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AHHOTALUMA

BBepgeHue. PaccMoTpeHbl pesynbTaThl UCCIiedoBaHUA YCTPONCTBA B 9KPaHe NonepeYHbIX LLBOB Kak crocoba perynmpoBaHust
ero HanpspkeHHO-AeOPMMPOBAHHOIO COCTOSIHUSA. B HacTosiLee Bpemsi xene3o6eToOHHbIe 3KpaHbl BbINOMHATCA Hepas-
pe3HbIMM MO BbICOTE, NOMepeYHbIe LWBbI YCTPAMBAKOTCS TOMBKO Ha rpaHuLax aTanoB BO3BEAEHWUS NNOTUHbI. [TpuynHa B TOM,
4YTO MpeAbIAYLLNIA ONbIT CTPOUTENBLCTBA MMOKUX (Pa3pesHbix) SKpaHOB He NO3BONUI obecneynTb HeoOXOANMbIN YPOBEHb
HaAEXHOCTN NMPOTMBOMUINETPALIMOHHOTO anemMeHTa. OfHaKo U COBPEMEHHbIE KOHCTPYKLMU MNOTVHbLI HE rapaHTUpYIOT Co-
XpaHeHue LienoCTHOCTU 3KpaHa — LIeNOCTHOCTb 3KpaHa psiAa BbICOKMX NMOTUH Obina HapyleHa. ObpasoBaHue TpeLumH
criepyeT CBA3bIBaTb C HANMUUMEM PacTArMBAIOLLMX HAMPSHXKEHWUIA, BENMYMHA KOTOPbIX MPEBOCXOAUT pacyeTHoe ComnpoTuBIe-
Hve 6eToHa Ha pacTskeHue. [Ins HegoNyLLEeHNS HapyLeHUsi repMEeTUYHOCTU NPOTUBOMUNBTPALIMOHHOIO 3KpaHa Lienecoo-
OpasHo npegycmaTpuBaTh YCTPOWCTBO MOMNEPEYHOrO LUBA HA TOM yYacTke KpaHa, Ha KOTOPOM MOXHO OXuaaTb NosiBNeHve
pPacTArMBaKOLLMX HaNPSHKEHNI.

MaTtepuansi 1 MeToAbl. ViccnegoBaHusa NpOBOANANCH Ha MpUMepe NNOTUHLI BbicoTor 100 M C MOMOLLBIO MeToAa KOHEYHbIX
anemeHToB. KameHHas Habpocka paccmaTtpuBanack kak NMHENHO AedopMUpYeMbI MaTepurar, HO pacyeTbl NPOBOAUINCH
0N LUMPOKOTo AnanasoHa MOoAyns nMHeriHown gedopmaumm rpyHTa — ot 60 go 480 MlMa. YunTbiBanocb Hanuyne B akpaHe
cTanbHol apmatypbl. MogenmpoBaHue nonepeyHbix LBOB OCYLLECTBSANOCH C MOMOLLbI0 KOHTAKTHBIX KOHEYHbIX ANEMEHTOB.
Pesynbrathbl. [1o pe3ynsrataMm YMCNEHHOTO MOAENUPOBAHUSI B HEPa3pe3HOM 3KpaHe 13-3a Aedhopmaumin uarnba n gedop-
Mauui NPOAOINBHOIO YANMHEHNS BO3HUKAIOT pacTarmatowye HanpskeHusi. Hanbonee onacHbIM ABNAETCSH HUXHWIA y4acToK
3kpaHa. Ha aTom yyacTke B 3kpaHe AeVCTBYIOT NPOAOIbHAs pacTarMBatoLlas cuna u 3Ha4ynTernbHbIN U3rnbarLwmnii MOMEHT.
MonepeyHble LWBbI LienecoobpasHo ycTpanBaTb MMEHHO B HMXKHEM y4YacTke aKpaHa.

BbiBoAbl. BbisSiBNeHO, 4TO OCHOBHOE MOMOXWTENbHOE BRUSIHME YCTPOMCTBA MOMEPEYHOro LWBa 3akmoyaeTcs B CHATUN
pacTsirmBarLLe NpoaonbHONM cunbl. BnusiHne nonepeyvHoro WwBea Ha n3rubarolime MOMEHTbI UMEET NoKarbHbI 3MEKT U
pacnpocTpaHSeTCs Ha OrpaHNYeHHbIV Mo ANMHe y4acTok. [pu yCTponcTBe LWBOB M3rnbatoLme MOMEHTbI MOTYT YBENMUUYNTL-
cs. MoXXHO pekoMeH0BaTb YCTPOMCTBO B 3KpaHe NOMepeyHoro LWBea, napannensHoro nepuMeTpanbHOMY, TOMbKO B HUXHEN
4YacTu aKpaHa, KoTopast UCnbITbiBaeT Aehopmaumm yanuHeHus.

KNIOYEBbIE CITOBA: kameHHO-HabpocHasi NMOTMHA C Xene306eTOHHbIM 3KPaHOM, HanpsikeHHO-AeOpMYPOBaHHOE
COCTOSIHME, NOMEePEYHBbIi LLOB, YNCIEHHOE MOAENUPOBaHNE, pacTsHKeHne, MPOYHOCTb
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Role of transverse joints in regulation of the reinforced concrete
face stress-strain state
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ABSTRACT

Introduction. Deals with the results of studying effectiveness of arranging transverse joints in the face as the means of
regulation of its stress-strain state. At present reinforced concrete faces are constructed without being cut height-wise and
transverse joints may be arranged only at the end of the dam construction stages. This is validated by the fact that experience
in construction of flexible (discontinuous) faces has not demonstrated the required level of safety of this structural design.
However, in the dams of the up-to-date structural designs, maintaining the face integrity is not guaranteed: cracks appeared in
reinforced concrete faces at a number of high dams. Formation of cracks in faces should be attributed to presence of tensile
stresses, whose values exceed concrete tensile strength. To prevent seal failure of the seepage-control element it is feasible
to provide arrangement of the transverse joint in the face section where tensile stresses may be expected.
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Materials and methods. The studies were conducted on the example of a 100 m high dam with the aid of numerical model-
ing. Rockfill was considered as a lineally deformed material, but computations were conducted for a wide range of the soil
linear deformation modulus: from 60 to 480 MPa. Steel reinforcement was considered in the face. Transverse joints were
modelled with the aid of contact finite elements.

Results. By the results of numerical modeling the tensile stresses appear in the uncut face due to bending deformations and
deformations of longitudinal extension. The most hazardous is the face lower section. At this section the longitudinal tensile
force and considerable moment are acting. Transverse joints are feasible to be arranged in this particular section of the face.
Conclusion. It was revealed that the main positive effect of the transverse joint arrangement is in decreasing the value of
longitudinal tensile force perceived by the face. Impact of the transverse joint on bending moments has a local effect and
covers the section of the limited length. Moreover, at arranging joints the values of bending moments may increase. We may
recommend arrangement of a transverse joint in the face which is parallel to the perimeter joints only in the face lower part
which is subject to longitudinal deformation.

KEYWORDS: rockfill dam with reinforced concrete face, stress and strain state, transverse weld, numerical simulation,
tension, strength

FOR CITATION: Podvysotckii A.A., Sainov M.P., Soroka V.B., Lukichev R.V. Role of transverse joints in regulation of the
reinforced concrete face stress-strain state. Vestnik MGSU [Proceedings of Moscow State University of Civil Engineering].
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BBEJIEHUE

KameHHO-HaOpOCHBIE TNIOTUHBI C KEJIe300eTOH-
HBIM DKPaHOM B HACTOSIII[EE BPEMsI SIBJISIIOTCS OJHUM U3
HauboJiee MePCIEeKTUBHBIX THIIOB I'PYHTOBBIX IJIOTHH
[1, 2], oHM IPUMEHSIOTCSI B THAPOTEXHUYECKOM CTPO-
utesnbcTBe yxxe oonee 100 ner. B Treuenne Bcero aToro
BPEMEHH COBEPLICHCTBOBAINCH KOHCTPYKIMHU TJIOTHH
JAHHOTO THUIIA, OCYIECTBIISIICS MOUCK HAEKHBIX KOH-
ctpykiuii. Ha mepBom stane, 10 1930-X I'T. mIOTHHBI
yCTpanBaJICh U3 CYXOH KJIJIKW KaMHs U IOJyHaOpoc-
HbI€, 9KpaH BBITIOIHSJICS HEPA3PE3HBIM IO BbIcOTE [3].
OmnbIT SKCIUTyaTalyy MepBbIX IUIOTHH BBISIBUI HEO0XO-
JUMOCTb YCTPOMCTBA MEPUMETPAILHOTO 1IBa, OTAEIS-
IOLIETO JKeJIe300€TOHHBIN dKpaH OT OCHOBAHUSI IJIOTH-
HBI, J/Is1 HEIOMYIICHHSI 00pa30BaHUs B HEM TPELIHH [4].

Ha BTOpOM 5Tane MmiIoTHHBI C HKeI1e300€TOHHBIM
9KPaHOM CTaJIM YCTPaMBaThCsi KAMEHHO-HAOPOCHBIMH,
a MX MakcUMaJibHas BbicoTa npesbicuia 100 m. OnHako
JUISl TAKKX TUIOTHH OBUTH XapakTepHbI BEICOKHE aedop-
MaluK KaMEHHOW HaOPOCKH, @ COOTBETCTBEHHO U OIIac-
HOCTh BO3HHKHOBEHHS TPEIMH B CAMOM JKeJIe300€TOH-
HOM 3Kpane. J[ist 60pbOBI ¢ TPEIMHOOOPAa30BaAHUEM
9KpPaHBI BBITOIHSUIMCH U3 OTACNBHBIX TUTUT, OTIEICHHBIX
JPYT OT JIpyra Kak BepTUKAIbHBIMH, TaK U TOPU30HTAIIb-
HbIMH 11BaMu. Harrpumep, skpan miotuns! Salt Springs
(CILA) coctout u3 mut ¢ pazmepamu 18,3x18,3 [5].
Ho paspeska mBamu He JOCTUIVIA CBOEH LEJIM U3-3a
HOBBILIEHHBIX Je(opMalMii KaMEHHOH HAOPOCKH, yIo-
YKEHHOW OOJIBIIMMU CIIOSIMH, JaXKe B Pa3pe3HOM 3KpaHe
oOpazoBanuch TpemuHbl. [Jis obecnedenus repMeTHy-
HOCTH TIPOTHBO(MIIBTPALIMOHHOTO JIEMEHTa TpeboBaJ-
Csl IOCTOSIHHBIM PEMOHT TUIOTUHBI [6].

B 1930-e rr. ObL1a Takke pazpaboTaHa U NpUMeHe-
Ha «rHOKas» KOHCTPYKIHS jKeJIe300€TOHHOTO dKpaHa.
DTa MHOTOCJIOWHAsI KOHCTPYKIIHS C pa3pe3Kor dKpaHa
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Ha MHOXKECTBO ILTUT Oblila IPUMEHEHa Ha IUIOTHHAX
Cogoti, Cogswill, Courtrait. ConpsbkeHue ruOKoro
sKkpaHa wiotuHbl Cogswill co CKaJIbHBIM OCHOBaHHEM
OBUIO OCYILIECTBJICHO C MOMOIIBIO KOPOTKOM MacCHB-
HOH ruuThl. OIHAKO TPUMEHEHHE T'MOKO KOHCTPYKIHN
9KpaHa He rapaHTUPOBAJIO HEOOXOANMBIH YPOBEHb Ha-
JSKHOCTH POTHBO(QHUIIBTPAIIMOHHON 3aIUThI IUIOTHH.
IMocne weymauu Ha miotuHe Courtrait KaMEeHHO-Ha-
OpOCHBIE IJIOTHHBI C XKEJIe300€TOHHBIM YKPAaHOM HEKO-
TOpOE BpeMs He MIPUMEHSIINCH.

Bropoii maHc mioTuHaM ¢ xkesie300€TOHHBIM dKpa-
HOM JJaJI0 COBEPILICHCTBOBAHUE TEXHOJIOTUH KAMEHHOM
HaOpockH. 3a CYeT NPUMEHEHUS TSHKEIbIX BUOpPOKAT-
KOB YJaJI0Ch JOCTUYb BBICOKOI CTENEHH YIUIOTHEHHUS
KaMeHHOM HaOpocku. biarogapst pe3akoMy CHUKEHUIO
neGopMUpPYEMOCTH KaMeHHOW HaOpocKu jiedopManiu
9KpaHa YMEHBIIWINCH. bbula pa3paborana Teopus mpo-
€KTUPOBAHMS IUIOTHH C KEJIe300€TOHHBIM 3KPaHOM
Y HAaKOIUICH OOJIbIIION OIBIT X CTPOUTENLCTBRA [3, 7, §].
B KOHCTpYKIMSIX IIIOTHH, pUMeHsAeMBbIX ¢ 1960-x T,
XKeJe300€TOHHBIM SKpaH BBINOJIHIETCS HEPa3pe3HbIM
1o BeicoTe. OH pa3pe3aeTcs TONbKO BEPTUKAIBHBIMU
mBaMHy. [IO0THHBI JAHHOTO THUIA IIMPOKOTO MPUMEHS-
torcs B Jlarunckoit AMepuke n Kurtae. MakcumanbHas
BBICOTA IUIOTHHBI C )KEJIe300€TOHHBIM 3KPaHOM JIOCTHI -
na 233 M [9]. B HacTosmee Bpems B Kurae paccmatpu-
BAIOTCS NMEPCIIEKTUBBI CTPOUTENILCTBA IJIOTHH BBICOTOM
1o 300 m [10, 11].

OnHako MpakTUKa NMPUMEHEHHUS COBPEMEHHBIX
KOHCTPYKLNI KaMEHHO-HaOPOCHBIX IJIOTHH C JKEeJe30-
OETOHHBIM HPKPAHOM BbISIBHJIA HAJIMYME y HUX CEPbe3-
HBIX HEJIOCTaTKOB. B sKkpaHax I1e10ro psiia CBEPXBBI-
COKHX IJIOTHH 00pa30BBIBAINCH TpeluHsl [9, 12—-19].
B coBpemMeHHON HayYHO-TEXHUYECKOU JIUTEpaType psil,
padoT MOCBSIIEH PELICHUIO aKTyaJbHBIX BOIIPOCOB I10
BBISIBIICHUIO IIPUYMH 00pa30BaHMs TPEIUH B IKpaHaX
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KaMEHHO-HAOpPOCHBIX IUIOTUH U IO COBEPIIEHCTBO-
BAaHUIO WX KOHCTPYKUMUH JJisi CBEPXBBICOKMX HaIo-
pos [5, 6,20-28].

Hecmorpst Ha GoblIOe KOJIMYECTBO MCCIIEI0Ba-
HUH, HET €JMHOI0 NpPEACTaBICHUs 00 YCIOBHSX CO-
BMECTHOH pabOThI JKeJIe300€TOHHBIX SKPAHOB B KAMEH-
HO-HaOPOCHBIX IUIOTHHAX. Jl0 CHX MOP CUUTACTCS, YTO
OCHOBHYIO ONTaCHOCTb JUIsl IPOYHOCTH SKPaHa B OCHOB-
HOM HecyT aedopmanuu u3ruda. B nureparype Bcrpe-
yaeTcs 3201y IeHHe, YTO JKeJIe300€ TOHHBIN SKpaH Mpu
ne(pOPMUPOBAHUH TUIOTHHBI HAXOJUTCS B COCTOSHUU
JIBYXOCHOT'O CKATHs 38 HCKIIFOUCHUEM OT/ENbHBIX MpH-
60pToBBIX 30H [29]. Ho Takoe mpecTaBicHHE HE MOXKET
00BSICHUTH 00pa3oBaHUE TPELUH B 3kpaHe. JlornuHo
MPEANONIOKHUTH, YTO OHU BO3HUKAIOT U3-3a HAPYLICHUS
MPOYHOCTH OCTOHA Ha pacTsbkeHue. TeopeTHUecKui
aHanu3 [6] U pe3ynbTaThl YUCICHHBIX UCCIIEI0BaHUM
[20, 26-28] mokazaiu, 4To KeyIe300e TOHHBIH IKpaH HC-
IBITHIBAET MTPOJIOJBHBIC PACTATMBAIOIINE HAITPSKEHNUS
B IUIOCKOCTH OTKOCa. YTOOBI MOBBICUTH HAECKHOCTh
JKEeJIe300eTOHHOTO AKpaHa KaK MpOTUBO(MIBTPAIIOH-
HOT'0 9KpaHa, HE0O0X0ANMO A0OUTHCS CHUKEHHSI PacTsi-
TMBAIOIINX HAIPSKEHUN.

OfHUM U3 TaKUX CIOCOOOB SIBJISIETCS] YCTPOHCTBO
HOIEPEYHbIX IIBOB B KeJI€300€TOHHOM dKpaHe. B To xe
BpeMst 3QPEKTUBHOCTD U LIEJIeCO00Pa3HOCTh [IPUMEHE-
HUS TAHHOTO Croco0a B TPaJUIMOHHONW KOHCTPYKIIUU
IUIOTUHBI Majo HccienoBaHa. HekoTopble 3KcmepTs
CUUTAIOT MOTIEPEYHbIE IIBbl YHUBEPCAIBHBIM U HAIEK-
HBIM CII0OCOOOM PETYIMPOBAHUS HAIIPSHKEHHO-1e(hOPMH-
posannoro coctostaust (HIC) xerne300eToHHOT0 3KpaHa.
3amaueii 1aHHOW PaOOTHI SIBJISIETCS BHISIBICHUE BIUSHUS
yCTpOMHCTBA B AKpaHe nonepeyHsix mBoB Ha ero HJIC
MyTEeM BBIITOJHEHUS YMCIEHHOTO MOAEIUPOBAHHUS.

MATEPHAJIBI U METO/JbI

Uccnenoanne HIC mpoBoAMIIOCh METOAOM KO-
HEYHBIX 2JIeMEHTOB. PaccmarpuBasiack aOcTpakTHas
wiotuHa Beicotoir 100 M (puc. 1). 3anoxeHne 0TKOCOB
KaMCHHO-HAOPOCHOH IUIOTUHBI OBUIO MPHUHSITO paB-
HbeIM 1,3. TonmuHa 3xpaHa IpUHUMAIACh MOCTOSHHON
1o BbICOTE U paBHOH 1 M. [IpuHMManock, 4To ynopHas
IpU3Ma IJIOTHHBI UMEET OHOPOIHOE CTPOCHHUE.

IIpu pacuerax H/IC miIoTHHBI yYUTHIBAIUCH Ha-
IPY3KH OT COOCTBEHHOTO Beca IIOTHHBI ¥ THAPOCTATH-
YeCcKOro JIaBJieHusl BepxHero Obeda. PaccmarpuBaincs
Cllyd4aii, KOTJla HallOJIHEHHE BOJOXPAaHMIIMIIA BeIeTCs
TOJIBKO TIOCIIE TOJIHOTO 3aBEpIIEHUs] CTPOUTENIBCTBA.
IIpu 3ananHON cxeme BO3BENICHUsI Ha dKpaH IepelatoT-
Csl TOJILKO HAarpy3KH OT Beca CaMOro 3KpaHa U THIpO-
CTaTUYECKOTO JaBJICHUS.

[Tpu pacuerax aist O€TOHA U TPYHTA UCIOJIB30BaA-
Jlach MOJIeJb JIMHEeHoro nedopmupoBanus. Monyib
JIMHEHHOH nedopmanyu 6eToHa NPUHUMAJICS PaBHBIM
30 I'lla, 4TO MO CTPOMUTEIBHBIM HOPMaM' COOTBETCTBYET
oerony kiacca B25 wiu B27,5. Koaddumuent Ilyacco-
Ha OeroHa npunumaiicst paBabiM 0,2. [Tpu ouenke Bo3-
MOXXHOCTH 00pa30BaHMs B SKpaHe TPEILIUH pacyeTHOe
CONPOTHUBIICHNE OETOHA HA PACTSHIKEHHE 110 MPEAETbHO-
My COCTOSTHHIO BTOPOM I'pyMITbl MPHHUMAIOCh PABHBIM
1,7 MIla (kak aist 6eroHa kiacca B27,5).

Y4uThIBaJIOCH HAIMYME B dKpaHe apMarypsl. Ap-
MUpPOBAaHME NPUHUMAJIOCh ABYXPSATHBIM C PaCIOJIO-
JKEHHEM OT BHEIIHHMX IpaHell Ha pPacCTOSHUH, PABHOM
ToNIMHE 3auTHOTrO cios (15 cm). [IpoueHT apmupo-
BaHUS 3KpaHa NMpUHUMAics paBHbIM 1,5 %. [Inomans
NIOIIEPEYHOr0 CEYEHUSI HU30BOM POJOIbHOM apMaTypbl
YCIIOBHO MpuHKAMAanack paBaoi 100 cM? Ha 10T M, a Bep-
X0BO# — 50 ¢cM? Ha mor. M. Mojysib JuHelHOU aedop-
MaIuu apMaTypHoii ctanu knacca A-I1I B cooTBeTcTBIM
¢ CIT1 41.13330-2012 6bu1 npunsit pasasiv 200 I'Tla.

PacdeTs! MpOBOIMIINCE IS HIMPOKOTO JUAra3oHa
ne(hOpMUPYEMOCTH KAMEHHON HAOPOCKH, KOTOPBIH 110
HaATypHBIM JaHHBIM HaOJIIOIAeTCs B PEAIbHBIX IUIOTH-
Hax [30-33]. PaccmarpuBanuch yeTblpe BapuaHTa 3Ha-
YeHHUI MOIYJIs JIMHEWHO# nedopmanuu E HaOpocku:
60, 120, 240 u 480 MIla. Koaddumuent Ilyaccona ka-
MEHHOW HaOpOCKH ObLI MpUHAT paBHbIM 0,25.

CocTaBlieHHass 4YHCJIEHHAas MOJAENb IJIOTHHBI
BKJtouaeT B cebs 1047 koHeuHbIX 31eMeHTOB. KoH-
TaKThI KeJIe300€TOHHOTO dKpaHa ¢ TPYHTAMH, a TaKkKe
MEePUMETPABHBIN 1II0B MOJEIUPOBAIIUCH C MOMOIIBIO
KOHTAKTHBIX KOHEYHBIX 21eMeHTOB. CTanbHas apmMarypa

1 CIT141.13330-2012. BetonHble H kene300eTOHHbIE KOHCT-

PYKLIUH THAPOTEXHUYCCKUX COOPYKECHHUM. AKTYaIn3UPOBaH-
Has penakiust CHull 2.06.08-87. M.: 2012. — 86 c.

Puc. 1. Cxema KOHCTPYKIMU KaMEHHO-HAOPOCHOI! IUIOTHHBI C XKeNe300€TOHHBIM IKpaHOM: | — 3alUTHAs IPU3Ma; 2 — MO/~
9KpaHOBas 30Ha; 3 — yIOpHasi MpuU3Ma; D — Kene300eTOHHBIN IKpaH

Fig. 1. Scheme of construction rockfill dam with reinforced concrete face: / — protective prism; 2 — subscreen area; 3 —

rubble-stone toe; D — reinforced concrete screen
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MOJICITPOBAIach CTCPIKHEBBIMU 3IeMeHTaMu. KoHTaKT
apMatypbl U OETOHA IPUHUMAJICS A0COIFOTHO MPOYHBIM.
IIpu cocTaBieHUH YUCIICHHON MOJCIIU TUIOTUHBI HC-
MOJIb30BAIUCH KOHEUHBIC JIEMEHTHI BBICOKOTO TOPSII-
Ka, C KyOH4eCKOU CTEIEHbIO alllPOKCUMAIIIH TTepeMe-
nreHuit. O0IIee KOJINYEeCTBO CTEICHEH CBOOOIBI MOMIEIIN
WI0TUHBI cocTaBuio 9200. /st pacueToB UCIIOIB30Ba-
JIaCh BBIYMCIIUTEIIbHASI IPOrPAMMa, COCTaBIICHHAS KaH-
nuaaroM Texuuueckux Hayk M.I1. CanHOBBIM.

Pacuersl mpoBoAMJIMCH IS TPEX BapHAaHTOB.
B mepBoM BapumaHTe paccMmaTpuBajCsl dKpaH, Hepas-
PE3HOIl 10 BCel BBICOTE, a B JIBYX JPYTHX BapUaHTaX
B 9KpaHE YCTPaMBAJICS OJUH IONCPEYHBII 1IOB (HO Ha
Pa3HbIX YPOBHSIX).

PE3YJIBTATBI HCCJIEJOBAHUA

Pesynsratel pacuetoB HJIC skpaHa nmokas3aHsl Ha
puc. 2—12 nist MOMEHTa BpeMEHH OKOHYaHMsI HamoJ-
HEHUS BOJOXPAHMUIIMINA. DKPaH CMEILIaeTcsl B CTOPO-
Hy HWKHero Obeda u ocenaet. [Ipu 3TOM HCHBITHIBAET
nepeMelleH s KaK B HallpaBJIeHUH MEPICHANKYISIPHOM
K oTKOCy (pHuc. 2), Tak 1 BaoJib Hero (puc. 3). Ilepsbie
Mbl OynieM HasbiBaTh nporubamu U , BTOpble — IIpo-
JONBHBIMHU epemenienusamu U,

HepaBHOMepHOCTB pacipeaesieHust porudoB Bbl-
3bIBaeT B 3KpaHe jaedopmanuu u3rnda. Mzrub mpouc-
XOJIUT B CTOPOHY HIDKHEro Obeda (3a MCKITI0UEeHHEM ca-
MOH BepXHEH 4acTH dKpaHa). MakCUMabHbIA NPOruo
9KpaHa IpHu MOoJyJie KaMeHHOH Habpocku £ = 60 MIla
cocTaBiser 42 cM, a Ipy MOBBIIEHUH MOJTYJISI POTIOP-
IUOHAJIBHO YMEHbIaeTcs (puc. 2).

[Tpu IpOAONIBHBIX MEPEMEIICHUX YKPaH KakK Obl
«JIBHDKETCSI» BJIOJb OTKOCA, O HAJMYUH DTHUX HepeMe-
IICHUH CBUIETENILCTBYET PACKPBITHE TIEPUMETPAIBHO-
O 111Ba, KOTOpOe HaOJI0IaeTCsl Ha BCEX MMOCTPOCHHBIX
mnotuHax [34]. IIpu £ = 60 MIIa packpsiTHe cocTaB-
nsgeT 84 MM, a Ipu pocte E MOYTH NPOMOPIHOHATb-
HO ymenbaetcs. [Ipu E = 480 MIla oHO cocTaBins-
et 11 mm.

3a cyeT HepaBHOMEPHOCTHU pacIpeeeHus mpo-
JOJIBHBIX MepeMelieHuit (puc. 3) B 3kpane GopMupy-
FOTCS TPOJIOJIbHBIE 1e(hOpMaLMU YKOPOUCHUS WIH Y-
JINHEHHU. YJUIMHEHHE XapaKTEpHO JUIsl HUXKHEN 4acTu
sKkpaHa (ke V35 M), a ykopaunBaHue — IS BEPXHEH.

B pesysibrate pacueTtoB HaMu ObUIO HOJYYEHO
paclpezielieHle HalpsKEHUM B KpaHe. B nampasite-
HUU, TePIEeHAUKYISIPHOM K OTKOCY, HOpMaJbHbIE Ha-
MPSDKEHHUS COOTBETCTBYIOT THAPOCTATHUECKOMY JaBiie-
HUIO U JABJICHUIO IPYHTA, JEHCTBYIOLINM Ha BEPXOBYIO
rpaHb 3KpaHa. DTH HAMpPsDKEHUs] HE MPECTaBISAIOT
OIIaCHOCTH Ul TPELMHOCTOMKOCTH 3KpaHa. boiee
MHTEHCHUBHBIE U OIACHBIC HAINpPSKEHUS NEHCTBYIOT
B HAIPaBJICHUU BJIOJIb SKpaHa (IPOI0JIbHbIC HaMpshKe-
Husi). Uepes mponosibHble HANPsKEHUs! ObLIM BBIUUC-
JICHBI BHYTPEHHHUE YCHIIUS B 3KpaHe: NMPOAOJIbHAs CHUila
N (puc. 4, 5) u nzrubarommii momeHt M (puc. 6, 7)
¢ nomouipto pexomenaanuii [35]. [IpomonbHas cuiia
N BbI3BaHa MPOROJIbHBIMU JIedopMmarusimu. M3rubaro-
il MoMeHT M Xapakrepusyer aedopmaruu usruoda.

Ha HuxHeM yuacTke qeicTBYeT CKMMaromias npo-
JIOJIbHAS CHJIA, a HAa BepXHEeM — pacTsrusatomias. 1o
pe3yapTaTaM pacueToB PaCTITHMBAIONIAs MPOIOJIbHAS
cuna N B HIDKHEM ydacTke 3KpaHa jgocturaet 2 MH
(puc. 4). Ilpu Gosiee BHICOKMX 3HAYECHHSIX MOJYJIS JIH-
HeitHo# nedopmannu kamMeHHOW HaOpocku £ Makcu-
MajbHOE 3HAYCHHE MPOJOIBHON CHUIIBI CHUXKAETCS, HO
He3HauuTenbHo. [Ipu E = 480 MIla ono coctaBns-
et 1,5 MH.

Wsrubatomuii MOMEHT M [OCTHUraeT CBOEro
MAaKCUMyMa TaK)X€ B CaMOM HMKHEH 4acTu 3KpaHa
(puc. 6, 7). Ilpu E = 60 MIla MmakcumanbHOE 3Hade-
nue M coctasnser 0,61 MH M, a npu E = 480 MIla —
0,33 MHm.

Takum oOpazom, Haubosiee HeOIArONpPHUITHOE
H/C cxknaapiBaeTcst B HIDKHEH 4acTH dKpaHa — pacTs-
TMBAIOIIAs CHJIA U U3rHOAIONIMHA MOMEHT 3/1€Ch IOCTH-
rarT cBoero makcumyma. Ha HU30BOH rpaHu HUKHEH
YaCcTH AKpaHa PaCTATMBAIOIINE HAIPSKEHHUSI JOCTUTat0T
cBOero Makcumyma (puc. 8, 9).

45 - «e+ 60 MIla / MPa
40 __Un, cM / cm i == 120 MIIa / MPa
|5 = 240 Mlla/ MPa
35 “et——| — 480 MIla/ MPa
30 ]
25 = S
20 TS e
J P See ‘.
15 ‘." 2 < =< - Puc. 2. HopMasbHble TepeMenieHus
10 ..° ',' S~ - (mporu0sI) xKene300eTOHHOTO dKpaHa
;'/' \\ e (TIpH OTCYTCTBHH TMOTIEPEYHBIX IIBOB)
T ————— , u/m Fig- 2. Normal displacement (deflec-
0 w tions) of reinforced concrete face (in
0 20 40 60 80 100 the absence of transverse seams)
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U,cMm/cm
2,5 :"---"‘------ ---,_____----
T — \\ i bbb
2 |
]
<40
15 1= — 0Oe3 mBoB / without seams
— OB A=5M/seam h=5m
1 == 110B 7 =105M/seam 7 =10.5m
0,5
y,M/m
0 Il
0 20 40 60 80 100

Puc. 3. I3meHeHne 1o BBICOTE TPOJIONBHEIX ITEpEMEIIeHHMI KeIe300eTOHHOTO SKpaHa (TIpy MOylle KaMeHHOH HaOpocku E =
240 MIla)

Fig. 3. Change on the height of longitudinal movement of the reinforced concrete face (at module of rock fill £ =240 MPa)

295 T I I I I
2.0 N, MH/MN — 0e3 mmBa / without seam ||
-= mMOBA=5M/seamh=5m
15 / === \\ eee OB A =10,5M/seam h=10.5m [
’ Sa
”" \

1.0 :: ;.: :...oo.....\\\
Rk N
0,5 3 )
3 \\ y,M/m
0,0 o~
0 20 \Q 60 80 100
0.5 o
RN

-1,0 }%-‘.'-4'
-1,5

Puc. 4. Pactipenienenue 1o BEICOTE dKpaHa MPOAOIBHON CHIIBI (IIPH MOJTylle KaMeHHOW Habpocku £ = 60 MIIa)

Fig. 4. The distribution on the height of the screen of the longitudinal force (at module of rock fill £ =60 MPa)

2,0 "]V,MI_I/MN I I I I T T

15 / —\ — 0e3 mBa / without seam

,—-~‘ -= mMOBA=5M/seamh=5m
/ N eee moOBA=105M/seam h=10.5m
1,0 7 A —
1., RIS
| I "\
0,5 12 o
F‘ : \\ y, M/ m
0,0 £ )

0 20 \\q,o 60 80 T 100

-1,5

Puc. 5. Pacripenenenue mo BeICOTE dKpaHa MPOIOIBHOM CHIIBI (IIPU MOIyNe KaMeHHO# Habpocku £ = 240 MIla)

Fig. 5. The distribution on the height of the screen of the longitudinal force (at module of rock fill £ =240 MPa)
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M MH:-Mm/MN-m

0,8 \ I \ I |
0.7 f\(\‘ — 0Ge3 mBa / without seam i
0.6 Uﬂ Toy 9?%“ -= IMOBA=5M/seam =5 m H
0.5 0.%”)\‘“ eee moBh=10,5M/seam h=10.5m ||
, 0\
0.4 il
0.3 'n' 0 Y. a0
’ w o ‘\
0,2 ™
\\
0.1 RN
N V> M/ m
0.0 <
ol T T 1T T
-0,2

Puc. 6. V3MeHeHHe 1O BBICOTE KEIC300C€TOHHOTO OKpaHa PI3FPI63.}OHICFO MOMCHTa (HpI/I Moayine KaMEHHO Ha6p0€KI/I

E = 60 MITa)

Fig. 6. Change on the height of the reinforced concrete bending moment (at module of rock fill £ =60 MPa)

M MH:-Mm/MN-m

0.5
I
0.4 ﬂ — 0e3 mBa / without seam H
|‘\, -= mMOBA=5M/seamh=5m
0.3 :X’% eee mOBA=105M/seam h=10.5m [
(AW
1
0,2 ::\'/: \\\
0.1 t
— y,M/ m
0,0 ~
20 0 60 100
N y ?

Puc. 7. M3MeHeHne 1o BBICOTE KeIe300€TOHHOTO dKpaHa HM3THOAIOMIero MOMEHTa (IPH MOIyje KaMEeHHOH HaOpoCKH

E = 240 MITa)

Fig. 7. Change on the height of the reinforcedconcrete face bending moment (at module of rock fill £ =240 MPa)

Yem BbILIE MOIYJIb KAMEHHOH HaOpocku E, TeM
MEHbIIIE PACTATUBAOLINE [IPOJOIbHBIC HAIPSKEHUS
B KeJIe300eTOHHOM dKpaHe. bosiee Toro, npu BHICOKMX
3HaYEHUSAX £ 3a cYeT TOro, 4To BIUSHUE £ cUIbHEE Ha
N, ueM Ha M, pacTAruBarolllie HaupsHKeHHUsI BOSHUKAIOT
Y Ha BEPXOBOU IpaHu dkpaHa (puc. 9).

Camoii HampsKEHHOW SIBJISETCS HUKHSSA 4acTh
skpaHa. PacTaruBarooimye InpoLoJIbHbIE HAIPSIKEHUS
B HEU JIOCTUTAIOT 3HAYUTEIIbHBIX BEJIMYUH U IIPEBbILIA-
IOT PaCUETHOE CONPOTHBIEHUE OETOHA HAa pacTsHKEHHE
JlaXke TIpH caMoi HU3KO# 1e(hOpMUPYEMOCTH KAMEHHOU
HaOpocku (E = 480 MITa).

ITonyueHHble pe3ynapTaThl pacuera CBUIETEIIb-
CTBYIOT O HEJIOCTaTOYHOM YPOBHE HAJCKHOCTH JKEJle-
300€TOHHOTO SKpaHa Kak MPOTHBO(QUIBTPALIMOHHOTO
aneMeHTa. Tak KaKk yclIOBHE POYHOCTH OETOHA Ha pac-
TSJKEHUE HE BBIIOJIHACTCS, LEJOCTHOCTb U COOTBET-
CTBEHHO I'€pMETHYHOCTh AKpaHa MOXKET OBITh HapyIIeHa.

OmHUM U3 COCOOOB HEIOMYIIEHUS HapyLICHUS
TEPMETUYHOCTU JKPaHA SIBJIAETCS IPEABAPUTEIILHOE

1538

YCTPOMCTBO B 3KpaHe nomnepeyHoro msa. I{enecoodpas-
HO pacIojiaraTh MBI B 30HAX HaHOONBIINX 3HAYCHHH
pacTaruBaroluX HanpsbkeHuid. 11o pesynsraraM anaiu-
3a pacnpeeNeHns HalpsDKeHU HaMK ObUTM paccMo-
TPEHBI JBa BapHaHTa MECTOMOJIOKEHUS MOIEePEUHOro
mBa — Ha V5 M u Ha V10,5 M. B 00oux cirydasix mos
pacrioniaraeTcsi O4eHb OJIM3KO K OCHOBAHUIO TJIOTHHBI:
B IIEPBOM CJyyae AJMHA 3KpaHa 0 IIBAa COCTaBIIs-
et 5,7 M, a Bo BTopoM — 14,7 M.

Jliist 5TUX BapuaHTOB OBUIM TPOBEJCHBI PACUETHI
HAC.

WX pesynbrarsl OKa3ajld, 4TO yCTPOMCTBO IOIE-
PEYHOro IIBa MPAKTUYECKU HE CKA3bIBAETCS HA MPOTHU-
0ax skpana. OHU yMEHbIIAKTCS Jinib Ha 1...5 mm. Cy-
LIECTBEHHO 0oJiee CUIIbHOE BIMSIHUE LII0B OKAa3bIBACT Ha
poaoJibHbIE Tiepemenienus (puc. 3). Hanuune B asxpane
MOTEHIMAIBHOTO PACTATMBAIOIIETO IPOAOIBHOTO YCHIIHS
BBI3BIBACT PACKPBITHE MoNepedHoro Imsa. [1o pesynsra-
Tam pacueToB mpu £ = 60 MIIa packpsITHe 11Ba cocTas-
JIIeT OKOJIO 3 CM. 3a CYET 3TOT0 YyMEHBINAETCs PACKPHI-
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——— BepxoBas (6e3 mBa) / upstream (without seam)

= = BepxoBas (0B 7 = 5 M) / upstream (seam /z = 5 m)

=== BepxoBas (1moB # = 10,5 M / upstream (seam /2 = 10.5 m)
—— mHu3oBas (6e3 mBa) / downstream (without seam)

---- HU30Basd (moB 4 = 5 M) / downstream (seam /z = 5 m)
eeeseee HI30BaA (OB 4 = 10,5 M) / downstream (seam /= 10.5 m)

Puc. 8. l3MeHeHHe 10 BBICOTE NMPOJOIBHBIX HANPSDKEHUI Ha BEPXOBOM M HH30BOM IPaHsX JKeJIe300€TOHHOTO dKpaHa (Ipu

Mojynie KaMeHHo# Habpocku £ = 60 MIla)

Fig. 8. The change on height of the longitudinal stresses on the upstream and downstream faces of the reinforced concrete face

(at module of rock fill £ = 60 MPa)

o, MIla / MPa
4

¥

-
-

y,M/m

——— BepxoBas (6e3 mBa) / upstream (without seam)

= = BepxoBasi (oB /2 =5 M) / upstream (seam # = 5 m)

=== Bepxonasd (moB /2 = 10,5 M / upstream (seam /= 10.5 m)
Hu3oBas (Oe3 mBa) / downstream (without seam)

---- Hm3o0Basg (moB / =5 M) / downstream (seam / = 5 m)
+eeeee HI30Bas (OB /2 = 10,5 M) / downstream (seam /2 = 10.5 m)

Puc. 9. I3mMeHeHne Mo BBICOTE MPOJONBHBIX HANPSHKEHUH Ha BEPXOBOH M HU30BOU I'PaHSIX jKeJIe300€TOHHOTO dKpaHa (Ipu

MofyJsie KaMeHHOW Habpocku £ = 240 MIla)

Fig. 9. The change on height of the longitudinal stresses on the upstream and downstream faces of the reinforced concrete face

(at module of rock fill £ =240 MPa)
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THE IIEPUMETPAJILHOIO 11Ba. B BepxHel yacTu dKpaHa
MIPOJONBHBIC MIEPEMEIIEHHsI IKpaHa YBEINUUBAIOTCSL.
Jlanee npoBoawIICs aHAIU3 BIAMSHUA ONEPEUYHOTO
1IBa Ha BHYTPEHHHUE ycuiaus B skpane (N u M). He-
MTOCPECTBEHHO B LIIBE MpoOJojbHas cuia paBHa 0, HO
110 Mepe yJaJeHHUs] OT HEro pacTITHBAIOIINE yCHINS
He ucue3aroT (puc. 4, 5). IT0 00BACHSAETCS TEM, YTO
OHHU TIepeAaIoTCs Ha 3KPaH OT I'PYHTA IJIOTUHBI Yepe3
Tpenue. OO ITOM CBUIETEIILCTBYET paclpe/ieieHIe Ka-
CaTeJbHBIX HAMPSDKEHUH Ha KOHTAKTE «IKPaH-TPYHT»
(puc. 10). XoTs 110B HE UCKITIOYAET MPOAOJIBHOTO pac-
TATHBAIOIIETO YCUIIMSI, OHO TO3BOJISIET CYIIECTBEHHO

1, MIla / MPa

CHU3UTH €ro MakCUMalbHYIO Benuuuny (puc. 11, a).
Oco6enHOo 3(h(HEeKTUBHO yCTPOMCTBO 1IBa Ha V5 M.

Ha usrubaronire MOMEHTBI YCTPOUCTBO MOMepey-
HOTO I11Ba OKa3bIBAET €Ille MeHbIIee BiusHue (puc. 6, 7).
B mBe mzrubarommii MomeHT cHmkaercst 10 0. OnHa-
KO BJIMSIHUC IIBAa PACIpPOCTPaHICTCS Ha HEOOJBIIYIO,
OUY€Hb OrpaHuYeHHyI0 JUIUHY. [lo Mepe ymanenus: ot
1Ba U3TUOAOIIIE MOMEHTBI BO3PACTAIOT U BOCCTAHAB-
JIUBAIOTCS 10 BbicokuX 3HaueHuil. [lpu £ = 60 Mlla
X MaKCHMAJIbHBIC 3HAUCHHUSI MIPEBBIIAIOT T, KOTOPHIC
XapaKTepHbI JJIs Hepa3pe3Horo 3kpana (puc. 6). I1o
OOBSICHSICTCST U3MCHCHHUSIMU B pPACHpeeiICHIH Kaca-

Ny [

I

0,6

— 0e3 mBa / without seam
-= mMOBA=5M/seamh=5m
eee MOBA=105M/seamh=105m

y, M/ m

100

-0,8

Puc. 10. 3MeneHne 1o BHICOTE KacaTelIbHBIX HAIPSHKEHHI Ha KOHTAKTE XKeNe300€TOHHOTO SKpaHa 1 MOIKPaHOBOM 30HbI (TIpH

E =240 MIla)

Fig. 10. The change in height of the tangential stresses at the contact of the reinforced concrete face and the sub-screen zone

(at £ =240 MPa)
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a

— 0e3 mBa / without seam
-= mMOBA=5M/seamh=5m
eee MOBA=105M/seamh=105m

b

Puc. 11. M3MeHeHne MaKCHMaIbHBIX 3HAYEHUH BHYTPEHHHUX YCHIIHMH B XKeIe3006TOHHOM 9KpaHe B 3aBUCHMOCTH OT MOJYIIS

TUHEHHOH nedopMay KaMeHHOH HaOpocku E: a — mpononbHas cuia N; b — u3rubatomuit MoMeHT M

Fig. 11. Changing the maximum values of internal forces in a reinforced concrete face depending on the modulus of the linear
deformation of the of rock fill £: a — longitudinal force N; b — bending moment M
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7 T
o, MIla / MPa
6
[5)
5 B\X
4 \\
\ \\ﬂ~~
3 \3\‘ TSe<
Z S~
1 — O om ot ow om o ol = - =)
. <SR R o oo nan0 E MITa/ MPa
0 100 200 300 400 500

«=>=BepxoBas (6e3 mBa) / upstream (without seam)

=0= BepxoBai (OB /7 =5 M) / upstream (seam s =5 m)

.«0-« BepxoBas (moB # = 10,5 M/ upstream (seam 4 = 10.5 m)

—— HI30Bas (6e3 mBa) / downstream (without seam)

=0= Hu30Bas (moB /=5 M) / downstream (seam /=5 m)

—0— Hu30Bad (moB i = 10,5 M) / downstream (seam /= 10.5 m)

Puc. 12. M3meHeHnne MakCUMajbHBIX 3HAYCHUH PACTATUBAIOLINX HMPOJOIBHBIX HAPSYKCHUI Ha BEPXOBOW M HU30BOM IpaHsIX

JKeJ1e300€TOHHOTO IKpaHa B 3aBUCUMOCTH OT MOAYJIS JIMHEHHOHN JedopMaiini kKaMeHHOW Habpocku £

Fig. 12. The change in the maximum values of tensile longitudinal stresses on the upstream and downstream faces of the rein-
forced concrete face, depending on the modulus of the linear deformation of the rock layer £

TEJIbHBIX HANPSIKEHUH Ha KOHTAKTE «IKPaH-TPYHT»
(puc. 10). KacarenbHble CHUIIBI BBI3BIBAIOT JOTOJIHHU-
TEJbHBII M3TNOAIOIMI MOMEHT B KeJIe300€TOHHOM
skpaHe. C TOUKM 3pEHMs YMEHBIICHHs M3rHOaronux
MOMEHTOB Haubosee 3p(HeKTHBHO yCTPOHCTBO 1IBA HA
V5 m (puc. 11, 6).

YMeHbIIEHHE TPOJOIbHBIX CHI U M3rMOAIONINX
MOMEHTOB B COBOKYITHOCTH MO3BOJISIET YMEHBIIHUTH
pacTsruBaroIIne HaNpsHKeHUs! B 9KpaHe. B BapuanTe co
mBoM Ha V5 M ynaercsi CHU3UTh PacTSIrUBarolye Ha-
npsbkeHus B 9kpane npu £ =480 MIla o 6e3omacHoro
ypoBHs (puc. 12). OgHaxo B APyrux BapHaHTax LEIH
JIOCTUYb HE yJalOCh.

SAKJTIOYEHHUE U OBCYXJIEHUE

Bnusinue ycrpoiictBa nonepeunoro msa Ha HIIC
JKEJIe300€TOHHOTO IKpaHa KaMEHHO-HAOPOCHOI TIOTH-
HBI MIMEET JIOKaJbHbIH d(dekrt. Pactsruparomias npo-
JIOJIbHAsI CHJIa M M3TMOAIOIIMI MOMEHT CHUKAIOTCS
Jo 0 ToIbKO B caMOM LIBE, HO IO Mepe YHaJeHUs OT
IIBa [TPOJIOJIbHASI CHJIA U U3THOAIONINI MOMEHT OBICTPO
«BOCCTaHABJIMBAIOTCSD) JI0 3HAYEHUI, COMOCTaBUMBIX
C BapHaHTOM 0e3 I0IePeYHOro 1LIBa.

VYeTpoilcTBO 1IBa HE yCTpaHSIET BO3MOKHOCTD T1e-
pelaun pacTArMBaroOIEro yCUIIUS OT OJJHOM YacTH dKpa-
Ha K JIpyroi — pacTsruBarolias mpoosibHas Cuia Ie-
penaercs Ha 9KpaH OT TPyHTA IJIOTHHBI Yepe3 TPEHUE.

Hedopmaruu u3ruda Maao 3aBUCAT OT HaJHU-
gusi Ba. MaKCHUMalIbHBI U3rHOAONUI MOMEHT TIpU
YCTPOHCTBE B DKpaHE MOIEPEYHOTO 111BA MOXKET JIaXKe
YBEITMYHUTHCSL.

BelieckazanHoe OOBSICHSIET, TOYeMy pa3pe3Has
KOHCTPYKIIHS KeJe3006TOHHOTO SKpaHa He IMokaszalia
cBOI0 3G (HEKTHUBHOCTH JJIsi 00ECICUCHUs HAICKHON
paboThl NPOTUBO(PUIBTPALIMOHHOTO KOHTYpa. MOXKHO
CKa3arh, 4TO MOIEPEYHBIC LIBBI B KPAHE «JIeYaT CUM-
HTOMBI», & HE YCTPAHSIOT IIPUYMHY HEOIaromnpusTHOTO
HAC »xpana.

VYCeTpolcTBO B 9KpaHe NONEPEYHOro 1IBa Ul pe-
rynupoBanust ero HJIC a3 dpekTHBHO TONBKO Ha TEeX ero
ydacTKax, B KOTOPBIX OH HCHBITHIBAET JehopMaiuu
MPOJIOJBHOTO Y/UIMHEHHS. DTO, KaK MPaBUIIO, CaMbli
HWKHUM ydyacTOK 3KpaHa. PexoMeH1yeTcs: yCTpoHCTBO
B 9KpaHe IONEePEeYHOro IIBa, MapajlieIbHOrO MepruMe-
TpaJbHOMY, Ha HEOOJIBILIIOM PACCTOSTHUM OT Hero. Takast
KOHCTPYKIMSI 9KpaHa NMPUMEHsIIaCh B KOHCTPYKIHSIX
IUIOTUH paHee, HanpuMep B mioTuHe Cogswill.

1541

A9JIN ¥mMHLO9g

810Z ‘ZL @nss| ¢ awnjop . BulesuiBbug [IAID Jo AlISISAIUN 81B1S MOOSOJ JO SBUIPa220.d « NSDIN MIUISIA
(8ulluO) 0099-70£Z NSSI (Juld) G£60-2661 NSSI

8102 ‘2L »9Auag ¢ wo



ISSN 1997-0935 (Print) ISSN 2304-6600 (Online) Tom 13 Beinyck 12, 2018

Vestnik MGSU - Proceedings of Moscow State University of Civil Engineering « Volume 13 Issue 12, 2018

BectHuk MICyY

A.A. NModesicoykuti, M.M1. CauHoe, B.B. Copoka, P.B. Jlyku4ee

JIUTEPATYPA

1. Paduenxo B.I'., I'nacosckuti B.b., Kaccupo-
6a H.A., Kypnesa E.B., [pyaocunun M.A. CoBpeMeHHOE
Hay4HOe 00OCHOBAHUE CTPOUTEIHCTBA KAMEHHOHA0POC-
HBIX [UIOTHH C KeIe300eTOHHBIMU dKpaHamu // Tumpo-
TeXHUYeCcKoe cTpouTenscTBo. 2004, Ne 3. C. 2-8.

2. Paouenxo B.I'., Kypuesa E.B., Pomuenxo FO.I".
CoBpeMeHHbBIE TEXHOJIOTUH CTPOUTEIHCTBA KAMEHHOHA-
OPOCHBIX IUIOTHH C JKeJIe300eTOHHBIME 3KpaHamu // ['uj-
potexHuueckoe crpoutenserso. 2007. Ne 10. C. 25-32.

3. Moucees C.H. KaMeHHO-3eMJISTHBIC I KaMEH-
HO-HaOpOCHBIE IIOTHHBI | OCHOBBI TPOSKTUPOBAHUS U
cTpourenscTBa. M. : Dneprus, 1970. 224 c.

4. TIpoekTUpOBaHUE U CTPOUTEIBCTBO IJIOTUH
13 MECTHBIX Marepuaios : 1o Marepuanam VII u VIII
MextyHap. KOHIPECCOB IO OOJIBIINM IUIOTHHAM / COCT.
A.A. Huaumoposud; nox o6m. pen. A.A. boposoro.
M. : Dueprus, 1967. C. 90-99. (IlpoextupoBanue u
CTPOUTENBCTBO OOJBIIKX IIOTHH. Bhirt. 3).

5. Aupanemsan P. IIpoekTupoBaHNE KAMEHHO-3EM-
JISTHBIX ¥ KAMEHHO-HAOPOCHBIX TUIOTHH. 2-€ U3J1., Iepe-
pab. u momr. M. : Dueprus, 1975. 328 c.

6. Larson E., Kelly R., Dreese T., Fleming G.,
Wilkes J. A permanent solution at Salt Springs dam //
International Water Power & Dam Construction. 2006.
URL: http://www.waterpowermagazine.com/features/
featurea-permanent-solution-at-salt-springs-dam/ (nara
obpamenns: 01.07.2017).

7. ICOLD. Rockfill dams with concrete facing-
state of the art // International Commision on Large
Dams. 1989. Bulletin 70.

8. ICOLD. Concrete face rockfill dam: Concepts
for design and construction // International Commision
on Large Dams. 2010. Bulletin 141.

9. Song W., Sun Y., Li L., Wang Y. Reason anal-
ysis and treatment for the 1st phase slab cracking of
Shuibuya CFRD // Journal of Hydroelectric Engineer-
ing. 2008. Vol. 3. Issue 27. Pp. 33-37.

10. Li N.-H., Sun D.-W., Li D.-H., Deng Y.-G.,
Yang J. Deformation behavior of 300 m high-concrete
face rockfill dams // Yantu Gongcheng Xuebao (Chinese
Journal of Geotechnical Engineering). 2009. No. 31 (2).
Pp. 155-160.

11. Wang L.-B., Yan Q. Analyze on develop-
ment prospects of 300m level ultra-high CFRD from
Shuibuya high CFRD // Asia-Pacific Power and En-
ergy Engineering Conference. 2010. DOI: 10.1109/ap-
peec.2010.5448667

12. Marques Filho P., De Pinto N.L.S. CFRD dam
characteristics learned from experience // International
Journal on Hydropower and Dams. 2005. No. 12 (1).
Pp. 72-76.

13. Johannesson P., Tohlang S.L. Lessons learned
from Mohale // International Water Power & Dam Con-
struction. 2007. Vol. 59. Issue 8. Pp.16-25.

1542

14. Xavier L.V., Albertoni S.C., Pereira R.F., An-
tunes J. Campos Novos dam during second impound-
ing // International Journal on Hydropower & Dams.
2008. No. 15. Pp. 53-58.

15. Freitas M.S.Jr. Concepts on CFRDs Leakage
Control — Cases and Current Experiences // ISSMGE
Bulletin. 2009. Vol. 3. Issue 4. Pp. 11-18.

16. Scuero A.M., Vaschetti G.L. Underwater re-
pair of a 113 m high CFRD with a PVC geomembrane:
Turimiquire // Managing Dams. Challenges in a time
of change : Proceedings of the 16th Conference of the
British Dam Society. 2010. Pp. 474-486.

17. Mokhtar P.E., Freitas Jr.M.S. Rehabilitation
for high concrete faced rockfill dam (CFRD): Avail-
ability and vulnerability Dam Maintenance and Reha-
bilitation II // Proceedings of the 2nd International Con-
gress on Dam Maintenance and Rehabilitation. 2011.
Pp. 881-887.

18. Silva da A.F., Assis de A.P., Farias de M.M.,
Neto M.P.C. Three-dimensional analyses of concrete
face rockfill dams: barra grande case study // Electronic
Journal Geotechnical Engineering. 2015. Vol. 20. Bund
14. Pp. 6407-6426.

19. Ma H., Fudong Chi F. Technical progress on
researches for the safety of high concrete-faced rockfill
dams // Engineering. 2016. Vol. 2. Issue 3. Pp. 332-339.
DOI: 10.1016/j.eng.2016.03.010

20. Arici Y. Investigation of the cracking of
CFRD face plates // Computers and Geotechnics. 2011.
Vol. 38. Issue 7. Pp. 905-916. DOI: 10.1016/j.comp-
2e0.2011.06.004

21. Cheng S., Zhang G., Zhang,J., Wan L. Effect
of foundation topography on the stress-displacement
response of concrete faced rockfill dam // Shuili Fadian
Xuebao (Journal of Hydroelectric Engineering). 2008.
No. 27 (5). Pp. 53-58.

22. Dakoulas P., Thanopoulos Y., Anastasopou-
los K. Non-linear 3D simulation of the construction and
impounding of a CFRD // The International Journal on
Hydropower and Dams. 2008. No. 15 (2). Pp. 95-101.

23. Dang F.N., Wang X.W., Tian W., Xu S.J. De-
formation and stress characteristics of high asymmetric
CFRD and for measures // Shuili Xuebao (Journal of
Hydraulic Engineering). 2012. No. 43 (5). Pp. 602—608.

24. Dang F.N., Yang C., Xue H.B., Fang J.Y. The
effect of valley topography on deformation properties
of CFRD // Journal of Hydraulic Engineering. 2014.
No. 45 (4). Pp. 435-442.

25. Song W., Wang P. Influence of valley topog-
raphy on the safety of CFRD anti-seepage systems //
Shuili Fadian Xuebao (Journal of Hydroelectric Engi-
neering). 2008. 27 (4). Pp. 94-100.

26. Caunos M.I1. Biustaue nepopMHupyeMOCTH
KaMEHHOM HACBIH Ha HAMPSOKCHHO-e(hOPMUPOBAHHOES



Posib nonepeyHbIx LWBOB B PErynpoBaHUm HarnpsxxeHHo-4eopmMmnpoBaHHOro COCTOSHUS
)Ke/1e3006€TOHHOI0 3KpaHa KaMeHHO-HabpPOCHOM MI0TUHbI

C. 1533-1545

COCTOSIHUE 7KeJ1e300€TOHHOT0 AKpaHa IyIoTHHBI // Bect-
Huk MI'CY. 2015. Ne 3. C. 69-78. DOI: 10.22227/1997-
0935.2015.3.69-78

27. Caunoe M.I1. OnieHka BiausiHUsI HOPMBI CTBOpA
Ha HanpspKEHHO-JIe(OPMHUPOBAHHOE COCTOSIHHUE KeJle-
300€TOHHOTr0 YKpaHa KaMeHHOH TIOTHHBI // TIpuBOIIK-
CKU HayuHbIH xypHai. 2016. Ne 2 (38). C. 104-109.

28. Caunoe M.I1. Biusinue Gopmbl cTBOpa Ha Ha-
TIPSDKEHHOE COCTOSTHUE JKEIe300€TOHHOTO IKpaHa KaMeH-
HO-HACBIMHON MIOTHHBI // HKEHEPHO-CTPOUTEIBHBIH
xypHait. 2016. Ne 3. C. 16-39. DOI: 10.5862/MCE63.2

29. Jlanuyes FO.I1. IIpoekTupoBaHUE U CTPOU-
TEJILCTBO COBPEMEHHBIX BBICOKHX TUIOTUH. M. : U311-BO
PY]IH, 2004. 275 c.

30. Pinto N.L., Marques P.L. Estimating the max-
imum face slab deflection in CFRDs // International
Journal on Hydropower & Dams. 1998. Vol. 5. Issue 6.
Pp. 28-30.

31. Park H.G., Kim Y.S., Seo M.W., Lim H.D. Set-
tlement behavior characteristics of CFRD in construc-

THocmynuna ¢ pedaxyuto 26 cenmsabps 2018 e.
Ipunsama ¢ dopabomannom suoe 4 nosbps 2018 a.
Ooobpena ons nyoauxayuu 27 nosops 2018 a.

tion period. Case of Daegok dam // Journal of the KGS.
2005. Vol. 21. No. 7. Pp. 91-105.

32. Caunos M.II. Tlomys>mmupudeckas hpopmy-
Ja I OLCHKH OCaT0K OJHOPOIHBIX TPYHTOBBIX ILJIO-
TuH // [IpuBomkckuii HayuHbIH xypHai. 2014. Ne 4 (32).
C. 108-115.

33. Wen L., Chai J., Xu Z., Qin Y., Li Y. A sta-
tistical review of the behaviour of concrete-face rock-
fill dams based on case histories // Géotechnique.
2018. Vol. 68. Issue 9. Pp. 749-771. DOI: 10.1680/
jgeot.17.p.095

34. ICOLD. Concrete face rockfill dam: Concepts
for design and construction // International Commision
on Large Dams. 2010. Bulletin 141.

35. Iooswicoyxuii A.A., Joreux A.I1. K Bompocy
Ha3HAUYCHMS KPUTEPHEB OE30MaCHOCTH TI0 yCTOWYNBO-
CTH OTKOCOB HOJIIOPHBIX COOPYKEHHH U3 TPYHTOBBIX
Matepuanos // [MAPOTEXHUUECKOE CTPOUTENIBCTBO.
2010. Ne 8. C. 20-22.

Os ABTOPAX: IloaBbIcoukHMii Aslekcell AHATOJBLEBHY — KaHAMJIAT TEXHUYECKUX HAyK, HAYaJbHUK TUAPO-

TEXHUYECKOro otaena-2, Mocooarugponpoekr, 143532, MockoBckasi 001acTh, I. JIenoBek, yi. DHEpreTHKOB, 1. 1,

PodvisockiiAA@hydroproject.com;

CaunoB Muxauia HeTpOBH‘l — KaHAWJaT TCXHUYCCKUX HaYyK, JOLUCHT, Ha4aJIbHUK OTAC1a y'-Ie6HO-MeTOI[I/I'-Ie-

CKOIro O61)CZ[I/IH€HI/I$[, JOLCHT Kad)eupm TUAPABIIMKA U TUAPOTEXHUYECKOI'O CTPOUTEIILCTBA, HanmnoHanbHBI HcCe-

noBarebckuii MoCKoOBCKHii rocyiapcTBeHHblI cTrpouTenbHblii ynusepcutrer (HUY MI'CY), 129337, . Mockaa,

SIpocnasckoe miocce, 1. 26, mp_sainov(@mail.ru;

Copoxa Bﬂazmcmm BOpﬂCOBI/I‘l — aCIIUpaHT Ka(i)e[[pbl TUAPABJIIUKU U THAPOTEXHUYCCKOI'O CTPOUTEIILCTBA,

HauuonanbHblii uccjegoBarebeckuii MocKkoBCKHi rocylapcTBeHHbI cTpouTe/ibHbli yHuBepcuter (HUY

MI'CY), 129337, r. Mocksa, SIpocnaBckoe 1mocce, 1. 26, vastion08@yandex.ru;

.]IyKH‘IeB Poman BaJIepl:eBI/I‘l — 6aKanaBp Ka(bez(pm TUAPABIMKA U TUAPOTEXHUYCCKOTO CTPOUTEIILCTBA,

HauuonanbHblii uccjegoBarebeckuii MocKOBCKHI rocylapcTBeHHbI cTpouTe/bHbIi yHuBepcuter (HUY
MI'CY), 129337, r. Mocksa, SIpocnaBckoe 1mocce, 1. 26. lukichev-rl @mail.ru.

REFERENCES

1. Radchenko V.G., Glagovskij V.B., Kassiro-
va N.A., Kurneva E.V., Druzhinin M.A. Modern aca-
demic substantiation of construction of rockfill dams
having reinforced concrete faces. Hydraulic Engineer-
ing. 2004; 3:2-8. (rus.).

2. Radchenko V.G., Kurneva E.V., Rotchenko
Tu.G. Modern technologies for the construction of con-
crete faced rockfill dams. Hydraulic Engineering. 2007,
10:25-32. (rus.).

3. Moiseev S.N. Stone-earth and stone-sketched
dams : Basics of design and construction. Moscow, En-
ergy Publ., 1970; 224. (rus.).

4. Design and construction of dams from local ma-
terials : materials VII and VIII International congress
on large dams. Compiler A.A. Nilchiporovich; under
the General editorship of A.A. Borovoy. Moscow, En-
ergy Publ., 1967; 90-99. (Design and construction of
large dams. Vol. 3). (rus.).

5. Airapetyan R. Design stone-earthen and rock-
fill dams. 2nd ed., revised. and add., Moscow, Energiya
Publ., 1975; 328. (rus.).

6. Larson E., Kelly R., Dreese T., Fleming G.,
Wilkes J. A permanent solution at Salt Springs dam.
International Water Power & Dam Construction. 20006.

1543

A9JIN ¥mMHLO9g

810Z ‘ZL @nss| ¢ awnjop . BulesuiBbug [IAID Jo AlISISAIUN 81B1S MOOSOJ JO SBUIPa220.d « NSDIN MIUISIA
(8ulluO) 0099-70£Z NSSI (Juld) G£60-2661 NSSI

8102 ‘2L »9Auag ¢ wo



ISSN 1997-0935 (Print) ISSN 2304-6600 (Online) Tom 13 Beinyck 12, 2018

Vestnik MGSU - Proceedings of Moscow State University of Civil Engineering « Volume 13 Issue 12, 2018

BectHuk MICyY

A.A. NModesicoykuti, M.M1. CauHoe, B.B. Copoka, P.B. Jlyku4ee

URL: http://www.waterpowermagazine.com/features/
featurea-permanent-solution-at-salt-springs-dam/ (date
of the application: 01.07.2018).

7. ICOLD. Rockfill dams with concrete facing-
state of the art. International Commision on Large
Dams. 1989. Bulletin 70.

8. ICOLD. Concrete face rockfill dam: Concepts
for design and construction. /nternational Commision
on Large Dams. 2010. Bulletin 141.

9. Song W., Sun Y., Li L., Wang Y. Reason anal-
ysis and treatment for the 1st phase slab cracking of
Shuibuya CFRD. Journal of Hydroelectric Engineering.
2008; 3(27):33-37.

10. Li N.-H., Sun D.-W., Li D.-H., Deng Y .-G.,
Yang J. Deformation behavior of 300 m high-concrete face
rockfill dams. Yantu Gongcheng Xuebao (Chinese Journal
of Geotechnical Engineering). 2009; 31(2):155-160.

11. Wang L.-B., Yan Q. Analyze on develop-
ment prospects of 300m level ultra-high CFRD from
Shuibuya high CFRD. Asia-Pacific Power and Energy
Engineering Conference. 2010. DOI: 10.1109/ap-
peec.2010.5448667

12. Marques Filho P., De Pinto N.L.S. CFRD dam
characteristics learned from experience. International
Journal on Hydropower and Dams. 2005; 12(1):72-76.

13. Johannesson P., Tohlang S.L. Lessons learned
from Mohale. International Water Power & Dam Con-
struction. 2007; 59(8):16-25.

14. Xavier L.V., Albertoni S.C., Pereira R.F., An-
tunes J. Campos Novos dam during second impounding.
International Journal on Hydropower & Dams. 2008;
15:53-58.

15. Freitas M.S.Jr. Concepts on CFRDs leakage
control — cases and current experiences. ISSMGE Bul-
letin. 2009; 3(4):11-18.

16. Scuero A.M., Vaschetti G.L. Underwater re-
pair of a 113 m high CFRD with a PVC geomembrane:
Turimiquire. Managing Dams. Challenges in a Time
of Change : Proceedings of the 16th Conference of the
British Dam Society. 2010; 474-486.

17. Mokhtar Pour E., Freitas Jr.M.S. Rehabili-
tation for high concrete faced rockfill dam (CFRD):
Availability and vulnerability dam maintenance and
rehabilitation II. Proceedings of the 2nd International
Congress on Dam Maintenance and Rehabilitation.
2011; 881-887.

18. Silva da A.F., Assis de A.P., Farias de M.M.,
Neto M.P.C. Three-dimensional analyses of concrete face
rockfill dams: Barra Grande Case Study. Electronic Jour-
nal Geotechnical Engineering. 2015; 20(14):6407-6426.

19. Ma H., Fudong Chi F. Technical progress on
researches for the safety of high concrete-faced rockfill
dams. Engineering. 2016; 2(3):332-339. DOI: 10.1016/j.
eng.2016.03.010

20. Arici Y. Investigation of the cracking of
CFRD face plates. Computers and Geotechnics. 2011,
38(7):905-916. DOI: 10.1016/j.compgeo.2011.06.004

1544

21. Cheng S., Zhang G., Zhang J., Wan L. Effect
of foundation topography on the stress-displacement
response of concrete faced rockfill dam. Shuili Fadian
Xuebao (Journal of Hydroelectric Engineering). 2008;
27(5):53-58.

22. Dakoulas P., Thanopoulos Y., Anastasopou-
los K. Non-linear 3D simulation of the construction and
impounding of a CFRD. The International Journal on
Hydropower and Dams. 2008; 15(2):95-101.

23. Dang F.N., Wang X.W_, Tian W., Xu S.J. De-
formation and stress characteristics of high asymmetric
CFRD and for measures. Shuili Xuebao (Journal of Hy-
draulic Engineering). 2012; 43(5):602-608.

24. Dang F.N., Yang C., Xue H.B., Fang J.Y. The
effect of valley topography on deformation properties
of CFRD. Journal of Hydraulic Engineering. 2014;
45(4):435-442,

25. SongW., Wang P. Influence of valley topogra-
phy on the safety of CFRD anti-seepage systems. Shuili
Fadian Xuebao (Journal of Hydroelectric Engineering).
2008; 27(4):94-100.

26. Sainov M.P. Impact of rockfill deformation
on stress-strain state on dam reinforced concrete face.
Vestnik MGSU [Proceedings of Moscow State Uni-
versity of Civil Engineering]. 2015; 3:69-78. DOI:
10.22227/1997-0935.2015.3.69-78 (rus.).

27. Sainov M.P. Assessment of a dam site con-
figuration impact on the stress-strain state of a rockfill
dam reinforced concrete face. Volga Region Scientific
Journal. 2016; 2(38):104-109. (rus.).

28. Sainov M.P. Impact of dam site configuration
on 3D stress-strain state of concrete faced rockfill dam.
Magazine of Civil Engineering. 2016; 3:16-39. DOI:
10.5862/MCE63.2 (rus.).

29. Lyapichev Y.P. Design and construction of
modern high dams. Moscow, Peoples’ friendship Uni-
versity of Russia Publ., 2004; 275. (rus.).

30. Pinto N.L., Marques P.L. Estimating the maxi-
mum face slab deflection in CFRDs. International Jour-
nal on Hydropower & Dams. 1998; 5(6):28-30.

31. Park H.G., Kim Y.S., Seo M.W., Lim H.D.
Settlement behavior characteristics of CFRD in con-
struction period. Case of Daegok dam. Journal of the
KGS. 2005; 21(7):91-105.

32. Sainov M.P. Semiempirical formula for as-
sessment of homogencous earthfill dams. Volga Region
Scientific Journal. 2014; 4(32):108-115. (rus.).

33. WenL.,ChaiJ.,, XuZ.,Qin Y., Li Y. A sta-
tistical review of the behaviour of concrete face rock-
fill dams based on case histories. Géotechnique. 2018;
68(9):749-771. DOI: 10.1680/jgeot.17.p.095

34. ICOLD. Concrete face rockfill dam: concepts
for design and construction. International Commision
on Large Dams. 2010. Bulletin 141.

35. Podvysotskii A.A., Dolgikh A.P. On the issue
of assigning safety criteria for the stability of slopes of
supporting structures made of soil materials. Hydraulic
Engineering. 2010; 8:20-22. (rus.).



Posib nonepeyHbIx LWBOB B PErynpoBaHUm HarnpsxxeHHo-4eopmMmnpoBaHHOro COCTOSHUS

o .1 -154
)Ke/1e3006€TOHHOI0 3KpaHa KaMeHHO-HabpPOCHOM MI0TUHbI C. 15331545

Received September 26, 2018
Adopted on November 4, 2018.
Approved for publication November 27, 2018

ABouUuT THE AUTHORS: Aleksei A. Podvysotckii — Candidate of Technical Sciences, Head of Hydrotechnical
Department, Mosoblgidroproekt, 1 Energetikov st., Dedovsk, 143532, Russian Federation, PodvisockiiAA@hydro-
project.com;

Mikhail P. Sainov — Candidate of Technical Sciences, Associate Professor, Hydraulics and Hydraulic
Engineering Department, Moscow State University of Civil Engineering (National Research University) (MGSU),
26 Yaroslavskoe shosse, Moscow, 129337, Russian Federation, mp_sainov(@mail;

Vladislav B. Soroka — postgraduate, Hydraulics and Hydraulic Engineering Department, Moscow State
University of Civil Engineering (National Research University) (MGSU), 26 Yaroslavskoe shosse, Moscow,
129337, Russian Federation, vastion08@yandex.ru;

Roman V. Lukichev — bachelor Hydraulics and Hydraulic Engineering Department, Moscow State University
of Civil Engineering (National Research University) (MGSU), 26 Yaroslavskoe shosse, Moscow, 129337, Russian
Federation, lukichev-r1@mail.ru.

1545

A9JIN ¥mMHLO9g

810Z ‘ZL @nss| ¢ awnjop . BulesuiBbug [IAID Jo AlISISAIUN 81B1S MOOSOJ JO SBUIPa220.d « NSDIN MIUISIA
(8ulluO) 0099-70£Z NSSI (Juld) G£60-2661 NSSI

8102 ‘2L »9Auag ¢ wo



