- 1- Method for the determ nation of |oads/damage in

a mechani cal structure Enbodi nents of the invention

relate to a nethod for the determ nation of |oads in

a mechani cal structure and/or of damage or states in

the mechanical structure whihch result fromthe | oads

in the nechanical structure. The invention relates,

in particular, to a nethod for the determ nation of
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device for the determ nation of danmage or states of a
nmechani cal structure which result froma | oadi ng of
t he nechani cal structure, having a fiber-optic
rotation sensor which is connected nechanically
rigidly at least to part of the structure; and an
eval uati on nmeans which is gg?nected to the rotation
sensor and which is designed for determning in each
case a sensor signal of the fiber-optic rotation
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RubhghinNg1  structure, having a fiber-optic rotation
sensor which is connected mechanically rigidly at least to
part of the structure; and an evaluation means which is
connected toc the rotation sensor and which is designed for
determining in each case a sensor signal of the fiber-

optic rotation sensor before and after the loading; for



5 part to which it is connected. The overall state of
the building can then be deduced fromthe sum of the
deternmined rotations of the individual building parts
or the building | oads/buil di ng damage can be
ascertained individually for each part of the
bui I di ng. 10 Consequently, ,it_is possible, for
exanple, to detect torsions within a building, for
exanpl e between two successive storeys of the
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the determination of loads 1in a mechanical structure
and/or of damage or states in the mechanical structure

which result from the loads in the mechanical structure.

Disclosed herein is a method for the determination of
buiiding loads and/or building damage resulting from
puilding loads is distinguished in that the rotations of
a building part which are caused by building locads or
building damage are measured via a fibre-optic rotation
sensor which 1is rigidly connected mechanically to the
building part, and the building lecads/building damage are

deduced from the measured rotations.



- 4 - which translations of the building parts which
are caused by buil ding | oads/buil di ng danage are
measur ed, buil ding | oads/buil di ng damage bei ng
deduced fromthe nmeasured transl ations. The
addi ti onal provision of such sensors allows a
particularly precise deterittinatipn of building

| oads/ bui | di ng damage, sinéB all six degr ees of
freedom of novenent (to be precise, three degrees of
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enbodi ments of the invention provide a met hod for the
determ nation of |oads in a nmechanical structure

and/ or of damage or states in the nechanica

structure which result fromthe |loads in the
mechani cal structure. The nethod is characterized in
that the rotations of a part of the mechanica
structure which are caused by |oads/danage in the
nmechani cal structure are neasured via a fibre- optlc
rotati on sensor which is rigidly connected
mechanically to the structural part, and the

| oads/ damage/ states in the nechanical structure are
deduced fromthe neasured rotations. Disclosed herein
is a nmethod for the determnation of loads in a
mechani cal structure and/or of danage or states in

t he mechani cal structure which result fromthe | oads
in the nechanical structure. The nethod is
characterized in that the rotations of a plurality of
.parts of the nechanical structure which - 5 - are
caused by | oads/danage in the nmechanical structure
are neasured via corresponding fibre-optic rotation
sensors which are rigidly connected nechanically to
the structural parts, and the | oads/damage/states in
t he nmechani cal structure are deduced fromthe
measured rotations. The term "mechani cal structure”
is to be understood as neani ng, for exanple, a

buil ding or part of a building (roof), a bridge, a
tunnel, the fuselage or wings of an aircraft, part of
the ground (for exanple, the rock of a nountain), a
conduit or a traffic route- (road, rail tracks,
railway lines), etc. Disclosed herein is a device for
the determnation of building | oads and/or of
bui | di ng damage resulting from buil ding | oads. The
devi ce is distinguished by
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~a fibre-optic rotation sensor which is rigidl'y

connected nechanically to a building part, and an
eval uati on apparatus, connected to the rotation
sensor, for determ ning the building | oads/building
damage on the basis of rotagions of the building part
whi ch have been detected by the rotation sensor.

Di scl osed herein is a device for the determ nation of
| oads in a nmechanical structure and/or of danage or
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determined rotations of the individual building parts
or the building loads/building damage can Dbe
ascertained individually for each part of the building.
Consequently, it is possible, for example, to detect
torsions within a building, for example between two

guccessive storeys of the building.

Each rotation sensor may, if required, be designed -
individually as a uniaxial, bkiaxial or triaxial.

rotation sensor, that is to say each rotation sensor
may be designed individually as a sensor which measures
rotations about one, two or three axes of rotation.
Thus, for example, particularly critical building parts
may be equipped with triaxial xrotation semsors, in
order to allow precise measurement, whereas, in the
case of uncritical building parts, for example, biaxial
or uniaxial rotation sensors may be sufficient.

In one embodiment of the inventicn, the rotation
sensors are fastened to side walls of the building, in
such a way that the relative angles between the side

walls and the floors or ceilings of the building which

are supported by the side walls can be deduced from the
measured rotations. BSuch relative angles are a proven
mezsure for the assessment of building loads/building

damage, in particular of earthquake damage.

In addition to the fibre-optic rotation sensors,
acceleration sensors or other sensors may be provided
on the Dbuilding, which are rigidly connected
mechanically to corresponding building parts and via




rotati on sensor. The statenents (enbodi nents)
afforded within the framework of the method according
to the invention apply simlarly to the devices
according to the invention: thus, the devices
according to the invention pqay also consist of a
plurality of fibre-optic rotation sensors; the
rotation sensors may be designed as uniaxial, biaxial
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In generalized terms, embodiments of the 1nvention
provide a method for the determination of lcads in a
mechanical structure and/or of damage or states in the
mechanical structure which result from the loads in the
mechanical structure. The method 1s characterized in
that the rotations of a part of the mechanical
structure which are caused by loads/damage in the
mechanical structure are measured via a fibre-optic
rotation sensor which is rigidly connected mechanically to
the structural part, and the loads/damage/states in the
mechanical structure are deduced from the measured

rotations.

Disclosed herein 1is a method for the determinaticn of
locads in a mechanical structure and/or of damage or
states in the mechanical structure which result from the
loads in the mechanical structure. The method  is
characterized in that the rotations of a plurality of

parts of the mechanical structure which



evaluation is indicated, for exanple, in a sinple

mul ti-step col our code and made available at the sane
time froman external interface. This nakes it

possi ble to connect a plurality of such sensors into
an 5 overriding functional unit and to incorporate

i ndi vi dual sensors or sensgr5qpnplexes in aradio

net wor k. The invention is explained in nore detai
bel ow in 10 exenpl ary enbodi nent, with reference to
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Disclosed herein is a device for the determination of

building loads and/or of building damage resulting from

puilding loads. The device is distinguished by

- a fibre-optic rotation sensor which is rigidly
connected mechanically to a building part, and

- an evaluation apparatus, connected to the rotation
sensor, for determining the building loads/building
demage on the basis of rotations of the building part
which have been detected by the rotation sensor.

Disclosed herein is a device for the determination of loads

in a mechanical structure and/or of damage or states in the

mechanical structure which result from the loads in the
mechanical structure, which device has:

- a fibre-optic rotation sensor which 1is rigidly
connected mechanically to a part of the structure,
and

- an evaluation apparatus, connected to the rotatiocn
sensor, for determining the loads/damage/ states in
the structure on the basis of rotations of the
structural part which have been detected by the



As has already been indicated, the essential el enent
of the concept is a (preferably) three-conponent
inertial 35 fibre-optic rotation sensor which is
firmy connected to the structural substance. In this
way, the sensor participates in the novenents of the
building (or - 8 - building.-sections) and delivers
the rate of rotation about ?%ree l'inearly independent
spatial directions (for exanple, about the
“longi tudinal axis", and the "transverse axis" of the
and about the 5 horizontal plane of the

bwldin_lgaa
| attefy {408 E@WS6¢ signal . These rates of rotation
are integrated in the processor part of the sensor,
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collected in a simple way, so that a rough damage
survey can be set up even shortly after building
loads/building damage. In this case, it is possible both
to provide each rotation sensor with a specific evaluation
apparatus and to provide a single central evaluation
apparatus which 1is connected to &all the rotation
sensors and other senscrs. The network-linking of the
evaluation apparatuses to further instrumental units or
the network-linking of the rotation sensors to a central
evaluation apparatus may take place, for example, via

cable lines or via radio connections.

According to embodiments of the invention, therefore, a
sensor based on absclute rotation measurement @ is
employed, which detects the deflection of the building
during an earthquake dynamically 1in three spatial
directions by means of & specialized fibre-cptic
gyroscope. In this case, the maximum deflection and the
cumulative deflection of individual storeys or of the
entire building are determined in real time and are
compared with a predefined building-specific tolerance
table which has previously been anchored in the sensor
or in an evaluation apparatus connected to the sensor. To
assist immediate measures, the result of this building
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Fi U2 rttustrates this rel-ation "’gT*aphi"C’aI W Thus,

Fig. 2 a) outlines a concrete ceiling 2 suspended 25
normally on a side-wall part 1, wi thout |oads due to
bui l ding inclinations, whilst b) reproduces the
-situation after an earthguake. If the angle of
i nclination (al pha) which has occurred due to the
eart hquake overshoots a particular threshold val ue,
the 30 building may coll apse.
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ahsel uhemr Qhabk;ﬁ@rﬁﬁﬁs uheaﬁfac@n dTEOY efiSkes VEF YpddDad o

| 3%$?2%§}range égtl gqt onb¥ éﬁFfre%?enc b intay an

vardratidang t akKingtpbasd venylslombydln to equimcyrporate
ri?f?ﬂ%id‘ﬁ/ﬁ%g Q;ggoPQ | QPgeL.Aches b h@ieQ '”E tia ragio

Sensors Ing on the arrangenent urallty
e taiegdor s 5 in a building, therefore; not onIy IS

the inclination of a structure assuned to be rigid
alned but al,so the,differenti al |n%%ﬁ$at 0
o1 DRV BRI LEn PP IS St ey BOBRd ngepary &
eg@mpﬁadymmmhodmmbnssny@ts reference to the figures in
which:

Fig. 1 shows a diagrammatic illustration of a building
part with rotation sensors mounted on it,
before and after an earthquake;

Fig. 2 shows a diagrammatic illustration of two
building parts contiguous to one another,
before and after an earthquake; and

Fig. 3 shows a flewchart of an embodiment of the
method according to the invention.

Fig. 4 shows a torsion profile of a building during an
earthquake.

Components' or compenent groups corresponding to one
another are identified in the figures by the same
reference numerals. In the following description, it is
assumed, for the sake of simplicity, that the building
loads/building damage are earthquake damage.

As has already been indicated, the essential element of
the concept is a (preferably) three-component inertial
fibre-optic rotation sensor which is firmly connected
to the structural substance. In this way, the sensor
participates in the movements of the building (or
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10~ Acceieromet ers which Tuncti on~according to the ™ -
concept of mass inertia nmay additionally be enpl oyed
here. It thus becones possible, for the first tineg,
to acquire a conplete sensor for all six degrees of
freedom of 15 novement (ta Be_precise, three degrees
of freedom of translation and three degrees of
freedom of rotation). The building sensor 3 according
to the invention (which may al so contain translation

sensorj) gj "?@Qﬁc}dsﬂn Eﬂda d]eq_lfvjek}r e- 'ﬂ{gl a{gt %‘f’ A tation

ect rates of rotation or the inte

L] EbRe gL EROAE BY bR AR S UFPHE HEL p o) Seieians

thﬁ)bracéﬁcélﬁﬁnlﬁ aabsgltt Mi@?eloﬁ@it%din%lfréﬂgée lahdl Sthe
e nmounte [ on fixed si wal | s |

TRESEhe SRl P bR QLS55 DontGE i gthe
]hori-ilzgmthla)plsetrm/vso(c‘dﬂ&gr aimrbtechl layg) 4 heessbnatsn_mal.
bl?tfe%ree I%[EegaE)EhEB‘Eg%l Hdagégln'l]:e? é}? ﬁ{t tChESSOI‘

ter an_ earthquake or one 'spafial di rect| o
FegitmePF nckrhat FBRASSE t héPBui Itéﬁeng Gyl tiye pd?ﬁ"-?‘f’lmum

IQie;i’fl%,cttLBﬁ SeR| ﬁ;b.gpeatl 800hn! Qhéi:ti)é[l. ofe Brdrite: system
bU|Id| n%Pr ects ogﬁ‘?f ﬁ pape # pL@ W)en A
T preHRE S da ’6“{‘% GTLaF Rt haf 8t o °F%

muavwrrtmngh wa@ﬂh@rﬂdh drhiez amtralredyeatded!l idigr edt isoriuidsiing
My ghso oquCHfle' rblalﬁfgaalt' ‘%ﬁrﬁQB%ft %rveétshééélﬁé' She

35 (torsional brations). A ete sensor_triad
dEPeiging load—bearlng capac1ty of this building part.

Too. great a deflection of a ceiling panel in relation
to its support leads to an overstressing of the-
supporting structure and, subsequently, te ‘crack:
formation which i1s detrimental to the lcad-bearing
capacity. In this context, it is unimportant whether
this deflection takes place abruptly or in a mnmanner
distributed over a relatively long period of time. What
is decisive for the durability of the structure is the

maximum deflection angle.

Fig. -2 illustrates this relation graphically. Thus,
Fig. 2 a) outlines a concrete ceiling 2 suspended
normally on a side-wall part 1, without loads due to
building inclinations, whilst b) reproduces  the
-gituation after an earthguake. If the angle of
inclination (alpha)} which has occurred due to the
earthguake overshoots a particular threshold wvalue, the

building may collapse.

As compared with the use of conventional
accelerometers, the method according to the invention
has the advantage that it is based on the principle of
absoclute rctation measurement and covers a very broad
dynamic range. Thus, not only high-freguency
deflections are detected, but also inclination
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alI~thedirectronsof “novement Depending on the~
structure of the building, however, there may al so be
- 10 - directions which are less at risk, for exanple
on account of higher rigidity, -so that individua
sensor conponents may be di gpensed with under certain
ci rcunstances. 5 Since rotation sensO's detect

rotati ons absolutely on the basis of the Sagnac
effect, the orientation of a building in relation to

tp f J.on ﬂa%?:fdo%riag&u?{é% %:lto%&%gg%lgﬁrgﬁﬁgﬂ%eganges
elaluckiqm non Lopgert preeasihl aell uireinta EenseTison.

This makes it possible to determ ne the change in
orientation of a buildin th ut hav r

Bt P n o viFEanasiant O & oRPLERHE o £ nirERRE
dire hobmh&dang;omh&keinreartmquakﬂ&rIESFt@e 3nshimstion
ale ePQULERL Of J3SMREAOLAGROTL ity {8 ddidd)y A OBiso
the Sensor measures I n continuous sequence the rate
othe ot giiifdarantiahe akyflelnsfticst at PHn (Aisdon  between

CoRd BsRands keothgsdefdectiugn dahgt heabid | dichg pped20with
bui |.di n art) and, furthernore, determ nes the

ST S8FFct bet ween the earth rotation vedtor and
the sensor nornmal (sensitive axis) in a step Si.

Hggfgs(l(é:rb?ne%gr's Qslrﬁf hﬁr‘fﬁﬁéﬁﬂ'&ya&ﬁdl(ﬂg E‘i&lﬁt‘e%aﬂcept

storm gus servation variab d}:/
PEaNRFS aivBaAES2 2BaRhiad il onedA¥aPed WPINET G Tt
etieed st sMddy sabliel, eFafc ehealfiestablife anchoseguire a

the pragram (step S tabl coordin

SEuPiE RSP Do A0 G o, SRPERET ne o Rparags, of
et wesesm it hétq> nBdevimtedigsui | dhree t deerapsesfaniradrpm  of
s ANGRAUE HHERBVERMBRErees of freedom of rotation)..

The building sensor 3 according to the invention (which
may also contain translation sensors in addition to a
fibre-optic rotation sensor) detects rates of rotation
or the integral deflection angle of a building  or -
building part under the action of an earthquake. For
this purpose, it is to be mounted rigidly on fixed side
walls 1 which represent the building behaviour, as
shown in Fig. 1: Fig. 1 a) shows (diagrammatically} the
situation before an earthguake and Fig. 1 b} the
situation after an earthguake, for one spatial
direction (the assumed inclination of the building is
in the paper plane; the sensitive axis of rotation of
the building sensor 3 projects out of the paper plane).

In principle, damage to the bullding may also take
place in the other horizerntal spatial direction, as may
also occur in a rotation about the vertical axis
{(torsional vibrations). ZA complete sensor triad covers
all the directions of movement. Depending on the
structure of the building, however, there may also be
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'30**va'lﬂues’;**t"he-"'pr ocessor—-determ TTES“-"'T ‘he-hazard

potential due to the external event (step 53). In the
sinplest instance, this is signalled by a four-step
col our code: green, yellow, orange and red. 35 By
dynam c radi o network-Iinkifg of any of these
sensors, for exanple in entire town parts, an
area-covering rough damage survey can then be set up
close to real tinme (smart sensor application). This

ed%@l%r{set theyed apd utddd ngorﬂv% x X3y e xhy ple. on

pr otection servi ces e pr epar atl1o
paq:@wnw of shdapstepigayity, Fect Hratashedt sl B1ak heensor

| FMRIEAQE AT emb§ b@eeXphadpetsdd thethol howdld certain
description: Although fibre-optic gyroscopes do not

yetr AYMEST0 sensor sensitivity of large ring
Iasers nevertheless because of - ;he|r smal

di 115! PBE &f d%%@ewald@mo ReVarH @ utely on
sul t abl e bot use _in the region near a

’ sfén%nb@Séveﬁff (tabrq e‘ﬁ%qim obhest, vEheawsdsntardor &fg 2

foui tdighg nshanteareaus dﬁieﬁhéoﬁuﬁfs d6 kuthdieg of the

states after earthqguak S for .
i S The CEba BT SP i A dfEing or

s&ﬁm S aandeaetlsqmm erigy orreadcetEroneter ¢ ahfakdsement

the; %ﬁp'lThXSOfmgﬁ%§l Q!nﬁo@QﬂbPé'Hﬁ?'@%t@rmlne Othe

conpl et e, sensor si x degrees of freedom of
rRRVEHENtLD Ar eRfertian s pecPui g s Cori Akt W%V%Ibg to
tﬂ_@ i 6t 018680UReFfeRenpast mhikbar cowldit icihsc®@irse, have

! d I
Rl S e PPN B v B T Oy of

absolute orientation of the sensor in real tine, and

ﬁfhtzhesr%%«sseaﬂ -&ddRmahios fok hB€h§§n§@éo£9&1ﬁ@aﬁ§ the

e .global earth rotation si ordlng to the
s

RS APl SR & BRASESer SPT EOREyRUeRRsorauSRce
artee pravée ded, ndtiattiont aget heiewehble of rotation (this

corresponds to the deflection of +the Dbuilding or
building part) and, Ffurthermore, determines the scalar
product between the earth mfotation vector and the
sensor normal (sensitive axis) in a step S51. Under the
action of an earthquake or of a high wind load (storm
gust), the observation variables yield greater amounts
which are compared by the control electronics with a
tolerance-value table anchored in the program (step
S2). This table 1s coordinated specificelly with each
building. From the comparison between the individual
building tolerances and the instantaneous measurement
values, the processor determines the hazard potential
due to the external event ({step S53}. In the simplest
instance, this is signalled by a four-step colour code:

green, yellow, orange and red.

By dynamic radic mnetwork-linking of any of these
sensors, for example in entire town parts, an area-
covering rough damage survey can then be set up, close
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30" classic "seism ¢ sensors, nmake it possible to
observe ground novenents correctly, specifically in
all six degrees of freedom of novenent: for a

conpl ete description of ground novenents, not only
transl ati ons, but al so rataji ans, nust be observed
with high 35 resolution. - 12 - According to the

i nvention, |ong-termextensive statenments on

vari ation and deformati ons can be made by neans of
broadened. si- F&Weﬁnéﬁp%ﬁﬂ%&%‘ég' TRES WA the

met hods whi ch can be used in a nobi

CRIETTLL t iR arktf Y wayPr TSRS oty disaster

qbae:retaiajo@n yervhdd s " foratitenaprepaeathins” ofanpalsoity
%eqste%ogi all, in the inversion of seat

paraneters %anic rotation), and its accuracy can

be i nproved. In this case, in particular, the

oftﬁledﬂ@xs%sbe%%e%@blteel@neeﬂeibﬂgaeé tHChé Nakh 0 ARl in

transl at.i ons of asured signals on the sensor

& WB§g|ﬂ§§§FF§E%%% and corrected by the
provision of correspondi ngly high-resolution rotation
r a Al n
e ra %fq%e% a |oﬁ§55%?n é{%n%%ar?ﬁﬁ §f<e a?lgvlandthe
rﬂﬁé@@rvm &Gﬁlswltﬁr SForkansital T ing ol%‘s%t?ﬁ)vt hegverghekess,
'Hﬂclm%sd i QJJ‘_e tiﬂle{irreVeéﬁaltlhe cﬁ@deﬁi%@h dddPMlow power
i ncludin

t% % of ear guag nduced
o | e o S Rt tgniielf pre in
dﬂherrEgmeark@e&mdemeadesmlspahnaﬁzZGadteesthhs NS,

AR RBRL t he.eqrthguake @Msn;m? S&étawbn of .

i X | hdépendent degrees 0 ane
et gt @ts?t&;esl rdtedi @glrttﬁeueé}eaﬁ%m@an baxty @rJeFOanfor

lﬁmr ovigdRitoielee. &85 T@eae@ecememﬂida@ to thebining
ent.ion in_the design of. ¢ .OyrLosc

et bRt Es il RS | 6OV L 26008800
ﬁdﬁ@mﬁ@nthaumnssih&kﬁtxwpgldegeiopxeg bpdupittid italpg &

Ugpn s af B@z%‘éf ude,r ag1G0MPRE eQié/&ﬂefbst h%fpr e¥LQHSm of
prior art, and, when 30 sug@lenente br oad- band

§r@iv§%ﬁ‘§t'erAn cAMPPEFaRhe asPESE t1%e tll?’éﬁe %ﬂ’IFt%?ftx is to
degeedntof akreadamiat ﬁareﬂEﬂlaﬁvamhdﬁﬁfbﬂwtﬁf rotation

f bl )
LGRS 8 PORLPELS | TSN A e
Gbﬁ@@ﬁﬁvaté@ronQﬂﬂmRkﬂ ithet | Mesaidiflyitvherof  absolute

%e\ieheal&@ahbeff MDET BohGRL AN RANISOE @S AnfOVAlscANthe
MPYALi VB, D80S LECNRY i 87 Cnbin§?hY the global

earth rotation signal.

According to the invention, mnovel mobile and cost-
effective sensors are provided, which, together with
classic seismic sensors, make it possible to observe
ground movements correctly, specifically in all six
degrees of freedom of movement: for a complete
description cof ground movements, not only translations,
but also rotations, must be observed with high

resoluticn.
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=13 =-warning systens. T The diverse novel——
technol ogi cal possibilities arising fromthis are to
be applied, in particular, to the area of the
nmoni toring of building structures and the area of
sei smal ogy. 5 Afteranear thgitpk_e particul arlyinl arger
nmetropolitan areas, a rapid estimtion of the danmage
to inportant buildings isof central inportance,
parti cul arly in order to optimze the rescue

10, ) f t CO= mov ey '%@ I me
% 3) gf Eéé de (;%r rmf-L ﬁg%églgrtl atic |séleg%:nene%}t§%e%3nldve
sqt@tﬁeélqnéﬁapnoﬁéyl@*@apa pedndaioreations AR ddaiade by

- eMalndat ff | '?Jﬂd‘a"dfé&e@f @ﬁ_xt-b@mbomaﬁtabl:@@or@i@gsg t pnovel

real tine de nt_sen
WI (Lf)lﬁ ﬂ%ﬁb‘%@s g’?ﬁlg?’l ons? 15% oHF%gbemde?erIﬁ?kh reef
dosttuaddfecitistant andouskgpidboveas) | f ofheritfadditional

%lﬂée%amoan@ae@aﬁ%t Sre{:aﬁaﬁéi Cnb P &S s ACCH di N be

e invention, a cost-effective intelligent 6-C
JEesor 2BOTR 0vi-ded M SBHSBELPRSCAl ISRET nPeFameters

MEvRemief wtddiaek ,baxd i ttdubkdurgsy 2@nbridgesproved.

t | th {ruct d

S Ol "l LB S bR IR St
cnipdgngn _cr t hyobkeavkoranoahdr dekosdrhgorgentofandthe
me%\éh%athgsé gata myeri ahof ors@ngbysi $1A6C0rdhAg pe

[ nvent| on, therefore, particular attentiqn is
%@@Sﬁg&[tﬁ@ed P ut FPFERREEE he B0 opBREi edTOMishER  ©f
[Riralcls@ngeAFOYS Hyhahesllte iphot raicdtolcn  tbasdesmeess .

ccording to.the in tio r nguissh by 0
% rcoﬁgﬁonr% A° 4 £é‘sé]are (%ue %:Dafddmltnn %I&atnuf %HF rg%é bt
travtad- ibor dwsinef factdarthewgdepr sactitorPhape Wlt and

iReka8dnal to one another, it is not possible to
prevent the seismograph from including a coupling of
earthquake-induced inclination fractions into the
sensor signal of the other linearly independent spatial
directions in a zone near the earthquake event. Only a
sensor with all six independent degrees of freedom .of-
movement, that is to say including the rotation, can
afford an improvement here.

The concept according to the invention in the design of
fibre-optic gyroscopes can cost-effectively increase
the sensitivity of existing rotation sensors based on
glass fibres by up To two orders of magnitude, as
compared with the previous prior art, and, when
supplemented by a broad-band seismometer, can for the
first time make all six degrees of freedom of movement
available with sufficient sensitivity in a portable
implementation capable of being used in the field.

The invention concentrates on the utilization and
further development of modern rotation sensors as a
novel and innovative basic technology for use in early-
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30 etectronics, by the imnstant aneous i ntegration ‘and™
dlfferentlatlon of the sensor signals within the
sensor, can thus be expected to deliver a hazard or
damage estimation, close to real time, for the
respective building. The addjtional capability of the
35 conbi nation of such sensor units of independent
design into autononous |ocal or regional networks is
in this case possible. - 14 - The aim in terns of

j&atf GLy alg Pg&cé}@é“ CSypkS, MiR.3Y t%ﬁl*“?é’é&mi&glcal

ernm-ne nam c excifation as a res
enryHididisdesr agtiisdnds 5Bl | tivby epEnt ¢ bgclpRyg-ied, in

\@aﬁ!taitdﬂ%&,, het hries segar d& ame iddidesrand aF Suilding
ar ds eIevgn% wavel en %¥ %%Pllng geophones

d? T&FaPPBnRENBDFR t$F% %9%i sensors as

absolute protractors, both characteristic variables

1%\91 exc etchggaﬁ@n be %&tt%mgrpy megns of1 & ger

er o renent 0|nts For~ | i near
gvferfmmlé§ant RESES, car YBPLRe8SEANREIPD PR N cdape to

Cl%@)(ﬁﬁ.adﬁéscr bh@.ddﬁhgm rreasur ede ot aéh’ﬁﬂﬁ Acmmh:mce,
to the I,nv ntlon t | S the ev u |1 ON
kT 80 ey B bl pld S Al LA Ko
tife dﬂasum@ﬁsnusmesulmsvamehtshe bs&%np@xqﬁmiﬁn1qﬁncﬁhe
the Ayparhes; 15 &l?édl%‘ of d&E?lﬁ&éﬂ&ﬂﬁH e i gnRasedstatic

Furthernmore, in' addition to the detection of dynanjc,
Saatdorsn, crRed @@am’ﬁaﬁ&rﬁdaﬁ I rdts &V%a%'?st@ai in
b;erﬁ:lme O%CtdﬁltllcfalOfvaxl’ﬁaeﬂ@%t derseexanples]l Byind,niing an

up, eﬂ%n gngngf Seﬁﬁggsdg%ggm3@§gﬁngﬁ éedt driations,t

rerarntng oriatf o e can erm ne

tdearlgeaber e tegmmieghsViThea b si idtiapf e8rOREAT ur | FRPVE

the (%@SIcﬁﬁﬂlaialc ad 15he gdY NaRE C dofaRr gt | QB byraffic
neans of COSt E ectlve sSensors gonstltutes

FohdieFer S t 5ge, thEs LBYBAFERwi th DehEreffective
neasinement rrﬁt—bodSenEEhe ss'sf pabvbaieai,l orwlofclt hec#2b be
%.%%% &l@ﬂdlht %h%f flrﬁ*:l‘ﬁtne'J.J1 " ti glrﬁfldlngs,

pen up a road e d use

tbérWe@fr éialrlrlylﬁ/arqx r@l@gausﬁﬁque@o@@qu@w@t Fpcords
%terf@uoa%r&hcma@bh:@_ai Qélﬁthhgcab @Eél B@il@ﬁt@ﬂ@éﬁ‘@vlour

comhi nati ons, for ex snOM/Ioa S
RS e amoraatooPa ey o8 BotTRre st and
wirodrideadshiet dataandnajmm@h hites adrhaoly titse l}S:e:cufdJime to

%%'aﬁq C?Lé'ﬁre%\ﬁgnf 0 thtea_t%kf%g ?1“‘0 rﬁaﬂéu*iaet he' ARABHN 8B 150

can be carri e In a very
ee@sedc abed Wia?ﬁdl%thFn P%%PEJEH%S A |ﬁ%’ért%\?ﬁatlon
@ 0@k %%Habs\bﬁiﬁj’ﬁd’l@dl&y&t_ £ITH3A Vﬁgiéf‘d@tl&fedﬁ%@ﬂdrdlng
ei s C exclt | ONn an | C ver t t
38, oThf n I TS ol | fofdal 2% M8 M98 power

e noni t rong o

sobsuinptioueardt 8rese luhtalsleca;nr mppufaeipiet it teling, for

cost-effective  mass  production. The installed
electronics, by the instantaneous integration and
differentiation of the sensor signals within the
sensor, can thus be expected to deliver a hazard or
damage estimation, close to real time, for the
respective building. The additicnal capability of the
combination of such sensor units of independent design
into autonomous local or regional networks is in this

case possible.
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Simlar argunents app

- "I5-during earth excavation, due to foondation
| oads or else in hill subsidence zones. Consequently,
with the aid of sensors/ nonitoring covers dynam c
actions, that is to say the causes of deformations or
damage, 5 together with the;jemaining deformations.

Def ormati on observations in earthquakes and on

vol canoes 10 The problens in determning the static
(and dynami c) deformation from sei snonet er

0 r i ons, h eegs known, £Qf quggﬁ 1.4 ho a 4
sg$§s¥§%?or§nsﬁéﬁwg sgfutlonfﬁggﬁgg een]%%ﬁ%d,qg' via
heehkahle SERSAREin FeadoreTRing efcilatipp as a

agitiiongd edfeedsaltds 16r SetBEP UL PGS Whin6he ROt dsech
to rotatigns and h% ges._ in |nclinatiog.€ng éeagnéo <
(RS STARRAT SR WhePS Bpedd of S§EcdPer BFPOHIAS a
seégamiy aphls warinorawel éngidyr-atRyl. CORS imptgeommes or
as oM ¥ RNt 16 A0 R VSEN o el & s HdCEs (ddsbhete

vertical resolution is low and (2) the 20 sen3|ng ,
rR¥RLyactess, s i EREFFCERPRESELF VRE18PAERT ©f dynamic
0@,6@{)?aa1:ﬂo?n&:agy\rm aeséceédebyi weafisCofsel zemaEl ensmber
capanl e or_ _nopll e_use, an a-covering on
R A R o RO ot of by GAbERE A PACRUER bl otDe
THsvapuled, dausde byngheerstiahscaal ow deproikadnison
iReddf-e2b 1ealatifes det glddigatingn of g seahdoar aBELE Son,

y to, seism c observations of
9t HHih Y FEL P Bhdincelf def ot rat Ghsoan
dse tarkeecexpact ediaThe wwyeirdabhe ecdbuplhiengmefsurement

(oLl enal, 300 LELLT DOSIRUEIBNL S f LNOGES LhBE aynanic -

daid broad- band urement's B
sé¢shmrerdr sthad hkestwoeel 19 ndasede dFRFEBErEOrThe in
coudi ned dad atanal ustsctoford Obat iRnemard df@ins taldngnSthe
makes, LE@fozslble, i_n this area, t% havgwan L roved £
eI g ngr SEeat CpP6ERTTRSTRACBISERCE e JFTTGR 15 ©
nagreradtaMbBos. e8&mple, by lining up a plurality of
sensors with one another, tThe remaining deformation
line can be determined via the measured rotations. The
possibility of measuring the (quasi-)static and  the
dynamic information by means of cost-effective sensors
constitutes a considerable advantage, as compared with

other measurement methods. The self-calibration of the

~sensor and its effect independent of position as

regards weight open up a broad field of use also in
terms of early warning against the consequences of
antropogenic actions or critical action/resistance
combinations, such as, for esample, high asnow loads on
weakened structures, actions due to extreme wind loads,
etc. and could thus alliow the use of the sensors even
for tasks which, with other measurement methods, can be
carried out only in a wvery complicated way and not in
real time. An important area of early-warning systems
which goes beyond seismic excitation and is covered by
the method according to the invention is the monitoring
of subsoil movements, such as occur in tunnel building,
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=16 of thebui Fding structure are to be taken into
account in determ ning, the | oads/damage. The ai m of
the invention is to reduce earthquake- 5 induced
hazards and risks. The observations of the entire
novenment conponents have begn wrged for decades by
theoretical seisnologists. The nost recent

devel opnents i n sensor technol ogy now seemto all ow
the design of a suitable nmeasuring instrument with

t Ber &0 1 e9ukheth A EGh, | Bubhitp coptidtridd 3Baukd or
be. noted that neasurenent technol o has br oad
pBtemt Hal bidr SIPSHISBGEh 2WESpur'ed gf{ﬁ Eé%tﬂqyfr. diith the
s&Ld o5 £ afshddies engimieriring secees. dybafbe actions, that
ever ontln ra | romﬁ of I 0] it

§ f QP qgl p % f%&&gtgﬁéérp8£ é%hage,

areas-in 6 thquake en angered rrégi ons
| seagithar, widhy dhel semapgenegsdafermiii WS« co) Ieads
to, in the case of a strong earthquake triggered

beneath them to trenendous danage and th Ioss of
o = Whpr on

D0 PPFESYEEAHEcoutt of° Fet efy
hed Braxgeszeous buil di ng structures and vari abl e
subsoi |l properties in
The problems in determining the static (and dynamic)
deformation from seismometer observations have been
known for decades, without a satisfactory stable
solution having been found hitherto. The main reason
for the problems 1s the additional effects- in
seismographs which occur due to rotations and changes:
in inclination and lead to the situation where speed or
acceleration seismographs cannot be integrated. GPS
instruments are only partially an improvement here,
since (1) the vertical resolution is low and (2} the
sensing rate is not sufficiently fine for the dynamic
observations. With cost-effective 6-C .selsmometers
capable of mobile use, an area-covering observation of
dynamic and static deformations would be ﬁossible. This
could, in the long term, also allow improvements in the
real-time determination of seat parameters. Similar
arguments apply to seismic observations of volcances in
which sometimes pronounced deformations are to be
expected. The unavoidable coupling of rotational and
tilting movements influences the standard broad-band
measurements by means of seismometers and makes
modelling more difficult. The combined data analysis of
rotations and translations makes it possible, in this
area, to have an improved mapping c¢f seat processes and
of the state of the magma chambers.

In one embodiment of the invention, both the dynamic
ground/building interaction and the structural dynamics



10

15

20

25

30

35

thesemega-metTopolises, Tt s not—possiblreimna-
short tinme for the respectively responsible disaster

" management to obtain a survey of the damage

situation. 25 The rapid initiation of a coordi nated
rescue action is consequentig seriously inpeded, and
the expected result is not the best possible.

Aut ononous nonitoring systems, which co-l1og a damage
event and evaluate', close to real tine,. according to

péfdﬁflé nﬁ@lf@ﬂ]ﬁ’d§tﬂ5@tt§% ke tha,d egibdn A €Kl ¥ccount

avai |l abl e, could_lead t deci sive i nprovenent here.
Bvldyﬁﬁﬁwﬁﬂ%€§gﬁpﬁnéoééééﬁ%W?%Fto the function of the
bui |l ding and the automati c damage assessnent carried

QH&ab%i%heofenéﬁg’ invention is to reduce earthquake-
induced hazards and risks. The observations of the
entire movement components have been urged for decades
by theoretical seismologists. The most recent
developments in sensor technology now seem to allow the
design- of a suitable measuring instrument with the
required accuracy. In this context, it should be noted
that measurement tTechrnology has a broad potential for
use in both the purely scientific sector and the

engineering sector.

The ever—continuing rapid growth of large metropolitan:
areas 1in earthquake-endangered regions (for example,
Istanbul, Tokyo, Los Angeles and New Mexico) leads to,
in the case of a strong earthquake triggered beneath
them, to tremendous damage and the loss c¢f many human
lives. On account of the completely heterogeneous
building structures and variable subsoil properties in-
these mega-metropolises, it is not possible in a short
time for the respectively responsible disaster
management to obtain a survey of the damage situation.
The rapid initiation of a coordinated rescue action is
consequently seriously impeded, and the expected result
is not the best possible. Autcnomous monitoring
systems, which co-log a damage event and evaluate,
close to real time, according to predefined methods and
make the result quickly available, could lead to a
decisive  improvement  here. By dynamic weighting
according to the function of the building and the
automatic damage assessment carried out by the =ensor,
and also other criteria te be laid down (for example,
optimization of the travel distance for rescue forces),
an effective utilization of the critical first 6 hours

after a damage event may be envisaged.
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and also other criteria to be Taid down (for exanple,
35 optim zation of the travel distance for rescue
forces), - 17 - The buil ding sensor concept
according to the invention is innovative in two
respects. On the one hand; it 4s intended to show t he
way to a nonitoring systemin which the building
behaviour is logged in detail during 5 the action of
external forces (earthquake, extrene w nd | oad,

o Nl SiubBsid NG af r eddndept MadddA1i6RF &0 atl@@nﬂhﬁé@tlon
|nde ende ce of, local reference 8% %gns iS 3@m£§v

& t5P of P hESTBERET on“Ref26r S7Fs
axhﬁcdmieel ptot rshotor she | watyhi ’sorega:ndnit%i}s@nwlstém in

SHIEERAIDL AginoPh BB RONE 1815808801 £n CHRLAVEdiing

Ion to these ons

plrearrstidion oforexdeamile; ToRgRPmIAFE ToekF orgxBFEie Wind

-Il@é@ﬁtlgﬁb%d d%&b@ﬂd&ﬁ@ééﬁ[e@ﬁ& forthhethis case, a

overjggptln ?EEQ§%éé%2?ﬁ§pfc % d?ﬁ%vfflgfdsysghms is
@ csisivisidc atiao rthef nﬂupatﬂmagﬁfdéuseﬁoﬁdtnonnﬁﬂmﬁqxstWﬁﬁd
degr Sﬁfgf‘ufé sk Qf gse) r@ndptcanst el 4 hi %h(eo) fensor

centra ocatron oca di sast er rotectlon cel
(e esPoRaendpoer PLAGEpEREE Rt %Faq A% edBnATRPPyed in

Hﬂr&ml d eons@siiedd yrperhesm arngdlng functlons, key
i_nmpor t ntstepé%) rds uas real-%lnedana - are
RTESBETEEPs et opBatPBter | ol @ HhEM, |\ ol ARaCR of2re

sinvesd igeteadd mr@mnmdmem@n alfoghothe oavayshepting.
of building-specific predefined limit wvalues, and, if .

possible, may allow a classification of the damage
caused (for example, the degree of risk of collapse)
and transfer this to a central location (local disaster

protection cell) ({use of mains power-independent radio
technology) . This would consequently perform an
important step towards 'quasi—realFtime damage
prognosis. '

The sensors developed for field use in the region of
strong ground movement have several shortcomings in
seismology. Inclinations of the seismometer induce both
a sensor signal and the translations actually to be

- measured. In near-earthguake zones, the complete

30

35

movement vector cannot be reconstructed on account of
the absent degrees of freedom of rotation.
Consequently, the measurements are both incomplete and,
because of the intermixing of signal sources, faulty.
This constitutes a serious impediment to the inversion
of earthquake parameters. It is to be expected that the
complete detection of all six degrees cf freedom of
movement and the clear separation of translation and
rotation (inclination), along with sufficient sensor
sensitivity, can make a marked contribution to
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25 seismology. InCinmati-ons of  the seiswoneter Tnduce
both a sensor signal and the translations actually to
be neasured. |n near-earthquake zones, the conplete
novenent vector cannot be reconstructed on account of
t he absent degrees of freedomof rotation. 30
Consequently, the neasurenents are both inconplete
and, because of the interm xing of signal sources,
faulty This constitutes a serious inpedinment to the

'Hﬁ?&%fﬂbc%h@aggggﬂéﬁggﬁééﬁnﬁk%bis|E1ﬂdéﬁéﬁd@ﬁce from

expect ed that the conplete detection of all six
TR ST tERBEABH P 851 enent and the cI ear
separatl on of translation and rotation (inclination),
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to record aftershocks in_the near field. (2) The
Feoetritsamot reRE fesnpe @ ensifdfeft 49 ey W?f
ahef rqeﬂﬁ&ﬁtrtmd@ftéf]eal nfdneang eeof tisqu«ing ginurtder to

@%%%%%n Fggﬁoéﬁ 2§np@£% ﬁgag ??Qi&or %ﬁ ##%légﬁgktlon

sensor S S 00 COS
oénstihtg v@omrar\e&aw em@vekmnm andllf |55Ked@;§1tne@ sr stfat foredom)

%%&%Qr Stheahbﬁf‘w%ﬁcﬁobﬁ%\'dr%i *‘tﬁ:o’iﬁﬂﬁ itdodreht@f. rifg as
| asers, are neverthel ess t” and conp %t sensors
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too costly and much toc sensitive. On the other hand,

em, they are

- fibre-optic rotation sensors, although not having the

sensitivity of ring lasers, are nevertheless robust and
compact sensors with a markedly higher temperature
tolerance. Furthermore, they are significantly more
cost-effective.

The method according to the invention can utilize the
self-calibratability of the system. Since rotational
sensors measure rotations absclutely on the basis of
the Sagnac effect, the earth rotation signal is also
always superposed on the sensor signal. This signal may
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30 Tolerance. Furthernore, they are significantly

nore cost-effective. The nethod according to the
invention can utilize the self-calibratability of the
system Since rotational 35 sensors neasure rotations
absolutely on the basis of 1de Sagnac effect, the
earth rotation signal is also always superposed on

the sensor signal. This signal may - 19 - be
considered, within the framework of the application
BOPOSEEh dereRl, asithieonHantriwdesancer thei Spplication

LS et HTECROL AL LB LBl 0 YL PEL 001

_ iadependenneopoting, 5 thedal isuteowadi dgsfoasd cluripg and

ﬁrg%%ﬁcfbhéjﬁ%t,qu ne LHLiHSLAN S8 Hent of the

orientation he sensor in relation to the axis of
reRGRY orF B AREIggEt hang cSAfar iRon Bethr nPTHtter to
adbwﬂigwa&@e dﬁhsu@mmm@mngeibnmti@mt affi aheof sdheor
sensor e to,t seismc 1Q event, .or to-t byi_| di ng
G o RAeE St Ot 1ARLE 88, S o | ey el 2

nmount ed firni ona

vednpdmisca neeburenentd, aflies changerithasekentdstliogers a

GOl IRRP NSy 81 drtelt ilo®, B DU ohddC! dRRAt{ONE §8i dnic
deformation or to a, displ acepent between, i ndivi dua

di s
SRy OT TH sthe ghiad 14N g et et AR nyiRfk the sensor
i egpahtod Ffirinhe rorasdr edlat oof ar ateddioremeantd, this

S AL B SR PR S A P Bl g
dottilevred.io8t raxt £9, at hiefomatoPof otettei i nfhgpl#eenent
HdieAt | puBfidhe SeRSALyAPPrhes Wildhal is determined.
by the integration of the measured rate of rotation,
and, even after a short integration time of
approximately one minute, a resoluticn of less than
1 degree is achieved. Strictly, this method of
determining the orientation of the sensor applies with
high resolution in the north/south direction only. The
resolution is lower in the east/west direction. The
investigation of the optimal sensor implementation
(reference ‘ system of the sensor) is therefore a
specific opeiating point. After the investigation as
regards the utilization of the orientation sigmnal, the
utilization of the rotation signal of the buildings is
a major factor. For this purpose, (1) criteria are to
be set up between measured angular deflection and
stress of the building or wvarious materials. (2} The
effect of the displacement of individual storeys in
relation to one another is to be quantified
(interstorey rotation) and transmitted to the sensor

system.

The output signal of an FOG (Fibre-Optical Gyro) is the
phase difference between light waves running around a
surface in opposite directions. It is proportional tc
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20 high resolution in the north/South direction only.
The resolution is lower in the east/west direction.
The investigation of the optinmal Sensor

i npl enentation (reference systemof the sensor) is
therefore a specific operatpmg-point. After the

i nvestigation as 25 regards the utilization of the
orientation signal, the utilization of the rotation
signal of the buildings is a mgjor factor. For this
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ring laser, 1s that the tic gnal can

it et P en By GRCq IAROMEt Yo ar) HoXEs PR geG | hisher
st dFaR iGN e vinehRaser, tiv tdsxwieﬂﬂweactbprml ansiHfis a

h h b i abl
TRt HEREC PPEPESoaTi £ 8y PBELSRRE AT Far T i 1% The
| slsmesl ho-plhdset hepeddiryevtt phaselwbdsnur emeht ,an  FOG

vm?gs Mdid é&ﬁfrénd%h@l BRg el f@BYeNeNtl®iso on the
difference by interferpnetry and thus_achieve a

HIRfHER lr RBISH iGRHERA riQte %fal%lﬂee coifert LbHpt eFpurce
With | 8 awgrenéngilsadmntiagsé um, t he |npdienest apbwsr ofof

3 5 PO epenge Ot ol 5 b THESCATET ot of Opf and
a?lsfbléélrﬁﬁehfe Dl@%pth%aqio-‘pbv\éf Befisht ya ’Fb@oree@c@ﬁle value
fer aHd %Enﬁ%&ﬁﬁﬁ:aﬂ\ﬂdf’ #n Weyel 8A0uh196 1. 65-PMadys is

nous. power of PO = 100 pW a length of the gl ass
féﬁg%i 2621000 in and a diameter D of the coil of 0.4
m a theoretical value for the sensitivity of an FOG
Cglnegl S%?Jhg o?Ole?él?%%?nzggg?fg?]]%ﬁ%E@ Ccﬂﬂt!lcal fibre
constitutes an essential component of the optical path.
The fibre length and the geometric diameter of the coil
are incorporated linearly into the scale factor of the
gyroscope. In principle, therefore, lengthening the
coil fibre used makes it possible to achieve ever
higher accuracies in the measurement of the rate of
rotation. At the same time, however, attemnuation losses
of the light intensity during passage thrcugh the fibré
and phase change occurring due to disturbing effects,
such as, for example, the Shupe effect or the Kerr
effect, limit the implementable length of the fibre
coil. Coils with a length of approximately 1000 m and
with a diameter of up tc 300 mm are therefore planned
for the prototvpes.



constitutes an essential conponent of the optica
path. The fibre length and the geonetric dianeter of
the coil 25 are incorporated linearly into the scale
factor of the gyroscope. In principle, therefore,
| engt hening the coil fibre msed makes it possible to
achi eve ever higher accuracies in the neasurenent of
the rate of rotation. At the sane tine, however,
attenuation | osses 30 of the light intensity during
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contained in the amplitude ratio.



10 neasurenents, and that additional information is
~contained in the anplitude ratio. 22 Cains 1. A

net hod for the determi nation of damage or states of a

mechani cal structure which result froma | oadi ng of

t he nechani cal structure, wherein in each case a

sensor signal of a fiber-opbic rotation sensor

connected nechanically rigidly at |least to part of

t he nechani cal structure is determ ned before and

after the loading; in eacf'8&8® an earth's rotation

si gnal superposed on the sensor signal is determ ned

fromthe respective sensor signal; on the basis of
1. the meipefpdsed & t ASESForst oA Higndiedfet BF ni®h@sfn of 2
mechRAe £aS8 rudt LS RRGLLY e s is] atbangousadinigeBE ath®meahanical

the fiber-optic_ rotation sensor with [es¥§ct to EQF Copti
SLrRgFiIe s WEEER ol akf S | @ Feterii™igd; Sa%thanye 4 ntthPer—optic
rot9Fi @Ntatisen efntde ciohathon sensoridgsildeter nbaed fo part of

the respective instantaneogs orien&pt%o s_of tge ftor the
thef i PRGRagatRre rOTEE ORe sers of CheforE “and® att%r *'6ading,
loadigly i e dapngea o =5t ahesh0d tdratiechaiedl sspeusidede on the

are determ. ned on the i S t he change in . .
520 §0F M lor Jof *REM T GEAr 6N SRRSBIT 3. s wethod gl on
theChai e i Ahel aipe rboskedr eanti s eacht tas e ignhilist frrermined in

sensor signal of a further fiber-optic.rotati . _
cacfofast conmeaPeH N haR Py T 1) o1 v e o Bhe bl gng fiber
optlidrtdertipar sendct he thechamdcaltostthectartsh lissrotation axis is

deternjned before and after_ the | oading; .i ase :
detgr?ﬂT¥%erae§§?ﬁg% %%té?FSHE%?EﬁEIggugggpgggaggﬁhtﬁe or e
detsentord sfgmalthies rdeperm vedidisiomteheonespeictribpgions of the

further sensqr. si | 5010 basis 9fcd.hefurther sng tn

flb?ﬁd@%ﬁﬁ%eﬁ“ﬁ%?? g£%5¥5i?§%ngﬁg%§}s gé%ern%ned“?ﬁ o ©
damegehocasetea oespectiecbahicthertiunsuemtaarredasermined on the
basgg : gptt%te! %ﬁaﬁ) e tiqwe ofrlﬂglp iJﬂ Q)%r ;tHQt f&tartgbﬁt L0 kor.

sensor with respect to the earth's rotation axis is

determned, a further change in orientation of the
2. f Hﬁé hﬁgtﬂ&ﬁ actié Ol 38NSPr 14S c@!gﬁﬁr il n_edwkferr%ﬁht he ecach case a

respective further instantaneous orientations of the
furfiyet hepnfobesiopt} c ofotaat fentisEnsbiPayePerécaf@-after sensor

congéc%g@,rhé@giinlﬂgalwdriﬁ]ﬁiquar@:gelé&rstﬁt%t @S QfrthBe part of the
mechani cal structure are ‘determ ned on the basis of

mechiyel gHamfescrw oriseseacrbinet hafere ot isdihesehorloandng: 1o

caclf dhe furtherndot abl o SeRsstion. sﬂ_@ﬁ-lﬁeﬁﬁl&ﬂf_p@%ed on the
- claimed in either one of clains 1 and 2, wherein the
senpeBi Féanale IotEticgH1EeAs dFEmnEdSure FECALT Ons UAbDRE  Sensor

Sigllral}z oh %h_&oﬁ’)@gﬁgnoﬁx&%ﬁa ﬁrtﬁ_@@ rep8ash Asl _Q‘laaiitﬁieé ir@tation
_“one of claims 1, 2 or 3, wherein the nechanj cal
519888 daReETERSR Nt K FoFATDf & BEPPEHHES further instantansous

orientation of the further fiber-optic rotation sensor with
respect to the earth's rotation axis 1s determined, a further
change in orientation of the further rotation sensor is determined
from the respective further instantaneous orientations of the

further fiber-optic rotation sensor befcre and after



5. The nethod as clained in claim4, wherein the
rotati on sensors are fastened to sidewalls of the
building in such a way that the relative angl es
between the sidewalls and the floors and ceilings of
the buil ding which are supported by the sidewalls can
be inferred fromthe neasurgd rotations. 6. The
nmet hod as clainmed in either one of clains 4 and 5,
wherein the translations of at |east one building
part which are caused by the building | oads/buil di ng
thedﬁﬁﬁﬁﬁﬁgar%nﬂeaﬁﬁraﬂmadéior states of the mechanical structure
caorrespondi ngaccel erati onsen orsmhlchareconn
are B Fal R (hr ORdPg oS Fhe At PRt ond Bl g‘ttggw“ of the
rotPeddn ardsbheauiddichg f@ﬂd&hbmbtdtngldanage are
inferred fromthe neasured translations. 7. The
nmethod as clained in claim®6, wherein the change in
3. orm@ntnathm afs t hezbudd ding adithlkrr espectit clitlms 1 and 2,
arth's rotatian aX| whlc C [
Wheﬁflﬁeﬁgﬁreeiﬁecahtlw uaﬁtl%%na §Q$§g§35§%§%r§$%§%DHQ hBout 1,
2 od nf eptedidr eaxethe neasured rotatlons and
translations. 8. A device for the determ nation of
damage or states of a mechanical structure which .
4. resaldethodnea ¢losidieng in2dnefot kéagmehbnidc#®lt 3, wherein the
tructur vin [ r ot ensor which
Hmcg%n%%ﬁhcheﬁéﬁ%%%gnﬁgaFﬁy rlglgnyJ?LFgggﬁ to part of
the structure; and an eval uation neans which is
connect d to t rotation; sensor
- B d‘i‘?et Oflop® h][aermr%dﬁl fg .?_%1%a4gh ngg%yg tggnggFaE%%%aslensors
areOfathendd her -sd}fi'ewel]::ﬂ)tfa:f i Ore serisdinpeforeudnd afaverthat Loe
t he Ioadln r.determni e S a
re1?€ %ﬁl%ﬂ?lglgﬁe?‘%ﬁbéﬁbose %ﬁi?%egggﬁ%%}%gggrg £$$k§%111ngs
of tthe respetingvewisertsonre fawpdeted moni ngiea Fedptitlisvecan be
i nst ane orientat he fiber-optic rotation
lnf%%ﬁ%%SSﬁf&%Hres ecf%?okgﬁéﬁaﬁﬁﬁlw s rotation axis on
t he basis of the superposed earth's rotation signals
. defer gg ed,i rgfseaﬁ gase, ;foredeter jy ngea qhange 4 Nang 5,
oriéentation o rotatlon sensor fromthe
whereemeCMQv@ﬂﬂﬁ@ﬁaﬁpeﬁeeﬁsaerl%ﬁﬁ%ﬂ@%méﬂﬁﬂdﬂﬁe part which are
cau% Her 0P L £ Ifﬁﬂﬁg‘§8£§Q&nH§E9£§ aRdagft @ret Nrasured via
adlx and or determ ning the damage or states of
corrhepqnﬂﬂmgnlc@PC§ﬂ¢H@¥U®e oS H®Basi ¥1dFNt he2ERangEorected
mechgnpt{a{qu/l aHg":U&l f dhedotati poasens@ . bud.ditie ghevi eed the
alned 1'n claim38, having a further fiber-optic
buitdizg | dnademssrl dimdc hCiRetonAset dd fREEFANITE]TY yrhe “measured
traﬁggﬁ{&&h to a further part of the nmechanical structure
and, furthernore, is connected to the eval uation
neans 10. The device as clained in claim8, having
7. 1 fheaghi6age An eyalMmal i oA neans, @onneei@ﬂqtﬁhéhemange in
rotation sensor, of an |ndegendent mnrel Ss %% cation
oriehEmsArs I Torr ey AW B FThE"| oF MCTetSt mifation of Toratt
axikhe vﬂﬁ%ﬁg%lﬁng@ ais 0@ ehbe- Sid UEE ue erddre basi saefhquake
rotations or torsions wth resgg % to the earth

dampgt ot f o alt & MHITER are derECt §quﬁ?e AR 8§|f°tatlons
andl etatd onisepsor and are jointly anal yzed.

8. A device for the determination of damage or states of a

mechanical structure which result from a loading



Met hod for the determ nation of | oads/damage in a
mechani cal structure Abstract |In a nmethod for the
determination of loads in a mechanical structure

and/ or of damage or states in the nechanica

structure which result fromthe loads in the :
mechani cal structure, the pgtations of a part of the
mechani cal structure which are caused by | oads/ damage
in the nechanical structure are neasured via a
fibre-optic rotation sensor which is rigidly

of Qégnﬁggﬂgaiggfh@%ﬂdﬁ%u&%,t9h&$&h¢ﬂd'&ﬁbutaépﬂﬁutnotanﬂon Sensor
_the | oads/damage/states in the nechanical structure
whigh el dedoReRF fromahanhedstr et st 4t i%n?.ea(s?ii go frr of the

structure: and an evaluation means which is connected to the
rotation sensor aﬁd which is designed for determining in each case
a sensor signal of the fiber-optic rotation sensor before and after
the loading; for determining in each case an earth's rotation
signal superposed on the sensor signal from the respective sensor ;
for determining a respective instantaneous orientation of the
fiber-optic rotation sensor with respect to the earth's rotation
“axis on the basis of the superposed earth's rotation signals
determined in each case, for determining a change in orientation of
the rotation sensor from the respective instantaneous orientations
of the fiber-optic rotation sensor before and after the loading,
and for determining the damage or states of the mechanical
structure on the basis of the change in orientation of the rotation

Sensor.

9. The device as claimed in claim 8, having a further fiber-optic
rotation sensor which 1s connected mechanically rigidly to a
further part of the mechanical structure and, furthermore, 1is

connected to the evaluation means.

10. The device as claimed in claim 8, having in each case an
evaluation means, connected to the rotation sensor, of an
independent wireless data transmission system for the joint
determination of the damage or status of the structure on the basis
of rotations or torsions with respect to the earth's rotation axis

which are detected by the individual rotatlion sensor and are

jointly analyzed.
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Method for the determination of loads/damage in
a mechanical structure

Abstract

In a method for the determination of loads in a
mechanical structure and/or of damage or states in the
mechanical structure which result from the loads in the
mechanical structure, the rotations of a part of the
mechanical structure which are caused by loads/damage
in the mechanical structure are measured wvia a fibre-
optic rotation sensor which 1s rigidly connected
mechanically to the structural part, and the
loads/damage/states in ‘the mechanical structure are
deduced from the measured rotatiocns.

(Fig. 1)



