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GEOGRID AND CIVIL ENGINEERING STRUCTURE COMPRISING SUCH A
GEOGRID

The invention pertains fo 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.

Grids as such are known. In GB 2266540 a grid is described whjch 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
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
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.,

such as occur in civil engineering structures (i.e., structures to do with, int. al.,

“hydraulic and road engineering), 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
straps and the bonding technique applied.
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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 especially suited for use in civil
engineering structures and which does not suffer the described premature
failure. This is achieved by making use of transverse straps of which the
crosswise modulus is less than 15%, preferably less than 8%, of the lengthwise
modulus of the longitudinal straps. Preferably, the crosswise modulus is also
more than 0.1%, preferably more than 1%, of the lengthwise modulus of the

longitudinal straps

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 modulus of the (drawn) transverse straps.
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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.

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

_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
bonded to a transverse strap, this elongation will result in a crosswise force
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being exerted on said transverse strap. As was stated, it is precisely in this
direction that drawn straps are less strong. Hence when subjected to heavier

loads, the transverse strap will split.

This splitting does not in itself constitute a major problem for the geogrid.
However, because the transverse strap and the loaded strap are bonded
together over the entire contact area, the transverse strap’s splitting or cracking
will lead to a crack and/or a load peak in the loaded longitudinal strap. This
crack in its turn will lead to the premature failure of the loaded longitudinal

strap.

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
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
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
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the straps is affected hardly if at all. Preferably, only 5 to 100 um, or even only
5 to 30 um, of the polymer is melted.

A highly suitable method for effecting the bonds in the grids according to the
invention is the one where the straps are placed one on top of the other,
pressed together, and heated using a radiation source emitting electromagnetic
radiation, e.g., a laser, with the strap facing the radiation source being
transparent to the radiation and the material at the point where the straps are
bonded together absorbing said radiation (to a high degree).

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

technique will have (substantially) the same strength as a single continuous,

untreated strap.

Also, the aforesaid absorption of the radiation may be either by the polymer
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

- 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.
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It will be obvious that, in principle, any configuration is possible so long as there
is a material absorbing the radiation at the point where the bond is to be
effected and so long as the radiation is able to reach this material.

Another suitable embodiment is the one where the strap facing the radiation

~ source is made up of more than one component. Use may be made, e.g., of a

bicomponent strap (width 12 mm; thickness 0.55 mm) of transparent polyester
(0.50 mm thick) and polyester (0.05 mm thick) to which a pigment has been
added or of which the optical properties have been changed. This strap can be
bonded to itself or to another strap in various ways, so long as the radiation is

able to reach an absorbent section via a transparent section.

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

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

- 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

to the invention. Unlike in the case of quartz lamps, the radiation emitted by
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lasers can be focused using simple means. Furthermore, lasers have a narrow
band width (“wavelength window”), so that absorption by the transparent
polymer can be prevented entirely or substantially entirely. Lamps, on the other
hand, have a comparatively wide spéctrum, so that the emitted radi_ation will
always comprise wavelengths which are absorbed 'by the transparent polymer.
In rﬁany cases this less desirable absorption will amount to about 35% of total
radiation energy. It holds for the invention that this absorption preferably does
not amount to more than 15%.

.To code the geogrids use may be made of transparent straps provided with a

dye which absorbs certain portions of visible light and scatters or reflects
others, but which is trahsparant to the electromagnetic radiation by means of

which the straps are welded one on top of the other_.

The straps preferably are made of a thermoplastic 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 degree of drawing preferably is greater than 2 and less than

7. Highly suitable straps have been disclosed, int. al., in EP 711 649.

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.

_V\ﬁt_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
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oceuring in civil engineering structures, it is preferred that the lengthwise

speciﬂd strength of the straps exceeds 200 MPa, and preferably 300 MPa.

The crosswise modulus is measured (at a temperature of 21°C and a relative
atmospheric humidity of 65%) by compressing the strap in the thickness
direction between a smooth steel plate and, positioned parallel to it, a steel
plane having a width of 2 mm and a léngth several times greater than the width
of the strap. The plane is situated on the conical side of a symmetrical wedge
having an imaginary point with an angle 6f 30° and is obtained by flattening this
point (through milling), such that the plane is perpendicular to the plane of
symmefry of the wedge. The strap is clamped in such a way that the
longitudinal direction of the wedge corresponds to the transverse direction of
the strap. The crosswise modulus, E, (in GPa), can be calculated as follows:

By S Ce
Slai

_ 4 Su S

Wb S —Seq
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,
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

-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.
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Apart fl;pm the modulus, the cracking behaviour of the straps provides a useful
indication of the suitability of transverse straps.for use in the grids according to
the invention. Use is made of a steel cylindrical pin having a mass of 700 g, a
diameter of 2 mm, and tip angle of 60°. The pin is dropped over three identical
straps placed one on top of the other from such a height that the pin’s velocity
will be 1.5 m/s the moment it strikes the top strap (approximately in the centre).
The depth of penetration is controlled by a stop to about twice the thickness of
a single strap. Next, the length of the crack in the top strap is measured. The
average crack length is determined by carrying out the experiment 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.

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.

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

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

length of the line. Over the width of the line the distribution of intensity follows,
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approximately, a Lorentz distribﬁtion with a full width at half maximum
(FWAHM) of 0.3 mm. The total power of the laser light in the line is 15W.
During welding the line is moved crosswise at a velocity of 0.023 m/s across the
plane to be welded. This results in a continuous weld of 6 mm wide running the
length of the scanning movement. If necessary, this process is repeated until

the whole contact area has been welded.

The scanning movement occurs parallel to the longitudinal strap. Consequently,
when this strap is 12 mm wide, two scanning movements which do not overlap

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
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.

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 “2cl” and a “5¢l,” respectively, is listed
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.
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Table 2cl (comparative) 5cl (invention)
material drawn PET _ drawn PET
thickness (in mm) 0.52 | 0.53
E, (GPa) 2.30 1.04
(E/E)x100 (in %) 16.7 7.5
splitting yes No
strength decrease (in %) 14.1 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”).

e -



10

15

WO 99128564 PCT/EP98/07776

11

Claims

1.

20

25

A geogrid comprising drawn, polymeric longitudinal straps which run
parallel or substantially parallel and polymeric transverse straps bonded to
the longitudinal straps, characterised in that the crosswise modulus of the
transverse straps is less than 15%, preferably less than 8%, of the
lengthwise modulus of the longitudinal straps.

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

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
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.

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

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

the longitudinal strap and the transverse strap.

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.

—_—

I
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A geogrid according to claim 6, characterised in that the straps are .
bonded together by melting only 5 to 100 pm, preferably 5 to 30 um, of the

polymer.

A geogrid according to any one of the preceding claims, characterised in
that at least the longitudinal straps are made of a polyester, preferably
polyethylene terephthalate or a copolymer comprising ethylene
terephthalic moieties.

* 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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