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1 Method for locating and neasuring deformations in a
work of civil engineering The invention relates to
process for locating and neasuring 5 deformations in

a civil engineering structure. During the construction

of notorways or railway lines, a great deal of civil
engi neering work is carried dut to support the
infrastructure of the road or track. But certain

sites conprise unidentified natural or artificial
cMethed fornidditing anfd measteiiig YeFoRwatiRiife iy work of
occur during.i o the construction of the new road or
trcé\fli,e“&m?g'flgp during its operation, causing serious
accidents due to the overloading of such fragile

zones, th i pf L e ati f -.an :
shaki ng. g?a&&%h{]é@cfjﬁﬁgggit&:ﬂ[-(g({es? %%%‘”Qeg”d measuring
nélefrsationsdn eetiy! ergiseerag stusuigdi ngs of the site
before capyingatHRUtodshRuctibl! df e §!d?g'ail\{’qﬁy"M’f’nlr’iaﬁr,i51 A great

Such s un,gl ngsS are 1 ndeed carrjed ou n | and no ry

S G6PLeH Vb engingering WK InEgRIachRIIOSUPPBR B inERsEICtUe of
iﬂ@lhc? stafaide @t‘i trackn aBu’g 3delrgegrm dﬁte;j’ﬂ Qgrr(dfi@ﬁ ﬁuﬁi?néldi@?%c?\maural or
| AR T, TS SR CuR RS SRR eyt furing

2thsysnetiractian ebthelineyes read oretrgclc amt lageraddring rits operation,
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t $ftjarion ot waitys 6raghtsuideshiakingr t her nrore, even in the

absence ofrgcavbid 88ich Naédigedtdndy WHEd el heg%%?!%gntg make

RS R GIR A S o S ik g g

ambrir sughtsoundiingd areyindeed canrieg ounth Bmashotemadlly, stitfect to
agp%@g%gof which is certainly limted, but affects
S

ticularly when it concerns tracks for high
speed tralNesertheless,deertain Isitast nohesutijett tf matbsl diandslide
o4 ey AP shher ek o£EUHRY B Aol ary
gé’é%@lfﬁtmﬁj o QHStERCRRT WhEChs I5i novaNaKAGWRhe infill, to
21 Ten Bk oy g ctoaantaisheie
o8BS ch e BeRo Fose o et BReT: UEenande e Yighiysthe
wprafosedadat @r d&rack to guarantee absolute safety.

Furthermore, even in the absence of cavities in the land, the
soil may be subject to uneven settlement under certain sections the road
or track following successive wet periods and drought, which may lead to
ground subsidence, the amplitude of which is certainly limited, but affects
safety particularly when it concerns tracks for high speed trains.

In order to limit the risk of subsidence of infill (embankment), it
is common practice to lay sheets (laps) or strips of woven or non woven
‘geosynthetic fabric on the soit and in the infill, to stiffen the infill, in the
event of subsidence in the soil. In this case, the threads (yarns) of the
geosynthetic fabric are subject to considerable forces which lead to a
deformation by elongation of the threads and which may cause them to
break, hence the coilapse of the infill.

In order to detect deformations in a civil engineering structure,

at pre-defined thresholds, FR 2 72 78 677 has suggested incorporating
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def ormati on by el ongation of the threads and whi ch may
cause themto break, hence the coll apse of the

infill. 35 In order to detect deformations in a civil
engi neering structure, at pre-defined thresholds, FR

2 72 78 677 has suggested in%orporating 2 paralle
threads in the geosynthetic tabric, which are capable

of transmtting signals and calibrated to

pre-determ ned el ongation at break values. The

dedcleht thoeadshries tbed geobwithetic | fabrieas which bares egable of

Sir:rgfsigjrr]l?ttm%@@t)é@? ahgecg BFa‘E Rgﬂ'g @?%‘?‘bggtélgﬁ%&n at break
TH%' uehr Brtigefeamatien éhréishﬁi aingd issmesasnedi ypserfding signals
Tﬂﬁ*ou@ﬁ@ﬁ@ﬂ%ﬁﬂ% ah§ bydetBeting fHd %r%ﬁeﬁég bt Qﬂserﬁﬁ%f response

catlon of the def ormat 1 on “at
® only possible by placing tvvo sets of

par aI | el Théﬂrthwmspemalﬁfﬁb cévé@ncélomghopt&rﬁrcal Jfﬂ;réf?eThe

HS88G By FRYBAN B Bt S Sholicl S ergnon
oﬁdJrﬁadﬁif ingddthreshalthds anlharassibhe blyeplamngnam sets tofieparallel
efrpagst ?ﬁEEH{%‘Chm%%CWm& the deformation occurs,

bef ore eads break, USing a geosynthetic fabrl c
with a siHif Suseasepf tthﬁelﬂﬁgntl%‘ 6% dpabiayideaiad ppeness | vehich

tmovm@slfeﬂﬂﬁélldtfatzbh%f the cféfb#ﬁéﬁﬁrﬁonfﬁ@ d Vﬁé‘ﬁdl 9Hd on the
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| %’Q@SE/ Itltnie‘%g'% gt %ﬁ eté'l‘evmq? Q‘?fﬁ”urfgl it 9‘9515\‘5 dﬂi’&"@althe

fd&fomaamcm pacurs) before thpahteadsfbreslgnsding ti g@aﬁhmicsfabnc

PRSI L L, Sl o b Bt o
e&F@JﬂtWespaced 20 and distributed in a series of NI
consec Ut T i@!K/éhhéW%cHYeb@s S? ?‘5% b@@i‘(@lfﬁ%ﬁt a# st one

In 1

said s es@e I d
VHTOSHN ﬁEtsa Wltlﬂeasemrélétympf tordicat dibses in parallel,
vaapablengf hensamidingy sighslsf iscs ﬂlﬂé@t to ke stfuch®@Sér UnBer the

P, Y55 o PR Lol Mgkt B & e
|ands @dﬂﬁnbutﬂdy it i&atsetlbse ¢f5 Nivecomigeeutivet gedtirist netre e ssame

t r ansm t ﬁ'ﬁi%@ﬂa cﬂ%ﬁt‘%gg eﬁg,‘ %FQ} of, wgpich has

§P@$ﬂ§ﬂﬁ§e éﬁrlﬁﬁ@\”th gififerentewvheelengthsy antdyBrregfact that, in
Gt AbatANLOPIR fibPds, LR ANRLEARY. of §ratiRGYS a series and the

number N2 of series in a set are determined in such a way that the
measurement of differences between the wavelengths of the incident light
transmitted to each of the said optical fibres and wavelengths of the light
reflected by the Bragg gratings enable, on the one hand, to locate
deformation of the structure and, on the other, to measure the elongation
of the said optical fibres where the deformation occurs.

The invention therefore uses the known properties of Bragg
gratings used in strain gauges, as described in WO 86/01303, in particular.

The Bragg gratings are placed at equal distance of each other
in all the optical fibres, but the lengths of the series or sets are different
for at least one pair of optical fibres to allow for the simpie location of
structural deformations by determining the wavelength of reflected light
which has been distorted in relation to the corresponding wavelength of
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deformation of the structure and, on the other, to
nmeasure the elongation of the said optical fibres
where the deformation occurs. 30 The invention

t herefore uses the known properties of Bragg gratings
used in strain gauges, as degcribed in WO 86/01303, in
particular. The Bragg gratihgs are placed at equa

di stance of each other in all the optical fibres, but
the lengths of the series or sets are different for

&hmh@ﬁ@hgnmetheaaumfudenﬁi dueh distoresnd givas |aﬁvvnﬁmat|¢nln©f the

Bk d b diag Shhe S re b ﬁt?%ﬁ%fwmed
has beRgvaiitagenuss |ﬂnatr pslt e apsicahEbasy rtg 1 of

dPeribR S Jeuedike B av%'a%%&ﬁah%ﬁﬂ'&ﬁ%@ﬁ#pﬁf’%@és E#‘S"o‘et

tagiﬁhﬁ@gg@h@ﬁ(ﬁﬁeghe optical fibres in the |ocation
concerned. Advantageously, in at |east two optical

fi br esThereéorapfitre examiplepflet ubeasgume thgd the distaace detween
3 bl ol T o her SnBea ) & 1 68 o
a@%ﬁﬂﬁettﬂéﬁef{)%g{eﬁfteﬁﬁﬁ‘% bl%t Higts. t%? B a99. a%%@ﬁ‘n%e”@%t the

tre e nu a serires o

dfiret ifibes dohedind @E&e@&bﬁﬁ@l?peﬁ\&t aHYl omt therefdret hargdlalseoen
assume that the first fibre contains seven series per

séffeeand fretvensisseapd shafdha|secerd 8hre eonipisdenarseries per-set;

chRHENEE T A7 80 RS B5 Hh SeR6P B T thel il fibre
%@begl'fé‘ @ktenﬁsscﬁfer (76 rh@?re§ 'érﬁ:LtI’fé biteof theejeebRd ﬁbre extends

ext ends over netres, e set of the second
fovmrea dseﬂgthdsf maneUaes e'ﬁmsh twio fibfesrenalss. usTte featayowith
fibres enable us to | ocate, wth precision,

sﬁrﬁG@tQJ”rrea sUeFtuse (QeaI a telabiangsh ofoddGrenetess. If furthermore,

el R Rsic BpHP EofRIR BAIR Guichl fio® §RAReBd Fatings 1

&héts‘enaﬁeﬁf A8 iAfsekRs GFNTREsHderatiRs s B30 "g?étir@s andnshch set
each set contains three serles ure elng

peanteingi thheey saries, 1ie ﬁgwet:hrb@mg ppma:amt Yiaf@sl@,nﬁ‘tﬂ three
{ t th def ti

Grtisdt HPEE Grathd o6 thiteabe Wit Prssian tStemabefs ing stycture

| & ﬁ?@@trﬁgtréf lﬁ” aFr‘ﬁ%td rrA L ik ‘fécafté\qz'tShche nearest 10

cor responds en th a series o
gmetrieB,gWhlcthmmestpmndb toftheﬂ@mgtﬁl ¢fna iserigeof QOtBr)agg gratings.

adequate for the nnnitorin? of civil_ engineering o
sthisdevelesf precision is perfectly adequate for the monitoring of civil
engineering structures.

Obviously the rule for the distribution of Bragg gratings on two
optical fibres may differ from that given above as an example.

Therefore, for example, according to another distribution rule, in at
least one optical fibre the number N1 of gratings in a series is equal to the
number of gratings of a set in another optical fibre.

For example, the first optical fibre contains a set of 10 series, and
each series contains 100 identical Bragg gratings 1 metre apart. The

second optical fibre contains sets of 10 series, and each series contains 10
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Qoviously the rule for the distribution of Bragg
gratings on two optical fibres may differ fromthat

gi ven above as an exanple. 25 Therefore, for exanple,
according to another distribution rule, in at |east
one optical fibre the nunber Ni of gratings in a
series is equal to the numbér of gratings of a set in
anot her optical fibre. For exanple, the first optica
fibre contains a set of 10 series, and each series
cBrigg gratihgl 1 dretre caparbr atesgrtwio opcdl fitres ravidetfor the
The 30 second optical fibre contains sets of 10
sequUsate lagaticneiha gl@fqrg@t@@nﬂaa steuctgre 1 kilometre_in Jength. _

onti cal T SOV aa geles Toana aRaTBII i dor dhe

dgﬁ[ﬂrcggbn@ﬁth@pag@gg ucture 1 kilonetre in | engt h The

i nventi ony al s reI at e t o, osynt het i .
the:app ASFBH oiriedEsT ot coFabRBes | flbric s
i charattieoned thyi i;hegéaxiytha‘hertlaontaibs i piuralitqhtafr aptlmhm‘és in

b%f%rrangl ftﬁétsafdh@[fﬂildai FBB%.‘ @6[&5 d‘ﬁ"ng% B%ch b éﬁg@& Rhly gaced in
ceaitesi ofi vy cgﬁfﬁggtlge gratings iz!svaé ROKesRRIEL® the saseg wayelgngth,
NtheC %@ﬁ:ﬁcséheyeb@ihgt kHRsHBsdPed &@Jrﬂb@ﬁétpnﬁ fdentibdl 8&R’e of N2

RPN teries ok AoiTESoNeL R Bersls WH R ERcut i ve
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seri-estHHte captiesipofibrdso -did  adeattageye
PisfiEbRd o7 S B @0 DAY e THBL S a Brh S B im the
prr@frerchu@cyoneoﬂ e shaet s Iamaubutdmaecalsarbenflaldh@rcgﬁwﬁ if
eg l-r)l/but may al so be laid CI‘OSSWI se |f necessary.
15Av eousl [heotlcal ibres in de a sheath
for prot qr@@\ge\s{%ﬁymstth hépticaly; fikreg, | QOa sheath for
a t@t@@tﬂjrwagalﬁnirﬁealrrfaﬂm el to essgabgettstinghe soil, and

. o QLLNSTER BhuRkehe Wty Byl O %e@iﬁgﬁtﬁﬁéwﬁﬂ*t%@wu@t@ and

ophecabrrbshemeatse laid in the direction of the

length of o &%&3@6}1 %?@%ﬁgr?fysrés ?(?rlélﬁ anHéeEhrch n of the

advant a?es an he i nvéention's
blenge af e said @ﬁoﬁ\éﬁhﬁh@fabﬂi descri ption bel ow gi ven

as an exafie? #NAn¥dded and characteristics of the invention shall be
clarified on reading the description below given as an example and with
reference to the drawings appended in which:
figure 1 is a perspective view of a geosynthetic fabric with
optical fibres containing Bragg gratings;
figure 2 shows a first form of the distribution of Bragg gratings
in identical sets of different series in two optical fibres; and
figure 3 shows a second form of the distribution of Bragg
gratings in identical sets of different sets in two optical fibres.
Figure 1 is a perspective view of a geosynthetic fabric 1 with
~optical fibres 2a to 2e containing the low reflectivity Bragg gratings 3 and
designed to be used to reinforce a civil engineering structure, the infill of a
motorway or railway line for example.
The Bragg gratings 3 are evenly spaced along the optical fibres
2a to 2b at a distance of 1 metre for example, and are distributed in series
4 which include a number N1 of identical gratings 3; that is, capable of

lengtdetedTheuring




reference to the draw ngs appended in which: figure 1
is a perspective view of a geosynthetic fabric with

25 optical fibres containing Bragg gratings; figure 2
shows a first formof the distribution of Bragg
gratings in identical sets of different series in two
optical fibres; and figure 3 shows a second form of
the distribution of Bragg gratings in identical sets

~of different sets in tw optical fibres. 30 Figure 1
|sre§|eﬁg
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hg Ptk PhiaCideaiight with eodganhdeiermirdzt wavdlengthhin the

albhsemice f ofoste Y .
?E\f,%, Y Beadi drat | ace it 8 rted Nght whish, Ghanges
to @‘15-; rﬁ#@"% Q] 8?| UEsgichpbed d@@tudmi?yr en thaeormsponding
of Opficamfiiboe wiry tioe exlah‘ipI@)shb\igl;ﬁejlnf ﬁguﬁﬁ,”g}lnf ngi?;ﬁ?gfg% five

r He gvenl ced al on
JeTIAp o 28 @ 3B hoRRCHe SoRernumbsr Nk dmaratingng and
ar'bergfere exend®vien the same ledgtihi ch i ncl ude a number NL

f identi j oh ' f .
e L ecti e par Worsgcuie oot 4 nunGARMESaBud tp e different
de"t"%‘fqﬁr‘?'?ﬁggs VARSNGB §9% 2 106 grabirgmendds repraskeedralong the
t rantiraVerigth gf thefibref, | ect ed 1 ght, whi ch changes

I ' th t . lied | ongitudinall
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fig B i et ] e nyrber- NL of _grat]ngs :
3Fanc L he eT gr s et R oud? PHEN AlEs aiger) Mlissesato 2¢
cé'?fﬂ%@%??t\?é QePiagg gratings withcwumbersdal of diffdrent sets.
di f f er ent Thaawgh t ' : [ .
ar,‘g@ri re'produi:elgé]_glpg?;a@ma@[e% @(re' _e%og?%&bgfﬁ'e&%mv'de
fi réﬁ? RIGCRE 1Q3E0N ¢ Qo ResSiblealdefommagionsn of Hbe geosynthetic
gfabrimt.hetic fabric 1 include the sets 5 with the
nunbers f.di ent .sets, .an can_even produce
a geosynt Q?i%&ké[)ﬁblseslzﬁna%izghg%ﬂmﬁdtﬂf@fﬁlfébfb/claﬂ? laid in the
f Abeetiorpaf the fngth of ithel gessyrthatiofibRs 208h@hat Wimabh o a
NEEREFR) hﬁgrgfang%(grft_erent sets. The nunbers N2 are

|

preferakﬂ%gr B Qo each other, to provide 15 for the
preci se | beatqRisabfibirss 28 Boe2elefreriaiat abasdistarideeof 1 metre

gapmpfdr@%amplg.laghgé tlﬁe _g&%%ﬁ@ﬁ’ci& Fbrid Bri€aidPA"h #e soil
SHRH LGS $ 80 Ya SGuare mesh. But this mesh does not have to be
square, without going beyond the scope of the invention. Nevertheless,
this mesh should not be too wide, to allow for the detection of
deformations above occasional subsidence of the roof of an underlying
cavity with a small cross-section in the horizontal planes.

- The geosynthetic fabric 1 is usually approximately 5.5 metres
wide, and if the width of the civil engineering structure to be reinforced
is greater than that of the geosynthetic fabric 1, several strips of
geosynthetic fabric are laid side by side. These strips may also be
superimposed in the structure to be reinforced. '

To avoid the shear failure of the optical fibres 2a to 2h, failure

due to aggressive agents in the soil for example, and to protect them
against the influence of water, high pH values and other corrosive agents,
the optical fibres 2a to 2e are placed in an appropriate protective sheath.
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direction of the length of the geosynthetic fibre 1

which is wound on to a tape reel, for transport. 20

The optical fibres 2a to 2e are laid at a distance of

1 metre apart, for exanple. Once the geosynthetic

fabric 1 is laid flat on the spil, the gratings 3

forma square nesh. But this nesh does not have to be
square, W thout going beyond the scope of the

invention. _Nevertheless, this nmesh should not be too

wi de, to allNBwRtR! fhsesi@aeta Rbnaref catatbdcmbadriconad of the

abgeesmhaﬁtt qfaBtic Stabal E6MES ﬁé}ﬁe 1'0°Wh|c9'[ |@tﬂu§l§§ Means for

Cross-sec

th
%b%ﬁ@?‘gpfﬁﬁe t%é%ﬁe@;ﬁﬁﬁh@@h@' ffilses @alta 2e, means for

\l;IVIS g?ar?lsg;la? mheinequteetlﬁs Pf] g'ne?ﬁgﬁte}‘éﬂewe@% e@{égbﬂaégtd?ﬁtmgs 3,
rei nf or ced g \féapg%%{"ﬂ% tbﬂgkﬁ%‘ﬁnf@%[’@@&%fhth@emﬁe'emths
f a8k lighty reflasted durisg ron@mfn asd tge%au@i@@th@ of &BRt feflected,
ar | e
o0 18 st chur R T A EO BN A e e
avoi d t he SHedlAtioni IMgansofta hindigate cahef ilbratmn2aoft opossible
ietmaion e sspos @ S g2, Mo

BB el fudhs otadeei sns menus ta ghsmiay, tsresults
t rﬂﬁcbpﬁ hecassanbmesnitg meaetagiveRhagkin.n an
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JossSafiteret P gratingscthab carresparncbto ps@demrﬁmwewlcﬁﬂﬁerent
[ méum@@tﬁgans for transmtting light in the core of
t he optch[ @gbrﬁi% to 2e, nmeans for nmeasuring the
f:requenm 8 ggure ?egﬂﬁ’tf‘iaéfflbé%t@dcwatrﬁethBrwng containing
g e agdes3 with thaneférenceR s uy | eﬂé}[&ﬁ%
2 ﬁ? fefl ect tﬁé , fibre 2b

ths _of 11
oper i o&%ﬁ%@\ﬁéorﬁa\/@%%ir@”% Withythe rﬁ&?"ﬁ@@@%af, » RnJ.
t he absendtesbfbuldtbeescstedtthat over a H!ﬁfglttﬁl@f(géés nthetic fabric that

conptstioh B bn etk 461 UoB ) YL RS e

el r"tBnSQﬂeSo o dne flefbrfos example, shalubeursabgnided by the

dlegng?gm%m 1gﬁ|@5tn§ché Foct Hﬁtﬁqgggggggbgmﬁr%%ﬂe%@ the
9 ﬂ di qﬁ aah Shitted appi@begga@q@hggfamﬂ@‘é ogi theroptical

t fibre 2bevasrebifted;,and edth éomBiRgition of two wavelengths correspond
to a precise position of series.

In figure 3, the optical fibre 2b contains five series with the
references B, V, R, J and M per set and the optical fibre 2a contains, for
example, five series with the references B, V, R, J and M, but the length of
each series of the optical fibre 2a is equal to the length of a set of the
optical fibre 2b. :

Once again, each position of a seties of the optical fibre 2b,
from the left in figure 3, is identified precisely by the wavelength that
corresponds to this series on the optical fibre 2b and the wavelength of
the adjacent series on the optical fibre 23, over a length of geosynthetic

fabric that corresponds to twenty five series of the optical fibre 2b, and to
a set of the optical fibre 2a. '




Mto the series 4 of gratings that correspond to
pre-determ ned, different wavelengths. 15 In figure
2, the optical fibre 2a contains the sets 5 containing
five series with the references B, V, R 3, Mand the

- optical fibre 2b contains the sets 5 containing four

10

series wwth the references B, V, R J. It should be
noted that over a |length of geosynthetic fabric that
correspond to twenty series 4 of gratings 3, a

def or mat i Fheigonbrab system 10He usal toouciteesid nk@si®Sthe local

Z%ﬁ??éﬁl%etd it Bt BRRH Pl 24 o 2 B SRR gelowinG any

r f3 mﬂt@a dfoithe hétru@pre Cdl.ll‘lmg bite @ﬁemnshbwmﬂad&@l the

e A R W BB B e
cmgé?sa Fl% Orm@t!a%.bsm@ B@mBm dof,sa1d tslocam tevel of

f dgformadi onhlg&h@ﬂtahg@'beﬁhéér@ 32& 4@’76ta"4*\d1ﬁ1é° P%ﬁu@bf &3 ogtmal
W[)H}f bfen b8 S b 2 él%ﬁ%" g C'@ﬁ%ﬁ@goﬂrmor@ene@gndmg

mDﬂﬁheﬁ@nreS@dences B, V, R J and M but the Iength

h t
Che ong: folskita e IiBR.OF She; oSyt SBOHGt g the
aRISTUCEgBh Yosihe ostredtuee seri amdeflyinge sipmaturasl farbr mitial
2bbeasuﬁe@rﬁ@ﬁth§ tbﬁér‘i tb rtefF'nQLtrh% l%feﬁe?lcé%‘ié&%fdf‘;me system, The

ecl. se corre

15

PQF?%%” I&ﬁ “r‘%@ Sb@tfflgapffafbmt@@ﬁ Hhee ﬂméom&yerd@nhfwng the
tWeveidngthsmf thergretings 3tdfealogie @pﬂ caﬂ FiBFes %an@%ral@ned in

I ric orrespon s to
twent |ve serlv‘%gﬁt@&r}%&%ﬁ fﬁﬁ and to 35
a set of Imideopiant of defarmatea. wmch“ﬁmeurscaftercdonsl;ratt&m the

B T A S R

fPHW Hep éffyur%@r%rrﬁﬁﬂif@ﬁ, oFhitshethst Wavelengthsuof gei other

‘-%thg@nnéb}remﬂmﬂhé hged. WeeHRISHORS o‘BEaih rtﬁe'lgé’étgon and

DR EaL og S B 35Bhncen 0 and 3 or 4 % and Lo

| ocate the | evel of deformation in the range between

3 or 4 %and the rupture of an optical fibre whichis

at a level of deformation close to 8 % or nore,
depending on the fibre used.
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Fol l owi ng the | aying of the geosynthetic fabric 1 and
the 10 construction of the structure or underlying
structure, an initial mneasurement is taken to define
the reference status of the system-The- |ocation of
each grating of an optical fipre is found by
identifying the wavel engths of the gratings 3 of al
the optical fibres 2a and 2b aligned in the direction
of the wdth of the geosynthetic fabric 1. 15 In the
event of deformation whi chCbhAHd$s after construction,
the wavelengths of the light reflected by the Bragg
gratings érmhere the deformation occurs are nodified,

ilst thErQiesel BRglosating amed BeERsiingBasie meptiisngs a civil
renglneennghatrgemreV‘écHafﬂ@ét@f'l@écﬁ BPL e fhbE thatabt ORad bne

MERSLRABEE rid (13 conEammg a pllirality_of aptigal fipresva to 2e) in
PPadiel and capablatdf rigarmmittiven sighalRds debiedRt He §a|ldr§tﬂ.|ctu re
CbV'uhdﬁlef}% ﬁ?%ﬁrﬂ?tu?ér““ ure, characterised by t

gﬁ% east ofe 5 geosynthetic fabric (1)
cHR £Pld pgticalpfibies) cqryamﬂnggpﬁragglgrfatnbgsiB]{,ZavdsMqu)aceﬂ in

e 1 s a3 3Rk, e
RRYREoUT thicsalhsris,beib themsebesabsiriautachiy Beatcal sets,
gemh ofwhid) coremims| N2 spasaditive sesies ithgt Edtresfontii to different
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-AASHEHGnS” b OHR S uER RTE Mashduioy Gptical fibres, the
dn@mbefﬁmémﬂ gfatlﬂ@shof aaleraeetemd thachuraberstiVZ lof GeFbQI(AF of a
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whi ch the structure is subjected on the one hand and,
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Bast “Bho opti ical F bres the numbers N1 of gratings of a series (4) are

equal, and the numbers N2 of series (4) of a set (5) are prime to each
other.

3. Process according to claim 1, characterised by the fact that in at
least one optical fibre, the number N1 of gratings in a series is equal to
the number of gratings of a set in another optical fibre.

4. Geosynthetic fabric for the application of the process according
to any one of the claims 1 to 3, characterised by the fact that it contains a
plurality of optical fibres (2a to 2e) in parallel, the said optical fibres
containing Bragg gratings (3), evenly spaced in series (4) of NI
consecutive gratings that correspond to the same wavelength, the said
series (4) being themselves distributed in identical sets (5) of N2
consecutive series that correspond to different wavelengths.
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2. Process according to claim1, characterised by the
fact that in at |east two optical fibres, the nunbers
Ni of gratings of a series (4) are equal, and the
nunbers N2 of series (4) of a set (5) are prine to
each other. 25 3. Process acgording to claim]l,
characterised by the fact that in at |east one
optical fibre, the nunber NN of gratings in a series
is equal to the nunmber of gratings of a set in

anot her optical fibre. 30 4. CGeosynthetic fabric for
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geosynthetic fabric. 10 7. Geosynthetic fabric
according to any one of the clains 4 to 6,
characterised by the fact that the optical fibres are
inserted in the said geosynthetic fabric during its
manuf act ur e.




