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N.B. BakjabIkoB

AQO «IIpoeKTHO-U3BICKATENBCKUM U HAYYHO-UCCIIEeA0BaTENbCKUN HHCTUTYT “['uaponpoext” um. C.A. Kyxkay
Bonokonamckoe wocce, 2, Mockesa, 125080, Poccuiickas @edepayus

(nocmynuna 6 pedaxyuro: 02 anpens 2018 r.; dopadbomana: 05 cenrsops 2018 r.; npunama xk nybauxayuu: 15 centsops 2018 r.)

Hean. B paboTe paccmaTprBaeTcst BOIPOC yUeTa BOJOXPAHIIIMINA IIPH pacdeTe HalpsHKeHHO-1e(OPMUPOBAHHOTO COCTO-
STHUSL OETOHHOH IDIOTHHBI B €€ OCHOBAHMSI.

MeTonpl. Kak mpaBuiio, BOJOXpaHIIHINA B TIO0ATBHOM MacIITa0e MPEACTABIIIOT cO00H OOJBIIYI0 TPABUTAIIMOHHYIO Maccy
B BHJIE BOJIBI, KOTOpas OKa3bIBAeT BO3ICHCTBHE HA HEYKCHEPHO-TEONIOTUYECKYI0 00CTaHOBKY B OOJIBIIION TOJIIIE TIOPOZ OCHOBAHWUSL.
J1ist mccnemoBanust JTaHHOTO (paKTOpa MPOBEEHBI MCCIIEIOBAHMS CHIIOBOI COCTABIIIONIEH BOAOXPAHIIIMILA HA OCHOBAHUH CHCTEMBI
«BOJOXPAHIUIAIIE — COOPY>KEHHE — OCHOBaHKe». /11t pacueroB ObLT BEIOpaH ruzapoysen borydanckoii '9C, KoTopelii BXOAUT B AH-
rapckuii Kackaj u pacrionaraercsi B Cubupi. [Ijis BBINOIHEHHs pacueToB Ae(OpMHUPOBAHHOTO COCTOSIHUS CO3/IaHa TPEXMEpHast Ma-
TeMaTHYeCKasi KOHEUHO-DJIEMEHTHAs! MOJIEIb CUCTEMBbI «BOJIOXPAaHUIIMILIE — COOPY)KEHHE — OCHOBAHME» Ha OCHOBE KOTOPOI1 orpere-
JIEHBI TIPOTHO3HBIE 3HAUCHHMS PACUETHON OCa/IKi OETOHHOM IUIOTHHBL. MaremaTruyeckasi MOJIENIb COCTOUT M3 (pparMeHTa OCHOBAHWUS,
TIPE/ICTaBIIEHHOTO JIMTOC(HEPOr 1 BepXHEH yacThio acteHocdepbl. J{ist Bepudukamm npeyioKeHHOTo yueTa BOIOXPaHHIIIIIA [1Po-
THO3HBIE BEJIMYMHBI 0CA/IKH OBUTH CpaBHEHBI C HATYPHBIMH I€0Ie3MYECKMMH TAHHBIMH, TIPH 3TOM PE3YJIbTaThl CPAaBHEHHS! MTOKa3aIN
BBICOKYIO CTETIeHb KOPPEJIIIN. BrIcoKast cTerneHb KOppessiliy MO3BOJISIET MPE/IIONIOKHTh, YTO MPEIOKEHHBIN METO/] JOCTAaTOYHO
XOpOLIO MPOTHO3UPYET OCaIKy OCHOBAHHS M COOPY>KEHUSI IPH HATIOJTHEHUH BOJIOXPaHMIIMIIA.

BsiBoabl. Pe3ynbraTsl IpOBEIEHHBIX UCCIICIOBAHUN M COTIOCTABICHUI PACYETHBIX M HATYPHBIX TAHHBIX TOKA3aJll HE0O-
XOIMMOCTh y4eTa BOJOXPAHUIIUINA TIPH PACUSTHBIX TPOTHO3aX BEIMYMH OCAJIKU THAPOTEXHIMUYECKUX COOPYKEHHH U MX OCHO-
BaHMUU. J|aHHBIN MPOTHO3 Ba)KEH MPHU ONpPEIEICHUN KPUTEpUaIbHBIX 3HAUEHUN THarHOCTUYECKUX TOKa3aTesen Al KOHTPOJIs
6€30IacHOCTH COOPY>KEHHS.

KiroueBble c/10Ba: BOZOXpaHWINIIE, OCaAKa OCHOBAHMS, HANPSIKEHHO-AE(POPMUPOBAHHOE COCTOSHUE IUIOTHHBI, KO-

HCYHO-2JICMCHTHAas MOACJIb

BBenenue

Bonoxpanminina, co3gaBaemMble MpU COOpPYKe-
HUU THUAPOY3Ja, SIBISIOTCS UCTOYHUKAMH CUIBHBIX
TEXHOTEHHBIX BO3JICUCTBUIA Ha T'€OJIOTHYECKYIO Cpe-
ny [1-6]. Co3znaBaemble BOIOXpaHUIUINA (HOPMHUPY-
10T Ha OOJIBIION TEPPUTOPUU TEXHOTCHHYIO THUIPO-
Te0JIOTHYECKyI0 00cTaHOBKY. Co3/aHie BOAOXpaHH-
JIUII IPUBOIUT K HEYCTAaHOBHBIIMMCS (PIIIBTpPAIU-
OHHBIM IIpo1reccaM B OOJBIINX MAacCHBaX OCHOBAHHUH
TUTOTHH, TPOSIBIAIONINXCS B U3MEHEHUU CHUJIOBBIX H
TeMIepaTypHbBIX BO3JIEUCTBUI Ha TOPHBIE TOPOJIbI.

Ha mnotnaax IPpOBOAATCA MHOT'OYMCIICHHBIC Ha-
TypHBIE UCCIIEIOBAHUS, B YACTHOCTU BEJCTCS MOHHU-
TOPUHT 33 OCaIKOH COOPYXEHHH KaK B CTPOUTEIb-
HBIN Neproa, Tak U B II€PHUOJ HAITOJHECHUA U DKCILITY -
aTaluu coopykeHus. MHOTHE aBTOpHI, BeAyIllIUe Ha-
OJro/IeHNs 32 OCaJKOW, OTMEYAIoT, YTO MPH HAMOJ-
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HEHUH BOJOXPAaHWIHINA TUIOTUHBI MMPHOOPETAIOT J0-
TTOJTHATENBHYI0 ocanky [7—11].

CunoBoe BO3AEHCTBHE Ha CHCTEMY «BOJIOXPaHU-
JIMIIIE — COOPY’KEHHE — OCHOBAHUE» CO CTOPOHBI BOJIO-
XPaHWIINIIA TIPOSIBIISIETCS Yepe3 HECKONBKO (hopM, cpe-
I KOTOPBIX MOXKHO BBIIEIIHTH OCHOBHBIC, MPOSIBIISIO-
myecs: BCleACTBIE (QUIBTPALIMOHHBIX BO3/ACHCTBUI Ha
MacCHB OCHOBaHHS M OEPEroB, a TAKXKe OCTABIIIHICS B
BepXHEM Obede «HEM3PACXOMOBAHHBIN» Ha (OpPMHUPO-
BaHue QuibTpanuy Harop. OUIBTPalOHHBIE BO3/ICH-
CTBHS Ha TIOPOJILI OCHOBAHMSI TIPOSIBIIAIOTCS B BUZE TIO-
BEPXHOCTHBIX H OOBEMHBIX CHII.

HeJ'IH HCCJIeJ0BAHUA U MOCTAHOBKA 3aJJaYH

Lenbto HacTosmIel paboTHI SIBISIETCS ONpe/ieieHne
peabHOM 0CaIKH JI0’Ka BOJOXPAHIIMILA C YUETOM JIaB-
JIeHUs1 Beca BOJOXpaHWIMIIA. B craTbe B KauecTBe mpu-
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Mepa OMHCHIBAIOTCS UCCIICNOBaHMUS BIMSHUS BOIOXPa-
HWINILA Ha HAIIPSHKEHHO-1€(OPMUPOBAHHOE COCTOSIHUE
mnoTuHbl borywyanckoit I'DC Ha ocHOBe mpocTpaH-
CTBEHHBIX KOHEYHO-3JIEMEHTHBIX MOJENIEH CHCTEMBI
«BOZOXPAHWIHLLE — COOPYKEHHUE — OCHOBaHHEY.

B uccnenoBanusx MCNONb30BaNach MaTeMaTH-
YyecKass KOHEUHO-3JIEMEHTHasl MOJIE]Ib CUCTEMBI «BO-
JOXPaHUJIHILE — COOPYKEHNE — OCHOBAHUE» B TPEX-
MEPHOH NMOCTaHOBKE.

Pa3paboTka MaTeMaTHUECKUX MOJIENIeH Benach C
Y4eTOM peKoMeHIaui 1 HapaboTok [12—16], koTopbie
MO3BOJIMIIM JOCTHYb BHICOKOH TOUHOCTH PaciyeToB.

B cBs3u ¢ TeM, 4TO, KaKk MPaBUIIO, BOJAOXPAHU-
mue ['DC pacnpocrpaHsieTcs Ha MHOTHE KMIIOMET-
PBI, UCCIIeOBaHUS OBUIM NMPOBEICHBI AJS ABYX Ma-
TEMaTHUYECKUX MOJEIIEH:

® 00111ast MOJIEJb, BKIIOUYAIOINAst TEPPUTOPHIO B
HECKOJIBKO JIECATKOB KUIIOMETPOB, ISl OTpEAeIICHIS
o01IIei 0caaKy JI0Ka BOJOXPAHIUTUIINA;

® JIOKaJIbHAs MOJIEIh, TO3BOJIAIONIAs POAHAIIH-
3WpOBaTh BO3JEHCTBHE BOJOXPAHUIUIIA HA OETOH-
HYIO TUIOTHHY.

Pe3yabTarhl HCCe10BaHU

3ona Bomoxpanwmiia boryudanckoit 'DC 3arpa-

THBAaeT OTPOMHYIO TEPPUTOPHIO, IIPEICTABICHHYIO
Ha puc. 1.

O06mas Mozieh BKITIOYaeT (pparMeHT OCHOBAHUS
(;muTocdeps! n BepxHeil wacTu acTeHochepsl), Moa-
BEP)KEHHBIN Harpy3Ke, BBI3BAaHHONW BECOM BOJBI B
BogoxpaHwimimie (puc. 2).

Puc. 1. Kapra pacnonosxenus boryyanckoro BoaoxpaHuauima
|Figure 1. Location map of the Boguchansky reservoir]

ocb pekk AHrapa
Axis of the Angara river

Puc. 2. O6mas Mozeib CHCTEMbI «BOOXPAHUIULIE — OCHOBAHHE»
[Figure 2. General model of the “reservoir — foundation” system]|
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OcHOBaHHWE TPEACTABICHO MPOYHBIMUA MaTepHUa-
JIaMH, B CBSI3U C 3TUM B pacyeTax NMPHHATHI JTMHEHHO-
yrIpyrue Mojenu mMatepuanoB. OJHAKO, KaK U3BECT-
HO, YeM IIIy0Ke OT JHEBHOH MOBEPXHOCTH PACIIOJIO-
JK€H TPYHT, TeM OH OoJiee IMPOYHBINA, COOTBETCTBEHHO,
¢ TITyOMHOM JOMOHUTENBHBIE AehopMaIliH OT Harpy3-
KH YMEHBIIAIOTCS. J{J1s1 3TOr0 OCHOBAaHHWE MO BBICOTE
OBLIO Pa30HMTO HA CIIOW C Pa3HBIMH MOJYJSAMHU JIC-
dbopmarun.

Tak Kkak TITyOMHBI pacueTHOH 00JIaCTH J0CTaTOY-
HO OonblIne, GU3NKO-MEXaHHIECKUe HapaMeTpsl Ui
HUX OBUIH OIpeAeNIeHbl UCKIIOYUTEIFHO MaTeMaTH-
YecKH (Ha OCHOBE 3aBUCHMOCTH MOZIYJIS ehopMarini

OT CKOPOCTH TPOXOMKICHUS CEUCMHUUYCSCKUX BOJIH), UC-
XOZsI M3 pacIpelesieHHs CKOPOCTEH MPOAONBHBIX CEl-
cMudecknx BomH [17]. 3HaueHus Qu3mKo-MeXxaHUIe-
CKUX TIapaMETPOB CBEJICHBI B TAOJIHIIE.

PesynbTarh pacdera neopMUPOBAaHHOTO COCTO-
STHASL OCHOBAHUS TIPE/ICTABIICHEI HA PHC. 3.

Kax BugHO U3 prc. 3, mocie Hadaiga HamoOJIHECHUS
BOJIOXPaHUJIMINA TOCTEIIEHHO MO ACHCTBHUEM Beca
BOJIBI OCHOBaHHE HAYWHAET MPOTHOaThCS.

3aMeTHO, YTO TPY HAMOJTHEHUU BOJIOXPAHMIIHINA
BeIcOTOH 73 M 10 orMetkd HITY momonaHuTenbHEBIE
BEPTUKAJILHBIE IEPEMEILECHUS JI0KAa BOJOXPAHUIIUIIA
cocTaBisIIoT 143 MM.

Tabnuya

Du3HK0-MeXaHHYecKHe NapaMeTphl
[Table. Physico-mechanical parameters]

Ne MaTepuaiia E, MIla v ¥, T¢/M3 ¢ C, MIla HasBanmue
[Item no.] [E, MPa] [y, tf/m?] 8¢ [C, MPa] [Name]
! 16 000 0.20 - - - [1st layer of the carths prust]
2 55 000 0.20 - - - 20t layer of the eartis epust]
3 100000 | 020 - - - [31d Tayer of the carths prust]
4 100 000 0,20 - - - [;Sctfgg;‘?ﬁgg]

Vertical displacement, mm

D ePTHKAIEHEIE
MepeMEMELICHIA, MM

3%
143
127
95
79
47
e

fiiomaom

15
.36

Puc. 3. lonoHuTe/IbHAS 0CAAKA JI0KA BOAOXPAHIIMILA IIPH €r0 HANOJIHEHUH 10 OTMETKH HOPMAJIBLHOI0 NoAnopHoro yposHsi (HITY)
|Figure 3. Additional sediments of the reservoir bed when it is filled to the normal retaining level]

IIpu paccMoTpeHuH IJlaHa MepeMeIIeHrH, a Tak-
JKe paspesa BIoib pycia peku Bommsu ['9C (puc. 4.),
MOYKHO YBUJIETh, YTO BOKPYT BOJIOXPAHWIIUINA 00pa3y-
€Tcs TaK HazbIBaeMasi KBOPOHKA TIPOCENAHUSD, KOTOpast
pacmpocTpaHsieTCsl Ha paccTosiHUE mmopsiaka 90 k.

Hatyphbie reone3nyeckue n3MepeHus, Kak mpa-
BUJIO, TIPUBS3BIBAIOTCS K (PYHIAMEHTAIBHOMY perie-
Py, U BCC HU3SMCPCHUA OTCUHTBLIBAIOTCA HCXOIAA U3
TOTO, YTO PEIIeP HEMOIBUKCH.

OnnHako, Kak BUIHO U3 puc. 4, GyHIaMeHTaNb-
HBIA pemep, KOTOPBIH OOBIYHO OTHOCHTCS IIO-
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JaJbIIe OT COOpYXKeHUs (Mopsaka 2 KM) U CUH-
TacTCd HCIMOABHUXKXHBIM, B CBOIO OUCpECAb, IIOIa-
IaeT B Ty CaMyl «BOPOHKY IpPOCENaHUN», TeM
caMbIM TNpHOOpeTas JNOMOJHUTEIBHOE MepeMe-
LICHHE.

B cBs3u ¢ 3TUM mpuU CpaBHEHUHM PacCUYETHOU
OCaJIKM ¥ HM3MEPEHHOU reonxe3ueldl HeEoOXOIUMO
YUYUTBIBATh UMEHHO OTHOCHUTCIBHYIO PACUCTHYIO
ocaaky (OTHOCHTENbHO (yHAaMEHTAIBHOTO pe-
nepa).

CpaBHeHHUE 0CaJIKH ITOKA3aHO Ha PUC. 5.

ANALYSIS AND DESIGN OF BUILDING STRUCTURES
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Fundamental reference Dam of Boguchanskaya HPP
fyuaamen i RAOTHHE
pEnep el M

Vertical displacement, mm
BepTIoi i ul e
Mepe M SM SIS, MM

-143.7
-143

i
—
[
=

Puc. 4. BepTuka/ibHble iepeMeLlleHUs HA pa3pe3e B10Jb PycJia peKd
[Figure 4. Vertical displacements in the section along the river bed]

a5

-20

vertical displacement, mm
DCAGKE, MM

=25

[¥:]

¥B
upstream level

L 140

14092011 01042012 18102012 06.05.2013 22.11.2013 10006.2014 27.12.2014 15.07.2015 31.01.201

—i— PACUETHLE

calculated data

i HatypHuie

field observation

s YPOBEHb BepxHero 6beda (YBB)

upstream level

Puc. 5. CpaBHeHHe pacyeTHOMH 0CaAKU U HATYPHBIX reoje3nyecKuX Ha0I101eHHit
[Figure 5. Comparison of calculated sediment and field geodesic observations]

BruIBOABI

Pacuersl nmokaszany, 4TO HaNOJIHEHWE BOJOXPAHU-
JIMIIA BIUSET Ha OKPYXKAIOIYI0 HHKEHEPHO-TE0I0-
THMUYECKYI0 00CTaHOBKY. B 4acTHOCTH, CO31aHME BORO-
XpaHWIUIL IPUBOJUT K IIPOCENaHHUIO, IIyCTh JAaXe He-
0onpIIOMY, IOBEPXHOCTH BOKPYT CaMOT'0 BOIOXpa-
Huuima. Ho 4ro camoe BakHOE, HaloJIHEHUE BOJO-
XpaHWININA BIUSIET Ha II00anbHbIE NepEeMeIIeHUs
TUIOTHHEI.
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Accounting for the filling of the reservoir
when calculating the stress-strain state of a concrete dam
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Abstract. The aim of work. The paper considers the issue of reservoir accounting when calculating the stress-strain
state of a concrete dam and its foundation.

Solution technique. As a rule, reservoirs on a global scale represent a large gravitational mass in the form of water,
which affects the engineering-geological situation in a large deep of rocks foundation. To study this factor, an investigation
was made of the power component of the reservoir on the basis of the “reservoir — structure — rock foundation” sys-
tem. For the calculations, the hydro power plant of Boguchanskaya HPP was selected, which is part of the Angara river
cascade and is located in Siberia. To perform the stress-strain state calculations, a three-dimensional mathematical finite
element model of the “reservoir — structure — rock foundation” system was created on the basis of which the predicted val-
ues of the calculated draft of the concrete dam are determined. The mathematical model consists of a fragment of the rock
foundation, represented by the lithosphere and the upper part of the asthenosphere. To verify the proposed reservoir account,
the predicted sediment values were compared with geodesic data, while the comparison results showed a high degree of

394 ANALYSIS AND DESIGN OF BUILDING STRUCTURES



Baknbikos 11.B. CtponTtensHas MexaHuka HXeHepHbIX KOHCTPYKLMA U coopyxeHni. 2018. T. 14. Ne 5. C. 390-395

correlation. A high degree of correlation suggests that the proposed method predicts the rock foundation and structure sedi-

ments quite well when filling the reservoir.

Results. The results of the conducted investigations and comparisons of calculated and field data have shown the necessity
of reservoir accounting when calculating predictions of sediment values of hydraulic structures and their rock foundation. This
forecast is quite important in determining the criterial values of diagnostic indicators for the safety control of the structure.

Keywords: reservoir, rock foundation sediments, stress-strain state of the dam, finite element model
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