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20 the faces of the strips, the resulting web section is
honeycomb-like in appearance, with sinusoidal or undulant
shaped cells. Geoweb® sections are light-weight and are
shipped in their collapsed form for ease in handling and
installation.

25 The web materials have been used extensively to
provide road bases, subgrades or pavement systems.
Structural foundations have been reinforced or stiffened
with the web materials. Additionally, Geoweb® cells have
been used to provide earth and liquid retention structures

30 by stacking one web layer upcn another, such as a stepped
back design for hill slope retention. - The Geoweb® cells
also protect earth slopes, channels, revetments and
hydraulic structures from surface erosion. Grass and other
earth slope cover materials have been protected and

35 stabilized through the use of the web cells. Geoweb® cells
can be infilled with various earth materials such as sand,

rounded rock, granular soils and aggregates, topsoil,
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bﬁeyconb | i ke in appearance, wth sinusoidal or undul ant shaped cells.
‘ébomeb[err] sections are |ight-weight and are shipped in their collapsed
formfor ease in handling and installation. The web nmaterials have been
used extensively to provide road bases, subgtades or pavenent systens.
Structural foundations have been reinforced or stiffened wwth the web

material s, AddibigRaeibe ﬁs@éﬁ%grsr bl NA4R Degurisedd ady @dide earth

and liquid ret &RBHON St ructures acking ‘one web [ayer_ upon anat

such as a steppemenacbrdegp@nlmc -Isiemens] slga @é{%h%#semémﬁéﬁ[lertﬂe
cells also progggygearth slopes, channels, revetments and hydraulic
structures fromsurface erosion. G ass and ot her earth sl ope co

mat eri al s have been%‘#‘é@&t’-@ét&ﬁ&aé‘tlé’éﬁ |G d NG GEFT ORETESS VX qgr}éﬂ}ﬁetﬁ"eb
cel I's. Ggoveb| gatbréahlks eae B8 1lnkidtlead a¥ tdhd/ aHeoweisamaly M &iisplncudh

as sand, rounded rqck, .granul ar | s and .a t il P

veget ative mat gf‘PéF'?na??glPﬁ'et eké'em %'gr?}? 2&%%5&&’%%’?8’:&‘:‘3 11111 to
asphal ti c- cenefiropasusl & hheusedliso i m‘qﬂdrddee qasinict. beupineg dasst dln dtheon
and long-term %Eﬁgﬁag%[}é%st E%cg%lrl,ow :hh retc*ée dilth! WS i@lopehd R

webs may be disp rosi on naterla may cause_concrete

infill to droptbet ceflshescat| wascdiditede aé%ﬁ@tvel%tﬂ &hgadnstaldat ih
materialg becauseel heAggﬁ.%at %ofrche.ls Wit o ORraRUiu1Gfe b iR |a§1<ﬁ$.dé was

lifted and noved to the |n t al ion_site. Applied_fq.c as draulic
uplift and i ce@8ELPBnTAYy PﬁFt Sﬁewﬁgbmﬁﬁﬁﬁﬁ %% L %ﬁﬁ%%FEA Wﬁgl %%
IOut of theI cel t:&t bEapskatieanal. mmltauﬁoddlemwrwemyafcme mekrmamyel

i ni ng applications rot ctl Qn, stee 0 des. In
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spaced al ong tpeotaceioh snnsteeu shdpe§ aﬁdd@m'ven into the ground to

anchor jpe veb mat eqabn"gkecee! B8 e¥erdte® critlde ipitn1 B, ok Hdverns
been intermittently spaced along the face of some cell

walls and driven into the ground to anchor the web material
before the cells are infilled. The rounded portions of the
J hooks extend over the tops of the cell walls to limit

20 displacement of the web material. While this approach has
limited displacement of the web materials in some
applications, it has not been completely successful in
preventing movement of the webs.
Summary Of The Invention

25 It is a primary object of the present invention to
provide an improved cellular web material which is
reinforced to minimize displacement of the web or fill
material during installation and long-term operation. 1In
this connection, a related object of this invention is to

30 provide such an improved cellular material which resists
hydraulic uplift, ice action, and translational movement.

Another important object of this invention is to
provide a reinforced cellular web material which anchors
_ poured-in-place concrete fill material within the cells to

35 prevent displacement of the concrete from the cell and

facilitate movement of the concrete infilled web material.
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extend over the tops of the cell walls to limt displacenent of the web
material. Wiile this approach has limted displacenent of the web material s
in some applications, it has not been conpletely successful in preventing
movenent of the webs. A cell material structuge for confinement of concrete
and earth material according to the preanble of claim1l1, is known from
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enbodi nent, eac as a Ieas one ﬁ%rture
rei nforci ng nentellss &heestadipsadorsfing cell walls. At least one of the

strips has an aperture through which a reinforcing member
extends.

15 In a preferred embodiment, each of the cell walls has
at least one aperture. The reinforcing member is a tendon
made of any polymer having a nominal breaking strength of
from about 100 to about 2,500 1lb. which extends through the
aperture of each of the cell walls. The tendon is

20 preferably formed from a polymer which is enclosed in a
polymer material which is acid and alkali resistant. The
tendon is terminated on an end of the web by a loop of the
tendon, or a washer and a knot of the tendon.

in another embodiment, the apertures of the cell walls

25 are substantially coincident and are preferably positioned
adjacent the bonding areas. Additionally, a length of the
tendon is restrained from passing through the aperture of
one of the cell walls into an adjacent cell of the web. A
washer and a knot of the tendon provide the restraint.

30 Another aspect of the present invention is a method of
installing a cell web having a plurality of cells by
forming a set of substantially coincident apertures in cell
walls of the cell web, guiding a tendon through the
apertures, terminating the tendon at ends of the cell web,

35 positioning the cell web on an earthen surface, anchoring
the tendon to prevent movement of the cell web and filling
the cells with concrete or earth material.
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any’ polyner havi ng a nom nal breaking strength of from about 444 N to about
'11 x 103 N (100 to about 2,500 |b) which extends through the aperture of
each of the cell walls. The tendon is preferably formed froma pol yner
which is enclosed in a polymer material which is acid and al kali resistant.
The tendon is term nated on an end of the web by a | oop of the tendon, or a

washer and a knot of Eﬁet%ﬂgo nVEHtéaﬂtﬁgrsaggggkqﬁa% oG agRehlur es of
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preferably rectgmggfanegergﬁakohnogrwﬁs pesiviAgst O prOV|de athin profile.
A flexible tendon of Ctﬂ gular or ov;eBcross ect on is ed to

terninate the tendon fia® P2t he2teBeEPPES &Xﬁngéﬁwaaﬁoﬁnﬁﬁﬂgggc PERS
of webs. Tendonsf hialvé ngxpafilal pebhidecalsoeldanakpgriialdodsthkheptresaat i s

i nserted thumu&h§$§ §§rtures 34. In order to properly reinforce the cell
web and anchor efial placed within the cells, the tendon has a
tensile strength of FE@m abdatas. eglargedrPerapegtassuV1QW7O£ par eKkpRaded00

to abouty2, 500 &1 ]1rePhebpredl wicthhg tenden;is formed froma pol yner

capabl e of providing_such tensile
P P gF . 3 is a partial cross-sectional view of the

expanded cell material taken along line 3-3 of FIG. 1 and
terminated by a washer and a double knot of the tendon;

FIG. 4 is a partial cross-sectional view of the

20 collapsed cell material taken along line 3-3 of FIG. 1 and
terminated by a washer and a double knot of the tendon;

FIG. 5 is a sectional view of a cell reinforced with a
polymer tendon and terminated by a loop of the tendon;

FIG. 6 is a sectional view of a cell reinforced with a

25 polymer tendon and terminated by a washer and a double knot
of the tendon;

FIG. 7 is a cross-sectional view of an infilled
reinforced cell material intermally anchored by the
reinforcing tendon;

30 FIG. 8 is a cross-sectional view of an infilled
reinforced cell material externally anchored by the
reinforcing tendon; and

FIG. 9 is a cross-sectional view of a concrete
infilled reinforced cell material being lifted for

35 installation.

Detailed Desgcription Of The Preferred Embodiment
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strength as well as optinmum | oad-deformation characteristics and | ong-term
creep performance. Such pol yners include pol yester, polypropyl ene,

pol yet hylene and the like. In a preferred enbodi nent, the tendon is
conposed of a core material 36 surrounded by sheath 38 which protects the
core froma wi de range of chem cals encountered in stabilization and

envi ronmental prot ecthPRiNg! Kow 1£8 EﬁéedE‘B&r?LhQQ' aif %fé?flhﬁngﬁéchgécallX

pref erably any poggner having a nom nal breaking strength of " froma
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North Car®lina.ndxe ahealheﬁﬂauaggbandoeguaédypépanedcbdndﬁﬂgahkehs 16 to
resistant pol yr@%rrﬁecl;?%?ewaffé m}ﬁé‘”gfaiﬁék{u{iﬁéiskgﬁs”%er'i‘hetB?B&% ct

t he tendon from atron €ri ars or
envi ronments, SerRtwWeenseFrips mﬁﬁeb@%hebeA@ﬁﬁ@?ébﬁ@deehbbhkiBgnﬁﬁethﬁon1

continuous hig LG f €5n C
UV-stabilized E;%h den%?t?sﬁ%%?ﬁ?ﬁ§?£%§aoré%gggg%%bg?g%eéﬁrg?%%??%gggﬁggth

Such tendons ha&e RREEFE H%f%%tﬁ?%%r%%ﬁﬁe%EFéﬁﬁySB§lFh%4Cb%m%ﬂltbﬁﬁ aRbeof
M nneapald s, Mawesoiwe insbdd _u@tﬂﬂ@s npw, tecthe daami Bﬂéhapdxfeiérbbﬂéed
spect {1621 0fl Cuchab e eeds U0 Gerl g8t SLL gl od QTP S8 Ll
whi ch are bondedthd czyed 28 of)rmacsmrstprip 1419 5A shonextainl mﬂ)tbetmeengthed
SR 1) Sonced SHIGORETRER0 L dr bl bl sdfucke, 1 e dbkes Ll
stabilize segments of the strlp 14 adjacent the out51de
15 weld 26. Each pair of strips is welded together at
additional bonding areas 16, creating equal length strip
segments between the outside welds 26. In addition to
these welds, one strip 14 from each adjacent pair of strips
24 is also welded together at positions intermediate each
20 of the welds in the pairs of strips, referred to hereafter
as non-pair bonding areas 32. As a result, when the
plurality of strips 14 are stretched in a direction
perpendicular to the faces of the strips, the plastic
strips bend in a sinusoidal manner and form a web of cells
25 20 in a repeating cell pattern. Each cell 20 of the cell
web has a cell wall made from one strip and a cell wall
made from a different strip.
Adjacent the bonding areas 16 or 32 are apertures 34
in the strips 14. Each tendon 12 extends through a set of
30 apertures 34 which are substantially coincident. As used
herein, the phrase "substantially coincidenc" means that
the degree of overlap between adjacent apertures of the
cell walls is greater than fifty percent, preferably
greater than about 75 percent and, most preferably greater
35 than about 90 percent. The tendons reinforce the cell web
and improve the stability of web installations by acting as

Sheet Has Been Reraced

T




strip§.14 as being paired, starting with an outside strip 22 paired to an
outernost inside strip 24, a pair of the 10 next two inside strips 24,
etc. Each such pair is bonded at a bonding area constituting an outside
wel d 26 adjacent the end 28 of each strip 14. A short tail 30 between the
end 28 of strip 14 and the outside weld 26 i§5provided to stabilize
segnents of the_strip 14 adjacent the o tsl l.de 15 Each pair of
strips is me|de8°?§b§PHEF'aﬁn§88F? oA lE@hé‘area§N%§1€§ PXEY, QEqua
| ength strip segnsansededﬁephachaenutQﬁd@hweM@b 26. In addltlon to these
wel ds, one strip 14 homnegah;adideent PRl Rention A2 34 ptetkiapiyl ded

s .in

together at positions intermediaté each e palrs of
strips, referrctBeEbaRgpéart er agaﬁohnpéFPsﬁoﬁﬁﬁﬁgoﬁr§&SP§9Vlﬂ§ a t&dm

when the pluralp%afgiestrApﬁléﬁlane gehaonhed &%c%aﬁ@hﬂ%&'@& B@&Re@$d§§fﬂ
to the faces of the strlg ? Lastlc strips bend. in gﬁflnu 0|dal nanner
and forma web BfCELPRsi 5eas1 YyokpRtLefe foatergicate & OnEaLy, 3 emd

20 of the cell MEbthéSwﬁbCOf|tmabbnﬁ&de tagminiagsecpiongd afcekbswal | made

froma differe S ri acent _th bon 3 [,€_apertures
34 in the strigteﬂé9n #nﬁdonf§ﬁge?fgné§g %}ougﬁegdggy %PaQOasp%he
apertures 34 mhtendamelsubssanteélthroughcthenanerAerSea4heréhnordbe to
phrase :ﬁbetaDéféﬁé 1f0£85£f§988' HEaeélﬁh%EbtQﬁddSﬁ%ﬁ?ro%lqieﬁkﬂgrﬁ%hmee“

adj acent” apert FSSis g eater t han
preferably gre®@baceRaviithbntthe gelisnt thRdEeREoR Bﬁéfér§59§léPeEF€Fn95h

t han about 90 p@fCﬁﬁém agbett e000ops égbatoaqsobh@bqehﬂ webramdrasmyqvehbhe
stability of web ipstalla actin I nu i nt.e

ons.b 6_co
anchori ng menberPHRR ch® %%9%%@ ﬁﬁﬂﬁn?egOZVQEFaggﬁﬁﬁﬁe P tﬁgoﬁéglgﬂssgﬁgwn
in FIG 2, the ﬁem@bnelabrsn@thfasabéylrestapgﬂham @vadvébfpmmatdsa section

to provige a thiyl & cvorPLOLLL Canat1Lhe¥LRLA beRdanyalererbangyl agugy oval
polymers include polyester, polypropylene, polyethylene and
the like.
In a preferred embodiment, the tendon is composed of a
core material 36 surrounded by a sheath 38 which protects
20 the core from a wide range of chemicals encountered in
stabilization and environmental protection work. The core
material 36 of the tendon is preferably any polymer having
a nominal breaking strength of from about 100 to about
2,500 1b. A linear composite polymer core material is most
25 preferred because it provides long-term durability
comparable to that of the c¢e=ll web. Linear composite
tendons are commercially available from Delta Strapping
Industries, Inc. of Charlotte, North Carolina. The sheath
38 may be composed of an acid and alkali resistant polymer
30 or other acid and alkali resistant material to protect the
tendon from deterioration when exposed to acidic or basic
materials or environments, such as soil or limestone. A
preferred tendon is made from continuous high-tenacity
polyester filament bundles coated with a UV-stabilized high
35 density polyethylene or polypropylene protective sheath.
Such tendons have been manufactured commercially by the

Conwed Company of Minneapolis, Minnesota.
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sectlon is easily knotted to termnate the tendon at an end of the web or
'to connect adjoining sections of webs. Tendons having a flat profile also
readily fold as the tendon is inserted through the apertures 34. |In order
to 10 ‘properly reinforce the cell web and anchor fill material placed
within the cells, the tendon has a tensile s¥rength of from about 100 to
about 2,500 [err] Preferably the tendon is formed froma pol yner capabl e
of providing such t&d{ e sltﬁ/ TRLES \R|Fress- s o R T Ar-errandad web 15

ch?r ac: eristi f%a@d@i‘l | onsnd Qﬂlfa qrigﬁa mfcsa(“jrwm:e 1 k&@femlm;@enm ucke
Cboa mont , 1 nESEERR, B B ORI sre e Bl RS 24
sheath 38 whi Clofpreaicictet 2ip 14. trHG:.ortxe demintes Witk sangecds<s heagtciads in
encountered in _stabilizat | onenta I te on.yor e core
-5 o qgﬁﬁﬁ;#égh :; Qvg? 6F§%g éd len Jh &P

materi al 36 of T avi n'g 2 oM nal®
br eaki ng st reng:telmckdn fer)mJaﬂmn em t@la]bdm QQBIE) dpwardly reslong cifposi t e

pol ymer core H“E% r éﬁ?ﬁaj |

| ong-term dur ab| | ty co ara ait%ﬁ:thoe t lf &ﬁ ce stbé&mef_gl (rlae&ia?ﬁggerfpto%?te
t endons are coMmsheirad ;ED iWiddiia ftr}@*ncaalllta ShaapmRAGIRRAS QfeLhg nc. of
Charlotte, Mrbal@%@gém%elﬁhweﬁpq@ m A e i ase i i e Grb Rk

al kal i resistant oth acid and al kali resistant erial
to protéft t he#e%g’ﬁn%ﬁdd&eé‘rdto"d’r -at |T§’r‘? 6}‘{90 BRS ¢S ]g'%l c
materi al s or edurtiowyretirsfaaitireaofsdale aell m.-:o.ne Fukghreafrerresd tthendon i s
made fron1cont| h- ed wth a
UV-stabilized ﬁlﬂﬂgégééJ €§§¥§?§¥%§3%M?hgﬁgﬁ£ fgﬁ%%ypﬁgga T ene prlotective
sheat h. Such thﬁmdﬁ@dnm tsddippeshuf act ured conmercially by the Oonvved
Conpany of M nneapoly %,ed&d?ﬁ%%ott%rmna%éa %t ?tné 'éh'%ié HETHe LSS WESHON

of an expanded web taken _along t l1ne 3-3 1 wherein the tendon 12
1 maintain the tendon within the web As illustrated in

FIGS. 5 and 7, a preferred method of terminating a tendon
12 is by forming a loop 40 in the tendon after the tendon
is guided through the aperture. In another preferred
method, the tendon is terminated by a steel or polymer

20 washer 44 which is threaded onto the tendon before a double
knot 46 is formed such that the washer is positioned
between the knot 46 and the aperture 34 as shown in FIGS. 6
and 8.

The number of tendons present within a web is

25 dependent upon the application and the tensile strength of
the tendon. For example, shoreline installations may
require only one tendon attached to a cell on an end of the
web to externally secure the web with an anchoring member.
When tendons are used to join sections of the webs, the

30 tails of the cells at the end of one web are positioned
between the tails of the cells at the end of another web.
A tendon is guided through a set of apertures in the tails
of both'interlocking webs to connect the sections of webs.
Concrete-filled webs typically contain two tendons per cell

35 to enable the webs to be moved, lifted and installed. Webs
infilled with earth material often contain one tendon per
cell. For most applications, cells of the web will include
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extends t hrough the substantially coincident apertures 34 of each strip 14.
FIG 4 depicts the same cross section in 5 col lapsed form As the web
is collapsed, the length of tendon 12 within each cell 20 folds upwardly
along its center such that the length of tendon assunes an inverted
V-shaped formwithin the cell. The conpactnes of the collapsed cell webs

nione. ean e HBe P BT R e P A S GO b
Furt her nore, théecaldragsersirecistfrarmgath Gadd uweshd, emmlem | polngekaseene
handl ed and shi ArEN m,nat 4 | web to
15 mai nt ai ngl‘l’Fe'f(1 ren(?cefn%gqlhﬁo le e\/‘\%’b&%ﬁw%%ug{é?a%eg{fll neqilq.%s 5 and
7, a preferred metindenste e@ahi melilng a tendon 12 is by forming a loop 40 in

the tendog after the I&ﬁ@mtﬂl%rgledﬂe@ﬁ&r&tamgt ha AR TR b nmtéeﬁdons
preferred rrethod the tendon is termnated hy Ta steel or paqlyner

washer 44 whi chipsidftetfedesitranse itohdopliedforesh Bich l?rﬁ)thlﬁ#al‘éllc
formed such thatplh€wwasiteides apedicn wtda¢halamEntd e o ahed edid vié]fs A

aperture 34 as_shown | FIGS 6 8...Th ewnurrb r_of tend res
WEhin a web | S¥e8 TAY b ARFARTSELGR (T SEar o FERRFS NP A I along

strength of t hethendemdoErsr tex gmeivents Adrféelinge afntthed [weth .onFIghy 7r equire

onl'y one,pendon; 34l aghed do a&egs-%e&qc\%%fof UL SHLAL leb

secure t an anchor en ten
sections of thetakbs afpag3Ghe ling Bs3offt FdGell yharaime thed ten lvaeb

are positioned pgtwear thedudin Thef sh%t%%'tﬁ%l%r té%ﬁrﬁﬂ‘iie@i‘t %ﬂﬁré@@ég A

tendon is guided _through a ,sét of gpertures in etal q%

i nterl ocki ng weB$§ ?Bcéoﬁﬁeé@ the- §é@is| 8Rs &F &?f?&i‘e P FRb s

typically cont adackmmeedoa&geer atehordy are ma@éﬁ)lcﬁreﬁr{‘l&h&bﬁddbrbaz

noved, ljfted and nstal d. . .Webs, infilled wth,earth materl

contain %%e tenHﬁFi ﬁB‘r Sé‘lils. zlgoPnﬁogf aﬁlﬁlllvc?é’t i 5\!\:59 TS 9P fheq‘{ﬁ& }_:Ia1ns

i ncl ude 42 internally anchor the tendon 12 to minimize lifting of
the cell web away from the ground. Any number of the cells
containing a tendon can be anchored. Preferably, the

anchors are spaced at intervals between the ends of the web

20 to resist applied forces along the entire length of the
web. Anchoring is not required in some applications where
applied forces are resisted by the passive resistance of
the cell fill material acting on the top surface of the
tendon spanning between the cells. Additionally,

25 vegetative root mass which forms within the cells may
envelope the tendons and impart a natural root anchorage to
the system. The web illustrated in FIG. 7 is also
externally anchored by a J-pin 42 or other earth anchor
which is placed within the loop 40 which terminates the

30 tendon. The loop may also be connected to a tendon of an
adjoining web if desired.

Anchoring the tendons to earth anchors at the upper
end of each web resists forxrces which cause translational
movement of the cell webs, such as tractive forces

35 experienced in channel lining applications, or sliding of
surface protection on steep slopes. FIG. 8 illustrates a
cell web which is anchored by a passive restraint anchor at
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The'cell material is preferably nade from sheet extruded pol yet hyl ene of
127 x [err] ¢cm (50 m|)thickness. Carbon black may be included in the
plastic to help prevent ultraviolet degradation of the web material when
exposed to sunlight. The faces of the plastic strips of cell material may
al so” have textured surfaces as di scl osed in Bhited States Patent No.

4, 965, 097, issu 3 0 t |nco U2 ed h b

ref erence. The ggFl cﬁ@ﬁé H’g z’Fs ‘10538 %‘&tc%‘ng: tt Er %q{éion
| ayers of cell mebsstbewmenhapdaMum@.Ehdmpped@ewhwmh mmwantadhed to the
stackability of 4 b or, t @i ni L UCHU o i hed
in United S%/at es Eaztnéﬁ aﬁgﬂc’% %%Q%OSE&F'EI 5 &gd%ar:&!tn @f@%"?’%&aﬁﬂg&@é* a‘ﬁl.ee
The plastic str#gh.maFhBewsbndsdPosdstimaedhbevieu s geosexrdieo®r known i n

the art. ghe prgbenemsraRbNednak sbtrgﬁg&heuw&&Qynahb% %%%OEﬁhﬂsm%%éﬁidﬁl
the process and, apparatus_di sclosed in_United States Patent No. 647, 325,

i ssued Mar. 3, i§841F61@%F?rB§8ht§ﬁdsPHEGPESrat@@eﬁeﬁeFﬁlﬁfQQQQQ
bond is formed &8 gnsuatled val di BIobeds shirffakiegneestirninest acly bee fiirdds

14 to forma weld substanti verS| the entire, w th of, .t he strips
14. The apertur%gogﬂ ﬁag g#o%ée% g Flp?u?2°5§ 5 é hods
known in the artheytaee bafmiéedr aAtprefbersdrrpstaaenbonaeaommngMM

Preferably, the %?Pﬁi,ﬁg Eﬁea{:énﬁﬁfxgﬁﬁr%gﬁr Lhl b ggr‘cﬁﬁsguglﬂ Gl k@p%eqla%gl

web to forma s stanti a corncCident apertures t rou
sui t abl e | engt ¥dforeadbhei senfen, gandedornisggh éaéhl&pknpﬁré6 dmd they be

restrained wthigngbg §6th ﬂﬁgtaﬁhélﬁﬁgﬁéﬁdlgb sgltmohshebaﬁ%%ehotBkad%t
The tendon is terpinated at the end h_either | oop of

tendon or a washe?® BRE aPeBLBFE Eﬁo? igsgﬁﬁﬁgg ﬁnFFéﬁ 8.3, As the cell web
is then fully expandteﬁentﬁﬁeteenimnwebspaset ueaada.m tn’arlalpme taklessamd | S

o ot S e v YRR ARG S el e b el RoblooE Lk Bllitns of eac

for installatiomeli webnhayeelqanthe aaquonsd to the backfill soil to

regist translational sliding and overturning due to active
~arth pressures. The preferred method of constructing such
earth retaining structures is to anchor guide posts into

20 the ground at the corner positions where the structure is
to be built. The base layer web is then stretched out and
the corner cells are slid down over the posts. A suitable
fill material is filled into the cells of the base layer
web and compacted if desired. Subsequent web layers are

25 then stretched out and slid down over the posts, infilled
and compacted until the structure is of the desired height.

When concrete infill is required, concrete can be pre-

cast in the reinforced cell webs of the present invention
before installation of the web because the tendons anchor

36 the concrete within the cells. The concrete encases the
tendons within the cells such that the concrete is cast
around the tendons. The tendons anchor the concrete within
the cells so the concrete is not displaced when the cell
web is lifted. Furthermore, the tendons remain flexible

35 such that pre-cast sections of concrete-filled cell webs
can be moved, lifted and installed as shown in FIG. 9.
Concrete-filled cell webs exhibit maximum flexibility when

This Sheet Has Been Replaced

Qi




12 may be guided through the apertures at the installation site. The
apertures are preferably positioned at about the m dpoint of the w dth of
the plastic strips when infilled with concrete resulting in mninml tension
on the tendons. Wen infilled with earth matggials, the apertures are
preferably positioned bel ow the m dpoi nt of tge wi dth of the plastic strip

so that nore weighte ééd&ﬁécﬁgeOﬁaéh@l&ﬁ@goabéﬁtaﬁﬁgohla SlﬂEbOfTHﬁe face
apertures nmay be p05|t|oned anywhere al ong_t | ength o he cel ﬁg
ar eas.

but it is pref@%ecdl waiPt hb- %per?Eré?oﬁFehﬂéf FB?n’ééldFH ‘Pﬁe BGnEI?
The web nateriaks1RY benn@nytecédred bRbbaswbht| NedBhSodf tnaycdmeaaume,

but are typically 91.4 cmto 243. ee. to _eight feet a 43. 8
cmto 609.6 cm dHTDt%P?ﬁE“Y?Sfﬁg?glﬁﬁaF ﬁa?haﬁﬁgEuE?Fe? hgacgu?gfs €use.
In the preferresekbesll hendf aacklpl asei substaptidlly 20ifScidefiei ghTendons

| nches) wide. Thg hop £8adf BLE BROULLEZ AL Rk FERACLAGHES) apart
é&bﬁ% %ondl gi g % F# ?

on each strip, as are ng"ar ea
conpri ses asuxnpqthWesrnn®|@s¢|eegmtnptaéoat BBecﬁ$@§h©ft§bﬁ Wﬁbhes?hﬁ

length, betwee f’é’i tsbopfbig areasi £feQ bPOrnLaterROAGLES aha3So82tnéhe
tail 30 is about 54 cm(o Inch) in ]ength. Thetendon %2 I s about 0.6

cmto 1.9 cn1(cﬁﬂ9@ﬂﬁﬁ rte %%QegrﬁﬂaF %rwghcﬁ? wWrHE BRAUCEhECHpert ures 34
have a duoarreteruﬁé&aﬂﬂém@ﬁeat@én&h@ﬂetbelmedtbem webstaﬁdoeasuyls CLAI VB

1. A cell material, st re fo conflne nt o

material, the ‘tfé?rqa]riﬁ‘it&? f ‘%t‘?ﬁ%?ﬁr@r?‘ﬁ% H?nﬁxﬁeg? IPFO ﬂ)?ﬁsf’og

strips (14) bom&m&ﬁlmnﬂ@err@metmentsfabpsllwgnssldhubgssad@ thaiubnshlp

at bondi ng are e}%‘saéc?nféﬁg e 1{:§9§b§t perﬁéé% éﬁrfﬁ%'ﬁnééév)vagaﬁéh
S

that the plura trips may In a directi er pendi cul ar
to the faces ofondfmtsmnptgotmr¢‘o¢mapmbn§f apd| wederRining; psCepranhgonal|

wall's (48 and pozt ramps and other underwater structures can be replaced
by the pre-cast sections. The pre-cast sections can also
be used on land as road base structures.
The cell webs can be installed by manually expanding
the web in a direction perpendicular to the faces of the
20 strips of the web and infilling the cells with concrete or
earth material. When the reinforced cell webs are infilled
with earth material, the webs can also be installed through
the use of an installation frame as described in United
States Patent No. 4,717,283, issued Jan. 5, 1988 to Gary
25 Bach and incorporated herein by reference. The cell web is
secured to the installation frame to maintain the web in
expanded form. The frame is rotated such that the web
rests on the installation surface. Before the frame is
removed, the tendons may be internally or externally
30 anchored to the surface as shown in FIGS. 7 and 8. The
cells are then infilled with earth material to maintain the
cell web in its expanded configuration. The earth
materials such as sand, rounded rock, granular soils and
aggregates, topsoil, vegetative materials and the like,
35 exert force on the top surface of the tendon spanning
between the cells to anchor the web.
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wherei.n adj acent strips of the plurality of strips having apertures, the
cell material structure including flexible reinforcing neans (12) extending
t hrough the apertures (34), characterized in that the apertures of the

adj acent strips being substantially coincidepf, and the flexible

rei nforcing neans (12) being tensioned and being capable of aligning with

the web when the webris QOB hONOE K1 Bs GORE P&H-8H1 ¢ UhAE ef réiesh& Bf Or Ci ng
means (12) is a tendon_conprised of a material having a nomnal breaking

strength of fr&%tapird YeeRykeRRit0h 15% Mbl WPaeess- aportoon Sokadh)

and a? O;Jt ertsu_ratylaqge Oj‘néjtr\ﬁdé&n:fi?rthé lﬁmfﬂsedtdsyhanpapi-dvmﬂ @itkﬁéw{riolet
resistant materjal, 2. . € C terial_styructure according t imi1
14 wherein the atcfﬁtelso?ﬁs tgl?ee vg%%iT?%%%ﬁa%dﬁ%%ne’ﬁ%%%?%gtcgr%lg%.fl%}@‘
The cel | Smat er iThe staass w Wie gilasic oftrips prLceel hgnater el whey eabso he
apertures (34) rﬁa(r:xfe‘el RS LANE e REE QWL A 11 éé‘ioé’édtg&? t{hﬂ%@%d % Id\es Sﬁ#éﬁt

(14). 4. The | material structure of any one recedi ng clalns
wherein the ap®a.ure {809t cigpied Qffed 2bout 920 nfelpérny E#Chl“%mgaces of

the strips (14)ndrpordited tdrdB &y abefdFdicddlr € ﬁﬁecé@iinéebmfiaué@e
material of the reinforcing neans, (I2)_1s a polyner. 6. The cel
material structificduste ARkThes ‘\’/%Hé?}éi;%]tcl’i’é %@J%’%’W ah RERTS (i ] htwebs
materi ahoi s a pQ Wwirlap alondelsid ddded itd Hiproterthofstackabill ity tder
the aperture (FHE Shd o A HE Rl Tkl (B IS B R SRR e
the web. 8. ith@&rmcdldd Bttare sl PattenictNo e ©f 778 a3 09 7, isdwediPctt hel8, 1988
restraining means d.gif asher (44) and a knot (46) of the tendon.
The plastic strips may be bonded together by a number
15 of methods known in the art. The preferred method of
ultrasonic welding is accomplished using the process and
apparatus disclosed in United States Patent No. 4,647,325,
issued Mar. 3, 1987 to Gary Bach and incorporated herein by
reference. The bond is formed as groups of welding tips
20 simultaneously contact the strips 14 to form a weld
substantially traversing the entire width of the strips 14.
The apertures 34 may be formed in the strips 14 by a
number of methods known in the art either before or after
the strips are bonded together. Preferably, the apertures
25 are formed by drilling through a collapsed cell web to form
a set of substantially coincident apertures through the
web. A suitable length of tendon is then guided through
each aperture, and may be restrained within the cell web as
discussed above in reference to FIG. 8. The tendon is
30 terminated at the ends of the web with either a loop of
tendon or a washer and a double knot as shown in FIGS. 5-8.
As the cell web is then fully expanded, the tendon is
positioned within the cells and is folded vertically
between adjacent cell walls as the cell web is re-
35 collapsed. The reinforced cell material is then palletized
and shipped for installation. Alternatively, the tendons
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9.: " The cell material structure of any. one of the preceding clains
further including nmeans for termnating the reinforcing neans (12) on an

end of the web. 10. The cell material structure of claim9, wherein the
reinforcing neans (12) is a tendon and the tegm nating neans is a | oop (40)
of the tendon, or a washer (44) and a knot (46) of the tendon. 12 may be

gui ded through h&¢ Beeghigea ahrblighi BEbabbartares b the iaReRIUERS o ©
preferably positioned at about the m dpoint of the width of the plastic

strips when inff1¥8d 5 with concrete resulting in nminimal tension on
t he tendons. Wen i nThél agenttibesaakh pnééerabiy pbeizjenedr et abeut the

preferably posi e 1 R0] pt t h a
S0 that mor o werbAPSPatTpRkhaTuTRER bE ok pUesKuRl Bedipk Gpliidhisate
apert ur es® may bextpbsq‘:@ngmaemesultangmer elalxmné teasliengoh thet kendeinis .

wal I's, but it ighekeifEieteldhatthNeapPR! hHEESiRNE, nehef Q%g‘i'gulrgst Q%ebond' ng

areas. The web materials nmay be manufactured to r ésul webs of

di mensi on, but Bﬁ%ﬁ??@P%XIP?S%ﬁ%@%e@obélﬁﬂttﬁs mldP°ﬂ§§t°@|&§eaHad§bgﬁﬁ to

twenty feet in tieagbDaybes §tf§§>c§@dtﬁa£ tfn@feuaelgha fae méefaar badthe

enbodi nent, each astjc str ht _j nches de. ondi n area
16 ar; about tkﬁ?ﬁ% #ﬂcﬂ%ﬁhgﬁaF?eoﬂe%gch é?r?Berggrﬁﬁemﬁﬁe ﬁoﬁgngPPne

bondi ng & eas 3nywaethe celbngathe 1Bexgtprofesha 2811 waldet i batofitt he
plastic strip #?Pé‘faé% ét&?&'Pﬁ@gégéé&\iﬁé'gtgr?bgé’é’e% gaaﬁﬁnkhg%ghggng

areas 16 or parr'bondrng-area out one I nc
| ength. The teﬁvamaaz I s about one-quarter to three-quarter inch w de and

EEE ?gﬁ&gﬁres 34 havgna WpRi€Ersal SNhhy BEeRbREFdaturedl BBNLERRIW dhh of

webs of any dimension, but are typically three to eight

15 feet wide and eight to twenty feet in length when stretched
out for use. In the preferred embodiment, each plastic
strip 14 is eight inches wide. The bonding areas 16 are
about thirteen inches apart on each strip, as are the non-
pair bonding areas 32. Each cell wall 18 comprises a

20 section of the plastic strip about thirteen inches in
length, between adjacent bonding areas 16 or non-pair
bonding areas 32. The tail 30 is about one inch in length.
The tendon 12 is about one-quarter to three-quarter inch
wide and the apertures 34 have a diameter slightly greater

25 than the width of the tendon.
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13 Werclaim 1. A cell material structure for confinenent of concrete and
earth material, conprising: a plurality of plastic strips bonded together

on their 5 faces in a side by side relationship at bong 'mn
are staggered fromstrip to strip such that {he plurali ty”mm“m[ﬂm;um
stretched in a direction perpendicular to the faces of the*st¥ips to forfa
web of cells, the sisifhs formng cell walls, wherein at |east one of the

strips has 10 ~  an aperture; means for reinforcing the web, the
rei nforcing neahs ex®ef@lihgmehesigh eheugpureufer gonfipewent afit epngrete

structure for condi SQPERtmAte£PAT! etempREsgagth material, conprising: 15

a plurality of plastic strips, bonded,together '
TOFALTaY ot RhPET

their, f i de. b
side rel ationship at®RBhEFagtEY el g 1§rEtgggagggéée??gﬁgg%ﬁ?g gb EPF¥5

such thatsthe pfarediiy afsideipg shflebeedattbnbbilpi atabdhdéngi areas which

D P o ming Lt [StadeeRed k08, SHELBOCbPsLRID Bp e Cohato b1 SLY P
for reinforci nf hetwips may bei atvetchednians direntiing perpendiicndar to

aperture of eagﬂanfig@éC5f|tH@|éériﬁs to TBSrfch! wOBLSEI @b18ET UEhUT Bt Pips

claim1l wherein 25 | ad] acent_strips of the plurality of strips have
apertures, and fEning Fotti Wl heandhexedRdatt hedgghorfcchpeheupsins has

adj acenty st ri psan 4apedtier€gl | material structure of any one of the
precedi ng cl ai n8 wherein tge a ertgres.are ﬁosit'on adiacent t he
] 13

30 .
bondi ng areas, the dpett%r FHy-Sthstant el ¥ COgﬁ%iﬁ%h?£°€9 NFHESREP
mat eri al structexteredimnytimmeugh the gperedrag cl ains wherein the apertures

are positioned bel ow .44 F}%@éri);lt$€{:%@€1§ eoi:%}hgoﬁ#{ﬁgrﬁer\}\g5of.cg{xﬁrlég
cell material structure of any one o € préceding clains erein e
apertures are R tearidy maferrial, comprising:

15 a plurality of plastic strips bonded together on their
faces in a side by side relationship at bonding areas which
are staggered from strip to strip such that the plurality
of strips may be stretched in a direction perpendicular to
the faces of the strips to form a web of cells, the strips

20 forming cell walls, each of the cell walls having an
aperture;

means for reinforcing the web, the reinforcing means
extending through the aperture of each of the cell walls.
3. The cell material structure of claim 1 wherein

25 adjacent strips of the plurality of strips have apertures,
and the reinforcing means extends through the apertures of
the adjacent strips.

4. The cell material structure of any one of the
preceding claims wherein the apertures are positioned

30 adjacent the bonding areas, the apertures being
substantially coincident.

5. The cell material structure of any one of the
preceding claims wherein the apertures are positioned below
a midpoint of the faces of the strips.

35 6. The cell material structure of any one of the
preceding claims wherein the apertures are positioned about
a midpoint of the faces of the strips.
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a-mdpoint of the faces of the strips. 14 7. The cell materi al
structure of any one of the preceding clains wherein thgﬂuﬂ! n

is a tendon conprised of a material having a nom nal gmmﬂﬂwmr
from about 100 to about 2,500 Ib. 5 8. he cell mat'eri‘al *stPucture of
claim7 wherein the material is a polyner. 9. The cell material structure

of claim7 or & whergip am pubgtesis]aserhebbe Lenday breeag! prgd by an

acid and al kali resistant mater mat er | structure
of claim9 wherR¥ereding c¢lrime whereinrbbesrainiancinganeans igoryhendony .

The cell matericdmstised Wb RfmstediaY havihgral A6hiHANIbABARENG Okt rength
restraining a k{gg&h of the tendon from aSS|n8 igrough the aperture of one

of the cell wal TP akeut 100, tQjakent ¢eff the web. 12. The cel

mat eri al sstructgir e dafhel ceem atéet £1 nsthectesér af nebgineanshese fnwarser
and a knot of th material structure of any one of the

t.en The cell
pr ecedi ng claiﬁ% qg l?rﬁﬂ?? ¥%Fﬂﬁans for termnating 20 t he
rei nforci ng neghs (NThﬁlGﬁﬁﬁ(ﬁatémi&kbstﬁMCtﬂhe 0é|¢1aame7|er 8twherein ah

claim 13 whereig, x#é}e S8 AL Céf'gtﬁ@atgén% éeé'HQ %P ﬁeagigaéﬁag
means is a | oop of the tendon, or and a not of"the te .
alkali resistant material.

10 10. The cell material structure of claim 9 wherein the
acid and alkali resistant material is a polymer.
11. The cell material structure of claim 7 further
including means for restraining a length of the tendon from
passing through the aperture of one of the cell walls into
15 an adjacent cell of the web.
12. The cell material stxructure of claim 11 wherein the
restraining means is a washer and a knot of the tendon.
13. The cell material structure of any one of the
preceding claims further including means for terminating
20 the reinforcing means on an end of the web.
14. The cell material structure of claim 13 wherein the
reinforcing means is a tendon and the terminating means is
a loop of the tendon, or a washer and a knot of the tendon.
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