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CELL CONFI NEMENT STRUCTURE Field O The lnvention. .
The present invention relates to a reinforced cell “structure for
confinement of material. Specifically, 5 the present invention relates to
a cell web materi al whi ch has apertures that increase the |oad bearing
capacity by waopieeesng the interface frictional angle. PCT/USY96/17567
Background OF The Invention Cel l ul ar confinenent structures
(hereinafter "CCS") 10 serve to increase % he | oad bearing capacity,
stability and erosion resistance of materials which are pl aced

within the cells of the systeRELA CONMFANEMENT ySTRUCTURE | abl e systemi s
Geoweb[err] plastic web soil confinenent structure, sold by Presto
Products, Incorporated, P.O 15 Box 2399, Appleton, W 54913. Geoweb[err]

cells are nade from hi gh deirsield odl| Fhe hyhesstisio i ps whi ch are j oi ned
by ultrasonic seams gyl (iRidenta¢RSehfibn Stdiats $b98 reinforced cell

structure for confinement of material. Specifically,

5 the present invention relates to a cell web material
which has apertures that increase the load bearing
capacity by improving the interface frictional angle.

o P .
Cellular confinement structures (hereinafter "CCS*)

10 serve to increase the load bearing capacity, stability
and erosion resistance of materials which are placed
within the cells of the system. A commercially
available system is Geoweb® plastic web soil confinement
structure, scold by Presto Products, Incorporated, P.O.

15 Box 2399, Appleton, WI 54913. Geoweb® cells are made
from high density polyethylene strips which are joined
by ultrasonic seams on their faces in a side by side
relationship at alternating spacings so that when the
strips are stretched out in a direction perpendicular to

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

30 structures by stacking one web layer upon 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

35 have been protected and stabilized through the use of
the web cells. Geoweb® cells can be infilled with



rel ationship at alternating spacings so that when the strips are
st+etched out in a direction perpendicular to 20 the faces of the strips,
the resulting web section is honeyconb-1i ke in appearance, with
sinusoidal or _ undulant shaped cells. Geoweb[err] sections are light-
wei ght and are shkgped in their collapsed formfor ease i n handl i ng and
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foundati ons have been reinforced or stiffehed with the web materials.
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PCT/U896/17557 construction because of their very high internal
friction angles. The drawback with these construction
materials are the lack of cohesion factors which result
in the need to confine the materials. A CCS, such as
L0 Geowed?, pruvides a Jultesive factui by Coallidiy the
materials, but does not provide the same friction angle
because the confinement structure introduces a slip
plane in which the stone has a lower interface friction
angle. Therefore, the stone does not perform at its
15 internal friction angle. If the interface friction
angle can be increased, the load bearing capacity will
also be increased.
An improvement in the load bearing capacity can
result in stronger structural designs with higher
20 factors of safety and more cost effective designs for
civil engineering applications such as in road base or
retaining wall designs. Load bearing capacity has been
increased in a texturized cell material structure using
a sand infill by the improvement of the interface
25 friction angle. U.S. Pat. No. 4,965,097. However, the
texturized cell wall does not perform as well in
increasing the interface friction angie on larger
construction materials,.such as stone.
There is a need in the industry for a cell
30 confinement structure that significantly improves load
bearing capacity on construction materials, such as
stone, by increasing the interface friction angle, while
still maintaining the strength of the CCsS.

Summaxy Of The Invention
35 The present invention addresses the need to
effectively provide an improved cellular web structure
that increases the interface friction angle in



2 various earth materials such as sand, rounded rock, gr anul ar

soils and aqgregates, topsoil., vegetative materials and,the like .
Concrete and soil -cenent or asphal tic-cenent can al so be used to infil
the cells. 5 Mat erial s, such as stone, are ideal for construction
because of their very high internal friction angles. The drawback with
t hese const r WEX9706604 materials are the | ack of cohesi on fREIMUSSEITESY Cch
resul t in the need to confine the materials. A CCS, such as
CGeoweb[err], provides a cohesive factor by3confining the mat eri al s, but
does not prOV|de the sane friction angle because the confinenent
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The present invention provides a cell structure for
confinement of material having many elongated plastic
strips in a side by side relationship that are bonded
together in spaced-apart, limited areas in which the

15 strips may be stretched in width to form a unitary web
of cells. The strips form cell walls that have a
plurality of apertures whose diameter can range between
about 3mm and about 17mm.

In a preferred embodiment, each of the cell walls

20 has many apertures. If aesthetics is a concern, a non-
aperture cell wall can be bonded with open cell walls.
The diameters of the apertures in the cell walls are =
10mm with the area of the apertures comprising = 19% to
28% of the total area of the cell wall surface. The

25 plurality of apertures increases the interface friction
angle by = 5 degrees compared to a CCS without a
plurality of apertures. The apertures are aligned in
staggered rows to maintain the hoop/column strength of
the web structure.

30 In another embodiment, the cell walls have a
plurality of apertures that are described in the
preferred embodiment on a texturized surface.
Additionally, a réinforcing means, such as a tendon, is
used through the apertures. The addition of the

35 reinforcing tendon is independent of the existence of
the texturized surface.

Another aspect of the present invention is a method
for preparing material to be used as cell walls in a CCS



There is a need in the industry for a cell 30 confinenent structure that

significantly inproves | oad bearing capacity on construction material s,
such as stone, by increasing the interface friction angle, while

stitll maintaining the strength of the CCS. Summary O
The Invention 35 The present invention addresses the need to
effectivel y WQV16®4an inproved cellular web structure PGTAN96/1156% eases
the interface friction angle in MQ 97/ 16604
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5 plastic strips for securement to the other plastic
strips. The above method is capable of being modified
by adding a tendon by finding substantially cocincident
apertures among the plurality of apertures, guiding the
tendon through these apertures, terminating the tendon

o- $ 7N -
2t 2onds ¢f the cell webk 2nd onchoring the tendca.  The
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tendon is added after positioning the cell web.

While the invention is susceptible to various
modifications and alternative forms, specific
embodiments thereof have been shown by example in the

15 drawings and will herein be described in detail. It
should be understood, however, that it is not intended
to limit the invention to the particular forms
disclosed, but on the contrary, the invention is to
cover all modifications, equivalents and alternatives

20 falling within the spirit and scope of the invention as
defined by the appended claims.

Brief D — 0f The L .

FIG. 1 is a partial perspective view of a single
layer of expanded reinforced cell structure embodying'

25 the present invention;

FIG. 2 is an enlarged plan view of an expanded cell
showing the approximate location of a plurality of
apertures formed in the cell wall;

FIG. 3 is an enlarged sectional view taken along

30 - line 3-3 in FIG. 1 in which construction materials, such
as stone, are lodged into the plurality of apertures;

FIG. 4 is a sectional view showing the load bearing
capacity of a CCS with no apertures (a no open area
system) ;

35 FIG. 5 is a sectional view showing the load bearing
capacity of a CCS in FIG. 1 with the plurality of
apertures; and '



whi ch inproves structure integrity; lock up of concrete infill and open

areas for use with tendons The present invention provides a cell
structure for confinenment of material having many el ongated plastic
strips in a side by side relationship that are bonded together in
spaced-apart, |imted areas in which the 15 strips may be stretched in

wi dth to forwosiedesary web of cells. The strips form ®ETIUSIE7S67 t hat
have a plurality of apertures whose di ter can range between

about 3mm and about 17mm In a pr erred enbodi nent, each of the

cell walls 20 has mapy.aperiure hetr CS | concern, a non-
aperture cell wall c E¥%e %o’rﬁjeadafmagﬁa %e‘ﬁewé§%e res f‘ure“&ﬁ aneters of
the apertures ininhertate fwaldtsicar @ngéer}ncrea%mhen' ugingea aC@% wiftl he

apertures Corrpr ' §' gguiﬁﬂ.ﬂ:y ]c%/oatdértureg&/ﬁé’éeé&"eof @l Fonifdm@ic the cell
wal | surface. ertures I ncreases the interface

friction angFE Bﬁt'FE? r‘]'lrsh d’é’graé’& CBbRPared to a CCS without a
plurality of apertures. The apertures are allgned |n staggered rows to
mai nt ai n t he Hhoop/ colgs IGRGLL Zhe 3 In
anot her enbodi nent, t:h@r@g{d n/a} S EﬁgedﬁawmgspIéﬁdalrbtgrgj_ngpertures t hat

ae, described | nobley esca BIF1SI TR0 CTDOUIEN, Spa texl iibapg surface.
the apertures. Theiafdrcedrbwiflexdbls terdordsrld.ng Thendebhlulax ndependent of
the existence of confihéifed®Xidtedrd@d sHiHASL-ed with tendons 12, but
10 without a plurality of apertures 34, is described and
illustrated in United States Patent No. 5,449,543,
issued September 12, 1995 to Gary Bach and Robert Crowe

which is incorporated herein by reference. The CCS 10
has a plurality of strips of plastic 14 which are bonded

15 together, one strip to the next at alternating and
equally spaced bonding areas 16 to form cell walls 18 of
individual cells 20. The bonding between strips may
best be described by thinking of the strips 14 as being
paired, starting with an outside strip 22 paired to an

20 outermost inside strip 24, a pair of the next two inside
strips 24, etc. EBach such pair is bonded at a bending
area constituting an outside weld 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 is provided to

25 stabilize segments of the strip 14 adjacent the outside
weld 26. Each pair of strips is welded together at the
additional bonding areas 16, creating egual length strip
segments between the outside welds 26. In addition to
these welds, one strip 14 from each adjacent pair of

' 30 strips 24 is also welded together at positions

intermediate each 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,

35 the plastic strips bend in a sinusoidal manner and form
a web of cells 20 in a repeating cell pattern. Each



Anot her aspect of the present invention is a nethod for preparing
material to be used as cell walls in a CCS WO 97/ 16604

PCT/ US96/ 17567 4 that i nproves the
cohesive factor _.and interface friction anglﬁ. Tre steps in thi? met hod
are formn he lurality of apertures in the plastic strips o

mat eri al ° R"'éﬁi:'f’lﬁ‘?“ﬁ\IC/)iding pyedetefnined non-open areas of REUBOHISELL | ¢
strips for securenent to the other plasticg strips. The above nethod is
capabl e of being nodified by adding a tendon by finding substantially

conneldont g Lo mEma0cLly whnald W &hoogsi as, AL (e
web and. anchor i He k. Pehdosert &1L ol gogL2FsEsntosmiRoni ng 1 he
cel | web. whdjacents thedpending sireascapt ahie32 as@ardp@itures
modi i cations argh aldf @HaAlkk¥epEOLATS, ERAFitnfon 1260POM B JAsr gof have
been shown b% eﬁﬁﬂpkﬁ Egegggres 34 which are substantially coincident.

As used herein, the phrase "substantially coincident®

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,

10 most preferablv agreater than ahant an nercant  Tha
tendons 12 reinforce the cell web and improve the
stability of web installations by acting as continuous,
integral anchoring members which prevent unwanted
displacement of the web.

15 Ag shown in FIG. 1, the tendon 12 is preferably
rectangular or oval in cross section to provide a thin
profile. Tendons having a flat profile also readily
fold as the tendon is inserted through the apertures 34.
In order to properly reinforce the cell web and anchor

20 fill material placed within the cells, the tendon has a
tensile strength from about 100 to about 2,500 lb/in®.

The number of tendons 12 present within a cell web
is dependent upon the application and the tensile
strength of the tendon 12. For example, shoreline

25 installations may require only one tendon 12 attached to
a cell on an end of the web to externally secure the web
with an anchoring member.. When tendons 12 are used to
join sections of the webs, the tails of the cells at the
end of one web are positioned between the tails of the

30 cells at the end of another web. A tendon 12 is guided
through a set of apertures 34 in the tails of both
interlocking webs to connect the sections of webs.
Concrete-filled webs typically contain two tendons 12
per cell to enable the webs to be moved, lifted and

35 installed. Webs infilled with earth material often
contain one tendon 12 per cell. For most applications,
cells of the web will include up to two tendons 12 per
cell. However, if tendons having leséer tensile



15 draw ngs and will herein be described in detail. It shoul d be

under st ood, however, that it js not intended to limt _the invention to——
the particular forns di scl osed, but on the contrary, the invention is

to cover all nodifications, equivalents and alternatives 20 falling

wWithin the spirit and scope of the invention as defined by the appended

cl ai ns. WO 97/16604 Brief Description O The Draw ngs PCTAUSI/ITS6F| G 1

is a partial perspective view of a single | ayer of expanded reinforced
cell structure enbodying 25 the present invention; FIG 2 is an

enl arged plan view of an expanded cel ow ng.the approxjmate | ocation
of a plurality ofwrengébeﬁﬁqﬁﬁlg§ o?}‘}ﬁg 74 ?C?\Ig'p&ﬂﬂ%l\?ﬁfal ?ggappmg' FIG 3is
an enl arged sect pddiationay temidonsawonld 30 tdéqud re@d3tonréinfonce readh ch

construction nmatggjgls, such as stone, are lodged into the plurality of
apertures; FIG 4.is a sectional view show the | oad bearing
capacity of a CCS wi t*Prﬁ?%é‘PPuFBsr?énﬁﬁr‘b‘ﬁ% e&e['29 webgt difje 35

FIG 5 is a secttendbnyilyfsicdlingtehresistthrizeationgppliedafotds/ sufcha CCS
in FIG 1 with thg plaFrallily w@hift afRCLLdrfHiAGhich tend to 1lift
the cell webs. A web may be anchored to the ground at
spaced intervals along the tendons 12 to prevent lifting
of the web.
1n 3= chown in ®IG, 2
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n E 2, us To
the plurality of apertures 34. The area of the
apertures 34 is between about 19% and about 28% of the
total area of the cell wall 18. If the cell depth of
the cell web is deeper, the area percentage of the

15 apertures relative to the total area of the cell wall 18
will increase. BAll the cell walls (panels) 18 do not
have to be open (contain a plurality of apertures). If
aesthetics is a concern, non-open panels can be used by
simply welding the non-open panels to the open panels 18

20 that contain a plurality of apertures 34. The panels 18
could also all be open in operations such as road
building.

The diameter, D1, of the apertures 34 of FIG. 2 is
between about 3mm and about 17mm, with the optimal size

25 Dbeing = 10mm. The plurality of apertures 34 are =
located in the pattern shown in FIG. 2. The approximate
optimal dimensions in inches for the aperture pattern
are as follows: D2 (0.8125) is the horizontal distance
between the edge of the cell wall 18 and the first

30 aperture 34; D3 (1.6250) is the horizontal distance
between the apertures 34 closest to and on 6pposite
sides of the non-pair bonding area 32; D4 (0.7500) is
the horizontal distance between individual apertures 34
measured from their centers; D5 (0.7500) is the vertical

35 distance between individual apertures 34 measured from
their centers; D6 {(0.6250) is the vertical distance
between the apertures 34 located at the middle of the
cell wall; D7 (0.3125) is the vertical distance taken
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5_ FIG 6 is a diagrammatic view of the resulting I nterface
friction angl e increase when using a CCS with a plurality of apertures
i nstead of a confinenment structure with no apertures. 5 Det ai | ed
Description O The Preferred Enbodi nent Turning now to the

dr awi ngs and WQ97d6604ng specifically to FIG 1, there i sSPGHBRII%OTCS 10
rei nforced by flexible tendons 12. The cel lul ar’ confinenment nmateri al

reinforced wwth tendons 12, but 10 w thout a pl urality of apertures 34, is

sued Septomber & bl 454 BUselol BUbLote B ogen Rl Sk Moo 005
i ncorporated herétn By &3 eQQéHCéS the mli@“tal digengignuprhl thg e#lktrips
of plastic 14 whivghlare; bpndes sbo)t agethervedtiecAl Idigthackheéromxthat

ajternating and ver 2047 1408081 000dh g 21 505 I8 tBaLgLmoEblatel | s 18

of i ndi vi dua he bondin Wween s
descri bed by % hi ﬁk#hg32)f PXe 0093 is 'abeb'éﬁllﬁ'gl-cal &itlﬂéée §r¢amt¢hﬁg WI th

an outside strippageodi 6§dtﬁé) c%fl12Q00t|hérﬂDé&1é e (i?zesﬁzhh.ﬁd2ﬁowaof)al r of

Lgﬁdlnﬁ)g(;t two 'nséggrtures :54 pfrom ’t:het Bottoacrbfluc& Q)%I '% gﬁnded at a
vertical distance between the bottom of the cell wall 18
and the middle of the cell wall 18; D12 (6.000) is the

n wravtinal Aiatanne hatuwaan the hakbkam ~f ha 22171 -.=717 18

to the middle of the third row of apertures 34 from the
top; D13 (8.000) is the vertical dimension of the cell
wall 18.
This pattern allows for optimum open area for stone

15 infill interlock while gtill maintaining sufficient wall
stiffness for construction site infilling. The
staggering of the plurality of apertures decreases the
column strength of the confinement structure to a lesser
degree than if the apertures were not staggered. The

20 pattern as shown in FIG. 2 also contains non-open areas
32 that should remain non-open in order to bond the
plastic strips together in a proper manner. The
aperture pattern in FIG. 2 will vary as to the
individual cell depth. The CCS preferably does not

25 contain half holes, thereby results in smoother edges
that reduce the danger when installing the CCS.

As shown in FIG. 3, construction materials, such as

stones, lodge into the plurality of apertures 34. A
tendon 12, along with the apertures 34, are also shown

30 in FIG. 3 with the stones. Stones have a very high
internal friction angle which can vary between about 30
degrees and about 46 degrees. As used herein, the
"internal friction angle" is defined as the friction
angle of stones stacked on other stones, without the use

35 of any CCS, such as a Geoweb®. Since stones lack a
cohesion factor, they must be confined in order to
function properly. The CCS provides this cohesion
factor, but the interface friction angle is reduced



area constltutlng an out5|de wel d 26 adjacent the end 28 ~ of each strip
14, A short tail 30 betweepn the end 28 of . strip 14 and the outside weld
26 is provided to 25 stabilize segnents of the strip 14 adjacent the

out si de wel d 26. Each pair of strips is welded together at the
addi ti onal bondihg areas 16, creating equal length strip segnent s

bet ween t he omosesse4el ds 26. In addition to t hese wel decTwsesngsazi p 14
from each adjacent pair of 30 strips 24 is also wel ded together at

‘posi tions i nternedi ate each of the weld® in the palrs of strips,
referred to hereafter as non-pair bondlng areas 32. a result, when
the plurality of becppge the jreriinedegfes rUCt?¥Fz%QﬁWQQHFF§n p&bendi cul ar
to the faces of thenetrips,uséd tHereinasthe sintgesfarendrietioni ahghédal
manner and form o] 20 kp.a | e p . Each
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and a cell wa§l made Whem ehélidfciceinfilli Podges into the apertures 34,
- the interface friction angle is increased which results

in the improvement of the load bearing capacity. United
States Patent No. 4,965,097 to Gary Bach, which is
incorporated herein by reference, describes the
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infill. Using similar logic, the distribution of stones
ledging in the plurality of apertures 34 assists in
reducing long term settlement by making it difficult for
the stones to move relative to each other. If the long

15 term settlement is reduced, the load bearing capacity is
then increased.

For example, if a stone has an internal £friction

angle of 39 degrees and is confined in a CCS without a
plurality of the above described apertures 34, the

20 interface friction angle can be reduced to about 32
degrees. The addition of the improved CCS with the
plurality of apertures 34 in the pattern shown in FIG. 2
improves the interface friction angle by = 5 degrees to
about 37 degrees.

25 The increased load bearing capacity along with the
increased interface friction angle are shown in FIGS. 4-
6. 1In FIG. 4, the load bearing capacity of the CCS 44
without a plurality of apertures is shown. The CCS is
located below the wheel load 36 in FIG. 4, but above the

30 soft subgrade 38, in which a resultant force 40 is
exerted by the whéel load 36. Construction material,
such as stones 42, preferably fill the entire
confinement system.

FIG. 5 also shows load bearing capacity but with

35 the CCS 10 using the plurality of apertures 34 as
described above. The CCS is located below the wheel
load 36 in FIG. 5, but above the soft subgrade 38 in
which a resultant force 46 is exerted by the wheel load



Adj acent the bonding areas 16 and 32 are apertures 34 in the strips 14.
Each tendon 12 extends through a 5 set of apertures 34 which are
substantial |y coincident. As used herein, the phrase "substantially

coi nci dent " _nmeans that the degree of overlap between adjacent

apertures of the cell walls is greater than fifty per cent referably
great er t hanWw¥e6035 percent and, 10 nost preferably gredﬁgmjgﬂyﬁﬂébout
90 percent. The tendons 12 reinforce Qe cell web and inprove the
stability of web installations by acting a5 continuous, i nt egral

anchoring nenberg_whi ¢h prevent unwante ' t,of the web. 15
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external | y securwetherwsh FIG. \§ shows ahohbra rfy degreer ingheaseciridiie 12 are

used to joinjseetEgrs Bfiddienvabgiet Rtk s e Jrethel tesaio! he
end of one web are positioned hetweep the tails of the 3 cel]s at the end

of another web. -ACt BRTOFAS FETRICIRdSCSTEE EURIFS <&t "0F apeFiifss 34 in
the tails of bot lirictiomtandlekisnghawhsbyothenmextofi Horsecveoher o30ebs.

from the confinement structure 44 without apertures and
the force vector 400 from the confinement structure 10
with the plurality of apertures 34.

is The cell webs can be installed by manually
expanding the web in a direction perpendicular to the
faces of the strips 14 of the web and infilling the
cells with concrete or earth material. When the
reinforced cell webs are infilled with earth material,

20 the webs can also be installed through the use of an
installation frame as described in United States Patent
No. 4,717,283 to Gary Bach which is incorporated herein
by reference. The cell web is secured to the
installation frame to maintain the web in expanded form.

25 The frame is rotated such that the web rests on the
installation surface. Before the frame is removed, the
tendons 12 may be internally or externally anchored to
the surface. The cells 20 are then infilled with
construction material to maintain the cell web in its

30 expanded configuration. Some examples of such
construction material are stone, gravel, concrete,
asphalt, rounded rock and the like. If a tendon 12 is
used with the CCS, the construction materials exert
forces on the top surface of the tendon 12 spanning

35 Dbetween the cells to anchor the web.

The cell material is preferably made from sheet

extruded polyethylene of S50 mil thickness. Carbon black
may be included in the plastic to help prevent



Concrete-filled webs typically contain two tendons 12 per cell to

enable the webs to be noved, lifted and 35 installed Webs_infilled with
earth material often contain one tendon 12 per cell. For nopst

appl i cations, cells of the web will include up to two tendons 12 per
cell. However, if tendons having | esser tensile WO 97/ 16604

PCT/ US96/ 1756w0 97/16604 7 st rengishe/rs6r used,
such as pol ypropyl ene strapping, addi ti onal tendons woul d be required
to reinforce each cell. In ablition to reinforcing the cel

webs, the 5 tendons 12 faciljtate resistance to applied forces such
as hydraulic upliticEaiqlet degrafatifriPh &he wsb mpierial when eaposgdps. A
web may be anchorted stm]tﬂgextgrom'nd fiices of YheceldasbieryiatipaliaNdft bell

tendons 12 to PT &, 1a!lf§# Cygalso hQ\;? %Qﬁ»j%d] égrfa?eésasﬁlﬁ\m:l' FI ?HEZ’

the CCS has an. open area apertures
area’ of the United States Patent No. 1 965, 097 to Gary Bach whlch

5 was previously incorporated herein by reference. The
- cell webs may also include notches which allow adjoining
layers of cell webs to overlap along their edges to
improve the stackability of the webs in forming earth
retaining structures as described in United States

'J
td
'3

= %t ~resn - 1 % - " PG DR SRR T
ont Mo, 4,778,202 ts Dach et Ga, wWiCii id

incorporated herein by reference.

The plastic strips 14 may be bonded together by a
number of methods known in the art. The preferred
method of ultrasonic welding is accomplished using the

15 process and apparatus disclosed in United States Patent
No. 4,647,325 to Gary Bach which is incorporated herein
by reference. The bond is formed as groups of welding
tips simultaneously contact the strips 14 to form a weld
substantially traversing the entire width of the strips

20 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 are formed by an on-line punching operation.

25 Another method for forming the apertures is by drilling
through a collapsed cell web to form a set of
substantially coincident apertures through the web. A
suitable length of tendon 12, if used, is then guided
through any of the apertures 34 which are substantially

30 coincident. As the cell web is then fully expanded, the
tendon 12 is pésitioned within the cells and is folded
vertically between adjacent cell walls as the cell web
igs re-collapsed. The reinforced cell material is then
palletized and shipped for installation. Alternatively,

35 the tendons 12, if used, may be guided through the
apertures 34 at the installation site.

The web materials may be manufactured to result in
webs of any dimension, but are typically three to eight



apertures 34 is between about 19% and about 28% of the total area of

the cell wall 18. If the cell depth of the cell web is deeper, the
area percentage of the 15 apertures relative to the total area of the cell
wal | 18 wll increase. Al the cell walls (panels) 18 do not have
to be open (contain a plurality of apertures). If aesthetics is a
concern, nonvpegmeésdnel s can be used by si mply wel di ngPEHESHBHSHpen
panels to the open panels 18 20 that contain a plurality of apertures 34.
The panels 18 could also all be open iX# operations such as road )

bui | di ng. The dianeter, D1, of the apertures 34 of FIG 2 is

bet ween about 3mfegtdvwadsuend 7eight,ition tveBtEpEeeal 1| LangEh whBeRng [err]
10mm  The pl ur algtirereheapsit UE®S ube .ar @n ehe] preferdeaat @mbddimenbe pattern

shown in FIG 2. e‘l;t&% %Rgrsgﬁn?%ﬁ%m]é l%rz)te%‘gggl ?ﬁ ivghrh%_i ”TSQCQSR?L% t he

aperture pattern are as . . s the horizontal
di st ance beamess LReavegrbeit thidrteen jarhed RAKT: e SRFRSELBER,
aperture 34; B3 (b @280:rhkSnbhepdiy ibowidiay dreéhen¥®. EachbekeMlewalbeis

apertures 34 closest to and on_opposi sjdes_of. t nLpRaLL. _bonding -
area 32; D4 (0.755%prises 2 s?ﬁ‘é{)‘%bﬁé%ﬁteaPl.alsg%%n%tgnlfe% \%@gr% Itﬁgréle%%m
apertures 34 invbesuisdlénghhi Hestwesoneddacems Bondiganpriegst heé aodti cal

35 distance bet WeaheleRldh¥hopalr aRMHdite arédsMBas Urekk fuzdm 30 ist 4Bbht

centers; D6 (0.6250) .is,the }(e{lt{_ﬁal di st ance bet ween the apertures 34
| ocated at the m'°d’dﬁ &GP tRe®RItB el | wall; D7 (0.3125) is the vertical
di stance t aken while the present invention hnas peen described with

reference to one or more particular embodiments, those
skilled in the art will recognize that many changes may
be made thereto without departing from the spirit and
scope of the present invention. Each of these

15 embodiments and obvious variations thereof are
contemplated as falling ﬁithin the spirit and scope of
the claimed invention, which is set forth in the
following claims.
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8 fromthe bottom of _the cell \Nal'ﬂh.,,tsaeemaggténr}& lacdpert ure. . 34; D8
(13.000) is the horizontal dinension of wal | 18; D9 (6.500) is
the vertical distance fromthe vert I “m ! he cell wall to the
non-pai r bonding 5 area 32; D10 (2.000) al distance fromthe
bot t'om of thewe®hkestd the middle of the third row of apectrusssiser from
the bottom D11 (4.000) is the vertical distance between the bottom of
the cell wall 18 and the mddle of theldell wall 18; D12 (6.000) is the
10 wvertical distance between the bottomof the cell wall 18 to the

m ddl e of the th#&d<h8dMdf apertures 34 fromthe top; D13 (8.000) is
the vertical dinension of the cell wal | 18. This pattern
allows for optimim opAncaibasﬁmcméoﬁcbnfiméménu el oakenthnlle still

mai nt ai ni ng suffHQh%? stiffness for construction site infilling.
The ° st aggeri ng lurality of apertures decreases the col um
strength of the conf|ﬁeﬁ%ﬁ?a%’c‘m&%teéwa'aﬁe@e@sﬁuc stFdpsecdnt Rafide t he

apertures wer® nby stdggeekatidishi?0bpatiedr togetishovim ispabe@-agant so
contains non-open;3ea8 areas, wherein said plurality of strips are
capable of being stretched in width to form a unitary
web of cells;
said strips forming walls of said cells with at
10 least one of said cell walls having a plurality of
apertures each having a diameter between about 3mm and
about 17mm.

2. The cell structure of claim 1 wherein each of said
cell walls has a plurality of apertures.

i5 3. The cell structure of claim 1 wherein said diameter
of each of said apertures is about 10mm.

4. The cell structure of claim 1 wherein the total

area of said apertures in said at least one of said cell

walls is between about 19% and about 28% of the area of
20 said at least one of said cell walls.

S. The cell structure of claim 1 wherein said

apertures are aligned in rows.

6. The cell structure of claim 5 wherein said rows are
staggered.
25 7. The cell structure of claim 1 further comprising

reinforcing means including a tendon composed of a
material having a nominal breaking strength of about 100
to about 2,500 1lb.

8. A cell structure for confinement of material,
30 comprising:
a plurality of elongated plastic strips in a side
by side relationship bonded together in spaced-apart,

limited areas, wherein said plurality of strips are
_— T

O O T 0



32 that should remain non-open in arder to bond the plastic strips

tagether in a proper manner. The aperture pattern in FIG 2 will vary
as to the i ndi vi dual cel | depﬂhksmiﬁﬁg-h-Rglg%grab|y does not 25

contain half holes, thereby result $ es t hat reduce the
danger when installing the CCS

in FIG 3, construction
material's, sWMH604 stones, |odge FhUC tHeMMMiural ity of BOWDSWNZI734. A
tendon 12, along with the apertures 34, are=alsg: shown 30 in FIG 3 with
the stones. Stones have a very high i ndérnal friction angle which can
vary between about 30 c%;xees and gbgut 46, degrees. As used herein, the
"internal frictiGAPARYL L iSrEGCEBetnen I &P formaAgHRLATSt ones
stacked on ot her wsboafs¢ellghard t he use 35 of any CCS, such as a
Geoweberr]. Since stoheg d&od formit@Nagh ol s ity Pigh be confined

in order to unction properly. The provj I S cohesi on
factor, but the 5ﬁ?§?f%% ‘?gi%ﬁ’i‘%ﬁe&ﬂgr’élﬁ Rafine @ plurality @ 97/ 16604

PCT/ US96/ 175654 apertures, wherein the total area of said apertures in
' said at least one of said cell walls is between about
19% and about 28% of the area of gaid at least one of
said cell walls.

9. The cell structure of claim 8 wherein each crell
10 wall has a plurality of apertures.

10. The cell structure of claim 8 wherein the diameter
of each of said apertures is betwsen about 3mm and about
17mm,

11. The cell structure of claim 8 wherein said diameter
15 of each of said apertures is about 10mm.

12. The cell structure of claim 10 wherein said
apertures are aligned in rows.

13. The cell structure of claim 12 wherein said rows
are staggered.

20 14. The cell structure of claim 8 further comprising
reinforcing means including a tendon comprised of a
material having a nominal breaking strength of about 100
to about 2,500 lb.

15. A method for preparing material to be used as cell
25 walls in a cell confinement structure for improving the
cohesive factor and interface friction angle, said
method comprising the steps of:
forming a plurality of apertures in plastic strips
of material wherein each said aperture has a diameter of
30 between about 3mm and about 17mm; and
providing predetermined non-open areas of said
plastic strips for securement to other said plastic
strips. ”

[T




9 because the confinement structure intréaﬁ'é‘e‘S\&\slg)\y pl ane. As

used herein, the

"interface friction andgl e,.'_'mlsSheét defined as-the friction

angl e between the infill, such as stone, esu&:ggg bf the cel
wall. 5 When the stone infill |odges | / // es 34, t he
interface friction angle is increased which resti®g/ (llIh .t he | nprovenent
of the | oad b@eyo7sgsegapacity. United St ates Patent - 4ceRBIGAT6T O
Gary Bach, which is i ncorporated herein By r ef er ence, "describes the 10

i mprovenent of the interface friction angl

simlar |ogic,

for a sand infill. Using

di b t f th | i f
apertures 34 assi gf; h r| z t:’tg"?‘?u%f 3 ggﬁ;%é%% Q%ﬁllé’%t"sbgg%gra t‘?q/ °

difficult for
term settl ement
i ncreased.

of hgusdmgasa ttendove thebaghve ser exfcisubskhentiallyhe | ong 15
'éoi@éy&@& 'u%g Qﬁaﬁg nﬁa&aﬁ)ﬁﬁ'atl)it&s of a?éf‘@vi‘res in

For exanpl_ e, stohe has, an 1 nteérnal ctl

angl @ of 39 degre&8idngell 'néﬁrWﬁnéttﬁgs%ﬁ%quiﬁPQQns athﬁ#%J?fy of the
above describesl apai@ucell Web tand 3fichbring feaxid frendonotoapgeeentan be

reduced to about ﬁi@vemenéie&f %%S{Ld Thgiagdiption of the inproved CCS with the

plurality of apertures 34

pattern shown in FIG 2 i nproves the

interface friction angle by [err] 5 degrees to about 37 degrees. 25
The increased | oad bearing capacity along with the i ncreased interface
friction angle are shown in FIGS. 4- 6. In FIG 4, the |oad bearing
capacity of the CCS 44 wi thout a plurality of apertures is shown. The

CCS is

L



| ocat ed bel ow the wheel load 36 in FIG 4, but above the 30 soft subgrade
38, in which a resultant force 40 s exerted by the wheel |oad 36.
Construction materi al, such as stones 42, preferably fill the entire
confinement system FIG 5 also shows | oad bearing capacity but
with 35 the CCS 10 using the plurality of apertures 34 as descri bed
above. The Cgfpémebnacat ed bel ow t he wheel | oad 36 i n Fl¥eT 85961867 above
the soft subgrade 38 in which a resultant force 46 is exerted by the
wheel | oad WO 97/ 16604 173

PCT/ US96/ 17567 10 36. Construction
material, such as stones 42, preferably fill the entire confinenent
systemw th the stones 42 filling in the plurality of apertures 34.
FIG 6 shows the resulting interface friction angle 5 wusing force vector
100 from CCS 10 with a plufal ity &f apertures 34, while force vector
200 I's fromthe CCS 44 -

SUBSTITUTE SHEET (RULE 26)



wi thout a plurality of apertures.

shows about a 5 deqgree increase jn._the

The resultant force

interface fr

vector in FIG 6

the use of the CCS 10.
i nterface

fromthe confinenment structure 44 w thout apertures and
vector 400 f mweoapttsessaconfi nenment structure 10
webs can be installed by manually

apertures 34. 15 The cel

The sane approxi mate
friction angle is shown by the use of force vector 300

5 degr

witht

expanding the web in a direction perpgpgcular to the

strips 14 of the web and infilling the
rei nforced cel

materi al. Wen the
material, 20
installation f
to Gary Bach '
secured to th

c@grporated herein

by reference.

ee increase in the

the force
he pPCT/US96117560

faces of the

cells with concrete or earth
webs are infilled with earth
the webs can also be installed through the use of an
as dz:z;ibed in United States Patent
n

No. 4,717, 283
The cell web is

Yy |
zgsg;t tion frane to naintain the web in expanded form
25 The frane is r ted such thagygthe web rests on the

installation

surface. Before the fhpyle is pymoved, then tendogg 12 faylbe internally
or externally anchored to t he rfage. "- cel 1&6)20 arfefhen iD§illed
W t h =0 N=efEiaie @it B emay ey We=t-t=—it-3=30 Jexpanded
confi gurati e x 2apf 60 e °.°.-"-‘.@.°-.'=. are—st one,
gravel, congcrete, a0 g?gock a0 o0 0 Oige-tdendon 12 is
used with theh_ CCS, e SO eri bl s 10,0 OnQes ¢n tfhe top
surface of jthg tendony 12°giNOiD D Ot ween iote o o0 @ncher the web.
The cel | tefial is prdﬁsﬂﬁ?ﬁ* m kh C%fqukfasohf)
D13 0000000 ! 0°%0°0°%% %% | | _
—_— feeimeaiaa wcmimemimemimen fecimrcememememsmeme s e
o ]
]| SRRRELE | SRR T
D11 0,000 0.0 _ 32; 0.0 0 0 C O |
r L ) B g
oo SRR | ool | i
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Fig. 3
L
12
34
N » <7
b < X
—~ ,’ « - e
s~ ey P xS 34

SUBSTITUTE SHEET (RULE 26)

iction anglewith ... .



extruded pol yethylene of 50 m | thickness. Carbon bl ack may be

included in the plastic to help prevent WD 97/16604

PCT/ US96/ 17567 11 ul traviol et
degradation of the web material when exposed to sunlight. The faces of
the plastic strips 14 of cell material may al so have textured surfaces
as discl osed wo9mseodni ted States Patent No. 4,965,097 to GRCy/UBetIserhi ch
5 was previously incorporated herein by reference. The cell webs may
al so include notches which all ow adj o@yBg | ayers of cell webs to
overlap along their edges to | nprove the stackability of the webs in
formng earth retaining structures as described in United States 10
Patent No. 4,778,309 to Bach et al., which is i ncor porated herein by
reference. Re plastic stri y bonded together by a

e re nmet hod of ultrasonic

nunber of nethods LN t art.
wel di ng i s acconpl s.%g&si t he 36
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15 process and appar at us. di scl osed dn United S iUSit 19116/]_-:&567

4,647,325 to Gary Bac IThistShest s B %6rated herein by reference. hThe
‘bond is forned as group contact the
strips 14 to forma wel ﬁ“mum i al I1 ?61' Mglﬂg. ’%ne eﬂ‘u{)l f\ \W‘@g]?’of
the strips 20 14. e: apertures 4" may be formed in the strips 1

by a nunmber of methods known in the art ejther before or after the

strips are bohBed TBEeMRERCAPPES 6Labmy LSt fartherjgempriaingr EheofHEBSHY an

on-1ine punchbBggapaiagi anter8oAnehketughehhsdtf 6 éabataﬁt§9@19pertures i's
by drilling sed ce

substantlalIyc8bpﬁ&aaaﬁtaBﬁ&%PﬁgésaFﬁpguﬁﬁetRigﬁéglgk 02 aEﬁFFHBFE FBngt h

of tendon 12, safidusedll walllhgntgumdedting shidugbndomsobtt badaperft ures 34
whi ch are sub t y n fully
expanded. :fhe§5§8 béhg wé%ZSBH ghgﬁg&anZSEQ?hﬁgh?ﬁﬂePo gégﬁgtls £ 21 ded
vertically bemﬂﬁémeaﬁjQéeﬁﬁldepﬁlﬂaWEb as the cell web i s re-col | apsed.
The reinforced cell material is then pal | eti zed and shi pped for
installation. IAIteﬁ”%@ﬂiegfru%§ukgefb%nqggs152coh51H§QQOn”§Xthe gui ded

t hrough the apertures 34 he installation sit The web
materi al s naycp@f@aﬁmea@tmaé@ra@lrééuﬁtonns. sawdb§eéﬂ styuditiwesi on, but

are typlqﬁhlyc%gﬁgqsaggglght

‘a plurality of elongated plastic strips in a side

by side relationship bonded together in spaced-apart
limited areas, wherein said plurality of strips are
capable of being stretched in width to form a.unitary

15 web of cells; and -

said strips forming walls of said cells with at

least one of said cell walls having a plurality of
apertures, wherein the total area of said apertures in
said at least one of said cell walls is between about

20 19% and about 28% of the area of said at least one of
said cell walls, wherein the diameter of each of said
apertures is between about 3mm and 17mm and the
diameters of said stones exceed the diameter of said

-, apertures, to permit said stones filling said cells to

' 25 become lodged in said apertures to thereby increase load
bearing capacity of the cell structure, and wherein said
cell walls have a wall thickness sufficient to permit
load bearing of the cell structure without collapse of
the cell structure.

30 )
18. ' The cell structure of claim 17 wherein each cell

wall has a plurality of apertures.

19. The cell structure of claim 17 wherein the diameter

35 of each of said apertures is about 10mm.

AMENDED SHEET
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=12 feet wi de and This Shect Has Becn Re; la eet inle ‘y\,henb é ?sl rteECﬁ’e out
“for use. In the preferrB' H_ %m eac st rip 14 is eight

i nches wi de. The bondin . ec@léé‘!’ f@

each strip, 5 as are the non- pa| v bondl ng areas 32.  Each ce?’ Gimv 1%97
compri ses a sggtiofnglcbhe BLAGELGrs!pEPPRONI1INRLEEN, sajhnches N

| engt h, between adj acent Ing areas 1 t ween non- pai r bondi ng

areas 32. Theapartugesi grabadigned bnerdwsh in length. 10 VWil e the
present invention nas been described with reference to one or nore
particul ar enbodi nents, those skilled in the art will recognize that

many changes Ady Thebeehddetrheture oft hdaimde2pawhengifr saitheowpirit and
scope of the S tion. Each of these 15 enbodi nents and obvi ous
varlatlonsénthg%go%IE 9é2¥88 contenplated as falling wwthin the spirit and
scope of thg clainmed invention, which is set forth in the fol |l ow ng

cl ai nms.
22. The cell structure of claim 17 further comprising

reinforcing means including a tendon comprised of a
material having a nominal breaking strength of about 100
10 to about 2,500 1b. '

AMENDED SHEES



. o ArenpeD co”d
13 . W CAIM—————14. A cell structure conprising:

Egl) ati Onsﬁm'mﬂm*m jh@ fat ed plastic '[SE)HGESPE;%L%P? A'@S"dgg;; —

areas, whertei m sal ty of strips ar scriptior, Paged ..... tocppell e,
being stretched in w dth to forma unixarywshs tﬁm‘éél I s@dgaéd to paged IS

(b) said strips formng walls of said cegl s““‘*é’é%s)ofﬂ ‘gadl d.. wal;i@mlaaw ng a

pattern of apertures; a'rd“pa"r"“t?fernp«gei udlﬁng“«ax.d].__e_ast a
first andB & group of apertures;

(1) each of said apertures having a di D&Y @rm@m“%&tl APRnI988.d io
17 mm 1. A cell structurecomp(-tsung each of sai d TTTstr~yroup~Heludi-ng al

D6t ot Cor QB bel Pl EGIOREed plpsi ringdn 2 sidedy sige relationdfp bonded” '
first distances; - ififeld] AfsaSa SF p
ncluding a plural It%)%etg?r in sgac raggt;t llféieﬂ ateas SAdeif sad 1 G2 B G é‘%’jr %(E:Ient

apertdres in said snmpmbielogbaugsﬂnetbht@l mpadthdoaqﬁmauﬁﬂtalmweb of cells; and
each ot her by (%econd di stances; and each of said
f

V),
first group of(Phpersaift guppiarmingsyallsef spidicelisi sach of sid g[alls havmg a pattern

of apertures; said pattern including at least a first and a second group of

apertures;
(i) each of said apertures having a diameter between about 3 mm and
10 17 mm;

(ii)  each of said first group including a plurality of apértures; adjacent
apertures in said first group being spaced apart from each other by
first distances; '

(iii) each of_ said second group including a plurality of apertures;

15 adjacent apertures in said second group being spaced apart from
each other by second distances; and

(iv) each of said ﬁfst group of apertures being spaced laterally from a
respective second group of apertures by a third distance greater
than said first distances and said second distances_. to thereby

20 provide an aperture-free portion that forms one of the spaced-apart
limited areas for bonding a region of one of said plurality of
elongated plastic strips to a region of anothei' of said plurality of

elongated plastic strips.

2. A cell structure according to claim 1 wherein:
25 (a) said pattern further includes third and fourth groups of aperturés;
' €)] each of said third group including a plurality of apertures; adjacent

apertures in said third group being spaced apart from each other by

fourth distances;

REPLACEMENT SHEET
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r especti-ve—second—group—of apertures by a third di stance greater

than said_fi ' and said second distances, to thereby 2 0
provi de tlw mi ‘ F'Eﬂportion that forns one of the spaced-apart
limted g a region of- one of said plurality of

el ongated plastic strips to a region gfg another of said plurality of

el ongated plastic strips. 2. A cell structure according to
claim1 wherein: 25 (a) said pattern further includes third
and fourth groups of apertures; (1) each of said

third group including a plurality of apertures; adjacent

apertures in said {i) rd egéloosaitbioagth ppageidclagingta plolivestdpente; by

fourth distances;

14 adjacent apertures in said fourth group being spaced apart from
each other by fifth distances; and

(iii) each of said third group of apertures being spaced laterally from-a

3 respective fourth group of apertures by said third distance; said
third distance being greater than said fourth and fifth distances.
3. A cell structure according to claim 2 wherein:
(a) each of said third group of apertures is spaced vertically from a respective
first group of apertures by a sixth distance; and
10 (b) each of said fourth group of apertures is spaced vertically from a
| respective second groups of apertures by said sixth distance.
4. A cell structure according to claim 3 wherein:
(a) each of said first distances, second distances, fourth distances, and fifth
distances is 0.75 inches, measured between centers of adjacent apertures.
15 5. A cell structure according to claim 4 wherein:
(a) said third distance is 1.6250 inches, measured between peripheries of
adjacent apertures.
6. A cell structure according to claim 5 wherein:
(a) said sixth distance is 0.6250 inches, measured between peripheries of
20 adjacent apertures.

7. A cell structure according to any one of claims 1-6 wherein:
(a) a total area of said apertures in said pattern in one of said cell walls is

between about 19% and about 28% of a total area of said one said cell

REPLACEMENT SHEET
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(ii)-'xeach of said fourth group including a plurality of apertures;

adj acent® a | i ourth group being spaced apart from -
each ot herj@“ﬂﬁﬂ’”ﬂ“@@zﬂ s; and (iii) each of said
third group ng spaced laterally froma 5 : '

respective fourth group of apertures hy said third di stance; said

third distance being greater than said fourth and fifth di stances.

3. A cell structure according to claim2 wherein: (a)

each of said third group of apertures is spaced vertically froma -
respective first group of apertures by a sixth

di stance; gand Wcell structure acdoBding to &8,Cdhe@f changl 1{0fEthdr @niptidingf: apertures is
spaced vertically froma ~ respective second groups of
apertures by s&td siakidastginsttensdon extending thupugh a setaf ceincidentrapertures imsaidr di ng
to claim3 wherein: . . each. of, sai.d first djstan

second di stances, f&GHt¥Rlls: ?f%tr‘?e‘éé“aﬂaé’ﬁ% 3 P?‘Pﬁ‘a{ bréaking strerigth 6F b0t 160 to

di stances is 0.75 inghgs sopmsur ed between centers of adjacent apertures.

15 5. A cell structure.according to claim4 wherein: (a)
said third distance is 1.6250 inches, neasured between peripheries of
adj acent apertures. 6. A cell structure according to claim5
wher ei n: (a) said sixth distance is 0.6250 inches,
nmeasur ed between peri pheries of 20 adj acent apertures.
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7. » A cell structure according to any one of clains 1-6 pip,
(al— - a-total area of said apertures in said patternin o '
wal lstis - bet ween about 19% and about 28% of a total

area of said one said cell wal | . —_—
15 8. A cell structure according to any one of clai nsgsPo& f urt her
conpri si ng: Rlcég atwdx%ﬁ*u&ﬁﬁid%ﬁ&&m%ﬂg thro W set of
coi nci dent aper in said International Burege| | wal | s; sai d tenhdon having
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(54) Title: CELL CONFINEMENT STRUCTURE

(57) Abstract

A cell confinement structure (10) for confinement of material having a plurality of elongated plastic strips (14) in a side by side
relauonsmp bonded together in spaced-apast, limited arcas (16) where the plurality of strips (14) are capable of being stretched in width te
form a unitary web of cells (20). The strips forming walls of the cells with at least one of the cell walls having a plurality of apertures (34)
in which cach diameter is between about 3mm and 17mm. Preferably, each of the cell walls has a plurality of apertures (34) with the total
area of the apertures in the cell walls being between 19 % and 28 % of cell wall area.




