1 Method for locating and measuring deformations in a work of civil
engineering The invention relates to process for locating and measuring
deformations in a civil engineering structure. During the construction of
motorways or railway lines, a great deal of civil engineering work is

carried out to support the infrastructure of the road or track. But certain )
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Systematic soundings are very costly and, in addition, they have to be taken
close to each other, under and in the vicinity the proposed road or track to guarantee
absolute safety.

Furthermore, -even in the absence of cavities in the land, the soil may be
subject to uneven seftlement under certain sections the road or track following
successive wet periods and drought, which may iead 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 soil 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 collapse of the infill.
In order to detect deformations in a civil engineering structure, at pre-defined
thresholds, FR 2 72 8 677 has suggested incorporating
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sets, each of which has N2 consecutive series with different wavelengths, and by the
fact that, in at least two optical fibres, the number N1 of gratings in 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 {o each of the
said optical fibres and wavelengths of the light reflected by the Bragg gratings
enable, on the one hand, o locate deformation of the struciure and, on the other, o
measure the elongation of the said oplical fibres where the deformation occurs.

Example embodiments of the invention therefore use 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 opfical
fibres to allow for the simple 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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fact that, in at least two optical fibres, the number Ni of gratings in 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 op:;ical 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. Example
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assume that the first fibre contains seven series per set and can therefore
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filrecsxdeldgth of 100 metres. These two fibres enable us to locate, with -
precision, a structure over a total length of 700 metres. If furthermore,
the geosynthetic fabric contains a third optical fibre with Bragg gratings 1
metre apart and in series of 10 consecutive Bragg gratings, and each set
contains three series, the figure 3 being prime with 7 and 10, the three
optical fibres enable us to locate with precision deformations in a structure
of 2100 metres in length. The deformation is located to the nearest 10
metres, which corresponds to the length of a series of 10 Bragg gratings.
This level of 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 exampie.

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



over a length of 100 metres. These two fibres enable us to locate, with
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themsebpRalisHEdIR advantageously inserted during production of the
geosynthetic fabric. They should preferably be laid in the main direction of the sheet
or lap, but may also be laid crosswise if necessary.

Advantageously, the optical fibres inciude a sheath for protection against
shear fallure, due to aggressive agenis in the soil, and against the influence of water
with a high pH (contact with concrete) and other corrosive agents.

Advantageously, optical fibres are laid in the direction of the iength of the said
geosynthetic fabric.

Other advantages 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.



identical sets of N2 consecutive series that correspond to different
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Figure 1 is a perspective view of a geosynthetic fgbric 1 with opt_lcal fibres
2a to 2e containing the low reflectivity Bragg gratings 3 Qnd designed to
be used to reinforce a civil engineering strupture, the infill of a motorwiay
or railway line for example. The Bragg geatings 3 are evenly spacedd along
the optical fibres 2a to 2b at a distance of 1 metre for_ exar_nple, an are.
distributed in series 4 which include a number N1 of identical gratings 3;

i ting. part of incident light with a clearly .
oA R AR R S ma
refl8RiGhE viNiEAT Rk be veRieelangshing tefleetsidelpRiaith changes
longlidtinaigouditioe twottes marain s pmier| GRESG ARy 'ShéBR‘é".;f]‘QéE‘ndmg
[ i ét@; m g té%ll fibres 2a to 2b’include thée sa _
o e 2D G 8 el et SEniETlngfhnor the five
nu gl\ll f gratings 3 and. therefore exten e-s gu
SeveBré acoﬁbé%ﬁt% LRrield NGliviish Wistreapondtgmberdifféredt gratings 3 and
waVeRBiRre Fdanthayentbet Saofetatighs and is reproduced along thhe _
entire Jength dSdberibehstRtiVeastiiuo 2PUGRLIPER 10 IR Je8sumelie, e
fabyig,Jiadl g sets 5 with tl'ée umbers N2 ot diffe ts,
can even ﬁ@Euce R geosPnthaf Wicﬁ?ﬁ”@ﬂﬁc?ﬂﬂl%é&@ﬂ?ﬂd@tﬁdr@ﬁ)ﬁg the
to Z8tFelgagbees Q’l@f@?&fg gratings with numbers N2 of dllfferent sets.

10 The numbers A2leastpreterabhicarine e %%Qﬂée%syr%%\ﬂg%ﬁ afcl){ tJrh'P? QU de
pregige dagation afp b',‘?ug@f) ?@eﬂgns f d[t%g ?g osynthetic {2? rc 1. e
optical fibres 2a ando%ﬂ‘shou preferably b ‘?Htth?t&réﬂ 6T than
lenQtR Bt the 8BRS kRRETiSAE T Cwhiéh whichrallothe eptical fibres 2a to 2e

include sets 5 of Bragg gratings with numbers N2 of different sets.

The numbers N2 are preferably prime to each other, to provide

.16 for the precise location of possible deformations of the geosynthetic
fabric 1.

n

The optical fibres 2a and 2b should preferably be laid in the
direction of the length of the geosynthetic fibre 1 which is wound on to 3
tape reel, for transport.

20 The optical fibres 2a to 2e are laid at 3 distance of 1 metre
apart, for example. Once the geosynthetic fabric 1 is laid flat on the soil,
the gratings 3 form a square 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

25  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

30 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 2b, 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,

35  the optical fibres 2a to 2e are placed in an appropriate protective sheath.
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have to be square, without going beyondathe_ scope of the invention. _
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15 In figure 2, the optical fibre 2a contains the sets 5 containing
five series with the references B, V, R, J, M and the optical fibre 2b
contains the sets 5 containing four series with 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 deformation in a series, the
20  fourteenth setries from the left for example, shall be recognised by the
control system 10 by the fact that the wavelength referenced J on the
optical fibre 2a has shifted and the wavelength referenced V on the optical
fibre 2b has shifted, and each combination of two wavelengths correspond
to a precise position of series.

25 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
opticai fibre 2b.

30 Once again, each position of a series 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 2a, over a length of geosynthetic
fabric that corresponds to twenty five series of the optical fibre 2b, and to
35 @ set of the optical fibre 2a.
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deformation and the elongation of optical fibres due to structural 1o
deformations, means for the storage of data, means to display the results
and, if necessary, warning means to give the alarm. In figures 2 and 3, we
have given the references B, V, R, J, and M to the series 4 of gratings
that correspond to pre-determined, different wavelengths. 15 In figure 2,
the optical fibre 2a contains the sets 5 containing five series with the
references B, )Y, R, J,, M and the cgjtical fibre 2b contains the sets 5
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In the event of deformation which occurs after construction, the
wavelengths of the light reflected by the Bragg gratings 3 where the
deformation occurs are modified, whilst the wavelengths of the other

Bragg gratings remain unchanged. We therefore obtain the location and
measurement of the deformation.



35 a set of the optical fibre 2a. 7 The control system 10 is used to locate
and measure the local stresses to which the optical fibres 2a to 2c are
subjected following any deformationgpf the structure during its operation,
by reading the wavelengths of the light reflected by the Bragg gratings 3
directly in the s range of deformations between 0 and 3 or 4 %, and to
locate the level of deformation ifdhAW&e between 3 or 4 % and the
rupture of an optical fibre which is at a level of deformation close to 8 %
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light reflected by the Bragg gratings enable to locate the deformations to which the
structure is subjected on the one hand and, on the other, to measure the elongation .
of the said optical fibres where the deformation occurs.

2. Process according to claim 1, characterised by the fact that in at
least two optical fibres, the numbers N1 of gratings of a series are equal, and the
numbers N2 of series of a set are prime to each other.

3. Process according o 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 opfical fibre.

4. Geosynthetic fabric for locating and measuring deformations in a
civil engineering structure, characterised by the fact that it contains a plurality of
optical fibres in parallel, the said optical fibres containing Bragg gratings, evenly
spaced in series of N1 consecutive gratings that correspond to the same
wavelength, the said series being themselves distributed in identical sets of N2
consecutive series that correspond to different wavelengths, and by the fact that, in
at least two optical fibres, the numbers N1 of gratings of a series and the numbers
N2 of series of a set are determined in such a way that the measurement of
differences between the wavelengths of the incident light fransmitted in each one of
the said optical fibres and the wavelengths of the light reflected by the Bragg
gratings enable, on the one
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optical fibres, the numbers N1 of gratings of a series and the numbers N2

of series of a set are determined in such a way that the measurement of
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each one of



the said optical fibres and the wavelengths of the light reflected by the
Bragg gratings enable, on the one 8a hand, to locate the deformations to
which the structure is subjected and,gn the other hand, to measure the
elongation of the said optical fibres where the deformation occurs. 9 5.
Geosynthetic fabric according to claim 4, characterised by the fact that in
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8. Geosynthetic fabric according to one of the claims 4 to 7,
characterised by the fact that the optical fibres are laid in the direction of the length
of the said geosynthetic fabric.

9. Geosynthetic fabric according to any one of the claims 4 to 8,
characterised by the fact that the optical fibres are inserted in the said geosynthetic
fabric during its manufacture.
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at least one geosynthetic fabric (1) containi_ng a pl_urality _of optl_cal flbres
(2a to 2e) in parallel and capable of transmitting IS|gna.Is IS gpplled in t_h(?
said structure or under the said structure, the said optical flbre§ conta!nlng
Bragg gratings (3), evenly spaced in sefies (4) o_f NI consecutive gratings
that correspond to the same wavelength, the said series bel_ng
themselves distributed in identical sets, each of which contains N2 |
consecutive series that correspond to the different Wavelengths,_and by
the fact that, in at least two optical fibres, the numbers NI of grqtmgsl of a
series and the numbers N2 of seridsB&¥ BiA&Tet (5) are determined in
such as way that the measurement of the differences between the

ingi i ' in. each of the. said optical
g e vt T o IO AR S04 grdineourng
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the?brieaRb.aa ugEasHbleatin fabroonieasiet theing ngAtiegf Bressaih| fibres
optizaltigopes whekraner dHer O P USRS signals is applied in the
said structure or under the said structure,
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 being themselves distributed in identical
sets, each of which contains N2 consecutive series that correspond to the
different wavelengths, and by the fact that, in at least two optical fibres,
the numbers NI of gratings of a series and the numbers N2 of series (4) of
a set (5) are determined in such as way that the measurement of the
differences between the wavelengths of the incident light transmitted in
each of the said optical fibres and the wavelengths of the light reflected by
the Bragg gratings enable to locate the deformations to which the
structure is subjected on the one hand and, on the other, to measure the
elongation of the said optical fibres where the deformation occurs.

Figure 1



