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B. I1. KYTIPIA, JI. B. TFOTBKIH (JIIIT)

MOAEJIOBAHHSA HAIIPY KEHO-AE®OPMOBAHOI'O CTAHY
KPIHHIVIEHHSA I'NIMBOKOTI'O KOTJIOBAHY

B crarti po3misHyTi NUTaHHA KpimjleHHA TIMOOKKMX KOTJOBaHiB. Ha OCHOBI MoOIENIOBaHHSA HampysKeHO-
nedopMoBaHOTO cTaHy BU3HAYEHHI BIUIMB Pi3HUX MapaMeTpiB, TAKUX AK KiTbKICTh PO3CTpiliB, BUI KOHTPHOPCIB, a
TaKOX 3aMpOTIOHOBAHUI HOBWIA CTIOCIO KpIIICHHS 3a JOTOMOTOIO 3aCTOCYBaHHS HIDKHIX 3ali300eTOHHHUX B’s3ei

(po3MipoK) i THOM KOTJIOBaHY.

Kniouosi crosa: I mnbokmii KOTIOBaH, po3CTpisl, KOHTPGOPC, MOJIETIOBaHHS, «cTiHa B rpyHTi», MCE.

Beryn

Ilpu Bcix nepeBaraX TIMOMHHOT MPOXOAKH i
OyAIBHUIITBA CTaHIid METPOMOJIITEHY TITUOOKOTO
PO3TalllyBaHHS B OCTaHHi ACCATUIIITTS BCE YACTille
OyAyHOTh JIiHIT MIJIKOTO 3aKJIaZICHHS, & CTaHIlil Oy-
JYIOTh BIJIKPUTHM CHOCOOOM Y TITHOOKHX KOTJIO-
BaHax. BUKopHCTaHHS BiKpPUTOro cnocody 3MeH-
1Iy€e CTpOKU OyMiBHHIITBA, 3HIKYE 1X CKJIAHICTb i
JIO3BOJISIE THILyCTpiani3yBaTH OyiBHHIITBO.

[Tpobnema BraIITYBaHHS MIIIHOTO 1 )KOPCTKOTO
KpIIJIeHHS. CTiHOK, 3JaTHOTO CTPUMYBAaTH THCK

MacHBY IPYHTY BMHHUKJA i3 MOYAaTKOM caMoro Oy-
JIIBHUIITBA, K BUY HisiibHOCTI. HeoOXxinHo Oyno
HacamIiepes1 3a0e3MeYnTH CTIMKICTh CTIHOK KOTJIO-
BaHy BiJ pyliHyBaHHs. OCTaHHIM 4acoM LS Mpo-
Gniema crae Bce OiJIbIIl aKTyalbHOI, OCKIIBbKH OY-
JIBHUIITBO MEpIN 32 BCE BEACThCsA y MicTaX. IcHy-
I0Tb METOAM KpilUIeHHs KOTJIOBaHIB BiA pyHHY-
BaHHS, aje Bil TepeMillleHHs CTiHOK JIOCHTh
JIIEBOTO, 3PYYHOTrO i JEIIEBOrO METOdy JIoci He

iCHYE.
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Puc. 1 ITonepeunnit nepepiz pospaxynkoBoi CE-mozeni

Haii0inblu nporpecuBHUM i cydacHUM € crocibd
3aKpilUieHHs CTiHOK KOTJIOBaHY 3a [JOMOMOTOIO
«cTiHu B rpyHTi». CTiHH, SIKI YTBOpPEHi JI0 pO3K-
PUTTS KOTJIOBaHY MOTIM PO3MUPAIOTh 3a AOMOMO-
TOK0 po3CTpiiiB. B 1eli yac i BUHMKAIOTh OCHOBHI
TpyaHoii. Cama mo co0i «cTiHa B TPYHTI» MpH
MiHiManBHIH ToBLIIMHI 600 MM € TOCHTD CTIHKOIO i
JKOPCTKOIO KOHCTPYKLi€t0, HaBiTh 0€3 J0AaTKOBO-
IO KpIilUIGHHsSI «CTiHa B IPYHTi» YTPUMAE CTiHKH
JOCUTh BEJIMKMX KOTJIOBAaHiB Bin oOBameHHs. bo-

KOBHH THCK MacHBY TPYHTY HACTUJIbKH BEJIHKHH,
IO HaBiTh 3aJ1i300eTOHHA CcTiHa ToBLIMHOIO 600
MM i1 HOro BIUTMBOM 3Ha4YHO AedopmyeThbes. Jlo-
JIATKOBE 3aKPIMJICHHS CTiHKM MO TIEpUMETpY Mosca-
MM i3 3BapHHMX JBOTaBPiB Ta BIAIITYBaHHS pPO3-
CTPIJIB i3 TPYO BEJNMKOrO JiaMeTpy HaJlacTh KOHC-
TPYKILiT HeOOXiTHOT JKOPCTKOCTI, 110 OyJe AocTat-
HBOIO JUTst MiHiMizawii TOPU3OHTAIBHUX
nedopmartiti. [lpoTe Taka KOHCTPYKILiSi 3HAYHO
3MEHIIy€e BUIBHUI MPOCTip B KOTJIOBAHI, IO 3HAY-



HO YCKIIQJHIOE K PO3pOOKYy Tak i OymiBesbHO-
MOHTa)KHI poOOTH Npu OYAiBHULITBI MEeTpOMnoJiTe-
HY, OCKIJIbKH PO3CTPiJId BCTAHOBIIOIOTH 13 MiHiMa-
JIBHUM KPOKOM..

[Ipobnema nonsirae B TOMY, 110 B HaATO 3aKpi-
TUICHOMY KOTJIOBaHI Ty)Ke He3py4HO BHUKOHYBAaTH
Oyab SKi poOOTH. A KiJIbKICTh PO3CTPIJIiB, SKi He-
00XifHi Ay po3nHpaHHs CTIHOK KOTJIOBaHY BUOM-
palOTh KepYIOUHCh YK€ MPUOIH3HUM aHaTiTHY-
HUM pO3paxyHKOM, TOYHICTb SKOTO BHKJIMKA€E
CYMHiBH, Ta MOMEPEAHIM AOCBiIOM MPOEKTYBaHHS
CXOXKMX KOHCTPYKLIH Yy CXOXKHMX iHKEHEpHO-
reoJIOTIYHUX YMOBAX. AHATITUYHUN PO3pPaxyHOK
BiJICYTHIM, TaKk s K MOCTAHOBKA IJIOCKOT 3a/ia4i He
nae Oaxxkanux pesyabrarie [4]. [lo Bciit momxuHi

KOTJIOBaHY TMOMEPEMIHHO YepryrioTbes Mepepizu
MiXK PO3CTpilaMH i mepepi3u, B sIKi MOTParJIsiOTh
posctpinu. [lpuitHaBIM TUIOCKY cXemy 0e3 pos-
CTPIJTIB pO3paxyHOK BeEThCs K JUIS 3alieMIIeHOT
B IPYHT KOHCOJIBHOT CTiHKH, i MpPHU IbOMY poOoTa
PO3CTPIiB HE BpPaxoBYETbCs. SIKIO BHKOPUCTO-
BYIOTb IJIOCKY CXEMY B Mepepisi i3 po3cTpisioM, TO
BUPILUMBILM JeKilbka AW(pepeHLiiHUX PpiBHSIHDb
MOKHA OTpUMATH pe3yJibTaTH, ajie BOHU OYyHyTb
3HAYHO 3aBUIICHI i He OyIyTh BiJINOBiaTH pealib-
HOMY cTaHy poOOTH KOHCTpYKLii. CXOKHUMH MpO-
OnemMaMu, TOB’SI3aHUMH 13 PO3paxyHKOM MiAmip-
HUX CTiH KOTJoBaHy 3aiimaics [ymkos I'. U. [1],
Jlyukoscekuii 1. 4. [2, 3] Ta 6araTo iHIIMX.

Puc. 2 CE-mozenb KoTiIOBaHy i3 po3cTpinamMu

€IMHUM Ha JaHWM Yac METOJOM, SKHH MOKe
JaTty OifiblI-MEeHII MEepeKOHJIMBY BiAMOBiAb HA MU-
TaHHS MPO KUIbKICTh PO3CTPINIB, TX po3TalllyBaHHS
Ta nepepi3 € MeTo/ CKiHYeHuX efeMeHTiB. Cy4acHi
MporpaMHi KOMIUIEKCH aBTOMAaTUYHOTO TPOESKTY-
BaHHS JI03BOJIAIOTH MOOYyBaTH IJICHTUYHY peaib-
HOMY KOTJIOBaHYy MOJIeNb, 3aJaTH BCi HeoOXiaHi
napameTpH MarepianiiB Ta AeTaJlbHO MpoaHasi3yBa-
TH HaIpy>KeHHs Ta aedopmauii [2].

MeToro poOOTH € CTBOPEHHS 1HKEHEPHOTO Me-
TOY KOHTPOJIFO HAJIMHOCTI i CTIMKOCTI KpITUICHHS
IMOOKUX KOTJIOBAHIB HA OCHOBI aHaJi3y Harpy-
JKEHO-/1e()OPMOBAHOTO CTaHy 3a JIOTOMOTOIO CY-
YacCHUX KOMIT'IOTEPHUX MporpaM, 3aCHOBaHUX Ha
METO/Ii CKIHYEHHUX €JIEMEHTIB.

Pe3yabTaTn gociigxenn

Jlnsi BU3HAuUCHHS HANPYKEHO-Ie(POPMOBAHOTO
CTaHy CHCTEMH «KpITJICHHA-MAaCHUB» Ta 3HAaXo-
JUKSHHSI ONTUMAJIbHUX KUTBbKOCTI Ta KPOKY poO3-
CTPiJliB B KOHKPETHUX yMoBax Oyna moOyaoBaHa
o6’emHa mozenb (puc.l) y mporpami Plaxis 3D
Foundation.

Mopenb nipeacTaBlise cOOOK MUK TPYHTY Po-
smipamu 150x60%25 M. B sxocti rpyHTYy BUOpaHa
rJIMHa B TIPUPOJHOMY CyXOMy cTaHi. B maHomy
MacuBi TPYHTY 3MOJIeJIbOBAaHHH KOTJIOBaH i OY-
JUIBHUIITBA CTAHII MIJIKOTO 3aKJIAZICHHS METPOIIO-
niteHy. Poamipu kotioBany 108x21x12 m. Kor-
JIOBaH 3 yCiX YOTHPHOX CTOPIH 3aKpiljieHWH 3aii-



300€TOHHOIO CTIHKOIO, SIKa 3BOJMUTH 3a TEXHOJIOII-
€10 «cTiHa B rpyHTi». [linowmBa cTiny po3raioBaHa
Ha 4 M ru0lle MiZIONIBA KOTJIOBaHy. 3arajibHa Ki-
JILKICTh KiHUEBHMX eleMeHTiB 2944, Bci By3Nu y3-
TOKEeHi, TPiaHTyNALis KjacTepa IPyHTY BUKOHaHA
ABTOMAaTHYHO.

Horizontal displacements (Uz)
Extran U2 20,5210° M

3a Takoro cxemoro Oyjo moOynoBaHa 4 THUNM
mozenei (puc. 2) . Ilepwa Moaens mpeacrasisie
co0010 JHIIle CTiHY B TPYHTI, TOJIATKOBI KPIiTJICHHS
Yy BHUIJIAAI pO3CTpiNiB BiAcyTHI. Y npyrid moxeni
JIOJATKOBO BBOJASATBCS PO3CTPLITH, KPOK MK SKUMH
12 m. Y Tpertiii Mojieni KpoK MixK po3cTpinamu 9 m,
y 4eTBepTiii — 6 M.

o displacoments (U1z)
Exrome Ue20,10°107 m

Puc. 3 I'opuszoHTaneHi gedopmanii cTiHOK KOTIOBaHY

a) 6e3 po3cTpiniB; 0) po3cTpinm uepe3 12 M; B) po3cTpinu uepes 9 M; T) po3cTpinm gepes 6 M.

B ycix Bunagkax po3paxyHKy KOHCTpPYKLis He
BTpaTHIa HeCcyuy 371aTHICTh, HAMpPYKEeHHS, SKi BU-
HUKaJIM B CTIHI Ta pO3CTpijiaX He MEepPEBUIILYBAJH
MeXKi MiLHOCTi MatepianiB. ['0lI0BHOIO BETUYHHOIO
Ui aHaji3y ONTUMalbHO KiJILKOCTI PpO3CTpiiB
Oyno mnpuiHATO BenuuuHy Aedopmarilii JoBIIOT
CTOPOHH, TOOTO BEITMUMHY, Ha SIKY MaKCUMAaJIbHO
MepeMiCTUTh MiATPUMYIOUa 3a1i300€TOHHA CTiHA.

[Tpn po3paxyHKy BUKOpPHUCTaHa yMOBa IMOeTarl-
HOro OYyJiBHMIITBA: TMEPIIMM E€TArioM BJIAIITOBY-
€TbCSl CTiHA B TPYHTI, IPYrUM — po3poOKa IPyHTY
JIO PpiBHS BCTAHOBJICHHS PO3CTPTIB, TPeTiM —
BCTAHOBJICHHSI HEOOXIJITHOTO YKCiIa PO3CTPITiB, Ye-
TBEPTHM — pO3pOOKa IPYHTY 10 THA KOTJIOBaHY.

B imeanpHiii cuTyallii cTiHa, 1O TiATPUMYE
CTIHKM KOTJIOBaH TOBHMHHA 3QJIMIIATHUCh HEPYXO-
MOIO, ajie 116 BUKOHATH HEMOXJTUBO, TOMY T'OJIOB-
HUM 3aBJAHHAM € MiHiMi3alisl FOPU3OHTAIBHUX
nepeMillleHb B CTiHIII Ta MiHIMi3allisg KijJbKOCTI
posctpiniB. HeoOxinHO HaOMU3UTHCH IO TOTO OII-
TUMaJIHOTO 3HAYEHHs, MPH SKiil mepeMilleHHs i
KUTBKICTb PO3CTPiNiB OyAe HalKpallolo.

AHalli3 pe3ysIbTaTiB PO3paxyHKy MOKa3aB, IO
3a BiICYyTHOCTiI PO3CTPiJIiB CTiHA 1e(OPMYETHCS K
KOHCOJIbHA, HaiOinbUli nepeMillleHHs BeJIUYHHOIO
400 MM BUsIBJICHI y BEpXHil TOUIli CTiHW mocepe-
JIUHI JOBXHWHU KOoTioBaHy. [Ipu BCTaHOBNEHHI 9
po3cTpisiB 3 KpokoM 12 M aedopmailii 3MiHIOIOTh

xapaktep. HaliGinpni mnepemilieHHs BUHUKAIOTh
MpUOJIM3HO Ha PiBHI JHA KOTJIOBaHY i 3a po3paxy-
HKOM cTaHOBATh 21 mm. UiTko npornsigaerbes
3MEHIICHHS MepeMillleHb B TOYKaX CIHUPaHHS PO3-
CTPifIiB i 301/IbLIEHHS MepeMillleHb B MPOroHax Mix
po3cTpinaMu.

30ibIUMBILK KiTBKICTH po3cTpiiiB go 12 i3
KPOKOM 9 M MpUHLMIOBA KapTHHA i30MOJIs 3aJd-
mujgacs He3MiHHOW. 30ibIeHHsS JKOPCTKOCTI
MpU3BEJIO 10 TOro, Mo Okl aedopmauii nepe-
JAIOTHCS IPYHTY Ha 1-2 M HMIK4YE JIHA KOTJIOBaHY, i
11i TIepeMillIeHHs] YUCETTbHO CTAaHOBJIAThL TeX 21 MM.

[lpu MakcumalbHIM KinbKOCTI po3cTpiyiiB 18
LIT i3 KPOKOM 6 M mepeMillleHHs B MicUsiX ClUpaH-
HSl PO3CTPLIIB i B MPOroHax Mi>k HUMHU piBHi. Lle
CBIZIYUTH MPO Te, [0 MPOrOH MiXK PO3CTpiNaMu B 6
M HACTUTbKM Mayui, 1o Aedopmariis Horo crpu-
yuHeHa JedopMalli€elo po3CcTpijia, a He MPOTHHY
camoro nporony. ToOTo npu BifcTaHi B 6 M Mix
PO3CTpijaMu BepX CTIHKH CTa€ PiBHUM MO KOPCT-
KOCTI MO BCIH JOBXKHHI.

MakcumManbHi gedopmaiii y 1bOMYy BUNAIKy
ckianaroTh 20 MM i CIIOCTEpiraloThest BOHH MO BCilt
BUCOTI 4 M MDK MiJOLIBOK CTIHKH 1 JHOM KOTJIO-
BaHy. Lle CBiIUMTH MO MOMKJIMBICTh BUHHUKHEHHS
BUIMPAHHSA AHA KOTJIOBaHy [5].

Tak, sk MakcHMasbHi Jedopmallii KpirieHHs
MpU Kpoui po3cTpiniB Big 6 no 12 M maibke He-



3MiHHi, TO HEOOXiJHO MpoaHasi3yBaTH BHYTPillUHi
MOMEHTH (puc. 3), 110 BUHUKAIOTh B «CTiHi B IPYyH-
Ti».

[Tpu BiICYTHOCTI pO3CTPiNIiB OCHOBHE 3YCHILIIS
M0 YTPUMAHHIO TO3JOBXKHIX CTiH KOTJIOBaHY
cnpuiiMaloTh Topleri crinu. lle gocuth HaouHO
UTIOCTpY€E pe3yNibTaTy Mpe/CTaBlIeHHI Ha puc. 3a.
B wmicugx mepeTuHy MO3A0BXKHIX 1 TOPLEBUX MO-
MEHTH J0CSTaloTh MAKCUMAITLHOTO 3HAUCHHSI.

[lpu ycTraHOBLII pO3CTpiNiB CUTYallis KapvHa-
JILHO 3MiHIO€ThCS. TOopLeBi CTiHU Maiie MOBHICTIO
PO3BaHTa)KEeHi, HATOMICTh 3TMHAJIbHI MOMEHTH BHU-
HUKAIOTh B MICISIX CITUPAHHS PO3KOCIB Ta Ha piBHI
JTHA KOTJIOBaHY Yy TUIOIIMHI PO3KOCIB.

30iiblUeHHS] KiJIbKOCTI PO3KOCIB MPU3BOAWTD
JI0 3MEHIICHHSI 3HAYEeHHsI MaKCUMaJIbHOTO MOMEH-
Ty, MPOTE 30IIBIIYETHCS KIJTLKICTh TOUYOK i3 3HAY-
HUMH 3HAueHHSAMH. TOOTO B TOPH3OHTANIBHIM
MJIOUIWHI CITUPAHHS PO3CTPUTIB i TUIOIIHHI JIHA KO-
TJIOBaHy IJonia Ail 3THHATBHAX MOMEHTIB 30iJib-
HIy€ThCS.

Jlns BU3HAuUCHHS HANPYKEHO-Ie(POPMOBAHOTO
CTaHy CHUCTEMH «KPIiIUICHHSI-MACHUBY» MPH KOMOIHO-
BaHill KOHCTPYKIIIT KPITUICHHS Ta Pi3HUX BapiaHTax
BJIALUTYBaHHs KOHTpQopciB Oyna 3MiHeHa MOJIEb.

KonTtpdopec — momepedne pedpo KOPCTKOCTI
MEBHUX PO3MIpiB, sKe HalvacTille BIAIITOBYEThCS
CHOCOOOM «CTiHA B I'PYHTI», i CIYKMTb J1s 301J1b-
LIEHHSI YKOPCTKOCTi CTiHOBOTO KPIiIUIEHHsS KOTJIO-
BaHy. JIOUiNbHICTh BUKOPUCTAHHS B KOHCTPYKIIiT
KOHTPOPCIB MOSICHIOETHCS 301IbIIEHHIM YKOPCT-
KOCTi CTiHHM 13 MiHIMaJlbHUMHU BUTpaTaMH Martepia-
ny. B npoMuciioBoMy Ta LMBIIbHOMY OYAiBHHIITBI
KpITUIEHHS 32 JIONOMOTOK) «CTiHM B IPYHTI» Ta
KOHTp¢OpciB HaOyJa0 3HAYHOTO MOLIMPEHHS, OCO-
OJIMBO MPH BEJIMKUX PO3Mipax KOTJIOBaHy B IUIaH.
Knacuuni posctpinu, siki po3mupaioTh B CTiHOBE
KpITUIEHHS 3HAYHO YCKJIAJHIOIOTh MpoIiiec po3pood-
KU IPYHTY Ta MOHTa)Ky KOHCTPYKLiH (yHIaMEHTY,
ocobnuBo mpu 30ipHOMY OymiBHMITBI. Bukopuc-
TaHH KOHTpdopciB BuUpilllye aaHy npodiiemy.
KonTpdopcu 3Ha4HO 30i1bIIYIOTH )KOPCTKICTD CTi-
HH, @ TOPU3OHTAJIbHI MOSCH OOB'S3KH, MPALOIOUYH
Ha 3TUH MIHIMI3YIOTh JedopMalii CTiIHOBOTO Kpirl-
JICHHS.

st BU3HAYCHHS HarpyKeHOro-
Ne(OPMOBAHOTO CTaHy KpIilJICHHS i3 BJIANITYBaH-
HSM KOHTPQOPCIB i TOPU3OHTAIBHUMH MOSCAMU
0OB'SI3KM 3aMpPOMOHOBaHI HOBiI PO3PaxyHKOBI MO-
neni. Kontpdopen BiTHOCHO CTIHOBOTO KpiMyieHHS
PO3TAIIOBYIOThCS i3 BHYTPILIHBOT CTOPOHH, 30BHI
Ta 3 IBOX CTOPIH OJJHOYACHO.

KiacuuHum BUKOHaHHSIM KOHTp(opey € #ioro
TaBpoBuii BuA. KoHTpdope BIaITOBYIOTh MOMepeK
CTIHOBOTO KpIIUIEHHS i3 CepeiMHU KOTIOBaHy. 3Bi-

CHO, 00 3a0e3neuynuTd HEeOOXiAHUH MpoCTip Ans
MOHTa)Ky CTaHLii HeOOXiAHO POLIMPHUTH KOTIOBaH
Ha 3HA4YCHHs, PIBHE JIOBXKHWHI JIBOX KOHTp(dopCiB,
TOXK PO3MIpPH «y CBITJII» KOTJIOBaHY 3aJIMIIAIOTLCS
105x21x12 m.

Jlnst 30inbIIeHHS YKOPCTKOCTI TO30BXKHIX CTiH
y TOPM30HTAJILHOMY HAnpsIMKY BJIAIITOBYIOTh TIO-
sacu 00B's3ku. [lo Mipi po3poOku KOT/IIOBaHy Ha
MPOEKTHIH BiAMITUI OETOHYIOTb TOPU3OHTATbHY
Ganky, 3'eiHytOUM 11 i3 cTiHOBUM KpiruieHHs. Taki
0asiky BIALUTOBYIOTH i3 MEBHUM KPOKOM Ha Pi3HUX
rnubuHax. [lpuHUMoOBa pi3HMLS Yy BiAlUTYBaHHI
KOHTpdoOpciB 300parkeHa Ha puc. 4.
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Puc. 4 Cxemu BiamtyBaHHs KOHTP(OPCiB B IO370BXK-
Hilf CTiHI KOTJIOBaHY:

a) BHYTpIIIHI; 0) 30BHIIIHI; B) «XPECTOMOIIOHI»

B pesynbTari momnepenHix po3paxyHKiB BHUSIB-
JIGHO, IO OCHOBA JIHA KOTJIOBaHY HEJOCTAaTHHO
MiIIHA, 10 TOTO K BUHMKAE BUITUPAHHS AHA KOTJIO-
BaHy i BUHHMKAEe HEOOXiTHICTh 3MEHIIUTH aedop-
Mallito MO3/I0BXKHIX CTiH Ha PiBHI HA KOTJIOBaHY.

Jlns BupilieHHs: UX MpoOsieM 3arnpornoHoBaHa
HAacTynmHa KOHCTpyKUisd. JlomaTKoBO BHMKOHY€TbCS
BEepPTUKAJIbHA CTiHKA MK JIHOM KOTJIOBaHYy Ta Ii-
JIOLIBOIO CTiHOBOrO KpiruieHHs. CTiHKa BHKOHY-
€TbCs Ha PiBHI KOHTpdOpPCIB 1 OJHAKOBA i3 HUMH
no mmpuHi. [licas po3poOku KOTJIOBaHY 1O piBHS
BCTaHOBJICHHSI PO3CTPLJIiB BUPUBAIOTh TPAHILEIO Ha
piBHI KOHTpGOpPCIB 0 PiBHS MiIOLIBH CTIHOBOTO
KpirnieHHa. B wiii TpaHuei BUKOHYIOTH O€TOHY-
BaHHs 3aMi300€TOHHOI CTIHKM MK PIBHAMH -
12.000 Ta -16.000.

B pesynbTaTi NOpiBHAIBHOTO aHaji3y BUKOHY-
€TbCs PO3PAXyHOK TPHOX MOAEJEH i3 Pi3HUM po3-
TallyBaHHSAM Ta KOHCTPYKIIEIO KOHTPQOPCIB.
CxeMa KOMOIHOBAHOTO KpIiIUICHHS i3 BHYTPIIIHIM
po3TalyBaHHsM KOHTp(OpCiB 300pakeHa Ha pHC.
4.

TpeThOr0 KOHCTPYKILIEIO, MO MifJIAETHCS PO3-
paxyHKy € KOHCTPYKIS i3 «XPEeCTONMOMiOHUMI
koHTpdopcamu. Ll koHCTpyKIlis MoeaHye B cOOi



niepii Bi cxemu. ToOTO KOHTphopcu po3Taino-
BYIOTbCSl SIK i3 BHYTPILIHBOI, Tak i3 30BHILIHBOT
CTOpPOHH.

I3 BHYTpIlIHBLOT CTOPOHM BOHM JIOJIATKOBO
3'eIHyI0TbCsl 13 mosicamu 0OB's3kH. B pesynbrari
JIOBXKHHA KOHTpdopca 301bLIYEThCs BABIYI Y MO-
PIBHSIHHI i3 IONepeIHIMU CXeMaMK KOHCTPYKILiT.

Bapiant 1

Lls cxema KpiruieHHs OifbIll MaTepiaioeMHa,
HDXK JIBi TIONIepeHs, HATOMICTh JKOPCTKICTh MO3/10-
BJKHBLOI CTIHHM 3HA4HO 30iIbIIeHa, HWKHS 3a1i300€-
TOHHA B'SI3b CTPUMYE FOPU3OHTAIIBHI MepeMillieHHS
CTiHM HW)KYe JTHA KOTJIOBAHY, a MO3J0BXKHI MOSICH
301IBILIYIOTh OMIp 3rHHAHHIO CTIHM HAaBKOJIO Bep-
THKaNbHOT oci. Cxema Takoro KpirieHHs 300pa-
>KeHa Ha puc. 5.

Bapiant 2

4 ¢ 1800
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1 CmivoBe kpinneHHs
2. [losic 006 'asku

3. KoHmpgopc

4, Pozcmpin

5. Huxus 3/5 6'a3b
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Puc. 5 Cxema KoHCTpYKILii KOMOIHOBAHOTO KPITUIEHHS! KOTJIOBAHY i3 HIKHIMU B’ SI35IMH

Bapianr 1) 3 mosicamu 008’513k ; BapianT 2) 3 HIKHIMY 3a1i300€ TOHHUMH B’ SI35MU;

IloBHi mepemilieHHs] B CTiIHOBOMY KpiIUIeHHI
IZIGHTHUHI B yCiX BHUMaJKaX po3paxyHKy. Makcu-
MasbHe 3Ha4eHHs He nepeBuirye 20 MMm. bynp-ske
po3TalllyBaHHS KOHTPQOpPCIB 3HAYHO 30iNbLIyE
JKOPCTKICTh KOHCTPYKLIT, B pe3y/bTarti aedopmartii
MiHIMaJTbHi.

Hwxni 3amizo0eToHHi B'S31 neopMyroThes y
BEPTUKaIbHIN TJIOLIMHI yropy, B pe3yJbTaTi po3-
TATYIOThCS BEpXHi BOJIOKHA. Benmnumna makcuma-
npHUX aedopmariii 60-70 mM. B ctanil koTinoBaHy
L€ HOCUTb HeraTUBHUH e(eKT. Ajie MpU BCTAHOB-
JIEHHI KOHCTPYKLUIi cTaHLii Ha TPYHT Ta B 531 Ma-
THMEMO PO3TAT HWXKHIX BOJIOKOH i eeKT «rore-
PEOHBOrO HAMpPY>KEHHS», L0 3MEHLINTh abCcoMoT-
Hi nedopmaiii KOHCTPYKLii i MO3UTUBHO BIUIMHE
Ha poOOTY KOHCTPYKIIT CTaHILii.

HasiBHicTb pi3HOT KOHCTPYKIIiT KOHTphOpPCiB He
BIUIMBAE Ha NedOpPMYyBaHHS TOPLIEBOT CTiHH, OCKi-
JbKK JedopMallii y BUTISAL 3THHY BiOyBalOThCs
BiZIHOCHO BEpTUKAJbHOI OCi ), a KOHTpdopcH

301MbLIYIOTh KOPCTKICTh Ha 3TMH BiIHOCHO OCi Z .
Orxe, KOHTpHOPCH He 3MEHINYIoTh Aedopmariito
TOPUEBOI CTIHW KOTJIOBaHy. Takok B3MIOBXK OCi
X nedopmytoTbes i KpaiiHi 3/0 B's3i, ix nedopma-
sl CIIpUYMHEHa aKTUBHUM THUCKOM Ha TOpPLEBY
CTiHY, sIKa CTHCKYE IPYHT B CepeluHi KOTJIOBaHYy
Mik piBasmu -12.000 Ta -16.000. B cBoto yepry
PEaKTUBHUM THUCK I'PYHTY 30CEpPEIKEHUN Ha Kpai-
Hill 3/0 B'A3i, B pe3y/ibTaTi 4YOro BOHA i MiAgaeThCs
Oinpuiiii nedopmauii, HixK iHLI.

BucHoBKkn

BcraHoBeHHSI BEMKOro 4Kicia PoO3CTPLTIB He
TiJIbKM TOTIpUIYE YMOBM MOHTaXKY KOHCTPYKLIH,
ane i 3HAYHO BIUJIMBA€E HA IPYHT i CTIHKY HHKYE
piBHS KOTJIOBaHY, CIPHYMHSIOUM JOJATKOBI Ha-
npyxkeHHs i gedopmaii. B pesynbrari yoro HeoO-
XiHO 30iNbLIyBaTH MIMOMHY MiJOLUBH CTiHKU Bil-
HOCHO JIHAa KOTJIOBaHy ab0 BUKOHYBATH JIOJIATKOBI
3aXO0/ JUIS TIOKPAILEHHS XapaKTePUCTHK IPYHTY.



Jns 3MeH1IeHHs Aedopmalliii B HHXKHINM YacTu-
Hi CTIHKU HEOOXIiTHO PO3IJISHYTH BapiaHT i3 BJIAIlI-
TYBaHHSIM KOHTP(OPCIB HA BCIO MITMOUHY KpiMJieH-
HSl.

[Mepium BapiawiiHUM PO3PaxXyHKOM BHKOHA-
HUM miadip ONTUMAIBHOT KiJIBKOCTI pO3CTPiNliB B
HANPO3MOBCIOKEHILIIOMY HA TaHUH MOMEHT Kpirl-
JIEHHI «CTiHa B TPYHTi» + po3cTpinu. BeraHosne-
HUI BIUIMB KpPOKY PO3CTPUTiB Ha Hampy>KeHo-
nepOpMOBaHUA  CTaH  CHUCTEMH  KpIiTJIeHHs-
MacuB», BU3HAUY€Ha ONTHMAJIbHUN KPOK PO3CTPiliB
MpU KpimjeHHi KoTioBaHy. BcraHoBneHa 3anex-
HICTh BHYTPIIIHBOTO CTUCKYIOUOTO 3YCHIUIS B PO3-
CTpiiax MpH Pi3HUX KPOKaX KOTIOBaHY.

3anpornoHoBaHa albTepHATHBA KIACHYHOMY
poscTpinibHOMY KpirmsieHHr0. [IpopaxoBani Bapian-
TH KOMOIHOBAHOTO KpITUICHHS 3a JIOMOMOTIOK0
KOHTpGOpCiB i3 MosicaMu OOB'SI3KH, PO3CTPiiiB Ta
JNOJATKOBUX HIKHIX 3a1i300€TOHHUX PO3MipoK
(B’s3iB). BcraHoBieHME BIUIUB Pi3HOT KOHCTPYKIIIT
KOHTPGOPCIB HA HAIMpPYKeHO-e(hOPMOBAHUM CcTaH
CHCTeMH «KPIMUICHHS-MACHB).

Busnauena onTuMmanibHa KOHCTPYKLIS KOHTp-
(opciB Ta MO3UTHBHUIT BIUIMB BJAIUTYBaHHS J10]1a-
TKOBUX HIXHIX 3aJ1i300€TOHHUX PO3MipoK (B’513iB)
Ha HarmpyXeHo-Ie(opMOBaHWI CTaH KpilUIeHHs
KOTJIOBaHy.

B. I1. KYTIPMIA, /1. B. TIOTBKWH (JIUWT)
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MOAEJIUPOBAHUE HANIPS)KEHHO-IE®@OPMUPOBAHHOI'O
COCTOAHUSA KPEINVIEHUSA I'VITYBOKOI'O KOTJIOBAHA

B cratbhe paccMOTpeHbI BOTIPOCHI KPETIeHHs TTyO0KHUX KOTI0BaHOB. Ha ocHOBe MonennpoBaHusi HampsKeHHO-
1e(hOPMHUPOBAHHOTO COCTOSHUS OTIPEIENICHO BIMSHUE PA3HBIX NapaMETPOB, TAKHX KakK KOJMYECTBO PACCTPEIIOB, BUJ
KOHTP(OPCOB, a TakxkKe MPeIIOKEeH HOBBIH COCO0 KPETUICHHS ¢ TIOMOIIBI0 HIKHUX JKeJle300eTOHHHX CBsi3eli (pac-

MOPOK) O] THOM KOTJIOBaHa.

Kniouesvie cnosa: I'mybokuil KOTIOBaH, pacccTpelibl, MOAEIUPOBAaHUE, «CTEHA B rpyHTe», MKD.

V. P.KYPRIY, D. V. TIUTKIN (DIET)

MODELING STRESS-STRAIN STATE OF MOUNT DEEP DITCH

In the article descry the questions mount deep ditch. Based on the modeling of the stress-strain state determined
the effect of various parameters. This parameters are the number of executions and the type of buttresses. Also
proposed a new method of mount deep ditch with the lower concrete ties (spacers) under the bottom of ditch.

Keywords: Deep ditch, spacer, modeling, “wall in the ground”, FEM.



