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- 1 Method for the determination of loads/damage in a mechanical
structure The invention relates to a method for the determination 5 of
loads in a mechanical structure and/or of damage or states in the
mechanical structure which result fiorh the loads in the mechanical
structure. The invention relates, in particular, to a method for the
determination of building loads and/or building damage 10 resulting from

building | d, ice sul &mfi '@1115 rposes Manitaring the
structu ral?%%%ﬁy %%fuﬁgﬁgée%%%%h an%rlafter%)u%jlng %(\)ﬁa(%fn %g}_g
example, earthquaked™ 13 SEFRENYSRt REIPFEES snow on a flat roof)
is an important task. In addition to the need to reduce personal damage,

in#his contextthe-asped relatipg te,. minimizing dewatiesinctheination
utilizatjon gf buillldings ngs%glsofest%&g“%réirgo acgggrzg Morreog%ﬂéogvn%r
wilich Z0"are &ons?arll%rycgr%wﬁa In SIZ€, Wﬁlcﬁehave |g"f1lyD varying Errain

propeRiss, lead @ theiERibh Giherd the EHests ofbuiidingdsads; forrom
exgaple ot arthquakes, mayiurn eflio be mery differemtfeoni onenparn

of 2.ty [0 anofher. The tyne,and.strucie of 25 inglividyal buidings ¢pe

within a very narrowly delimited, regign also vary yery sharply.
COMSETRE 1 B Sextidtte SHIGHorR 761 pORHIORE 107 Bhe B0
whers sbjente robuiding déads, iebdserbdslod@magad orheneatable
directlyadiacent:ginagture remains 30 virtually intact. In terms of disaster
protection, an extremely difficult situation consequently arises, since, as
regards the optimization and coordination of rescue measures, there 35

ardoR iRt Eritdia FSpRdTticfny RTS8 hBashfeLimthe et dFaing

disaster ataqelatweljding loads (for example, earthguakes,
storms, weight load due to snow on a flat rocf) is aw
important task. In addition to the need to reduce
personal damage, in this context the aspect relating to
minimizing downtimes in the utilization of buildings
must alsc be taken into account. Moreover, towns which
are constantly growing in size, which have highly
varying terrain properties, lead to the situation where
the effects of Dbuilding loads, for example of
earthgquakes, may turn out to be very different from one
part of a town Lo another. The type and structure of
individual buildings within a very narrowly delimited
region also wvary very sharply. Conseguently, in an
extreme situation, it is possible for one building,
when subjected to bullding loads, to be sericusly
damaged, whereas a directly adjacent structure remains
virtually intact. |

In terms of disaster protection, an extremely difficult
situation conseguently arises, since, as regards the
optimization and cocrdination of rescue measures, there
are no simple criteria for oprioritizing the aid
measures in the event of a disaster in a relatively
large municipal area.



large municipal area. - 2 The object on which the invention is based is to

~ specify a method and a device for the determination of individual building
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loads and/or building damage, so that a prioritization of the aid measures
in the event 5 of a disaster in a reléti\?ely‘ large municipal area is possible.
To achieve this object, the invention provides for the determination of

building loads and/or of building 10 damage resulting from building loads,

ageording to Patent Claijns 1 and 2. F rmare, the invention, proyid
mﬁﬁoqscgfgret%\g dgi%-rmvf%tcl:on 0 o%d_sl:IL %QE %%céeﬁan?c%[ s?t)r%%:%l]dre §r1¥d/c?§ °
of thARhGE b SERERAA tReInécrafTct trbRitrd Shide et fsinifR ©oF

loads iwiliedb necHahical stiuetdre, accotding to PatengCldismsgeandsc

B Morequer, the-inveplion proviges gerresponding Hedcasaqqoidingda
Patent Claims 9 and 10. Advagt eoui ref'inements or.devel(lpments o{s
th&%id&a 6f TRE Tivention are fouha'in thé su%&%?m@%?ﬁgametﬁgaa
a@wididgled-the invention for the determination of building loads and/or
building damage resulting from building loads is distinguished in that the

rogation s qf.a, pulaling pagtwhich arg caused by;25, bulding {QAASAYL the
building damage are measured via a fibre-gptic rotation sensor which |s

rigtaieCoHiEcte 8 methanitiytotfe bEABIG pARCART the builbiifiy-2+1e
loddsibuildingedantdgegarefdetucérifrdiithe medstted IANGIRELED Inte
orglge 9, Make theydetermination of therbuidiagmioags/building damagei on
ggaﬁ:egﬁ!geé%e’n"i‘e%%tc'f’s!'c'%’o%f [ofatiog sensers, may ke gpployed instead,,
nechanical structure and/or of damage or states in the
mechanical structure which result from the loads in the
mechanical structure, according to Patent Claims 7 and-
- 8. Moreover, the Invention provides corresponding
devices acgording to Patent Claims 8 and 10,
Advantageous refinements cor developments of the idea of

the invention are found in the subclaims.

The method according to the invention for the
determination of building loads and/cr building damage
resulting from building loads is distinguished in that
the rotaticns of a building part which are caused by
building loads or bullding damage are measured via a
fibre-optic rotation senscr which is rigidly connected
mechanically to the buillding part, and the building
loads/building damage are deduced from the measured
rotations.

In order to make the determination of the building
loads/building damage more precise, a muitiplicity cof
rotation sensors may be emploved instead of a single
fibre-optic rotation sensor; thus, rotations of a
plurality of building parts which are caused by
building loads/building damage may be measured via
corresponding fibre-optic rotaticn senscrs which are
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fibre-optic rotation sensor; thus, rotations of a 35 plurality of building parts
which are caused by building loads/building damage may be measured
via corresponding fibre-optic rotation sensors which are - 3 rigidly
connected mechanically to the buildiffy parts, and the building
loads/building damage may be deduced from the measured rotations. In
other words, each rotation sensor measures the rotations of that building
5 Part,tolwhich it isggn&ected The ov ;_ill %tate %“éheb bU"giﬂg can t@g

n
bé ﬁ%ﬂ?]cgd ﬁ%%”rll egum%?ﬁ%lean&gt%rm e C?ot%:l ions of the mgiviﬁaal S

b@Rfing-Bart$wriAé BHildingIs48sblidRg darage cdirbe R coRaRERS
inditeiualhhtor eachsparéaf thesbaitdings 10 Conseduently, tdsgossidech
i bk b b el N
o EHE G oMb ey SR E ARG, D Dol tef oL Che

sensoYdined is teBayBsh rdtstiodsensef maydse débignesimdiidualiy:e
assasensonavhichongasures otations abesi enantio enibies axesakts
roggtion., hus, {ar exaruple, pagicylady. ehtigl puilding, paits 20,18y bg,
equipped with triaxial rotation sensors, in orderto allow precise |~

measGrAeREVHgtEaT iftHhe 1 ¥adobf GAEH T bhildihg PaftsSTor 41 Ra -
examplkeybietidly or urniaxial rqtatienlséasors sraydimspfiicient: @5 dirbast

erppediment ofthe.inyention,thedotaion sensarsaig fastensdiosideryo

wal1lls{__:g1;3 th&pfuﬂdqa n gu(c)r% a#\{eelygha tge nrelatlve angles between the

sif8 SW&iS and the i%o?s or ceilings ott elbu(ﬁding which are supported

by the side walls can be deduced from the 30 measured rotations. Such

refdie anglestarera psevetv:measure faritheragsessatgnt afedouittisg gned.

loﬁgﬂp{ﬂﬂg%ly as & uniaxial, biaxial or triaxial.
rotation sensor, that is +to say each rotation sensor
may be designed individually as a sensor which measures
rotations about one, twc or three axes of rotation.
Thus, ZIor example, particularly critical building parts
may be eguipped with triaxial rotation sensors, in
order to allow preclse measurement, whereas, in the
case of uncritical building parts, for example, biaxial
cr unlaxizal rotation sensors may be sufficient.

In one embodiment of the invention, 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
neasured rotations. Such relative angles are a proven
measure for the assessment of building lcads/building

demage, in particular of earthquake damage.

In addition to the fibre-optic rotation sensors,
acceleration sensors or other sensors may be provided
on  the building, which  are rigidiy connected
mechanically to corresponding building parts and via
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damage, in particular of earthquake damage. In addition to the fibre-optic
rotation sensors, 35 acceleration sensors or other sensors may be
provided on the building, which are rigidly connected mechanically to
corresponding building parts and via £ 4~ which translations of the building
parts which are caused by building loads/building damage are measured,
building loads/building damage being deduced from the measured

translations. The additional pravision of.suc ensors allows a.
pz‘fr%%ﬁ arIy%EraeI%:?sfea é’t%?%inggons[g“ebw 8&1%%%85/&% ?én% d%%%%%, are

sifeB %P de s drmeddifiiHovEient (5 BRI ebiss, thfgsured,
degreesiofgfréedods Gf trahdiatipnéand:thee b degreesiofifreedomipin  the

rofatiqn).can therehy be measured: 104n:9neembogimentaffherethody,
according to the invention, the change in orientation féhe bUI|dI_E|9 Wlthf
reSRREP LR hE AR5 (BTG Mreath R BeUTEed oM RELSired

rotaticiisland/dr a5 rdnsiatidhss THabhahge MidGentatioh Haf bEEIGRF
todye areliahie measwexnidhe buildingloademlding-dasmgetnrbes of
defermined. ieparicylar of earthguake, damage, 2Q Inoeneralized lamge

the invention provides a methad for the determination of loads in a
mERhAGESR sttRRurERHEREY oPBalRREGF States in the mechanical

structure which result from the loads in the mechanical structure. The

methodsischatastedizadip thatthe2a rofationsof apaid of thgy mechanieal
str.ur(l:ttére which are cau%%d bé/ Iaads/d%[ré% e in, the r_neich%?llgalg rlltlf&(rfg

Anventlon, . .G . © o OL.
are measured’wa"a?lbre-offt?c ro%éjtlon Sensor W:hlé}’] IS rigidly connecte

meekanicaRPedhe §huctifal paiS ol the IeddPdartdgelStatedd the 18

meekanied! structuse the mezsured rotations and/or
translations. The change in orientation may be -Judged’
to be a reliable measure of the building leads/building
damage tTo be determined, in particular of earthquake
damage.

In generalized terms, the invention provides 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 method is 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.

The invention relates, furthermore, tco a method for the
determination of loads in a mechanical structure and/oxr
of damage or states in the mechanical structure which
result from the loads in the mechanical structure. The
method is characterirzed in that the rotations of a
plurality of parts of the mechanical structure which
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30 are deduced from the measured rotations. The invention relates,
furthermore, to a method for the determination of loads in a mechanical
structure and/or of damage or states in the mechanical structure which 35
result from the loads in the mecharnical Structure. The method is
characterized in that the rotations of a plurality of parts of the mechanical
structure which - 5 are caused by loads/damage in the mechanical

structure are m%asuie &Ia %S)I’I’GS ondln ﬁ_{ re: O c&,(;al’r(%:t]_aﬂ% g%g%g:ﬁ?re
WﬁlCﬁ are rlglglyc nnec mcaﬁl to ﬁe structural parts, an

load§/dansagerstes i ?he @ﬁﬁ%@ﬁﬁﬁ Fefucttiesse %Eﬁ@ed A Ehen
measureck ratations aFke temm e chanicat Stedctueehisrid dxel dyd érstodie

assﬂ%%%@gaiorﬁééwe a-Ruilding on par of auilding A0 Geofl @ the
br|d§ a tunnel, the fus?e:uff orwmgs of an aécragt artggthe %round g
(féti' E)Féa]fhe%&% Olﬁ’ffgln) 3%%%8% or% fFaffic Touté {foad” ©
raftoteatksralway lines), etc. 15 The invention provides, furthermore, a

device for: the determination of building loads and/or of building damage

resyliing feom bﬂ%ﬂ%?égi Thedevice s digtinguished hys- a fibre-optic

rotation sensor which is rigidly 20 _connected mechanically to a bU|Id|ng
pdFE &M an E@ﬁlu%ﬁéﬂﬁp%ar&tu@%eﬁfo PR otation? sEsori e
detenmifing thébdiliting |eadsiboiding thamiyeiete lbasiy ol astatidnen

of the brilding parkwhieh have pesnrieteeied bythegotatiopsenseki?o £
The mveni;&on n?lates furth(%rmore to a dfwc géth]:eo d@ter |n%taon qg‘all
Ioads Ina mecrhanlcal struc ure an&/or 0 dam 1% %

age or states In t
mé&rakieal drddipywhiges) , ete. ’

The invention provides, furthermore, a device for: the

determination of building loads =zand/or of building

damage resulting from building loads. The device is

distingnished by

-~ a fibre-optic rotztion sensor which 1s rigidly
connected mechanically to a building part, and

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

The invention relates, furthermore, to a device 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,
which device has:

- a fibre-optic rotation sensor which 1s rigidly
connected mechanicalily to a part of the structure,
and A

- an evaluation apparatus, connected to the rotation
sensor, for determining the loads/demage/states in
the structure on the basis of rotations of the
structural part which have been detected by the
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result from the loads in the mechanical structure, 30 which device has: - a
fibre-optic rotation sensor which is rigidly connected mechanically to a
part of the structure, and - an evaluation apparatus, connected to the
rotation 35 sensor, for determining te [oads/damage/states in the
structure on the basis of rotations of the structural part which have been
detected by the 6 --rotation sensor. The statements (embodiments)

afforde gqllq t ework of the method according to the invention 5
appl;?%?n% arly tggﬁegr%‘g]ﬁices according to the invention: thus, the devices
according to the invention may also consist of a plurality of fibre-optic

rotation sénrsersetts rotatmrbsenismsnsdy beadésigied aswirtiaxial, the

biaxighat,triaxial rotation sensexs,etCcs d0-khe gyaluation-arparatyses obn
the in(lividual rotftiop sensors %aé/ bedgetwork-linkablet further
|

inStPEmentai Un §r§&z that fotation data gét%?r%ine%cccfnr é‘ngolleg?ed iﬁ%e

sirhplEenayoB6 thata roldis darTEeets 3GRAKAERTDESERP evRRHOYA:
aftes puiltling. cleestsfwiising:damagel irt this case bt is-pessikie rbathttoon
prawide each ratation sgngen with a;specific evaluatig.apparatys.and tQ 5

provide a single central evaluation apparatus which is connected to all the

20¥otation sensoraid dtferSeridors: ThE ntwSHk-fikiig “5F the=C -

evaluation apparatuses to further instrumental units or the network-linking
of the rotation sensarsdgpa cettiabevalation appatatus ! take placesn
fors eer)l(g énxpsl em\éi}? %%bl%g@%%%_\_/ .ﬂgﬁga't%fg n@%“%l%ér instrumental
units, so that rotation data determined can be
coliected in a simple way, so that a rough damage
survey can be set up even shortly after building
loads/building damage. In this case, 1t is pcssible
both to provide each rotation sensor with a specific
evaluation apparatus and to provide a single central
evaluation apparatus which is connected to all the
rotation sensors and other sensors. 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 the invention, tTherefore, a sensor based
on absclute rotation measurement 1s employved, which
detects the deflection of the building during an
earthquake dynamically in three spatial directions by
means ©f a specialized fibre-optic gyroscope. In this
case, the maximum deflection and the cumuiative
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 sesnsor or in
an evaluation apparatus connected to The sensor. To
assist immediate measures, The result of this building



10

15

20

25

30

35

According to the invention, therefore, a sensor based on absolute rotation
measurement is employed, which detects the deflection of the building
during an earthquake dynamically in three spatial directions by 30 means
of a specialized fibre-optic gyroscdpe! It 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 tolergnce Lable 33 which has :E’rﬁe"igus'é!i%zﬁ”e“
anc‘horg—:-% m%le sensor orin an e{/aluaﬁon appar' us' connected to t
sévsbF L TEL aBsistikMMEdiaRIMeaBdreBat rédGit 6fi§ baifding'e 7 same

evalnatidt isninslicaied sfot ekample rificcsimpte imutteBtep ddloppesd®le
and,made-ayailable, at he same jmefrom an external injedace..khis oy

makes it possible tp connect pluralitg of such i%ens rs into,an 5

oVeFREIT i tionAFTRit BRB0 incotPorate iRBNidual SensdR SF EaRE®
corngiexesunla radin spEtivorkE ThespdaTtiorredmERed iAtmore dBaiio
belewinr 10 exemplary embodiment, with reference to the figures in
which: Fig. 1 shows a diagrammatic illustration of a building part with
rotation sensors mounted on it,. 15 before and after an earthquake; Fig, 2

SHos atthegRarthatic HluSHFRch 8o “Buildifg Darts EBrtguBas 24 ore”
anothep L beforexnoidfterndn eanthiuakef andr2® Fip Sshowsigfioachar
of an embodiment of the method according to the invention. Fig. 4 shows
a torsion profile of a building during an 25 earthquake.

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

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

Fig. 3 shows =a flowchart of an embodiment of the
' method according to the invention.

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

Components or component groups corresponding to one
another are identified in the figures by the same
reference numerals. In the following description, i1t is
assumed, for the sake of simplicity, that the building

loads/building damage are earthguake damage.

As has alresady been indicated, the essential element of
the concept is a (preferably) three-ccmponent inertial
fibre-optic rotation senscr 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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Components or component groups corresponding to one another are
identified in the figures by the same reference numerals. In the following
description, it is 30 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 35 fibre-optic rotation sensor which is firmly
connected to the structural suhst . In this , the sensqr participates
in%t‘ﬁ%a %%mgﬁt%%dﬁﬁggbuﬁ@mg oF -Jérebruslldi\%lggsegt%r?s) g%]n’d 58“%%% ot
thebeid of thegion hbdattrie IARNIREEpEndSRESpdtial FirEERBRS o6
exapple abaytiie "lgpgitudinalaxis? cand thei'trabhsvetse axisaofithehe

building and.about the S:horjzentaliplang of;thg Jatter) asa sepspyisignale

These rates of rotation are integrated in the proceSsor part of the sensqr,

alP tHe eitifatiDe FhExiRam taEredfdr {ith réspeét 15 BRIREMAH97aL -
refereneersystemois caltalbied. Hrembxirmaredefiectiontasy B Heewesna
1%&99@@@3 W%H@ndst@ﬁm,cgetamilingma betelings t5 pee OhEIE mum
critical variables for assessin remaini -begyi it '

P e o e b opdee e o B

sughofAILaHS 36 2 -oversr SR THgEMth &4 5 SR pptin PERTEURFANE S 2
subsssentlygtoweratk afarmationavhich ik detridrimytoothedou-bédiing

capacity, dn this context.it is upimpogapt whether this deBiection takesne
Dsce SOy G AN dstbuted guea el oyt
mEgitn s tiefletiohed IS LERD 2afustrafedithis @ ARstedraphicafy: ShHE:
Figo2 a) ewtlinespepncretegdingrd suapendetkrstressing of the -
supporting structure and, subsequently, to crack.
formation which is detrimental to the Ioad-bearing
capacity. In this context, it is unimportant whether
this deflection takes place abruptly or in a manner
distributed over a relatively long period of time, What
is decisive for the durability of the structure is the

maximum deflecticon angle.

Fig. 2 dillustrates this relation graphically. Thus,
Fig. 2 a) outlines & concrete ceiling 2 suspended
normally on a side-wall part 1, without loads due to
building inclinations, whilst Db) reproduces  the
situaticn after an earthguake. If the angle of
inclination (alpha) which has occurred due to the
earthquake overshoots a particular threshold value, 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
absolute rotation measurement and covers a very broad
dynamic range. Thus, not only high-fregquency
deflections are  detected, but also inclination
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25 normally on a side-wall part 1, without loads due to building
inclinations, whilst b) reproduces the situation after an earthquake. If the
angle of inclination (alpha) which has occurred due to the earthquake
overshoots a particular threshold valu®, the 30 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_af 35 apsolute rotation measurement angd_coyers a very. bro
R, ThOL St Hioe Rbareaty Hebcng s e dad=s
bitiHISS ifelihatidn P RERALBRS ERIRG ald veRFESlowhy FEfreghiéncy

ranges which are no longer accessible by inertia sensors. Depending on

the arrangerpentofa,plucality Of SeOSerss¥in.A byilding  thereferes ok o s
only’is the inclination ofasrétgcture assumed to be rigid o talngg but also

t j
theHifferEiial AR atiSR or TrRFSH bateeR iividual Sfordyaand > --O8
builfling persiequipped stinedchsesors 10 Acedlersmetbrs Rikichalso
fuRelion agcerding:ie the concep! iefanass inedia mayaddisanallydeweean

enpl N come ible, for the fitst ti ir
c?rﬁé%/?eg ?le%sfortﬁ;%r% ;ﬁe i?{ dé%lrcé?epsggfifr?(ﬁléic%rn %?al%s %nor\?gn%?ﬁ %q(\;t‘bg\, Ben
prébicR, #FeEdetrees of freedom. of translation and three degrees of

freedom of rotation). The building sensor 3 according to the invention
(%1@%%@@%%nt?%%%n$?¥%t?%ﬂ3%%£éE%QH'@T&_Q ;t%%fib,r@zﬁlﬁt@?
rotation sensaqr) detects rates of, rqtation e.integra iQn.angle.
a éaéilollIl r?gs%r qbuﬁ a%elg]apal?ta dndt ec} ﬁgla%lﬁ%gn&(;‘f a%eea%ﬁ%gcgﬁge 8 l%‘?%[%?se Pt
pUFPESe DERM®aSe Ritmitbd figidigonThedidget time, to acquire a
complete sensor for all  six degrees of freedom of
movement {to Dbe precise, three degrees of freedom: -of"

translation and three degrees of freedom of rotation).

The building sensor 3 according to the invention (which
'may alsc contain transiation sensors in addition tec a
fibre-optic rotation sensor) detects rates of rotation
or the iﬁtegral deflection angle of a building or
building part under the action of an earthguake. ¥For
this purpose, it is to be mounted rigidiy on fixed side
walls 1 which represent the building behaviour, as
shown in Fig. 1: Fig. 1 a) shows (diagrammatically) the
situation before an earthquake and Fig. 1 b) the
gsituation &after an earthguake, for one spatial
direction (the assumed inclination c¢f 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 building may also take
place in the other horizontal spatial direction, as may
also occur in a rotation about the wvertical axis
(torsional vibrations). A complete sensor triad covers
all the directions of movement. Depending on the
gtructure of the bullding, however, there may also be
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walls 1 which represent the building behaviour, as 25 shown in Fig. 1: Fig.
1 a) shows (diagrammatically) the situation before an earthquake and Fig.
1 b) the situation after an earthquake, for one spatial direction (the
assumed inclination of the building ist t?n the paper plane; the sensitive
axis of rotation of 30 the building sensor 3 projects out of the paper plane).
In principle, damage to the building may also take place in the other

harizontal; spatial, direcfion, gé m?é! Q'SOaQCC%.'Qka rotglion ahoutihe o

vertical axis 35 torS|onaI Vi ratlons A comtgélete Sensor triad covers al

th@%ﬁ%ﬁ%ngﬁf rrbYBRTent @éﬁéﬁé’lng B the trubRite B e buiRfRG O™
howeyen¢hére mayagiso be - 10idipectints whidihre lessiatriskgfartain

example:ar account of higher rigidity, so that individual sensor
components may be dispensed with under certain circumstances. 5 Since
rotation sensors detect rotations absolutely on the basis of the Sagnac

effdiCthe KRiEHEREh oTerIRMBIngaR FelatiéR I tieaRis BPRRaGT bY then
edrtiecan:béevalfiatedeaautamaticallyisfots, duting ori@mfteraon of a

B o e s, b
s AU S N o g

duetterthe astios ®f Bhamltquake. I5Flg. 3 SRBWsN embadinfentatent
m@&lﬂde@@wdingzmme rip¥entionrtheserser3 measurestin eontinuoYse

I and the rotat IS, C
to %?glg&é Ie%:{%g)n o%%k%l%gl’ld% %g g?z% b%ﬁg E%%larf) ak?l%t(%éﬁe ?r{n%%%%%n d§o
déﬁ%ﬁmnﬁgﬂﬂQ Ixe erences which could, of course, have

changed due to the action of an earthquake.

Fig. 3 shows an embodiment of a method according to the
invention: the sensor 3 measures in continuous sequence
the rate cof rotation and the angle of rotation (this
corresponds to the deflection of the building or
building part) and, furthermore, determines the scalar
product between the earth rotation vector and the
sensor normal (sensitive axis) in a step S1. Under the
action of an earthquake or of a high wind load [(storm
gust), the observation varizbles yield greater amounts
which are compared by the control electronics with =a
tolerance=-valus table anchored in the program (step
52y. This table is coordinated specifically 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 53). In the simplest
instance, this 1s signalled by a four-step colcour code:
green, vellow, orange and red.

By dynamic radio mnetwork-linking of any o¢f these
sensors, for example in entire town parts, an area-

covering rough damage survey can then be set up, closs
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product between the earth rotation vector and the sensor normal
(sensitive axis) in a step Si. Under the action of an earthquake or of a
high wind load (storm gust), the observation variables yield greater
amounts 25 which are compared by e Tontrol electronics with a
tolerance-value table anchored in the program (step S2) . This table is
coordinated specifically with each building. From the comparison between
the individual .huilding tolera d_the-inst ous surement 30
veﬁaegﬁ%e E#é%lgssgr elt:g:rm?l%gg? e Fi%?%rldc %@ﬁl{%r dg%it% tr?es @(é;rr%l
eVETH5E8i793). #rthe SiMpid&RGnstates, this¥sERRled BY a OuPaidsT
cgloureadépyresaryéew, ordnge dane redr8bByadymamiofadiriority
netywork-linkingokany, of these sensors, for example in entire town parts,
an area- covering rough damage survey can then be set up, close - 11 to

“real time (smart sensor application). This could be retrieved and utilized,

foFexEhfle 5P BBES 1T pidte clieN sehjiess, F5thepreparativkeésdorit)
list éstep134) briqutheraspecis:of the invention are to be explained in
the following description: Although fibre-optic gyroscopes do not yet have
the_ 10 sensor sensitivity of large ring lasers, nevertheless, because of
thér SHEF AinetRITHSATd fowSYOWErF Borurfittion Sthey e stiftdble the
bathrfor fieldarseiini g regidh Aeaga seisntic évest(afterstioek Zoness s,
voleanees eterandferithe inglantaneoussdeiestion obintb buiding states
afier.carihquake aclipns, bul aisp for e maploling g stale 1 e in
dec{‘ormatlgns. bmbining rotation Sensors and seismometers or
acceferdrRgierd aftGitfs the pBesiBfity of HetBlopiig aheriiie iy azones,

velcanoes, etc.) and for the instantanecus detection of.
building states after earthquake actionsz, but also for
the monitering of static deformations. Combining
rotation sensors and selsmometers or accelerometers
affords the possibility of developing and utilizing a
complete sensor for all six degrees of freedom of
movementT. 2An important aspect in this context is teo
take into account the particular conditions of rotation
sensors for measurement free o0f local reference
symbols, for example the possibility of absolute
orientation of the sensor in real time, =and also the
self-calibration of the sensor by means of the global
garth rotation signal.

According to the invention, mnovel mobile and cost-
effective sensors are provided, which, together with
classic seismic sensors, make it possible to cbhserve
ground movements correctly, specifically in all six
degrees of freedom of movement: for a complete
description of ground movemesnts, not only translations,
but also rotations, must be observed with high
resclution.
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complete sensor for all six degrees of freedom of 20 movement. An
important aspect in this context is to take into account the particular
conditions of rotation sensors for measurement free of local reference
symbols, for example the possibility éfabsolute orientation of the sensor
in real time, and also the 25 self-calibration of the sensor by means of the
global earth rotation signal. According to the invention, novel mobile and

cost- effectlve sepsors are pfovidx?%ug%hc%%h’ together with, 30 classiG <1 ve

sorsal
seismic sengors, make’ pOSSIJb e serve ground movements

COTFECtRISPBRIfRFAIIT T bR ShoRictfpe 6 REEGSALOEMBIENMRAL 18RS PY
camplete descriptioadairgréund imevementsenot omydranslations, (butvel

alsQ Latatigns, Muslhe obseryed with bigh 35aresalution: n12; Aggasding,
to the |Qveﬂ|or]5,long-term xtensive tatemen)ts on Vﬂlatlon acﬂ%*-i nal
deiihafionEchh e mads y MEANS of bibadehed sm-%omp%neﬁ’f oha
recbrHNGS tove v AEasukemEhD Arcthoas WhitdVears hesUscthh &mobiles
5 gesiceffegiveand Tapid way) heheiadeitiaialnobservation vasatleceters
olalignal moyements gan alsg beused. ahoye all dohe, Ivergiangt 4.
seat parameters (dynamic rotation), and its accufacy can be mprov% In
thishcalse™ fh At ulat thBBthe RS insepafalle A &6uiTting o Thétaton
anchtraistations 6f thénmesttddsignalscon thezenset pline capte the

w&%ﬁm‘aan%%ﬁ@%@d by.the prawsion:ehcorrespongingly can  be
igh-resolution rotation measurements,, Since the.transverse lerati
arﬁ1 F%S%ffg %?ﬁ% rot%%cg; dﬁ:ﬁr% %%teeaﬁthq% ke g:ré%n p a£§>§r ?v%%%and.%%

préparRTRPIS bR ahotHe it 7€ ABL B6dSiBle 10 [rEvaRt tRE R8IFERFRpA -
fraineludirigea cotplingefse  acceleration and the rate of

rotation during an earthguake are in phase with and
proportional te one ancther, 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 garthquake event. Only a
sensor with all six independent degrees of freedom of
movement, that is to say including 'hthe 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 senscors based on
glass fibres by up to two orders of magnitude, as
compared with the previous ricr art, and, when
supplemented by & broad-band seismometer, can for the
first time make all six degrees of freedom of movement
avallable 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 baslic technology for use in early-
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earthquake-induced inclination fractions into the sensor signal of the
other linearly independent spatial 20 directions in a zone near the
earthquake event. Only a sensor with all six independent degrees of
freedom of movement, that is to sayllﬁcmdlng the rotation, can afford an
improvement here. 25 The concept according to the invention in the
design of fibre-optic gyroscopes can cost-effectively increase the

senS|t|V|t of exist neanotatio.flhsen %parsgd on §f|b£ B¥1é5'
Pehaghfid i ror ot o, g

ord%rso % e, as Compare Wlth the previous prior art, an
3eappieé t%%ﬁbﬁﬁéa&béﬁa%e@meﬁéﬁ chf f@r@th@lﬂrﬁéﬂfﬁe "o
make-allcsik gdegrees afffecettoar ofcriovEmentoavaidatilegvithiSulficidérting

sensitivity.inea poriable, dmplemeptationicapable of being used in the field.
35 The invention concentrates on the utilization and further development
of modern rotation sensors as a novel and innovative basic technology for

udeliprgarly 218 waRAlgSsERs. Thedivbisaihaleiechnslogicalarger
passihibies atsincireasthisarcsipilke appliet incpadiculetstodhezareans
themanifadng of huildiag, structures and the a??e%?&ﬁ?'smoi‘?@éééﬂﬁé

an earthquake, particularly’in larger metropolitan areas, a rapid

eSO OF e dam agE 6 imporBRELMHd ﬁggﬁeo%cf%? imMy&rtanée -
parficulaty in crdeetsoptimiZzethenestde measues PO fithe cooseisihie

maxenents (tine profile of the defoangﬁ@a%@ﬂ@ﬁ@@iispla@ﬁmentS@Jgtlc
static. rofations) could;bg m as“r%draﬁd coyld | o%gé{a@gtedvlglh ms;0f;
Cri |ca varlables C|OS€ to real |me N an mdepen ent sensor

dSHAREGHRirfRicet Farialiehs 356t Bé%ﬁﬁeﬁﬁméﬁ@ﬁrtd&@af in’an

instadtaneaissly, atoverr, then deformation-induced wvariations.
could be determined virtually instantaneously, above:
all feor critical buildings and conduits or traffic
routes. According to the invention, a cost-effective
intelligent #6-C sensor is provided, which can be
installed in the manner of a "black box" in buildings,
bridges, tunnels or other structures and which records
useful data material relating to the building behaviour
during an earthguake or ancther deforming event and
provides this data material for analysis. According to
the invention, therefore, particular attention is aiso
placad on utilizing the properties of the rotation
sensors as absolute protractcers., The devices according
to the invention are distinguished by a low power
consumption and are suitable in manufacturing terms for
cost-effective MASS production. The installed
electronics, by the instantaneous integration and
differentiation o¢f the sensocr signals within <the
sensor, can thus be expected to deliver a hazard or
damage estimation, close to real time, for the
respective bullding. The additional capability of the
combination ¢f such sensor units of independent design
inte autonomous local or regional networks i1s in this
case possible.
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all for critical buildings and conduits or traffic routes. According to the
invention, a cost-effective intelligent 6-C sensor is provided, which can be
installed in the manner of a "black box" in buildings, 20 bridges, tunnels or
other structures and which records u<efil data material relating to the
building behaviour during an earthquake or another deforming event and
provides this data material for analysis. According to the invention,

theelore partiqyiar tepton|s alse 25 hlaced onuiizing dhe propertics .
of the rotatidn 5ensors as absolute protractors. e aevices accordlng to

thE¥véRtich SPERERgUISRedBY EBW SoWdrEohSuRtoh SNt areds 2
suitable in manatactiming lermscdor costeffecismassqrvedaction. THech

installed 30 glectiguics, By the instantapggugdntegration-ands  ana  as
dlfferent(lﬁtlon of the sgnsor sqnalse/ﬂtshlnéhe sensgr., can thus be

ex%%%?é: to 5&|\Fe$aanha£gaa}georéagmagé essfim%?iu ,Jéfb%qu?gglo trllr%g, or
tha creshettive BuilgiRis The adbitfonaPEapabinty IHEEBS HRaGoN6f
susheenser ainits obitle pendentclasidns ibto ardedamoeas losal alynamic

regionaf netwarks is infhis; case pogsible. 514, Ie AN, ILIEIMS Gl er

structural mechanics, Is, via suitable sensars, to determine dénamlc

exRhatiGiF a8 FeEHT of RATthotiakes BF other &S oil FGVEHEARS suchk™e
ascubrgtions: botreas esigdedls amplittdesandeans eyafds miakat from
wavalengihs. By-eeuplingrgeophanes exiagceletation spaSorg witntion,
rOE%'E?d%%“SF’é%a%I‘%‘P&o'“%%,e"r%%@t\?é 1RO 8%3@%” SEs f@ﬂ%‘?ﬁ Qhn
dynamic e%gltatlon can’be detected by means of a small number o

m&Ssufémaentpoimstrol likea? stARTRS 878 1 PEuratGre SERTSEFBF L
therastidon cantieldestiibed dmmpiedsured rotatishd cAccdrigeng tortheenic

inW%EEEh of the structure is based. TFurthermore, in
addition to the detection of dynamic excitation, the
remaining static deformation caused by the action is of
interest. For example, by lining up a plurality of
sensors with one another, the remaining deformation
line can be determined wvia the measured rotations. The
possibility of measuring the {gquasi-)static and the
dynamic information by means of cost-effective sensors
constitutes a considerzble advaniage, as compared with
other measurement methods. The self-calibration of the
~sensor and its effect independent of position as
regards welght open up a broad field of use also in
terms of early warning against the consequences of
antreopogenic actions or critical =action/resistance
combinations, such as, for eXample, high snow loads on
weakened structures, actions due to extreme wind loads,
ete. and could thus allow 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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building on this, the evaluation of the excitation can be carried out via a
comparison of the measurement results with the assumptions on which
the dynamic 15 design of the structuye is based. Furthermore, in addition
to the detection of dynamic excitation, the remaining static deformation
caused by the action is of interest. For example, by lining up a plurality of
sensors with one another, the remaining deformation 20 line can be
‘(3'%R?f'ﬂ)'&@edéé%%eh@ﬁg@%@;&@ftioaﬁah@o possibilityiof sneasuing ther
guasi-)static, and the _dynamic information t-e ve
sé%%oers b %ﬁ%ﬁess%%ﬁgﬁé?gblez %%%ghta%/g?qggg %%ﬁﬂ_v%%%th%?e
mesdurdmernAREfodSTHE SEHREiSRYRRSOTINE Th SR ditfits B8
ingdependentafpositien asategards aveigbedpemep boadfielddiusge ,
alsg i erms Al gary waming agaigstdbeconsegygaces of antropogenic

actions or critical action/resistance ‘combinations, such as, for example,
high snow loads on 30 weakened structures, actions due to extreme wind
loads e tdna coutdbsrisvlioleTife usélof theé 3ER56FEFER foRBasks O
whighg with-gther measurement methods, can be carried out only in a
very complicated way and not in real time. An important area of

early-warning systems 35 which goes beyond seismijc excitatjon. and is,

co@é?ec?ﬁ?htgﬁ@r?ﬁetﬁ% S&SGaHg P fhe %ﬁ\?enﬁdﬁ?%e ﬁ%‘ﬁ%toﬁﬁaa&l c)
subsdil:mevéments such as bsvongtemnetbaidingtiessdukipgeariteen
exﬁﬁaﬁﬁon@ie todfoundation loadser €lsexin hiksubsidees zonesable
Consequently, with the aid of sensors, itoring covers d ICon o e
acfi%i\%, E i?%c‘)f A th%e(:earlusé“eg %?81- dr%}étel(%[?sg or arﬁag%(‘a%%1 tolé%?ﬁgrn
wifipthe rEhmainimy eicifations. Deffmat®RGbskPatons FrTects - 10
eastpekesantsowhioitanoesur due to rotations and changes:

in inclination and lead to the situation where speed or
acceleration seismographs cannot be integrated. GPES
instruments are only partially an improvement here,
since (1) the vertical resclution is low and (2) the
sensing rate is not sufficlently fine for the dynamic
obsarvations. With cost-effective 6-C .seismometers
capable of mobile use, an area-covering Qbservation of
dynamic and static deformations would be possible. This
could, in the long term, also ailow improvements in the
real-time determination of seat parameters. Similar
arguments apply to seismic observations of volcanoes 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
arez, to have an improved mapping of seat processes and
of the state of the magma chambers.

In one embediment of the invention, both the dynamic
ground/building interaction and the structural dynamics
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.10 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 is the additional effedtsn 15 seismographs which occur
due to rotations and changes. in inclination and lead to the situation
where speed or acceleration seismographs cannot be integrated. GPS

i”8¥U%@t%?&%%oaé@{mﬂ@pg@/@ﬂ{%ﬂ@@re@aﬁme {1k theavertical

resolution is low and™(2) the 20 seg%in rate is not sufficiently fine for the
dyarfRt SHEERRBNSE Vit 8IS ffe"6-C seismometers capable of

mobile use, an area-covering observation of dynamic and static
defgemations weuld-be possipletThis coyld, b the dong terneaaisaqliowe-
'mfﬂﬁ‘é%@&”tﬁé”zt@%é5 rS{a‘éz“U}%Qﬁgefm%(@?”o%égﬁgé{%%?e@f _the
Similar argumen?‘s apply to seismic observations of volcanoes in whicF
soHtifRsrERBEH e CIBRPRERbRASs AR fo BE Bxpetias THer decades
unayoidatie coepling bf rotatidraband itdting movEmentsanfidencesshent
Stﬁ'%%@o@ﬁ?@zgﬁd | @aa%Sgé%geﬁg%e%@mgg@ﬁﬁﬁ %@&E;@f%m]gi%»?n@he
makes modelling more difficult. The combined data analysis of rotatio,
e e W ol s R e
mApFiRtTE s et Processes Bhdt bt theosiate st thelhaghldithniFers0ssd
In emne-embagiment:afthe knentibaghothabe dyriamisdgnepndfitildingfor

inﬁ%%f“%angétaﬁ strugtural,dynamics - 16nef thebuilding structyg areido
be taken into account in determining the loads/damage. The aim of the
NG RTHTRIBEE i thquake- 5 induced hazards and risks. The

observations of the entire movement components have been urged for
degadegver-continuing rapid growth of large metropolitan:

areas in earthguake-endangered regions (for example,
Istanbul, Tokyo, Lecs Angeles and New Mexico) leads to,
in the case of a strong earthquake triggered beneath
them, to tremendous damage and the loss of many human
lives. On acceount 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 responsibkle 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 mnot the best possible. Autonomous 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 sensor,
‘and alsc other criteria to be laid down (for example,
optimization of the travel distance for rescue forcesj,
an effective utilization of the critical f£irst 6 hours
after a damage event may be envisaged.
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by theoretical seismologists. The most recent developments in sensor
technology now seem to allow the design of a suitable measuring
instrument with the 10 required accuracy. In this context, it should be
noted that measurement technoldgy-fas a broad potential for use in both
the purely scientific sector and the engineering sector. 15 The
ever-continuing rapid growth of large metropolitan areas in
earthquake-endangered regions (for.example, . Istanbul, Tokyo, Los_. .
Anéle e%%lﬁldsﬁlxelﬁ/ %8%%8%&%%%8? t_l'n %Cec%ggé %ga%ﬁoi;gl %yar Hﬁﬁ‘até (fm
triggereehbEAGATRE thidhn, BtrehfsiistiS daRBgd BAd #5& 088 many 15
humas2EtvescOnsaeeountef thegompletely heterogehegusshuitdimg in
stigeikes and yatiahle-subsall propediesdn, ese megaaelkapolises; g

is not possible in a short” time for the respectively responsible disaster
maRBQBEHiTo BB Bbby 67 156 a - AR, 28 e Fapidrnd
intiation of grevodinatad séseleastion & Cohseqéentlytddriousfpse: a
impedetkead theexpeciedsesulisis nekdie bestqossible. Asjenemeus: s
m%”g?%@%dsyﬂ(%m\?h‘gh:ﬁ%:ﬁé@gﬁ Q%mgﬂs GXSEE%Q%?V%%&%%Q'O&S%Q
real time, accor edefined'methods

Ing to p and 30 make the result quickly

aVAflatie Seaibie abe & teicidive imiftovERieht RS2 EY dyiaifiic SERS°OT
weightiegpaccarding ta theflactiorbofthe beilding @and the automated in
damage assessipent sariad QUERY thesansek gand glse.athen eriteria fa v
be laid do‘y_vnrgor e@mrple, e3}(5 o%qrgization :9& }pe travgl gﬁt%r{cleofn I are
reggﬁglflgrp%s , an eﬁectjve (ititizafion of the critical firs ours aftera
dakhage elent Athy BEIEATISadedR AR buiftidy deSoPEsicetoting
aqﬁ@_rdﬂngmiﬁhe;#wp@timtﬁ iis im@étﬁﬁ;&e@w&ﬁaﬁﬂec&a@m@e omechandf
itis intended toshow the way 1 amouiloing.g¥SIEM i s the damage

caused {(for example, the degree of risk of collapse)

and transfer this +to a central location (local disaster

protection cell) (use c¢f mains power-independent radio

technology) . This would conseguently perform an
important step towards quasi-real-time 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-earthquake zones, the complete
movemént vector cannot be reconstructed on account of
the absent degrees of freedom of rotatlion.
 Consequently, the measurements are both incomplete and,
because of the intermixing of signal sources, Zfaulty.
This constitutes a seriocus impediment to the Inversicn
of earthguake parameters. It is to be expected that the
complete detection of all six degrees o©of 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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which the building behaviour is logged in detail during 5 the action of
external forces (earthquake, extreme wind load, ground subsidences,
etc.). In this case, a complete independence of local reference systems is
achieved via the property of the rGtatién sensors used as absolute
protractors. In this regard, the sensor 10 corresponds to a "black box",
such as is employed in aircraft. In addition to these logging functions, key

parameters fo'ifﬁéaméﬁ’@!%s@ﬁf&’?%%ﬁe%&ggﬂ)sar? 1 DNEstgied. durkg,,
measufement, for the overshooting of building-specific predetined limit
valRBar &R Sif 1EPFSSI e SR SARAE h-classification of the damage

caused (for (_axample, the degree of risk of collapse) and transfer this to a
C%BPH?J_'0Cﬁé@&goca!a%EaStﬁth@ﬂP&eCti%@f@ﬂ)t@*%@ of aing  optical
pawer-independent radio_techna, . This wauld consequent 0

aﬁﬁ%%fr%&}r) Aft step tp\ii\l/%égs qqﬁégg‘g%é?-?ime gg%ag%ﬁp)(o r_ll'gss'}ég%gmgs
sefisorl developeaifor field visd in BRLAGISR Bf BHonErdrobhtrmvéReht
hae-sevesalssharteomingsrim 25, sefsmelogio tnclisations ofsthesmology,

seismpmetar induce both grsensoy signaland the franslatiens.actuallyie y
be measured: In near-earthquaké zones, the comE?Iete mover};ent vectofg

catinotbe F&SBStficted offadcolnfsr thERBEehtdEGred o redGdm &
rotativre 30 Oorseqlehtlfatheansasemeftsyare Bothinedmpleterahtred
besausesatihe intermbdng of signal soyrces; faultysphisgonstitéesator
Se&':f’%igl“p%ﬁ'?m%”é& etheo'f“’%rs':%\mthf?ﬂﬁ}?é@é&‘?s"%%m%teﬁi@8&8@&
expected that the complete detection of all six degrees of freedom of 35
mEFERRNE afd 1hE ciear §8FaribnGiratRREiohi&if ToefBRReY which
(inctieatidng z dpng witls sdffeient) sepsor isendithaty caw akeiamarkedie
COtERUtion t95k8  Jump). Furthermore, despite all <the
simplifications which it has been possible to implement
successfully in the course of the GEOsenscr project,
ring lasers remain a complex installation. This makes
them unsuitable for three specific applications. (1} A
short-term transfer of the sensor into the vicinity of
the epicentre after a strong earthguake, in order to
record aftershocks in the near field. (2) The detection
of the complete movement (all six degrees of freedom)
under the influence of strong ground movements. (3] As
part of a monitoring building sensor system, they are
too cestly and much too sensitive. Gn the other hand,
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 inventicn can utilize the
self-calibratability of the system. Since rotaticnal
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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improving the seismological models (independence from apparatus
transfer functions). Ring lasers are highly sensitive active optical 5
interferometers and, hitherto, the only instruments which can
guantitatively determine the rotation i?gn—als from teleseismic events.
Even for use in seismology, where long-term stability is not a major
factor, they still require a very high temperature constancy of 1D better

thag %H‘g‘%%%%&?f daysThermally induced, P%pe@sigﬂ@rgrefnﬁea@agﬁ

the optical resonator within the range of a few hundreg hs.o

MRTGRRIES ATE. a BfiftIn ARISHACHT opetath g fequency Wi heR e

leads tonsuddisnejumppinin the ngitddinalon oty 1 riexeimodiesjing) and
- Fythermorg, despiteyallthe simplificatigas wdieh tidsdaernpossililethe

Implement é&%%%%%ﬁ%‘r'%{)g';% the%%%“rséﬁoéth%% iNEOr RIOISEL IR0 o
lasers femain a compleX installation. This makes them unsuitable for

thERspadife aﬁﬁ&aﬁ%ﬁ§.aﬁ§%?9%ﬁoﬁﬁéﬁﬁ%%‘?& P the"SensBFTHEB”
thewicirity=afi the epiceritee aftei m strongebrhioake; in dider krxécord A

g}%ﬁ)@%@}&‘smh%?féﬁéelgn@)dm%Qst%sﬂoneﬁg?@ﬁgﬂwle&%%@\merﬁ
egrees o1 freeaojn) under tne infiuence o fro groun \ '
mmgﬁts?@)oﬁé%tﬁgﬁ%?q?%or%?kb‘?inaebxhsllalrng%gngg? s%f%nws,(athgxﬁlc
arevetcostly Ehdtheck tsé Sbnsitive ToRRRE Htfer REMEefidresoptiRRSOT
rotagiomsensers, atheugh net havingsthe sensitixityrekring tasers, aréhis

nevgrfeless rohust.and qompadt sensgrs with amagkedby hight i 1 i ng
temperature 30 tolerance. Furthermore, they are significantly, mare

cosREféBRE-TheIhethBd Acddtding o thes v%ﬁtigcr%a?‘u u%’rifg%fﬁéj ement
selftalibeatabititiofitiesdy stebersinee rétationat 138:8énsots ARERHREDed

rotations,absphsiel-an 1he basis ehibe Sagnaceifeeh the earth-ttatidon;
SI%I%F alseoven after a short integration time of
approximately one minute, a resolution of less than
1 degree 1s 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 operating point. After the investigation as
regards the utilization of the orientation signal, the
ntilization of the rotation signal of the buildings is
a matjor Ffactor. For this purpese, (1) criteria are to
be set up betwsen measured angular deflection and
stress of the building or various materials. (2) The
effect of the displacement of individual storeys in
relation to one  another is fto be guantified
{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 to
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always superposed on the sensor signal. This signal may - 19 be
considered, within the framework of the application proposed here, as a
constant reference. It is available at any time point, that is to say before,
during and after an earthquake, as & reference independent of the 5 local
surroundings and can be used in order to determine the instantaneous
orientation of the sensor in relation to the axis of rotation of the earth. A

comparisonbefore and after apeaphguake delivels@ ghangginsurface
orientation of the %e[%sor ue iq trge s%smlc 10 event or to tfgf buiJEding £
deFImANST SRR R Seisor rﬁounet%%%i'rm@i%nmaa wall3ora  —=o% ©

measuFdifenta thiscehaayedn vhiémation EoR8sport eitheP to & BildiHe
inglisatiemor 49 endefopmationeordo aidisplaserent. besvegibindividual an

St%f&xs Thig Sigﬁ%!ah%&%rsmga@% Dy b integration. of thesmegsured
ra ter a short mtegratlon_ time of a roxmatelg/d

e of rotation; and, even a
oneRinAeNETEEBRtiorPof 1658 thart SEaRGred Al ievad. Stifcty Y iHid
methpdenf: defermining the ofihtatiohofithe SErmSTr-aFIIES VTR HgHES

fe%fii}%@r% (;rhs&t@pn%mr{lgoyﬂa%ggtigmoﬁa%%anM§ lower ipihee
eastvwest direction. € Investigation o1 the opil or

SO (e Ehe oy Mot o P o e oo o Sodaey
opBidifRy porR. AfferiMeIRtesRpRbRASIS rdgiias B HfT attn of #heT

~ oriestationcsignal ¥he iutllizatiarf of:-the rotativepsigadbeftthe bulldingsis &

major.factoy; Eorthis-puose, hLriteria areto- e sat urbetweRit. The
measured angular, deflection and stress of the btulgll.n r various FOG
mateARR. (PP THE S e &0 the tidblacehEAto in%j‘f%/}gualosﬁre?/rsl in

reldprdonsehomdivis ¥ bEkriaftide (HRsiStorey PofatiéAEand? the.

15 trapsmitted tepthsers@isity. For example, for a light source
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with a wavelength of 1.55 ym, a luminous power of
PO = 100 p#W, a length of the glass fibre of 1000 m and
a diameter D of the coil of 0.4 m, a thecretical value
for the sensitivity of an FOG of 4.125 - 10-8 rad/s is
obtained.

The coil consisting of polarizing optical fibre
constitutes an essential component of the optical path.
The fibre length and the gecmetric diameter of the coil
are incorpcrated linearly into the scale factor of the
gyroscope. In principle, therefore, lengthening the
coll fibre used makes it possible to achleve ever
higher accuracies in the measurement of the rate of
rotation. At the same time, however, atienuation losses
of the light intensity during passage through the fibre
and phase change occurring due te 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 to 300 mm are therefore planned
for the prototypes.
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system. 35 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 to - 20 the rotational speed of the sensor and
to the surface circumscribed by the ffght beams. The main advantage of
an FOG, as compared with a ring laser, is that the optical signal can be
guided in a glass fibre. In an 5 FOG, the effective surface can be

m%ff@?,e% Wgﬂegg thﬁ%ﬁ%@ﬁOMﬂQ@@%ﬁ&n&agﬁeﬁfz@w@f;t of
appreéciably. e other_hand, fibre-optic gyroscopes . differ from rin

la Qﬁsiﬁ%at?ﬁgﬁEé%@%t r?ﬁ‘ ’meﬁ%urgéjeﬁs?, W%er%%%‘ir%lgnl%ser?g del
detefrpive-adnstjuehes L0 wiitdrenee By interfelorhetry hRbThDS bepieve s
highe resphainsubyosrtug ofithe:eancept agopted. This ima greatficial
di%%%\@%a Eér.l the implementation of an FOG. The signal-to-noise
coefficient (resolution) of an FOG depends not only on the scale factor,
but also on the 15 optical power density. For example, for a light source
willt a megvelsngtient 1 &Badim, dtuntihoes pewerdf POt 0eaBhguake-
lengih efdhe.glass fibre obEA0Q 5 and sa dlameter 42 offa-ceieho 4 mra
thegrelical yalue for.the sensitiyity of an FOG ot 442,10 8radls s 20,,,
obtained- The coil consisting ot polarizing o 3t“lcaijﬂgre lconstﬁu esan
eSEeAGHIFESIRPBReNt GiiRe opthaf patﬁd@%ﬁ@@len%%ﬂﬁ@gn 1s
geometsitrdidmieter-aktheredit 2 dse indorporated 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,
attenuation losses 30 of the light intensity during passage through the
fibre
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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 Igpgth of approximately 1000 m and
35 with a diameter of up to 300 mm are therefore planned for the
prototypes. 21 Fig. 4 shows a short extract from a measurement of
torsion (left-hand side), in which a building model (right-hand side) with
eccentric mass distribution hasg; haen expasesd on a vibrating table to an
artificial 5 earthquake. It may be mentioned, in this regard, that
earthquake- induced rotation observations of teleseismic events are
compatible with collated broad-band translation 10 measurements, and
that additiofed éhformatiotis castainedir thevamplifuderaficlinZ? -loads
Patent Claims, 1. Method;fos ihe dgterminationohikuilding-loads i andiat
of building damage_resulting from puildin Io%ds haracterized in tha%the
rotationslfif“gsbuiIEﬁ?‘@’:ﬁ'é:t’r?%ﬁfrf'z pect tg;{’}‘lae axE%Sf rofa |%§l8f1ﬁ1e Qarth

which arfeudaulieztbywbuiidiviytioatietnilding dafFageaté medsuredand an
fibre 10 gptic rotationssanrgor witiahis rigidly coraected meehanieallydong
the bullcind payk, and b Puddingrloadsiuidingdamacenre dedueado-
from the measured rotations. 15 2. Method for the determination of

building RS ar@/b? of Pl FiRG SRimaRlielultify Fodittifling Bt ed
charactenizegzn thatlthe rotationsbéa pludalidiobbuildingpartsawidh the
respect totheq axis of intation of the egrthywhichearecaused @ced from

the measured rctations.

2. Method for the determination of building loads
and/or of building damage resulting from building
loads, characterized in that the rotaticns of a
plurality of building parts with respect to the
axis of rctation of the earth which are caused by
building loads/building damage are measured via
‘corresponding fibre-optic rotation sensors which
are rigidly connected mechanically to the building
parts, and the building loads/building damage are
deduced from the measured rotations.

3. Method accoxrding to either cne of Claims 1 or 2,
characterized in that the rotation sensors measure
rotations at about one, two.'or three axes of
rotation.

4, Method according to Claim 1 to 3, characterized in
that the rotation senscrs are fastened to side
walls of the building, in such & way that the
relative angles beitween fThe side walls and the
floors and ceilings of the building, which are
supported by the side walls, can be deduced from
the measured rotations.
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20 building loads/building damage are measured via corresponding
fibre-optic rotation sensors which are rigidly connected mechanically to
the building parts, and the building | gdg/building damage are deduced
from the measured rotations. 25 3. Méthod according to either one of
Claims 1 or 2, characterized in that the rotation sensors measure
rotations at about one, two or three axes of rotation. 30 4. Method
according to Claim 1 to 3, characterized in that the rotation sensors are

fastened to side walls of the building, in such_a way that the i .

argg'les %‘?\R/%%&n tRESTdE %v%‘ﬁs%%d&;g%%% Ltjiootrg aﬁ’d ﬁﬁé&s‘: gg thiieggd o
building 5hhifch Bk siippordad BYARE siBlé walks, dafbe dedcelirori e
measuresh Fatatignsch 235 MetheddaceerdingtdClaim 1deds/building

characteizedy tal tesanslations of atieast one uling: parbwbichon
by bu

are cause ilding loads/building 5 damage are measured. by .
correspotidtig R celErtion %55133%%% a Oﬁ&%ﬁf’?&n@%@‘ jnically
mechanically tfoghe it ledstastie bgifting paitl 84t she Bevilding and  the

Igads/l;ugdimqﬁ@aqgaa@sd@duqegfr@m cthedyeasuied taslations. fhébn
. Methad according to.Claim 3t_%@igﬁgracterized in that the change in
orientatig’n of the B‘l%&l%g%ﬁ %respect to the axis of rotation of the earth,

which constitutes a measure of the earthquake 15 damage to be
determinesl; is-deduced fimy thes Mdasured rdtations ahelnrartsixticest in

that +the change in orientation of the building
with respect to the axis of rotation of the earth,
which constitutes a measure of the earthquake
damage to be determined, is deduced from the

measursd rotations and translations.

7. Method for the determination of lcads in a
mechanical structure and/cr of damage or states in
the mechanical structure which result from the
loads in the mechanical structure, characterized
in that the rotations of a part of the mechanical
structure which are caused by loads/damage in the
mechanical structure with respect to the axis of
rotation of the earth are measured via a fibre-
optic rotation sensor which 1s rigidly connected
mechanically to the structural part, and the
loads/damage in the mechanical structure are

deduced from the measured rotatlons.

8. Method for the determination of lecads in =&
mechanical structure and/cr of damage or states in
the mechanical structure which result from the
loads in +%he mechanical structure, characterized
in that the rotations of a plurality of parts of
the mechanical structure which are caused by
loads/damage in the mechanical structure are
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7. Method for the determination of loads in a mechanical structure and/or
of damage or states in 20 the mechanical structure which result from the
loads in the mechanical structure, characterized in that the rotations of a
part of the mechanical structure whidt afe caused by loads/damage in
the mechanical structure with respect to the axis of 25 rotation of the
earth are measured via a fibre- optic rotation sensor which is rigidly

connectéegl Jogehanically to é'%‘?:f‘g&%ﬁé&ﬁ%r t. g0d fe Joads/damage in,

the mechanical structure are deduced fromthe measuréd rotations. 30 8.

Method fRFH68 detePhTitioA of I0BHE =Y mECRARTAPSr RR TR Bl oF
damage or stites int themechanipaksisuctaredviibl rdsudidiedmahactoads

in the mechanigal-structdee, Characleriged 35:indhagtir ralations@ha the
plurality of garts the m chanlcal structure which are caused by
Ioads/damage in the mec anical structure are - 24 measured via
corresponding fibre-optic rotation sensors which are rigidly connected
méchanitaky.de thecstrudfueal parts andchthelloadsidaniageliditie loads

mechanigaLstrictiure arg s d drom dhe Ppeasued HORONS: 91 ding
Device f(irr tk:g dete mlnat on qf (%Pg oads and/or of building damage
resultlng ui ng BIS g3, “&fracterized by 10 - a fibre-optic rotation

sensor whiéh |§3@@Iyoé§ﬁﬁec@dﬁﬁ1@&%n|€§%5ﬁ a Bhilghg part, ke dAK

evaluation apparadtiscennecied te they rotatiorsansoim torgieterminiap

the building, loads/pulding damage on.the.hasis ol JQIANONSs  +o  the
rotation sensor, for determining the building
loads/building damage on the basis of rcotations
of the bullding part with respect to the axis of
rotation of the earth which have been detected
by the rotation sensor.

10. Device for the determination of loads in a
mechanical structure and/or of damage or staftes in
the mechanical structure which result ZIfrom the
loads in the mechanical structure, characterized
by
— a fibre-optic rotation sensor which is rigidily
connected mechanically to a part of the
structure, and

- an evaluation apparatus, connected to | the
rotation sensor, for determining the
loads/damage in the structure con the basls of
rotations of the structural part with respect to
the axis of rotation of the earth which have
been detected by the rotation sensor.

11. 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, characterized
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15 of the building part with respect to the axis of rotation of the earth
which have been detected by the rotation sensor. 10. Device for the
determination of loads in a 20 mechanical structure and/or of damage or
states in the mechanical structuré which result from the loads in the
mechanical structure, characterized by - a fibre-optic rotation sensor
which is rigidly 25 connected mechanically to a part of the structure, and
-an evag&ation apparatus, connected to the rotation sensor, for
determining the loads/damage in the structure on the pasis of 30 rotatigns
of the stiuctiidl fart WitheeSREE H°TheS2%i8 Df Totatibr tﬁggaﬁﬁ%ﬁiﬁ
have beercdeteetéctymiechorationlsknsor 1di Dedeatomhsts of the
determinatiop-ofleads jn &, 85 mechanical structure and/or of damage or
states . theypeetancs Spus e esdtfon e loadsinbes wo
mechanical S‘Rructure, characterized - 25 - by - two or more rotation
sensors, wRRFFareFighdy ScoffediePmetRAARANY tGdifftfert parogine
structure, arneldi & individualrévalufition agpdnatises, cerfirettied togeachtof

said rotationssensaisnofan aufonamous: radio NEIWIK forjeintyasis of
determinin%the lpads/damage in the struct e%rﬁthe asis 13Q_f rotations
0

or torsions fifﬁgjsﬁﬂétur%fpa Of&%vcftlﬁsres%ect %hesax%% I%lfg IOI’]%E?Lrt
the earth \WHiiEh harREBEsH detectéd By siid fvoPdr mbfetotaiiondenddrs
and jointly apalygedil:ich have been detected by said two or

more rotation sensors and jointly analyzed.



