drainage systemin which the drainage
materials gLe used: iy As slit drains in soil in each case positioned
roughly vertically.in the soil. "Vertical drains" |ead down to a duct at

the bottomfor the coll-ection of water and "horizontal drains" are for
~carrying the water away generally hori zontal ly2 Normally, t he drai nage o
core will have a pervious nenber against both faces. ii) On the sides and

bottoms of waste ﬂﬂ@ﬁgEﬁEaiaﬁlb§anE0rld@alQh@gé@@gﬂhtﬂé:ﬁﬁ% re sunps
in the bottom ~One such waste managenent pit has an inp Vious i ning on

which is placed t$ebsit 2h08gE1P0EGuANLh a pervious material on top of the
mesh structure. However, there can-be a | ower |ayer as a safety measure,
in which there is a Iomer, i npervious lining with a mesh structure core on
top, overlain by the next inpervious.lining. On the sides, which usually

sl.ope it is nost Biéieiane tbreehmaiat eypes bEOWr&ﬁhwqﬁﬂsykﬁﬁhtﬂﬁiﬁﬁ&éh
line, but on the bottomnulti-directional flow nmay be required to enable
the water to reac&her@;alnage materzals are used:

i) - As slit drains in soil in each case positioned'
K/n o _ﬁ  ' ' rdughly vartically in.the'eoil. “Vertica;'

- drains" lead down:to'a duct at the bottom for
‘the collection'of'water-and'"norizontal.
dra1ns“ ‘are for carrylng the water away
generally hor1zontally. No;mally. the

"dralnage core will have-a'pervions member
against both faces-'.

-ii) _'On the sides and bottoms of waste management
pits, for dra1n1ng water to one or more sumps
in the bottom. _ One such waste management p1t
has an 1mperv1ous 11n1ng on whlch is placed
the dralnage core w1th a perv1ous mater1a1 on
‘top ot.the mesh.structure. However;-there can
be a lower layer as a safety measure, in which
there'ié a lower, impe;vious'lining with a

~ ‘mesh structute cote oh“tob. oVetlain by the
next 1mperv1ous 11n1ng On the sides, which'
usually slope.llt is most eff1c1ent ‘for the
water to flow_sttalght.down the fall 11ne. but
on the bottom mnlti-directional'flow may be

required to enable the water to reach the
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3 sunp(s). iii) Against foundations of houses or bridges. |In this case,
the drai nage core can be immedi ately agai nst the foundation, wtR a .
pervi ous nmember on the outside, to drain ground water away from¥he _
foundations. The bi-planar nesh structure..core provides schannel s between
the strands for the flow of water. within the mesh structure, and the outer
faces of the strands al so provi-de a support ®agai nst which the pervious or
i mpervi ous nenber rests.: Such mesh structure cores are of dianmond form
i.e. the sets of strandsSWBP(®heh at an, angle to the intended flow :
direction, and the openness, of the Strugture was considered: inpaortant in
enabling the flow it hahdainst oheupfarions phehguges orrbrddgesy - pitanar -
cores do not have an idg@k confi urghiOg and -have poor crush resistance.

b de“PfR 6F

Consi derabl e efforts have?bEeh? . adpags £rLecS80 Bife draYPagﬁ |
i f ch S. s JThis.] by i ' he .hei gh t '
ctrands, and suitapl y i HHERERHhEe FRCSuRYORAC tRR 6PdBAAES o dhRY them
bendi ng over or coll apsing. 0, eat.e I apaci ti e be
| pery £hA8HERbAECBhCERE! BUERINAC e oA,

- achieved in this way, t ow capacl “uni U mass df -material - used in
‘the mesh structure does giQind NGhE#ECaWaYY £rOR’ 20e' Youhdations.
' The bi-planar mésh structure cqregpidvidé%nbhahnels N

Bétwéeh ihe éttan§s_£q:-tpg flow of wétér=ﬁiﬁhin‘the
mesh s&:uctﬁte; and the outer faces of the strands also :
pbovidé a'sugpq;t”againét which'thg'perviohs:or.
impérjiodé'membet rests. Such mésh structure cores arei
'bf.diamond.fo:m;:i.e. the.sets'of_sttands ruh each at an- |
" angle to the iﬁténdédiﬁlow'diréctibn; and the openness |
of the-structure was:conside;gd impoitant in enabling
- the fiéw'to'paés.from one planecto the dthér. However
bi-planar cpréé_§o1h§t havg'ag idéal configu:ation'and
have poor éruéh reéiétance, -COdsiderable effbrts héve
been ﬁéée in o:def.to inqreése.the.dfainage.capaciﬁy of
_such Cdtes;'lThis is done by.increasing_tﬁe heights of -
the strands. ahﬁ'sﬁitab;y.thipkening the strands in
6tdé? to pféﬁeh;;theﬁ'bepging over or coilapsing.
Althougﬁ gteéter'flow_ggpaqities_qan be'aéhiefed'in'this
way, the £low éapacity;géé;qnit mass of materiil used in_- 

the mesh structure does .not increase very impressively.



4 The Invention

integrally-extru
drai nage system
- cross-secti-onal

are wide or at |
strands define t
strands hold the
strands are clos

The present invention provides drainage materials, an.

ded plastics material mesh structure drainage core, and a

. The 'main strands are of substantially. greater

area than'the subsidirary strands, and are taller than they
east of roughly square or circylar section. The .nain

he ‘fl ow channel s- al ong the cor€ while the subsidiary

trugture together. If as is preferred, the subsidiary
éfﬁieg%¥$%¥l$ﬂan the main strands, they give inproved -

support to the pervious or inpervious nenber on that si de, but being sinple
structural filanments holding the main strands together, and being thin,

they nearly conp
normal I'y exi st i
- equal -sized stra

structure as a who

strands keep the
dr ai nage materia
capacity. Wth

| | L m £ AV .Ch | s whi ch | d
THE BrEas i ohafehPes) Sﬁg?gi‘?%ace‘é%”g%ﬁ%%?ﬁaiiﬁ&'a@a.%.
o GYURIY, Gt RfoR" pIREY 1LE aREGF 1A MASh e dliuce, |
m{hﬁéa@dﬁez_hsnarspaea@,habansgs%w;_t and upright. The

| of theinvention gives a rémarkable increase in drai nage
the same : ' .
The'main strahds are of substaﬁtia11y greater_
crossfseétionallarea_than the subsidiary strands.'and
are télier'than-they'ére wide or at'leééf of roughly
square or circular section. The main s;rands define -the
flow channels'aiong'the'éoté;whilé the'subéidiary
strands hold thé]strﬁcture toggthér;' If, as is
prefe:red}'the_subsidiary-strénds éré'clﬁser_tdgether-

than the;main stfands. they give improved support tb_tne

pervious or impervious_member on that side, but ‘being

simblé structural filaments holdihg the main strands
together, and being thin, they nearly completely

eliminate theléecondary'flow channels which woulad

- normally exist in a conventional bi-planar structure

u"having-twd.sets of équal—sized strands, enhancing the

 primary flow performance of the structure as a whole.

In;hoidihg the-main-strands together, the subsidiary
strands keep_the main strands the prdper'distance épart

and upright.

The drainage material of the invention gives a

'\ remarkable increase in drainage capacity; With the same.

‘mass per unit plan area, a drainage core of the

g



mass per unit plan area, a drainage core of the . invention can provide a:
drai nage flow which is many tines that of a conventjonal bi-planar core.

In effect this has been achi eved by the redistrjbution of the ndtegial -of ..
whi ch the drainage core is made naking one set of &strands thinner and the
ot her thicker. The invention dramatically rqguces turbul ence caused by -
interplanar flowin the prior bi-planar core in the prior bi-planar.-cores
, there were two sets of flow channels at an angle to each other and severe

| turﬁuleﬂce ocg&PWﬁ&téPntﬁéQﬂﬁﬁﬂYﬁﬂﬁn4uﬂ£41?@ﬁﬁéf%ﬂ@ YhaGR pEsBaBYacr oss

each ot her. It .- ' ' > pl he qther- -

B e S TH%, o (REEh A0 T EAR P! B0EaL0 Ko oReet

21 though thor o thay b= bs3dl e Fad OfY FHBE rheTRERE RuribR bBotien the
bsi di st s i h ' ' f-fhe m : :

thdt hgagétr RS e DR TR S TR §3t h%ﬁsﬂgﬁggﬁé%ﬁé%\‘%gin |

mai n strangg.a B L e W, :
end-to-end of lg%g' &%a}ér}g:gﬁ%rteﬂ%ﬁiad}é‘g {:hg'?rgﬁhps?%%ggtggéxt [a(rjlgln in the

appropriate direction) - there-is littl'e or no.interplanar flow. The ratio
of the free cross-sectional area of substantially each main flow channel

(area a illustneeednvention dramatically reduces turbulence caused by

interplanar flow in the p:iqf_bi-élénéricOres:'in the
JPrior_bi-pianar cores;'the:e'were.tﬁo“sets ot'flow
channeis-at an angle td each'othe; and.seyere ﬁurbulence 

_ occurred_af the mesh openings; whére'the'fldws paséed
across each other. Furthefmo#e, any=fIOW-pa§sing from L
one piane-fo the'other'changed.fiow direction,'usﬁally

_.by-about'soi.to 9Q°; whilst still fiowing.iﬁ.genefally_
_the'same direétion.alqng the core. In the inventioq.
alﬁhough.thefe may'be a sha1l amount of flow in the
channels between thé subsidiary strands (depending upon
the orientation of the mesh structure and the particular

- application), thé_@ain flow is'initne ch&nnels between _
tné~main strands and,the-watér is able to flow
_ﬁninteriupted_from endeté-énd:df_the dﬁainagé'core_
_(profided:thé ﬁain étrénds:exténd-in the Appropriaté;

dirédtion)_- there is little dr'no'interplanar'flow.

' The ratio of the free cross-sectional area of
substantially eadh main flow channel.(area;g'iilustrated
in Figure 18) to the free cross-sectional area of

subs;aﬁtiqliy eacn-subsidiaryvflow.chanhél (area b



in Figure 18) to the free cross-sectional area of substantially each
subsi diary_flow channel (area b. 6 illustrated in Figure 18). if any, is
at least .5:1, and may be at least 3:1 or at least 4:1 or at |east: 5:1.
One preferred value is about 4.3:1 or nore than 4.3:1. - Up to a certain
critical value, thé greater the ratio, the greater the flowrate per unit
thi ckness or unit- polynmer weight. |f at one faace of the mesh structure, -
t he respective fages_of the main and subsidiary strands arg CQEIanar, t he
mai n strands wil FLCYSHEATEG) 1N SHEURR, ¥8 ow ThaAMel s2HehebPaBRd2par Ak el
to the subsi-di ar trands, and.there wll be no free cross-sectjion' and b
=0. The r-eferen%é‘at Blé'ys%ﬁstagnt%ezfﬁﬁz ¥derPE a%%vlee%‘f)ﬁsfn tOBx@FuliBahe
possibility of there bejng. r 0 ous flo hanpel s. e.g. due to-
having two main gf}éndgn%nggi%giﬁgnéafqgéggt#k?é&e¥%§é? °ffm358eggapy,ﬁ
~average values cgn3hg Canpuledl ol o B |0 L fcd] W fudS cRbNGEegEER ERL! O
can be significant, and the preferred m ninumvalues are: "a’c™--"2.571."ffore
preferably 3.1, gatiol ¥he>gheatel tire la1dWIfatd GY&E Whie 2l dkfbsd 3z © 2
- 211, nore preferably 2.5:I. The invention haslot er. advant ages, conpared
to the R unit polymer weight. If at one face of the mesh
structure, the respective faces of the main and

subsidiary strands are coplanar, the main strands will

.compietely blogk any fiow-chanhels-betﬁeen and paraliél
. to the subsidiéry strandé..and.theré'will be no free

cross—section'and g-;'o;- The'reférehce to
"snbstantialiy each"”abdvé'does_not-exclude.the
-possibili;y ofrthere being one or mére'anomalous_flow
qhannels.-é.g.sdﬁe tp_having two_ﬁain'strands é;oéer
'together'than the ave#age. If.negessary. average valdes.
can be'calculated. | '

&// | . . . Referring to Figure 18, §ther a:ea'raﬁioé'can be

-i{gignifidant; ané thé ptefer£ed minimum'valués are:
a:c --2.53;. more Preferéély 3:1. or 4;i bt 5:1:_
a:d - 2:1._mo?e'prefé%ab1y 2;5:1 ér 3:1;
_e;a f 2:1b_mqfé pre#é:ab;y 2.5!1;'-'

: The-invehtion has other advantages, compared to the

‘conventional bi-planar cores.



conventional bi-planar cores. 7 The conpressive resistance is "
significantly greater as there is little tendency for one set of strands to
~ be pressed into the other (which occurs-in the conventional bi-plagQgr-
“strutures). The invention provides a high flow drainage core which can
exhibit a flow fall-off of not nore ;han_abog 20% or than ‘about 15% under
an external. pressure normal to.the faces of ‘400 kPa. Fall -off is as '

explained in the Tabl e bel ow.  The_.mmin strands can be tall greatly
i ncreasi ng t he TR \FAPRFAEFLER (EeSI8LANGH ignglignisicantly FERALRE as

fﬁiglgéﬁﬂécféé‘a el S F.?is?fﬁetg?ﬁaﬁxs?%ﬁ%%gseéﬁmerf sWies ke
7l ow | s oreat | PRastRd tafe” LRY BRARES WHARR ARSI A LN %@a T
agai nst the faGq ofy Jber L 2LERALEGIL.e 9l 150 eME 1P dARS s Lo

strands, and per vi ous e sag too mu nesh e Iald

i medi at el y on £1 | 8921 fhob "Bofll nikhaRdn Wiy d %, {168 Syppor

to the pervi ous nemnber ss, on the o er si. rar nage
core, the subsigf@ryopé " eReA hBoﬁfr.f 20k ,dofr R adARe W, Gaude a8 cl ose

together as is necessary in order to provide
: external pressure normal to the faces of 400 kPa.
sEall-off~1s-as explalned in tne Table=below. -Tne main .\J
strands can be'tall.-greatiy increasing'the flow channel
" Cross- section. and in order to prov1de sufflclent
'strength the bases of the main strands (where they are
_Lnterconnected-by the subs1d1ary strands) can be_falrly
,wide-without significantly reduoing thetfiow*channel
__crossesection a1though_interpianar flow is greatly
'.reduced-or'eiiminatedt If a perVious member:is'to be
laid agalnst the face of the dralnage core defined by
the tops of the main strands, and if the pervzous member
would sag too much, a mesh.can;be 1a1§_1mmed1ately on '.\vj'
the.topssoffthe main strands in oroer tofgive'better

1support to the pervious-memher.'

Nonetheless. on the other side of the_drainage core, the
._subsidiar?'strands7in effect define'the face'and can be.
'as close together as is necessary in order to prov1de
: good support for a perv1ous material without the _
perv1ous materlal sagging and 51gn1f1cant1y obstructinq'

;the;flowachannelsi--the subsidiary'strands can have a



"

good support for a pervious material wthout the pervi ous material sagging
and significantly obstructing the flow channels - the subsidiary strands
can have g, relatively flat section. To prQV|de a satisfactory drainage
~core, the main and subS|d|ary strands nust bé sufficiently closely spaced
to exercise their proper function.: Thi's relates to the overall thickness of
the core (mhetﬁ&FaFHE%éysik?Fﬂﬁﬁﬂ ©9%yer or interdigitated layers) or of a
| ayer thereof. Preferably the pitch . of, or spacing between adjacent sides
of, the main strands is not substantlally greater than twi ce or not '
substantially. greater than three or than S _or ngbgsubstantlally

greater than téf Provedsh& tslﬁ %%t%’f'yt ﬁa{§§33c9953' r M RSy er al |
hi ck
Substant: al 1y SrBsigibey) @ ehddts Budtins HEHEL AL L R0355T v Bbaced i ai 1y
greater than t'eee%x% clifgan tfnw r [8Pe ' sk eeohS! ahi g Hslgftset o Ll six
e [ayer |

times the thickness of the respe he Overa i ckness

-achi eve such pb%%&hﬁ@ i dihd¥ L ISF Itle NS rd O(wHOERER! LRELY 9 - “Ei%%l%he

core material - i.e. though draw.down or expansion over a nan occur
i.medi ately. af lﬁ&e&XUﬂJQ'mﬂ&ﬂglbﬁﬁﬁ@ P@f’été‘ﬂ otloESaPigherr eﬂetr@o&:‘vm d

any post coollng stret ching.
Preferably the pitch of, or spacing between adjacent
'sides of,=the main ‘strands is not substantially greater
than twice or not substantially greater than three or
Ithan four times or not substantially greater than ten
times the thickness of the respective layer or the

..;overall thickness Preferably the pitch of the
subsidiary strands 1s.not substantially greater than
'tWice-the overell thickness or not substantially greater
than three or than four times or not“substentially
greater than’sixttimes théithihkneSs of the respective
‘layer or'the overall thickness. To achieve such
pitching, it is preferred not-tOZsubstentieily orientate
the core"material - i.e..though draw down or expansion
over a mandrel may occur immediately'efter extrusion but
' before cooiing, it is preferred to avoid any

' .post cooling stretching

The minimum ratio of the heights of the main and
'sub51diary strands is at least 2, preferably 3 or even

3.5 or 4, though a minimum of 2.5 may give'



The mninmumratio of the heights of the main and subsidiary strands is at

| east 2, preferably 3 or even 3.5 or 4, though a mninmumof 2.5 may give -
9 adequate benefits and suitable ratios are.about 3 or about 4; the;helght'
-of the main strands may be up to for instance 10 tines the height of the

.- subsidiary strands. The nain strands are prefgerably substantlally further

apart than the subsidiary strands, both the pItCh of the main strands and-

t he. Spacing'bet%EggvggéaggggfgkgeingfSEH% [ éﬁéé ggnggkéybftgptlally

greater than th I'ng paraneter 0 rands; t he

‘preferred mni ”&'ﬂbﬁé‘tho EQ%I& %flffh%d &a{}omg/gﬁ{dfqné@ b1 PofRY

be -about 5:1 or.nore pre era I'y "about “ands- could

be the sane di Silt%ﬁesneeaib ‘t2hes! 2R HelFht wwsﬂﬁ&sﬁa@éﬁ%nas

Dependi ng upon e manufacturing machinery and techni ques used
strands may have hei ghts and w dt hs which vary to a greater or . |lesser
degree along the lengths * Little difficulty i.s experienced in detern1n|ng

the di mensi ons Phetheint sepdadel arlee priefardd 1y subsfatiyl Lni fwr ohéei ght s
- or widths, but' if the height or width is non-uni.form the effective height -

or- wdth or ar eapastthhanhahe sayoshdu\aewn stto@ mdsns shotth stheirmﬂstqgn of the
measuring the height of the main strand
maln strands and the spacing between ad;acent s1des of
the maln strands belng substantlally greater than the
correspondlng parameter of the sub31dlary strands. the \')
preferred m1n1mum ratio is about 1.5: 1 and tne preferred
- maximum ratio may be- about 5 1 or more preferably about
'2.1;__However. the main strands could be the. same

distance apart, or oloser_than, the_subsidzary strands.

Depending_uponfthe nanufacturing_macninery and
-techniguestused;.the strands may-have.heights and widths
ﬁhich Vary_to_a'greater'or lesser degree aldngrthe' |

lengths,__pitt;e;difficulty-is experienced in _". s
”determining.the dimenSions of the strands.ir the strands |
1are_o£ifair1y uniform heights 5ryW14FP5-fPUF.if the

height orAWidtb_is noneuniforn,:the'efgeetive.height_or
.widthﬂ¢r area‘is‘that half-way betﬁeen twopcrossing

strands (e.g. measnring tne height of the main strand
'dhalf—way between two subs1d1ary strands) The
.dmeasusement can be made uszng e. g. a Vernler gauge with

“chlsel edgeﬁ-blades. or by_seetron;ng and:measurlng as

an enlarged shadowgraph. Nonetheless, the strands are



hal f-way between two subsidiary'strands). ~The measurenent can be made
using e.g.~a Vernier gauge with "chisel edge" blades, or by sectioning and"
measuri ngs@s an enl arged shadowgraph. Nonet hel ess, the strands are 10
pref erably of substantlalry constant cross-section along their length
havi ng regard to the method of production in ti® sense that no variation of
cross-section is deliberately introduced. Preferably, substantially all the

main strands are presepabil by Subkltantdalilgeionstadtd GHdE-Hd®ion along
Preferably, substantially all the subsidiary strands are substantially

sinmilar or identthairtbergch,ohheingThegdrd ntaga e metivd 4 ptdduct Bow) v
thick to act as.an efficient drainage core. Thus it is desirable that the.

core or a |layer therthé, sehsal thativacawamiartdlon @Eammdas#sﬁnﬁldﬂnrkness of
at least 2, 2.5 or 3 nm or even of at least 4.5 nm . The core is '
rel atively heavy, dehtibeparelvointrpgucede a weight of at |east 300, 400 or
500 gni[err] The nesh drai nage core can be nade of any suitable plastics -
mat eri al, and the plastics material nmay be foaned. Although the strands
may be blomn (i..e. .contajn pores or cells), they are preferably not holl ow,

and in general |tPF§ %F%PEYFeE“PStﬂ§$éa§&BéP&ﬂtWﬂqjP@%ﬂl%Pran 8 are

substantlally 51m1lar or identical to each other.
ePreferably. substantially all the subsidiary strands are

substantially similar or. identical to each other.

fﬁe drainage ccrelmustlbe,snf:icienclyinhick tc aci.as
an efficient drainage ccre : Thus.it is desicable'that
the core or a layer thereof should have an overall
.(face to face) thlckness of at least 2. 2 5 or 3 mm, or
even of at least 4. 5 mm.. The core is relatlvely _heavy,
'and would normally have a welght of at least 300 400 or

'500 qm/m .

The meshcdrainage.core can_be made of any_ecicab;e
_plascics.haterial.-aqd the plastics’mate;ial may be
'foamed.' Aichough the'stranas mayabe blcwn'(i.ef contain
f.pdres or ceils),.they are preferably not hollow, and in.
general it is[pceferced to'haﬁelsubstantiaily solid
strands. The'scrands shbuid be pressufe resistant.
.aAIthough some squeez1ng down may occut. no catastrophic
collapse must occur at pressures to be expected in use.

A practlcalhmlnlmum pressure ig 100 kPa. though for



-

strands. The strands shoul d be pressure resistant. Al though sone squeezing
down may occur, no catastrophic coll apse nust occur at pressures to be
expected in use. A practical minimmpressure is 100 kPa, though fQg 11
deeper applications one can expect ground pressures ‘'of 200-1000.kPa or )
- nore. The drainage core is preferably nade of plastlcs mat eri al . by integral
extrusi on, and suitable methods are describ®¥ in. GB-A-836 555, GB-A-969 o
655, "GB-A-1 406 641. and GB-A-1 406 .642. The invention can give a specific -
advant age i f dnepmcshnnhmnannqnsspnentgmasxpeektgnaunduprngsameseaft one
-rotating die (as in GB. 836.555). Wien symmetrical bi-planar mesh
structures ar 80RedQ0f diPa 1 mAF@nds, careful control is necessary to
ensure that the strands stand vertlcally -as the strands of each set have .
~the same cross-section, the effect of a strand of one set on the strand of

t he ot her set n be .very ‘pronounced. _In tﬂe cage of the .invention, the
effect of theT béF&l &1GORRISIDPE RESFAP LY SPA ﬁdgflglﬁéFﬁcﬁuch | ess

pronounced an can be much_nore.easi

D onouneed anaabl% T, by? K £ TepFr (K E0n b e BBL ke TR, Ret hOaE e’
2ppr ox1 Tl el ST Ay E&M Fad 965 19687K -5 80! BEsP! 28a0% % T

structure) fuar ncreaS|ng
and GB-A 1 406 642. The 1nventlon can glve a speclf;c

'advantage if the-mesh structure”is integrallp-extruded .;'
-uslng at least one rotatlng die (as in GB. 836 555).
When. symmetrlcal bi- planar mesh structures are made with
"ta11 strands. careful control is necessary to ensure
i that the strands stand vert1ca11y. as the strands of
each set have the same cross sectlon. the effect.of'a
strand of one set on the strand of the other set can be
-very pronounced ' In the case of the 1nventlon, the
effect of the subsldlary strands on the ma1n strands is
- very much,less pronounced and the ma1n strands can_be o
much more easlly maintained in advertical position (i.e. \f)
thefcross-sections of the main strands can be |
approxlmately symmetrlcal about a 11ne normal to the

plane of the mesh structure). further 1ncreas1ng

compression reslstance.'

The dralnage core can be 1am1nated to the pervrous or.

1mperv1ous member(s) 1n "the - factory or on s1te The

layers can be slmply 1a1d together or can be bonded:; the
' preferred bondlng process ‘is flame bondlng. though any

su1tab1e heat me1t1ng process could’ be. used

separately app11ed hot melt or other types of adhesive

.‘could be used. 'Normally, the main strands will extend



conpressi on resi stance. The drai nage core can be lamnated to the

pervi ous- or_inpervious menber(s) in the factory or on site. The |layers can
ke sinply{aid togetHer or can be bonded; the preferred bonding process is
fl anme bonding, though any'suitable heat neltlng process coul d be used, or
separ atel y- appl i ed "hot melt or other types of hesi ve coul d be used.

" Normally, the main strands w il extend 12 iTthe direction in which the.

drai nage water is to be conveyed, though .for i nstance a 45 angle is :
‘accept abt e: VVdénvéP@|é&FeGF&ﬂﬁsHﬂmV@i94nﬁﬂﬁtﬂF4kﬂ#%© %ﬁﬁ%rbyssFEebsleces
of mesh structure, held.to ther y | am nati ng and bondlng {0 the pervious
or i npervious nefBEVeYRGy Ofedif ARG E R 14Dh gL %elﬁsed A usef u
construction is- cons ction.ar is terme a tr o,
“construction her cﬁg?wﬁg}g thk’rl bgﬁﬁﬁﬂﬁgﬁ FP 5 % $% pa¥ingpan
[err] say [err] e g t be
used; it is prefgé'gg bymﬁétﬁ%u :3%‘:% grrrfta)‘n cons&r %%S%%i%agéggﬁéeﬁa?éx
strands inclined r | JEE%F [

subsidiary stranégmﬁﬂgﬁﬁﬁgdgﬁﬁ ?%ghgﬁ%ggﬁt |reé§+on % &€ fﬂﬁaiﬁfous

direction - prefgepBky. the angles of |ncI|nat|on are

: Any'sui;able-mesh:construction may_be-used. A-useful'
§onstruction is a square construction-or.what is te;med
.a trellis cqhstruction.hereinj(wheré the suﬁsidié;y
‘strands are at'an angle less than 90°C, say 45° or 505.
to the main'strands).- biamond.gonst:uétioné-may be
'uéed:_it is preferable w@en:using diamond qohstructions
“'to have the main strands inclined in one direction to
the machine di;ection énd the subsidiary strands
| inélined'in the opposite direction to thé machine
direction -.p:eferably. the angles of_inclination_are

| - equal and opposite, say 45°.

: Plastics material membrangs for use as the_impervious

f'ﬁémber are well known. . The pervious member cén be a
-filter fabric laid.diréét on the_drainage core, or
-supported against a’ flne mesh structure on the dra1nage
‘core. The filter fabrlc can be any sultable fabrlc

- whiéh-glves the.necessary-fxltratiqn effect,’ 1nc1ud1ng 
needled non+ﬁoven fabrics, chémicélly or.thérmally

bonded non-woven fabrics, woven or knitted fabrics, and



equal and opposite, say [err] Plastics material nenbranes for use as the
“inmpervious nmenber are well known. The pervious nenber can be a filter

fabric laid direct on the drainage core, or .  supported against ,2.fine- .
mesh structure on the drainage core. The filter fabric can ,be any’ suitabl e

- fabric which gives the necessary filtration effect including needled
non-woven fabrics, chemically or thermally bbdded non-woven fabrics, woven

or knitted fabrlcs and 13 woven fabrics with a flexurally stiff weft

el ement to gi vaoyen dabrigforvlthen fh@&uéélbzssthéftUp§toﬁhﬂm§nﬁmﬁ0 ,
strands. Advant ages of the invention can_al so 'be obtained froma two-Iayer

dr ai nage’ cor e. 9:Mfe BeRIRL TIRPREL ofheRy Ll agFeseyfBe &ARSnOEd et be the
same. One or bot.h |ayers, can be in accordance with the present

i nventi oni de o™ d%ah nore generally have two séts of strands at. an-
angl.e to each other normally with the nedian planes of the sets spaced
apart, and the strands of one set being a substantially:greater. di stance

apart andor Subyaliald Yo Hhe's AURLER ShRARTR00be! UEGAYART Fion H°

i npervious | ayér w FcS2aferiarl Smenbr ane o

ﬁe?el? po'yethﬂd%“ié#éf“éﬁai&ﬁ&&“@éfe0 3THH‘1a§E?s'%B%FWé“6%'iﬁ?” can be
suitable type.-and need not be the same. One or both
'layers can be in accordance w1th~the pre»en%”lnventlon;=°g;)
.'or one layer can’ more generally have two sets of strands
- at an angle to each other. normally with the medlan |
Vplanes of the sets spaced apart. -and the strands of one o
:set-belng a substantzally greater distance apart and/or
substantlally taller than the strands. of the other get.
The 1mperv1ous layer will normally be ‘a plastics |
materlal'membrane or fllm._e.g. a'polyethylene film of
.thfckness'o.é\mmf fThelimpervious layer can be merely |
placed in-position..or_can_be-bondedfto'one or both of =
".the other 1ayers. | | -
';In one arrangement -maln-strands of each layer engage a
'substantially 1mperv1ous layer placed between the two
layers, and the main strands of one_layer are.at an
angle to the main strands5of'thehother layer:so that-.'
:they cross and supporr onehfﬁper-securelp against the
wother.- More speclflcally. fe 1s preferred that the or
‘peach face whrch 1s agalnst the 1mperv1ous d1v1d1ng layer

.1s that remote from the subs1d1ary strands.



pl aced in position, or can be bonded to one or both of the other layers. In
one arranggment, main strands of each layer engage a substantially
inpervioug | ayer placed between the two layers, and the main strands of one
| ayer are at an angle to the main strands of the other |ayer so that they
cross and support bne l'‘ayer securely agai nst tﬂg other. More specifically,
it i.s-preferred that the or each face which is against the inpervious
di vidi ng | ayer i% that renote fromthe s indiary st rands .14 1 n anot her
S

arrangement  t he I8 PHREEs 45 ARRETARRY StHQCHHR et a¥er Dl ok ebilGi RRSEhe
subsidiary strand.fac t he f s Wthwigh the outer fac 0 h
subsi di ary st rangs“?FS%d%ngﬁaﬁ &ﬁeaccoe\pq gﬁa% t;lg%i-%@?s%%b r%tﬁgfgngTﬁages
respecti ve subsi gi.ar nds ' Y. £xt :
subst ant i al angl gt?xgyef%tcc%%ptqﬁet?{,'_‘{%ecé %%?ﬁ%ﬁ%ﬁ%%?& o'fﬁ\ié)ngﬂpg?grlgry _
~against the of hegeangulare \GUibd IR | Up1dddP) | 2o RPhdt Cbet | YeRr! | TR
mai n strands are spaced from'the engaging faces’ wever, the main strands
are preferably allegpelttiaiet sl iy |Arand® o€X¢ROItWE 1ayéhe drai nage
direction. The arrangenent is preferably achi.eved using what is terned a
trellis consfuctpgefekiadliyr #uvegd at a substantial angle to each other,

to provide good support of one layer against the other

without interdigitation; this is particularly so if the .

N . _ _ _
' main st;ands are spaced from the engaging faces.
- However, the main strands are preferably all
" substantially parallel, i.e. extending in'the'dtainaQe-
direction. The arrangement is preferably achieved using
what is termed a trellis consruction.
~The Drawings
The invention will be further desc:ibéd. bymway of
- _ ' example. with'fefe;ence to the accompanying drawings, in

which:

Figure 1 is an isometric view of a first.drainage core

of the invention;:

Figure 2 is a schematic iLlustration.of a-ver;ical_drain

in accordance with the invention;

 Figure 3 is a schematic_illust:ation of a horizontal



The invention will be further described, by way.of exanple, with reference
"-to the acconpanying drawings in which: Figure 1 is an isonetric view of = a
first drainage core of the invention: Figure 2 is a schématic illwgtration *
of a vertical drain in accordance with the inventioh: Figure 3 is a
schematic. illustration of a horizontal 15 drain in accordance with the
invention; Figure 4 is a schematic illustrati®n of a second drai nage core
in accordance with the invention; Figure 5.is an-isonetric view of a thlrd
drai nage core dtauheinnaenpmdnpqégyn&ksEhe(lmienmroschenatlc .
cross-sections through various-drainage naterials of the invention; Figure
13 shows three schematic cross-sections, showi ng the formation of another
drai nage material of the invention; Figqure 14 shows the use of .the drai nage
material of" F|5&9§r234a§5aasﬁﬁﬂqmﬁﬁh¢ IRt aAtior @f sa deeqPad of the slit
drain of Figure 14; Figure 16 is a graph show ng the conpre55|ve resi stance.
of various draﬁﬁaééaSSrGgresﬂébPﬁQﬁﬂ anGs W*ﬁ&”%g%IVQVQFFEPH (9 agalnst
l'oad (kPa), i.e. load-nornmal ‘to the -

Figure 5 is anfiSOmetric view of a third drainage core

of the.inventiOn:

"Figures 6 to 12.are.schematic cross4sé¢tions through '
variqué drainége materials of the invention;

Flgure 13 shows ‘three schemat1c cross- sectlons. show1ng
“the formation’ of anothe: dralnage mater1a1 of the

1nvent1on.

Figure 14 shows the use of the drainagé material of

Figure 13 as a slit drain;

Figure 15 is a side view of the slit drain of Figure 14;

Figure 16 is a graph showing the cdmpressiVe_résis;anCe
'~6£ va:ioushdrainage cores.'specificé11y of.coﬁpréssiVe
strain (%) agaiﬁst'load'(kPa); i.e. load normal ;o'tne

‘plane'of the cdie;:

'Figure 17 is'a graph showing théfflow performance of

vé:ioﬁs'drainége cores per Kg of resin, specifically of



brane of the core; Figure 17 is a graph show ng the fl ow performance of

various drginage cores per Kg of resin, specifically of - flowrate in
{cubic netges vol une/seconds/netre width) x [err] - against stress nornal
to the plane-of the drainage material, in kPa. Figure 18 illustrates-

‘various area neasutenents on a .drainage core gk the invention; and Figures
19 to 21 are schematic vertical sections through three drainage systens of
the invention. R r oglj S Kk es B qur ' 0

first core, of té-ﬁ‘?iéfg%nqs?rgéﬁg%_mFg??réd§831/u|}n%{égerc§%%es>?tmget}§£o\rﬁdtn X

pIastics-nateriEQO-NT§F$§$Q%3%EyggErﬁogmggs gagﬁgl$hag%igfskﬁﬂpds 2

I nt erconnect ed by par sidrary stran he main strands 2 are
substantially tat£indd@mibéer sabsi dhakpastrands 3. -The main strands 2 have
generally flat tops and bases, with the bases wi der than the tops, and are-
of generally truncated triangular shape, being approximately symetri cal
about a line normal to the faces of the nesh structure.- The subsidiary.
strands 3 are siRigums D& hhlwétgevesalvhyiduat agkapmeakeicetegizeroal lay
rectangul ar -in cross-section-with the |ong sides of .the rectangles :
drainage core of the invention; and

 Figures 19 to 21 are schematic verticai sections through

o three drainage systems of the invention.
Preferred Embodimen;s
Figqures 1 to 4
Figure 1 shows the first core, of trellis construction,
'fprmed by ihtegral extrusion in a plastics material.
._The'mesh st:uctﬁre l_n;s'parallel'main strands 2 |
" o inte:éonnegted by parallel subsidiary strands 3. The

main strands 2 are substantially taller than the

'subsidiary strands 3.

:The main sfraqu'z have generally flat'tobs and bases,
with the bases ﬁidet than the tops;-and aré of generally
truhéagég triangula:.shapé.'being'&pp;oximgtely'
stmet;ical_;bqut a line nb:mal to ;hélféces of the mesh
'_structu;e.. The supsidia:i strands 3 are shown'as being
' ot_éene:ally flat shape,.béing generally rectangular in
éross;secéion with the 1ong'§ides of the rectéhgles
parallel to the;plane'of the mesn.étfucture: however,

instead of.having flat subsidiary strands 3, closer



parallel to the plane of the nesh structure; however, instead of having
‘flat subsidiary strands 3, closer . 17 - subsidiary strands 3 could be
used, of say square cross-section, or .even taller than tHeir mndth‘q'The
_ bases of the main strands 2 are spaced fromthe bottom of the nesh
structure 1, |eaving snall openi.ngs wi.thin the core between the sub5|d|ary
strands 3. The mesh structure 1is nmade usind7 standard trellis
construction technlque in accordance with GB-A-836 555, with a static die
and a rotating gubsidiarg smmaMHscBl@mukﬁﬁbé(usedﬂtoﬂmsaﬂraqwsréFlgure 2).
the static die extrudes the main strands 2, whereas in a.construction used
for horizontal drasasseﬁmgom k. envea $radtlier. dikarextheiieswidth s ubThei ary.
strands:3. Dianond constructions (Figure 4) can be used e.g.for waste
managenent pitsbafergues thel g8 imnGiteands thareigRased oheomrthe obotson can
be formed across the main strands 2. The depressions 4 are, spaced out
al ong the main 8fr BREsMEShnEtENES S e dg HhRaWingG FRakl (eperkrgesVbRhARd

cooling. The groopving is_ not..essential makes. it_easier to roll up the
mesh structure Ethcgﬁé P&FW’§Préﬁﬁs%?Q§£&%ﬂf¥rﬁﬁ?ﬁpﬁic%rne di recti on.

For instance, the main strands 2 in a.12nn1th|ck nesh structure may have a

'The mesh structure 1 is made u51ng a standard trellls
"constructlon technlque 1n accordance ‘with GB-A 836 555 .\J
with a statlc die and a rotatrng d1e. In a constructlon
‘used for verticalidrains (Figure 2), the static die’
.. extrudes the ma1n strands 2. whereas in a constructldn
. used for horlzontal dralns (Fxgure 3), the.statlc die
extrudes the subsxdlary strands 3. Dlamdnd" o
constructions (Elgure 4) can be used e.g. for waste

management pits. | - ' S oac:

F1gure 1 also 1nd1cates that depress1ons or grooves 4
can be formed across the main strands 2. 'The-
depressions.4 are spaced ont along_the malntstrands 2
and are_formed by pressnre"afterlextrusion and'cOOIing.
_The'grooving.is'not.essential; but'makes'it easier to
roli'up'tneﬁmesh;strﬁCture'1 if the main strands 2
extend in tne machlne d1rect10n. 'For instance.-the main
strands 2 1n a 12mm thlck mesh structure may have a
he1ght of 10mm. and can be formed wlth.for example-Smm
deep grooves q. t'The”droers'4 can be:for"instance 15 to

'so_mm apart depend1ng on the helght of the main strands



hei ght of 10mm and can be formed with for exanple 5mm * deep grooves 4.
The grooves 4 can be for instance 15 to 50 nm apart, depending on the

kei ght of L he main strands 2. The cool ed nmesh structure 1 can be passed
through a pair of .rolls; one of the rolls has spaced bars which formthe
grooves. The grooving does not have any nmark&d effect on the strength- of
the main.strands 2. EXAMPLE An exanpl e of the drainage core of Figures 1
and 2 is as fol2owsThgheooked meshcsurectiase i hican abé ypasesedideic owghuind! own .
bLack-hiQh'density polyethylene. The di mensi ons were as follows: pitch of’
mai n strands 2 Pair of"rolls; one_.of 1the, fellmthas seacedtbagsiwizich

- 4.:225 mm wi dt b of ﬁﬁses of -pmi n strands. 2 ' - 3 mm (mini num
width of tops of®HRiFPe(FaYEes: The grooving Jdogs BoF RAYe ARY MrEkedart

of main strands

. : S o X1 &1 piich of subsidiary strands 3-
- 5.5 nn1heigh?g%?cgu%%itl%fetg?% €%86€“€ﬁe &éln Stgakgglghn1mﬁdth of
subsidiary strands 3 - - 1.5 mm(mninmum distance apart of
subsidiary strands 3 - .4 mm (naximun) overall thickness of nmesh structure
- 5.65 nm 2 weight per unit area EXAMPLE - 1300 gm[err]

An example of the drainage core of Fiéﬁres 1l and 2 is as

'\~ ' follows:
The mesh structure was integially exttudéd in unblown
black high density'polyéthylehe. The dimensions were as

'follows:'

. pitch of main strands 2

- 11 mn
_height of main st:andé 2 _ - 4.25 mm
Qidth of bases of main strands 2 - 3 mm (minimum)-
_ _wich of tops of main st:éhds 2 ._ - lmm (minimum)
~ distance apart of main strands 2. - 8 mm (maximum)
" pitch of sﬁbsidiéry'stiands's o - 5.5 mm
heigﬁt 6£ subsidiéry sttandé 3 ' _ . 1.1 mm.
width of subsidiaiy strands 3 - 1.5 mm (minimum)

distance apart of_subsidiéty gtrands 3 4 mm (maximum)

overall thickness of mesh stfucture .~ 5,65 mm

weight per unit area 1300 gm/mz;

height ratio main:subsidiaty'strands - 3.9



hei-ght ratio nain: sub5|d|ary strands - 3.9 19 a:b

.. 4.3:1 arc | - 331 ad
- 2.31lea ' I - - 161 averagé
fall-off (see Tabl e belomb - 8.4% The overal |, thickness was

slightly greater than the sus of the strandi§hicknesses due to fl ooding
~when the dies were in register. As one exanple of a drainage material, the
core fornmed as abo%@tpad bl ack polyethylene fi1m-of thitckness q. qplflane
‘bonded to one face and a proprietary non-woven pervious naterial’ “formed of
polypropylene f|br%§cand roughly 0.75 nmthick flame bonded_to 3t he jot her
face. Figure 5 Figure 5 shows the third drainage core. For convenience, -
the same referenceg.@e used as in Figures 1 to 4. and in generaly fierns the.
main strands 2 and subsidiary strands. 3 are sinilar. However, the main
strands. 2 are cl ose:a ogether than the subsidiary strands 3-(bu_t.5t,h_| S is -
‘not necessarily so). The nesh structure is made as described in GB-A-969
655; the subsi di ar pvetnagel££8 haovef aseerDable- belew) - 'B.4%

'The.overaii-thieknese'Was slightly greeterithan the suﬁs W
of the strand thicknesses due to flooding when the dies

were in register.

As one example of a drainage materlal the'core formed
as above had black polyethylene f11m of thickness 0.3 mm
flame bonded to'one face_and e_propr;etary-non-woven
pervious materiallformedrof polyprobylene fibres'ane

.roughli 0.75 mm thick fiape bonded to the other face.
Fiqure 5

“Figure 5 shows the th1rd dra1nage core. Fer.
”convenlence, the same references are used as in Flgures.
llto;4, and in general terms the main strands 2 and
'eubsidiary s;ragdsn3 ere'similar; However, the main
_strands 2 are cioser tegether than the subsidiary

: etrands 3-(bur_thie_is not necesserily_so).- The mesh
structpreris.mede_as'deecribed in GB-A-969 655; the

"subsidiery_srrands 3 have an aerofoil-like



- 20 cross-section which is caused by the opening and closing notion of the
- die of GB-A-969 655." Furthernore, the top face (as seen) of the nesh
structurelt is defined both by ‘the faces of the nain strands 2 and by the
faces of ?ﬁe subsidifary strands. 3 which are substantially coplanar. This
~is done by.extrudihg over a mandrel which causgs the subsidiary strands 3 -
.to nove up into the bases of the nmain strands- 9% In this way, each nesh
openi ng has the whole of its periphery in the plane of the top face which
‘can provi de good SRARFNREGOONy fYHIGR 1t CAWEed oPY| hper oPeningeabdane | ai d
~against the flat face of the core and prevent the filter material -nmenbrane

bei ng pressed t oS 1OAIAHMPLIRA BF therfie (Of (GRaR-38cFPENt EYRSNOSTOSS .
i st . Vari fi ty Fi 6-11): f th .
Conf 1 gurat | one ndtie T URYEAAT vaekn B EETRp mdelBaSRebRelT daure o
2 q : N ; . . . ; : .
Cpervious {11 m Geatify BEEHBEUNS alepof, BRE BRNR, PRabAs & aRLDy
" Fi 10 il t ; ' | LD ' t t t
2o The | nvert o r e oft AnEMRbPHARALD Tt PaliBl "3, | URIBRRACY! (DO LSS
main structure idﬁﬁéﬂdﬁﬂiéf&f”@bﬁfﬁﬁ@?ﬂ tfRipREE 3bha"8y éxtruding over |
a mandrel which”Causgs the subsidiary strands 3 to move

up into the bases of'thg main strands 2. In_this way,

each mesh opening has the whole of its periphery in the
plane'of the top face, which can provide good supﬁoft
for a filter material or impervious membrane laid

- .against the flat face of the core and prevent the filter
material membrane being pressed too far into the core.

'-Thié core has]excellent-compreSsibp :esistance..

. Various Confiqurationg (Figqures 6-11)

—

Most of these configurations need not be désctibed in
detail. 1 is-a_mésh.structure or coré in accordahce
with theﬁinvehiion,-s is a pervious fabric, 7 is an
impé;?iohs film, and 8 is a ¢lose-pitch piascies-

material net.

 However, Figure 10 illustrates a special configuration
. in which two'mesh'structures 1,1' of the invention are
placed together with the main strands 2 of one main

 structire 1 parallel to and between the main strands 2'



21 of the other mesh structure 1' so that the subsidjary strands 3,3" are
on the opposite faces of the conbination so forned. Flgdre 11 illustrates
the reverse configuration with the subsidiary strands on’t he 1n3|de

Figures 13-15 The nesh structure 1 of "Figure 13 is extruded in tubul ar form
as a trellis construction, with the main strands 2 in the riachi ne .
~direction, i.e.. longitudinally of the tube, &hd t he subS|d|ary strands 3
extendlng hellcally on the inside of the tube. The tube is laid flat to
provi de a two- Imamﬂmnﬁ;gé“westwgwés 14 apdthatshbe sudisidiaay | ayer
drainage core, installed in a drainage system The porous material 6 is a
geot ext i | e, wr aFEEANE0 B 't FRES{ QR pth? kePpopiteThacgsordxtinee may for

i nstance be a woven fabric or a spun-bonded fabri¢._ The eotextile can be
bonded to the EORPIRAGLIRR SR 2dt i Bagure, 1éaéH1H§§ﬁag@Fué¥URe | ayer
‘can be as in: F| ures cor.e can be used for curb -~

si-de drai nage. £ quiféﬁquﬁﬁﬂ§%ﬁlgﬁlvhbﬁnt&?dFHbFFSPaFﬁé§§EGQQﬁN?nfﬁﬁ?(N

900 mM) with the€$§r1strands runni ng | ongi tudinally and a:pervious
material on eadh®WMtf%r face. The strip i's placed in a vertical slit (a
narrow slit trench) in ' : . R S

Figures 13_15-. _ o . P L T
The meeh St;ucturefl oszigure 13 is extruded in.tpbular '
form as a trellis_cdhstrﬁetion}"with the'maiﬁ.strands 2
in the machine direction.:i;e,'idngituainally of the
tube.-énd-the:sﬁbsidiary stfands'3 extending helically
on theeinside of the-tube{  The tube is laid flat to

prov1de a two- 1ayer dralnage core.-

Figures 14 and 15 -show sucn'aefwé-layef drainage core,
installed in a d:éinaée system. The porous material 6 o
iS'a'Qedtextile.-wrapped'eround the”etrip—like'core -1\1;
The geotextzle may for 1nstance be a woven fabrlc or a
spun-bonded fabric.e The geotextile can be bonded to the
core or just wrapped. “In detall; each mesh structure

layer can be as 1n F1gures 1, 2.'3 or 4.

The twe-iayer co:e;can'Be used for cuib_side-drainage.
strips are:mede-of'suiﬁable‘width (for instance 300, 600
or 900 mm)_withhfhe main-strands rnnhing;lengi;udinally
and a ﬁervioue material op_eaCh-outer face. - The strip

'.ie'placed-in a vertical slit (a narrow slit tregch) in



22 soil by the side of and parallel to a road or runway with the main -
strands 2 running in‘the-direction of the road or runway and nearly
'horizontahg;hough with a slight fall. Water pernmeates fromthe soil into .
t'he drai nage core,over the whole surface area and then drains substantially.
horizontally along ‘the channels formed by the g N strands 2, this being
the primary flow direction (large arrows in Figure 15); sonme water. nay be

able to flow downygy slspbetugen; hae ouladbanl SIands 8 ST de RIS, 1N

Fi gure 15), depending o preci se confirguration o he mes

Utimately, thewaf, dp&Xht ghip ol s 314 T | ' r hs
(Fi gures 16.andm?%?i%ﬁgHSrggﬁg'gﬁgaﬁfﬁe@pg??@?%glg§fﬁggtig¥§%ff%§A%BF%§?-

traditional bi-plagga gcapRAthagealRdshnedtlly’ hotd'DardEH dugh a¥itnided in
~unbl own | ow density pol yethyl ene by the nmethod of . GB- A-836 555.° The sets

of strands run i ngDpgREi £ellier r wadiekcpleirmaa tie® tfioonf |the ddectimte the
tri-planar three-strand core integrally extruded * in unblown high density
pol yet hyl ene by tdeaimagedcoteGBvier2hedWholellpmrdate ared arid sthiemds runs

" -dtaihs substantially hbrizbntally along the channels
-formed by the main strands 2, this being the-primary'
flow diréction (lérge arfoWs in Figuré 15); sqme'water,
may be able to £IOW'downﬁards between tﬁe subsidiary
'strands 3 (small arrows in Figﬁre 15)..depending on the
Precise éonfiguration.Of the;meéh'structure. |
‘Ultimately, the water would exit into a collection piﬁ
-d;'main seweﬁ. o o

Graphs (Figu:és 16 and 17)

The graphs show the performance for the following:

.'A___traditional bi;planar diamond mesh structure
' -core.ihteggaliy.extruded in unblown low density
'”-polYethylene by the hethod of GB-A-836 555. The,'

sets of strands run in obpdsite 45° direcﬁibns to

the flow direction.

B - tri-planar three-strand core integrally extruded
in unblown hign densiﬁy polyethYlene'by the method

' of GB 1 290 437. The centre set of strands runs in



23 the flow direction and the other two sets of strands run in opposite 45
directions to the flow direction. . The strands of all thifee sets have
substantially the same height. [err] - the mesh structure core of <{he S
Exanpl e above.. A' was-nade fromthe sanme dies as A ‘arid C .was nade from
~the sanme dies as [err] A and C. were as A ghd [err] ‘except that the resin
was bl own, having a density of about 65% of the unblown resin -in both-

| gases e weldnts IEAE £EOucATraRTibA° bl THICIRRAUH 'sQeC{ﬁi,aSPﬁgr@é‘g@g -

and B both or al strands were at a

of Figure 16°is not, ﬁ%sggsgﬁéog@tgehgbl Eg%tagﬁfgqﬂh [#¥§&eﬁlects t hat -

in the graph of Figure he graph o i gure varying the .

pressure on the surdpeeceiohhe QﬁéesQQ@Bﬁ%s%‘%s a1N€ Hld ldl s Ayl gestricts
the flow as the pressure, increases. he mesh structure core, wthout any

material on its faqg@bswaﬁcphamydthetgaﬁg eilghter forate base plate and an
~inperforate pressure plate with the sides of the core bl ocked off. Water
~was passed along the Iength of the core at. a pressure-gradient of 1.0.
Structures A and A are inefficient mai nl'y due to high turbul ence caused by
“interplanar f|OMI Qhe-syheemeshabtructure core of the Example above.

A’ wasfmade from the same dies-as A, and C' was mada -
from the same dies as Ci. A aud C' were as A and
c;-except'that the resin was:blowug'having a

density of about ost-of'the'unblown resin - in both
-cases'rhe weights were reduced and rhe.thicknesses
.were'increased. In A, A and B both or all sets of'-

strands were at a pitch of 11 mm.

The graph of Figure 1l6 is not:discussed in.detail,'but

_;he_performanceureflects that in the graph of Figure 17..

The graph of-Figure 17'shows'that varying the pressure'
on the surface of ‘the core compresses the structure and
,restrlcts the flow as the pressure increases. The mesh
structure core, without any materxal on its faces, was

placed between an 1mperforate base plate and an
1mperforate pressure plate w1th the sides of the core
blocked off.- Water was passed along the length of the

core at a pressure gradlent of 1.0.

Structures'A and A' are 1neff1c1ent ma1nly due to hlgh

.turbulence caused by interplanar flow. The symmetrlcal.-



24 bi-planar structure has a poor performance in the conpression test
(Figure 16) whi ch al’'so reduces the flow channel cross-section. Structure B
*has only’ Qgsllghtly i nproved performance in the test of Figure 17,7 though
"its conpressive resistance (Figure 16) is a great i:nprovenent. There is
mar ked increase in turbul ence due to the |ntroggction of a third |ayer of
strands of a substantial thickness. It can be en that the nesh structures
of the invention, structures [err] and C . have an unexpectedly high flow

per f or mance whi ctPiwPlaRagk & ‘b‘?/% r% DRBcar RAGE BRLHPEWADCEs 1N tl§es nmkes
t he mesh structure artlcularl b e fﬁg)deegggra n apptications and in

particul ar waste Hn d gPﬁet pWBLEH, adsgn requces  &e e

very high, of the,o o) 00 _kPa. TABLE The Tabl e bel ow presents
.the results |r1ttme{ﬁhéﬁlcﬁ°€§gu? 18 %5t a normal stress of 400 kPa, and

al so indicates the percent flow fall-off fromOto 400 kPa (i.e. the
average slope of ‘the flow rate curves). The structures are as above.

Structure [err] ﬁGﬁ?ﬁeré"ﬂég g ad§??3ﬁ§1 e&hbr%@@dhﬁgrE@%ﬁﬁﬂgi 1n

wei ght per unit area was s ren
the test of Figure 17, though_lts compre331ve resistance

(Figure 16) is a great impto?ement.' There is marked
increase in tutbulence_due to the introduction of a

third layer of strands of a substantial thickness.

It can'be seen that the nesh etructures nf-the

invention. structures éz and C', have an unexpectedly
high flow performance whlch is retalned over a wide

range of pressures. Thls.makes the mesh structure
particulaniy,sﬁitable forzdeep dﬁain applications and in
particnlan_weste'nanagement.draine where the pressuree*'
on the faces can be_very:high._of the order of 300 to

400 kPa.

The 1able below presents the results in the graph of
Figure 17 at a normal stress of 400 kPa, and also
indicates the'percent'flow'fell-off from O to 400 kPa -
(i.e. the average slepe of the flow rate curves). . The
.st:ucﬁures are as above; Strncture'Cz was made from
the same dies as C: and had the same weight per unit

area, but was slightly diffefent.



FIl ow Rate

25 Core Vi ght Thi ckness Nnr mal . Fl ow Rat e/ nm
Fl ow Rat e Fall a:b (Mesh. gmf[err]  mm Stress (n1/sec/m
t hi ckness [/ kg of Of ratio Structure) plan kPa mndbh) :
([err]/sec/ m polymer x 10="  width/mm (m/sec/mthickness) mndth/kg)
A 700 4.5  400. . 0.35 - 0.07 -~ 0.55 41 1:1 A
663 5.5 400 0.08: = 0.0145 8512 90 '1:1 B 2080
- 7.5. ~ 400 2.0 0;27 . 0.9 21C:; 1300 © 5.4 = 400
2.84. . ~ 0.526 - 2.18 '8.4 ' 4 3: 1 C2 1300 - - ~ 5.4 400 - 3.03
. 0.56 - 233 6—8—r5-2:-1—C; e 3:———--—9F5ﬁ
- .2.85 1 4,811 Figures '19-2 s illustyate thejthreefmin{:
types of d{ratenage sy&ﬁ:er]rhas-eat Fllod Ruge/ba| rr0giLREtei Piall Al asp ™ |
variant of $5be [)&rs shoW}f_.-'l.ii_'n ghjkrser e {E v;érre 8% uspdetio
above. The drai npge core OF - IMES i@&hAE Ve into]a
‘horizontal -duct 9}in Fidures 19 ?xﬁgﬁ”ca “fﬂ#*mmter 3
di Scharge t_g - C‘)Jrlnr\t|nn o d = STINGE-T=TI V-V 10 i Llj:'!_!‘;ﬂ shouds
the mesh $trdcturp I%up |agdinst Jti8 i s f®&0hdat { on %2 of & bul | Hit ng
The preseft iamven{i en hds Been desmori bech.@bove. pelomsy by way Ol exawaled,
ahd-nbdifica%ions CAR be_ﬁgg@ witt pjpn 1h%4§pir t gg7the Jn%%gtlb T
e, | 1300 s | a0} aee 0526 |- 2.8 8.4 | 40
c; | 1300 s | w0 ] 03 1 0.56 23 | es- | s
¢ 1180 - 6.3 400 .37 0,53 2.85 12 - | ssal

A e L TR

m — cmm—w e P R R PP )

*'?i:ures 19-21

- These FigureS*illustrate the three main'types'of'
drainage sYetem. as at (i) to (111) in the
introductidn} A varlant of type (1) is shown in Figure

: 14.: The references are as used above The dralnage'
core or mesh structure 1 drains vertlcaily into a

- horizontal aﬁer 9 in Figures lé.ehd'zo; and injeaeh.case
the water’is.diséharged to a collection pit br-sump er a
mein sewer 10 Flgure 21 shows the mesh structure 1 up

'.agalnst the 1mperv1ous foundatlon 11 of a building.

"The present inventibn”has been describea:above pﬁrely by':
way:of example, andﬁmodifiCatione-can-be made within the

spirit of the invention. =



26 Clains 1. A drainage mat eri al conpri-sthg—aestrstructure with a
pervi ous or |nperV|ous nmenber against a first face t eof , the nesh
structure @nprising general ly, paral l e““mmu l';“ mﬁt erconnected by
general |y parallel, subsidiary strands of the subsidiary.
strands being generally ‘copl anar w th ore ace d? the nesh structure, the -
mai n strands being at least twice as tall as the subsidiary strands, and
the ratio of the free cross-sectional area of substantially each'flow
channel between and parallel to the main straRfs to the free
cross-sectional area of substantially each flow channel, if any, between
and parallel to the subsidiary strands, being at least 2.5:1. 2. The

drai nage material . of Claim1, wherein the.mesh structure exhibits a flow |
fall-of f.not nmore than 20% under an external pressure normal to the faces

of 400 kPa. 3. a‘ . drainage material of laim1 or 2, wherein the main
strands have ge flat tops and bases. 4. The drainage material of
any of the preceding - 27 Clains, wherein the main strands are generally

i. a drainage material comprising-a mesh structure with
a pervious or impervicus nemner against a first face
thereof the nesh structure cdmprising generally
parallel ma1n strands interconnected by generally
parallel subs1d1ary strands, the outer faces of the
'subsidiary strands being qenerally coplanar with one
face of the mesh structure. the main strands belng at
least twice as tall as the subsidiary strands. and the
ratio of the free cross-sect10na1 area of substantlally
‘each flow channel between and parallel to the main
strands to the free cross-sectional area Qf: |
substantially each flow channei, if anyr'between and

parallel to the_subsidiaryfstrands; being at least 2.5:1.

2;'§The-drainage material of Claim 1, wherein the mesh
'structure exhiblts a flow fall- off not more than 20%
under an external pressure normal to the faces of 400

kPa.

3. The'drainage'material'of Claim'l-or'z, wherein the

main strands have generally flat tops and'bases.

4.-hThe-drainage material of any of the'preceding



triangular or truncated triang 5. The drainage
material of -any of the preceding d ains mhereln the Cross- sectiong of the .
mai n.strands are apprOX| mat el y sm“mwu WH! a l'ine normal to. t;e pl ane =
of the mesh structure. 6. The d of - any of _the p ecedi ng
‘Clainms, wherein the mndths of the’su S|d|ary *strands are greater than the
helghts 7. The drai nage materi al of any of the preceding Cains, wherein"
sai d ratio is about 4.3:1 or nore.than 4. 3; 8. The dr.ai nage naterlalof

-~ any of the preceding, O aimns, . wherein depreSS|ons have been forned by

~ pressure acr.oss .the in strands, the dePre sions bein aced aut along
the | engths &fF-aiRs ] %ﬁ*%i e 'maln gk ﬁ?i?néﬁ% ﬁﬁPQEPiﬁyof any of the

e 0 o e g R LLEARRG RS R R, XL 0

any of the preceding Clalns mhereln the nmesh structure has been integrally -
28 extruded by a nethod in mhlch rel ative rotary or tr.ansverse notion

-occurs betwegn di ]j_gﬁﬁg@@ hdCe FRAD &' &RES ?néh@iS?e@éﬁﬁﬁq'ng t he

subsidiary stran e dral nage materi a any Of the preceding
_ Clalms, wherein the cross-sections of the maln strands

are approxlmately symmetrlcal about a line normal to the

plane of the:mesh;structure,

o/
6. -The drainage mate:ial;of any’ef_the preceding
Claims, whetein.the widths of the subsidiary strands a:e“_ff
greater than the heights.
7. The'drainade material of any of the preceding
Claims, wherein:said.ratio'is_aboqt 4.3:1 or more than
4.3:1. |

- 8. The draxnage mater1a1 of any of the preced1ng
_Claims)'whereln dep:esslons have been fo:med by pressure_
ac;oss the main strands, the_depress;qns_be1ng spaced

_:,ont_alenq'che lengths dfjthe main strands, L

‘9. The drainage material of any of the'preeeding
Claims, wherein the mesh st:ucture has'been integrally

exthuded-without substantial stretcning after?cooling.

10. The drailnage material of any of the preceding

Claims, wherein the mesh.struciu;e}nas been integrally



CI ainms, wherein the main strands are MH munm, h,!Ilone face of the nesh
structure. -12. The drai nage materi al to 10, wherein at
sai d one face of the mesh structure, - the respectlve ces of the main
strands and of the subS|d|ary strands are sﬂbstantlally coplanar 13. The

' f th d I
Cer 0f T ot 1 Emichufil R %ex? Eﬁeéeﬂé.”%pfp@; Selative EStame oF SPnégé’Ze
ial of a f th t her conpri s n a .secon
Toyer formed of HAATeRIS et gn 28cURh . BRtuenn dTos aem ngq:l W aain
wh h [ S an
suggﬂlln; yes[rreanféJﬁ%Lgnﬁq géjé% r ang£Q§F15§yﬁh %&ﬁpq Yadi h ot her

and being at an angle to each other so that the main strands cross and
support one |ayer securely against the ot her, and conpr|3|ng an

| Thervi ous | ayen helMpeTaidendde haEEead! oS gstoffuegw skbqiflie dra nage

mat-eri al . of Cl aim 14, wherein e mesh structur

conpri-ses mai n Yy aeseds eha Hash’ 38¢andtha sl a@e%! ?5 O’V%I'%?m 16,

each mesh layer being.on the inside. 17. The drai nage nater
wherein the neslone. face of the mesh structure '

12, The'drainage material of any of Claims 1 to 10,

o _ _ o _
wherein at said one face of the mesh structure, the
respective faces of the main strands and of the
- subsidiary strands are substantially coplanar
13. The drainage material of any of the_preceding
Claims, and comprising only one set of main strands and
- one set of subsidiary strands.
14. The drainage material of any of'the'preceding
o N - _ :

Claims, and'further comprising'a second layer formed of

a mesh'structurea

15. The drainage material of Claim 14, wherein the mesh

-structure of the other layer comprises main strands and -

subs1diary strands, the main strands of each mesh layer.

facing each other and being at-an:angle to.each other so
~ that the main strands cross and support one layer

.securely against the



structure has been—ferred—-byintegral extrusion of a tube followed by
flattening the tube. 18. The drainage nmaterial of any of the preceding

" Cl aims, wher ei n”lmm,umﬁmu ous nenber against the second facg pf the
mesh structure. !l il materigl .of any of :the precedi ng™C ai ns,
and being as herein desclib&d With reference to, and d4s shown in, any of

Figures 6 to 13 of the acconpanying draw ngs. 20. A drainage naterial, _
subst ant i al PFR&EFh&G ﬁ%’g)ﬁ’o’éﬁl. ant hmper¥ienge leyem petwernrtl® gure 5 of
t he acconpanyi ng draw ngs- or- in the Exanple. 21. An integrally-extruded,

pl astics naFgPig@ﬁﬁ£ﬂ1égnqﬁﬁQw%ﬁﬂPﬁFﬁﬁﬁe_core for formng a drai nage .
system 30 the core conprising two layers of nesh structure in the form
.of a single flattened tube, the nesh structure conprising generally

al | el ' ' ' [ ' ' adi t ydi nal | f .the tuhe, -;.
Phter connectla” B Sk BECSELR! SorY ol 08 1Y WRerba o Mittiner al 1y
hel i cal | ot b, S f ral ot < boj |
General 1y cosFASLERf khd Wlet MEpeS obifrILER' Maln) sASHER i OO
bei di | _ e 1° . ; an ,
LIPS AL BN 0 | U AT OSBRSS A
' layer being on_the'inside. '

17. The drainage:métérial of Claim 16, wherein the mesh o
structure has_been'formed by inﬁegral extrusion of a

tube'follqwed by'fiaftening the tube.

18. The drainage material of any_bf'the preceding
Claims, whe:eih thére is a perﬁiouS'member_againsf the

second face of the mesh structure.

;9, The drainage,matérial'oﬁ any of the preceding -
~ Claims, and béinq as herein ‘described with referencé to, \)_
 and as shown in, any of Figures 6 to 13 of the

accompanying drawings.

_20. A'drainage'ﬁéterial, substantially as herein
~described with referéence to Figure 1 or Figure 5 of the

accompanying drawings or in the E:xample'.'~

21, An integrallyaexfrﬁded, plas£ic§ material mesh

structufe drainage'core for'fbrming a draihage system,



one Iayer agai nst the other, the nmesh structure thereby—defining nmain flow
channel s between and parallel to the main _strands and Oﬁtlonally subsi di ary

fioW/chaanPs bet ween'and parallel to t u" Huﬂ ands, the ratio of
the free cross-sectional area of substa L fl ow channel to

the free cross-sectional area of substantially each sub5|diary fl ow
channel, if any, being at least 2.5:1 the nain strands. being at |east
twice as tall as the subsidiary strands. 22. Ag integrally-extruded,
‘pl astics. material.nesh structure drainage core for fornmng a drainage

system the corecf@vidfe a0oRYEi#Lhg E@Se}?%f:@c‘éft S e lgxa% o>

mm the mesh structure conpri st ng genera para mal n-stran

hei ght of at |ea§6rﬂ-@@1@ﬂ§1@élérﬂD§€ESHeartﬁBQUl%hechﬂﬁﬁ %%th% re . 31
i nterconnected - by generally parallel subsidiary strands whose wdth is

greater than therompeiging gémevalty paceslel hhensghbehadaar ¥xtendangy bei ng
general |y coplanar with one face of the mesh structure, thereby defining

mai n flow channefendsd Wenl amgli pad aha blyt oft bRenBubest LaBES ot e@Riedony | Y

subsidiary flow channels between and parallel to the subsidiary strands,

the ratio of tha¢negaklivseacatiebnsubaidéhavy stbandat extlepddéagh min f1 ow

channel to the free cross-sectional area.of

generally he11ca11y of the tube, the inner faces of the

subs1d1ary strands belng.generally coplanar with the_

inner face of the hesh structure, and the subsidiary

strands'of.one_said layer,thereby crossing the

subsidiary strands of the other said layer to support

ene layer egainst the_other,'the mesh structure therebf

defining main flod:channeis bethen and parallel to the

main strands aﬁd optiqné;iyisﬁbsidiary flow channels

_between and parallel to the subsidiary strands, the

ratio of the.free cross—sectional'aree of substantially

eacp-main'flow.channel_te_the:free.crossgsectional-area

o . of substantially_eaeh subsidiary.flow channei if sny;
"being at least 2.5:1, the main strands belng at least

_twice as ta11 as the subsldlary strands.

22, Ah integrally-extrdded 'plastics'material mesh
structure dralnage core for formlng a dralnage system,
the core hav1ng an overall, faee-tqeface thickness of at
least 4. 5 mm, the mesh structure'comprisihg'generally
_parallel maln strands hav1ng a helght of at 1east 4 nmm

_and of truncated triangular cross- sectlon,



substantial ly each subsi di ary flew-ehanpnel—if any, being at |east 2.5:1,
the main strands being at least 3.5 tines as tall as the'subsidiar

strands, the-pitch of the main sﬂumnmlﬂlmmurmmeast 1.5 tinmes the/pitch
of the subsidiary strands, and thdtdRiiidl g a flow fall-of f~of not
nore than about 20% under an externaf ptessur®e rormal ‘to the face of 400
kPa. 23. An integrally-extruded, plastics material mesh structure drainage
core for formng a drainage material, and substantially as herein described
with reference to Figure 1, or Figures 1 afd 2, or Figures 1 and 3, or
Figures 1 and 4, or Figure 5 .or Figure 13, of the. acconpanying draw ngs,
or in'the ExahpterconneatadapKagensysids eomelilsilngutted diratnagpr amter i al
of any of Cainms 1 to 20, with a pervi.ous or inpervious ' 32 nember o
agai nst the S¥Re%® ¥idehois: geeater Shancthedr deight.cdhe sruter of ﬁlalns
Wi ervi-gus, or i rrvi ous- nenbers agai nst both.faces of the
gérg? 23, mntph.es of the sugggdiary strands bé%ng_generally coplanar
with one face of thé'mesh“structufé. thereby defining_
main flow chénngls'between and_patallel to_the main
strands and optionally éﬁbsidiarf flow chanhéls between
and parallel to the subsidiary strénds. thé rétio of the \J |
 free cross-sectional area of substantially each'main.'
flow channel to the free créésééeCtional area of
substantially each subsidiary flow éhhnﬁél; if any,
‘being at least 2.5:1,'the main s;rénds”beinq at least:
3.5 times as tall as the subsidiary strands, the pitch-
of the main strands being at least 1.5 times the pitch
of the subsidiary strands, and the core exhibiting a
flow fall-off of not more than about ZOS_under'an_

external pressure normal to thé'féqe'of'460'kPa:

23. An:ihtéQtally—ex;tﬁdéﬁ. plasticéfﬁéterial'mesh 
structﬁre-d:éinége7cbré fo; forﬁiné a'draihagé material,
and substahtially as herein'descﬁibéd'with reference to
~Figure 1, or Figures 1 and 2, qr‘Fiéures_lland'aL or
Figurésll'and'4;_dt'Figure_5,'o;"Figﬁ:e 13, of the

accompanying drawings, or in the Examblé.

24. A drainage éYstem'comprisinq°the dréinage material

. of any of'ciaims 1 to 20, with a pervious or impervious



L.

3z
member against the second face of the mesh structure, or
the core of any of Claims 21 to 23, with pervious or

impervious members against both faces of the core.




