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AHHOTALUMNA

BBeaeHue. PaccmaTtpuBaloTcs pycrnoBble HanopHble 3aaHust rmgpoanektpoctaHuuii (MF3C). B cocTtaB Takmx 3gaHui BXOAAT
ene3obeToHHbIE ObIYKM, HAMOPHbLIE CTEHbI COBMECTHO C NEPEKPLITUSMU MALUMHHBLIX 3aroB, pyHAaMeHTHble NnnTbl Ap. OHK
UMeIT MeXOMoYHble CTpoUTenbHble LWBbI. B npouecce MHOroneTHen akcnnyatauuy BO3HUKaT Npobremsbl, 13-3a KOTopbIX
NPOVCXOAUT CHUXKEHNE SKCNIyaTauMOHHbIX XapaKTEPUCTMK >Kene300eTOHHbIX KOHCTPYKUMIA 3aaHnii MOC.

MaTepuanbl U Metoabl. XKene3obeToHHash KOHCTPYKLMS pycroBoro HanopHoro 3gaHus M9C TuwpuH MoaenupoBanach
B 00bEMHON NOCTAHOBKE B paMKax MeTOAa KOHEYHbIX 3IEMEHTOB A1 onpeaeneHns HanpsKeHHo-4eOpPMUPOBAHHOTO CO-
ctosHusa (HOC) npu cericMnyeckoM BO3OENCTBUN UHTEHCUBHOCTLIO bonee 8 H6annos. CooTBETCTBYOLLME pacyeTbl NPOBO-
OUNNCb Ha OCHOBE AUHAMUYECKOM TEOPUM C UCTIONb30BaHMEM akceneporpamm.

Pesynbratbl. Pacyetbl HOC xene3obeToHHOro pycrnooro HanopHoro 3aaHust FAC TuwpuH nokasanu, 4To nog AeicTBUEM
PacTSArMBaOLLNX HAMPSBKEHWUIA NMPOUCXOAUT PaCKPbITUE MEXOMOYHBLIX CTPOUTENbHBIX LUBOB, KOHTAKTHOIO LUBa MeXay MoAo-
weon 3gaHna MNC n ocHoBaHMeM, a Takke 0bpasoBaHMe TPELLUH B MOHOMUTHOM YacTu.

BbiBogbl. C y4eToM NonyyYeHHbIX pesyrnbTaToB pacyeToB BO3HUKNA HEOBXOAMMOCTb YCUMEHUS KEeNe306eTOHHbIX KOHCTPYK-
unii 3ganHus M9C TuwpuH, HanpyumMep, ¢ NPUMEHEHVEM MPELABAPUTENIBHO HAMPSHKEHHOW KOMMO3UTHOM apMaTypbl.
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ABSTRACT

Introduction. A separate category includes river-bed pressure buildings of hydroelectric power plants. Such buildings include
reinforced concrete piers, beams, pressure walls together with the floors of machine rooms, foundation slabs, etc. At the same
time, as an integral element, they have inter-block construction joints. During the long-term operation, problems arise, which
lead to a decrease in the operational characteristics of reinforced concrete structures of hydroelectric power plant buildings.
Materials and methods. The reinforced concrete structure of the Tishrin hydroelectric power plant’'s channel pressure build-
ing was modelled using the finite element method to determine the stress-strain state under the influence of an earthquake
with an intensity of more than 8 points. The corresponding calculations were performed based on dynamic theory using
accelerograms.

Results. The calculations of the stress-strain state of the reinforced concrete channel pressure building of the Tishrin hy-
droelectric power plant showed that the opening of the inter-block construction joints, the contact joint between the base
of the hydroelectric power plant building and the foundation, and the formation of cracks in the monolithic part occur under
the influence of tensile stresses.

Conclusions. Based on the results of the calculations, it was necessary to reinforce the reinforced concrete structures
of the Tishrin hydroelectric power plant, for example, by using pre-stressed composite reinforcement.

KEYWORDS: hydroelectric power plant buildings in the riverbed, hydraulic water pressure, finite element method, seismic
intensity of more than 8 points, reinforcement with composite rebar, and pre-stressing
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BBEJIEHHUE

Mtuorue ruapoanekrpoctaniuu (I'3C) pacmoso-
JKeHBI B pyciie pexu [ 1—4] 1 BocnpuHUMAaIOT ruipaBIiu-
yeckuil Harop Boasl. K Takum I'OC otHOocsTCs Tummpun
n Anb-baac, nocrpoennsie B Cupui [5].

Vkazaunble 3gananst ['DC BKITFOYAIOT OBIYKH, HATIOP-
HBIE CTEHBI C TIEPEKPHITISAME MAII3ajIoB, (YHIAMEHTHYIO
TUTATY ¥ IPYTHE KeJle300eTOHHbBIe KOHCTPYKIwH. OHI BOC-
MIPUHAMAIOT THIPABINYECKOE JABICHAE BOIBI BEPXHETO
Obeda 1 mepenaroT yCHIUs Jaibllie Ha MEPEeKPbITHS U IPYy-
rue KoHCTpyKiwu 3nanuid ['9C.

B Xozie MHOTONIETHEH SKCILTyaTalul B PyCIOBBIX
HanmopHbIX 31aHUAX ['DC mosBISIOTCS OTKJIOHEHUS
OT IPOEKTHBIX MPEANOCHUIOK, KOTOPBIE BIUSIOT Ha I10-
HIDKEHHE SKCIUTYaTallHOHHBIX CBOWCTB XkKeJe300€TOH-
HBIX KOHCTPYKIHH.

Crenyer oTMeTHTh, 4To pycinossie ' DC, Haxons-
mmecst B Cupun, OBITH 3alIPOCKTHPOBAHBI B COOTBET-
CTBHHU C COBETCKHMH HOPMAaTHUBHBIMH JTOKyMECHTAMH,
Bkirouas CHull 11-56—77, mpumepHO moJBeka Ha3ad.

B nepuon nmpoexkTupoBaHUs JaHHBIX T'HIPOY3JI0B
ceificMuuecKkue BO3ACHCTBUS M KaTeropuu paioHOB
CTPOUTEJBCTBA ONPEACISIIINCH C HCTIOIB30BAaHUEM KapT
obmrero ceficmuyaeckoro paioruposanus (OCP), cormac-
Ho CHulT II-A.12—62 w CHulI II-7-81%*, a pac4eTsI mmpo-
BOJMJIMCH HA OCHOBE JINHEHHO-CIIEKTPAILHON TEOPHUH.
B Hacrosiiiee Bpemst J€HCTBYIOT HOBbIE HOPMATHUBHBIE
nmokymeHThl, Takue kak CIT 14.13330.2018, Bxirogaro-
it B ceds OCP-2015, B paMkax KOTOPBIX PacdeThl TH-

JIpoTexHIYecKux coopyxenwuii I u I kiaccoB Tpedyercst
TIPOBOIUTH HA OCHOBE AWHAMHUYECKON TECOPHH C TIPpHUMe-
HEHHEM aKCeJIepOrpaMM.

MATEPHUAJIBI I METO/bI

3a MHOTOJICTHUH MEepHOJ] SKCIUTyaTalllu JKeJe30-
6eronnsix 3nanmii [ DC Tumprn n Ans-baac mponsonnm
M3MEHEHHS ACHCTBYIOIINX HATrPy30K, (PU3MKO-MEXaHNIe-
CKUX CBOWCTB MaTE€pHajOB COOPY)KCHHH W OCHOBAHWUS,
B TOM YHCIIe HHTEHCUBHOCTH CEHCMHUYECKUX BO3JIEH-
CTBHH, a TaKke N3MEHEHHUS TOJIOKECHNH HOPMATHBHBIX
JIOKYMEHTOB. B 3T0li cBsI3M OTPeOOBATIOCH BHITIOIHUTD
pacyeTsl ¢ y4eToM MPEICTaBICHHbBIX U3MEHEHUIH.

PacueTsl oCcyniecTBIAAIOTCS METOOM KOHEUHBIX
SJIIEMEHTOB C pa3padoTKON 00bEMHON MaTeMaTHIeCKOn
YHCICHHOW MoJiesin. Ha 0cHOBE MOJIyYEeHHBIX Pe3yib-
TaTOB MIOBEPOYHBIX PACUETOB MOJKET BO3HUKHYTH HEO0-
XOIUMOCTH YCHUJICHHS JKEIe300€TOHHBIX KOHCTPYKITHHA
pycioBeIX HamopHBIX 3naHui [ DC (Hanpumep, mpen-
BapUTEIIEHO HANPSHKEHHON KOMITO3UTHOH apMaTypoii).

PE3YJIBTATBI HCCJIEJOBAHMUA

I'mapoosnexrpocrannust Tumpun (reHepanbHbIN
MPOEKTUPOBITIK — WHCTUTYT I MaponpoeKT) — Bropas
o momHOoCcTH I'DC B CHpuu mocie 37MeKTpOCTaHINH
Tabxka, oHa pacroyioxeHa Ha p. EBdpar, Beiie mo teue-
HUIO OT BOIOXpaHWIUIIA Dib-Acca.

Bun pycnosoro HamopHoro 3ganus ['9C Tumpua
npeJcTaBieH Ha puc. 1.

Puc. 1. Pycnosoe 3nanne I'OC Tumpua
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16,175

13,25 33,75

329,3

304,20

CEN, N -

THB rpu PITYL

294,50
THB mpr HITY [

; 75,50 ]

Puc. 2. Pycnosoe 3nanne ['DC TumpuH B BEpTHKAIBLHOM pa3pe3e BAOJIb ITOTOKA

I'SC Tumpun Haxoxutes B pycie p. EBppar, umeer
pacueTHbli Harop 49,5 M.

B 3panne 'DC Tumpux BXOIAT TPU CEKIUH, KO-
TOpPBIE OTAEJEHBI IPYTr OT Apyra aAehopMalHOHHBIMH
mBamu. [1py 9TOM KaXkast CeKIus BKIIOYaeT ABa THAPO-
arperara (uroro 630 MBT MOIIHOCTH TIpH SKCIUTyaTaln
IIeCTH THAPOArpPEraToB).

Pycrnosoe naroproe 3naune ['9C Tumpus B BepTH-
KaJIbHOM pa3pese BII0JIb IOTOKa M300paKeHO Ha puc. 2.

B xoze nccnenoBanmii mpoBe/ieH aHAIIN3 BBITTOIHEH-
HBIX B paMKax MPOEKTa PacyETOB IPOUYHOCTH U YCTOHYIH-
BOCTH JIaHHOTO COOPY’KEHUsI, KOTOPbIEe OTBEYAJIH IOJIO-
JKEHHSIM JICHCTBOBABIINX HOPM IIPOEKTHPOBAHHUSL.

I'SC Aunb-baac pasmemaercst B mpoBuHIny Pakka,
B 22 KM BBEpX II0 TEUCHHIO OT I. Pakka (TeHepanbHBIHA
npoekTupoBinuk — Muctutyt ['maponpoekr). Pycio-
Basg ['DC Anb-baac HecOBMEIIEHHOTO THUIA C MAaKCH-

Puc. 3. Bun pycnosoro HanopHoro 3xaaus ['9C Anb-baac

MaJIbHBIM HaropoMm 23,45 M (puc. 3) UMeeT MOIIHOCTh
81 MBT (BKio4asi 3 TOpU30HTAIBHBIX KallCYJIbHBIX I'H-
Jpoarperara) u NnpeaHa3HaueHa s paboThl B KauecTBe
koHTpperymsaTopa '9C Tabka, pacronoxeHHOH Ha 18 kM
BBIIIIE 10 TEUCHUIO.

BeprukanbsHslil pazpe3 pycinoBOro HaopHOTO 37a-
Hust 'OC Anb-baac nokasan Ha puc. 4.

BrlinonHeH aHanu3 pacyeToB IIPOYHOCTH U yCTOM-
yuBoctH 31anus [ 9C Anb-baac B pamkax npoexra. I[1o-
JyYeHHBIE PE3YJIBTAThl YIOBICTBOPSUIN TPEOOBAHUSIM
pacdera NpoYHOCTH M YCTOMYMBOCTU AEMCTBOBABILNX
B TOT [IEPHUOJ] HOPMATUBHBIX JOKYMEHTOB.

AHanM3 OCYIIECTBICHHBIX B PaAMKax IPOEKTa pac-
YETOB NMPOYHOCTH U ycToitunBocTy 31anui [ OC Tuimpun
u Anb-baac mokasai, 4To OHHM OBUIH IIPOBEIEHBI YIIPO-
IIEHHO (C MCHOJB30BAHUEM YCTAPEBIIMX PAacYETHBIX
mporpaMm) Ha 0a3e MIOCKUX U II0CKO-IIPUBEICHHBIX
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43,10

5'880 11,50

TR,

i

11,15

Puc. 4. 3nanune 'OC Anb-baac B BepTuKaJIbHOM pa3pese BIOJIb OTOKa

KOHEYHO-3JIEMEHTHBIX MOyIeliel Hanboee XapaKTepHbIX
ceuennit 3gannit '9C Tumpun n Ans-baac 6e3 ydera
PacKpBITHSI MEXKOJIOUHBIX CTPOUTEIBHBIX IIIBOB, PACKPHI-
TUSI KOHTaKTa Mex 1y nogomBol 3nanus ['OC u ocHoBa-
HHEM, KOMIIJIEKCa AEHCTBYIOMNX HATPy30K U Jp.
[TorpeboBanoch BHINOJIHEHWE PAaCcdyeTOB HaMpsi-
keHHo-aedopmuposanHoro cocrosiaust (H/C), npod-
HOCTH M YCTOHYMBOCTHU PYCJIOBBIX HAlOPHBIX 3JaHHUN
I'SC Tumpus u Anp-baac B paMkax COBPEMEHHBIX ITPO-

TpPaMMHBIX KOMIIJIEKCOB Ha OCHOBE OOBbEMHBIX MaTeMa-
THYECKUX YUCIEHHBIX MOJIEIICH.

IIpocTpaHcTBeHHAs KOHEUHO-JIEMEHTHAs! MOJIEITh
6moxa 3manust ' OC TumpuH npuBeaeHa Ha puc. S.

B pesynbrare pacueTHBIX HCCIIEIOBAaHUH OBLIO MOITy-
yeno HJIC B pasnudHbIe eprosibl BpeMeHH (B CEKYH/IaxX),
OTCUHMTBIBAS OT HadaJIa CeHCMUYECKOTO BO3/ICHCTBHSI.

Ha puc. 6 npezncTaBieHo HaNpsKEHHOE COCTOSHHUE
B KOHCTpykimsx 3nanus ['9C Tumpun npu aeiictsun

Puc. 5. IlpocTpaHcTBeHHAs: KOHEYHO-3IIEMEHTHAsI Mozielb Onoka 3aanus ['DC TumpuH ¢ oOcHOBaHHEM
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npy CeAICMMYECKMX BO3AEHCTBUSX

4 , 7126 Max
0,66

0 56571 0,37714

0,47143

3,5013 Max
0,66

0,56571 0,37714

0,47143

0,28286

0,28286

0,18857

0, 094286 —2,0664 Min

T

0,18857

0,094286 —2,6758 Min

Puc. 6. MakcuMalbHbIE ITIaBHbIEC HAIPSDHKEHUS: ¢ — B BepXOBO# HanopHoit crene 3qanust I DC Tumpun, MIla, npu ceiicmude-

CKOM BO3ZICHCTBHH (B IIEpHOJ BpeMeHH 2,62 ¢ OT Hayajia CeHCMUYECKOT0 BO3AeHCTBU); b — B Obruxax 3panus ['OC Tumpus,

MIla, npu ceficMuIecKOM BO3/eHCTBHY (B Teprof] BpeMeHH 4,94 ¢ oT Hauaa CeiCMUYeCKOro BO3JICHCTBHS)

CTaTUYECKUX HArpy30K U CEMCMMYECKUX BO3ACHCTBUIM
Ha OCHOBE JMHAMHUYECKON TEOPHH pacueTa B MEPUOJIbI
BpemenH 2,62 u 4,94 ¢ oT Hauana ceCMUUYECKOro BO3-
JEUCTBUS.

B Teuenune nmporuiecca ceiicMUuecKoro BO3AeMCcTBUS
MIPOUCXOAUT NepepacnpeieseHue AeHCTBYIOIMUX yCH-
JIMH U COOTBETCTBEHHO HAINPSHKEHHOTO COCTOSIHUSA. Tak,
B ITepHOJI BpeMeHH 2,62 ¢ 0T Hagajla CEHCMHUIECKOTO BO3-
JIEeUCTBHS HAHOONbIINE PACTATHBAIONINE HANPSDKCHUS
(o 4,7 MIla) BO3HUKAIOT B BEPXOBOIl HAIIOPHOI cTeHE
spanus ['9C (puc. 6, a).

B nepuon 4,94 ¢ ot Hauana ceCMHUYECKOTO BO3-
JICHCTBUSL HAUOOJIBIIINE PACTATUBAIOIINE HAMPSKCHUS
(mo 3,5 MIla) mosiBnsroTcst B Obrukax 3manus [DC
(puc. 6, b).

OtmMmeuaroTcs (puc. 6) pacTAruBaroIIe HampsKe-
HUs1, OOJIBINIKE, YEM MPOYHOCTh OCTOHA MPH PaCTsIKE-
HUH, MOl TEHCTBUEM KOTOPBIX MOTYT PacKPBIBATHCS
MEXOJIOUHBIE CTPOUTEIbHbBIE HIBBI U 00Pa30BBIBATHCS
TPEIIUHBI B MOHOJIHTE.

PackpbITHEe KOHTAaKTa MEXKIY IMOJIOIIBON 3MaHUS
I'SC n ocHOBaHMEM CO CTOPOHBI BEpXHET0 Obeda yepes
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OcHoBanue

3nanue I'DC

Puc. 7. PackpriTie KOHTaKTa Mexay monouBoi 3ganus '9C 1 0CHOBaHHEM C BEPXOBOM CTOPOHBI IPU CEHCMUYECKOM BO3-

JICHCTBUH B TIEPHOJ BpeMeHH 4,94 ¢ 0T HavajIa CeCMIUECKOTO BO3ACHCTBHS

4,94 ¢ oT Hayaga CEMCMUYECKOTO BO3IEHCTBHS IIOKA3aHO
Ha puc. 7.

[pencraBieHHbIe pe3ybTaThl BHITOIHEHHBIX pacye-
ToB 31aHuA [ DC TUIIPHH CBHICTENBCTBYIOT O HEOOXOIH-
MOCTH YCHJICHUS JKEJIe300€TOHHBIX KOHCTPYKIHH, B TOM
4CIIe JUIS TOBBIMIEHHs yCTOMUMBOCTH. [IprMeps! ycue-
HUS TIPUBEJICHBI B INTEPATyPHBIX HCTOYHMKAX [6—12].

[Tpu 5TOM ycHieHHe jKene300eTOHHBIX COOPY>KEHHH
U KOHCTPYKLHUH IHUPOKO M3Y4aeTCs Pa3INYHBIMHU yde-
HBIMU C Y4€TOM TOTO, YTO PacHpoCTpaHEHHE MOIYIHIN
KOMITO3UTHBIE MaTepHalibl, TO3BOJISIOIINE 00ECIICUUTh
TpeOyeMbIe 3arackl HECYIIEH CITIOCOOHOCTH IPAKTHYECKH
0e3 M3MEHEHHSI KX MacCOradapuTHBIX pasmepoB [13-22].

[Ipexncrasnsiercs 1enecooOpa3HbIM UCIIONB30BATh
MPEIBAPUTETBHO HANPSKEHHYIO KOMITO3UTHYIO apMary-
PY, B TOM YHCIIE C YUETOM JaHHBIX OTEYECTBEHHBIX HC-
cienoBanuii [23-28].

3AKJTIOYEHHUE U OBCYXJIEHHUE

BaxxHO OTMETHUTB, YTO IPOCKTHBIC PEIICHUS PYCIIO-
BbIX ['OC, Haxomsmuxcs B Cupuu, ObUTH 000CHOBaHBI
B COOTBETCTBUH C POCCUHCKMMH HOPMATUBHBIMH JIOKY-

MEHTaMHU IPUMEPHO I0JIBeKa Hazal. B To Bpems neit-
CTBOBAJI COOTBETCTBYIOIINE HOPMATHBHBIE IOKYMEHTBI,
KOTOpBIC HE BCEIVIA MOJIHOCTHIO YUNUTHIBAIM OCOOCHHO-
CTH MaCCHBHBIX K€JI€300€TOHHBIX I'MPOTEXHHYECKIX
KOHCTpYKIWH, k mpumepy CHull I1-56-77.

B HacTosimee Bpemst HaOIIOAAETCS YBEIUYECHUE
CEHCMHMUYECKON aKTUBHOCTH B HEKOTOPBIX PalilOHAX B CO-
orBercTBrH ¢ akTyanbHbM CIT 14.13330.2018, coneprxa-
mum OCP-2015.

ITpu stom B CIT 14.13330.2018 nosiBuinch Tpedo-
BaHUs O HEOOXOAUMOCTH IIPOBEICHHS PACIETOB I'HAPO-
TexHuueckux coopyxeHuil I u Il knaccoB Ha ocHOBE
JMHAMHYECKON TEOPHH C IPUMEHEHUEM aKCeIeporpamMm
(B oTIIMYME OT TMHEHHO-CIIEKTPAIIBHON TEOPHH).

B pesynbTrare cka3zaHHOIO BbIIIE CYIIECTBYIOIUE
JUTHTEITEHO SKCIUTYaTHPyeMble COOPYKEHHsI He 00ecTieuu-
BalOT CECMOCTOMKOCTH B COOTBETCTBUHU C JCHCTBYIOIIEH
HOpPMAaTHBHOM JOKyMeHTanuen. [loaToMy BO3HUKaET He-
00XOIMIMOCTh YCHIJICHHS KEIe300eTOHHBIX KOHCTPYKITHIA
JUTHTEIIEHO KCIUTYaTHPYEMBIX PYCIIOBBIX HAMOPHBIX 3712~
Huit 'OC, pu 3TOM 11e11ec000pa3HO MPUMEHEHUE KOM-
MO3UTHBIX MaTepPHAJIOB, B TOM YHCIIE MPEIBAPUTEIBHO
HaIpsHKEHHOW KOMIO3UTHOHN apMatypsl [ 13-28].
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INTRODUCTION

Many hydroelectric power plants (HPP) are situ-
ated within the river channel [1-4] and utilize the hy-
draulic head of the water. Examples of such HPP include
the Tishrin and Al-Baas stations, built in Syria [5].

These HPP structures include spillways, intake
beams, head walls with turbine hall floors, foundation
slabs and other reinforced concrete structures. They bear
the hydraulic pressure of the water in the upper reservoir
and transfer the forces to the floors and other structures
of the HPP.

During many years of operation, deviations from
the design assumptions occur in the run-of-river head-
works of hydroelectric power stations, which lead to
a deterioration in the performance of the reinforced con-
crete structures.

It should be noted that the run-of-river HPP located
in Syria were designed in accordance with Soviet regu-
latory documents, including SNiP I1-56—77, approxi-
mately half a century ago.

During the design phase of these hydropower fa-
cilities, seismic effects and construction zone categories
were determined using general seismic zoning (GSZ)
maps, in accordance with SNiP II-A.12—62 and SNiP II-
7-81%*, and calculations were carried out based on linear-
spectral theory. New regulatory documents are now in
force, such as CP 14.13330.2018, which incorporates

GSZ-2015, under which calculations for Class I and
II hydraulic structures must be carried out on the basis
of dynamic theory using accelerograms.

MATERIALS AND METHODS

Over the many years of operation of the rein-
forced concrete buildings at the Tishrin and Al-Baas
hydroelectric power stations, changes have occurred in
the applied loads, the physical and mechanical proper-
ties of the structural materials and foundations, includ-
ing the intensity of seismic effects, as well as changes in
the provisions of regulatory documents. Consequently,
it was necessary to carry out calculations taking these
changes into account.

The calculations are carried out using the finite el-
ement method with the development of a three-dimen-
sional mathematical numerical model. Based on the re-
sults of the verification calculations, it may be necessary
to reinforce the reinforced concrete structures of the riv-
erbed headworks of the hydroelectric power stations (for
example, with prestressed composite reinforcement).

RESEARCH RESULTS

The Tishrin HPP (lead designer: the Hydroproject
Institute) is the second-largest hydroelectric power sta-
tion in Syria after the Tabqa Power Station; it is situated

Fig. 1. The riverbed structure of the Tishrin HPP
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Fig. 2. Vertical cross-section of the Tishrin HPP’s riverbed structure along the flow

on the Euphrates River, upstream of the El-Assad Res-
ervoir.

A view of the Tishrin HPP riverbed headworks is
shown in Fig. 1.

The Tishrin HPP is located on the Euphrates River
and has a design head of 49.5 m.

The Tishrin HPP comprises three sections, separated
from one another by expansion joints. Each section con-
tains two turbine units (giving a total capacity of 630 MW
when all six units are in operation).

A vertical cross-section of the Tishrin HPP’s river-
bed headrace building along the flow is shown in Fig. 2.

The research involved an analysis of the structural
strength and stability calculations carried out for this fa-
cility as part of the project, which complied with the pro-
visions of the design standards in force at the time.

The Al-Baas HPP is located in the province of Raqqa,
22 km upstream from the city of Raqqa (lead designer:
the Hydroproject Institute). The Al-Baas run-of-river
HPP, of the non-combined type with a maximum head
of 23.45 m (Fig. 3), has a capacity of 81 MW (including
three horizontal capsule-type hydroelectric units) and is de-
signed to operate as a counter-regulator for the Tabqa HPP,
located 18 km further upstream.

A vertical section of the Al-Baas hydroelectric pow-
er station’s riverbed pressure chamber is shown in Fig. 4.

An analysis of the structural strength and stabil-
ity calculations for the Al-Baas hydroelectric power
station building was carried out as part of the project.
The results obtained met the requirements for structural
strength and stability set out in the regulatory documents
in force at that time.

Fig. 3. View of the riverbed pressure structure at the Al-Baas HPP
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Fig. 4. Vertical cross-section of the Al-Baas HPP along the flow

An analysis of the strength and stability calcula-
tions carried out as part of the project for the Tishrin
and Al-Baas HPP buildings showed that they were per-
formed in a simplified manner (using outdated calcula-
tion software) based on plane and plane-equivalent finite
element models of the most characteristic cross-sections
of the Tishrin and Al-Baas HPP structures, without tak-
ing into account the opening of inter-block construction
joints, the contact between the base of the HPP structure
and the foundation, the complex of applied loads, etc.

It was necessary to perform stress-strain state (SSS),
strength and stability analyses of the Tishrin and Al-Baas
HPP riverbed pressure structures using modern software
packages based on three-dimensional mathematical nu-
merical models.

A spatial finite-element model of a section of the Ti-
shrin HPP structure is shown in Fig. 5.

The computational studies yielded the stress-strain
state at various time intervals (in seconds), measured
from the onset of the seismic excitation.

Fig. 5. Spatial finite-element model of a building block at the Tishrin HPP, including the foundation
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Fig. 6. Maximum principal stresses: @ — in the upstream retaining wall of the Tishrin HPP building, MPa, under seismic load-
ing (at 2.62 s after the onset of seismic loading); b — in the buttresses of the Tishrin HPP building, MPa, under seismic loading

(at 4.94 s from the start of the seismic loading)

Fig. 6 shows the stress state in the structures
of the Tishrin HPP building under static loads and seis-
mic effects, based on dynamic calculation theory, at time
intervals of 2.62 and 4.94 s from the start of the seismic
event.

During the seismic event, there is a redistribution
of the applied forces and, consequently, of the stress
state. Thus, at 2.62 seconds from the start of the seismic
event, the highest tensile stresses (up to 4.7 MPa) occur
in the upper pressure wall of the hydroelectric power sta-
tion building (Fig. 6, ).

At 4.94 seconds from the start of the seismic exci-
tation, the highest tensile stresses (up to 3.5 MPa) appear
in the buttresses of the HPP building (Fig. 6, b).

Tensile stresses greater than the tensile strength of
the concrete are observed (Fig. 6); under the influence
of these stresses, the construction joints between blocks may
open up and cracks may form in the monolithic structure.

The separation of contact between the base of the HPP
building and the foundation on the upstream side 4.94
seconds after the start of the seismic impact is shown in
Fig. 7.
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Fig. 7. Separation of the contact between the base of the HPP building and the foundation on the upstream side under seismic

loading, 4.94 seconds after the onset of the seismic loading

The results of the calculations carried out for the Ti-
shrin HPP indicate the need to reinforce the reinforced
concrete structures, including to improve their stability.
Examples of such reinforcement are given in the litera-
ture [6—12].

At the same time, the reinforcement of reinforced
concrete structures and frameworks is being extensively
studied by various researchers, given the widespread use
of composite materials, which allow the required load-
bearing capacity to be achieved with virtually no change
to their mass and dimensions [13-22].

It appears appropriate to use prestressed composite
reinforcement, taking into account the findings of do-
mestic research [23-28].

CONCLUSION AND DISCUSSION

It is important to note that the design solutions for
run-of-river hydropower plants located in Syria were
justified in accordance with Russian regulatory docu-

ments approximately half a century ago. At that time,
relevant regulatory documents were in force which did
not always fully take into account the specific features
of massive reinforced concrete hydraulic structures, for
example SNiP II-56-77.

Currently, there is an increase in seismic activ-
ity in some areas in accordance with the current CP
14.13330.2018, which incorporates GSZ-2015.

At the same time, CP 14.13330.2018 introduced re-
quirements for the calculation of Class I and II hydraulic
structures based on dynamic theory using accelerograms
(as opposed to linear-spectral theory).

As a result of the above, existing structures that have
been in service for a long time do not ensure seismic resis-
tance in accordance with current regulatory documenta-
tion. Therefore, there is a need to reinforce the reinforced
concrete structures of long-serving riverbed headworks at
HPP; in this context, the use of composite materials, in-
cluding prestressed composite reinforcement, is advisable
[13-28].
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