PROGRAMME

30.10.2003 Thursday (4eTBLPTHK)

Registration:
Opening:
Presentation:

INPOT'PAMA
9,30 - 10,00 - Peructpupane Ha yyacTHUIIUTE
10,00 — 10,20 - OTKpuBaHE Ha CEMHHApa
10,20 -11,40 - Jloxmaau

LIST OF PAPERS

D. Toshev
M. TomeB

P. Schéberl
I1. IlIs06epn

A. Tzenkov
St. Venkov
A. IlenkoB
Ct. Benkosn

H. Linsbauer
X. Jluncbhayep

Coffee:
Presentation:

K. Ivancheva
St.Venkov

K. Banuesa
Ct. BeukoB

G. Zenz
I'. Lenn
Ch. Kolev

Y. Kones

V. lliev
B. Nnues

Safety of hydraulic structures — Bulgarian experience
CUrypHOCT Ha XHJAPOTEXHUUECKUTE ChbOPBKEHUS — Bbblrapckusar onut

Dam safety in Austria

CurypHocCT Ha S130BUpUTE B ABCTPHUSI

Static and seismic analysis of the safety of Tzankov kamak arch dam
CraTudeH U ceM3MUYeH aHalu3 Ha CUTYPHOCTTA Ha JIbrOBa SI30BUpHA CTEHA

“IlaHKOB KaMbK”’

Dam safety — fracture mechanics approach
CI/IprHOCT Ha A30BUPHUTC CTCHU — NOAXO0A HA MCXaHWKA Ha Pa3pyHICHUCTO

11,40 — 12,00 - Kade mayza
12,00 - 13,20 - Jloximagu

“Beli Iskar” concrete dam rehabilitation

Pexabunuranus Ha 6eToHOBa si30BUpHA cTeHa “benu Mckbp”

Concrete dams — safety assessment and design
beTOHHHU A30BUPHU CTEHU — OLICHKA HAa CUTYPHOCTTA U IIPOEKTUPAHE

Creating principles for assurance and alarme information system on the river
valley after large dams

[TpuHIMNH 32 M3rpakaaHe Ha HHGOPMAIMOHHA CUCTEMA 332 CUTYPHOCT H
OTIOBECTSIBAHE TI0 MOPEYHETO CIIE]] TOJIEMHU SI30BUPH.

Application of inflatable membranes in reconstruction of hydraulic structures
[TpunoxeHne Ha HATBIHIEMUTE MEMOPAHHU KOHCTPYKIIMU TPU €KCIUIOATAIHS U
pexaOuIUTaIUs Ha XHIPOTEXHIUUECKH ChOPHKEHUS



31.10.2003 Friday (merbk)

Presentation:

10,00 - 11,20

- JNokyiaau

LIST OF PAPERS

H. Drobir
X. Apobup

St. Modev
Ct. Mones

M. Guirguinova
Al. Traikov

M. I'mprunosa
Au. TpalikoB

V. Kienberger
®. KuitnGeprep

Coffee:
Presentation:

Chr. Abadjiev
Xp. Abamxuen

P. Tschernutter
I1. YepnyTtTep

Iv. Atanasova
V. Veleva

Z. Karaivanova
B. Kalchev

WB. Atanacosa
B. Xenesa

3. KapauBanosa
b. Kanues

R. Nikolaeva

P. HukonaeBa

Closing:

11,20 - 11,40
11,40 -13,00

13,00 - 13,15

Spillways of dams in Austria — a new design concept for flood water discharging
[TpenmuBHUIIM Ha s130BUpHU B ABcTprsi. HoBa KOHIIENIIHS 32 MIPEIIMBHOTO BOIHO
KOJINYECTBO

Historical maximums and design floods of the river Arda
Hcroprueckn MaKCHMyMH M IPOEKTHU BUCOKH BBJIHHM 32 p.ApJa.

Reconstruction of “Beli Iskar” dam based on prestressed anchoring in the rock
base

PexoHcTpykuus Ha si30BUpHa cTeHa “benu Vckbp” ¢ HampernaT# aHKepH,
3aKOTBEHH B CKaJIHATa OCHOBA

Hoisting Forces on High-Head Roller Gates
[TomeMHU CWIIA BHPXY BUCOKOHATIOPHU POJIKOBH 3aTBOPH

- Kade mayza
- JNokyaau

Problems of dams monitoring
[Tpobnemu mpu MOHUTOPHHTA HA I30BUPHUTE CTCHU

Embankment Dams in Austria. Design Features and Safety Assessment

Hacunuu SA30BUPHU CTCHU B ABCTpI/IH. HpOGKTI/IpaHC " OIICHKAa Ha CUTYPHOCTTa

Safety of tailing ponds in mining industry with their remediation

CI/IprHOCT Ha OTIIaAbKOXpaHUJIUIIAaTa OT I[O6I/IBHaTa MMPOMHIIJICHOCT IIPpU
TAXHOTO CAHUPAHC

Dam and Hydraulic structures safety in terms of the guidelines for technical
exploitation

CurypHoct Ha si30BupHUTE cTeHHM U X TC 3anoxeHa B [IpaBunHuK 3a TeXHUUYECKA
eKCIUTIOATaLUs

- 3aKkpuBaHe HA CEMHUHapa



SAFETY OF HYDRAULIC STRUCTURES - BULGARIAN EXPERIENCE

Dimiter Toshev
Department of Hydraulic Engineering, UACEG, Sofia

ABSTRACT

The paper shares a part of the experience of Bulgarian hydraulic-engineers in the investigation,
design, construction and operation of hydraulic structures, including 2000 dam reservoirs (215 of
which are large dams), more than 100 Hydro Power Stations, 3 Pump Storage Power Stations,
more than 40 tailing dams and ash dams and more than 350 km hydraulic tunnels. The graduates
of the Faculty of Hydraulic Engineering have significant contribution to projects in the Middle
East and Africa.

The high modern ecological requirements lead the specialists to the problems of industrial and
domestic waste deposition.

Another great problem is that in the last years no large hydraulic structures are built in Bulgaria.
The suspension of 14 dams results in idle lying of capital investments and insufficient safety of
uncompleted structures.

Safety should be treated as a fragile structure based on three columns - design, construction and
operation.

Unexpected geological structure of Kardzhali Arch Dam created the necessity of strengthening
the left wing of the arch dam. The underestimation of seepage through the base of Pchelina
Earthfill Dam necessitated additional construction of 57 relief wells.

Another aspect of safety concerns the reliability degree of determination of geotechnical
parameters, the behavior of materials in the process of dam construction and with water level
dynamics in the dam reservoir.

An example demonstrates the static and dynamic stability reassessment of Mandra Dam. This
example is indicative of complex behavior of dam on a soft soil foundation and subject to intense
traffic on the crest.

The paper illustrates the experience of the author in the research, design and analysis of the state
of various dams. An opinion on the failure of a dam in Syria and the ideas of its restoration are
shared.



CUI'YPHOCT HA XUIPOTEXHUYECKHUTE CbOPBKEHMUA -
BBJITAPCKUAT OIIUT

Jumvutsp Toues
kareqpa “XuaporexHuka” npu YACT

PE3IOME

B noknaga ce cofienst onmut Ha OBIATAPCKUTE XUIPOCTPOUTENN B IPOYUBAHETO, TIPOCKTUPAHETO,
CTPOUTEIICTBOTO M €KCIUIOATAIIMATA Ha XUAPOTEXHUUECKH ChOPBKEHUs, BKItOUUTEHO Haa 2000
S30BUPHU, OT KOUTO 215 rosiemu sa30BUpH, Haa cTo BonHoenekTpudecku uentpanu, Tpu [IABEL],
Haa 40 XBOCTOXpAaHWIHINA U CTYPOOTBaJH, HaJ 350 KM XUAPOTEXHUYECKH TyHEIH.

lonsiM e mpuHOCHT Ha BBH3NUTAHUINTE Ha XHUAPOTEXHUUECKHS (aKyITEeT B pealM3UpaHETO Ha
poeKTy B biuskust u3Tok u Adpuka.

CbpBpeMEHHHUTE M3MCKBaHHS KbM OIa3BaHe HAa OKOJIHATA Cpefla HAcOYMXa CHEHHATUCTUTE KbM
npo0OJieMUTe Ha CKIIaJUpaHe Ha HHIyCTPUATHHA U OUTOBU OTIAIBIIH.

CeiiectByBa U cepro3eH mpooOiieM. [Ipe3 mocneqHuTe roAuHN y HAC HE C€ MU3TPAXKIAT TOJIEMU
XUAPOTEXHUYECKH 00eKTH. CHIpsIHO € CTPOUTEICTBOTO Ha 14 SI30BUPHU CTEHH C JBE OCHOBHH
NOCNEANIIM - 3aMpa3siBaHEe Ha KalUTaJOBJIOXKEHUS M HEAOCTaTbuHA CHUTYpPHOCT Ha
HEJOBBHPIICHUTE KOHCTPYKIIHH.

Ha curyproctra TpsiOBa &a ce riena Karo Ha eJHAa KpexKa KOHCTPYKIUS CTOSIIa BBbPXY TpU
onopu (TIpOeKTa, CTPOUTEIICTBOTO M €KCILJIOATALIHS).

M3HeHanu B reojiokkara cpela J0OBEJOXa 10 HEOOXOIMMOCTTa OT 3a3/paBsBaHE Ha JISIBOTO
Kpuwiio Ha nbproea creHa “Kepmkanu”. [loaneHsBaHeTo Ha MPOIyCKIMBOCTTAa Ha OCHOBAaTa Ha
3eMHOHAcuNHaTa cTeHa “TluenuHa” HANOXKH AOMBIHUTEIHO J1a ¢ M3rpamsaT 57 OONEeKYUTEIHU
KJIQJICHIIH.

Jpyr mpobneM mnpu OIEHKA Ha CUTYPHOCTTa € JOKOJKO HAAEKIHO ca ONpeJesieHU
TeOTeXHUUYECKUTE MapaMeTpH, KakBO € MOBEICHHETO Ha MaTepUAIUTE B MPOIleca Ha U3rpaxkaaHe
Ha CTeHATa W MpU JUHAMUKA Ha BOJHUTE HUBA B S30BUpA.

[Toka3zan e mpuMep Ha MPEOIICHKA HA CTaTUYECKaTa M IMHAMHYECKATa yCTOMUYMBOCT Ha S30BUPHA
cTeHa “MaHppa”, mpuMep 3a CJI0XKHO TOBEJACHUE Ha CTEHA BPXY cjlaba OCHOBA M MOJJIOKEHA Ha
JTUHAMHUYHU TOBapu OT UHTEH3UBEH Tpaduk BbPXY KOpOHATA.

JleMoHCTpHpa ce OMUTHT HA aBTOpa B MPOyUYBAHE, MPOEKTUPAHE U aHAIU3 HAa ChCTOSHHUETO HA
S30BUPHU CTeHU. M3mara ce MHeHue 3a paspyllaBaHe Ha si30BUpHa cTeHa B Cupus u ce
npejuiaraT uieu 3a HEeHHOTO Bb3CTaHOBSBAHE.



DAM SAFETY IN AUSTRIA

Peter Schoberl
Verbund Austrian Hydro Power AG, Vienna, Austria

ABSTRACT

Large dams and their reservoirs are hydraulic structures representing a certain risk for the
population living downstream. A lot of examples prove that fact. So, dam safety is a very
important theme especially in highly populated countries.

Dam safety is based on three columns: design and construction, dam surveillance and
maintenance, emergency concepts. This contribution deals especially with dam surveillance
practiced in Austria and touches emergency concepts.

Dam surveillance is composed of three tasks: visual inspection, measurements and tests. With
visual inspection, the condition of a dam is investigated. The behaviour of a dam or a part of it is
registered by measurements. A short overview about the most important measurement devices,
data processing and the remote control system used in Verbund-AHP will be given. Further, the
checking of hydro mechanical equipment and measuring devices by functional tests will be
presented. Finally, some remarks on dam breach analysis, emergency action plans and the
cooperation of operators and authorities will be given.

CUI'YPHOCT HA A30BUPUTE B ABCTPUA

Ierep HIbobepa
Verbund Austrian Hydro Power AG, Vienna, Austria

PE3IOME

['onemuTe S30BUPHU CTEHM M TEXHHUTE BOJOXPAaHWIMILA Ca XUIPOTEXHUUYECKU CBHOPBKEHUS,
KOUTO MPEACTABIIABAT U3BECTEH PHUCK 3a HACECIIEHUETO, KUBECILO HANOIY 10 PEKUTE, HA KOUTO T
ca u3rpajieHd. MHOro npumepu noTBbpAKAaBaT To3u (akT. Taka ye CUTypHOCTTa Ha SI30BUPUTE €
MHOTO Ba)KHa TéMa, 0COOCHO B 'bCTOHACEIEHUTE CTPAHHU.

CurypHocTTa Ha S30BUPHTE C€ Kpelmu BbpPXYy 3 CTbhJI0a: NPOEKTUpPAHE M U3TPaKIaHE;
HaAOJIOJIEHUE U TOAJPBKKA; MOATOTBEHOCT 3a aBapuilHM cutyanuu. JlokiagbT TpeTupa Io-
CIEIIMAJIHO KOHTPOJIA, OCBIIECTBABAH B ABCTpHsA M 3acsira M KOHLEMNLIMWUTE 3a peakuus IpHU
ABApUIHU CUTYalUH.

Habmionenunero Ha s30BUpHAaTa CTEHA BKIIOYBA TpPU 3a7adyd: BU3YyalHO HaOIIOJCHHE,
u3MepBaHusl M TecToBe. Upe3 BH3yamHaTa MpOBEpKAa C€ M3CielIBa CHhCTOSHUETO HA CTEHATa.
IToBeneHneTo Ha cTeHaTa WM HEWHM YacTH C€ OTYMTA 4pe3 u3MepBaHusaTa. KpaTwk npernien me
ObJlle HampaBeH Ha Hal-BaXXKHUTE U3MEPBATENIHU YCTPOWCTBA, 00padoTkaTa Ha HHPOpMAIUATA U
cucTeMara 3a JUCTaHIIMOHEH KOHTpous, u3noi3BaHu B Verbund-AHP. Ilo-naratbk, me Obue
MPEJICTABEHO MPOBEPSBAHETO HA XUAPOMEXAHUYHOTO OOOpyJBaHE M HM3MEPBATEITHUTE YpeIu
ype3 (HyHKIMOHATHYU TecToBe. M Hakpas, e ObJaT HanpaBeH! HAKOU OEJIeKKH BhPXY aHalN3 Ha
pa3pylIiaBaHe Ha CTEHa, MJIAHOBE 3a JEHCTBUS B aBapUiHU CUTYyallMd M CHTPYIHHUYECTBOTO
MEXy ONepaTopUTe Ha CTEeHAaTa U BIACTHUTE.



STATIC AND SEISMIC ANALYSIS OF THE SAFETY OF
TZANKOV KAMAK ARCH DAM

A. Tzenkov, S. Venkov
Energoproekt-Hydropower Ltd, Sofia, Bulgaria

ABSTRACT

This paper presents a safety analysis performed on the 130 m high Tzankov Kamak double-
curvature arch dam. The analysis is carried out by means of NISA, a general purpose finite
element program. The mathematical model of the analysed system is three-dimensional and
consists of the dam body and part of its foundation. The actual geological varieties and zones of
the dam foundation are modelled with sufficient accuracy. The dam-foundation system is
assumed to behave linearly. Considered are the loadings due to self weight, hydrostatic pressure,
uplift, temperature differences and seismic impact. Modal transient analysis is carried out to
investigate the seismic response of the system. The dam-reservoir interaction is considered by
means of the added mass method. To define the dam safety the values of the computed stresses
are compared with the maximum tensile and compressive stress which the dam and the rock
foundation can withstand without damage and failure. The safety of the dam abutments is
analysed for kinematically possible surfaces. The analysis carried out proves the static and
seismic safety of the dam.

CTATUYEH U CEUBMHUYEH AHAJIN3 HA CUT'YPHOCTTA HA
ABI'OBA SA30BUPHA CTEHA "IIAHKOB KAMBK”

A. llenkos, C. BenkoB
Enepromnpoexr-Xuapoenepreruka OO/]

PE3IOME

Hacrosmusar noknan npeactaBs MPOBEACHHS aHAlW3 Ha CHUTypHOCTTa Ha BucokaTta 130 merpa
IbroBa s30BUpHA cTeHa “llaHkoB KaMbK’. AHaTU3BT HA CTEHATA € MPOBEACH MPU MPEANOCTaBKa
3a JIMHEHA 3aBUCMMOCT 3a paboTa Ha cucTeMara IO METOJa Ha KpaWHUTE EJIEMEHTH
nocpencTsoM nporpamuus naketr “NISA”. MaTteMatnuueckusT MOJEN Ha U3CIeBaHaTa CUCTEMA
o0xBaIlla TSUIOTO HA S30BHPHATA CTEHA M YacT OT OCHOBATa, KaTO ca MOJACIIUPAHU C JOCTaThuHA
TOYHOCT CBHIIECTBYBAIIUTE T€OJOKKH PA3HOBUIHOCTU M 30HU. OTYETEHU Ca HATOBApPBAHUS OT
COOCTBEHO TETJI0, XUAPOCTATHYEH HATUCK, (PUITPAIIMOHEH MPOTUBOHATHCK, TEMIEPATypHU
BB3JICHCTBUS U BB3ACUCTBUS OT CEM3MHYHU HaToBapBaHWs. V3cienBaHeTo Ha pearupaHeTo Ha
CTEHaTa MPU 3€METPHC € MPOBEACH Ype3 MOJAJICH TPaH3WEHTEH aHanu3. B3aumonencTBHeTo
CTEHa-BOJ]a € OTUETEHO MOCPEJCTBOM MpHCheauHeHH Macu. OCHOBEH KpUTEpUN 3a OmpeelsHe
Ha CUTYPHOCTTA Ha CTeHaTa € BeJINYMHATA HA TIOJyYCHUTE HANIPEKECHHS B TSUIOTO M OCHOBAaTa Ha
S30BHpHATa CTEHA MPH CPABHEHHETO U C MAaKCUMAaTHUTE HANPEKEHUS Ha ONbH U HATHUCK, KOUTO
OeToHA ¥ CKAJHUTE pPAa3HOBHIHOCTH B OCHOBAaTa MOTrarT Ja IMoHecar 0e3 Ja MpEeThPIsT
paspymenue. M3crmenBaHa € W yCTOWYMBOCTTA Ha OpEroBHTE OMOPH 3a KWHEMAaTHYECKH
BB3MOXKHU NOBBbPXHUHU. [[pOBeIeHUAT aHAIN3 JI0Ka3Ba CTATUYHATA M CEU3MUYHA CUTYPHOCT Ha
S30BUPHATA CTCHA.



DAM SAFETY — FRACTURE MECHANICS APPROACH
H. N. Linsbauer

Institut fir Konstruktiven Wasserbau, Technische Universitaet Wien,
Karlsplatz 13, A-1040 Wien

ABSTRACT

Fracture mechanics based strategies in dam engineering besides the usual design, operation,
monitoring and maintenance procedures nowadays also have become essential tools in this field
— especially in cases of damage and repair. This is well documented in the rapid growing number
of (published) applications and benchmark problems related to this topic. Within the framework
of the present seminar this contribution is arranged as a general link stretching from principles
(basics) of fracture mechanics via theme related aspects in design of concrete dams and
discussion of (theoretical) benchmark problems to a full application in dam engineering. A
special case of actual cracking in a dam is discussed in detail.

CUI'YPHOCT HA A30BUPHU CTEHHU - ITOAXO/J HA MEXAHUKATA
HA PASPYHIEHHUETO

X. H. JIuncoayep

Institut fiir Konstruktiven Wasserbau, Technische Universitaet Wien,
Karlsplatz 13, A-1040 Wien

PE3IOME

Crpareruute B S30BUPHOTO WH)KEHEPCTBO, Oa3MpaHM Ha MEXaHWKaTa Ha pa3pylICHHUETO,
Hapes ¢ oOnyaiiHuTe Mpolelypy Ha NPOEKTHpaHe, eKCIIoaTalus, MOHUTOPUHT U NOJIPBKKA, B
HaIlli JHU CTaBaT BCE MO-Ba)KEH MHCTPYMEHT B Ta3M 00JacT - 0cOOEHO B Cilydyad Ha ILIETH U
BB3CTaHOBsIBaHEe. ToBa € no0pe JOKyMEHTHpaHO B Obp30 HapacTBalius Opoil myOiaukanuu u
IpUMEPHU MPOOJIEMH, CBbP3aHU C Ta3H TeMa. B paMKuUTe Ha HACTOSILUS CEMHHApP, TO3U JTOKIa
uMa 3a LeJ Ja HalpaBu Bpb3Ka OT NPUHIUNNUTE (OCHOBUTE) HA MEXAaHUKATa Ha pa3pyLICHUETO,
Ipe3 aCIEeKTU OT MPOEKTUPAHETO HA SI30BUPHUTE CTEHU U IUCKYCHUs Ha (TEOPETUYHU) IPUMEPHU
npo0jaeMu A0 IUIOCTHO IMPUJIOKEHHE B S30BUPHOTO MHXKeHepcTBO. OOCTOMHO pasrienaH e
CIELIMAJIEH Clly4all Ha PeaJHO HAITyKBaHE B 30BUPHA CTEHA.



“BELI ISKAR” CONCRETE DAM REHABILITATION

Kamelia Ilvancheva, Stoino Venkov
Energoproekt-Hydropower Ltd
BULGARIA

ABSTRACT

The paper presents the static and dynamic methods used in the analyses of the old concrete
gravity dam “Beli Iskar”. The results show that the dam has slender cross section and it is not
well resistant to earthquakes. For the region, listed with 9" range of earthquake and with the
continuously extracting of the free lime from the dam body, the dam strength has been
decreased 2 to 3 times.

The dam is located in a high mountain area of adverse climatic conditions. It had not
effective drainage system and not effective grouting curtain.

All that made it necessary special measures for the dam strengthening and water tightness
to be applied.

Seven alternative methods for the dam strengthening and rehabilitation were considered.
The selected alternative consists of water tight barrier on the dam upstream face by means
of geomembrane system and strengthening the dam body by placing new concrete on the
dam downstream face.

These envisaged rehabilitation measures were to be implemented into two stages:

Stage 1 — engineering measures to be carried out in one season (May-November
2002) including the following:

- ensuring the water tight barrier on the dam upstream face by means of geomembrane
system

- grouting with cement solution the dam body from the crest and from the gallery
- implementation of new grouting curtain in dam U/S abutment, from the concrete slab
- implementation of new drainage system in the Drainage Gallery

- installation of new Instrumentation system (straight and reverse pendulums, pies
dynamometers, pies meters etc.)

Stage 2 — engineering measures to be carried out for the dam strengthening by placing
new concrete on the dam downstream face, thus ensuring its stability against sliding,
static and dynamic loading and earthquake.

Stage 1 was completed in 2002 — implementation of geomembrane system, dam body
grouting, new grouting curtain and new Instrumentation system. The carried out work for
Stage 1 is documented in rich photo and video materials.



PEXABUITUTALNA HA BETOHOBA A30BUPHA CTEHA “BEJIU ICKDBP”

K. UBaHueBa, CT. BeHkoB
“ EHepronpoekT - XugpoeHepretuka “ OO[
Codpusa, Bwenrapus

PE3IOME

B poknaga ca onucaHu meTtoauTe 3a CTaTUYHU U OMHAMWYHU U3CnefBaHWUs Ha 53. CTeHa
‘benn Vckbp” npu cbluecTByBalo nonoxeHuve. Pesyntatute nokaseaT, Ye cTeHaTa uma
CTPOMHO Hanpe4yHo CEeYEHME U He € YCTOM4YMBa Ha 3eMeTpbeC. 3a panioH CbC 3eMeTpbe IX
CTeneH, HenpeKkbCHaTOTO U3HacsHe Ha cBoboaHa Bap € Hamanuno SKOCTHWUTE CBOWCTBA Ha
6eToHa oT 2 Ao 3 NbTW.

CTteHaTa e NnocTpoeHa BbB BWCOKOMAHUHCKUTE palioHM M Ce eKchroatupa npu TeXKK
KNMMMaTUYHKU ycrnoBusl. TS HSMa egeKTMBHA ApeHaXKHa cuctema M npoTUBOMUNTPaLMOHHA
3aBeca.

Bcuuko ToBa Hamara ga ce npunoxaT eqeKkTMBHUM MeponpusiTUs Mo ykpeneaHe,
3a3gpaBsiBaHe 1 oGesneyvaBaHe Ha BOAOMTbTHOCT Ha 3. CTEHA.

PasrnegaHu ca 7 anTepHaTMBHU MeToaM 3a pexabunuTtauus Ha cteHata. OT Tsx e usbpaHa
anTepHaTuBa, BK/OYBaLLA BOAOMNbTHA Nperpaga ot BogHata ctpaHa ¢ PVC reomembpaHa
N YKpenBaHe Ha cTeHaTa C HOB GETOH, NOMOoXeH No Bb3ayLlHaTa NOBbPXHOCT.

Te3n HXeHepHN MeponpusaTUs No pexabunutaums LWwe ce M3BbpLUAT Ha ABa eTana:

| eTan — BKMOYBA U3MbITHEHNE HA WUHXEHEPHN MEPONPUATUS 3a €4UH CTPOUTENEH CEe30H OT
M. Main Jo M. HoemBpu, npes 2002 r. kakTo crneaBa:

- O6esneyaBaHe BOAOMITBLTHOCTTA Ha BOAHATa MOBBLPXHOCT Ha cTeHaTa, 4ype3 PVC
reoKOMIMO3UT,;

- |/]H>KeKTI/IpaHe TANOTO Ha CTeHaTa C ULMMEHT OT KOpOHaTa U ranepuara,

-  WManbnHeHne Ha HOBa MHXEKUMOHHA 3aBeca B nNeTara Ha BOOHMA OTKOC OT
cToMaHObEeTOHOBA NNoYa;

- M3nbnHeHne Ha HoBa OpeHaXHa cuctemMa B gpeHaxHaTta ranepud,;

- MoHTax Ha HoBa KNC (npaBu n obpatHu OTBECU, NUe3ogMHaMoMeTpu, NnMesomeTpu u
Ap.).
Il eTan — BkNtoYBa yKpeNUTENHM MEPONPUATUS OT Bb3AyLUHATa CTpaHa 3a obe3nevyaBaHe Ha

yCTOVI‘-IMBOCT Ha CTeHaTa Ha Xb3raHe 1 Hocella crnocoBHOCT npn ctTatn4HM HaToBapBaHNA U
CEeN3MNYHN Bb3OENCTBUA.

Mpe3s 2002 rog. e 3aBbpweH |-Bn etan ¢ nonaraHeto Ha PVC reomembpaHaTa,
WMHXEKLUNOHHMUTE MEPOoNPUATUS B TANOTO Ha CTeHaTa, MHXEeKUMoHHaTa 3aBeca M MOHTaxa Ha
KMUC. U3anbnHeHneTo e AOKYMEHTMPaHO ¢ 6GoraT CHUMKOB U hnnmMoB Matepuan.



CONCRETE DAMS - SAFETY ASSESSMENT AND DESIGN

Gerald Zenz
Verbundplan Consulting Engineers

SUMMARY

For the surveillance and safety assessment of existing dams visual inspections together with
measurements and their interpretation play an important role. To assess on the dams
performance, physical models are developed for being correlated with the monitored
behavior. These models should correlate with the design prerequisites and confirm design
assumptions to guarantee the safe operation of the structure. In addition this knowledge is
used for design of new dams.

To set up boundary values for the dam behaviour under different loading conditions, the
application of a regression analysis is demonstrated. Based on a hybrid model — which
incorporates statistical as well as numerical analyses — the different contributions, e.g. to the
overall plumb line and extensometer measurements, are demonstrated. This leads to the
ability to separate into elastic, time dependent as well as permanent, irreversible
deformations. The amount of these deformations is discussed on readings from a 190m high
arch dam.

The finite element model used to analyze the elastic response as a part of the regression
analysis is explained. The input parameters for the model based on the investigations carried
out during the construction of the dam are discussed. The modeling of the dam construction
sequence and normal loading cases are described based on restrictions of the finite element
code used.

The main design criteria are compared with the outcome of the comparison between measured
and calculated results. The model set up and the determination of the input parameters — these
are material or geometry dependent — are explained in relation to the status of knowledge and
kind of project considered. Three examples are given to deal with that matter.

Within a first example for a gravity dam the seepage analysis together with the abutment
stability analysis is shown. Within the second example the abutment bearing behaviour of an
arch dam is assessed. The results of such an analysis and the effect of grout and drainage
curtain location with the assumptions for the uplift pressure are highlighted.

To incorporate earthquake loading during the design modal superposition method is common
practice. To assess with the help of the direct integration method on nonlinear effects due to
maximum credible earthquake shaking is shown as an third example.

In the context of this presentation the possibility to contribute to the network based European
Research project IALAD (Integrity Assessment of Concrete Dams), present at the web-page
http://nw-ialad.uibk.ac.at, will be addressed too.




BETOHHMU A30BUPHU CTEHU - OHEHKA HA CUI'YPHOCTTA U
ITPOEKTUPAHE

I'epaan Leniy
Verbundplan Consulting Engineers

PE3IOME

CeplecTBeHa poJIs 32 KOHTPOJIA M OLEHKAaTa Ha CUTYPHOCTTA Ha CHIIECTBYBAIIUTE S30BUPHU
CTEHH UTPAsIT BU3yalTHUTE HAOMIOCHUS U 3a€THO C U3MEPBAHUATA U TAXHATA MHTEPIPETAIHSI.
3a oleHKaTa Ha CTEHUTE ca pa3paboTeHH QU3WIHH MOJIEIH, KOWTO CE€ CBBpP3BaT C
Ha0JI0/ITaBaHOTO TIOBE/IEHUE Ha CTeHUTE. Te3u Mo/IeNu TpsiOBa /1a ca B ChIJIacHe C IPOEKTHUTE
MPEANOCTaBKM M Ja TOTBBPXKAABaT MPOCKTHUTE TMPE3YyMIIMH, 3a Ja C€ TapaHTupa
Oe3omacHaTa eKcIUioaTanus Ha cbopbkeHusATa. OCBEH TOBA, T€3U MO3HAHUS C€ W3IMONI3BAT U
MIPU MPOEKTUPAHETO HA HOBH SI30BUPHU CTEHHU.

3a 3a7aBaHETO HA I'PAaHUYHUTE CTOMHOCTH Ha MOBEJCHHE HAa CTEHATa MPU PA3IU4YHH yCIOBHS
Ha HATOBapBaHE € MPWIOXKEH perpecuoHeH aHanu3. C XUOpHIEH MOJEN, KOMTO BKIIIOYBA
KaKTO CTAaTUCTUYECKH, Taka M YHUCJICHU H3CJENIBaHUA, Ca JIEMOHCTPHUPAHU pPa3IUUYHUTE
MPUHOCH, HANpPUMEpP Ha OTBECOBM M EKCTCH30METPUYHU H3MEpBaHUsA. ToBa BOIU [0
BB3MOKHOCTTa Ja C€ HampaBH pa3eliecHue Ha eJacTHYHHU, 3aBHCHUMU OT BpPEMETO M Ha
MOCTOSTHHY, HeoOpatumu aedopmanuu. PasmepsT Ha Te3u AeopMmamuu € pasrieaH Ha
npuMepa Ha u3MmepBanus Ha 190 M BUCOKa AbrOBa CTEHA.

NzsicHeH e MeTOaBT HA KpaHUTE €JIEMEHTH, M3TO0JI3BaH 32 aHAJIW3a Ha eJacTUYHATa PeaKIlus,
KaTo 4acT OT PErpecHOHHHUs aHanuu3, € OOsicHeH. Pasrnmemanu ca BXOJHHUTE MapaMeTpu 3a
MoOjIeJia, TIOyYeHH OT W3CJICJIBAHMATA MPU CTPOUTEIICTBOTO Ha CTeHaTa. MoJenupaHeTo Ha
MOCNIEAOBATETHOCTTA MpPHU CTPOUTEINCTBOTO Ha CTEHATa W CIydyauTe Ha HOPMaHU
HATOBapBaHHUs Ca OIMUCAHU CIOpE] OrpPaHMYCHHUATA HA M3MOJI3BAHATA MpOrpaMa C KpaHU
€JIEMEHTH.

OCHOBHUTE TPOEKTHU KPHUTEPUU Ca CPABHEHH C PE3YJITAaTUTE OT CHIOCTABKATa MEXKIY
MU3MEPEHUTE U U3UUCIEHU pe3yaTaTh. ChCTaBsIHETO HA MOJEIA U ONPEAEISTHETO HA BXOAHUTE
napameTpH, KOUTO Ca 3aBUCHMH OT MaT€pUaIUTE U TE€OMETPUsTa, ca OOSICHEHH BHB BpPh3Ka
ChC CTETNEHTA Ha MO3HAHUE W BUJA Ha mpoekTta. [lagenu ca 3 mpumepa, KOUTO TPETUPAT Ta3u
Marepusi.

B mepBus mpumep 3a rpaBUTAllMOHHA CTEHAa ca MOKa3aHW (DUATPAllMOHEH aHalu3 U
M3CIIeJIBAHE HA YCTOMYMBOCTTA HA CKAaTOBETE Ha CTeHaTa. BbB BTOpHUSA mpuMep € OleHeHa
HOcellaTa crmocoOHOCT Ha OMOPUTE Ha ABIOBA SI30BUpPHA CTEHA. Pe3ynraTute OT TakbB aHAIH3
U edekTta OT MICTOTO Ha JIpEHa)KHATa W HHKEKIMOHHA 3aBeca, C OTYUTAHE Ha
MpenocTaBKaTa 3a BOJHUS TOJEM, ca OTYePTaHU.

OO6mia mpakTUka € B Ipolieca Ha MPOEKTUPAHE J1a C€ BKIIOYBAT U CEM3MUYHOTO HAaTOBapBaHE
no “Meroaa cbe cynepnosuius no riaBHu Gopmu’”. OneHkaTa ¢ momomira Ha “Meroaa 3a
TUPEKTHO WHTETpUpaHe" Ha HEIWHEWHNTEe e(EeKTH TNpu MaKCHMAJHO JIOIYCTUMOTO
3eMETPHCHO BB3JCHCTBHUE € MTOKa3aHa B TPETHUS IPUMED.



CREATING PRINCIPLES FOR ASSURANCE AND ALARME
INFORMATION SISTEME ON THE RIVER VALLEY
AFTER LARGE DAMS

Chavdar Kolev
Director General of “Vodno Stopanstvo™ Ltd.
1000, Sofia, 16 Lavele Str.

ABSTRACT

The experience of designing for quite automatic alarm system, situated on the large dams. Actual
information technologies have utilized. The tasks to appreciate the risk and emergency are
decided.

The problems of rapidly alarming of avoiding of simulation and subjective factors, of
permanently working and testing of the system are decided too.

There are possibilities for increasing of the system by new modules and subsystems.

The program has hierarchical organization and it is connected to hardware on the principle ”open
software”. The communication model has seven levels, respectively to ISO.

Hydrotechnical structures for extinction of water’s turbulence after the emergency moment are
designed.

There are investigations for acoustic parameters of the area and for optimal situating of alarm
facilities.

HNPUHIUAIINA 3A U3I'PA’KJAHE HA THOPOPMALIMOHHA CUCTEMA
3A CUT'YPHOCT U OITIOBECTABAHE 110 IOPEYUETO
CJIEA I'OJIEMHA SA30BUPU

Yasnap Koses
I'en.lupexrop Ha “Bonno ctomanctBo” EAJ,
1000, Codus, yn. “JlaBene” Nel6

PE3IOME

IIpencraBeH € ONUTHT OT NIPOEKTUPAHETO HA HANBJIHO ABTOMAaTU3MpaHa ajapMeHa
CHCTEMa 3a pa3oJlaraHe Ha TOJIEMHU SI30BUPH.

W3non3yBaHu ca  ChbBPEMEHHHM BHUCOKM HH(POPMALMOHHU TexHonoruu. Pemienu ca
3aJa4nuTe 3a OLIEHKAa Ha pUCKAa M aBapusATa, 3a Hal-Obp30 ajapMmupaHe, 3a H30sArBaHe Ha
CyOCKTHUBHHUTE U CUMYJIATUBHHUTE (PAaKTOPH, 32 MOCTOSIHHA MPOBEPKa HAa TOTOBHOCTTA 3a paboTa
Ha CUCTEMATa.

Cp3mageHn ca BB3MOXKHOCTM 3a pa3IIMpsBaHE Ha CHUCTEMaTa C HOBU MOAYJIM U
HOJCUCTEMH.

ITporpaMara nMa liepapXu4Ha OpraHA3alMs U € MPUBbP3aHa KbM Xapayepa Ha IpHUHIUIA
“orBOpeH codTyep”’. MoaenbT Ha KOMYHUKALMUTE UMa CEAeM CIlos, Kakto e cnopen ISO.

Pa3zpaGoTreHn ca XuAPOTEXHHYECKH CHOPBHKEHHUS 3a YCIOKOSABAHE Ha TYypOYJEHTHOTO
JBUKEHME Ha BOJIATa CJIe]] MOMEHTA Ha aBapusiTa.

M3cnenBany ca akyCTHYHHTE IapaMETPU HA paliOHa U € ONTUMU3HPAHO Pa3IOJI0KCHUETO
HAa CUTHAJIHUTE YCTPOMCTBA.

AHanu3upaHa e eKCIUI0aTallMOHHATa HAJEXIHOCT Ha CUCTEMATA.



APPLICATION OF INFLATABLE MEMBRANES IN
RECONSTRUCTION OF HYDRAULIC STRUCTURES

Vesselin D. Iliev
Department of Physics-Mathematical and Technical Sciences
University of Chemical Technology and Metallurgy
8 St. Kliment Ohridski blvd.
1756 Sofia, Bulgaria
e-mail: veso@uctm.edu

ABSTRACT

Inflatable hydraulic membrane structure is a closed-shape volume formed by high-strengh
technical membrane. This volume changing his size and forms a high-level horizontal and
vertical compression at low inside pressure during filing by water. In present paper the method
for applying of this articles in construction of temporary structures in places difficult for access
is presented. The examples for inflatable hydraulic structures applied in reconstruction of TK1-
NPP ”Kozloduj” and GND2 — RHPP “Tchaira” are exposed.

INPUJIOKEHUE HA HAITBJIHAEMUMTE MEMBPAHHHN
KOHCTPYKIMHUH ITPHU EKCIIVIOATALIMA U PEXABMJIMTALIMSA HA
XUIAPOTEXHUYECKHU CBbOPBKEHUSA

Beceaun /I. UnneB
JlemapTaMeHT 1o (PU3MKOMATEMaTHYEeCKU U TEXHUYECKU HAyKH
XUMHUKOTEXHOJIOTUYCH U METATYPrHYEH YHHBEPCUTET
oyn. "Kiument Oxpuncku" 8, 1756 Codus,
e-rouia: veso@uctm.edu

PE3IOME

Hambnasemure XuapoTeXHUYECKH MEMOpAaHHHM KOHCTPYKIUH IPEACTaBIsSBAT 3aTBOPEH 00eM,
o0pa3yBaH OT BUCOKOSIKOCTHA Te€XHHUYECKa MeMOpaHa, KOWTO cjell HalbjiBaHE C BOJA IMPOMEHs
¢dopMaTa U rojeMuHaTa CH Taka, 4e Ch3JaBa I'OJSM XOPU3OHTAJIEH U BEPTUKAJIEH HATUCK NPHU
MaJIKO BBTPEIIHO HajsraHe. B HacTosmaTa paboTa € n3noKeHa METOIMKa 3a MpUjlaraHe Ha Te3u
U3JICTUS TIPH M3TpakIaHe HAa BPEMEHHH OTOMBHHM CHOPBHKEHHUS B TPYAHOAOCTBITHU PaOHH.
Metoaukara e WIIOCTpUpaHa ¢ KOHKPETHH MpUMEpH OT pexadunuranusara Ha s3a Ha TK-1 npu
AEL] "Koznoayit" u na 'H/I-2 npu ITABEL] "Yaupa".



SPILLWAYS OF DAMS IN AUSTRIA - A NEW DESIGN CONCEPT FOR
FLOOD WATER DISCHARGING

Helmut Drobir
Institute of Hydraulic Engineering, Vienna University of Technology
A-1040 Vienna, Karlsplatz 13, Austria

ABSTRACT

This paper deals with the new design concept for dam spillways in Austria. The design
concept is a proposal to the “Austrian Commission on Dams” and will be discussed at the next
meeting in December 2003. The Austrian Commission on Dams was established by the Federal
Ministry of Agriculture, Forestry, Environment and Economics of Water Use as Supreme Water
Authority in Austria. Selected experts of all disciplines involved in the construction of a dam are
members of this commission.

The design concept is effective for dams according to the definition by the International
Commission on Large Dams (ICOLD) and is valid for catchment areas from 10 to 1000 km?.
The new design concept can only be applied to smaller dams, if the dimensions of the spillways
are insufficient for flood discharge, and they thus represent quite a risk. The design concept
cannot be used for dams of bed load catchment and for barrages of run-off-river schemes.

HNPEJUBHUIIN HA A30BUPHU CTEHHU B ABCTPUS - HOBA
INPOEKTHA KOHUIEIIIUA 3A ITPOITYCKAHE HA BUCOKHA BOIHU

XeamyT [Apodup
TexHnuecku yHusepcurer Buena, Buena, Asctpus
Institute of Hydraulic Engineering, Vienna University of Technology
A-1040 Vienna, Karlsplatz 13, Austria

PE3IOME

Hacrosmusar nokyan pasriexaa HOBAa IPOEKTHA KOHIEMIUS 3a TPENUBHUIM Ha
S30BUPHHU CT€HW B ABCTpHUA. Ta3u KOHUEHIMS € MpeokeHa Ha "ABCTpUHCKaTa KOMHCHUS IO
s30BUpU" U e Obae oOChIeHa Ha cieBamiaTa cpemia npes aekemBpu 2003r. ABcTpuiickara
KOMMCHS I10 s130BUpH Oelle ocHoBaHa 0T PeiepalHOTO MUHUCTEPCTBO HA 3€MEEIUETO, TOPUTE,
OKOJIHATa Cpeia U BOJHOTO CTOIAHCTBO KAaTO BHCIIA MHCTAHIMSA MO BoaAUTe B ABCTpus. M30panu
CHEIHUAJIUCTH OT BCUYKU JUCLMIUIMHYU, CBBP3aHU C M3TPAKIAHETO HA €/1HA S30BHpHA CTEHA, ca
YJICHOBE Ha Ta3U KOMUCHSI.

[IpoekTHara KoHUENIUs € e(peKTHBHA 3a S30BHPHU CTEHU CHIVIACHO AepUHUIMATA HA
MexnayHapoaHata komucus 1o rosemute si3oBupu (ICOLD) u e BanmuaHa 3a BOJOCOOpHM
obmactu ¢ trom ot 10 no 1000 km? HoBara mpoekTHa KOHLENIHS MOKe J1a Obae MpUIoKeHa
caMo 3a MO-MaJIKu CTE€HH, aKO pa3MEpHUTE Ha MPETUBHUIIUTE Ca HEJOCTAThbUHU 3a BUCOKA BbJIHA U
[0 TO3W HAUYMH TE€ MPEJCTaBiIABAT omacHOCT. [IpoexkTHaTa KOHLENMUUsS HE MOXe Jaa Obnae
U3I10J13BaHa NP CTEHH C AbHHHU BOJOB3EMaHUs U IPU SI30BE HA PYCIOBH XUJIPOBB3IIH.



HISTORICAL MAXIMUMS AND THE DESIGN FLOODS
OF THE RIVER ARDA

Stefan Modev
E-mail: modev_fhe@uacg.bg

ABSTRACT

Design Floods are base element of the investigations in concern with the design of the building
structures, in particularly — hydraulic structures. The probability of exceedence for the first class
structures is taken usualy 1 time per 1000 or 10000 Years. The existed studies sed that the return
period of 5000 or 10000 Years probably characterise “The highest upthinked pic of the flood”
(Grjivanski, Austria-1971). The estimation of such pic is based on statistical methods.
Signifficant extrapolation of the probability of exceedence curve, out of the interval with
observations 1is used usualy. The hystorical maximums are possibly method to check the
extrapolation reliability. Together with this the use of the stohastic and genetic hydrological
models give us the possibility to compare the design flood parameters with the parameters of the
main meteorological phenomenas — usualy the storm parameters.

The report is a “case study” from the Bulgarian hydrological practice, where by the help of
hystorical maximum and complex of computational methods are computed the design floods of
the Gorna Arda cascade, located on the upstream section of the river Arda.

NCTOPUYECKU MAKCUMYMU U NTPOEKTHU BUCOKU BbJIHU
3A PEKA APJIA

Credan Moaes
E-mail: modev_the@uacg.bg

PE3IOME

[IpoexkTHHUTE BUCOKU BBJIHH Ca OCHOBEH €JEMEHT Ha U3CJIEIBAHUATA IIPU MPOEKTUPAHE HA
CTPOMUTENIHU ChOPBKEHUsS,, B YaCTHOCT Ha XHUAPOTEXHUYECKHU ChOpBKEHUs. BeposTHocTTa 32
HA/IBUIIICHUE TIPY IIBPBHU KJIAC ChOpBKeHUs: 00nKkHOBEHO € 1 mpT Ha 1000 wmm 1 meT Ha 10000 T.
CelecTByBallld HM3CJ€ABaHUs IMOKa3Bar, ye nepuoa Ha noBTopeHue ot 5000 wmmm 10000 r
BEPOATHO XapaKTepusupa ‘“‘Hall-BUCOK MHCIUM BpbX Ha BHcOKa BbjHA  (I'pxkuBeHcku, 1971 -
ABctpus). OnpenensHeTo Ha NOJ00EH BPbX OOMKHOBEHO CE€ OCHOBaBa HA CTATUCTUYECKH
METOAM, TPH KOETO C€ M3MOJ3Ba 3HAUMTENHA EKCTPAaIojiallis Ha KpuBaTa Ha 00€3MeYeHOCT
U3BbH HUHTEpBaJa, ONpeleleH OT HalmoneHusTa. VcTopuueckuTe MakCUMyMH ca €IUH OT
BB3MOKHUTE HAYMHHU 3a IMPOBEPKA HAa HAJEXKIHOCTTa Ha EKCTpamoJjlalusTa. 3aeqHO C TOBa
U3I0JI3BaHETO HA CTOXAaCTMYHH U F€HETUYECKU XUIPOJIOTUYHU MOJIENIN TO3BOJISIBA J1a CE CPABHST
XapaKTepUCTUKUTE Ha BHMCOKAaTa BbJHA C XapaKTEpUCTUKUTE Ha MOpaXKIAILUTE
METEOPOJIOTUYHU SIBIECHUS — OOMKHOBEHO WHTEH3UBHHU JbXKI0BE.

JloxiiagbT pasriexia npuMep oT ObJrapckara XUApPOJOTMYHHA MPAKTHKA, MPU KOMTO ¢
IIOMOIIITA HA MCTOPUYECKH MAKCHUMYM U KOMIUIEKC OT M3YHCIUTEIHH METOAM ca ONpeAeeHU
MaKCHMaJHHUTE Opa3MEpUTENIHU BOJHU KOJM4YecTBa 3a Kackaja ['opHa Appa, pasmnonoxeHa Ha

p.Apna.



RECONSTRUCTION OF BELI ISKAR DAM BASED ON PRESTRESSED
ANCHORING IN THE ROCK BASE

Maria Mavrova-Guirguinova, Alexander Traikov
University of Architecture, Civil Engineering and Geodesy- Sofia

SUMMARY

The first stage of reconstruction and rehabilitation of Beli Iskar concrete dam is carried out in
2002. A PVC membrane is placed on the upstream face of the dam, injections in the dam body
and the rock base are executed as well.

In order to continue the safety service of the dam it is necessary to be improved the overall
stability and bearing capacity of the dam including an earthquake resistance design. That is the
task of the foreseen Second stage of the reconstruction.

In the existing design proposals different solutions are taken into account. After technical and
financial comparison two of them are proposed to be developed in details for the Second stage of
the reconstruction:

-Reinforcing of the downstream face of the dam by concrete

-Reinforcing of the downstream face of the dam by rockfill

In this report a general overview of the advantages and the disadvantages of a different solution
— by anchoring of the dam to the rock base. Mostly the influence of the structural solution on the
stress distribution is analyzed.

PEKOHCTPYKIMUSA HA A30BUPHA CTEHA "BEJIM UHCKBP'" C HAIIPETTHATH
AHKEPH, 3AKOTBEHH B CKAJIHATA OCHOBA

Mapus Masposa-I'nprunoBa, Anexkcanabsp TpaiikoB
YHUBEPCHUTET 10 apXUTEKTYpa, CTPOUTEICTBO U reojae3ust - Codus

PE3IOME

[IBpBUAT eTam OT PEKOHCTPYKIIMATA U pexaOmIuTanusITa Ha OeTOHOBATa SI30BUPHA CTEHA
Benmn Uckwp e peamusupan mpe3 2002r. [Tonoxena e PVC reomemOpana BbpXy BOAHHUS OTKOC,
W3MBJIHEHN Ca WHXKEKIIMH B TSAJIOTO HA CTEHATa M HOBA MPOTHUBOMUITPAIMOHHA WHKEKIIMOHHA
3aBeca B CKaJlHaTa OCHOBA.

3a ;a mpoaBIDKKA Oe30macHaTa eKCIIoaTals Ha si30BUpa ce Hajara ja ObJe moaoopeHa
olmmaTa yCTOMYMBOCT M HOCEIIaTa CIIOCOOHOCT HAa CTEHATa,BKIIOUUTEIIHO OpasMepsiBaHe Ha
CeU3MHUYHM BB3AEUCTBUsS. ToBa € 3agaya Ha mnpeacrosAmus BTopu eram oT mpeaBWKIaHaTa
PEKOHCTPYKIIUSATA.

B u3BecTHHTE MPOEKTHU pa3pabOTKH ca pas3riielaHd Pa3IndHU BapUAHTH 32 YBEJINYaBaHe
CUTYPHOCTTA Ha si30BHpHATa cTeHa. Cle/l TeXHUKO—MKOHOMHYECKO CpaBHEHHE Ha T€3U BapUaHTH
3a Bropus eram OoT peKOHCTPYKIHATA ca MPEANOYeTeHH 1a ObaaT pa3pabOTEeHU B JETANIM 1B OT
TIX:

-VkpenBaHe Ha Bb3AYIIHUS OTKOC Ha CTeHaTa ¢ 0ETOHOBA KOHCTPYKITHS;
-3aTeXHIBSHE HAa BB3AYIIHUS OTKOC C YIUTBTHEH KAMEHEH HACHII.

B Hacrosimus Aokian ce mpaBu OOl aHAIM3 Ha MPEAMMCTBATa W HEAOCTAaThLUTE Ha
BApPUAHT 3a PEKOHCTPYKIIMS Ype3 aHKepUpaHe Ha CTeHaTa. AHaIu3Mpa ce TJIaBHO BIUSHUETO Ha
KOHCTPYKTUBHOTO  pEIlIEHWE BBPXY HamperHaroro u JaedopMUpPaHO CHCTOSHUE Ha
CBHOPBKEHUETO.



HOISTING FORCES ON HIGH-HEAD ROLLER GATES

Volker Kienberger
VA TECH HYDRO GmbH & Co
A —4031 Linz, Lunzerstral3e 78, P.O. Box 28, Austria
Phone:+43-70-6987-8817, Fax:+43-70-6980-8826, E-mail: Volker.Kienberger@vatech-hydro.at

ABSTRACT

To guarantee secure operation of water passages of high-head power plants - as intakes, diversions,
bottom outlets or spillways - roller gates can be installed. The movement of such gates in upward and in
downward direction has to be possible at any operation condition, but most important in emergency cases.
Hoisting equipments — by preference hydraulic hoists — have to be designed to withstand all forces acting
on such a gate in vertical direction.

The paper treats the calculation of those vertical forces. Besides dead weight, buoyancy and frictional
forces very important is the estimation of hydrodynamic forces. From all types of high-head gates, leaf
gates cause the greatest problems in connection with hydrodynamic forces. The so-called downpull is
often greater than the dead weight of the gate. Accurate design for any hydraulic working condition is
demanded for that purpose.

In order to improve the knowledge of downpull forces VA TECH HYDRO commissioned the Institute of
Hydraulic Engineering, Vienna University of Technology, to carry out model tests. The tests leaded to
results allowing to reduce assumed forces for the lay out of hydraulic cylinders and hydraulic power unit
and, thus, to reduce costs.

Conceptional modifications of the shape of the gate, openings in the vertical main girders, even exceeded
those primary results.

HOAEMHU CUJIM BbPXY BUCOKOHAITIOPHH POJIKOBH 3ATBOPU

®oukep Kuiinbeprep
VA TECH HYDRO GmbH & Co
A-4031 Linz, Lunzerstrasse 78, P.O. Box 28, Austria
Phone: +43-70-6987-8817, Fax: +43-70-6980-8826, E-mail: Volker.Kienberger@vatech-hydro.at

PE3IOME

3a rapaHTUPAHETO HA CHTypHATA €KCIUIOATAITN Ha BOJIOMPOBEKIAMNTE CHOPHKCHISI Ha BHCOKOHAITOPHH
€JIEKTPOIICHTPAIIN - KaTO BOJIOB3EMAaHMsI, OTKIOHCHHUS, JHHHU U3ITyCKATEIH WU MPETUBHUIM - MOTaT J1a
Ce MHCTAJIMPAT IBJ3SIIM Ha JIATepU 3aTBOPH. J[BIDKEHHETO Ha TaKWUBa 3aTBOPY HArope W HaJody TpsOBa
la € BB3MOXXKHO TPH BCAKAKBU EKCIUIOATAIIMOHHW YCJOBHS W Hali-Be4e NpU aBapUiHU CHUTYaIWH.
IloBmuratemuuTe MEXaHWU3MH - 3a TPEANOYNUTaHE ca XUAPABIUIHUTE IOBAWTAaYM - TpsaOBa ma ca
MPOEKTUPAHH, TaKa Y€ J]a MOTaT JIa yCTOAT Ha BCUUKHU CHJIM, KOUTO JEHCTBAT Ha 3aTBOpa BHB BEPTUKAIIHA
ITOCOKa.

To3u mokiam pas3riexaa W3UMCICHHATA Ha BEPTHKATHHWTE CWIH. Hapem cbc COOCTBEHOTO TETIIO,
XUAPOCTATUYHUS TOJIEM U CHJINTE HAa TPUEHE, MHOTO Ba)KHA € U OIICHKAaTa Ha XUIPOJUHAMUIHHUTE CHIIH.
M3mexny BCHUYKM BUIOBE BHCOKOHAMOPHM 3aTBOPH, CEKTOPHUTE 3aTBOPU CbH3AaBaT HaN-TOJIEMUTE
MpOoOJIEMH TT0 OTHOINICHUE HAa XWAPOJAMHAMHYHUTE CHIIM. Taka HapedeHOTO TETJICHE HAJO0y € YeCTO IIO-
TOJIIMO OT COOCTBEHOTO TEryo Ha 3arBopa. [lopanu Ta3m mpuumHa € HEOOXOIUMO TOYHO MPOCKTHUPAHE
ChOOPA3CHO C BCUYKU BH3MOXKHH €KCILIOATAIHOHHU YCIIOBUSL.

3a ma monoOpu mo3HaBaHeTo Ha Ternemute Hanony cun VA TECH HYDRO Bw3noxu Ha UHCTHTYTA 11O
BOJHO CTPOMTEICTBO KBbM TexHHWUeckwsi YHHBEpCHTET BueHa nma mpoBene MOICITHH H3CIICIBAHUSA.
W3cnenBanusta JA0BeqOXa IO PE3yJITaTH, KOUTO IMO3BOJIMXAa HAMAISBAHETO HAa BBIPOCHUTE CHIIH TIPH
MOHTHPAaHETO Ha XHJPABIUYHHATE IWJIMHAPH W 3aJBIKKaTa, a MO TO3W HAYWH HaMajsdBaHe W Ha
pasxonure.

Konnentyanau npoMeHnu BBB (hopmara Ha 3aTBOpa, Ype3 OTBOPHU B TIABHUTE BEPTUKAIHU TPEAH, TOPH
HAJIXBbPJINXa T€3U MbPBUYHU PE3YITATH.



PROBLEMS OF DAMS MONITORING

Christo Abadjiev
University of Architecture, Civil Engineering and Geodesy, Sofia
abadjiev@pi-link.net

SUMMARY

The safety control of a dam includes the monitoring system, including the visual inspections,
on the one hand, and the analysis of all measurements and observations, the conclusions and
decisions for actions, on the other hand.

The instrumentation could be the reliable basic component of the monitoring, however it
could be also unnecessary expensive, wrong directed, giving confusing results and even to be
dangerous for the dam itself.

A lot of instruments are installed in new dams and plenty of measurements are performed.
However, few conclusions about the optimization of the instrumentation have been made and
still less shared and published. Some need exists to summarize the analyses and all the
experience gained. On the basis of realized observations and analyses, the dam monitoring
system can be optimized to minimum quantity of instruments and at the same time sufficient to
guarantee the dam safety at the lowest cost.

To be effective, the monitoring requires a logical and comprehensive program and careful
execution, to begin with clear defining the purposes of the monitoring program and end with
planning how to implement the measurement data. Here, the basic links and steps of a successful
dam safety monitoring program are presented, as well as some examples of often used wrong
decisions.

IMPOBJIEMH TP MOHUTOPHUHI'A HA A30BUPHUTE CTEHHA

Xpucro Adamkuen
YHUBEPCUTET 10 apXUTEKTYypa, CTPOUTEICTBO U reoae3ust, Codust

abadjiev@pi-link.net
PE3IOME

MHoOT0 WHCTPYMEHTH C€ BJaraT B HOBUTE S30BHPHH CTEHH W MHOTO M3MepBaHUs ce mpassT. Ho
MAaJIKO M3BOJIU U 3aK/IOUeHUs ce mpapsaT. Olie Mmo-Majko ¢e CIOACIAT U myOauKyBar. UyBcTBa ce HyX/a
oT 0000II1aBaHe HAa HATPYIIAHUS OIHT 10 U3MEPBAHUATA HA OTICIHUTE SBJICHUS MPU PA3IMYHUTE BUIOBE
CTeHH W TEXHUS aHaJIH3.

Bb3 ocHOBa m3BBpIICHH HAOMIOACHHS MOXE Ja C€ ONTHUMH3Hpa KOHTPOJIHO HM3MepBaTelHaTa
CUCTEMa, Oa C€ MU3BbpHIBAT JOCTATbYHU 3a CUT'YPHOCTTAa Ha CTE€HATa HU3MCPBAHHWA IIPpU MHWHHUMAJIHA
CTOMHOCT.

HanexxnHocTTa Ha MOHHUTOPHHTA HAa CHTYPHOCTTA Ha SI30BHpHATA CTEHA 3aBHCH OT IUIAHHUPAHETO
Y U3IBJIHEHUETO Ha SICHA M MOCJICA0BATEIHA Iporpama. Ts 3amo4yBa OT IPOrHO3UPAHE Ha MOBEACHUETO Ha
SI30BUpHATA CTCHA, ACQUHUPAHETO HA MPOIECUTE, KOUTO TPsIOBa J1a ce HAOtoaBaT U U3MEPBAT U Kak Jia
ce JIelicTBa MpH aHOMAIINH, N300pa Ha HHCTPYMEHTH U TAXHOTO Pa3MoiioKeHNe, HAYMHBT U €K3eKYTHUB Ha
noJiaraHe, peJ0BHO TMObpPiKaHe U KaauOpHupaHe, chOupaHe, rpaUuecKo MpeacTaBsiHe U HHTEPIPETUPAHE
Ha JAHHWUTE W 3aBBpIIBA C aHAM3a HAa CHCTOSHUETO HA CHOPBHKCHHUETO M CHOTBETHHTE MEPKHU.
MOHHTOPUHTBT € Bepura OT Te3W 3BeHa. HajexaHocTTa Ha Ta3W Bepura € TOJKOBA CHIIHA, KOJKOTO €
CHJTHO Hal-c1aboTo ¥ 3BeHO. 3aTOBa Ha BCSIKO OT TSAX TPSAOBa Ja ce oOpbINa moao0aBamoTo BHIMAHIE.
Tyk ca mpencTaBeHM HAKpaTKO OCHOBHHMTE 3BCHA M €Talld Ha €lHAa MOHHMTOPHUHIOBA MporpaMa 3a
SI30BUpHA CTCHA.



EMBANKMENT DAMS IN AUSTRIA
DESIGN FEATURES AND SAFETY ASSESSMENT

Peter Tschernutter, Civil Engineer
Tschernutter Consulting Ltd.

SUMMARY

In Austria 25 embankment dams are registered with heights from 15 m to 153 m and one of them
is currently under construction. Almost all high dams preliminary serve for the purpose of
utilizing hydropower. Prior to 1958 dams were built at heights of up to 25 m and later on 20
higher dams have been constructed with central earth cores (four), central concrete cores (two),
central asphalt concrete cores (four) and asphalt concrete facings (ten).
For asphalt concrete faced dams actual design features, the evaluation and the current state of the
technology as well as long term experience together with ongoing ageing phenomena in high
mountain regions will be described and shown on different samples.
On the other hand the design philosophy of an 88 m high dam with a central asphalt core, the
construction technology and some long term operating experience will be given.
In the assessment of safety a certain subjective element is inevitable and - as wellknown -
procedures differ from one country to another. Particularly important behaviour data for safety
assessment in Austria are:

- Seepage

- Uplift and porewater pressures

- Deformations of the dam, foundation and surroundings

- Ageing of materials

- New flood design criteria

- Required adjustments of the monitoring system
On some samples constructional measures for improving the stability and durability of dams
(relief wells, additional sealing of the dam abutment, strengthening and repair of asphalt concrete
facings) and their operational equipment (spillway capacity, dam crest height, new bottom and
intermediate outlet).
On several dams the monitoring systems have also been improved.



HACHIIHU SA30BUPHU CTEHHU B ABCTPUSL. OCOBEHOCTH HA
IMPOEKTUPAHE U OHEHKA HA CUT'YPHOCTTA

IHerep YepHyTTEp, CTPOUTENICH UHXKEHED
Tschernutter Consulting Ltd.

PE3IOME

B ABctpus ca peructpupaHu 25 HaCUIIHU S30BUPHHU CTEHM C BHUcouMHa oT 15 no 153 m, kato
€/1Ha OT TSAX B MOMEHTA ce u3rpaxaa. IlouTn BCHUKM BUCOKU CTEHU MPEUMYIIECTBEHO CIyXarT 3a
u3Moa3BaHe Ha BoaHata eHeprus. Jlo 1958 r. si30BUpHUTE CTEHU ca CTPOCHU C BUCOYHHA JO
25 M, a cnex ToBa 20 MO-BHCOKM CTEHHM ca OWJIM HM3rpajIieHd C LIEHTPAIHU 3eMHHU s1pa (4),
HeHTpasHu OeToHHM 1uadparmu (2), neHTpanHu acdantoOetoHHH auadparmu (4) u
acantoberonnu expanu (10).

Paznuunu mpuMepw MoKa3BaT OIGHKATa M HACTOSIIOTO CBCTOSHHUE HA TEXHOJOTUUTE 32
U3rpaxkJaHe Ha CTEHUTE ¢ acPanTOOETOHHHM €KpPaHW BbB BUCOKOIUIAHMHCKHM PaiOHM, KAaKTO U
OIINTA C SIBJICHUETO Ha CTapeeHe.

Ot gpyra cTpaHa ca NnpejacTaBeHH MpoekTHaTa ¢uiiocopus Ha S30BUPHA CTE€HA, BUCOKa 88 M, ¢
[EHTPAITHO ac(alTOBO SIIPO, KAKTO U IBJITOTOJAMIICH ONUT B €KCIIOATAIUATA H.

B ouenkaTa Ha cUrypHOCTTa, HEU30EKHH Ca HAKOU CYOEKTHBHU €JIEMEHTH U, KaKTO € U3BECTHO,
IPOIIETyPUTE C€ pazIruaBaT B pa3inyHUTe cTpaHu. CrienuaiHo 3a ABCTpUs, JaHHUTE C 0COOEHO
3Ha4YeHHE 3a OLICHKAa Ha CUTYpHOCTTAa, ca:

buntpanus

BOJIEH I10/IEM U NOPOBO HaJIATaHe

negopMany Ha CTEHATa, OCHOBATA U MPHJICKALIUTE TePEHH

CTapeeHe Ha MaTepUaInTe

HOBH IPOEKTHU KPUTEPHH 32 BUCOKA BBJIHA

M3WCKBAaHU HACTPOWKHN Ha MOHUTOPHHTOBATa CUCTEMA

B Hskou oT ciydanTe ca B3€TH KOHCTPYKTMBHU MEpPKH 3a MOJ0OpsiBaHE HAa YCTOMYMBOCTTA U
JTBITOTPAtHOCTTA HA CTEHUTE (OOJEKUYNUTENHU KIaIeHIH, JOMBJIHUTEIHO N30JIMPAHE HA OMOPUTE
Ha CTEHaTa B CKaTOBETE, YCHJIBAaHE M PEMOHT Ha ac(anTOOETOHHHUTE €KPaHW) M Ha TAXHOTO
€KCIUIOaTallMOHHO 000pyiBaHe (MPOITyCKHA CIIOCOOHOCT Ha MPEIMBHUK, BUCOUMHA HA KOPOHATa,
HOB OCHOBEH U MEXJIWHEH U3ITyCKaTeNl).

[Tpu HsIKOM OT CTEHUTE ca MOJOOPEHU U KOHTPOIHO-U3MEPBATEIIHUTE CUCTEMHU.



SAFETY OF TAILING PONDS IN MINING INDUSTRY WITH THEIR
REMEDIATION

Ivanka Atanasova, Violeta Veleva, Zdravka Karaivanova
“NIPRORUDA” JSCo — Sofia
Borislav Kalchev — “Geosinmat” Ltd.

ABSTRACT

The storage of the tailings from mining and concentrating of ferrous and non-ferrous
metals ores and industrial minerals and other operations has been performed in waste depots
known as tailing ponds. These structures if are not supervised and remediated could cause
ecological problems. Many of them are potentially dangerous due to their large volumes and
reached heights of construction.

For eliminating the harmful consequences from mining and processing operations of
natural resources and in pursuance of Programs for remediation of environment pollution caused
by historical actions of negligence currently is initiated their conservation and reclamation of the
tailing ponds. For achieving this target is necessary to be known well the specific character of
construction and operation of such facilities, to be made an assessment of the bearing capacity of
the storaged tailings. These potentially dangerous structures should have a guaranteed stability
also after their reclamation.

For implementation of the remediation and reclamation measures for these structures are
possible two approaches:

B After awaiting a complete draining of the waste (tailing), which is a long process
(according to the experience gained by “NIPRORUDA?”, as per hydrological minimum
may last more than 5-6 years) and only just after verification of the bearing capacity of
tailings through conducting new engineering-geological surveys could be allowed the
procedure for conservation and remediation;

B By consolidation of the non-consolidated tailing applying specific technology with
use of geo-nets, acting as reinforcement. In such a way is ensured potentiality for safe
work of building and transport machinery.

On the tailing pond “Rossen 2” project was imposed the second engineering solution.
The total horizontal area is 150 decares. In result of the engineering solution was closed the
water mirror of the tailing pond “Rossen 2” for a period of 4,5 months.

For the first time in our country were used geo-nets for conservation of such a project.
With the implementation of this project was eliminated the risk of people and animal sinking.
Also was ceased the dust-loading of the region which is in close vicinity to the beach of
Chernomorets village.

The security guarantees of those important facilities (tailing ponds from mining industry)
should be found, even after their closure, in the deep knowledge in structures of the projects and
the bottlenecks during their operation, and in the possibility for taking proper and competent
decisions.



CUT'YPHOCT HA OTITAABKOXPAHUJIMIIIATA OT JOBUBHATA
IMTPOMUIVIEHOCT ITPH TAXHOTO CAHUPAHE

HNBanka AtanacoBa, Buosera BeneBa, 31paBka KapauBanosa
“HUITPOPYIA” A/l — Codus
Bopucaas Kanues — “I'eocunmatr” OO/]

PE3IOME

CpxpaHsBaHETO Ha OTHAABLMTE OT JO0OMBa U 00OraTsIBAaHETO HA PYAM HA YEPHU U LIBETHU
METaJIM U HEPYAHM M3KONAeMU M Jp. MPOU3BOJCTBA € M3BBHPIIBAHO B OTIAIbKOXPAHWUIIUINA,
HOMYJISIPHU KAaTO XBOCTOXpaHWIMINA. Te3u CchOpbKeHUs, OcTaBeHUu Oe3 HaOIoAeHHEe U
CaHMpaHe, MOraT /1a Ch3aJaT €KOJOIMYHHU IpoOiaeMu. MHOro oT TsX ca MOTEHLUAIHO ONACHHU ¢
roJeMUTe ¢l 00E€MH U JOCTUTHATH BUCOYMHHU Ha U3TPaXKIaHe.

C uen TUKBUAMPAHE HA BPEIHHUTE MOCIEACTBUS OT A00MBA U pepaboTKaTa Ha MPUPOIHU
pecypcu, B usnbiaHeHHe Ha [Iporpamu 3a oTcTpaHsBaHE Ha €KOJOTMYHM IIETH OT MHUHAIH
neictBus wiau Oe3feicTBUS cera ce MNPUCThIIBA KbM KOHCEpBAallMs M PEKyJITHBALUSA Ha
OTIAABKOXPaHUJIMILATA. 3a 1a c€ U3ITBJIHU TOBA, € HEOOXOAMMO Ja ce Mo3HaBa crelnupuKaTa Ha
CTPOUTENICTBOTO U €KCIUIOATALMATa Ha TE€3U ChOPBKEHHUS, 1A CE€ HAIPaBM OLICHKA Ha HOCEIaTa
CIIOCOOHOCT Ha CKJIaJUpaHus OTHaabK. Te3u MOTEHUMAalTHO OMAacHU ChOPBKEHHUsS TpsOBa na
UMart rapaHTHpaHa yCTOMYMBOCT U CIIE]] TAXHATA PEKYJITUBALMSL.

[Ipu peanuzanusTa Ha O3APABUTEIHUTE M PEKYJITUBALMOHHU MEPONPHUATHS Ha TE3U
CBhOPBIKEHUS Ca Bb3MOKHU JIBa MOAXO0/A:

B ciaex wu3yakBaHe MBIHOTO JAPCHHpaHE Ha OTMaabka (XBOCTa), KOETO €
OpoABIDKUTENEH mpouec (crnopen mnpupodutus omut Ha “HUIIPOPYIIA”, npu
XUIPOJIOKKM MHUHHUMYM MOXE [a MPOABIKUA IOBEYe OT 5-6 TOAWMHM) U €lBa IpHU
JIOKa3BaHE HOCHUMOCHOCOOHOCTTAa HAa XBOCTAa 4pe3 U3BBPIIBAHE HAa HOBHU
MHXX. T€OJIOKKU TPOYYBaHMUS MOKE /1a C€ pa3pelld M3IIbIHEHUE Ha KOHCEpBalMsi U
PEeKYITHBALINS;

B ype3 3a3apaBsiBaHe HAa HEKOHCOJMIUPAHHS XBOCT MO CIICI[HAIHA TEXHOJOTHS C
U3I0J13BaHEe HA F€OMpPEXKH, paboTeIn KaTo apMupoBka. I1o To3u HauuH ce ocurypsisa
BB3MOKHOCT 3a Oe30macHa paboTa Ha CTPOUTENIHATA U TPAHCIIOPTHA TEXHHUKA.

Ha obektr xBocroxpanmnmmie “PoceH 2” ce HaJIOKM H3IMOJI3BAHETO HAa BTOPOTO
TexHudecko pemerre. Oo6mara xopu3zoHTanHa 1wiony € 150 nka. B pe3ynTaT Ha TEXHUYECKOTO
pelIeHre ce 3aTBOPH BOJHOTO OIJIeiajno Ha XxBocToxpaHnuiuiie “Pocen-2” 3a 4,5 mecena.

3a mBpBH MBT y HAC CE M3MOJ3Baxa TEOMPEXH 3a KOHCepBalus Ha TakbB 00ekT. C
peanu3anusITa Ha IPOEKTa ce IMpeMaxHa OIMacHOCTTa OT MPOIa/lane Ha Xopa u KUBOTHU. Cripsi ce
U 3ampaliaBaHeTO Ha pailoHa, KOWTO € B HEMOCPEACTBEHa OJM30CT /10 IJIaKHAaTa HBHUIA Ha
c.YepHomopel.

lapanuuuTe 3a CUTypHOCTTA HA T€3M OTTOBOPHHU CHOPBKEHHUA (OTNAIbKOXPAHWIUIIATA
OT JIOOMBHATa MPOMUIIUICHOCT) M CJIE]l 3aKPUBAHETO UM, TpsiOBa Ja C€ THPCAT MPEAN BCUYKO B
3a1bJIOOYEHOTO TO3HaBaHE KOHCTPYKIUATA HA U3MBIHEHUTE OOEKTH, MPOOJIEMHHUTE MecTa IO
BpeMe Ha eKCIUIoaTalusATa UM U BbB BB3MOXKHOCTTA 3a B3€MaHE HAa TOYHU M KOMIIETEHTHU
peuieHusl.



DAM AND HYDRAULIC STRUCTURES SAFETY
IN TERMS OF THE GUIDELINES FOR TECHNICAL EXPLOITATION

Rositsa Nikolaeva
University of Architecture, Civil Engineering and Geodesy- Sofia

SUMMARY

Dam and hydraulic structures safety during exploitation is the core of the obligations of the
operation teams. In 2002 the Guidelines for technical exploitation was adopted by National
Electricity Company. This paper gives systematically operation requirements and obligations for
the every stage of the hydraulic structures life; criteria for safety estimation; role of monitoring;
inspections for state estimation and information documentation.

CUI'YPHOCT IIPU EKCIVIOATALIMA HA A30BUPHU CTEHU U XTC
3AJIO’KEHA B ITPABUJIHUK 3A TEXHUYECKA EKCIVIOATAIIUA

Pocuna HukosaeBa
YHHUBEpPCUTET MO apXUTEKTypa, CTPOUTENCTBO U reozesus — Codus

PE3IOME

CurypHocTTa Ha ekcIuloaranusi Ha si3oBupHHTe cTeHM M XTC e B oOcHOBara Ha
3aIBJDKEHUATA Ha EKUITUTE TI0 eKCIII0aTallusl.

[puernsar npez 2002 r. or HEK- EA/] IIpaBuiHuK 3a TEXHHYECKA €KCILJIOATallUs Ha
si3oBupHHU cTeHn 1 XTC kpMm BELL, TEL u AEIl nocnenoBarentno ¢opMynupa U3HCKBaHHUATA H
3aIbJDKEHUSATA HA EKCIUIOATAIUATa Tpe3 Pa3IMYHUTE €Tanmu Ha padoTa Ha XUAPOTEXHUYECKHUTE
CHOPBKEHUSI OTHOCHO CUTYPHOCTTa MM, KaKTO M TOKa3aTeJMTE 3a OLIEHKa Ha CHUTYPHOCTTA,
ponsita Ha HAOMIONEHUSATA W U3MEPBAHUATA, WHCIEKIMUTE 3a OICHKAa Ha CBHCTOSHUETO
(curypHOCTTa) Ha CHhOPHKECHUATA U IOKYMEHTHpPaHe Ha HH(OpMaIusITa.
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