Construction Technologies S.V. Evdokimov P.182-185

IRSTI67.11.59

S.V. Evdokimov ‘ ©

= Candidate of Technical Sciences, Associate Professor

ORciD | https://orcid.org/0000-0003-4006-2890
Architecture and Civil Engineering Academy, Samara State Technical University,

LY
% Samara, Russia
@

evdokimov.sergey1970@yandex.ru

https://doi.org/10.55956/AJK09869

ANALYSIS OF SEISMIC LOADS IMPACT ON THE MAIN
EQUIPMENT OF HYDROELECTRIC POWER PLANTS

Abstract. The paper analyzes the problem of seismic resistance of the main
equipment of hydroelectric power plants, showing that the solution of this problem turns out
to be much more complicated than previously imagined. The scenarios of hydroelectric
power plant operation disruption in case of insufficient seismic resistance of its equipment
are considered. It is concluded that exogenous and technogenic seismic events should be
taken into account at the design stage when assessing geologic hazardous processes and
phenomena at the site of HPP location.
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Introduction. The problem of seismic resistance of the main equipment of
HPPs appeared in the former USSR after the earthquake with intensity of 8 points
on MSK scale in the area of Kairakkum HPP on October 13, 1985. Spitak earthquake
of 1988 in Armenia made this problem even more urgent. For HPPs, less attention
is still paid to the issues of improvement of methods for analyzing, evaluating and
increasing the earthquake resistance of the main equipment, mainly electric power
equipment, than to the construction part of buildings and structures [1].

In the aforementioned earthquake in the area of the Kairakkum HPP, two
phases of the block transformer arresters were destroyed at the building of the HPP,
and at the ORU-220 — seven phases of disconnectors, three phases of the voltage
transformer, and three phases of arresters. The transformers were displaced along the
rails at several substations and at one substation a transformer weighing 66.8 tons
“jumped” and displaced across the rails at a distance of about 0.3 meters.

The consequences of the 1990 earthquake in Moldavia were also
characteristic: with seismic impact of less than 7 MSK, there were no significant
mechanical damages at substations, but low functional seismic stability of the
equipment resulted in significant losses in power supply, which led to the shutdown
of 47 power lines, 44 substations, 157 settlements were de-energized, etc. [2].
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In comparison with other earthquakes, Spitak earthquake was the most
destructive that occurred on the territory of the former USSR, and in terms of damage
to 35-220 kV substations it was the most characteristic. At the surveyed substations
it's intensity ranged from 7 to 9 MSK. The most characteristic damages at 35, 110
and 220 kV substations were: the movement of transformers along rails up to 1 m
and resetting of rails with breakage of bushings; damage of overhead switches with
porcelain breakage; damage of 220 kV disconnectors with destruction of insulator
support columns; destruction of 110 and 220 kV arresters; destruction of 220 kV
current transformers; damage of high-frequency barriers when installing them on the
support insulator; destruction of accumulator batteries of SC type; partial damage of
building structures, control rooms and switchgears, and in the epicenter of the
earthquake at “Spitak” substation three-storey building of the control room was
completely destroyed.

A comparison of the consequences of the earthquake in Armenia (1988),
where were actually no appropriate anti-seismic measures at power facilities, with
the consequences of the earthquake in California (USA, 1989), where much attention
was paid to the seismic resistance of power facilities, showed that in both cases there
were significant destructions of electrical equipment. Apparently, this circumstance
indicates that the solution of the problem of seismic resistance of electrical
equipment turned out to be much more complicated than previously imagined. It is
significant that equipment damage was observed not only in catastrophic
earthquakes like Spitak earthquake, but also in a very “moderate” shaking.

Materials and methods. For conditions of hydroelectric power plants of the
European part of Russia, taking into account available statistical data, it is of interest
to consider the seismic resistance, first of all, of electrical equipment — high-voltage
switches, disconnectors and arresters, as well as power transformers. In addition to
electrical equipment, it is of interest for HPPs to assess the seismic resistance of the
following equipment: gantry cranes of the spillway dam; main bridge crane of the
engine room; hydraulic units; gates of the spillway dam [3,4].

As the analysis has shown, with insufficient seismic resistance of this
equipment the following can happen [5]:

— cranes may “fly off” the rails, and the engine room crane may also fall;

— gates may be so deformed that they jam in their slots; the worst situation is
if the earthquake occurs simultaneously with the spring-summer flood (May-June);

— disturbance of the hydro unit shaft alignment, inadmissible runout,
resulting to the necessity of hydro unit shut down.

The seismic resistance of most currently operated equipment is unknown for
the following reasons:

1) Previously, there were no relevant regulatory documents and, therefore, no
relevant requirements were made and no relevant inspections were carried out;

2) Even if some types of equipment have been tested for earthquake resistance
on a test bench, these products were subjected to such testing prior to their operation.
During operation, the mechanical properties of the products and thus their
earthquake resistance may have changed due to aging processes, wear and tear, etc.;

3) The condition for seismic resistance of technical products, especially large-
sized ones, that have passed the relevant tests is also that the foundations or other
structures on which they are installed must not amplify seismic vibrations; this
condition is not always fulfilled when the products are installed, or the properties of
the foundations change during operation.

The initial seismicity in the area where the hydroelectric power plants are
located was clarified on the basis of collecting published data on events attributed to
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earthquakes in the area under consideration and analyzing the nature of these events.
The essence of the problem lies in the fact that in the primary Catalog of earthquakes
of the Russian Empire to earthquakes referred all natural phenomena that were
accompanied or could be accompanied by shaking on the earth's surface, such as -
strong thunderstorms, aerolite falls, landslides, rockslides, karst failures, phenomena
associated with frost heave, unusual sound phenomena, many of which were later
included in catalogs of tectonic earthquakes [6].

Research results and discussion. As a part of the work conducted, data on
242 events that were referred to earthquakes in the literature were collected and
analyzed. As a result of analyzing the nature and reliability of these phenomena and
events, erroneous and unreliable events were highlighted [7]:

1) exogenous phenomena — accompanied or not by weak shaking (rockslides,
landslides, meteorite falls);

2) technogenic earthquakes: caused by mining of mineral deposits in the mines
of Kola Peninsula, Urals and oil fields of Volga region, as well as industrial
explosions.

Thus, exogenous and anthropogenic seismic events should be taken into
account at the project stage when assessing geologic hazardous processes and
phenomena at the site.

Conclusion. As a result of the analysis, tectonic and probably tectonic
earthquakes of indeterminate nature were singled out, which should be taken into
account when assessing seismic hazard, as well as seismic active zones located on
the periphery of the HPP location area were singled out.
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C.B. EBAOKMMOB
1Camapa memnexkemmik caynem-Kypbinbic yHueepcumemi, Camapa K., Peceii

CY I/IEKTP CTAHUUANAPDIHbIH HETI3r XXABAbIKTAPbIHA
CEMCMMUKADIK, }XYKTEMENEPAIH 9CEPIH TANOAY

AHpaTna. MaKanaga cy 3NeKTp CTaHUMANAPbIHbIH, Heri3ri abAblKTapblHbIH, Xep
cinKiHiciHe Te3imainiri maceneci TangaHagbl, 6yn maceneHi wely OypbiH YCbIHbIIFAHHAH
aNaeKkanpa Kypaeni ekeHAiri KepceTinreH. MAPO3NEKTPOCTAHUMAHDBIH, abAblfbIHbIH,
ceMCMUKanblK, Te3iMmainiri KeTKinikcia 6o0nfaH Ke3ge OHblH,  KYMbICbIHbIH,  By3blay
cueHapuiinepi Kapangbl. IIC opHanackaH *Kepaeri KayinTi reosornanbik Npouectep MeH
KybblnbicTapabl Gafanay KesiHAe Kobanay caTbiCblHAA 3K30MEHAIK OHE TeXHOreHAiK
ceCMMKanbIK OKUFanapabl eCenKe any KaxKeTTiniri Typanbl KOPbITbIHAbI *Kacanabl.

Tipek ce3gep: ruapoanekTpoctaHumanap, IC-TiH, Herisri XabAblKTapbl, Heri3
TOMbIPaKTapbl, ¥ep CiAKiHiciHe Te3iMAinik, 3K30reHAik cercMuKanblK KybblabicTap,
TEXHOreHAiK CeMCMUKaNbIK KybblnbicTap.

C.B. EBaokumosB

1Camapckuli 20cydapcmeerHblli apxumekmypHo-cmpoumenbHbill yHugepcumem,
2. Camapa, Poccusa

AHANU3 BO3AENCTBMA CENCMUYECKUX HATPY30OK
HA OCHOBHOE OEOPY,OBAHUE rTMAPO3/EKTPOCTAHL U

AHHOTauua. B cratbe aHanusmpyetca npobsema CeNCMOCTOMKOCTU OCHOBHOIO
060pyn0BaHMA MMAPO03NEKTPOCTAHLMMI, MOKA3aHO, YTO PeLLeHMe 3TOMN 3a4a4M OKa3blBAETCA
ropasgo 6onee CNOXHBIM, 4YeM MPeACTaBAANOCH paHee. PaccmoTpeHbl cLeHapuu
HapyweHua paboTbl M’MAPO3/EKTPOCTaHUMU NPU HeAOCTAaTOYHOM CEeMCMOCTOMKOCTU ee
obopypoBaHuA. CaenaH BbiBOA, O HEOOXOAMMOCTM y4yeTa 3K30reHHbIX UM TeXHOTeHHbIX
cercMMYecKnxX cobbITUIA Ha CTaANN NPOEKTUPOBAHUA NMPU OLLEHKE OMACHbIX Fre0/I0FMYECKUX
NPOLEeccoB U ABMIEHUI B MecTe pasmelieHuna MNC.

KnioueBble cnoBa: ruapo3neKTPOCTaHLUN, ocHOBHOe obopyaosaHue MIC, rpyHTbI
OCHOBaHWI, CENCMOCTOMKOCTb, 3K30reHHble CEeNCMUYECKNEe ABNEHWUA, TEXHOTEHHble
cefcmMmMYecKne ABNEHUA.
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