1 VERTICAL DRAINS FIELD OF INVENTION 5 This invention relates to a vertical drain and more
particularly to a vertical drain for use in consolidating weak or soft soils. BACKGROUND 10Before
infrastructure or buildings can be developed in an area, the ground upon which the development is to
take place must be adequately consolidated in order to take the load of the infrastructure or building.
This is especially true where construction is to take, place on reclaimed land. Large amounts of clay,
silty clay, or marine clay may be found in many areas inland and onshore where land is to be
reclaimed. Before 15 construction can take place, the high water content of such weak and soft soils
must be reduced to consolidate the gro g An early approach to ground consolidation involves
the use of sand drains. Sand drains areL@ RSBk h sand which extend down into the layer
of weak and soft soil to be consolidated. A surcharge load such as a large volume of soil is deposited
20 over the bores on the ground to be consolidated. The pressure exerted by the sand on the ground
forces water in the weak and soft soils to flow into and up the sand drains, thereby consolidating the
ground.  FIBEIEhQIReNgEPDESH, sand drains are replaced with pre-fabricated vertical drains (PVD).
FIG. 6gillustrates a cross-section of a corrugated core PVD 1. As illustrated in 25 FIG. 6a, the PVD 1
comprises an elongate plastic corrugated core 2 surrounded by a filter cloth 3. Water permeates
through the filter clo¥§ SURERN iRiBtEsetectrigtivah s GinhenslavtcecorstZ Uy doreugatioas define a
series of op#mishanmelsrirtthe SRrginthesran ebarpals are next to and exposed to the filter cloth 3.
When installed into the ground, the open channels are oriented substantially vertically and form a
substantially 30 vertical path along which fluid flows up along and out of the PVD 1. The water in the
PVD 1 is fo Q*ﬁ%’?ﬁ}g the open channels to the surface by the pressure of the surcharge load

placed®n the grodetbiecinfgasposalislateslngings & devevaBibe RVR drdy Hrepbavagyam suction

SYSteM.  which the development is to take place must be adequately consolidated in order to take

the load of the infrastructure or building. This is especially true where construction is to

take place on reclaimed land. Large amounts of clay, silty clay, or marine clay may be

found in many areas inland and onshore where land is to be reclaimed. Before

15 construction can take place, the high water content of such weak and soft soils must be
reduced to consolidate the ground.

An early approach to ground consolidation involves the use of sand drains. Sand
drains are vertical bores filled with sand which extend down into the layer of weak and
soft soil to be consolidated. A surcharge load such as a large volume of soil is deposited

20 over the bores on the ground to be consolidated. The pressure exerted by the sand on
the ground forces water in the weak and soft scils to flow into and up the sand drains,
thereby consolidating the ground.

In another approach, sand drains are replaced with pre-fabricated vertical drains
(PVD). FIG. 8a illustrates a cross-section of a corrugated core PVD 1. As illustrated in

25  FIG. 6a, the PVD 1 comprises an elongate plastic corrugated core 2 surrounded by a
fiiter cloth 3. Water permeates through the filter cloth 3 directly into the corrugations of
the plastic core 2. The corrugations define a series of open channels in the core. The
open channels are next to and exposed to the filter cloth 3. When installed into the
ground, the open channels are oriented substantially vertically and form a substantially

30  vertical path along which fluid flows up along and out of the PVD 1. The water in the
PVD 1 is forced up through the open channels to the surface by the pressure of the
surcharge load placed on the ground being consolidated or can be drawn up the PVD 1

by use of a vacuum suction system,



2 Additionally, an electroosmotic consolidation process may be used with the PVD. FIG. 6b
illustrates a cross-section of a corrugated core PVD 1 with filter 3, electrically conductive strips 4, and
open channels 5. Electrically conductive strips 4 used as electrodes can be attached or embedded to
the corrugation core 2 along the length of 5 the corrugated core 2 to effectuate electroosmotic
consolidation of the ground. Electrical potential beyveen the electrodes attracts fluid to the PVD 1. The
electrically conductive strips 4 run continuously from one end of the PVD 1 along the length of the
plastics core to other end of the PVD 1. Instead of utilising electrically conductive strips, the corrugated

core 2 can be ele AATHRP2R, AN RFGEOTREHS FRARIdates HecsRsSURAY Hgidsadwétatha kB o the
corrugated [Ei&tea, iassatesthrough-teetitteof anchftoystatpornd BUDOT thiehPWEr B Vigehecally

vertically-ori apnels,5 ated 1h ed core, PVDs may be
placed in a%egfr‘%?/tﬁv%ﬁﬂr?c%m% gl)?sruo%t@c? @éggvggs t%%%sa@aﬁ%ﬁggé@ng {)ﬁ?eﬁ If\slf)gs Used as

anodes. ESIASYOHRS C3hbadisy ISHETEEARRA iontaR 688U IS SR heclengthink may
compriSe stiiel coregatéthondré 52otougifionmte  ddpchunadety, dhesonaitiqatbivays grewgh which fluid

flows upwagiisrindhe,cRIHIAIEH SaReRY RS ARLRS AR 7%%?%%&%% TOTHRRLL R, Which are

exposed to the filter and soil pushing against the filter. Soi ing against the sides oft "\évertical
drain may fETRE4HRSiREH b HL GPEROHEM TR IR v AL REY Botlansethegesisih @filifnels may
thereby beptrstcsbsteuttethel kediphivasd s sagestiiuid ditsigrtbr apeni¢bannaltimayhss inhibited,

reducing the,e{siensot s emexal ShMNABY; 280ne ARRecLOnLIe IsRen Lvengy provides a
vertlcﬂ)drajn for dralnlnihﬂwd from ground soil, comprising: a tubular structure defining a

circunferertiZfAIFEAA AR RAHLIFER VR FuiPAS NS FEHBUHE Y LarntLiRnsr wrarduret ahd a
conductivetbke ¢t Extentimgasitiilly anidretahgsaicciatenaial Huid tendoitydnereioreaid Tubular

structure cogRiiags BB OhapsoasdeiPassAag Aifluddesd bnasid lisyinlg ggsaid internal

fluid conduit. Said tubular structure of said the vertical drain maé| clude corrugations that define
P

channels cREGRIRGER AN SHPEANERYSH &tansretasaesaldiasalare Bosdseairsivitiered fluid to
flow circunrdiereavicaldy E\ond Shiel tetedar sentictirelrats mSaidophprality afiapesiagswafsaid vertical
drain fgr pagsage:Rffiuid filtered by said filter into said internal fluid conduit may be located on said

channels defined by said corrug:t;ations.,
Unfortunately, the main pathways through which fluid flows upwards in the

corrugated core PVDs are the open channels of the corrugated core, which are exposed
to the filter and soil pushing against the filter. Soil pushing against the sides of the
vertical drain may force the filter into the open channels of the corrugated core. The

20 open channels may thereby become obstructed, The upward passage of fluid along the
open channel may be inhibited, reducing the efficiency of fiuid removal.

SUMMARY

25 One aspect of the present invention provides a vertical drain for draining fluid
from ground soil, comprising: a tubular structure defining a circumferential wall of an
internal fluid conduit; a filter surrounding said tubular structure; and a conductive
element extending within and along said internal fluid conduit; wherein said tubular
structure comprises a plurality of openings for passage of fluid filtered by said filter into

30  said internal fluid conduit.

Said tubular structure of said the vertical drain may include corrugations that
define channels circumferentialiy surrounding an exterior side of said tubular structure to
allow filtered fluid to flow circumferentially around said tubular structure.



5 Said vertical drain of said vertical drain may have one end attached to an anchor shoe. Said
anchor shoe of said vertical drain may comprise a substantially fiat anchor 10plate with a handle such
that said vertical drain can be securedly attached to said handle. Said tubular structure of-said
vertical drain may include channels that are located on an exterior side of said tubular structure to
allow fluid to flow to said plurality of 150penings, and said conductive element of said vertical drain is
located within said tubular structure. Said tubular structure of said vertical drain may have a
substantially cylindrical shape. 20 Said tubular structure of said vertical drain may surround and
separate said internal fluid conduit from said filter. Said conductive element of said vertical drain may
be covered by elee‘midai!ﬂ‘éfitysaﬂaﬁ@zﬁirﬁ@ﬁf@ﬁ%ﬁ@@&imﬁ@?&qﬁd&@@dwwﬁi ﬁlﬁ!m%@tds above

ground. extgedting. 2long sald e sandusiive slemenlaalsa coust 2seament af said conductive
element below ground. rther aspect o the resent invention provi desan array or'vertical drains
corrugations
5
Said vertical drain of said vertical drain may have one end attached to an anchor
shoe.

Said anc
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1or shoe of said vertical drain may comprise a substantiaily fiat anchor
10 plate with 2 handle such that said vertical drain can be securedly attached to said
handle.

Said tubular structure of said vertical drain may include channels that are located
on an exterior side of said tubular structure to allow fluid to flow to said plurality of
15 openings, and said conductive element of said vertical drain is located within said tubular

structure.

Said tubular structure of said vertical drain may have a substantially cylindrical
shape.
20
Said tubular structure of said vertical drain may surround and separate said
internal fluid conduit from said filter.

Said conductive element of said vertical drain may be covered by electrical

25  insulation starting from a point of said conductive element that is above ground,

extending along said the conductive element to also cover a segment of said
conductive element below ground.

A further aspect of the present invention provides an array of vertical drains

30 and conductive strips comprising: a plurality of vertical drains according to claim 1

connected to a selected terminal of a power source, and a plurality of conductive strips
connected to another terminal of said power source.

Each vertical drain of said array may be paired with a conductive strip.



30 and conductive strips comprising: a plurality of vertical drains according to claim 1 connected to a
selected terminal of a power source, and a plurality of conductive strips connected to another terminal
of said power source. 4 A further aspect of the present invention provides a method of
consolidating soft soil comprising using a vertical drain as in any one of claims 1-9. The method may
be performed with the application of vacuum suctign onto the vertical drain directly or 5Sindirectly. A
further aspect of the present invention provides a method of consolidating soft soil comprising using an
array of vertical drains and conductive strips as in any one of claims 10-11. The method may be
performed with the application of vacuum 10suction onto the vertical drains directly or indirectly.
BRIEF DESCRIPH@QIIBFaspHE DRAY\HNGSt inventiun hodliidents aétheiioventsuidrthbedetter

understoodand seagiy, 3;2@91? gt\%ﬁgapggaﬁf gﬂj}ngw Skl dp Jﬁg@rg jé(_)mnggenflghl (é/éi.rrl%written

description, by way of example only, and in conjunction with t rawings, iIn w é.bFa illustrates
a vertical dRERUTIES YIKUIP QRRARREPAATTRGUY Bl SHRYRM SRl RV BrisAl iftain Aimaty cenduit,
according tonaineethybodiment. 20 FIG. Ib illustrates the filter wrapped around the tubular structure,
according to an embodiment. FIG. 2a illustrates a cross-sectional view of the corrugated tubular

structure defining 25a circumferential wall enclosing an internal fluid conduit, according to an
embodiment. further aspect of the present invéntion provides a method of consolidating

soft soil comprising using an array of vertical drains and conductive strips as in any
0-11. The method may be performed with the application of vacuum
10 suction onto the vertical drains directly or indirectly.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will be better understood and readily apparent
15 to one of ordinary skill in the art from the following written description, by way of
example only, and in conjunction with the drawings, in which:

FIG. 1a illustrates a vertical drain with a tubular structure defining a circumferential
wall of an internal fluid conduit, according to an embodiment.

20
FIG. 1b illustrates the filter wrapped around the tubular structure, according to an
embodiment.

FIG. 2a illustrates a cross-sectional view of the corrugated tubular structure defining
25 a circumferential wall enclosing an internal fluid conduit, according to an
embodiment.

FIG. 2b iltustrates a partial cutout view of the tubular structure, according to an
embodiment.

30
FIG. 3a and FIG. 3b illustrate the anchor shoe with a top view and a side view,

according to an embodiment.

FIG. 3c, FIG. 3d, and FIG. 3¢ illustrate a vertical drain with the anchor shoé,
35  according to an embodiment.



FIG. 2b illustrates a partial cutout view of the tubular structure, according to an embodiment. 30 FIG.
3a and FIG. 3b illustrate the anchor shoe with a top view and a side view, according to an
embodiment. 5 FIG. 4a illustrates an array of vertical drains and conductive elements, according to an
embodiment. 5FIG. 5a illustrates an installation of an array of vertical drains and conductive elements,
according to an embodiment. Figure 5b illustrates gxecution with a power supply, and Figure 5¢
illustrates end results of ground consolidation after treatment. FIG. 6a illustrates a cross-section of a
corrugated core PVD. 10 FIG. 6b illustrates a cross-section of a corrugated core PVD with electrically
conductive strips. DETAILED DESCRIPTION 15Embodiments of the invention will be discussed
hereinafter With #efénestestde thedigures verticdl|Grake iluatoriesuatier itakdral) 408bwikyadubular
structure 1Q2 gﬁaﬂmg%g{rcumferential wall 104 of an internal fluid conduit 106, according to an
embodiment. A tilter 108 surrounds the tubular structure 102. The tubular structure

5 FIG. 5a illustrates an installation of an array of vertical drains and conductive
elements, according to an embodiment. Figure 5b illustrates execution with a power
supply, and Figure 5¢ illustrates end results of ground consolidation after treatment.

Fi3. Ba illustrates a cross-section of a corrugated core PVD.
10
FIG. 8b illustrates a cross-section of a corrugated core PVD with electrically conductive
strips.
DETAILED DESCRIPTION
15 Embodiments of the invention will be discussed hereinafter with reference to

the figures.

FIG. 1a illustrates a vertical drain 100 with a tubuiar structure 102 defining a
circumferential wall 104 of an internal fluid conduit 106, according to an
embodiment. A filter 108 surrounds the tubular structure 102. The tubular structure

20 102 is substantially cylindrically shaped. A conductive element, in the form of rod or
wire or any solid material with any cross-sectional shape 110 extends within and
along the internal fluid conduit 106. Openings 112 located on the tubular structure
102 allow water filtered by the filter 108 to pass through the tubular structure 102
into the internal fluid conduit 106. The circumferential wall 104 defined by the

25  tubular structure 102 surrounds, along the axial iength of the tubular structure 102,
both the conductive element 110 and the internal fluid conduit 106, with an exposed
opening 111 at one end of the tubuwlar structure 102 for fluid to leave the vertical
drain. The tubular structure 102 advantageously surrounds and separates the internal
fluid conduit 106 from the filter 108. The tubular structure 102 also provides the

30  stability of internal fluid conduit against the pressure of soil that may push against
filter 108, when vertical drain 100 is instalied in the ground.

The conductive element 110 is preferably manufactured from steel, copper,
or some other material that allows an electrical current to flow. The conductive
element 110 preferably has a diameter that ranges from 0.5 to 25 mm, or any cross-



20 102 is substantially cylindrically shaped. A conductive element, in the form of rod or wire or any
solid material with any cross-sectional shape 110 extends within and along the internal fluid conduit
106. Openings 112 located on the tubular structure 102 allow water filtered by the filter 108 to pass
through the tubular structure 102 into the internal fluid conduit 106. The circumferential wall 104
defined by the 25 tubular structure 102 surrounds, along the axial length of the tubular structure 102,
both the conductive element 110 and the internal fﬁ.lid conduit 106, with an exposed opening 111 at
one end of the tubular structure 102 for fluid to leave the vertical drain. The tubular structure 102
advantagectfSiiesuv b s enricssplritean@rsifien Al Tlikd Tomait TUSframdhesifiterd08nThe tubular
structure 102 alsephovidewtheBstability ebikiasaldhidicondii rgrinstiRe Rigssuig okgoil that may
push again HI’ 8, when vertical drain 100.is installed. in tﬁ;e rounna. The conductive element
110is prefc?r%fé) g%é%ﬁ%ﬁ%%ﬁgdr# 2 A ,nggﬁtﬁ\éer,eg?né‘gme‘ig g&rﬁ%\a@ %“ytﬁéfeaﬂm S?¥ectrical
current to fIBAM TR B Rftithe diebniat Sterpreretabijontis actihemenst. thatr dryeondmtos to 25 mm,
or any Brossief&ection Vst wimensiansythaler anges frem 4o AR netbsthsisdistiyeygiement 110
need not b ' - ion size throughout the length ofqtjge onductive element 110. The
cond uctive% egnﬁggf{lgléo%;%%g%?a&r\?téiaﬁg?%étgnqd@;t cast H%rﬁ%%% &R HF%HS Fﬂ%ﬁﬁ?tﬁ&%ﬁ% 102 to the
other end, #FdRCBBAIDANG s ishfshanairisshigeolittied by pibaulsukhostietopodi@Ziaibstantially

along the lengtheaf thio condietieel etementidd. Hreppndobthecondyuctivepmanidldean be
attached toi:?..s | figd o an apchat sélo%% 1 éve_;;hg otgrelroend Pftthe conductive element 110 is attached
to a terminal of a po(/ver source. ﬁectrlca InSulation (Inor} iI?ustPaﬁe&? RARBE LA E BovePa portion of
the cotfuctive®iditeife Riec s isriabnn avartiscerinsstionleoestsiHe Serthactiverelement 110
starting froma popetinif ahéhecrenductveraiement 8 1R4hal ishabevgraraundxerandngsalgnadhe
conductive ver a seament of the conductive element 110 below the ground. The
tubular stru%ﬁguﬁﬂézé ilgqgﬁcﬁ%ggltﬁ% St%ucﬁlﬁ%%?\é %r?n%?ngfgr{a?g tﬂfg W@?%%an?fgweﬁr &4 around the
tubular struRERY TG flow of fluid around the sides of tubular structure 102. The channels 116

encircle the tubulatstructuerl @hattahethadzhesdicestigrebiliwddiownalong e of changels 116 is
iﬁﬁiiﬁﬂi?”@%ﬁ%ﬁ%@éi‘iﬁ%ﬁi‘%@%%@ﬁfﬁ%&ﬁ%!%ﬁ§¥#§%ﬁ%ﬁ%%ﬁ&°ﬂ‘%ﬁ%@f‘ A A
PGS TRl ety T D SbIGT S 6. EXSAHI 116 .

acvantageo e R M B S oS I R e i
Ib illustrate¥ e iREPIEE RN FIEdRSURFHRBI DAl willdifenitin teshdintele Attemiibdiment. The

corrugétiorted Thevehefutbteraveredbyditenl Ghemipgleatty visihle im&la. Hid e filter @8 can
comprise gL lathualds RS EHESHHHID & 8pasdle materil fRE fler SR e psigrably
out of the tubular structure 102. The channels 116 are substantially horizontal when
the tubular structure 102 is installed in the ground. The corrugations also
advantageously provide stability for the tubular structure 102 when installed in the
25 ground.
FIG. 1b illustrates the filter 108 wrapped around the tubular structure 102,
according to an embodiment. The corrugations 115, when not covered by filter 108,
are clearly visible in FIG. 1b. The filter 108 can comprise filter cloth that is
manuféctured from a geotextile material. The filter cloth is preferably manufactured
30  from polypropylene or polyethyiene or other synthetic fibres. Preferably, the filter
cloth is sufficiently porous to allow water to permeate through the filter cloth, flow
along the channels 116, and into the internal fluid conduit 106. Preferably, the
average pore size of the filter 108 is approximately 50 to 200 microns.



30 from polypropylene or polyethylene or other synthetic fibres. Preferably, the filter cloth is sufficiently
porous to allow water to permeate through the filter cloth, flow along the channels 116, and into the
internal fluid conduit 106. Preferably, the average pore size of the filter 108 is approximately 50 to 200
microns. 7 FIG. 2a illustrates a partial cross-sectional view of the corrugated tubular structure 102
defining a circumferential wall 104 enclosing an internal fluid conduit 106, according to an
embodiment. The corrugated tubular structure 1027 as depicted in the cross-sectional view of FIG. 2a,
is depicted as two concentric rings 5204, 206. The inner concentric ring 204 represents a valley of the
corrugations 115 (Hi¢. 38). 'W@@ﬁa@c@ﬁﬁé’rﬁtﬁ@ﬁﬁ@%@@éb%@%@é dhseakrofahiedduigations 115.

The peaks amdcmal@yszaﬁ&fam@rraugaﬂm&é@méh@@h@ﬂ@@ﬁclééﬁbaérﬁﬁﬁmgftH@H'%ﬁH&i?ture 102.
10FIG. 2b i traf tig] cutoy of thet ular structur 0 accordl n embodiment.
Peaks 210 i@% %gO?d Z%reéj'él H\%%\ﬁls”ﬁe in tﬁ% f| urm% gjf gfsi 53’ i%e@%ythe peaks
and vaIIeysWﬁ@‘éd’f‘rd@faﬁB?%ﬁfﬁt’% (‘;‘I‘?dhﬁél%@l@%resé&ﬂicﬁdf&emmyswmm@by two

peaks.5T hemamaf mleeoaﬁagwm&ii\/ﬁﬁéam)k@ﬂdé@%@@ hadilter ﬂcﬁ@rﬁoﬁ;ﬂg_ﬂﬂ&@tﬁ tne channels
116. The pgs 1+g oguagy d# |%nm,ar atecrle%lg the vall cr}/% 212. The corrugatlons 115
(including the channels 11 arep era rom non- condlf’ceilve Sr%?”é‘ﬁéﬂ 28 plastic. The
channels 1ié%hé‘ihar@%&ateadovﬁﬁ%f%?féhercaaeqaﬁ!miamﬂh@t@nem@aﬁwmmﬁaewrmﬁd to flow to
openings liduldresgosgduetivz element 110 is located within the interior side of tubular structure 102.
20The patrtial cutout view (FIG. 2b) of tubular structure 102 includes openings 112 as seen on both
interior and exterior sides. The rectangular shape openings 112 runs along the channels 116. In some

embolfiments, the"§pepmifjustreianapadiarde dhapus! Sir tHhulroaidachori0r & cgrngtIG. 3b
illustrate therapeitardsheet 1 14aaits aﬁommeWa«iléh@ B 2B @r&ﬂysmiaawew thl&>righne aggerding to an

embodime i | stallatio fa al drain, such cal drain 100
(FIG. 1). P%hrﬁ@%énﬁgtﬁj%%%%%er# (?aﬁ gkfoﬁnﬁfno f?r ind ﬁe \}:éjrftrlté%ﬁﬁtfr‘a"?na@élo [ﬂ"gecuredly
attached toCHARRRIF shide ¥§4eaf%f’fs“'tﬁe"ﬁil@fs t%{ﬂéf‘@%(ﬁbﬂré'\’%rm@@ndﬂ’tﬁtl\ﬁ@@ﬂémérhh@f vertical
drain 100 arerfagieoes] dovire-gachely w@ﬁa&ﬂé;eTﬂ&N%m@bé’ﬁn@r% Mdﬁaﬁﬁagtad dnigand enclosed

within,gn mgﬁg”%gmq@r}grgk}(pg ‘u_a§t5%te§}e h te rg]cal rhalnva(? éﬁﬁ"atﬁ!’g@{% écril%rnelma;drel

inserted into the §round. The installation man hen riéve
up and out bﬁﬁ@ﬁ?ﬁlﬂ@d‘%é@ﬁﬂj‘ﬁéhﬂ@ tﬁ@\iéﬁf@%ﬂb@faﬂ@fi@@ oTha vemm%immetwmams

immobile irstice grophmtistayihg aharaxisnatelyaithesrmedepththe exterior side of tubular
structure 102 allow filtered fluid to flow to openings 112. The conductive element 110 is

located within the interior side of fubular structure 102.
20 The partial cutout view (FIG. 2b) of tubular structure 102 includes openings
112 as seen on both interior and exterior sides. The rectangular shape openings
112 runs along the channels 116. In some embodiments, the openings 112 may be

other shapes, such as round holes.

FIG. 3a and FiG. 3b illustrate the anchor shoe 114 with a top view (FIG. 3a)
25 and a side view (FiG. 3b), according to an embodiment. The anchor shoe 114 is
used in installation of a vertical drain, such as vertical drain 100 (FIG. 1). Prior fo
installation of the vertical drain 100 into ground, the vertical drain 100 is securediy
attached to anchor shoe 114. That is, the filter, tubular structure, and conductive
element of vertical drain 100 are fastened to the anchor shoe 114. The vertical
30 drain 100 is inserted into and enclosed within an instaliation mandrel (not
illustrated). The vertical drain 100 and installation mandrel are inserted into the
ground. The installation mandrel is then retrieved by pulling the instailation mandrel
up and out of the ground, leaving behind the vertical drain 100. The vertical drain
100 remains immobile in the ground, staying approximately at the same depth



8 where the installation mandrel is retrieved from.The anchor shoe 114 advantageously prevents the
vertical drain 100 from being pulled out of the ground, since the filter, tubular structure, and conductive
element are fastened to the anchor shoe 114. 5The anchor shoe 114 has an anchor plate 304 that
advantageously resists upward pulling when the installation mandrel is retrieved, and a handle 306 to
securedly attach the filter, tubular structure, and conductive element of vertical drain 100 to the anchor
shoe 114. In some embodiments, only a subset of the filter, tubular structure, and conductive element
of vertical drain 100 need be securediy 10 attached to the anchor shoe 114. The anchor shoe is

preferably WARFadtfed HaHF eI MrRE BN g ptirvaRAciBIMhoe The igngmoximegely 160 mm. The

width of theaanahtigebaeil bisirappraxivaaiely dRimAodrherheaiaiobinechandie isagRigdmately 10
mm. The thi¢ rial 0 manufacture the anchor plate 304 and the handle 306 is
approximate?l]{&fef%??no.m%i@J Cr%fé%?%éaa&? I(—:P@é; %{iﬁﬁjg Fate & \%%t?cagfe@ﬂg?n i%}@e(ﬁé}."f) with the
anchor sho&'Pe4! 1(ft:(:ording to an embodiment. In FIG. 3c, a segment 308 of the vertical drain 100,

including portions THéhentitalsnsdruatinest 02 eerAUEivae|gn2etHat L (EHRgbL g filtend 08 (FIG. 1),

are slipped through andle 306 o hor shge 114. In FIG. 3d, the segment 308 of the vertical
drain 100 is Pc‘f%é% B@ﬁd%m%(? %a%glgng%%%%%k [Bevnagrr sﬁl the'Ver |Té%?’dr%r}ﬁ gganndgest?g%ﬁehoto the
tubular strutgGHESHh atRFR 9 JliS bivhsiahel elirrartrrondegtiv falstmanheffotdiichseginent to the
tubular strutdaracl @ bmEHG: 8rotheMertinalsdiain d0BoMiRdhe aBRROE shardd drisdepigted in an
upright posijtion;.F1G,, 4a, ilustrat 1 array of vertical drajns and condyctive strips 402, 25 according
to an emboalﬁneaﬁt.bl’ll' %I%ghfﬁ?ti%%%%;@é%ﬁ Be. %’éé)elf g)?%'r?)? ‘conductive rﬁﬁgfier%gﬁ)?ﬁ ?Hréé?(’)\Fm of a strip,

of abddt 10PPEBEHRRFIA BRIt B mAheriehesshemicarelssablyenaauis@ rrs giound using the
same instalisstan Mandredasoraricahdrainskee. The arspyseiesay BumaRsesRUSIRARG rows of

vertical draj ive strips. Pr t umber af vertical draips,in each row 30 of
vertical drzmg %?%E%g%ﬁggajtﬁ&e %Zré}%@{%?ﬁ%%i uc;e7t|6\)]/emsipripsofri{i %ab:?f%qw%ﬂ%c%en&’uac R/{S é?rips. The

distance betRARIERIRRENICHY dFiih 4049 Biskness fidtaecoriatay e sesh Ropangamsighboering row is
approximatety lesrep(@fersetrantnitzendepistedecxaippiexiiiatsgacing.between each row of vertical drains

and a;Reighbouri of-canduct] 1S imately.one (1 e..JThe distance 9 between
two c?g%ductive sﬁ)(éoé\%%[:j‘%o%# ’t%\é%ézér&% réoéw 0 ({:Poan% Sc\t%/é'gs?lriSgsal}gnégtérg]%a&wﬁgnﬁeﬁ?l) metre.

Likewise, tREEIStatReepblhedtr RN I @rakrdiments 1w § I8sSapproamansi3hef(themetre.
Preferably vitictistarae beveeiatiagdpctithstris ahengiromargdanyespondisgpaiid vertical

drain of & gjement 110 (FIG. 1), and filter 108 (FIG. 1), are slipped through the handle 306 of

the anchor shoe 114. In FIG. 3d, the segment 308 of the vertical drain 100 is folded

20 around handle 306 back towards the vertical drain 100 and stapled to the tubular

structure 102. Other types of fasteners can also be used to fasten the folded

segment to the tubular structure 102. In FIG. 3e, the vertical drain 100 with the
anchor shoe 114 is depicted in an upright position.

FIG. 4a illustrates an array of vertical drains and conductive strips 402,

25  according to an embodiment. The conductive stripscan be made of any conductive

material in the form of a strip, of about 10 to 150 mm width and 0.1 o 5 mm

thickness, that can be inserted into the ground using the same installation mandrel

as vertical drain 100. The array preferably comprises alternating rows of vertical

drains and conductive strips. Preferably, the number of vertical drains in each row

30 of vertical drains is the same as the number of conductive strips in each row of

conductive strips. The distance between a vertical drain 404 of one row and a

conductive strip 406 of a neighbouring row is approximately one (1) metre. In the

depicted example, the spacing between each row of vertical drains and a

neighbouring row of conductive strips is approximately one (1) metre. The distance



5 neighbouring row is approximately 0.5 to 3.5 metres, the distance between two conductive strips of
the same row are approximately 0.5 to 3.5 metres, and the distance between two vertical drains of the
same row are approximately 0.5 to 3.5 metres. The conductive strips and vertical drains are connected
to a power supply to 10 form cathodes and anodes. Each vertical drain is connected to one terminal of
the power supply through electrical connections that connect rows of vertical drains to the power
supply. Each conductive strip is connected to the other terminal of a power supply through electrical
connection%that connect rows of conductive strips to the power supply. The conductive strips are

preferably MaXFERHEIFEAN TS & SHRF AR nfhiBrial tie SR Beiew licanguahEisERrel with a
conductive spripoaimpieigdobetiiendive. cdriichveiiee Steiplstalesdbehusirates areaxampleivertical drain

412 that may hedssed IniGRIapHRsIRnAeRSBHStRY fha array ofyericaldrains, [he agow extending from

FIG. 4b to FIG. 4a shows that each circular representation in FIG."4a Is representing a vertical drain.
20While thEQPAAHIR Tt ArHAE AR c AU GiIVPERRRORSES e BRIGSs b eR hdmply RfreParray,
differerit arrssigidttentgarewp dssible okiorazyniple tthé.arrapipatictirecaisthece tbatgadar grid pattern in

which a rowgf yiestieal FRNS S 59734, %@e_éep%@&ha%w?o.@%éfﬂ&k@!vsn%ﬂ%ﬂg can aiso

form a zigia| Jgoattern. Embodiments of the invention are not limited to the array patterns described
nerein. 25 1B ERERRET AR R, RS RS RIEH TGS R AR AR UTHE Py 5226 in an

embodimentet®@g.be of other different patterns to suit different circumstances. FIG. 5a illustrates

an installation of aareay.pfteeicalsiaing Andconductive elements. 356y dingde A spRodiment.
FIG. StE%illluEtrates eﬁ%ecutlon with a power supply, and FIG. 5c illustrates end results of ground
|

d FIG |
consolitiatidA THEHAMEMANE. HPKS a&rchUsHeEaEl RiarTEdiaIWaiREsa 4etiserted into
the ground povser campdlidated) Ealectotthevmntictibdsains maybe; fovexaimpltcthetrtioal drain as

described with RSRICLIBIYC EadHGHANEIGRAEIS R JATIG B ShEldnymphyestical drains

504 are depicted as inFerted ir}}to the ground. Five (5) rows of conductive strips 506 are depicted as
inserted intBINE GFHRRY. THRY O RIBHEHY CORNSHIR OB 0P aRER ARSiRh FORUGH @ RHiRSive strips
506. That i$p eteh powenf septial didwmscbBdustinstalieokbetegeafaraily aheanthattive strips 506. Thus,

the arfgy CepyizenalesRAMIo NS MeTeal diing AN GAnRlCtNe S&f&%a%&%'&ﬂ%ﬁ%oad, such

as sand 508, ca tionally be placed over the area 5 of ground to be consolidated. Placing the
surcharge @"&‘8%?&%%"3?8%&"& GagHtive ﬁ%ﬁ%{ulfé%oﬁgd%%tﬁ%ﬁ?)%t@ﬁrf@ﬂ%@ﬁmﬁﬂ%neath the
surcharge ¥W&d tNgateapassesethiouglatiéy filke osnappethgrivndreachftubrilesl stractsireThto the internal
fluid conduRftheysrtie] HENRI@NEINS PiRICEMNERL P ANERHL Sfchg RpicabAras: in
FiG. 4a is representing a vertical drain.
20 While the array of vertical drains and conductive strips has been described
as a square array, different array patterns are possible. For example, the array
pattern can be a triangular grid pattern in which a row of vertical drains forms a
zigzag pattern. Each of the rows of conductive strips can also form a zigzag pattern.
Embodiments of the invention are not limited to the array patterns described herein.
25  The example array patterns are provided for illustration only, and the array pattern in
an embodiment may be of other different patterns to suit different circumstances.
FIG. 5a illustrates an installation of an array of vertical drains and conductive
elements, according to an embodiment. FIG. 5b illustrates execution with a power
supply, and FIG. 5¢ fllustrates end results of ground consolidation after freatment.
30 As depicted in FIG. 5a, rows of vertical drains 504 are inserted into the
ground to be consolidated. Each of the vertical drains may be, for example, the
vertical drain as described with respect to FIG 1a-FIG 1b and FIG 2a-FiG 2b. In
FIG. 5a, six (6) rows of vertical drains 504 are depicted as inserted into the ground.

Five (5) rows of conductive strips 506 are depicted as inserted into the ground. The



As part of the electroosmotic consolidation process, a power source 10connected to the vertical drains
is switched on. During the electroosmotic process, the motion of water is induced by the application of
an electric potential created by the electrically connected vertical drains and conductive strips. The
water is attracted to the vertical drains. Furthermore, during the electroosmotic consolidation process,
a certain amount of hydraulic consolidation contin to occur. Thus, 15 water moves to the vertical
drains both through the optional hydraulic consolidation process and the electroosmotic consolidation
process. Advantageously usmg the vertical drains with the tubular structure and conductive element

described HEMnOthEdisRl HARJESI AR FovEata ol WRi g P BRFEKE tStHRS &R stafbatds:
electroosmetictprosestyvetias! depitictDih iE Bstabe dhectewsrob verticHl cdmﬂn&tamds@w gogve strips of

the array 562 qrerAl aehs LR RV SliSAEAR L IES A c%%%ﬁg%ﬁ‘afe&ﬂ vaighpLe exposed

above the surface of the ground. The power supply can be, for example, high capacity wet cells, an
on-site generator &'%‘E%l%ﬁ%%ﬁ%dtosﬁcéhﬂss?ﬁfﬁys S} ?;Etiﬂ’é’ﬁlli@%@%?ﬁ?s%\fpéﬁﬁ @6tsolidation.
The soft soitfymunthichbw stmrsisiidrtenttatiamorémeuecheagebeanyrkind gfanil seginasHaarine clay,

silty clay orgpypifeekingipbisaiseluith updesiaile BIghWAteCoMen QERSAY SRilisiudge, or
trailings. The t %pes of g@?ﬁund ﬁhat may be consolidated F?‘)é means of extracting water Is not limited to

the exampl R8s LR MBS RERRI AR AR A BU'Ah SHURlLtaABPI e dNiRINahliss of several
hundred metrediudr ohthe vaticaletidad drathihachatingithe copdirdiveteltentrtialfiteinand the tubular

struture, can be manUiActufedor apuISRB LIS RRERIFIS oL Lhe dephgl pegigud to be

con50| ated.Prefer the tuh u r structure is 11 manufactured from plastics material such as
polypropyle%%‘%?‘ﬁ%%/ SH)RNETEF tﬂ@@f%ﬂﬁ%?@%a%rc?*ﬁ@tﬁﬁu%??fﬂ?&“@ § FC&RDe

manufacturiég byotigmmaismter is induced by the application of an electric potential created by
the electrically connected vertical drains and conductive strips. The water is
attracted to the vertical drains. Furthermore, during the electroosmotic consolidation
process, a certain amount of hydraulic consolidation continues to occur. Thus,

15 water moves to the vertical drains both through the optional hydraulic consolidation
process and the electroosmotic consolidation process. Advantageously, using the
vertical drains with the tubular structure and conductive element described herein,
the surcharge load process may be skipped entirely to directly start the
electroosmeotic process.

20 As depicted in FIG. 5b, the rows of vertical drains and conductive strips of the
array 502 are attached to a power source by means of connector terminals which
are exposed above the surface of the ground. The power supply can be, for
example, high capacity wet celis, an on-site generator or a connection to a grid
supply.

25 FIG. 5¢ depicts the soft soil after consolidation. The soft soil from which
water is extracted and removed can be any kind of soil, such as marine clay, silty
clay or any other kind of weak soil with undesirable high water content or peaty soil,
sludge, or trailings. The types of ground that may be consolidated by means of
extracting water is not limited to the examples presented herein.

30 The vertical drain can be manufactured in coiled lengths of several hundred
metres or more. The vertical drain, including the conductive element, the filter, and
the {ubular structure, can be manufactured for any length that is appropriate for the
depth of the ground to be consclidated. Preferably, the tubular structure is



Embodiments of the invention also include a method of consolidating soft soil comprising using a
vertical drain as substantially described herein. An embodiment of 5 the invention includes a method
of consolidating soft soil comprising using the vertical drain as in any one of claims 1-9. The methods
of consolidating soft soil comprising using a vertical drain may be performed with the application of
vacuum suction onto the vertical drain directly or inciirectly. Embodiments of the invention also include
a method of consolidating soft soil 10 comprising using an array of vertical drains and conductive
strips as substantially described herein. An embodiment of the invention includes a method
consolidatifgHHessires MpMoARPIcG A RraySF seRRIMPHER G Gohibriees®ipatagin any one
of claims 1@s#fudenterpridtegs Theansolitatingmest Ao eaMRisinBUISHIG 8 By @u-gbieartical drains and
conductive strips r with. the application, of 15vacuum.suction onto the vergical drains
directly or indirect y%gﬁﬁesv{gﬁ)ég%%plp&gi@éa %%’% 'Bgfsdc?naslgﬂéﬁqa %eC%?F ?ﬂg?ﬂ%‘&ﬁé’%&ﬁg' ariations
and/or modfRERIGHRINEPHES Nﬁﬂ‘éaf(ﬂfﬁi@ gresebtRVisHrclesmiBpd WRraNthinspeditidnamefiments
withoutdepagingdraiontheispist onasape of dbassnetignes bspadysiescibergThe psagant
embodime re.the t sonsidered in all respects 20 t illustrative and not restrictive.
For exam p%%tﬁ]v%ﬁ e%, p%%%i%i%a?ﬁ‘gﬁ eggbi%}%]n@r%t%%r% ?}os'? fimi g%%t?bn %Og%orﬁ%mr%%?@ﬁals, shapes,
and dimendi8ii¢ destHERdiIREITRY P2 eerfamscwith ibeicarliratior obirapinegfrigtiporerieound soil,
comprising tfavietigkardssib clliee tiediningradtivcumferential wall of an internal fluid conduit; a filter
surrounding said t,ubular.fslt_u%u(ggéh%nig a ,c:mnductivg1 Sheé“ge_nt exIen.diQ% Ownithin. and alongosire\id internal

) - EITHQQAJIMer VETNUON 1S =] emnod o SoUGaTINGg SO .
fluid conduit; wherein said tubular structure comprises a pIurerIlty or openings tor passage of fluid

ﬁ|terea00y SORMeNHhieSEgaRtaraY Bfivediaidiiains and conductive strips as substantially

described herein. An embodiment of the invention includes a method consolidating

soft soil comprising using an array of vertical drains and conductive strips as in any

one of claims 10-11. The methods of consolidating soft soil comprising using an

array of vertical drains and conductive strips may be performed with the application of
15 vacuum suction onto the vertical drains directly or indirectly.

It will be appreciated by a person skilled in the art that numerous variations
and/or modifications may be made to the present invention as shown in the specific
embodiments without departing from the spirit or scope of the invention as broadly
described. The present embodiments are, therefore, to be considered in all respects

20 to be illustrative and not restrictive. For example, it will be appreciated that
embodiments are not limited to the example materials, shapes, and dimensions
described herein.



10 2. The vertical drain of claim 1, wherein said tubular structure includes corrugations that define
channels circumferentially surrounding an exterior side of said tubular structure to allow filtered fluid to
flow circumferentially around said tubular structure. 153.The vertical drain of claim 2, wherein said
plurality of openings for passage of fluid filtered by said filter into said internal fluid conduit are located
on said channels defined by said corrugations. 4. Ewe vertical drain of claim 1, wherein one enpl of
said vertical drain is attached to 20an anchor shoe. 5. The vertical drain of claim 4, wherein said
anchor shoe comprises a substantially flat anchor plate with a handle such that said vertical drain can
be securedly attached to said handle. 25 6. The vertical drain of claim 2, wherein channels that are
located on an exté}iokiditte of said tubular structure allow fluid to flow to said plurality of openings, and
said conductive element is located within said tubular structure. 307.The vertical drain of claim 1,
wherein said tubular structure has a substantially cylindrical shape.

1. A vertical drain for draining fiuid from™ground soil, comprising:

5 atubular structure defining a circumferential wall of an internal fluid conduit:
a filter surrounding said tubular structure; and
a conductive element extending within and along said internal fluid conduit:

wherein said tubular structure comprises a plurality of openings for passage of fluid

fitered by said filter into said internal fluid conduit.

10
2. The vertical drain of claim 1, wherein said tubular structure includes corrugations
that define channels circumferentially surrounding an exterior side of said tubular
structure to allow filtered fiuid to flow circumferentially around said tubular structure.

15 3 The vertical drain of claim 2, wherein said plurality of openings for passage of

fluid filtered by said filter into said internal fluid conduit are located on said channels
defined by said corrugations.

4. The vertical drain of claim 1, wherein one end of said vertical drain is attached to
20 an anchor shoe.

5. The vertical drain of claim 4, wherein said anchor shoe comprises a substantially
flat anchor plate with a handie such that said vertical drain can be securedly attached fo

said handle.

25
6. The vertical drain of claim 2, wherein channels that are located on an exterior
side of said tubular structure allow fluid to flow to said plurality of openings, and said
conductive element is located within said tubular structure.

30 7 The vertical drain of claim 1, wherein said tubular structure has a substantially

cylindrical shape.

8. The vertical drain of claim 1, wherein said tubular structure surrounds and
separates said internal fiuid conduit from said filter.



13 9. The vertical drain of claim 1, wherein electrical insulation covers a portion of said conductive
~element starting from a point of said conductive element that is above ground, extending along said
conductive element to also cover a segment of said conductive element below ground. 10. An array of
vertical drains and conductive strips comprising: a plurality of vertical drains according to claim 1
connected to a selected terminal of a power source,, and a plurality of conductive strips connected to
another terminal of said power source. 11. The array of claim 11, wherein each vertical drain is paired
with a conductive strip. 12. A method of consolidating soft soil comprising using a vertical drain as in

any one 158f clainh8e1¥%671538 4R AEARID of cMIRRel slfrksieah isariphnauseYers FeReriRBdNith the
application sfidameninctivetiolrmetd titertieti¢ardraipoiirectysatdnetirenibivd bldvaethne af

consolidati il IS j r [tic [ d conductive strips.as in any
one of clair%%é?%c-t 1.\',1,@%%%{?{ rﬁgt %Jgg% gﬁém@%g%fyv@gé@%eﬁ%ﬁ nsgtét%?% f:s%%%g%rérﬁ %vr}?hgit:he

application Y LOHFL R GEMSNPRHEW 8FaEAPdrains directly or indirectly.
5

10. An array of vertical drains and conductive strips comprising:

a plurality of vertical drains according to claim 1 connected to a selected terminal of a

power source, and a plurality of conductive strips connected to another terminal of said
10

11.  The array of claim 11, wherein each vertical drain is paired with a conductive

strip.

12. A method of consolidating soft soil comprising using a vertical drain as in any one
15  of claims 1-9.

13. The method of claim 12, wherein said method is performed with the

application of vacuum suction onto the vertical drain directly or indirectly.

14. A method of consolidating soft soil comprising using an array of vertical drains
20 and conductive strips as in any one of claims 10-11.

15. The method of claim 14, wherein said method is performed with the
application of vacuum suction onto the vertical drains directly or indirectly.



