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Worldwide, over 50,000 dams have been built, and a lot of the large rivers are obstructed by large
dam. The economical value of producing energy as well as retaining water in large reservoir has motiv-
ated financial institutions such the World Bank and the European Fund of Development to invest signific-
antly more in dam's construction, rehabilitation and protection. A dam is a large and complex engineering
structure that requests a deep understanding to evaluate its behavior and reaction under water load un-
der various conditions. Especially dams built more than 40-50 years ago that have been designed and
erected with low quality control in the choice of materials and in the construction comparing with dams
that are constructed recently. From this point of view, and especially when the responsible wants to in-
crease the electricity production by installing new turbines, the automatic and permanent monitoring of old
dams is gaining interest and non invasive methods are preferred to not impact the structure. Geodetic
Permanent Deformation Monitoring system fits very well with that requirement especially when there is a
possibility to integrate remaining geotechnical sensors in a global modeling. Geodetic Monitoring has
proven to be successful to provide information to the responsible in charge of increasing the life time of
their structure but still considered as expensive from the instrumentation. The question is therefore how to
better design such monitoring installation to bring an affordable proposition while providing useful and
pertinent feedbacks. From the author's point of view, to use of three dimensional Finite Elements Model
(3D FEM) is mandatory while not easy especially when the original documentation has disappeared or
has been destroyed. Water level and temperature variations must be taken into account when modeling
the applied load. This kind of modeling reflects the behavior of the dam, and estimates under several hy-
potheses the reaction in term of displacements of discrete points in the structure that will guide the distri-
bution of the measurement points (instruments and targets) and therefore the design of the geodetic mon-
itoring network. To evaluate if the final accuracy requested will be reachable, the geodetic monitoring en-
gineers are using rigorous statistical inference such Least Squares Adjustment in order to simulate the
whole observational process and derive the parameters that will confirm the design. There is thus a great
value to base the original design on the right deformation assumptions in order to derive useful feedbacks
that will be the basis of any early warning, risk or disaster management system. The authors will illustrate
their approach by using several cases such Hydro Power Plants that have been constructed in 1960's in
Ukraine and even recently like in Iran.*

Bo ecem mupe 6onee 50000 nmomuH 6blniu MOCMPOEHbl, U MHO20 KPYrHbIX peK O6rokupyromcs
bonbwue nIomuHbl. QKOHOMUYECKYH UEHHOCMb rpou3sodcmea 3HepauuU, a makxe coxpaHeHue 800bi 8
bonbwol pesepgyap nobydusno huHaHCO8bIX UHCMUMYMO8, makux BcemupHozao baHka u Egpornelickoeo
¢oHOa passumusi  eKknadbleamb  3Ha4YumesibHO  6osibwe, 8  cmpoumesiscmee  MIOMUHbI,
80CccmaHo8sIeHUsAa U OXpaHhbl. MnomuHa 6onbwue U CrioXHbIe UHXXE@HEepPHbIe COOPYyXeHUHA, 4mo 3aripochbl
er1yboKUM MoHUMaHUEM OUeHUMb ee r1ogedeHue U peakyuu 8 800HOU Hazpy3Ku 8 pasfiuyHbIX yCII08USIX.
OcobeHHO nnomuH nocmpoeHbl bonee 40-50 nem Ha3ad, Komopbie Obliiu CrPOeKmMuUpPo8aHb! U
MOCMPOEHbI C HU3KUM YPOBHEM KOHMPOJIS Kadecmsa 8 8bibope Mamepuarsios u 8 cmpoumeribcmee o
CpasHeHUto C MI0MUH, MOCMPOEHHbIX 8 rnocriedHee apems. C amol MoYKU 3peHuUsi, U 0cobeHHO, Koeda
0meemcmeeHHbIe X0o4Yem yeenuyums Mpou3eo0Cme0 371eKMPO3HepauU ymeM YCmaHO8KU HO8bIX
mypbuH, MOCMOSIHHbIU asmomMamuyeckull MOHUMOPUHE cmapbix MIOMuUH rnpuobpemaem uHmepec u
HeuHea3usHble MemoObl rpedrnodYyumanu He enusem Ha cmpykmypy. [eode3udeckasi MOCMOSIHHO20
MOHUMOpPUHea cucmeMb! [leghopmayusi O4YeHb XOpowo coomeemcmayem 3moMy mpebosaHuro
0COb6eHHO Koz0a ecmb B03MOXHOCMb UHMezpuposams OCMAasUIUXCS 2e0MEeXHUYECKUX Oam4yuKoe
enobanbHo20  ModenuposaHusi.  [eode3udyeckuli  MOHUMOPUH2  OKa3asics  ycrieWHbIM  Ofis
npedocmasrieHus UHopMayuu omeemcmeeHHOCMb, omeedyarwuli 3a yeesudeHue cpoka Cryx0bbi ux

10200 KOHEeYHbIX 3n1eMeHTOB MOAENMPOBaHUA ANA NPOEKTUPOBAHUS. .. ®dopma 1.3 cTp. 1 n3 1



cmpykmypy, Ho 0o cux rop cyumaemcs kak dopoeouli u3 npubopos. [Noamomy 80fpoOc cocmoum 8 mom,
Kak Jlydwie cripoekmuposame makue ycmaHO8KU MOHUMOPUH2a rnpuHecmu 0oCcmyrHbIM rnpeorioXeHUeM,
obecnieyueasi npu 3mom rosesHble U coomeemcmeyroujue obpamHbie cesidu. C moYKU 3peHuUs asmopa,
C ucrnornb308aHUeM mpexmepHoU Moderiu KoHeYHbIx anemeHmos (FEM 3D) siensemcs obsizameribHbIM 8
mo epemsi Kak Herneako, 0CobeHHO, Koz0a opuauHanbHas OO0KyMeHmauus uc4yesna unu Obina
yHUYMOXeHa. YpoeHsi 600bI u memnepamypbl OO/MKHbI ObiMb MPUHAMbI 80 GHUMaHue rpu
modesnuposaHuUU rnpusroxXeHHol Hagpy3ku. Takoe modenuposaHue ompaxaem rogedeHue MaoMmuHsbl, a
makxe OUEHKU [0 HEeCKOJIbKUM 2uriome3aM peakyulo 8 CPOK rnepemeuweHuUs: OUCKPemHbIX MOYeK 8
cmpykmypy, komopasi 6ydem 800xHO8/sIMb U pacripedesieHue U3MepumesibHbIX MOYeK (UHCMpPYyMeHmbI
u yenu), u nosmomy OusaliH MOHUMOpUH2a 2eode3udeckux cemu. Ymobbl oueHUMb, ecriu KOHEeYHYH
moyHocmb rnpockba 6ydem dAocmyreH, UHXeHepbl 2e00e3U4eCK020 MOHUMOPUHaa UCMOsIb3yrmcs
cmpoaue cmamucmu4eckKue 8bi800bl MmaKux HaUMeHblWUux Keadpamoe O mo20o, 4mobbl
MoOderniupogamsp 8echb rpouecc HabrrdeHUs U nosly4ums napamempsl, Komopbie 6ydym nodmeepxdamb
OuzaliHa. Cywiecmeayem, makum obpasom, b6onbuwoe 3HadyeHue 0risi basbl OpuauHaIbHOU KOHCMPYKUUU
Ha npasom OonyuweHuss deghopmayuu C Ueslbio U38/1e4eHUsT Mosie3HbIX 0bpamHbIxX ces3el, KOmopbie
6ydym ocHoesol 1106020 paHHez20 npedynpexo0eHus, pucka Uiu cucmembl yrnpasieHuss CmuxulHbiMu
6edcmeusimu. Asmopbl  unICMpuUpyrom c¢e8ol Mo0xo0, UCMOMb3ysi HECKOMbKO Clly4Yaes8 makux
audpoanekmpocmaHuuti, Komopsie 6binu nocmpoeHsl 8 1960-x eodoe 8 YkpauHe u Oaxe 8 rnocredHee
8peMs, Kak 8 VipaHe.

* MepeBof TEKCTa OCYLLIECTBIIEH C NOMOLLBI0 NporpaMmmMbl Google-nepesoauuk.
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MexducyunnuHapHble Mo0xo0bl K MPOEKMUpPO8aHUs U aHasu3da Oegopmayuu usMepeHul, cucmemsl
rpedyrnpexo0eHusi U ornoseweHuUsi, MOHUMOoOpPUHaa noHsmus 01 cmamu4eckux u duHamuyeckux 0egop-
Mauull UHXEHEPHbIX U 2e0MexXHUYeCKoU CmpyKmyp, MPUIOXeHUs1 8 VIHXeHepHo-2eonoaudeckue u
cmpoumesibHOU MeXHUKU, 2eomempuyeckue, [JemepMuHUpo8aHHble U Herapamempuyeckue mMoodenupo-
gaHue rnosedeHuUs1 cmpyKkmyp

CopepxaHue
Finite Element Modelling for Designing Geodetic Deformation Permanent Monitoring Projects - the Case of Hydro Power Plant and
Large Dam
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