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

Methogtor Jnqatag AR mRagyiing defermptiansinpyvarkihé chdbengineering

unexpected subsidence may occur during the construction of the new

ropgkohfakkorP P BTy IR e QPRIATILFRY SIRG ﬁ%%sﬂ@%&%ﬁxgﬁsns ina

... tothe overlo?din of such' fragile zones, the infiltration of water, drought
civil eé\%’&%mﬂgs. 'H?g%id such accidents, it would be necessary to make
syatsimatih e otpritigctionttad shetbekayscarymipet tinesivil grigatedaal of civil
enginé8fhgSHenksRUDEINEs aif tpdaashea iR REFERAGEE fROSMMY et tack. But

certal Ub:%% ncednwﬁr\{gghelrﬁaghﬁ%g '“n%’é%?aif‘ogtrsué’#ﬁﬁt ite(ﬂ nggfréﬁzlelsa.nqﬁ"qﬁis case,
roc S|de3W re, in former times, occupied by underground military

UnexpeiarhfoRS IdRe EiFRN QS o " WHIdRAS R RATHiRIRNSYstaenagew road or track,
or lateododing itapeesicostyuant; seaddiiesciieytbauestoltadakasti@iesedtoef such

fragil € 28NN AR 1 ey e Bigpasgfpad o iack to

guarantee absolute safety. Furthermore, even in thé absence of cavities

in AR SHeBATHEP e TWRHERE IREFERAY IR MakEMEsBaltgFoundings
of thesettdraitiie nady mgtadktiieloivingngirearssy evart ;&r@dscantﬂd@mgm indeed
B ancarms.ttarks for high.

imited, PUt arrects saitety.partucularly, w It concer .

TP IRREST: SRIAT, SRR RS RSP I RS O iR e Ak Al vere,
in foimeicimedn opratied tbyayrstereroyagsirditempénstalationsor hen evdsience of
whicHorosyRthelkg ffric on the soil and in the infill, to stiffen the infill, in the

CSIL PRI 0L llaase P SRER RIS e tver
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



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 enginegring structure, at pre-defined
thresholds FR 2 72 8 677 has suggested incorporating 2 parallel threads
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fact tﬂ%ﬁﬁ’ﬁa&ﬁ@é@?% 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, to locate deformation of the structure 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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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 embodiments of the invention therefore use
the known properties of Bragg gratingg 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
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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



of 2100 metres in length. The deformation is located to the nearest 10 20
metres, which corresponds to the length of a series of 10 Bragg gratings.
This level of precision is perfectly adgquate 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
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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.



The optical fibres are 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 laighkcrosswise if necessary.

Advantageously, the optical fibres include a sheath for protection against

shear failure, due to aggressive agents in the soil, and against the
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the distribution of Bragg gratings in identical sets of different sets in two

optical fibres. 4a 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 5 reflecting part of incident light

with a clearly determined wavelength in the absence of stress and the

wavelength of reflected light, which changes
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value according to the stress applied longitudinally on_the corresp(_)ndlng
optical fibre. In the example shown in figure 1, the series 4 of the five 5
optical fibres 2a to 2b include the same number NI of grafungs 3'and
therefore extend over the same length. Several consecutive series 4,
which correspond to the different wavele_ngths making up a set 5 of
gratings and is reproduced along the entire length of the fibres. 10 At
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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.

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
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 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,
the optical fibres 2a to 2e are placed in an appropriate protective sheath.
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factihgé kg yevelength referenced J on the “optica as's

elength referenced V on the optical
and the wav ?n %gur.e 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
fourteenth series 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.

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.

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
a set of the optical fibre 2a.
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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 optical fibre 2b. 30 Once again, each position of a
series of the gptical fibre 2b, from the left in figure 3, is identified precisely
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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.



15 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, whigst the wavelengths of the other
Bragg gratings remain unchanged. We therefore obtain the location and
measurement of the deformation. 8 CLAIMS 1. Process for locating and

measuring deformations in a civilCe#dM&ering structure, characterised by
the fact that at least one geosynthetic fabric containing a plurality of
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number of gratings of a set in another optical fibre. 4. Geosynthetic fabric
for locating and measuring deformations in a
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



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 seffés of N1 consecutive gratings that
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set are determined in such a way that the measurement of differences
between the wavelengths of the incident light transmitted in 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, on 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
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. 6.
Geosynthetic fabric according to claim 4, 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. 7. Geosynthetic
fabric according to claim 4, characterised by the fact that the optical fibres
include a sheath to protect them against shear failure, due to aggressive
agents in the soil, and against corrosion. 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. ABSTRACT The invention
concerns a process for locating and measuring deformation in a civil
engineering structure, characterised by the fact that at least one
geosynthetic fabric (1) containing a plurality of optical fibres (2a to 2e) in

5. parallel an§eapupibaiiaraisinitinersiinalsasdpplicd ishRmaiaiisstuetuibe fact
that inraineasthecaigisaldibres (asaidrapiraiNibres geiisgyng Bragfes are equal,

and tHEAIDEDER ﬁﬁeé?%eﬂ%%CSPé%éFQ‘r’ﬁs gind 1 88&?%%1‘3?’6 gratings that

correspond to the same wavelengt e sald Series being themselves
distributed in identical sets, each of which contains N2 consecutive series
6. that corresfend yothetidifémntaveveleng tios ciwichby, tebdeattivddeth By the fact

that itPas1dy&: %6&#&5@%]‘%@%%&'\' NOf gFatiags of #sgriesiaadti ?ﬁ]ua! to the
ers N2 of series 4) of setégﬁ%{ determlned in such as way t

ﬂumb{ﬁ’éqggﬁ?ﬁn@ﬁw@ ?&e@n@ 85(9 {iR¥&n the wavelengths of the

incident light transmitted in each of the said optical fibres and the

7. WaVG@“Q“@éB‘SWWQ@& refl i estByrdiiey BEAQgeEatin oserabierial® iietne fact

he for |ons to which th turel cted on th e
that E° CRIETABEES IR Sheaind &.eﬁ’fﬁ%ﬁi LSS AR ?mﬂwe due to
aggfﬁtﬁ%“éﬁeﬁﬁﬁiﬁﬁdﬁ Bereadl Iai@‘éu@@lns’t corrosion.

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.





