13 MARCH 2006 GE' OSYNTHETIC MATERI AL FOR A DEVI CE FOR REI NEMREREIE28R6UND
AT RISK OF- COLLAPSE The invention relates to a geosynthetic material for
the reinforcenent of earthworks. GCeosynthetic materials and, nore
particularly, geotextiles, are used rmork and nore often as 5 reinforcenents
in the congEpgeTeETnd MPEDERTADr KSR fOMEVICEIEORREINHORSING SROENYSR echni cal

difficulti eSXaRFbEOLLABRE | fied relatively easily and be dealt with
appropriately and deheni tinredntidh herrgletteshnitcal 20 diglefdsguntthiessicare nore

conpl ex to QYELGOL® ?3?|§9§ﬁ£%9§§gﬁ§ﬁq“t‘3%f§%@m°f‘psi ncorporate a ri sk.

This applies particula [ roun nprises subterranean cavities
of natural origin GErasgRtlephendindrddalr anthr ope Ee oPaditd QWY mar| 15

pits etc.) yBbebxaieesot ldsd edysRaan madex agddaremodeffiggtdnto ncircle.
Construc |ngFan eart hwor k an is tgge of gr,ound LS soneti nes unavoi dabl e

t
and thet ef SF&NERESEPENES gddt eCRAFi cGPNFFERCELERCI Af e IF EINVOT SRR trary
formati on otoadkl apseaibfagarth 20 (subsidences) in the area of the

i nfrastructure, thi ri sk bej i nconpatible-ywth | eve f service
required for the st?ﬁ%‘?ur e.gbel‘#;g?}{e‘gh%?gal sAo %{\i%%l?gggl vesé?rﬁe ugoee of a
reinforcingigeotéfietle ofelatsl vely aclaasd'lst ypendhi chei s deglusedvidh a
preventive %?%Bb?iaIQQyCh%r:ﬁPt eghBLhe810E 11N S QEOL XL ideR RN LON it
position, whether at the surface or at dﬁ{)ﬁnh, on the magni tude of the
subsi dehes i TREUL EE8F eATENBOGS CIRIERES AEPFECPRPOAND IR MRT at the

surface, botlkapethanengyinedrdysaiihéprporate a risk.

This applies particularly when the" ground
comprises subterranean cavities of natural origin
(karstic phenomenon) or anthropic origin (saps, marl

15 pits etc.) which are not listed in an index and are
difficult to encircle. Constructing an earthwork on
this type of ground is sometimes wunavoidable and
therefore entails a geotechnical risk associated with
the arbitrary formation of collapses of earth

20 (subsidences) in the area of the infrastructure, this
risk being incompatible with the level of service
required for the structure. ’

The technical solution involves the use of a
reinforcing geotextile of the “parachute” type which is

25 used as a preventive measure. The characteristics of
this geotextile depend on its position, whether at the
surface or at depth, on the magnitude of the
subsidences to be treated and on the maximum deflection
permissible at the surface, both permanent and dynamic,

30 as a function of the time required for action in order
to repair the structure. It is necessary to take into
account the lifetime of the reinforcement after the
subsidence has occurred, as a function of the traffic
on the way which passes over the structure.

35 Various parameters are involved in defining the
tension modulus of the geotextile to be selected.

The object of the invention is to provide a
geosynthetic material which allows normal operation
during the period of use of the structure and which



30 as a function of the tine required for action in order 133 AREGHI2006he
structure. It is necessary to take into account the lifetinme of the

rei nforcenent after the subsidence has occurred, as a function of the
traffic on the way which passes over the structure. 35 Various paraneters
are involved in defining the tension nodulus of the geotextile to be

sel ected. The object of the invention4sto provide a geosynthetic materi al

whi ch al | owsrpenRal GRETAlY Osbl @t bRgoEhehperd Dth sHutiset phet H@ SiHdict ure and
whi ch 13 MA affords a _safety solution of the parachute type in

RCH 20%6 - 2 et 2\
the event=8f"g 25l PaffS&t8P38a th S2Fid i nvention therefore relates to a
geosynt heti ¢ mat er Tak whiigtveyonirn sestherkéase onerdlapre$ of tparald el

reinforcin . Thi nt i L i h eri.zed J t hat
Lhe o ni odebRyREfe s Flid OGN ARt R EBRBEL3Rsl B O BLACLSEneP S
produced wPEhprarpilbed WaknAQr&imidgls a3y -on nodul us and a breaking

el ongation val ue chase YadH ke mArarsgaeond gepHpPadtestizamdsin produced
with a fibre haying a tensi.on nodul us bel ow t he tensian us of the

I [ . _hodu
fibre of tRB2F| F8€ PGS O3 iNF SR 258 bibakF h§UERGNgE: i%onF Vad e at
| east equabrbapl2p Hvamisgeouskyceidhevititbre dfibidee isdvangsaofhidte 15
first group.is.made of PV, ol yvj t at i C b { ng
el ongat i ongg*étl%g gr}odle“}luo%A ggﬁ Ia%/ %E%%Fggsbgelﬁ%qggglt%at USEP?he‘{Pﬁ%r es nmay
be uséd stehSds grebsinod aegande gomvircPhaserangaxi PredcEskiwgt el ongat i on

val ue of 2,0re255% HdWsSndeidgiensibhi cheathbushighibar R0 suhsi depce zones.
The fi bres of rlhe stfr arhds Pf t he §ec%nd
modulus of the fibre of the

Q%gjgroup of strands and
a breaking elongation value at least equal to 12%.
Advantageously, the fibre of the strands of the
15 first group 1is made of PVA (polyvinyl acetate) which
has a breaking elongation of the order of 5%. It should
be noted that further fibres may be used, such as glass
or aramide, which have a maximum breaking elongation
value of 2 or 2.5%, this being insufficiently high for
20 subsidence zones. .

The fibres of the strands of the second group
are preferably produced from polyester or
polypropylene.

If there is no serious disorder in the ground,

25 all the strands of the two groups participate actively

LN

in absorbing the stresses, up to a deformation value of
5%.
Beyond this value, which corresponds to the
commencement of serious disorder, the strands of the
30 first group begin to break and the forces are
additionally absorbed solely by the strands of the
second group, thus resulting in greater deformation of
the geosynthetic material of the parachute type, but,
since the strands of the second group have a breaking
35 deformation value higher than 12%, they can support the
structure, in spite of the great degree of disorder in
the ground.
In practice, the geosynthetic material

according to the 1invention may advantageously be
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serious disorder in the ground, 25 all the strands of the two groups
participate actively in absorbing the stresses, up to a defornmation val ue
of 5% Beyond this value, which corresponds to the comencenent of serious
di sorder, the strands of the 30 first group begin to break and the forces
are addltF@ﬁ@lllfg?dabmd'—l'!ﬁ)l%¢19U<E)9U¥ﬁel§tPam&g sPnsteusd@sbndy ytbup, thus
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parachut e type, but si nce e strand Qup have a breaking

35 def or maFPBﬁb\)'él Lﬂef hPﬁﬁ%FlPﬁaﬁtlﬂ}Se‘fﬁt’e@r%e uﬁg I’rém sf3tietdre, in
spite of the&,great (ée@rn@aeqf di sordleBsi, n thde sgrmjndllhmeﬁtactbé:mgt he
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filaments bei connecte %1 evl ces s second geos etic
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geosynt het i@ i Gaiter i @rla@caor Hpwut 0 at h@eEB!‘ﬁBEh.@H by fan @@l t hsd@ygd whi ch,
under i@s own Wel% brlngs(gﬁqﬁéda def or mat i gf th second 10
geosynthet BECTHPENCAL DA gt EoBof*eRBsSca éln heEBiSthe al arm

devi ces toohe adt ithat @dar@ iwviathsatadss amdi eheedct eri stics of the
tnvention will emerge from g 18add0 Ynd NedAd M NWstics of the
invention will emerge from a reading of the following
description made by way of example and with reference
15 to the accompanying drawings in which:

Figure 1 shows the characteristic curve of the
elongation of the geosynthetic material according to
the invention as a function of the lateral forces
exerted on it per unit length;

20 Figure 2 shows an example of the structure of
the geosynthetic material according to the invention;

Figure 3 1is a <cross-section through the
geosynthetic material of Figure 2 along the line
ITI-III:

25 Figure 4 shows an example of use of the

by

geosynthetic material according to the invention in a
sfructﬁ}e above a zone liable to collapse;

Figure 5 is a <cross-section through the
structure of Figure 4 above a collapsed zone.

30 Figure 1 shows the characteristic curve (C) of
the elongation of the geosynthetic material according
to the invention as a function of the forces exerted on
this geosynthetic material in the longitudinal or
transverse direction of the reinforcing strands

35 equipping this geosynthetic material. This curve (C) is
given as an indication of the tensile strength. The
latter may advantageously be adjusted according to the
Site requirements.



description nade by way of exanple and with reference 15 tl§ MIARCH 2006
acconpanyi ng drawi ngs in which: Figure 1 shows the characteristic curve of
the elongation of the geosynthetic material according to the invention as
a function of the lateral forces exerted on it per unit length; 20 Figure 2
shows an exanpl e of the structure of “the geosynthetic material according to
the i nventl on; Fi%hare 8lpsgatdérossi-sebelon tIk.oughet isd opeosyht hdei ¢

material of,Rigure)2 plongddhe | jpe cd !l lard | LioRgakiigr eo# Shows can exanpl e
of use of tl'h geosynt hetic material according to the invention in a

struct ure BHRRAS a256ne2P3aPPeAt BYcoF NP LI GTFENG iSETRNGos¥hdE8t i on

t hrough th%vétﬁwttuf@hoteEsggﬁemédabzmse aald:czlImmeﬂla@neloﬁea&@we 1 shows
t he charact |st|g ﬁgrve t he eIoEQ n of QQ ignth%&IC mat eri al
accor dPng Y3'd*% Het i Rveff o heffha 3UncPro H’epf qoE ¥Bd this
geosynt hetdpz:hmtmy]al lacettlae d)ongi asdi naeldr 4&sanswer seh@i r eothemr of the
reinforcing §{gands %5?99%8? Qﬁ E{l ﬁa@%o%yf?&m&ﬁwa S&éfﬁ teIQ'l% C““’e (9
is given as an i Aidi talTon o € tensile stren at

advant ageoru:sitylttﬁa atfiust eereicordi Adongattien swbu?eq@prv@rreh% ansi MARCH

2006 - 4 até@ﬂaﬂ S ¢hel Q‘G’%5% thl@ eS| 8Re Qf E'E?:an@i‘ér V%e(x@)g is steep.
Up to an eI on atlon of 5% the forces are absorbed by the reinforcing
strand Rﬂﬁj( ugpde 9 PFYPERNsFBATNBALYES t&%d °F t?toééﬂarﬁé’yeli%ﬂﬁqatl on 5

val ue of 5% and wWhiedn are gHRfterabl e yyasiced §,r orohRVApPVaPOok Y vias acet ate),
as wel | a%tégtheagéh%he load is then absorbed by the polyester
strands.
When elongation reaches 5.5%, all the PVA

15 strands are broken, and the forces are absorbed solely
by the polyester strands.

The portion OA of the curve C corresponds to
the normal operation of the geosynthetic material in a
structure. The portion AB corresponds to an alarm

20 situation, and the portion BD corresponds to the use of
the geosynthetic material in the parachute moéde, for
example in the event of a collapse of earth below a
structure equipped with the-'geosynthetic material
according to the invention.

25 Figures 2 and 3 show a geosynthetic material 10
produced by weave-and-knit technology, in combination -
wifh ngn-woven, which comprises, 1in 1its transverse
direction, a plurality of parallel strands or cords 11,
12 distributed in a first group of strands 11 which are

30 produced from PVA fibre and a second group of strands
12 which are produced from polyester or polypropylene
fibres.

The strands 11 and 12 are integrated, during
the manufacture of the geosynthetic material 10, in a

35 perfectly straight arrangement which does not cause any
undulation or shearing effect, as in other textile
surfaces.

In Figures 2 and 3, the PVA strands 11 and the

polyester or polypropylene strands 12 are arranged



rei nforcing strands which have a markedly | ower tension motiMARGHZ086
breaki ng el ongati on val ue above 12% and preferably equal to 18% these

ot her strands being 10 produced, for exanple, from polyester or

pol ypropyl ene. \Wen el ongati on exceeds 5% the PVA strands break, and the
| oad is then absorbed by the polyester strands. Wen el ongation reaches
5.5% all the PVA 15 strands are broken, and the forces are absorbed solely
by the pol Xf?&?ﬁaééignd%c The %ﬁreteﬂront&)?%ofc LNeyCHLYE Co%oréﬁépfy&%s to the
normal operafion o he "geosynthetic natérial in a stricture; The portion
AB correspbypest ofaatzRadm raysidiffisomndinke t falpoiered BRcosdia@gponds to

the use of ot BRe0GOSYBENERLCoBBEGRAL iR Wit paLAChY e mode, for —example in
the event of a collapse of earth’below a structure equipped with the

geosynt heti c mat er FAFUr8&cdr dndg Xt SNk 3MVAATRBR2ISSUR| §PeSL2 t&%d 3 show a
geosynthet heoBphehk ek c10 mfroduced by weave- and-&iwilt eehdehe@)ingn _
conbination - with non-woven, which conprises, in its.transverse direction,
a pluralitybPCPUFal | &0 stARARIYF cOPds 211,924 stLi bGERR LS 8% | 1 st
group of sinaasdsall whird¢hiase 30 pwhdobedatromsEYArfatlede dxdma sé@ond group

of strands [ are p uc m,pol yest p pr e . fibres.
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not cayse agy w&W'@é:ﬁQQiQésS%@a&d’é&&ff@&%ab@é iJ¥ obheski Ryt iRen surfaces.
In Figures 2 and 3, .the PVA strands 11 and_the polyester or polty,pr opyl ene
st r ands 12tggec8pﬁgﬁgé&nt of elongation of the first geosynthetic

material 25 is, for example, 4%, in order to signal a

1

first alarm level, and filaments capable of breaking
when the . coefficient of elongation of the first
15 geosynthetic material is, for example, 8%, in order to
provide a second alarm level.
Between the geosynthetic material 10 according
to the invention and the first geosynthetic material 25
described above, is arranged an earth layer H which is
20 calculated in such a way that the first geosynthetic
material 25 experiences deformation above 4% under the
weight of this layer H.
When a collapse occurs below the first
geosynthetic material 25, the weight of the layer H
25 causes _the filaments having a low coefficient of
breaking elongation to break and results in the
provision of a first alarm level.
Under this condition, the geosynthetic material
10 according to the invention alone supports the weight
30 of the structure 20. Beyond a particular deformation of
the geosynthetic material 10 (5-6%), the latter will
transmit additional forces to the first geosynthetic
material 25 which are capable of causing the filaments
having a high coefficient of breaking elongation of the
35 first geosynthetic material 25 to break and resulting
in the provision of the second alarm level. This second
alarm level will be reached at a deformation of the
geosynthetic material 10 of the order of 6 or 7%, which



13 MARCH 2006 - 5 alternately. It is clear that the densith3 MARCE2000
types of strands nay differ and be cal cul ated according to the use of the
geosynthetic material 10. Figures 4 and 5 show an advant ageous use of the 5
geosynthetic material 10 in a civil engineering structure 20 arranged on a
ground 21 conprising internal cavities 22 which are separated fromthe
surface 23 of the ground 21 by vaul t-s 624, Arranged above the surface 23 is

a first geﬁy@ébft b&18Rt %weallo%ﬁ%f\hbeeaﬁ@ﬁer '&%Jﬁi@i@(‘téfcﬁﬂém e of
breaki ng when the coefficient of el ongatlon |rst]gfosynthet|c

material BP1¥estr &AM T, C Aok nEnIBP &PtPStéFgﬁéFﬁélq% al arm | evel

and filanents capable of breaking when the coefficient of elongation of the
first 15 geosynthetic material is, for exanple, 8% in order to provide a
second alarm |l evel. Between the geosynthetic material 10 according to the
invention and the first geosynthetic material 25 described above, is
arranged an earth layer H which is 20 calculated in such a way that the
first geosynthetic material 25 experiences deformation above 4% under the
wei ght of this |ayer H Wen a collapse occurs below the first geosynthetic
material 25, the weight of the layer H 25 causes the filanments having a | ow
coefficient of breaking elongation to break and results in the provision of
a first alarmlevel. Under this condition, the geosynthetic nmaterial 10
according to the invention al one supports the weight 30 of the structure
20. Beyond a particular deformation of the geosynthetic material 10 (5-6%,
the latter will



transnit additional forces to the first geosynthetic materl3aMAaBCHAM6 are
capabl e of causing the filanments having a high coefficient of breaking

el ongation of the 35 first geosynthetic material 25 to break and resulting
in the provision of the second alarmlevel. This second alarmlevel wll be
reached at a deformation of the geosymthetic material 10 of the order of 6
or 7% which 13 MARCH 2006 - 6 is well below the |evel of breaking
deformati on of the polyester strands of the geosynthetic nmaterial 10. 13
MARCH 2006 - 7 CLAIMS 1. Geosynthet FEAR¥S erial of the type conprising at

| east one lap of parallel reinforcing strands, characterized in that it is
produced from weave-and-knit in conbination wth non-woven and that the

said reinfoycing st re.di i d En fi . strands,
produced wi th'a i bris vF%gegéghlﬁ‘é%E?géngi o Mefls | civBE g:rnoglgglgi%%k%%g
el ongati on vidasr cl ose t 01816, @ihd pamadlskeconeigfoupimd statamass, produced

with a fibre _having .a %ensi dul us bel Qqw t he_tensi on nodu] us.of the
fibre of {H@FIASETF60p B CPF anis And 8 BT Lk FRE" P BRGHTH hl ue at
| east equal i 13%mbiratiGeosywidiet i forbicdichal @arorehatg tendl aisaid,
characterized in that the fibre of the strands of the, first group is nade
of pol yvi nyl THIHCLCENI 3 SLERBLS nEhet FLShRIRIGE] Htcdr §LREEt XM heF one of
Cains 1 or ZrLHhalactsdizRd i pithat t beofd bhevofigt he nsyk andssebnt he second
group is made of pol yester or pon?roperne.

modulus and a breaking elongation wvalue close to 5%, and

in a second group of strands, produced with a fibre having

a tension modulus below the tension modulus of the fibre

of the first group of strands and a breaking elongation

value at least equal to 12%.

2. Geosynthetic material according to Claim 1,

characterized in that the fibre of the strands of the

first group is made of polyvinyl acetate.

3. Geosynthetic material according to either one of

Claims 1 or 2, characterized in that the fibre of the

strands of the second group is made of polyester or

polypropylene.





