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(57) Abstract

to conventional geogrids.

(54) Title: GEOGRID AND CIVIL ENGINEERING STRUCTURE COMPRISING SUCH A GEOGRID

The invention pertains to a geogrid comprising drawn, polymeric longitudinal straps which run parallel or substantially parallel to
each other and polymeric transverse straps bonded to the longitudinal straps, with the crosswise modulus of the transverse straps being less
than 15%, preferably less than 8%, of the lengthwise modulus of the longxtudmal straps. Such geogrlds have improved strength compared




significantly.|lower | oad and exhibit a significantly w der brew
di stributi onx‘f(h%%”ﬁ? ht be expected on the basis of the specifications 016

t hese straps and the bondi ng techni que applied. 30
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For that reason, the object of the invention is to provide a grid such as
described in the first paragraph which is dspecially suited for use in
civil engi neering structures and whi ch does not suffer the described
premat ur e failure This is achieved by nmaki ng use of transverse straps
of which the crosswi se nodulus is less than 15% preferably |ess than

the or ossw LZ”%@@@@? ANpEAL ENGINERRINGS %‘i’@?%ﬁ%‘?@témpﬁﬁ%ﬁ? et

of the |engt hwi@EBORRIR us of the | ongi t udi nal straps In an
especially 5dvant ageous enbodl ment it holds that the crossw se nmodul us

the. '°|”2'ntg?h K iR eeBang oBadsd o idisihd B Eowrigfiedohafiinp

preferred that g traps. %ﬁbrf Ftﬁﬁ ?J‘ﬁ'rﬁléi @déub&aﬁﬁalfyhﬁal‘dﬂéﬂté edichabther e pbﬁlmenc

nore than O. 1% p nore than 1 of the | engthw se nodul us of
t he (drawn) tr aremsvesse straps$>onﬁ§d to thellmngm.EjlrIiadLshmpshat premature failure
probably results from an unfavourabl e i nteracti on between the

| ongi tudi nal and the transverse straps. An insight into this

I nteractiogow | 5rhe R QS Rhdlin! fH B 2586580 J'§rif 1€ BRLErb& Which is made of

fully stretched polymeric longitudinal and transverse straps bonded together by

means of, e.g., partial fusion of the straps.

WO 94/26503 describes a grid of drawn, polymeric straps bonded together by

15 melting the polymer in the area of contact between the longitudinal and the
transverse straps. The melting of th¢=T polymer is accomplished by heating
conductive particles situated directly undemeath the surface of the straps in a
high-frequency electromagnetic field. In this way it is ensured that only the
portion of the polymer used to effect the bond will melt. The remaining polymer

20 is hardly affected at all and so the strength of the drawn straps remains
substantially unaffected. The grid according to WO 94/26503 can, in principle,
be subjected to heavy loads.

However, in actual practice it was found that in the case of heavy loads, e.g.,

25  such as occur in civil engineering structures (i.e., structures to do with, int. al.,
- hydraulic and road éngineering), loaded longitudinal straps will break at a
significantly lower load and exhibit a significantly wider breaking load
distribution than might be expected on the basis of the specifications of these

Stfaps and the bonding technique applied.
30
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20 Use is made of a geogrid where drawn, polyneric |ongitudi ;
transverse WO28364ps (having a width of 12 mm and always 30 ﬂ%’%@a}’?’{’?‘

have been wel ded toget her at an angl e of about 90 degrees over their
entire contact area. Because the straps are drawn, their nol ecul ar
chains. are oriented essentially in t he Zongi tudinal direction. As a

result of this orientation the straps have poorer 25 nechanical properties

(strength, nodgspsihat! @B88hI Re 2bbjBEE M) ther aRentioA ihad providd engridwsach as
If a tensile force iI.s exerted on a |longitudinal strap, a certain | engthw se

el ongation wi | idescribed iin the dirst papagraphpwhichs isvespecially suited tfoniuse iRt eiMib

is 30 bonded to transverse strap, thi | ongati on.w || resul.t i,n_ a
Crossw se forC@ngﬁ'\eertng structures ar? whlcﬁ goes %ott suffer khe escrlE)ed p@mature

bei ng exerted 2@[&8' 9 'sré ?Q%&ﬁié@eﬂﬁa}g%alﬁﬁg"‘@& %fafrﬁﬂsvér%girgtg&eﬁgdgsﬁh}’cﬂ fhe

this - dir I on t drawn s s are”less strong

subj ected t® hepydstise modullisdsifesstthanti536 spreferablit lesps thah 8% pbf the lengthivise
This splitting does not in itself constitute a major problemfor the |
geogri d. medilueof theclengitudingl strapsy Breferanly athes gtpsswise saeriusis glso

bonded har, 4 '
Strap-s. spi i o feyeoftay Bty Brefohébiy hbfe it 19 of Hie aralfelssr RRHEARE of e
in the | oaded Ia;q]{M|wﬂgrap. This crack inits turn will lead to
the premature f]a ure of the | oaded |ongitudinal 10 strap.

Sel ecting transverse straps with a conparatively | ow crossw se nodul us
Teans 10 In an especially advantageous embodiment it holds that the crosswise modulus
of the longitudinal straps is less than 15%, preferably less than 8%, of the
lengthwise modulus of the (drawn) transverse straps. It is further preferred that
the crosswise modulus of the longitudinal straps is more than 0.1%, preferably
more than 1%, of the iengthwise modul_us of the (drawn) transverse straps.
6
It was found that premature failure probably resuits from an unfavourable
interaction between the longitudinal and the transverse straps. An insight into

this interaction will be provided with reference to the example below.

20 Use is made of a geogrid where drawn, polymeric longitudinal and transverse
straps (having a width of 12 mm and always 30 mm apart) have been welded
together at an angle of about 90 degrees over their entire contact area.

- Because the straps are drawn, their molecular chains are oriented essentially in
the longitudinal direction. As a result of this orientation ihe straps have poorer
- 25 _mechénical properties (strength, modulus, elongation at break) crosswise than

lengthwise.

_If a tensile force is exerted on a longitudinal strap, a certain lengthwise
elongation will occur in said strap. In places where the longitudinal strap is
30 bonded to a transverse strap, this elongation will result in a crosswise force



that the trapsver traps will be def or med along with the | ongi |
straps %mgﬁfspl itting or cracking on the side where t%@@?gﬁ;ﬁs
wel ded to the 15 |longitudinal strap, and that the unfavourable effect

described will not occur. Preferably, in the geogrids according to
the invention use is nade of transverse 3 straps (or |ongitudinal
straps) which even when a tensile strain is exerted on one or nore of

the | ongitudi npleirj exestedoont said trarisverss stap) A wais beaed, RG8pretisehp in thls
even at |east 95% of the specific strength of the Iongltudl nal straps
transverse str gjreptionithat grawndstiaps areolesscstsang.nidenee syhen subigcted: to H‘iQaVler
way opt i LS nmade of, t he ngt h of the straps.

Geogri ds gener %35%"’@&‘&89[&? %tfa%w"fﬁ?l[i ce" of longitudinal and
transverse 25 straps bonded together at an angle, preferably of between
80[err] and 100[err]. Especially preferred are geogrids where the
straps are Hondbis tspittingeidoes not umrltseg‘hcd:mmtmd arenajof problest fepthe geogrid.
t hensel ves, si rp_@)e such grids can be nad r(’r]par atively easily wthout

recourse to gl GEOWAVES; tﬁqc%!ﬁ%§ e/ésanavsr%wéfap and the deaded $i@p are bonded

4 7% " he st RoBahEEBLePing SRl Editac| drell the frankGrs3t tfplEh Spffipa.or cractie
[err]m or evewipmad to a diaéle apid/drea "o péakt [t lvaeRed idn w4l stra rap. This
A highly suitable nmethod for effecting the bonds in the grids according t

the 5 invencragk in itshturonwillieadeta fiee sprematuee éaipirecefithendoaded drpng:fudulwl
ot her pre§sed together, and heated using a radiation source emtting
el ectromag?]% radiation, e.g., a laser, with the strap facing the
radi ati on source being

D

Selecting transverse straps with a comparatively low crosswise modulus means

that the transverée straps will be deformed along with the longitudinal straps

without splitting or cracking on the side where they are welded to the
+15 - longitudinal strap, and that the unfavourable effect described will not occur.

Preferably, in the geogrids according to the invention use is made of transverse
straps (or longitudinal straps) which even when a tensile strain is exerted on
one or more of the longitudinal straps (or transverse straps) of at least 90%, or
20 even at least 95%, of the specific strength of the longitudinal straps (or
transverse straps) will co-deform without cracking or splitting. In this way

- optimum use is made of the strength of the straps.

. Geogrids generally are made up of a “lattice” of longitudinal and transverse

25 straps bonded together at an angle, preferably of between 80° and 100°.
Especially preferred are geogrids where the straps are bonded together
through the polymer of the straps themselves, since such grids can be made
comparatively easily without recourse to glue or other adhesives. Moreover,
because only a fraction of the polymer of the stréps is melted, the strength of



transparent to the radiation and the material at the point wheg: : ps
are bonW&f%@%‘t her absorbing said radiation (to a high glfacgl;’gpﬁmﬁifa
It was found that this technique makes it possible to produce a very strong
wel d rapidly (e.g., in 10-20 mlliseconds). The strength of this~weld
can be as high as the strength of the érrpl oyed straps. In other
words, two straps which are in the sane straight |ine and have been
wel ded t oget herthatstapsds Hffeted hatdi jf atvall. |Rypferably( onlych tovidd am, oe eyen oy
at least twice the wwdth of the straps) using this techni que will have
(subst anti al | y)5 tch30 gameofdhe polimeris rmeliedhgl e cont i nuous, unt r eat ed
strap. Al so, the aforesaid absorption of the radi ation may be either
by the polymer 20 itself or by a pignment added to the polyner. In
a very sinple | : [ o o Y
entirely of trgﬁ%lgﬁmﬁgﬁﬁh f&ag tgmii ?:ﬁig?% @Ptg%s \'/(gs'reabéo e
al ternatives. HRavention is Ithetmewhérbetm s&apéaarmplanadyoheomttbp ofathatather,
source nmay be nade of an 25 absorbent material. Alternatively, the straps
to be bonded wipressed togather, and heatedising aa'adlaélootswwe emitting %leetromagne@p

a filmor foil, al1dn, 230" 2 MsdP \Gith Xhe strap sfa&ﬁ&"'tﬁéedraggt%e%oh?fe Aeing

straps.
be obvious t hattraidpapeht'd tHeCradidtiorf ARH! tAE Mt i tﬁewm Whéfe irsmtraﬁs are
t here is a material absorbing the radiation at the point where the

bond is to be bondest fogethat absdriinglsaid radiativie (tozal highi degree).abl e to reach

this mater |18|
It was found that this technique makes it possible to produce a very strong weld
rapidly (e.g., in 10-20 milliseconds). The strength of this weld can be as high as
the strength of the employed straps. in other words, two straps which are in the
same straight line and have been welded together at a point where they overlap

15 (viihich overlap, e.g., is at least twice the width of the straps) using this

technique will have (substantlal!y) the same strength as a single continuous,
untreated strap.

Also, the aforesaid absorption of the radiation may be either by the polymer
20 itself or by a pigment added to the polymer. '

In a very simple embodiment the strap facing the radiation source is composed
entirely of transparent material. In that case there are several alternatives. For
instance, the strap facing away from the radiation source may be made of an
25 - absorbent material. Alternatively, the straps to be bonded will both be
transparent and a (thin) layer, e.g., ink or a film or foil, of an absorbent material

- is provided between the straps.



5 Another sujtable enbodinment is the one where the strap facbgg,r@?/s/gww

radiation WO¥EEH¥e is made up of nore than one conponent.

made, e.g., of a bi conmponent strap (width 12 mm thickness 0.55 nm of
transparent pol yester (0.50 mm t hick) and polyester (0.05 mmthick) to
whi ch a pignent has been * added or of whidch the optical properties have
been changed. This strap can be 10 bonded to itself or to another strap in

various ways, gewlichs obfiousehatdh principle,sany conf?ﬁratlémlsrpoﬁibm@lmm hethere
section via a transparent section. ant age of using the

nul ti - conponentis & m@tangl tamrblngsthg ragjation at the pgi thﬁ"Q)dhﬁ bendnis to be

exposed and as stra | ns,that 15 | oductlon
there is no neggfne[cgetﬁpﬁ s& opg& F%‘@E‘aﬁﬁ?ﬁ?ﬁ]@iﬂ otg mﬁeﬁél nor e
different material s. The thickness of both the absorbent sectlon of
the strap conprising two or nore conponents and an internedi ate | ayer
(foil or fi%5n) Armothéee suﬂalyl&eeniblodlrﬁént isPthd enabwherea khe striapcfacing the radiation
bet ween 5 and 100ﬁ£ee er, when sel ecti nq%w this thickness the
degree to whi ciSOUReE ffn ea\-'P Jopresthancona gomnanenti Use faay be madeg eqg., of a

koned with | i

brof oranl y.  vsdieompBAent SREE TuidiRIf2 rim hickRae S 85 A of FatiBbiient bRester

25  For this rergensml thids amﬂ‘Peryeeie A{aes mﬁﬁm@OSﬂoVWhmarsignﬁé}htGhas been
aval

radi ati on sources are there are nmany pignents on the
mar ket whi ch haadded or Oﬁwblcraﬂbgo@mmab propertias haverhgen ehgngeoLaTbBrsttamcan be

nccor aing 30 tphed etk pEte SRl st UANGE Waeoa oo B e rbition is

radi ation em t tffle &Y reach an absorbent section via a transparent section.

. One advantage of using the multi-component strap is that this strap can

function both és an exposed and as an unexposed strap. This means that

.16 during production there is no need to provide two or more supply lines for two
~ or more different materials.

The thickness of both the absorbent section of the strap comprising two or
more components and an intermediate layer (foil or film) may be very small.

20 Preferably, this thickness is between 5 and 100 um. However, when selecting
. this thickness the degree to which the material absorbs the radiation will have
to be reckoned with. For that reason there is no absolute lower or upper limit.

Preferably, use is made of radiation having a wavelength of 600 to 1600 nm.
25 . For this range a large number of often inexpensive and reliable radiation
. .- sources are available. Also, there are many pigments on the market which have

. . high absorption in this range, e.g., carbon biack.

_Lasers are highly suitable for use in the manufacture of the geogrids according
30 to the invention. Unlike in the case of quartz lamps, the radiation emitted by



6 . lasers can be focused using sinple neans. Furthernor ve
a narrow WO P28¥4wi dt h ("wavel ength wi ndow'), so that abso?%ﬁ’gﬁ&()@-'{kﬁ

t ranspar ent pol ymer can be prevented entirely or substantially
entirely. Lanps, on the other hand, have a conparatively w de -
spectrum so that the enitted radiation Wili6 5 al ways conpri se

wavel engt hs which are absorbed by the transparent pol yner. I n many

cases this | esfagdesicapBe fodusedniding sivhple means! Furhelmove, Iedérsfhaves &lnarrow
radi ation energy. It. holds for the invention that this absorptlon

preferably doeband widtho(* V\eaﬁﬁ!mgthowmQAN’t)haao mm) absgcptlorb hyodlae t transparent

d b d f
whi oh absor bs BUMPBRTEHbPBISRLBRAATIBNEo! FUm ARl Etirel: Cafes, on Biather
other's, but uhinaha habea Mgkl d&gytmeek ééthﬂﬂa%%'af 158 BrftieR R O

of whi ch e straps are wel one on top of the. other

straps pref®rablways eomprisecbavelehgthsophizhtare ahslqrbed byuthie taanspdrpnﬂpd@sner
and pol yol efins. Polyester, nmore particularly pol yet hyl ene t erepht

and copol YSIany6aERs tisdess dw@metmqmw tamouat te aboud 38% of fotal

especi al ly sui n' . e

pr gf er abl § S é%géﬁ eh%%y 2It Z{?Zé% H)g ' éR@ﬁtlémMetﬁFsgﬁﬁ)%rgﬂf)ﬁ%ge@P lyagges
have been di SCh@Sédonnmto n#dre.thaf 189%.711 649. 20 In addition to the
af orenenti oned geogrids the invention pertains to civil “engi neering

structures and works, such as di ke bodies, beds, slopes, and the

S "l P B eb%fe"bﬁéi@#t S SR o oot e e Y

bodi es I AtH&Ps

di mensi ons andays \ﬂﬂﬁzpoht]) the t égéggfeylswlw%a r?‘:he ra%'g?% ects

0.2 to 2 nm andthers, hutiWhm:Is is transpararhetortaegeleofro&agneﬂﬁ rediatipneby maedarys of
The wi the straps preferably i's at

the range of 5 to 1
least five ti n@'qm&erstfww%w&lded Qe qnﬁéptﬁéb? ofhsfds

" 15 The straps preferably are made of a thermopléstic polymér such as polyamides
~and polyolefins. Polyester, more particularly polyethylene terephthalate and
_-copdlymers comprising ethylene terephthalic moieties, is especially suitable. It

" also holds that the deéree of drawing preferably is greater than 2 and less than
7. Highly suitable straps have been disclosed, int. al., in EP 711 649.
20 |
In addition to the aforementioned geogrids the invention pertains to civil
engineering structures and works, such as dike bodies, beds, slopes, and the
like, which have been reinforced with the geogrid described above.

25 _V\ﬁ';_hin the framework of the present invention the term “strap” refers to bodies
- "where one of the dimensions clearly dominates the two other dimensions and
of which the thickness preferably is in the range of 0.2 to 2 mm and the width is

in the range of 3 to 30 mm, preferably in the range of 5 to 15 mm. The width of

- the straps preferably is at least five times their thickness. Given the heavy loads



7 occuring in civil engineering structures, it is prefer e
| engt hwi se WO 998884 fic strength of the straps exceeds 200 NP&EQQ%EE‘,&%E

preferably 300 MPa. The crosswi se nodulus is nmeasured (at a
tenperature of 21[err]C and a relative 5 atnospheric humdity of 65%" by
conpressing the strap in the thickness direction between a snooth
steel plate and, p03|t|oned paraIIeI toit, a steel pl ane having a

width of 2 nm ap geﬁ"gmn%ﬁ nhb”Bﬁ'u&ru?éé eit té"%?efe'?%d/\ﬂtﬁéh the |erfgfthWise

strap. The pl ane |s i tuat ed o the Conical sid a symmetrical wedge
havi ng an i rraglspecmcrsﬂe“ngﬂwdfIﬂ'lastrqngezceédsmpadwl]’aaadd ipseferably 260 Wa.
flattening this 10 point (through mlling), such that the plane is

per pendi cul ar to the plane of symmetry of the wedge. The strap is

cl anped in Sucﬁ'h%e@f&)régw]?é midfulus is p{ 1e8t O%H'th'%' eﬂﬁeﬁ&%rtdx‘énoﬁ%ﬁ@%rﬁpg%lahve

corresponds to verse direc € Crossw se

(roDdg[ us, ]E[ ss.{r]atl]hbgpﬁgﬁo\. hGmidifie of B5%) a&secbcﬂﬁpfeﬂsin%?he ]strap in the thickness

err] -Slerr

err] whalirections etween assmoethisteeh plate andi posjtioned nerallﬁl érribsa steel
t he

Lgftékaﬂfvfkiemhsﬁhgf’w% o2 g & 156t Sevefaiinbe BrfalEudlh he fietn
d
CtiTiness of 1D oSk ThepBes as’%’”“*ﬁ"e%?‘!‘a%‘?“‘%%'%'% of L eLihelica) wedge

aver age sl ope dfavir’@ahmmgmarvrmmvmth anranglé ef 308 mndHie obtalnedrtny ﬂaﬁénlNg thls
The wedge' s speed is O. mn and its npvenent is halte

a force of 18oodaint ﬁhf@@hé@!"m@esméh?tag@ Pang;is mﬁaelq'-liart 'F%tth?rﬂ}a"e of
modul us i n the Mlactl OBf Ghe! Wi SThd! std§ R 'Hinpadl SuchK e Wiy %that the

account ‘i'n
longitudinal direction of the wedge corresponds to the transverse direction of

the strap. The crosswise modulus, E, (in GPa), can be calculated as follows:
E

r

| _d SuSu

15 Wb Sy~
wherein w (in m) is the width and d (in m) is the thickness of the transverse
strap, and b (in m) is the width of the plane at the bottom of the wedge (in this
case 2 mm). S, the stiffness of the measuring device without a clamped strap,

20 and S,, the joint stiffness of the measuring device and the strap, are
determined by the average slope of the force-impression curve between 750
and 2250 N. The wedge's speed is 0.1 mm/min and its movement is halted as
soon as a force of 3000 N is reached. One advantage of this method is that the
modulus in the direction of thickness of the strap is also taken into account in

25 the measured value.

. The lengthwise modulus, E, and the specific strength of the straps are
measured in accordance with 1ISO10319. For the lengthwise modulus use is
made of the 1% secant modulus.



25 the neasyre The | engt hwi se nodul us, Eferr]

specific str Hgggﬁgg* the straps are measured in accordancP@&ﬁF%’m”s

| SO10319. For the | engthw se nodul us use is made of the 1% secant
nmodul us. . , 8 -
Apart fromthe nodul us, the cracking behaviofir of the straps provides a
usef ul I ndication of the suitability of transverse straps for use in
the grids according to the invention. Use is made of a steel
cylindrical pin haviing a mass of 700 g, a 5 dianeter of 2 nm and tip
angl e of 60. TAPas flomsthe teduluseihe cml@rw bséavnoumof the straps rap¥ides & wseful

o1 be 175 r iEENdIE e e Fhitatiy e draiieris) Straps for sk e G Boprding to
centre). ﬁ@mmmoh Qfse%rrﬁaaétdf@ste%n %9@@&41 ?ﬂé h}s\é@%?@?éﬁg?gp 'g, 2

tw ce the thickness of a single strap ,
in the top St rdameteref2imm, afthtip Hngle\of 683 The ik is druyiped svetethesariidertiday

h i d he | h
ouna. " Ot ur nairaBsPiaea one AT ins GEthe ethes D sughi Height thah g Svelogity
I th of |
i only sui t oo HTBE 8 I8 RBmBAEE ireltikedind fibstelf tarhloX MRl in the cantre).
I't:shoul d be nFhecdégthtof pemma@nqalddnltrdnéd by's eta1td abat f AAEEthe thickness of

application PCT/ EP 97/ 03057 ﬂ ds are discl osed
transverse andatsiggle strap. Next, tthehlemgt s@frtiilpscracb indhe dop strapois measufed. HEhe

ot her by nﬁfmsa\%raagte lcFa% ! t\/\% is determlnedrlgj égpﬁi?lgpgﬂt %”gké‘gn g‘n’? t’ten times
and averaging the lengths found. It turned out that transverse straps having an
average crack length of less than 60 mm and preferably of less than 40 mm are
highly suitable for use in the geogrids according to the invention.

15  It:should be noted that in non-,p'r.epubli'shed international patent application
PCT/EP 97/03057 geogrids are disclosed where the transverse and the
longitudinal straps are welded one on top of the other by means of at least two

: welding zones per bonding point.

- 20  The invention will be further illustrated below with reference to an example. It

~goes without saying that the scope of the invention is by no means restricted to
“ said example. '

EXAMPLE
25 ' .
The straps described below are welded one on top of the other with the aid of a
solid state laser (OPC-A020-MMM-CS diode laser array) emitting light at a
 wavelength of 820 nm. The optics in the welding set-up shape the laser beam
~ into a line 6 mm long. The distribution of intensity is homogeneous over the
30 length of the line. Over the width of the line the distribution of intensity follows,



20 The invepti i1l be further illustrated below with refer
exanple. It "Q' 93}}8#3% W t hout saying that the scope of the in\?gnﬁgggm‘?’gsby

no nmeans restricted to sai d exanpl e. EXAMPLE 25 The
straps described below are wel ded one on top of the other with the aid of a
solid state |laser (OPC A020- MW CS di ode | as8 array) enmtting |ight at a
wavel ength of 820 nm The optics in the welding set-up shape the | aser beam

into aline 6 EﬁPk@ﬂmatélk),e 4li Borantzt distriition twittsi &y fuls widtipgahdealt miekimum
the 30 length of the line. Over the width of the line the distribution of
intensity fol | §MAHM) of 0.3 mm. The total power of the laser light in the line i 15W.

oxi mat el y, Loren di,str.ibution with a full, w dth. at Xi_nmum
(P Tof 0”3 Hhneriglefng e g5 malelcrosduise 4t etoni br 07433, I 2GRy the
During wel din | ' Ve; ' ' ;
acr osg t he ’ piégrea{ndeﬂtsc\)& %géﬁmfﬂlggﬁgﬁﬁﬂﬁ rﬁec?l“t?gﬁiﬁ%‘%gélg?gﬁ ﬁﬁ%ﬁ'@aﬁeﬁ@"&g té\ ©
mm wi de runBi nderigth ofSthel scagirting fmovementnifinegessamythis. pidcessds yepegted tntil
process is repeated until t he whol e contact area has been wel ded.
The scanni ng nihekheole septact apea has deengwelded: ongi t udi nal st rap.

Consequent |y, when this strap is 12 nmw de, two scanni ng novenents
whi ch do not overlap 10 are needed. Two types of transparent

pol yester tr an%é&%rﬁﬁl\;ﬁp@ﬁ%vé'rﬂéhf'om paedlle} té te longituldii SrapS OdiiseddieRtly,
specific strength 636 a) and "5cl" (average crack
when this strap is 12 mm wide, two scanning movements which do not overlap

10 are needed.

Two types of transparent polyester transverse straps, “2cl” (average crack
length: circa 80 mm; specific strength 636 MPa) and “5Scl” (average crack
length: about 30 mm; specific strength 631 MPa), having the properties

15 indicated in the Table, are each individually welded onto a black polyester strap
across the whole contact area and at an angle of 90°, using the aforesaid laser.
The black strap is composed of PET to which carbon black has been added
and has a specific strength of 631 MPa and a modulus (longitudinally) of 13,8

. GPa.

20
In a tensile tester 10 black straps with a “2cl” transverse strap welded onto
them and 9 black straps with a “5¢I” transverse strap welded onto them,
respectively, are loaded to failure. The average decrease in strength of the
black longitudinal straps provided with a “2¢l” and a “5cl,” respectively, is listed

25 in the Table below. ‘E,/E, stands for the ratio of the crosswise modulus of the
transverse straps to the lengthwise modulus of the longitudinal straps; “splitting”
indi'cates whether prior to the failure of the black longitudinal strap there was
any splitting in the relevant transverse strap.



| engt h: abouf 3
i ndi cated i névmgn%

strap acr
the aforesaid

car bon bl ack has been added

specific strength 631 MPa), having the prgi i

e, are each individually welded onto a bllg%ﬁ {f)%ﬁ%?g”sl‘tser
oss the whol e contact area and at an angle of 90[err], using
| aser. The bl ack strap is conposed of PET to which -~

and has a decific strength of 631 MPa and

a nodulus (longitudinally) of 13,8 GPa. 20 In a tensile tester 10
bl ack straps \iighl@ = 2cl" transverse gtl@ompdratve)ont 54} (ipwvreation©

bl ack straps Wwth a."5cl" transverjse strap wel ded ontqd t hem

respectively, |[are | oaded to failurje. The average decrgase in strength of

t he bl ack—-engi-tudi-ral—strapg—provipged—w-th—a—2gl—anda—bel—
respectively, matefiadt ed 25 in thd Tabl J@W(;EMET[ ERR] |st and<dreyn PET ratio
of the crosswyj t he trans e strapg to the | t hwi se
nodul us of theilﬁgﬁlg?%gu@ﬁr@f‘)st rapy; "split fgnza ijndi cat es Oe\;\igt her

prior to the f@/|(@Pa)of the black |l ongitudReg strap tlhere was11.,04 any
splitting in fhe relevant transverlse strap.:

10 Table (Ef/Eg)x100 (in %)  2cl| (conpar 46i%e) 5cl (i ®Pention)
mat eri al ltti drayn PET drawn PET_t hi ckness
(in nm splitting 5, Yes o 53 E[lERR] (cPal©

2. 30 1.04 [ERR]} (in 9% 146. 7

7.5 splitting yes No strength
decrease (in Ystrength decredse (in %) 14.1 1.9 1.9 -

This shows that the decrease in strength and the attendant premature failure of
longitudinal straps provided with “2cl” occur hardly if at all in the structure
according to the invention (“5cl”).

LTS



Thi s shows that decrease in strength and the attendant pr
- gredhs e“@*’ﬁ%{“’aﬁ

failure of nal straps provided with "2cl" occur hardly
in the structure according to the invention ("5cl").

11 Cl ai s 1. A geogrid conprising drawn, polymeric
| ongi tudi nal straps which run pardfli el or subst antially parall el
and polyneric transverse straps bonded to 5 t he | ongi tudi nal

straps, characCpiimged in that the crossw se nodul us of the
transverse straps is less than 15% preferably |ess than 8% of the
| engt hwi se nodul us of the |ongitudinal straps. . A geogrid

of the Iangtt b nal bepaRd “PRmpLEEY kﬁﬁwﬁsﬁp&%ﬁgﬁé"&%\%ﬁﬁgﬂ@ strags whRH" i
8% of the |engt h"‘?%l%é! SHEHEstﬁﬁtlé éfa%BFaﬁﬂ?% cY‘nﬁéffé’%rans rse stfaps Bonded to

geogri d according aim Raracteri nThat when & etrarn i s
exerted on¥%ne or hherlenbﬁudnnahdtraps sharaphartsbdan thatithe efsswiise neodyles iof tike

15 | engt hwi se strength of the gi tudl str greater part of
the t r antQRSVRISE Bip es ugnlm thans nmg? hhvngqssstt%@s% | of tae

ggigﬁgfﬁg to any olﬁyggﬁw#%erﬁp 39%8‘5 I‘?@'{J&'ﬁ %gagcferl sgd |'rA1\ ggogrl |

that the angle at which the | ongl tudi nal straps and the transverse straps

2. A geogrid according to claim 1, characterised in that the crosswise
10 modulus of the longitudinal straps is less than 15%, preferably less than
8%, of the lengthwise modulus of the transverse straps.

3. A geogrid according to claim 1 or 2, characterised in that when a strain is
exerted on one or more longitudinal straps of at least 90% of the specific
15 lengthwise strength of the longitudinal straps, the greater part of the
transverse stréps bonded to said longitudinal straps will be deformed

without cracking or splitting.

4. A geogrid according to any c_)'ne of the preceding claims, characterised in
20 that the angle at which the Iongitudinal straps and the transverse straps
are bonded together is from 80° to 100°.

5. A geogrid accbrding to any one of the preceding claims, characterised in
that the straps are bonded together by melting a portion of the polymer of
25 the longitudinal strap and the transverse strap.

6. A geogrid -according to claim 5, characterised in that the straps are
 bonded togethef by melting only a fraction of the polymer of the straps.

—_—
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are bonded together is from80[err] to 100[err]. 5. A geogrid
accor di ng towgr??’zm of the preceding clains, characterised i nPCI/EP98/07776
that the straps are bonded together by nelting a portion of the pol yner of
25 the |l ongitudinal strap and the transverse strap. 6. A
geogrid according to claimb, characterisedi2n that the straps are
bonded together by nelting only a fraction of the polynmer of the straps.
12 7. Aygeoqri OhEbdNdi | &t 6 st
straps are 7 g'.b%o ggdéleg%}g{ ertsb?h‘rirhel?'l %‘%g%ﬁ%ﬁéé?gﬂlg%t[{e}%]sﬁn%s are .
preferably 5 to 30bprded together by melting only 5ol 100eim, preferalfly 5 t& 30eagy, iof the
according to any one of the preceding clainms, characterised in
that at |east the PelY§®fudinal straps are made of a polyester, preferably
pol yet hyl ene terephthalate or a copolynmer conprising ethylene
terephthalic noieties. 10 9. Acivil engineering structure, such as a
di ke body, #edsg, sl Sdrid Becbidifg to any one of tHé g:'ﬂeé@tﬁng%‘félr{s?'cﬁfa\%&éﬁséﬂ G
a geogrid according To any one of the recedi hg cl al ns.

that at least the longitudinal straps are made of a polyester, preferably

polyethylene terephthalate or a copolymer comprising ethylene
terephthalic moieties.

10 9. A civil engineering structure, such as a dike body, bed, slope or the like,
which has been reinforced with a geogrid according to any one of the
preceding claims.
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