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Comparative creep curves under 40% of ultimate load for
(1) nonwoven needled polypropylene fabric; (2) woven
olypropylene fabric; (3) nonwoven needled fabric;

f) nonwoven thermal bonded polypropylene fabric.
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Creep curves for (1) polypropylene, (2) polyamide,
(3) polyester filaments.



US RE49,523 E

Sheet 6 of 15

May 9, 2023

U.S. Patent

$:e°5'upw g3 Hog-jou ) O op) 1)Bus) eBneb wuipy *sejdwes suogBop-pip ¥BE 15 1isy Buaqbop
WIE 134D
903 oiep wdwipy'o=65ueyo pds  apRiBURD seaillapoy|] 1222°E (~'27d 820l 1% g-4-Z1D
C0Z€S1340
AN 10E 5D BEVE 5-H-ZI1D
S0Z€513dD
BO/VT/ PUB 0T/ w0 pajse} speifipusd saauBap 0oL ® 1y 15€ 569 Zore e-4-Z10
~£0Z-€S13dD
"eprifijuad seaufspszl 1B OO/TIA U0 PoLDIaNS "M biL'E 5'85} 59°0) 5602 b-H-Z1D
-0EZ-€S.13dD
yaund sjano 662 550 £56) 1=4-d-513dD
epeauas sowbopsz 1D )52y ¥ 1> 1582 £268 15TP b
-SDZ-e-813dD
"Pasn 1ot RIEP NG SUNMIV £20°1 } 18 i 2 Ustyoads 45> £5HZ £598 E-502-£5.13d0
10 807 Zb'6Z £abe 2-502-£S13dD
}:5'E 9o} BYHZ CIO¥ -02-£5.13dD
‘pent UMMaL £nSe By Suporal 461 ooz €05’ V-e0Z£513dD
Jaye ospy “Gisd WwaysAs wnwrew siy M pasewusy) teeq pey eus) Bujdiusel ey Jaye jng
paddya Lremuas Usugoeds puooas q J0U pip *sduB jo yno pagnd wswysads Juld |
unirgel=tae amymds'payse) sqiy yound ojqep arsyeg Bulsn meip)og'p o2 28°0Z 800} }-59134
eiumes sdeys seuogBSop | 5605 59642 815zl 1-5nNS13d
"tNig je epeiBnuss seaulispog Mrip 1:04°¢ "allaqBaD *1340 b b5z sz 8516} ZS13d4D
J.5E°Z ORRJ HECS UL G D €51 1B patiaians ‘yound ojgeip Biox /8 Yim payound 1340 681 tlra 608 813dD
ejdwes edeys eungliop *(sapsed Wapowu wouy 1 34 euptesiis R Yoy 71) 1340 Fi:1] 8'n.Z 68212 SN13d4D
"BACQE 5R BLUIED 573! ER°E) 612 o 023134V
apaifijusd ssaibappy “dire) 818} SYE} BEYZ 1 O-0ZS 13V
pazEysA 81U803g §) 1L Yona pajejuio fuag o3 onp ejjym paysnig MeIp 1RO
pauound sjand ‘LR ZINBUS QY auplg L5 £l DY 1-SD134Y
, unugy Whikus; qry “aionas payound etasp Jjo uopiod gN™ MBIpLIS 859 B39 ZE 1-4-5013dv
payound BjoujD Pl Budis U UMRID usameq unugg L YIBUS) MeIp)s ZE'ss Z)E al} 1-1-0r D) S1FdY
Uofjoes-y Wlipg'D2 Lol MepLip Z5YS $0°8 Zal \-0ZS13dY
(1:5Z°Z YS) qp peysund woyj ejthuea * |4 poysians ‘yound ojqelp g/9-.8/8 gr¥S 5SZL BB $-20ZS13d4Y
(1.5 HS) QU QL way ejdumes '§:p patojans ‘yYound ojgelp .8/5-8/C BIEL &L GEg Z-132S13dY
}-9'G PaYTRLS GpIM WWISBE 8’82 st pest E-58ES.13dY
e/diues epiM LILLLZ PauajassuUn £E'1D 8T 6E 80PZ 1-ZS N4y
6)|dLLres sppm UNLS ge payajansun 8599 $8°01 Znsk SEESNLIdY
}:p patjajans o wiwg'z) dins g ge 850} 6502 GL12Z 1-53d40H
}:p PoyOIERS dins WWIpZ 880} 64} 5ZC) }-0ZS3d0H
ysans 41 "yound ojqeip o508 $'£9} 80°2 pGli }-2+2S340H
193 Jeay '|'p paysjans dins unugep  FArAN T8 L9t 1-053dQH
Non tuwipg° i "epim UNLG'RE ‘paysansun 34aH EYZ 1"101 18)2 Z-SN3daH
"aADqe 68-BUeS 022 v L Liek -3ZSN3d40H
MO} WLibR") ‘apim LA Z ‘papdjansin 340H 822 0385 BZEL Z-1Z5N3d0oH
(ZwuN) yBualg  Junn) easz jeunfsesy (N) SUBMaN
ELBLILIOYD e]|sua ) appadg uauoads 1$at peoyyd wmpeA

§jInsoy 3501

9 9l

ELE



U.S. Patent

7/

FIG.

Specific Strength (N/mm2)

450

400

May 9, 2023

Sheet 7 of 15

390

US RE49,523 E

CPET dmm dogbone
CPETS3-205-QT2-R-6
CPETS3-205-QT2-R-5
CPETS3-203-QT2-R-3
CPETS3-230-QI2-R-1
CPETS—CP-R~1
CPETS~-3-205-4_4.25:1
CPETSS-205-3
CPETS3-205-2
CPETS3~20~1
CPETS3-205-1
PETGS-1

“ PETGUS-1

tl"ll

e —

*
|
--

O

CPETS2
CPETS
CPETUS
APETS20-~C2
APETS20~C1
APETCS-C-1
e APETCS—R-1
APETS10-to~1-1
APETS20-1
APETS247-1
APETS247-2
APETS385—3
APETUS21-1
APETUS 385
HOPES -1
HOPES20-1
HOPES247 -1
HDPESC-—1
HDPEUS—2
HDPEU821 -1
HDPEUS21-2



U.S. Patent

May 9, 2023

FIG., 8

Table 2

Sheet 8 of 15

US RE49,523 E

Represenfative Specific Strength of Different Samples

Description
Unstretched

Punched/Stretched

Unstretched

Punched/Stretched

Punched/Stretched/Crystallized

Unstretched

Punched/Streiched

Unstretched

Punched/Stretched

mini dog bone_stretched

Unstretched

Punched/Stretched

CPET 2mm

Stretch Ratlo

3.1
3.27
4.17
4.4
5.3

FIG.

10

Effect of Strefch Ratio on Specific Strength

384

N/mm2

23

163
61
63

178
78

254
63

373

384
o1
78

Specific Strenath (N/mm2)
197
205
304
357

Comments

2.9 mm thick
2.9 mm thick
3 mm thick
3 mm thick
3 mm thick
& mm thick
& mm thick
3 mm thick
3 mm thick
3 mm thick
3 mm thick
3 mm thick
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FIG. 14

PRIOR ART
Relative Chemical Resistance of Fiber~Forming Polymers Used

in Geotextiles®

Polymer Nylon PET PP PE
Chemical A B A B A B A B
Dilute scid 2 l 3 2 3 3 3 3
Concentrated acld } 0 ) 0 3 2 3 2
Dilute alkall 3 2 3 ) 3 3 3 3
Concentrated slkali 1} 0 } 0 3 3 3 3
Sall (brine) 3 3 3 3 3 3 3 3
Mineral oil 3 3 3 3 y) ] 2 I
uUv 2 ] yd ] } 0 } 0
UV (stabijized) 3 3 3 2 3 y) 3 2
Hest (dry), 100°C 3 2 3 3 3 2 3 )
Stearn, 100°C 3 yA | 0 ] 0 ] 0
Moisture 3 3 3 3 ¥ 3 3 3

absorption
Creep tendency 3 2 3 3 2 | Z |

Key: A, short-tzrm, Installation; B, Yong-lterm, use; PET, polyzsier; PP, poly-

propylene; PE, polyethylene: 0, no resistance; 1, moderele resistance; 2, posoable resistance; 3, good
resistence.
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FIG. 13
PRIOR ART

Repults of Various Geotextile Fabric Tensile Tests
(Expressed ay Percentage of Strenglh al Zero Time Exposure)”

Exposure PET PP PET PP
time PP PVC needied nezdled heatset heatsel
(dzys) woven ‘Woven nponwoveld  DODWOVERD  NODWOVED  DODWOVEN

(s) Tap waler, pH = 7

0 JOD 10D 100 100 jOD 100

] 77 10D 10D 83 96 102
4 86 92 100 B3 104 102
7 95 110 100 110 110 101
14 100 98 97 93 06 'y
28 9l 110 97 100 93 50
42 9} 1)0 10D 10D 100 106
63 03 03 10D 02 110 09
06 100 110 100 98 o7 05
120 103 109 110 110 04 93

(b) CaO solution, pH = 10

0 100 100 100 0D j00 10D

| 96 99 10D 2. 10D 105

4 93 9% 10D 100 11D 126
7 110 120 R J0D 110 o7
14 97 110 99 10D 04 92
28 110 110 0% 100 50 102
42 110 120 93 90 95 I}
63 110 130 52 100 92 105
96 110 120 04 ]10D 94 99
120 100 110 91 0D 04 02

(c) Ca0 solution, pH = 12

0 100 100 100 100 j00 100

] 110 110 97 £9 9] 2R

4 06 120 935 87 94 92
7 110 110 06 100 95 B
14 110 110 94 ok 88 114
28 100 110 02 93 02 101
42 D6 100 74 94 86 BS
63 100 110 13 83 B2 104
96 08 100 70 02 8O )10
120 97 100 70 110 BO g9
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1

INTEGRAL POLYETHYLENEL
TEREPHTHALATE GRIDS, THE METHOD
OF MANUFACTURE, AND USES THEREOF

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s a national stage of PCT/US08/001481
filed Feb. 5, 2008 and published in English, which claims the

benelit of priority to U.S. Provisional Application for Patent
No. 60/899,658 filed Feb. 6, 20077, hereby incorporated by

reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates generally to integral poly-
mer geogrids and other oriented grids used for structural or
construction reinforcement purposes. More particularly, the
present invention relates to such integral polymer grids
made from homopolymer and copolymer polyethylene tere-
phthalate (*PET”) i order to achieve a higher tensile
strength to weight ratio and a higher creep reduced strength
to weight ratio.

This mvention also relates to the method of producing
such integral PET grids. Lastly, the present invention relates
to the use of such integral PET grids for soil reinforcement
and methods of such reinforcement.

For the purpose of this invention, the terms “integral PET
orid” and “integral PET grids” are itended to include
integral polyethylene terephthalate geogrids and other inte-
ogral polyethylene terephthalate grid structures made by
orienting (stretching) starting materials in the form of sheets
or the like having holes or depressions made or formed
therein.

2. Description of the Prior Art

Polymeric integral grid structures having mesh openings
defined by various geometric patterns ol substantially par-
allel, orientated strands and junctions therebetween, such as
geogrids, have been manufactured for over 25 years. Such
orids are manufactured by extruding an integrally cast sheet
which 1s subjected to a defined pattern of holes or depres-
sions followed by the controlled uniaxial and biaxial orien-
tation of the sheet 1nto strands and junctions defined by mesh
openings formed by the holes or depressions. Orienting the
sheet 1n either the unmiaxial or biaxial direction develops
strand tensile strength and modulus in the corresponding
direction. These integral oriented polymer grid structures
can be used for retaining or stabilizing particulate matenial
of any suitable form, such as soil, earth, sand, clay, gravel,
etc. and 1n any suitable location, such as on the side of a road
or other cutting or embankment, beneath a road surface,
runway surface, etc.

Various shapes and patterns of holes have been experi-
mented with to achieve higher levels of strength to weight
ratio, or to achieve faster processing speeds during the
manufacturing process. Orientation 1s accomplished under
controlled temperatures and strain rates. Some of the vari-
ables 1n this process iclude draw ratio, molecular weight,
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2

molecular weight distribution, and degree of branching or
cross linking of the polymer. As a result of the orientation
process, the finished product has a much higher tensile
modulus and a highly reduced creep sensitivity.

The manufacture and use of such geogrnid and other

integral polymer grnid structures can be accomplished by
well-known techniques. As described 1 detail in U.S. Pat.
No. 4,374,798 to Mercer et al. (“Production of Plastic Mesh
Structure™), U.S. Pat. No. 5,419,659 to Mercer et al. (*Plas-
tic Material Mesh Structure™), U.S. Pat. No. 4,590,029 to
Mercer et al. (*Molecularly Orienting Plastics Material™),
U.S. Pat. No. 4,743,486 to Mercer and Martin (“Product and
Method of Producing a Plastics Material Mesh Structure”),
and U.S. Pat. No. 4,756,946 to Mercer (*“Plastic Material
Mesh Structure™), a starting polymeric sheet material 1s first
extruded and then punched to form the requisite defined
pattern of holes or depressions.

As disclosed 1n the aforesaid patents, the starting sheet
material 1s unmiplanar or substantially uniplanar. As further
described 1n the aforesaid patents, the umiplanar or substan-
tially uniplanar punched starting material can be stretched
only 1n the machine direction whereby the polymeric mate-
rial between the punched holes 1s stretched to form highly
molecularly oriented parallel strands interconnected by par-
allel transverse bars substantially at right angles to the
strands. The stretching 1s continued so that the molecular
orientation extends into the mostly unoriented transverse
bar, which forms the junctions between the aligned strands.
This unmiaxial stretching of the punched starting material
forms a uniaxial integral mesh structure, or uniaxial integral
geogrid. The umaxial integral geogrid 1s substantially uni-
planar and has a plurality of highly oriented parallel strands
that are interconnected by partially oriented junctions in the
transverse bar, all substantially symmetrical about a median
plane. The highly oriented parallel strands and the parallel
transverse bars form an array of longitudinal openings
between the parallel strands.

As further described in the aforesaid patents, when the
substantially uniplanar starting material 1s biaxially
stretched, 1.e., first in the machine direction and then 1n the
transverse direction, the stretching forms a biaxial integral
mesh structure, or biaxial integral geogrid. The biaxial
integral geogrid 1s also substantially uniplanar and has a
plurality of highly oriented strands interconnected by par-
tially oriented junctions, all substantially symmetrical about
a median plane. The highly oriented strands and the partially
oriented junctions define an array of mesh openings 1n the
biaxial integral geogrid.

When imparting the high molecular orientation to the
strands of the biaxial integral geogrid during the biaxial
stretching, the molecular orientation 1s caused to extend 1nto
the junctions and around the crotch of the partially oriented
junctions between adjacent oriented strands.

It 1s intended that the present invention be applicable to all
integral PET grids regardless of the method of forming the
starting material or orienting the starting material into the
geogrid or grid structure. The subject matter of the foregoing
patents 1s expressly imcorporated into this specification by
reference as 1f the patents were set forth herein in their
entireties. These patents are cited as 1llustrative, and are not
considered to be inclusive, or to exclude other techniques
known 1n the art for the production of mtegral polymer grid
materials.

Traditionally, the polymeric materials used in the produc-
tion ol integral grids have been high molecular weight
homopolymer or copolymer polypropylene, and high den-
sity, high molecular weight polyethylene. Various additives,
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such as ultraviolet light inhibitors, carbon black, processing
aids, etc., are added to these polymers to achieve desired
cllects 1n the finished product.

While the conventional polypropylene and polyethylene
materials exhibit generally satisfactory properties, 1t 1s struc-
turally and economically advantageous to produce a grid
material having a higher tensile strength to weight ratio and
a higher creep reduced strength to weight ratio.

Creep 1s the process by which the dimensions of a

material change with time, while subjected to a sustained or
variable load. See, e.g., FIGS. 4 and 3. FIG. 4 illustrates

comparative creep curves for various conventional poly-
meric geotextile materials such as polypropylene and poly-
ester under loading of 40% ultimate strength. FIG. 5 shows
representative creep curves for filaments of various poly-
mers.

The creep behavior of a synthetic material 1s a function
not only of polymer type and physical structure, but also of
factors such as geometric structure (e.g., woven, nonwoven,
integral grid, etc.), surrounding medium, environmental

temperature, presence of any micro or macro damage, and
aging.

With regard to the temperature factor, polymers creep
significantly when exposed to stress above their glass tran-
sition temperature, T,. This means that high density poly-
ethylene (“HDPE”) and polypropylene (“PP”), with a T, of
—-120° C. and -18° C., respectively, creep substantially more
at ambient temperature then does PET, which has a'T,, 0of 69°
C.

Another method of manufacturing grids employs weaving
or knitting technology. High tenacity filaments of either PET
or polypropylene are twisted together to form yarn. These
yarns are either woven or knitted into open structured fabric
and then coated with a protective coating to provide pro-
tection to the core yarns. The protective coating can be, for
example, polyvinyl chloride (PVC), a bituminous substance,
or latex. The primary diflerence between products manufac-
tured using this technology and the atorementioned integral
orids 1s that the woven or knitted products have flexible
junctions with considerably low junction strength. Some
examples of such grids are the geogrids manufactured by
companies such as Merex, Huesker, and Strata. FIG. 13 of
the drawings summarizes basic properties of various poly-
mers typically used to produce staple fibers, continuous
filaments, and oriented tapes.

Still another method of manufacturing grids uses highly
oriented ribs or straps of polyester. The ribs are processed 1n
a welding device in which cross machine direction ribs are
introduced and welded together forming dimensional aper-
tures. An example of such a grid 1s the Secugrid® manu-
factured by NAUE Gmbh & Co. The junction strength of
products manufactured using this method tends to {fall
between that of integral grids and woven/knit grids.

Therefore, a need exists for an integral polymer material
that not only 1s suitable for use in geogrid service, but that
exhibits a higher tensile strength to weight ratio and a higher
creep reduced strength to weight ratio than those values
associated with conventional geogrid materials.

SUMMARY OF THE INVENTION

Polyethylene terephthalate (“PE'T™) 1s an attractive poly-
mer for use i soil reinforcement projects because 1t 1s a
relatively low cost commodity polymer, demonstrates high
tenacity and low creep behavior, and 1s fairly resistant to
naturally occurring chemicals 1n soil.
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As 1s evident from 1its structural formula (below), PET 1s
a much bulkier molecule than polyethylene:

TN\
\ 7/ "

|
O O

—~0—CH>CH,—0—C

The PET molecule 1s planar, as required by resonance, but
the main chains are not planar due to rotation about the
C—O bond. The stiffeming action of the p-phenylene group
leads to a high melting pont and good fiber forming
properties.

Accordingly, 1t 1s an object of the present invention to
produce an integral geogrid or other grid structure from a
polyethylene terephthalate starting material according to
known process methods, such as those described in the

aforementioned U.S. Pat. Nos. 4,374,798, 5,419,659, 4,590,
029, 4,743,486, 4,756,946, as well as many other patents.

As imdicated above, high density polyethylene and poly-
propylene, with a T, of —120° C. and -13° C., respectively,
creep substantially more at ambient temperature then does
polyethylene terephthalate, which has a T, of 69° C. In PET,
since the 1, 1s much higher than ambient temperature, creep
1s largely attributable to steric reorgamization of the tightly
packed non-crystalline region polymer chain segments,
which results 1n little or no chain slippage.

As a result, a PE'T material 1s characterized by a higher

creep reduced strength to weight ratio than that of conven-
tional geogrid materials. That 1s, since PET exhibits much
lower creep than does, for example, HDPE, the PET can be
used at up to about 70% of ultimate tensile strength, but
HDPE only up to about 40%. Accordingly, for an integral
geogrid material possessing a specified creep value, an
integral PET grid will weigh substantially less than a geogrnid
using a conventional geogrid material, such as HDPE or PP.

In addition, a PET material 1s characterized by a higher
tensile strength to weight ratio than that of conventional

geogrid materials. For example, at comparable stretch ratios,
crystalline PET (“CPET”) exhibits almost double the spe-

cific strength of HDPE.

Therefore, another object of the present invention 1s to
provide an integral polymer grid made from homopolymer
and copolymer polyethylene terephthalate that 1s character-
ized by both a higher tensile strength to weight ratio and a
higher creep reduced strength to weight ratio than those
values associated with integral polymer grids made of
conventional geogrid materials.

In addition to the aforementioned structural advantages,
PET exhibits good resistance to salts, organic acids, organic
solvents, oxidizing agents, reducing agents, and petroleum
components, including bitumen often found i1n soil and
related materials. As a result, the integral PET gnid according,
to the present invention 1s especially attractive for use 1n soil
reinforcement service.

Therefore, still another object of the present invention 1s
to provide an mtegral polymer grid made from homopoly-
mer and copolymer polyethylene terephthalate that exhibits
good resistance to various agents encountered 1n soil rein-
forcement service.

These together with other objects and advantages which
will become subsequently apparent reside 1n the details of
construction and operation as more {fully hereinafter
described, reference being had to the accompanying draw-
ings forming a part hereof, wherein like reference numbers
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refer to like parts throughout. The accompanying drawings
are intended to 1illustrate the invention, but are not neces-

sarily to scale.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a sample of a crystalline polyethylene
terephthalate (CPET) grid according to one embodiment of
the present imnvention in which the starting sheet was uni-
axially stretched to a stretch ratio of 3.1:1.

FIG. 2 1s a creep test chart showing a creep curve for a
CPET sample, mmtially 3 mm thick, which 1s umaxially
stretched to a stretch ratio of 5.3:1 and suspended under 60%
loading.

FIG. 3 1s a creep test chart showing a creep curve for a
CPET sample, also mitially 3 mm thick, which 1s umiaxially
stretched to a stretch ratio of 5.3:1, but suspended under 70%
loading.

FI1G. 4 1s a graph 1llustrating comparative creep curves for
various polymeric geotextile materials under loading of 40%
ultimate strength.

FIG. 5 1s a graph 1illustrating representative creep curves
for filaments of various polymers.

FIG. 6 1s a table summarizing the tensile test results of the
various polymeric samples tested.

FIG. 7 1s a chart illustrating the specific strength of the
samples shown 1n FIG. 6.

FIG. 8 1s a table summarizing the specific strength of
certain representative samples shown i FIG. 7.

FIG. 9 1s a chart summarizing the specific strength of the
representative samples shown 1n FIG. 8.

FIG. 10 1s a table summarizing the effect of the stretch
ratio on the specific strength of a PET sample.

FIG. 11 1s a graph depicting the eflect of the stretch ratio
on the specific strength summarnzed in FIG. 10.

FIG. 12 1s a creep test chart showing a creep curve for a
CPET sample, mitially 1.4 mm thick, which 1s stretched to
a stretch ratio of 4.25:1 and suspended under 60% loading.

FI1G. 13 1s a table summarizing basic properties of various
polymers typically used to produce staple fibers, continuous
filaments, and oriented tapes.

FIG. 14 1s a table summarizing the relative chemical
resistance of various fiber-forming polymers used in geo-
textiles.

FIG. 15 1s a table summanizing the eflect of pH on the
tensile strength of various geotextile polymers.

FIG. 16 illustrates a substantially uniplanar biaxial inte-

gral geogrid as shown for a composite of FIGS. 3 and 5 of
U.S. Pat. No. 4,374,798.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(Ll

Although only preferred embodiments of the mmvention
are explained in detail, it 1s to be understood that the
invention 1s not limited 1n 1ts scope to the details of con-
struction and arrangement ol components set forth in the
following description or illustrated in the drawings. The
invention 1s capable of other embodiments and of being
practiced or carried out 1n various ways.

Also, 1 describing the preferred embodiments, terminol-
ogy will be resorted to for the sake of clarity. It 1s intended
that each term contemplates 1ts broadest meaming as under-
stood by those skilled 1n the art, and includes all technical
equivalents which operate in a similar manner to accomplish
a similar purpose.
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In order to understand the behavior and properties of the
PET material, and to establish the parameters of using PET
to make integral grids, instead of HDPE, standard commer-
cially available extruded sheets of PET were procured.
Three types of PET sheets were used: amorphous PET
(“APET”), crystalline PET (“CPET”), and PET glycol
(“PETG”).

Punched samples for each of the three types of PET sheet
were prepared with standard sheet punches such as those
used to manufacture HDPE UX products sold by the Tensar
International Corporation, Inc. (hereinafter “Tensar”) (At-
lanta, Ga.), the assignee of the instant provisional applica-
tion for patent. For example, FIG. 1 shows a CPET starting
sheet sample prepared using a punch (1.53"x0.3735") and
umaxially stretched to a stretch ratio of 3.1:1.

-

T'he punched sheet uniaxial stretching was performed on
a Tensar laboratory stretcher. Tensar carried out 1nitial
laboratory work 1n accordance with the present invention by
stretching narrow strips, 1.e., from 2 mm to 4 mm wide, of
PET and HDPE to establish the temperature and stretch ratio
conditions under which the testing would be conducted. The
temperature range was established to be between 100° C.
and 240° C., and the stretch ratio range to be between 2:1
and 10:1. These temperature and stretch ratio conditions
were then used during stretching of the approximately
8"x10" punched samples.

For high temperature stretching, 1.e., above 160° C., an
Instron “Hot-Box™ was installed on an Instron Model 1125
tensile testing machine. Standard “dog bone”-shaped
samples of CPET, having an 1inmitial thickness of 3 mm, were
heated to, and then conditioned at, 180° C. for 15 minutes.
The heat-conditioned samples were then uniaxially stretched
in the lab stretcher 1n accordance with standard stretching
protocols used by Tensar. The samples were stretched to the
maximum stretch ratio that was allowed by the size of the
Hot-Box, 1.e., aratio of 5.3:1. These 5.3:1 samples were then
tested for both tensile and creep properties.

The unstretched and stretched strips and ribs from the
8"x10" samples were tested for tensile properties on an
Instron Model 1125 tensile testing machine using serrated
pneumatic grips. The testing grips were padded with card-
board and/or sandpaper to prevent slippage and edge break.
The tensile data was normalized for the difference in sheet
thickness between the HDPE and the PET by dividing the
tensile results by the 1nitial cross-sectional area of the test
specimen (1.e., the resultant tensile data has the units of
N/mm?). This normalization enabled a material-to-material
comparison without the need to standardize the physical
dimensions of the test specimens.

Finally, a strength to basis weight comparison was made
between standard Tensar HDPE UX products and the 8"x10"
PET punched and stretched samples.

For creep testing, the 35.3:1 stretch ratio samples were
suspended under a load at room temperature 1n a quality
control laboratory. One sample was suspended under a load
corresponding to 60% of ultimate tensile strength (FIG. 2),
and a second sample was suspended under a load corre-
sponding to 70% of ultimate tensile strength (FIG. 3).

Tensile strength test data associated with the aforemen-
tioned 5.3:1 stretch ratio samples 1s presented 1n FIGS. 6 and
7. A summary of representative data from FIGS. 6 and 7 1s
presented m FIGS. 8 and 9. FIG. 8 presents representative
specific strength values for each type of polymer at
unstretched and maximum stretch ratio conditions.

Since the 3 mm thick CPET starting sheet provided the
maximum specific strength among the samples summarized
in FIGS. 6-8, samples of the 3 mm CPET starting sheet were
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uniaxially stretched at various ratios of from 3.1:1 to 5.3:1.
These results are shown in FIGS. 10 and 11. From this data
it 1s evident that for the 3 mm CPET starting sheet there
exists a substantially linear relationship between stretch ratio
and specific tensile strength (see FIG. 11).

As 1s evident from the results presented herein, CPET 1s
a good candidate for the manufacture of extruded and
uniaxially stretched integral grids because of a higher spe-
cific strength and better creep characteristics. At comparable
stretch ratios, CPET exhibits almost double the specific
strength of HDPE. That 1s, as 1s evident from FIG. 8, sample
HDPE 2 (1111t1:511 thickness of 2.9 mm) has a specific strength

of 163 N/mm~, while sample CPET 4 (initial thickness of 3
mm) has a SpE:ClﬁC strength of 373 N/mm~.

Since APET starting sheets crystallize during the heated
stretching operation, APET starting sheets can achieve a
specific strength similar to that of HDPE. But, the required
crystallization associated with the heated stretching of APET
starting sheets makes the process slow and more expensive.
Hence, CPET starting sheets are clearly pretferred for the
present mvention.

The PETG starting sheets did not show any significant
difference between unstretched and stretched samples even
at a stretch ratio of 8.5:1.

As 1s evident from FIGS. 2 and 3, the first 5600 hrs of
creep data show that there 1s minimal strain associated with
the CPET samples. That 1s, the strain 1s only 0.78% at 60%
loading, and 1.34% at 70% loading.

Another test demonstrated the ability to prepare a gnd
from a CPET sheet having an initial thickness of 1.4 mm.
The sample was first punched, then stretched to a stretch
ratio o1 4.25:1, and finally placed under a loading of 60% of
ultimate tensile strength. As 1s evident from FIG. 12, creep
data for the 1.4 mm sample for the first 2000 hours shows
a strain of only about 2.4%.

The mventive polymer mesh structure has been described
herein primarily 1n the context of being one that 1s uniaxially
oriented, 1.e., as being produced via umaxial stretching of
the punched starting material so as to form a umaxial
integral mesh structure.

However, 1n yet another possible embodiment of the
invention, the polymer mesh structure 1s one that 1s biaxially
oriented. That 1s, 1n this embodiment of the invention, the
substantially uniplanar starting material 1s biaxially
stretched, 1.e., first 1n the machine direction and then 1n the
transverse direction, so as to form a biaxial integral mesh

structure. As indicated above 1n the Background section,
such a biaxial orientation method 1s disclosed in certain of

the above-described patents, such as U.S. Pat. No. 4,374,798
to Mercer et al. (“Mercer *798”). See, for example, FIG. 16
of the instant application, which 1llustrates a substantially
uniplanar biaxial integral geogrid as shown for a composite
of FIGS. 3 and 5 of the Mercer *798 patent. Accordingly, the
instant mvention 1s also directed to a biaxially oriented mesh
structure having the polyethylene terephthalate integral
geogrid.

While the integral PET grid according to the present
invention exhibits the above-described advantageous char-
acteristics, PET 1n general can be susceptible to hydrolysis
during wet processing and 1n end use. PET 1s hydrolyzed by
certain acids and by all strong bases, including some organic
bases. The factors that can affect this hydrolysis include
carboxyl end group (“CEG”), molecular weight, crystallin-
ity, orientation, surface area, temperature, pH level, and the
presence of cations. See FIG. 14, which summarizes the
relative chemical resistance of various fiber-forming poly-
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mers used 1n geotextiles, and FIG. 15, which summarizes the
cellect of pH on the tensile strength of various geotextile
polymers.

For example, one literature source has proposed that PET
hydrolysis 1s proportional to the square root of the CEG
concentration. I. M. Ward, Mechanical Properties of Solid
Polymers, Wiley Interscience, New York, 1971. Molecular
weight mversely aflects the CEG concentration. Hence, a
higher molecular weight PET will be less susceptible to
hydr01y51s Orientation can also lessen the hydrolytic effect
in that 1t reduces the diffusion rate of the penetrant.

Thus, while there are no specific additives that can retard
hydrolysis in PET maternials, one or more of the aforemen-
tioned variables of CEG, molecular weight, crystallinity,
orientation, surface area, temperature, pH, and the presence
of cations can be manipulated to 1mprove resistance to
hydrolysis.

The foregoing 1s considered as illustrative only of the
principles of the invention. Further, since numerous modi-
fications and changes may readily occur to those skilled 1n
the art, 1t 1s not desired to limit the invention to the exact
construction and operation described and shown.

What 1s claimed 1s:

1. A polymer mesh structure comprising a substantially
umiplanar integral geogrid having a plurality of highly
oriented strands interconnected by partially oriented junc-
tions forming an array of openings in said geogrid, said
integral geogrnid formed of polyethylene terephthalate and
having (a) a tensile strength per unit of cross-sectional area
of from approximately 63N/mm~ to approximately 384N/
mm” and (b) a creep strain at 60% loading which starts out
at about 0.75% and does not exceed about 1.00% after
10,000 hours loading.

2. The polymer mesh structure according to claim 1,
wherein the highly orniented polyethylene terephthalate
strands have been uniaxially or biaxially stretched.

3. The polymer mesh structure according to claim 1,
wherein the polyethylene terephthalate 1s a homopolymer or
a copolymer.

4. The polymer mesh. structure according to claim 1,
wherein the polyethylene terephthalate 1s selected from the
group consisting of amorphous polyethylene terephthalate,
crystalline polyethylene terephthalate, and polyethylene
terephthalate glycol.

5. The polymer mesh structure according to claim 1,
wherein the plurality of highly oriented polyethylene tere-
phthalate strands includes oriented transverse strands and
oriented longitudinal strands interconnected by partially
oriented polyethylene terephthalate junctions.

6. The polymer mesh structure according to claim 1,
wherein the mtegral geogrid 1s configured for structural or
construction reinforcement purposes.

7. The polymer mesh structure according to claim 1,
wherein the plurality of highly oriented polyethylene tere-
phthalate strands are aligned 1n a longitudinal array by
unmilateral stretching and each aligned pair of the highly
oriented strands are interconnected by a partially oriented
polyethylene terephthalate junction aligned in a transverse
bar.

8. The polymer mesh structure according to claim 1,
wherein the polyethylene terephthalate has a creep strain at
70% loading which starts out at about 0.75% and does not
exceed about 1.50% atter 10,000 hours loading.

9. A starting material for making an integral polymer
geogrid comprising a homogeneous polyethylene terephtha-
late substantially uniplanar material having holes or depres-
s1ons therein that provide highly oriented polyethylene tere-
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phthalate strands interconnected by partially oriented
junctions forming an array ol grid openings, when the
substantially uniplanar material 1s unmiaxially or biaxially
stretched,

said integral polymer geogrid having (a) a tensile strength

to weight ratio of from approximately 63N/mm” to
approximately 384N/mm~ and (b) a creep strain at 60%
loading which starts out at about 0.75% and does not
exceed about 1.00% atter 10,000 hours loading.

10. The starting material according to claim 9, wherein the
polyethylene terephthalate 1s crystalline polyethylene tere-
phthalate.

11. The starting maternal according to claim 9, wherein the
substantially uniplanar starting material has an 1mitial thick-
ness of at least 1.4 mm.

12. The starting material according to claim 11, wherein
the substantially uniplanar starting material has an initial
thickness of at least 3 mm.

13. The starting material according to claim 12, wherein
the stretched substantially uniplanar starting material exhib-
its a substantially linear relationship between a stretch ratio
and a specific tensile strength.

14. The starting material according to claim 9, wherein the
polyethylene terephthalate has a creep strain at 70% loading,
which starts out at about 0.75% and does not exceed about
1.50% after 10,000 hours loading.

15. A so1l construction comprising a mass of particulate
matenal strengthened by embedding therein a polymer mesh
structure as claimed 1n claim 1.

16. A method of strengthening a mass of particulate
material, comprising embedding 1n the mass of particulate
material a polymer mesh structure as claimed 1n claim 1.

17. A method of making a polymer mesh structure,
comprising orienting a substantially uniplanar homogeneous
polyethylene terephthalate starting material having holes or
depressions therein mnto an integral geogrid having a plu-
rality of highly oriented].] polyethylene terephthalate
strands 1nterconnected by partially oriented junctions to
configure the holes or depressions as mesh openings,

said integral geogrid having (a) a tensile strength per unit

ol cross-sectional area of from approximately 63N/
mm?~ to approximately 384N/mm~ and (b) a creep strain
at 60% loading which starts out at about 0.75% and
does not exceed about 1.00% after 10,000 hours load-
ng.

18. The method according to claam 17, wherein the
substantially uniplanar polyethylene terephthalate starting
material 1s oriented by uniaxial or biaxial stretching.

19. The method according to claam 17, wherein the
polyethylene terephthalate 1s crystalline polyethylene tere-
phthalate.

20. The method according to claim 19, wherein the
substantially uniplanar polyethylene terephthalate starting
material has an 1mtial thickness of at least 3 mm.

21. The method according to claim 17, further comprising,
a step of manmipulating a variable associated with the poly-
cthylene terephthalate to improve resistance of the integral
[geocrid] geogrid to hydrolysis, the variable being selected
from the group consisting of carboxyl end group, molecular
weight, crystallinity, orientation, surface area, temperature,
pH, and cation presence.

22. The method according to claim 17, wherein the
polyethylene terephthalate has a creep strain at 70% loading,
which starts out at about 0.75% and does not exceed about
1.50% atter 10,000 hours loading.

23. A method of providing a stabilized soil construction,
comprising;
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[uniazially] uriaxially or biaxially stretching a crystalline
polyethylene terephthalate substantially uniplanar
starting material having holes or depressions therein to
form an integral geogrid having a plurality of highly
ortented polyethylene terephthalate strands intercon-
nected by partially oriented junctions which define a
plurality of grid openings,

said integral polymer geogrid having (a) a tensile strength
per unit of cross-sectional area of from approximately
63N/mm” to approximately 384N/mm~ and (b) a creep
strain at 60% loading which starts out at about 0.75%
and does not exceed about 1.00% after 10,000 hours
loading; and

embedding the integral geogrid 1n a mass of particulate
material.

24. The method according to claim 23, wherein the
polyethylene terephthalate has a creep strain at 70% loading
which starts out at about 0.75% and does not exceed about
1.50% after 10,000 hours loading.

25. A substantially uniplanar integral geogrid formed by
uniaxially ov biaxially stretching and ovienting a substan-
tially uniplanar sheet-like material having an array of

perforations or indentations, said substantially uniplanar

integral geogrid comprising:

a plurality of interconnected, oviented strands and par-
tially oriented junctions having an array of openings
therebetween, with the substantially uniplanar sheet-
like material and the substantially uniplanar integral
geogrid being made of polvethylene terephthalate.

26. The substantially uniplanar integral geogrid accord-
ing to claim 25, wherein the polvethylene tervephthalate
substantially uniplanar sheet-like material is biaxially
stretched and oriented to form the polyethylene terephtha-
late substantially uniplanar integral geogrid having molecu-
larly orviented longitudinal strands and molecularly oviented
transverse strands intevconnected by the partially orviented

Junctions which define generally squave or rectangular grid

openings.

27. The substantially uniplanar integral geogrid accord-
ing to claim 25, wherein the polyethylene tevephthalate is a
homopolymer or a copolymer.

28. The substantially uniplanar integral geogrid accord-
ing to claim 25, wherein the polvethvlene terephthalate is
selected from the group comsisting of amorphous polyethyl-
ene terephthalate, crystalline polyvethylene terephthalate,
and polyethyvlene tevephthalate glycol.

29. The substantially uniplanar integral geogrid accord-
ing to claim 25, wherein the polvethylene tevephthalate
substantially uniplanar sheet-like material is uniaxially
stretched and oriented to form a generally square or rect-
angular grid of substantially parallel oviented strands and a
set of substantially parallel bars generally at right angles to
the strands, wherein an end of each of the strands is oviented
into adjacent ones of said parallel bars.

30. The substantially uniplanar integral geogrid accord-
ing to claim 25, wherein the polyethylene tevephthalate
substantially uniplanar sheet-like material has an initial
thickness of at least about 1.4 mm.

31. The substantially uniplanar integral geogrid accord-
ing to claim 25, wherein the polvethylene tervephthalate
strands include substantially transversely orviented strands
interconnected by substantially longitudinally oriented
strands.

32. A starting material for making a substantially unipla-
nar integral geogrid, said starting material comprising:

a substantially uniplanar sheet-like material having holes

or depressions thervein that provides a plurality of
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interconnected, oviented strands and partially oriented
Junctions having an array of openings therebetween
when the substantially uniplanar sheet-like material is
uniaxially or biaxially stretched, with the substantially
uniplanar sheet-like material being made of polvethyl- 5
ene terephthalate.

33. The starting material according to claim 32, wherein
the stretched polyethyviene terephthalate substantially uni-
planar sheet-like material exhibits a substantially linear
relationship between a stretch ratio and a specific tensile 10
strength.

34. A method of making a substantially uniplanar integral
geogrid, said method comprising:

stretching and orienting a substantially uniplanar sheet-

like material having holes or depressions therein to 15
provide a plurality of interconnected, orviented strands
and partially oriented junctions, and to configure the
holes or depressions as geogrid openings, with the
substantially uniplanar sheet-like material and the sub-
stantially uniplanar integral geogrid being made of 20
polyethylene tevephthalate.

35. The method according to claim 34, wherein the
polyethylene tevephthalate substantially uniplanar sheet-
like starting material is oriented by uniaxial or biaxial
stretching. 25

36. The method according to claim 34, wherein the
polvethylene terephthalate is crystalline polyethylene tere-
phthalate.

12
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