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BBEJAEHHUE

AKTyaJbHOCTh TeMbl. B mociennue roabl Bce 0Ooree MPUOPUTETHBIM
HAIpPaBJICHUEM B CTPOUTEIBCTBE CTAHOBUTCS BO3BEIEHUE OBICTPOBO3BOJMMBIX 3/1aHUM,
COOpPYKEHUH i1 OOBEKTOB arpoNpOMBIIUIEHHOTO U IPOMBIIIJIEHHOIO Ha3HAYeHMs
(JToTUCTHYECKHE LIEHTPBI, CKIIAJIbI, TCIUIMYHBIE KOMILUICKCHI, JICTHHE MAaBUIBOHBI U JIP.).
Takue ObICTPOBO3BOAMMBIE 3/1aHUS YACTO KIACCU(PUIUPYIOTCS KAK BPEMEHHBIE, TaK KaK
UMEIOT HeOoJbIIoN cpok ciaykObl (10 — 20 ner). PaccmaTpuBaembie 31aHUSL JIETKO U
OBICTPO MOHTHPYIOTCSI OJiarofapsi OCOOCHHOCTSIM KOHCTPYKTHBHBIX permieHuii. Ha
CETO/HAIIHUN JIeHb BO MHOTMX 3apyOE€XHBIX CTpaHax Ha JOJII0 OBICTPOBO3BOJUMBIX
s3panuil mpuxoautcs 10 30% oT Bcero oObeMa CTPOHUTENHCTBA. BBHICTPOBO3BOAMMEBIE
BPEMEHHBIE 3/1aHHs, BBIIOJHEHHBIE C MCIOJB30BAHUEM HOBBIX TEXHOJOTUH U
COBPEMEHHBIX  KOHCTPYKLIHH, XapaKTEpU3YIOTCS  HHU3KMM  YACIBHBIM  BECOM
CTPOUTEIbHBIX KOHCTPYKUHM, MO3BOJISIIOIIMM 3HAYUTEIbHO YMEHBIIUTHh HArpy3ku Ha
ocHOBaHue. [IpuMeHeHue TpagUIIMOHHBIX (DYHAAMEHTOB, HAlpuUMeEp, JIEHTOYHBIX WIH
CTOJIOUATBIX B TMPAKTUKE MPOCKTUPOBAHUS JAHHOTO THIA 3AaHUN (COOPYKEHUM)
IPUBOJNUT K HEPAUMOHAIBHOMY BIIO)KCHHIO MAaTE€pPUAIBHBIX CPEACTB W IOBBIIICHUIO
TPYJOEMKOCTH CTPOUTEIBCTBA M, KaK CJIEACTBUE, BO3BEICHUIO OSKOHOMUYECKH
Her((PEeKTUBHBIX (PYHIAMEHTOB.

JUis ~ COBEpUICHCTBOBAHMSA  KOHCTPYKTHUBHBIX  pelIeHHMM  (QyHAaMEHTOB
OBICTPOBO3BOJAMMBIX BpPEMEHHBIX 3JaHUl B TJIMHHUCTBIX TPYHTaX MPUMEHSIOT, Kak
MPaBUJIO0, BUHTOBBIC METANIMYECKUE CBaW JJIMHOM 10 3 M U JUAMETPOM JIOMACTEN N0
0,4 m. IlpeumymectBamMu (yHIaMEHTOB M3 BUHTOBBIX CBail SIBJSIOTCS: OTCYTCTBHE
3eMJIIHBIX pa0OT 1 MUHUMAJIbHOE HApYLIEHUE CTPYKTYPBI TPYHTA MPU UX BBUHYMBAHUU
(4TO TO3BOJIIET BBIMOJHATH PAOOTHI TIO YCTPOMCTBY CBail B YCIOBHSAX IUIOTHOMU
TOPOJICKOW  3aCTPOWKH), BBICOKAas IPOU3BOJUTEIBHOCTh MO  CPaBHEHHIO C
«TPAIUIIMOHHBIMUY» PEUICHUSIMU, BCECE30HHOCTh MPOM3BOACTBA padbor u Ap. B
TJIMHUCTBIX TpyHTaX A3(P(EeKTUBHOCTh BHHTOBBIX CBail BO3pacTaer, €clid B HUX

KOHCTPYKTHBHOM PCHICHHU HCIOJB3YIOTCA HCEC OJHA, a [ABC JIOIIACTHU (BI/IHTOBBIG
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JIBYXJIOTIACTHBIE cBaM). Takoe pelleHue MO3BOJISIET IOCTUYL TpeOyeMOoM Hecyleu
CIIOCOOHOCTH, YMEHBIITUB WX MaTepUaioeMKOCTh. OIHAKO J0 HACTOSIIETO BPEMEHU
UCCJIEIOBAHUM paOOThl BHUHTOBBIX JIBYXJIONACTHBIX CBail BBIMOJHEHO OTPAaHUYEHHOE
KoJimuecTBo. [loaTOMy Tema auccepTalluOHHON PaOOTHI ABISIETCS AKTYAJILHOIA.

Heas padoThl 3akitoyanach B COBEPIICHCTBOBAHWU KOHCTPYKIIMM W METOJIOB
pacyeTa BUHTOBBIX JBYXJIOMACTHBIX CBall i (PYyHIaMEHTOB OBICTPOBO3BOJIUMBIX
BPEMEHHBIX 37aHui, oOecrneunBaronux 3(G(HEKTUBHOE WX MPUMEHEHHUE B TIIMHHUCTHIX
IpyHTax.

Metongosioruss u MeToAbl HccjaenoBanus. [Ipu mOATOTOBKE AuccepTaluu
MPUMEHSUTUCh B COBOKYIMHOCTH TEOPETUYECKUE U IKCIEPUMEHTAJIbHBIE METOIbI
uccieqoBanuil. B paznenax TEOpEeTUUECKUX HCCIENOBAHUIN BBIMOJHIOCH YHCIEHHOE
MOJICTUPOBaHUE PaObOThl BUHTOBBIX JIBYXJIOMACTHBIX CBail B TJIMHHUCTOM TPYHTE U
pa3pabaThIBaJICSl METOJ] pacueTa UX OCAJKH JJIs YCIOBUM dKCIUTyaTalluu (GyH/IaMEHTOB
OBICTPOBO3BOJMMBIX ~ BPEMEHHBIX 3JaHMil. B pazgene  sKcnepuMEHTaIbHBIX
UCCIICIOBAHUM TIPOBOJIUIIMCH JIAOOpPATOPHBbIE U TOJIEBbIE€ MCIBITAHUS BUHTOBBIX
OJIHOJIOTIACTHBIX U JABYXJIOMACTHBIX CBAl CTATUYECKUMU BJIABIIMBAIOIIMMH HArPy3KaMH.

HayuyHnasi HoBU3HA pa®oThI 3aKII0YAETCS B CIEAYIOIIEM:

1. DOKcnepuMeHTaJIbHO YyCTaHOBJeHAa dS(PPEKTHBHOCTH pPabOThl BUHTOBBIX
METaJUIMYECKUX JIBYXJIOMACTHBIX CBall B TJUHUCTBIX TPYHTax s (yHIAMEHTOB
OBICTPOBO3BOAMMBIX BPEMCHHBIX 37aHWW. BBISBICHO, YTO TpH IMHE HATYPHBIX
BUHTOBBIX cBail He Oosiee 3,0 M u auametpe jomnactu 0,3 M paroHaTbLHOE PACCTOSTHUE
MEK]1y JIONACTSIMU B IIIMHUCTBIX TPyHTax cocTtaiser 2,0...2,5 nnaMerpa J0nacTu.

2. YCTaHOBJIEHO, YTO B TJIMHUCTBIX IPYHTaX HECYyIllas CIOCOOHOCTh BHHTOBBIX
JBYXJIOMACTHBIX CBait ninHO# He 6osee 3,0 M u quametpe jomactu 0,3 m 10 30 % Gonbiie
10 CPaBHEHUIO C BHUHTOBBIMU OJIHOJOMACTHBIMHU CBasMH C aHAJOTUYHBIMU
r€OMETPUYECKUMH Pa3MEpPaMH.

3. Pa3zpaboran MeToj pacdera OCaJK¥ OJUHOYHBIX BHHTOBBIX JIBYXJIOMACTHBIX
CBail B MIMHUCTBIX IPYHTAX, MO3BOJISIONIUN UCIIOIH30BATh JIAHHBIC O XapaKTEPUCTHUKAX
TPYHTOB, YCTAaHOBJICHHBIE HA 3Tale€ WHXEHEPHO-TEOJIOTMYECKUX H3bICKaHU. Meroj

633prCTCH Ha IPpUMCHCHHUHU 3allaTCHTOBAHHOI'O KOHCTPYKTUBHOI'O PCHICHUA BHHTOBOU
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JBYXJIONACTHOM CBaW W NPEIyCMATPUBAET HEJIIMHEWHYIO 3aBUCUMOCTH €€ OCAaJKH OT
MPUKJIAbIBAEMON BHEITHEW HATPY3KHU.

IIpakTH4Yeckas 3HAYMMOCTb PA0OTHI M €€ UCII0JIb30BaHuUe.

1. Ilpaktnuyeckoe 3HayeHUWe pabOTBl COCTOUT B TOM, YTO MPELIOKECHHAS
KOHCTPYKIMS M METOJ pacyeTa OCaJKH BHHTOBOM JBYXJIOIIACTHOM CBau IOBBIIIAIOT
HaJIe)KHOCTh €€ TNPUMEHEHUs] B  DJIMHUCTBIX TIpPyHTaxX g  (QyHIaMEHTOB
OBICTPOBO3BOJAMMBIX BpPEMEHHBIX 31aHUWA. KOHCTPYKTHBHBIE pEIICHHS BHUHTOBOM
JIBYXJIONACTHOW CBau 00JIa[at0T MaTEHTHOW HOBU3HOW M 3aLLUIIEHbI JBYMs ITaTEHTaMU
P® Ha none3neie MozemNH.

2. Pe3ynpTaThl HCCIE0BAaHUN HCTIOJIB30BAHBI:

- NpU pa3pabdOTKe MPOEKTHONW JOKYMEHTAllMM Ha CTPOMUTEIBCTBO TEIJIMYHOIO
komiuiekca B Kypckoit obnactu (2015 r.), xoMmiuiekca cOOpHO-pa3OOpPHBIX aHTapoOB
JIOTUCTUYECKOTO IIeHTpa B I. Yensiouucke (2016 r.);

- B @enepalibHOM TOCYAApCTBEHHOM aBTOHOMHOM  00pa30oBaTEIbHOM
yupexaeHun  Bbicmiero  oOpa3zoBaHus — «HOkHO-Ypasibckuii  rocyaapCTBEHHBIN
YHUBEPCUTET (HALMOHAJIBHBIA HMCCIIEOBATEIbCKUNA YHUBEPCUTET)» IMPH BHIIOJHEHUH
BBIITYCKHBIX KBaTU(UKAIMOHHBIX padOT CTyJ€HTaMU-0aKaaBpaMu, 00y4YaroIUMHUCS 110
HaNpaBJIEHUI0 MNOATrOoTOBKH «CtpoutenbcTBo» (mpoduib - [IpombliieHHOE U
IPa)X/1aHCKOE CTPOUTENBCTBO), & TAKXKE YTEHUU JIEKIUI 7Sl CTYIAEHTOB-CIIELUAINCTOB
ApXUTEKTYpHO-CTPOUTENBHOTO MHCTUTYTA B 20142017 TT.

ITos10:keHHs, BBIHOCMMBIE HA 3AIIUTY:

1. KoHCTpyKTHBHOE penieHne BUHTOBOM METAJUIMYECKOM ABYXJIONIACTHOW CBaul B
TJIMHUCTOM TpyHTE 7151 (PyHAAMEHTOB OBICTPOBO3BOIUMBIX BPEMEHHBIX 3JJaHUM.

2. DKCHepuMEHTalbHbIE M TEOPETUYECKUE HCCIIECAOBAHUS PabOThl BHHTOBBIX
JBYXJIONACTHBIX CBail B TJIMHHUCTBIX TPYHTaX M OLIEHKA MOJYYEHHBIX pE3yJIbTaTOB;
COIIOCTABJICHUE OIBITHBIX U PACUETHBIX JaHHBIX HECYIIEH CTOCOOHOCTH BUHTOBBIX CBaM,
UX aHaJIu3 U 0000IIeHHE.

3. PacyeTHas cxeMa BUHTOBOW JBYXJIOMACTHOW CBaW B TITMHUCTOM IPYHTE U METOJ

pacyera ee OCaJKH Ha IEWCTBUE BHEIITHEN BEPTUKAIBHON CTATUYECKOW HATPY3KH.
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4. IlpakTHuecKoe HCIOJNb30BAHUE TMOJYUYEHHBIX PE3yJbTaTOB PaOOTHl BUHTOBBIX
JIBYXJIONACTHBIX CBAll B IIIMHUCTBIX TPYHTAX U HAIIPABJICHUS JaIbHEHIIINX UCCIIEI0BaHNUN
uX paboThl B cocTaBe (yHAaMEHTOB OBICTPOBO3BOIUMBIX BPEMEHHBIX 3/JaHUMH.

CreneHb 10CTOBEPHOCTH M anpodanus pe3yabTaroB. CTEleHb TOCTOBEPHOCTH
pe3yibTaTOB MCCIEIOBAHUNM M BBIBOJIOB JUCCEPTAIIMOHHOM pabOThl MOJITBEPKAAIOTCS
MPUMEHEHUEM OCHOBHBIX TEOPETHUECKHUX IOJO0KEHUW MEXaHUKH TPYHTOB, MEXaHHUKHU
TBEPAOrO U JeOpMUPYEMOTO Tejla, MAaTeMaTHYECKOW CTAaTHUCTUKH W TOJATBEP)KICHA
HEOOXOJAUMBIM OOBEMOM 3KCHEPUMEHTAIBHBIX HCCIEAOBAHUM, BBITIOJIHEHHBIX Ha
MOBEPEHHOM OOOpYJOBaHUHM, a TaKK€ HCIOIb30BAHUEM CEPTUPUIMPOBAHHBIX U
JULEH3UOHHBIX  MPOTPAMMHBIX  KOMIUIEKCOB TPHU  BBIIOJIHEHUH  YHUCIEHHOTO
MOJEJINPOBAHUS.

OCHOBHBIE TEOPETUUECKHUE MOJOKEHUS U 3aKIIFOUEHHUE TUCCEPTAUMOHHON padOThI
JOKJIaJIIBAJICh, OOCYXXJAJIUCh Ha TPEX HAYYHO-TEXHUYECKUX KOH(PEPEHLHUIX C
MEXIYHAPOJHBIM YYaCTHEM II0 TEOTEXHUKE, MEXaHUKE TIPYHTOB, OCHOBAaHHUSAM U
¢ynnamentam B Cankt-lleTepOyprckoM — rocygapCTBEHHOM — apXUTEKTYPHO-
ctpoutenbHoM yHHBepcuteTe (CIIOIACY, C-Ilerepoypr, 2013-2015 rr.), BocbMO¥
BceykpanHckoil Hay4YHO-TEXHUYECKON KOHpepeHIH «MeXaHruKa IpyHTOB, T€OTEXHUKA
u (ynmamentoctpoenue» ([lontHTY, Ilonrasa, 2013 r.), VIII-it Bcepoccuiickoii
Hay4YHO-TIPAKTUYECKOU KOH(pepeHnn MoJoablX yueHblx "HayuHoe oOecrneueHnue
ATIK", cexuus - CtpoutensctBo U BoaHoe xo3sicTBo (KyoI'AY, Kpacuonap, 2014 r.),
MexayHapoiHON Hay4yHO-TeXHUYeCKON KoHpepeHuu "CTpOouTeIbCTBO, ApXUTEKTypa U
texHocepHas OezomacHocts" (HUY HOVpl'Y, UYenadbuuck, 2017 r1.), Hay4yHBIX
ceMuHapax kadenpsl «OcHoBaHus M ¢GyHIaMeHTh» Ky0aHCKOTO TrocyIapCTBEHHOIO
arpapHoro yauBepcuteta um. N.T. Tpyoununa (Ky6I'AY, Kpacuonap, 2014, 2016, 2017
IT.).

CtpykTypa u 00beM padoThbI.

Juccepranyst COCTOMT W3 BBEACHMS, 4YETBIPEX IJIaB, 3AKIKOYEHUS, CIHCKa
auTeparypsl u3 126 HanmeHoBaHu# U 4 npuioxxeHnid. OOt 00beM paboThl COCTABIISAET

161 ctpanuny, BkitouaeT 69 pucynkoB u 11 tabnu.
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CnenuajbHOCTb, KOTOPOM  cooTBercTByeT auccepramusi. CorjacHo
chOpMYTUPOBAHHOM IIEJTA, HAYYHOU HOBH3HE U MPAKTUYECKOW 3HAYUMOCTH MOTYICHHBIX
pe3yJIbTATOB JUCCEPTALIUS COOTBETCTBYET MACIOPTy HaydyHOU crnenuanbHocTu 05.23.02
— OcHoBanusl U (PyHAAMEHTHI, MOJI3EMHBIE COOPYXEHUS MO MyHKTY 3 — «Pa3zpaboTka
HOBBIX METOJIOB pacuera, BHICOKOI(PHEKTUBHBIX KOHCTPYKIIMI U CIIOCOOOB yCTpPOICTBA
MOA3EMHBIX COOPYKEHUI MPOMBIIUIEHHOTO Y TPAKJIAHCKOTO0 HA3HAYCHUS U IIYHKTY 7 —
«Pa3paboTKa HOBBIX METOJOB pacyeTa, KOHCTPYUPOBAHUS U YCTPOMCTBA OCHOBAHMIA,
GyHIAMEHTOB W TOJ3EMHBIX COOPYKEHUH TMpU PEKOHCTPYKIUU, YCUJICHUU U
JMKBUJALANA aBAPUNHBIX CUTYaINI).

ABTOp BBIpaXaeT UCKPEHHIOKO 0JIAr0IapHOCTh CBOEMY HAYYHOMY PYKOBOJUTEIIO
3acayXEHHOMY cTpouTeno P®, 10KTOpy TEXHMUYECKMX Hayk, mpodeccopy
[Tomumyky A.W. 3a NOCTOSHHYIO MOAAEPKKY, KOHCYJIbTallUd U BHHUMaHHE K paboTe.
Couckarenb NMpU3HATENIEH BCEM COTpyAHUKaM Kadenap «OcHOBaHMA U (PyHIAAMEHTHI»
Ky6I’'AY (r. Kpacnomap) u «CTpouTenbHble KOHCTPYKIIMM U  COOPYKEHUSD)
IOYpl'Y (HY) (r. YensOuHCK) 3a BHUMaHHUE K pabdOTe W MOIJEPKKY BbIOPAHHOTO

HAMpaBJICHUS UCCIICIOBAHUM.
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I'JTABA 1. COCTOSIHUE BOIIPOCA O IPUMEHEHUWY BUHTOBBIX CBAU
JIJISI YCTPOUCTBA ®YHJIAMEHTOB 3IAHUI

1.1. KoHCTPpYKUIMH BUHTOBBIX CBAl I PYHIAMEHTOB 31aHM I

B Hameil cTpaHe BUHTOBBIE CBau IIUPOKO MNPUMEHSUINCh B TPAHCIOPTHOM,
MPOMBIIJICHHOM U JJICKTPOCETEBOM CTPOMTEILCTBE, a TAKXKe JJii CTPOUTEIHCTBA
BOCHHBIX HMH)XEHEPHBIX COOpYyXeHUuH. C NPUMEHEHHEM BHUHTOBBIX CBaill MOCTPOEHBI
MOCTBI, 3CTaKajbl, OMOPHl JIMHUI 3JekTponepenad. KOHCTpYKIMH BHHTOBBIX CBai
XapaKkTepU30BaAIUCh 3HAUUTEIHHON MaTEPUAIIOEMKOCTBIO, TAK KaK CTBOJIbI BBITIOJIHSIIUCH
u3 cTaibHbIX TPYO Oousbmioro muamerpa. B CCCP wu3BecTHbl ciiydau NpPUMEHEHUS
BUHTOBBIX CBail CO CTALHBIM CTBOJIOM quameTpoMm 1,02 M u tuaMeTpom Jionacta 2,2 M,
JUTMHOM 710 36 M B KadyecTBe GyHIaMEHTOB MocTa yepe3 Jnectp [13].

B Hactosiee BpeMs B MPOMBIIIIEHHOM U TPAHCTIOPTHOM CTPOUTENIBCTBE 00JIaCTh
MPUMEHEHUSI  BHUHTOBBIX CBail pPE3KO COKpaTWiach. JTO CBS3aHO C TMOSIBICHUEM
COBPEMEHHBIX MaIMH U 3(PGEKTUBHBIX TEXHOJOTUN MO U3rOTOBJICHUIO CBall B TPYHTE.
CeromHsi BHUHTOBBIC CBail IMIMPOKO TMPUMEHSIOTCA TOJBKO B DJIEKTPOCETEBOM
CTpPOUTEILCTBE B KauecTBe (YHAAMEHTOB OMNOp JUHUN DJIEKTporepenad, Tak Kak
BUHTOBBIE cBan Oojee 3(DPEKTUBHO pabOTAIOT Ha BBIICPTUBAIONINE HATPY3KU I10
CpPaBHEHMIO ¢ OYPOBBIMU WJIU 3a0MBHBIMU CBAsSIMH.

Co3nanueM KOHCTPYKLIMI BHUHTOBBIX CBail, MalllMH M MEXaHU3MOB IS
MOTPYKEHUSI UX B TPYHT, HMCCICAOBAHUAMH B3aWMOJICUCTBUS CBall ¢ OCHOBaHUEM
3anuManuch AxonssH B.®., bapronomeir A.A., baxonmun b.B., boropam JLA.,
I'otman A.JI., Keneskos B.H., neuues B.A., Upogos M.JI., JIebenes C.B., JIyra A A.,
Mamnrymes P.A., Mapuynonsckuii JI.I'., Hyxxnun JI.B., Ilenuyk B.A., Ilomumyx A.A.,
[Tonomape A.b., [lonomapenko O.E., Tpopumenkos FO.I'., Murashev A.K., Perko
H.A., Rao S.N., Prasad Y.V.S.N., Mitsch M.P., Clemence S.P., Hoyt R.M., Zhang D.J.Y,
Weech C. N., Pack J. S. u npyrue.
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AHanmu3 paboT OTEYECTBEHHBIX CIEIUATNCTOB ITOKA3bIBAET, YTO B OCHOBHOM
UCCJIEIOBAHMSI  HaIpaBi€Hbl Ha pPa3pabOTKy KOHCTPYKIMI BHHTOBBIX  CBaW,
00€eCIeYnBAIOIINX CHIDKEHHE SHEPTOEMKOCTH MpOolecca MX BBUHYMBAHUS. 3a4acTyrO
MPUMEHEHUE BHUHTOBBIX CBail OOJIBIIOIO JAUMAMETPa, HCMHOJIb3YEeMBbIX B KayeCTBE
(GbyHIaMEHTOB ONOpP MOCTOB W TPOMBIIUICHHBIX COOPYKEHHM, COMPOBOXKAACTCS
npoOiemMaMu, CBSI3aHHBIMU C HEAOCTATOYHOM MOIHOCTBIO THIpOBpaIaTeiei, 4To
YBEJIMYHMBACT CPOKHU MPOM3BOACTBA PabOT M CHIXAET 3(P(HEKTUBHOCTh MPUMEHEHUS
JAHHBIX KOHCTPYKIIHA.

OKCNEPUMEHTAIBHBIMA M TEOPETHYECKUMH  padoTamu, CBSI3aHHBIMU  C
UCCIICIOBAHUEM BIUSHUS PA3UYHBIX (PAKTOPOB HA CONPOTUBIECHUE TOTPYKEHUIO
BUHTOBBIX aHKEPOB U CBail B rpyHT 3aHuManuck boropan JI.4., Keneszkos B.H., JIeOenen
C.B., Kpasnos B.H., Ilenuyk B.A., Clemence S.P., Perko H.A., Hoyt R.M. u npyrue. B
oonpmmHcTBe pador [10, 21, 27, 28, 47, 70, 96, 105] npuBOASTCS TEOPETUUECKHE
3aBUCHUMOCTH JIJIs1 ONIPEACIICHUS KPYTAIEr0O MOMEHTA 3aBUHYMBAHUS BUHTOBBIX aHKEPOB
M CBail B TPyHT. AHalU3 JIAHHBIX 3aBUCUMOCTEW ITOKAa3bIBAET, YTO HA BEIWYWHY
KpPYTSILIEr0o MOMEHTA BIHSIOT TEOMETPUUECKUE NTAPAMETPHI, B IEPBYIO OYEPEAb, TUAMETP
CTBOJIa U IIar BUHTA JIOMACTU CBau, a TaKke (PU3MKO-MEXaHWYECKUE XapaKTEPUCTHUKU
IPYHTA.

OaHUMU U3 TIEPBBIX OTEYECTBEHHBIX KOHCTPYKIIUH, B KOTOPBIX 00JIee TMOJHO ObLI
peanu30BaH BECh HAKOIUICHHBIA OMBIT MO HCCJIECIOBAHUIO CHUKEHUSI SHEPrOEMKOCTU
mpollecca BBUHYMBAHUSA SIBIIIIOTCSI BUHTOBBIE CBauW, pa3pabOTaHHBIC CIEIHATIACTAMU
OAO «CegzamueproceTsiipoekT» noj pykoBoactsom B.H. Xeneskoa. Koncrpykius
BUHTOBOM CBaW MPEJCTABISET COOOM CTalbHYHO TpPyOy € NPUBAPEHHOM JIOMACTHIO
muametpom oT 0,5 mo 0,8 M, HauMHaMOIIyIOCS HAa KOHYCHOM HAKOHEYHUKE CBau M
MEPEeXOIAIIYI0 Ha IHJIUHAPHIECKYIO YacTh [21, 22, 61]. 3aBeneHne BUHTOBOM JIOMIACTH
HAa KOHYCHYIO 4YacTh OOeCleYMBaeT CHUXEHUE BEJIMYMHBI  HEOOXOIUMOTO
BJIaBJIMBAIOIIETO YCUJIMSI MPUTPY3a, BOSHUKAIOIIETO NMPU €€ BBUHUYMBAHUU. BuHTOBas
JIOTIACTh MOYKET ObITh OJHOBHUTKOBOM WJIM JBYXBUTKOBOW, JJIsI YBEJIUUYEHUS JKECTKOCTH
KOHCTPYKIIMU cBau. JlaHHAs KOHCTPYKIIUS MOJIy4Yuia IUPOKOE paCIPOCTPAHEHUE B BULY

cBoeil 3PPEeKTUBHOCTH MPHU YCTPOMCTBE MHIKEHEPHBIX COOPYKEHHMI B BOGHHOM Jielie, a
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Takke B KaudecTBe ¢yHaamentoB omop JIOII (pucynok 1.1). Jlns ymeHblieHUs
TpeOyeMOro OCeBOTo MPUrpy3a M MOBBIIICHHS HECYIIEH CIOCOOHOCTH, BUHTOBAsI CBast
MO’KET HU3TrOTaBJIMBATHCA C JABYMs OJM3KOPACIOIOKEHHBIMU JIOMACTAMHU, IIPU ITOM HUX

IIMPUHA JIOJDKHA TIOCTEIICHHO yBemIuBaThes [23].

a) d 6) _a
] g - 1 o -
8 | -
|
R N \

=

A, 30

| N\
-

|
Vi 0

Pucynok 1.1 — KoHCTpyKLIMM BUHTOBBIX CBaM:

1- AByXBUTKOBAS; 2- OJTHOBUTKOBAS

CormacHo [61], KOHCTpYHMpPOBAaHHE METAUTMYCCKUX BUHTOBBIX CBall (aHKEpOB)
11€JI€CO00Pa3HO BBIMIOJIHATH B CJICIYIONTUX TMANa30HaX T€OMETPUUECKUX TapaMETPOB:

= HApYXKHBIA JHaMeTp MeTajnueckoi TpyOsl ctBoja d. ot 0,168 M 1o
0,325 m npu tonmuHe creHku t = 8...16 mm;

— HauOOJBIINK auamMeTp BHHTOBOW Jsomactd D = (2,5..5,0)-d.; npuuem
PEKOMEHIYIOTCSl BUHTOBBIE aHKepa ¢ nuametpom sionacteit 0,5 u 0,850 m;

— mar BUHTOBOM Jsonactu: npu D = 0,5-1,0 M cnenyer nmpuHumarb a =
(0,15...0,25)-d¢, mpu D < 0,5 m=(0,3...0,4)-d;

Jlomact cBam PEKOMEHIYETCSl U3TOTaBIWMBATh W3  YIJIEPOJUCTON WU

HI/IBKOHCFHpOBaHHOﬁ cramu. CTBOJIBI cBai PCKOMCHAYCTCA H3roTaBJIMBATb M3 CTaJIU
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09I"2C mmu Ct20. [IpuBapka jJ0macTy K CTBOJY CBAaHW BBINOJHSAETCA JIBYXCTOPOHHUM
IITBOM.

JI71si TOBBIIIIEHUS! TOJITOBEYHOCTH BUHTOBYIO CBAalO0 W3TOTABIMBAIOT M3 JIMTOTO
HAaKOHEYHHMKA M MPHUBAPEHHOMY K HEMY CTBOJy cBau. HakOHEUHMKH, MpPEICTaBISIOT
co00i1 CTYIHUILy C JIONACThIO, BBIIIOJIHEHHBIE JIUTHEM B (DOPMBI U3 XOJIOAHOTBEPACIOLINX
cMmeceil uiu no rasupuuupyeMelM MozensaM. [lo cpaBHEHHIO cO CBapHOH JIONAcTbo,
JUThIC HAKOHEYHUKH O00JaaroT 0oJiee BHICOKOW 3KCIUTYyaTallMOHHOW HANICKHOCTBIO U
HOBBILIEHHBIM CPOKOM CITy’KObI, MEHEE MOABEPKEHBI Je(OopMaLUsIM TP MOHTAKE CBaU.
K HegocTatkaM TaHHOW KOHCTPYKLIMH MOKHO OTHECTH BBICOKYIO MaTEPHAIIOEMKOCTh U
CTOUMOCTb, [0 CPAaBHEHUIO C BUHTOBBIMU CBasIMHU, UMEIOIIMMHU CBAPHBIE JIOMACTH.

[Ipu  ycTpoiicTBe  BHHTOBOM  cBau  (aHKepa) B  BEUHOMEP3JIBIX
(MHOTOJIETHEMEP3JIbIX) TPYHTaX €€ BBUHYMBAIOT B NPEABAPUTEIBLHO MPOOYPEHHYIO
(MMIepHyr0) CKBaKHMHY TOTO K€ JHaMETpa 4YTO M CTBOJ CBaM (aHKepa), YTO MO3BOJISIET
3HAYUTEIILHO YMEHBIIUTH MOTPYKAIOIIYIO CHITY ¥ KPYTSIIUA MOMEHT NP MOTPY>KEHUH.
Haubonee w3BecTHas KOHCTPYKIUS CBaW JIi BEYHOMEP3JBIX TPYHTOB COCTOHUT U3
WIMHIPUYECKOTO MOJIOrO CTBOJIA U HAKOHEYHMKA, CHA0’)KEHHOT0 BUHTOBOM JIONACTHIO,
C OTHOLIEHUEM JAMaMeTpa JIONACTU K JUaMETpPy CTBOJIAa cBau < 1,5, HWKHHI TOpEL] CBau
MOXKET ObITh CcHaOkeH 3yObsimu (pucyHok 1.2). Takke HaKOHEUYHUK MOXKET ObITh

BBITIOJTHEH KOHMYECKOH (DOPMBI.

2arty 40

Pucynok 1.2 — Cpau, npeHa3Hauy€HHbIE 711 BEUHOMEP3JIBIX TPYHTOB
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Panee ommcaHHbIe KOHCTPYKIIMM BHHTOBBIX CBail MCTOJB3YIOTCS MJisi OOBEKTOB
KAalUTAJIBHOTO CTPOUTENbCTBA. WX XapakTepHu3yeT BBICOKAS MaTEpPHATIOEMKOCTh U
CTOMMOCTb CTPOUTEIHLHO-MOHTKHBIX PabOT MO UX YCTpoucTBY. B Hacrosiee Bpems
BUHTOBBIE CBall OOJIBIIIOTO AHMAMETPa MPAKTUUECKH HE MPUMEHSIFOTCS B TPAHCIIOPTHOM U
MPOMBIIIUIEHHOM CTPOUTEILCTBE (32 UCKIIOUEHUEM AJIEKTPOCETEBOTO CTPOUTENILCTBA),
3TO CBSI3aHO C TMOSBJICHHEM CTPOMTENIbHBIX MAIIMH, IO3BOJSIOMIUX HW3TOTABIMBAThH
OypoBsie cBau 1o coBpeMeHHBbIM TexHosorusim (CFA, DDS u np.).

B nocnegnue roasl 00JacTh NPUMEHEHUS BHUHTOBBIX CBald CYIIECTBEHHO
pacIIMpUiIach 3a CYET UX MCIOJIb30BaHUs B COCTaBE (PyHIAMEHTOB OBICTPOBO3BOAUMBIX
3naHuid. B mepByro odepedr 3TO CBSI3aHO C MOSBJIEHUEM Ha CTPOUTEIIBHOM PBIHKE
UMIIOPTHBIX MOJIEJeH MAallliH, OCHAIIEHHBIX JIETKUM W MajorabapuTHBIM HaBECHBIM
obopyoBanueM (rujapopariareiiem) [53].

B wMmanosTakHOM M KOTTEPKHOM CTPOUTENIBCTBE, a TakkKe I 3JaHUd U
COOPY)KEHUU TPEThETO YPOBHS OTBETCTBEHHOCTH, OBICTPOBO3BOJMMBIX 3JIaHUA  C
HEOOJIBIIMMU HArpy3KaMd Ha OCHOBAaHHUE IIMPOKO MPUMEHSIOTCS BUHTOBBIC CBau C
nraMmeTpoM ctBosia He 6oiee 0,108—0,133 M, 9To AemaeT BO3MOKHBIM UX IOTPYKESHHE C
HEOOJIBIITUM 3HAYCHHEM KPYTSIIero MoMeHTa. KOHCTPYKTHBHBIC PEIICHHUS BUHTOBBIX
CBai, TMOJIYYMBIIUX pACIPOCTPAHEHUE [JIsi JAHHOTO Kjacca COOPYKEHHMH MOXKHO
pa3zienTh Ha JIBE TPYIIIIHI:

- BUHTOBBIC CBaM, BHITIOJIHEHHBIE B (DOpME «IIypyma» ¢ OOJBIIUM  KOJIUYECTBOM
BUTKOB I10 JUIMHE CTBOJIA CBaH;

- BUHTOBBIC CBaW, C OTHOIIEHHWEM jAuamerpa jomnactu D, M k auamerpy cTBoja
cau d, M paaomy D = (2,5-3)-d.

Haubonee w3BecTHas KOHCTPYKIMS BHHTOBBIX CBali B (opMme «Imypyra»
paspaborana cneruanuctamu Hemelko kommanuet «KRINNER» [40]. Uwmeetcs
HECKOJIbKO Pa3HOBUIHOCTEH TAaKMX CBaid, OOIIUM JJISI HUX SIBJISIETCS TO, YTO OHU COCTOSIT
U3 KOBAaHHOTO KOHYCHOTO KOpITyCa M TPYOHOM 3aroTOBKH C MPUBAPEHHON CHUPAIIBIO
(pucynok 1.3). 3ammra cBaM OT KOPPO3UU OOECICUUBACTCS METOJIOM TOPSYEro
OIIMHKOBAHUS B 3aBOJICKMX YCJIOBHSIX. B BepxHell 9acTu CTBOJI cBau TEPEXOAWT B

OT'0OJIOBOK, KOTOpLIﬁ HCO6XOI[I/IM A1 €€ MOHTa)Xa, a TaKXKE MABJIACTCA OIIOPHBIM
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AIIEMEHTOM JIJIsl HAJ3€MHBIX KOHCTPYKIHM. DTO MO3BOJIAET CENaTh MPOLECC COOPKHU
3MaHUl OoJiee TEXHOJOTHYHBIM, TaK KaK COKpAIAeT BPEMSI CTPOUTEIHHO-MOHTAXKHBIX
pabot. Cinenyer OTMETUTH OOJIBIIOE KOJINYECTBO KOHCTPYKTUBHBIX PELICHUH Y3JI0B MX
COEIMHEHMs C HECYIIMMH KOHCTPYKLHSIMH COOPYKEHUW, KaK MPaBUJIO HCIOJIb3YyETCs

00JITOBOE COEIUHEHHE.

|
|
i
4
=]
g
v

Pucynox 1.3 — KoHCTpyKIInM BUHTOBBIX CBail B (hopMe «ITypyTa

3a cueT KOHCTPYKTHUBHOM (POpPMBI, CBaM JIETKO YCTaHAaBJIMBAIOTCS HE TOJBKO B
OOBIYHBIX TPYHTAX, HO TAKXKE B TPYHTAX, C OOJBIIUM COJEP>KaHUEM BKIFOUCHHH MIeOHS,
a TaK)Ke TEXHOTEHHBIX TPYHTaX C OOJBIINM COJIep>)KaHUEM CTPOUTEIHLHOTO Mycopa. Cau
B (hopMe «I1ypymna», BO3MOXHO, BBUHUMBATh B YCIOBHSIX ropojia, HEMOCPEICTBEHHO B
achaabTUpPOBaHHBIE MOBEpPXHOCTU. PaboTra [aHHON cBau B TJMHUCTOM TPYHTE
OILICHMBAETCA IO Hecylled crmocoOHOocTH ee OokoBoW mMmoBepxHOcTU. McciemoBanus,
BbINOJIHCHHBIE AkomsiHom B.®. [4, 5, 83] mokasamu, 4ro B mpolecce yCTpOHCTBa
BUHTOBOHM cBaWl B ()OpME «IIypyla» MPOUCXOAUT YIJIOTHEHUE OKPY’KAIOIIEro IPyHTA,
YTO CIIOCOOCTBYET YBEIMUCHUIO €€ HECYIIEH CITOCOOHOCTH 10 OOKOBOM MTOBEPXHOCTH.

K HemoctaTkaM JaHHOM KOHCTPYKUMHU CJEAYeT OTHECTH HEIOCTATOUYHYIO

HECYIIYI0 CIIOCOOHOCTh B CIAa0bIX TJIMHUCTBIX TpyHTax. Kpome Toro, naHHble CBau
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NEPBOHAYAIBHO Pa3pabaThIBAUCH AJIA JKCIUTyaTalldd B YCJIOBMSIX, TJI€ OTCYTCTBYIOT
IIPOLIECCH] MOPO3HOT'O ITyYEHHsI TPYHTOB.

OpHOWM W3 NEpBBIX KOHCTPYKLMH BHHTOBBIX CBail, ITOSIBUBIIMXCS HAa PBIHKE
MaJOATAXKHOTO U KOTTEIKHOTO CTPOUTENbCTBA, a Takke OBICTPOBO3BOIMMBIX
BPEMEHHBIX 3/IaHUW SBISIOTCS CBaW, CO3JaHHBIE Ha OCHOBE 3¢ (HEeKTUBHBIX
KOHCTPYKTUBHBIX PELICHU cBali OOJBIIOTO JUAaMETpa, B YAaCTHOCTH KOHCTPYKLUHU
XKeneskoa B.H. («Ce3amdnHeprocetsnpoekt») (pucyHok 1.4) [23]. [danHble cBaun
OBICTPO 3aBOEBAJIM MOMYJSPHOCTh HAa PBIHKE MAaJO3TaKHOTO M KOTTEIKHOTO
cTtpoutenscTBa. CBal MMEIOT aHTHUKOPPO3MOHHOE MOKPBITHE, MOCJIE YCTAHOBKU CBau
BHYTPEHHSSI TIOJIOCTh CBAaW OOBIYHO 3aMOJHSETCS OETOHHON CMECBIO JJIsl TOBBILLIEHUS
JIOJITOBEYHOCTH KOHCTPYKIIMH, HA BEPXHEW YAaCTHU CBali, KaK MPaBWJIO, yCTAHABIMBAETCS
METaJUIMYECKUI OMOPHBIN 3JIEMEHT (OT0JIOBOK), H3TOTOBJIEHHBIN U3 CTAIbHOM IIACTUHBI
C OTBEpPCTHSAMHM, HAa KOTOPBIM YCTAaHABIMBAIOTCS HECYIIME KOHCTPYKLMM 3AaHus. M3
HEJIOCTATKOB CTOMUT BBIACIIUTH BBICOKYIO TPYJAOEMKOCTb IPOLIECCA U3TOTOBJICHUSI JaHHBIX
CBaii, KOTOpasi BKJIIOYAET B Ce€OS CIEAYIOIIME 3Tallbl: Hape3Ka 3aroTOBOK JIOMACTEM,
packpoil  3a0CTpeHMs] CTBOJIa, TMOKa 3aroTOBOK JiomacTed Ha KOHAYKTOpE.
JlonoaHUTENBHO, B MpoLecce cOOPKH JIONACTH HEOOXOJUMO CBAPUBATH HA CTBOJIE CBaU

ABC 3arOTOBKH.

Pucynok 1.4 — KoHcTpykuust cBau Jisl MaJOHArpy»KeHHbIX (PyHAAMEHTOB
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AnHanum3 nprMeHseMbIX KOHCTPYKIIMK BUHTOBBIX CBail 3a pyoexom [41, 43, 79, 81,
103] mo3BoisiseT CKazaTh, YTO OTIMYUTEIBLHOW OCOOCHHOCTBIO MPAKTHYECKUX BCEX
WHOCTPaHHBIX BUHTOBBIX CBail SIBJSICTCS TO, YTO BUHTOBAS JIOMACTh MPECTABIISICT COOOM
OIVH TIOJHBIA BHUTOK, ITOJYYEHHBIA W3 JINCTOBOM 3arOTOBKHM JIA3€PHOU PE3KOU C
MOCJIEAYIOIEH MPUBAPKOM K CTBOJy cBau. IlojlyueHMe BHHTOBOM JIONACTH U3 OJHOU
3arOTOBKH, ITyTEM Pa3BEACHUS KPOMOK, B OTJIMYHUE OT OTEUECTBEHHBIX KOHCTPYKIIUU,
CYIIECTBEHHO YIPOINAET TEXHOJIOTHUISCKUH TPOIECC X M3roTOBJICHUS (prCcyHOK 1.5).

CBal MOTYT HU3TOTOBJISITHCS TMOJBIMH, CO CKOIICHHBIM KOHIIOM, COCTOSITh W3

OTZIENBHBIX CTaHAAPTHBIX CEKUUU (COCTaBHbIE MOJYJbHbIE KOHCTpyKuuu). Ilupoko

pacnpocTpaHEeHbl MHOTOJIONACTHBIE CBaM (aHKEPHI) C MOCTOSIHHBIM 111aroM JIOTacTeH.

Pucynok 1.5 — BuHTOBbIE CBau ¢ HECKOJIBKUMHU JIONACTSIMHU, TPUMEHSIEMBIE 32

pyoexom

Jlonactu MOTYT OBITH OJTHOTO JUaMeTpa (CBaW) WM MOCTEIIEHHO YMEHBIIATHCS K
HU3Y CBaH, B MTOCIICIHEM CIy4yae UX Yallle UCIOIb3YIOT B KAUeCTBE aHKEPOB.

Ha ocHOBaHWHU BBITIOJIHEHHOTO 0030pa OTEUECTBEHHOM 1 3apyOeKHOM JTUTEpaTyphl
B 00acTH CYIIECTBYIOIINX KOHCTPYKTHUBHBIX PEIICHWH BUHTOBBIX CBail, MOXHO
MPUBECTH KJIACCU(PUKAINIO KOHCTPYKIIMH BHHTOBBIX CBall 1O HEKOTOPHIM OCHOBHBIM

npusHakam [28]:
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10 XapaKTepy nepeaaBaeMoil HATPY3KMU:
BUHTOBBIC CBaHU;
BUHTOBBIE aHKEPA;
1o 00J1aCTH NPUMEHEHMSI:
UIsT  OOBEKTOB TPAHCHOPTHOTO, MPOMBINUICHHOTO U  TPa)XITaHCKOTO
Ha3Ha4yeHUs (MOBBIIIEHHOTO U HOPMAJIBHOTO YPOBHSI OTBETCTBEHHOCTH) -
CBasg BUHTOBas OOJBIIOro AuameTpa (AHaMeTp CTBoJia He MeHee 159 mwm,
nuameTp jonactu cBbiie 500 Mm);
JUTs1 OBICTPOBO3BOMMBIX BPEMEHHBIX 37]aHUH, a TAKKe JIJIST MAJIOATAXKHOTO U
KOTTEJI)KHOTO CTPOUTEIBCTBA - CBasg BUHTOBAs C JIMAMETPOM JIOMACTH HE
ooinee 0,4 M u quametpe cTBoia He 6osee 0,133 m;
OT OTHOLLIEHUS IMAMETPA JIONACTH K JMaMeTPy CTBOJIA:
CBasi BUHTOBAs IIMPOKOJONACTHAs — CBas BHUHTOBAasl C OTHOUIEHUEM
JIWaMeTpa JONACTH K TUaMeTpy CTBOJIa cBau > 1.5;
CBasi BUHTOBAs y3KOJIOMACTHAsI — CBasi BUHTOBAsI C OTHOIIICHUEM JTUaMETpa
JIONACTU K IMaMeTpy cTBoJia cBau < 1.5;
10 TE€XHOJIOTHH U3r0TOBJIEHUS] BUHTOBOW JIONACTH:
CBapHBIE;
C JIUTOM JIOTIACThIO;
10 TUIY HAKOHEYHHUKA CTBOJIA:
0e3 HaKOHEUYHHMKa (C TOJBIM CTBOJIOM, TOTPYXKAIOTCS B JIUJIECPHYIO
CKBQ)XHHY);
C KOHYCHBIM HAaKOHEYHUKOM (Kak MpaBWIO, MOTPYXKAIOTCS B LEIbHBIN
ITPYHTOBBI MAaCCHUB; BUHTOBAs JIOMACTh MOKET pa3MeIaThCs LEIUKOM Ha
UJTUHIPUIECKON YaCTU CTBOJIA WJIM CBasl M3TOTABIIMBACTCS C 3aBEJICHUEM
JIONIACTH HAa KOHYCHBI HAKOHEYHUK);
B 3aBMCHUMOCTH OT METO/Ia MOTPYKEHUs B TPYHT:

IIOI'PY’>KAEMBIN B LIEJIbHBIM MAaCCUB I'PYHTA
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— MOTpyXaemMble MPeIBAPUTEILHO MPOOYPEHHYIO JUACPHYIO CKBAXHUHY (A1
MEP3IIBIX TPYHTOB);
’K) 1o popMe cedeHHS CTBOJIA:
— CO CTBOJIOM KPYIJIOTO ceueHHs (CIUIOUTHOM WITH TOJIbIN);
— CO CTBOJIOM KBaJIpaTHOTO CEYEHUS;
3) 10 KOJIMYECTBY JIONACTEN:
— OJIHOJIOTIACTHBIE;

- JABC JIOIIaCTH U oouee.

1.2. CymiecTByIomue MeTOAbI MPOEKTHPOBAHUS BUHTOBBIX CBaii 115

GyHaaMeHTOB 31aHMI

OCHOBHBIM JTOKyMEHTOM JUIsl TPOEKTUPOBaHMsI (PYHIAMEHTOB U3 BUHTOBBIX CBaii
sprsiercst CIT 24.13330.2011, xoTopblii paspemnaeT NPUMEHEHHE BHHTOBBIX CBail
ri1yOOKOTO 3ajlo’KeHusl (IIPH YCJIOBHM, YTO TNIyOWHA 3aJI0)KEHHS JIOMAcTU OT YPOBHS
TUTAHUPOBKH JIOJDKHA ObITh He MeHee h = 5-D B rmHUCTBIX TpyHTaX 1 He MeHee h = 6-D
B I1eckax). J{laHHoe orpaHnyeHue cBsI3aHOo ¢ pabOTOI BUHTOBBIX CBail Ha BBIIEPTHBAIOLINE
Harpy3ku. B cooTBercTBUM ¢ uccienoBaHusiMu Mapuymoiibckoro [34] npu MeHbIem
3ariayOJeHuH aHKepOB MNpU ACHCTBUM BBLACPTUBAIOIIMX HArpy30K, pPacTITMBAIOLIUE
HaIIpSDKEHUS HE IIOTalllaloTCsl BECOM  BBIIIEIEKAIIUX CIIOEB, YTO NPUBOJUT K
pa3pylleHHI0 B BHJE OTpbIBAa HEKOTOPOro oObema TpyHTa B ¢opMe KOHyca C
KpUBOJIMHENHOM oOpa3zytoiieil. [lepBoHayaibHO BUHTOBBIE CBAM MAaCCOBO MPUMEHSITUCH
B KauecTBe (yHZAaMEHTOB MayT M OalleH JHUHUNA T[iepenay, TJ€ BO3HUKAIOT
3HAKOTIEPEMEHHbBIEC HAIPY3KH, IO3TOMY 3TO OFpaHUUYEHUE U OBLJIO 0000IIEHO.

Omnwupasice Ha TpeOOBaHUS HOPM K pacdeTy BUHTOBBIX OJHOJIONACTHBIX CBai, ee
Hecylasi CIHOCOOHOCTh MPEJCTaBISIETCS Kak CyMMa CONPOTHBICHHUN TpyHTa TOJ

JIOMIACThIO U TI0 OOKOBOM TOBEpXHOCTH (pUCYHOK 1.6 a):

Fy=v."[Fao+ Fdf]r (1.1)
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Tae V.- KO3(pQPHUIMEHT YCIOBHI PabOTHl CBaW, 3aBHCAIIMN OT BUAA HArpys3Kw,
JICMCTBYIOIIEH Ha CBar0, M TPYHTOBBIX YCJIOBUH U omnpenenseMsiid mo tadmuie 7.9 (CIT
24.13330.2011);
F,;, —Hecymas cmocoOHOCTh Jonactu, KH;

Fyr - Hecymas cnocobHoCTh cTBONA, KH.

Hecymmast ciocoGHOCTB J10MacT BUHTOBOM CBau OMpeieNsieTcs: Mo popMmyiie
Fgo = (a; ¢y +az-y;-hy) - A, (1.2)
rue a;, a, - 6espasmepHsie kodhduueHTrl, npuHEMaemsbie 1mo Tabdiwme 10 (CIT
24.13330.2011) B 3aBHCHMOCTH OT PACUETHOTO 3HAYCHUS yIiIa BHYTPEHHETO TPCHUS
rpyHTa B paboueil 30He ¢ (Mo pabodel 30HOW MOHMMAETCS MPUIIETAIOUINM K JIONAcTH
CJIOH IpyHTa TOJIIUHOM, paBHOH d);
€1 - pacueTHOe 3Hau€HUE YEJIbHOTO CLEIJICHUS TPyHTa B pabouei 30He, klla;
Y1 - OCpPEIHEHHOE pACUeTHOE 3HAUCHHUE yACTHLHOTO Beca IPyHTOB, 3aJI€Ta0IUX
BBIIIIC JIOMACTH CBau (MPH BOJOHACHIIIEHHBIX TPYHTaX C yYETOM B3BEIIMBAIOIICTO
neiicteus Boasl), KH/M3;
h, - rmyOwHa 3ajeraHusi JIOMAcTH CBaW OT MPHUPOAHOTO penbeda, a Mpu
TUTAHUPOBKE TEPPUTOPHUU CPE3KOH - OT YPOBHS IIIAHUPOBKH, M;
A - IpOeKIHs IUIOIAM JIOIACTH, M2, CYMTas 110 HAPYKHOMY JIUaMETPY, IIPH
paboTe BUHTOBOM CBaM Ha CXKMMAIOIIYIO HATPYy3KY;

Koadpduumentesr vy, 01, 02 ObUIM ONpeaeseHbl Ha OCHOBaHUU OOOOIICHUS
pe3yJbTaTOB MHOTOYHCIIEHHBIX PE3y/IbTaTOB UCIIBITAHUI BUHTOBBIX CBail, MPOBEACHHBIC
B Havasie 60-X To710B 1oj pykoBoAcTBOM Tpodumenkora FO.I'. u Mapuynonsckoro JI.I"
[63,120] B pa3auuHbIX TPYHTOBBIX YCIOBHSX. ABTOpaMu ObLIO MpoBeacHO cBbiie 200
CTaTUYECKUX MCIBITAHUHN Ha BAABIIMBAIOIINE W BHIIEPTUBAIOIINE HATPY3KH BUHTOBBIMU
CBasiMH JJIMHOM OT 5 110 7 MeTpoB, AuameTpoM ctBojia ot 0,22 no 0,35 M u nuameTpom
gomactu ot 0,55 go 1,0 M. 3HauenHus Kod(DPHUIIMEHTOB MEPBOHAYAIHHO BOIUIA B
CHulI 11-b.5-67, a 3aTeM ¢ HEKOTOPBIMU YTOUHEHUSMH MEPEHECEHBI B IEUCTBYIOIIUNA B
Hactosee Bpems CII 24.13330.2011.

Hecymast cnoco6HOCTh CTBOJIa BUHTOBOM cBau omnpezensercs no Gopmyie:

Fgg=vyeu-fi-(h—d), (1.3)


http://vsesnip.com/Data1/11/11816/index.htm#i711672
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rie Y. - Ko3p(UUUEeHT yCIOBHM pabOThl CBaW, 3aBUCSUIMN OT BHUJIa Harpy3KH,
JICHCTBYIONIEH Ha CBAaIO, U TPYHTOBBIX YCIOBUH U ompeaensemslii mo Tadmume 7.9 CII
24.13330.2011;

U - IEePUMETP MONEPEUHOTO CEYSHUS CTBOJIA CBAU, M;

fi; - pacdyeTHOe COMpPOTUBIEHUE TPyHTa Ha OOKOBOW TOBEPXHOCTH CTBOJIA
BUHTOBOU cBau, klla, mpuaumaemoe no tadbmwmme 7.3 CIT24.13330.2011,

h - MHA cTBOJIA CBaw, IOTPY>KEHHOU B TPYHT, M;

d - TnameTp JIONIaCTH CBau, M.

OcHoBbiBasick Ha uccienopanusax [109, 110, 120] mo u3yyeHuio pabOTHI CTBOJIA
BUHTOBBIX CBail YCTaHOBJICHO, YTO MPHU BIABIMBAIOIINX Harpy3Kax, JCHCTBYIOIIUX Ha
CBal0, COIPOTHUBIICHHUE 10 €€ CTBOJIY HE MOKET OBITh IOCTUTHYTO I10 BCEU JIJIMHE CBAU U3-
3a 3¢ (exTa «pa3ymioTHEHUs» TPyHTa HaJa BepxHel jonacteio. [loaTomy miig pacuera
NPUHUMAETCS, YTO JJIMHA CTBOJIA CBaW, KOTOpas Yy4YacTBYeT B pabOTE€ COCTaBJISET
BenmmuuHy (h — d), rae d - TuameTp JIOMmacTH CBau, M.

Pacuet HecyIei cnocoOHOCTH CTBOJIAa BAHTOBBIX CBail 0a3upyercs Ha TaOJIMYHBIX
3HayeHusAx (tadn. 7.3 CIT 24.13330.2011) pacueTHBIX CONPOTHUBICHHWNA TI'PYHTOB Ha
OokoBOW mToBepXHOCTH. [laHHas Tabnuua Oblna paspabotana Jlyroih A.A. u Obuia
BKJIFOYEHA B OTEUYECTBEHHBIE HOPMBI MO MPOCKTUPOBAHHIO CBAaWHBIX (PYHIAaMEHTOB
(CHulI II-b. 5-62) [8].

Pacuer Hecyiel cmocoOHOCTHU 1O TPYHTY Ha BJIABIMBAIOLINE M BHIIEPTUBAIOIINE
HArpy3Ku BEAETCs, MO0 CYTH, 10 OJHOM U TOM *e GopMyIie, OTINYAIONMIEHCS 3HaYCHUEM
K02 GUIIMEHTOB YCI0BUM PabOTHI, MPEJIOKEHHON Ha OCHOBE ITPOBECHHBIX UCTIHITAHUM
BUHTOBBIX CBail Ha BJIaBJIMBAOIIYIO U BBIJIEPTUBAIOIIYIO HATPY3KHU, OMIMCAHHOW B paboTe
[63]. Tlo pesynbraram uccinemoBanuii Tpodumenkora O.I'. u Mapuynonsckoro JI.I.
[63] cooTHOIIEHHE MEX Ty HECYIIEH CITOCOOHOCTHIO Ha BJABJIMBAHUC M BBIJICPTHBAHHUC
cocraBmsier Fqg=1,3F,. Hecymas cnocoOHOCTP BHUHTOBBIX OJIHOJIOMACTHBIX CBai
CKJIQJIbIBACTCSI W3 HECYIIeW CIOCOOHOCTH TpyHTa BAOJL CTBona Fgr u Hecymiei
CIIOCOOHOCTH TPYHTa B OCHOBAHUMW HIDKHEH jonacTu cBau Fqo (pucyHok 1.6 a).

Ha ocHoBe wuccnenoBanuii pabOThl MHOTOJOMACTHBIX CBal M aHKEPOB

YCTAHOBJICHO, 4YTO PACCTOAHHUEC MCKAY JIOIMACTIAMHU ABJIACTCA BaXXHBIM IIapaMCTpPOM,


http://vsesnip.com/Data1/11/11816/index.htm#i587653
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xapaktepusyrommmM ux padory [102, 109, 110, 126]. [To pe3ynbprataM MPOBEICHHBIX
71a00paTOPHBIX MCCICIOBaHUH PabOTHl BHHTOBBIX CBaid - aHKEPOB B CITA0BIX TITMHHUCTHIX
rpynTtax [102, 109, 110] 6p110 IpeIOKEHO JIBE CXEMBI JIJIsl ONMCAHUs TIOBEJCHUS CBa
B 3aBHCHUMOCTH OT PACCTOSHUS MEXTY JomacTsMu. [Ipu m3ydeHur pabOThl BUHTOBBIX
aHKEpOB JJIMHOW OT 5 M OoJiee, YCTAaHOBIEHO, YTO MPHU OJIM3KOM PACCTOSHUU MEXKITY
JonacTsMu (MEHee JBYX JMAaMETPOB JIOTACTH) TPYHT, 3aKIIOUYCHHBIA MEXTY JIOTTACTIMH,
HavYMHAeT PaboTaTh COBMECTHO CO CTBOJIOM CBaH, MOOWMIIN3YS CHJIBI TPCHHUS 11O OOKOBOMA
IOBEPXHOCTH 00pa30BaHHOIO0 TakKMM 00pa3oM «rpyHTOBOro Immmuapa» (cylindrical
shear surface) (pucynoxk 1.6 6). Ha ocHOBe BBINOJIHEHHBIX HCCIICIOBAHHUM, ObLIa
npeioxkeHa GopMyIia I ONpPEIeICHAs HEeCYIIeH CIIOCOOHOCTH BHHTOBBIX CBail MpH
JICHCTBUY BJABJIMBAIOIIMX HATPY30K ISl MJICATBHO CBSI3HBIX TPyHTOB (¢=0) mo cxeme
«TPYHTOBOTO IWIIHHJpa» [126], KoTopas 3aluChIBAacTCs B CISAYIONIEM BUJIC:
Pp=quiA+tcy,-(n—1)-snD+c¢, -He-m-d, (1.4)
IJI€ Qy¢ — MPEACIbHOE CONMPOTUBIICHUS TPYHTa B OCHOBAHWW HWKHEH JIONACTH,
klla;
A — IpOEKLKS IIOIAIN JIOIIACTH, M;
Cu— HEIPEHUPOBaHHAs MPOYHOCTH IIIMHUCTOrO rpyHTa, Klla;
N — YKCJIO JIOIIaCTEH;
S — pacCTOSIHAE MKy COCEIHUMH JIOTIACTSAMU, M;
d — nuameTp cTBOJIA CBaH, M;
H¢ — mvHA cTBOJIA CBan OT BEpXHEH JIOMACTH JI0 IIOBEPXHOCTH 3EMJTH, M.
[lepBoe cimaraemoit JaHHON (POPMYIIBI OTpa)KaeT HECYIIYIO CIIOCOOHOCTh HIKHEH
JIOTIaCTH, BTOPOE cllaraeMoOe — HECYIIYI0 CIIOCOOHOCTh «TPYHTOBOI'O IMJIMHIPA», a
TPEThE — HECYIIYIO CIIOCOOHOCTh TPYHTA BIOJIb CTBOJIA CBAM.
JIJIsS TIIMHUCTBIX TPYHTOB, O0JaJaloluX BHYTPEHHUM TPEHHUEM U YICIBbHBIM
CIICTVICHUEM, TIPEJCIbHOE COMPOTHBIICHUE HUXKHEH JIOMACTH (q;; MOXKET OBITh

OIPEJICIICHO B COOTBETCTBUU C U3BecTHOU opmyson Tepraru [117, 126]:

Qi 08N Dy +N - y*H+13N ¢ (1.5)

ul
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rae N_, N_, N, — 0e3pazMmepHbie KO PUIneHTs! HecyIlei CriocoOOHOCTH IPYHTA
y c p p y Py

q
MO/, HW)KHEH JIOMACThIO CBaW, NPUHUMAEMbIE B 3aBUCUMOCTH OT YIJIA BHYTPEHHETO
TPEHUs ¢, TPYHTA;

Y1, 7, — YAEIbHBIA BeC IPyHTA HUXKE HIDKHEN JIONACTH BUHTOBOM cBau, KH/M3;

C,— YACIBbHOC COCINICHUEC I'PYyHTa CJIO4, klIa.

a) 3 0)

b
Fdo & Quie *

Pucynok 1.6 — PacueTHble CXeMBbI K OIIPEACIICHUIO HECYIEH CIIOCOOHOCTH

MHOTOJIOITACTHBIX BUHTOBBIX CBai

[IpenenbHOE COMPOTUBIIGHWE TPYHTA MO OOKOBOM TMOBEPXHOCTH «TPYHTOBOTO

HUAJIMHIPAY» MOXKET ObITh OIIPEACIICHO 0 YCJIOBUIO MpoyHoCcTH Mopa-KyoHa:

r=0c-tgp +C (1.6)

rae o =Ko oz —-TOpU30HTaIbHASI COCTABIAIONIAS HANPSDKEHUSI OT COOCTBEHHOTO
Beca rpyHra, klla;
Ko — ko3 umrieHT 60KOBOTO AaBICHUS TPYHTA.
[Ipu yBenMueHUU PACCTOSHUS MEXKIY JIONACTSMHU, MEHSETCS XapakTep padoThl

BUHTOBOMW CBaW, TaK KaK JIONIACTH HAYMHAIOT paboTaTh HE3aBUCUMO JAPYT OT Apyra [126].
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Hecymas crmocoOHOCT, BAHTOBON MHOTOJIONIACTHON CBaW MOYKET OBITH OIpejelieHa KaKk
CyMMa HecyIIel CIToCOOHOCTH IO TPYHTY KaKJIo# jiomacty B otaenbHocTH (individual
plate method) (pucynok 1.6 6). Ouenka Hecyiel CIOCOOHOCTH 1O JTaHHOMY METOIY
pou3BoAUTCS 1Mo Gopmyie [106]:
P,=Yqu A+1-H m-d, (1.7)
7€ Gy, T, A, d — 0003HaueHus, uro u B popmynax (1.4, 1.6);
H — riyOuHa morpyskeHust BAHTOBOW CBaw.

Heo0xoaumMo OTMETUTh, YTO TPEJCIIbHOE COTPOTHUBIICHUS (JIaBICHUS) TPYHTA B
OCHOBAHUM JIONIACTEHN (,;;; MOXKET OBITH OINPENIEICHO 1O IPYTUM HU3BECTHBIM PEIICHUSIM
TEOPUU TPEACITHLHOTO PAaBHOBECHs TPYHTOB, HampHUMeEp, MO pacueTHbIM cxemam B.T.
bepesannesa, Metieproda (G.G. Meyerhof), Becuua (A.S. Vesic) u np.

BiusitHue paccTOSHUSA MEXIY JIONACTIMH Ha HECYIIYIO CIIOCOOHOCTh BHHTOBBIX
MHOT'0JIONIACTHBIX CBail Ha BhIICPTUBAHKUE U BIABJIMBaHUE MCCIIEI0BaHO B padoTax [102,
109, 110, 117, 118, 125, 126]. B pe3ynpraTe MpOBEACHHBIX CTATHUSCKUX HCIBITAHUN
HATYPHBIX MHOTOJIONIACTHBIX BHUHTOBBIX CBail (QHKEPOB), MOTPYKCHHBIX B TPYHT Ha
riyouny ot 5 70 7 M, Obut0 yectanoBieHo [102, 126], uto npu BAaBIMBAIOMIMX HATpy3Kax
B HECBSI3HBIX TPyHTax MpH CHWkKeHuM mnapamerpa L/D or 3 mo 1,5 mpoucxomut
MOBBINICHUE HECYIIEH CIOCOOHOCTH BUHTOBBIX cBail mpumepHo Ha 20 %. B cmaObix
TJIMHUCTBIX TPYHTAX, HAITPOTHUB, OTMEUYECHO HEKOTOPOE CHIKEHHE HECyIel CIToCOOHOCTH
cBaii (mo 17%) [126]. YMmcHbIIeHHe HECyIIeH CIOCOOHOCTH MHOT'OJIOMACTHBIX CBai
MOXKHO OOBSCHUTBH IMPOSBIICHUEM HETaTHBHOTO BIIMSHUS OJU3KOTO PAaCIOJIOKCHUS
JI0TIacTel Ha MPOYHOCTD CIA0BIX TIMHUCTBIX TPYHTOB.

Jpyroif Tpynmoil METOJ0B, MO3BOJISIONIUX OMPEACIUTh HECYIIYI0 CITIOCOOHOCTH
BUHTOBBIX CBall SIBJISIOTCS 3aBUCUMOCTH, CBSI3BIBAIOIIHE BETMUNHY KPYTSAIIETO MOMEHTA,
HEOOXOJMMOT0 JUIsi BBUHYMBAHUS CBaW C €€ HECYIICH CIIOCOOHOCTHIO IO TPYHTY.
Benmuuna kpyTsiero MmomenTa M,, Ipyu BBAHUNBAHUH CBAU MOXKET OBITh MCIIOJIb30BaHA
JUTSL OIICHKH €€ HEeCYIICH CIIOCOOHOCTH MO TPYHTY, TaK KaK MEXAY 3THMH BEIMUMHAMU
CYIIICCTBYET KOPPEIIALIMOHHAS 3aBUCMMOCTh, OTMEUEHHAs MHOTHMMH HCCIICI0BATCIIIMU
[22, 27, 91, 92, 96, 105]. HamGompmryro MOMYJISPHOCTh JJIsi OLEHKH HECyIeH

CIIOCOOHOCTH BHHTOBBIX CBaii MpruoOpesio COOTHOIICHHE, ipeaioxeHHoe Hoyt R.M. and



25
Clemence [96]:
Fi=K:M,,, (1.8)
rae Fq — Hecymias cnocoOHOCTh cBau Mo rpyHTY, KH;

M,, — KpyTAllUd MOMEHT, U3MEPEHHBIM HAa IPOECKTHOU OTMETKE HIKHEU
JIOTIACTH MPU BBUHUKUBAHUM, KH M;

K; — ko3 PUIMEHT MPOMOPIIMOHATIBHOCTH, KOTOPBIA 3aBUCHUT OT JAHAMETpa
CTBOJIA CBaM.

CootHomienue (1.8) ObUTO ycTaHOBIICHO Ha OCHOBE MPOBEICHUS MHOTOYUCIICHHBIX
CTaTUYECKUX WCIBITAHUNA BUHTOBBIX CBaii HA OMNBITHBIX IUIOMIAJKAX, CIOKEHHBIX
pa3nuyHbIMH TpyHTaMu. COTJIaCHO MOJIENH, BEIMYMHA HECYILEH CITOCOOHOCTH BUHTOBOM
CBau MPSIMO TMPOIMOPIIMOHANIbHA BEJIUYMHE KPYTSIIET0 MOMEHTA, MOOWIM3YEMOIo MpH
BBUHYMBAHUMU CBau. B Mojenu NPUHATO, 4TO KOA(DPUUIHUEHT MPONOPLHOHAIBHOCTH
3aBUCHUT OT JHMaMeTpa CTBOJIA CBaW U HE 3aBUCHUT OT (PU3MKO-MEXAaHUYECKHUX CBOMCTB
IPYHTa OCHOBAHMUSI.

ABTOpBI paboThl [96] NpUBOAAT ClIEAYIONIHME 3HAYCHUS KOI(PPHUIIMECHTOB:

Ki =33 M — nns cBaii, JIMaMETPOM CTBOJIa MEHee 89 MM

Ki=23 M — s cBaii, JMaMETPOM CTBoOJIa 89 MM

Ki=9,8 Mt — s cBaii, auamerpom 219 Mm

OCHOBHBIM JTOCTOMHCTBOM pacdeTa HeCyIIed CIOCOOHOCTH 1O BETUYHHE
KPYTSAILEr0o MOMEHTA SIBJIIETCSI ONEPATUBHOCTH U BBICOKAs IOCTOBEPHOCTDH MOJTYYEHHBIX
pe3yNbTaToOB. Y CTAHOBUB 3HaUeHHE KO3 PUIIeHTa JIsl KOHCTPYKIIMU BUHTOBOM cBau K+
¥ BBITNIOJHUB H3MEpeHue Kpytsmiero Mmomenta M, mo ¢opmyne (1.8) oTwickuBaeTcs
BEJINYMHA HECYIEH CTIOCOOHOCTH.

PacueTr BUHTOBBIX CBaii 10 fehopMaIusiM B OTEUECTBEHHON JIUTEPATYPE CBOIUTCS
K OI'PAaHUYCHUIO PACUCTHOM BEIMYMHBI CKUMAIOIIEH HArpy3KH, JACHCTBYIOIIECH HA CBalo
ot coopyxenusi. Cornacho [15, 56] ycnoBue 3anuchiBacTCs B CISAYIONIEM BUJIC:

Niau <7 Faau, (1.9)
rie Njg, - PpacdyeTHas CKMMAKOIAs MM  BbIAEPIUBAIOIas HArpysKa,

nepeaaBacMas Ha CBar0 OT COOPYIKCHUA, KH,
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I — 6e3pa3mepHbIii KOA(DPHUIMEHT, 3aBUCSINNAN OT OTHOIIEHUS MPEACIHHO
JIOTTyCKaeMOT0 MepeMeIlleHUs] BUHTOBOM CBaM Sy, M, K quaMeTpy Jjomactu cBau D, v, u
ornpeaeseMslii o rpaduky Ha pucynke 1.7 [19];
Nj 4, — Hecymas crocoOHOCTh BUHTOBOW CBaM TPH JCHCTBUH CKUMAIOIIEH

WIM BBIICPTHUBAIONICH HArpys3Kkd, ompenaeisemas B cooTBeTcTBuM ¢ pasneiom 7 CII

24.13330.2011.

0.03

o~

0045

0035

0.03

0025

0.02

a 0.1 02 03 04 03 06 0z ng na - 1
Pucynox 1.7 — 3aBucumoctb K03 PUIMEHTA I OT OTHOIICHUS TPEIETHHO

JOITyCKaeMOro eEPEMENIEHNS] BUHTOBOM CBaM U S K JUAMETPY JIOMACTH cBau D

O,Z[HaKO, MCTOABI pacdCTa OCAAOK OIMHOYHBIX BHHTOBBIX cBai OTCYTCTBYIOT B

OTEYECTBEHHOW HOPMATUBHOM JIUTEpaTypeE.

1.3. O030p auTEPATYPHI 1O OlI€HKE J0JT0BEYHOCTH BUHTOBBIX CBail B YCJIOBUSIX

KOPPO3HOHHOI'0 BO31eHCTBUS TPYHTOBOM Cpeabl

3a1auu, CBSI3aHHBIE C OLICHKOW JOJITOBEYHOCTH BUHTOBBIX CBal, MPUMEHSIEMBIX B
KauecTBe (YHIAMEHTOB 3JaHUN W COOPYKEHMH ¢ HEOOJBIIMMH Harpy3kamMu Ha
OCHOBAHWE, SIBJISIOTCS OCOOCHHO aKTyaJIbHBIMU. DTO CBA3aHO C MaJbIM JIHAMETPOM
CTBOJIOB M HE3HAYUTEJIbHBIMU TOJIIIMHAMU 3JIEMEHTOB. 3a4acTy0, KOHCTPYKIMU CBai

BBITMIOJHSIOTCS CBAapHBIMU, M3 OOBIYHON MAaJOYTJIEPOAUCTON CTamu. YBEIUYCHHE
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TOJILIMHBI 3JIEMEHTOB YBEIMYHUBAET JOJITOBEYHOCTh C OJJHOBPEMEHHBIM CHMKEHHEM HX
PKOHOMHUYECKON 3(PdexkTuBHOCTH. B 3TON CBSA3M MODKHA TPOM3BOAUTHECS OIICHKA
JIOJITOBEYHOCTH BMHTOBBIX CBail mjig TpeObyeMoro cpoka ciyxkObl. CoriacHo Tabim. 1
(TOCT 27751-2014 «HanmexHOCTh CTPOUTEINBHBIX KOHCTPYKIIMA ¥ OCHOBAHHIA.
OCHOBHBIE TMOJIOKEHUSD) JIJIsl KalUTAIbHBIX 3/IaHUNA CPOK CITY>KOBbI IOJKEH COCTaBISATh
He MeHee 50 JeT, 1id BpeMeHHbIX He MeHee 10 Jer.

Ecnu 11 npuMeHEHusT B 3JIEKTPOCETEBOM CTPOMTENIBCTBE Yalle BCEro
UCIIOJIb3YIOTCSl JINThle HAKOHEYHUKH M CTBOJIbI, M3TOTOBJICHHBbIE W3 TPYO OOJIBIIOTO
JMaMeTpa BBINIOJIHEHHBIX U3 HU3KOJETMPOBAHHOM CTal, C TOJNIIMHON CTEHKH HE MEHEe
8 MM. (Ll0ATroBEYHOCTh TaHHBIX KOHCTPYKIIHIA 3HAYUTEIHHO OBBIILIAETCS).

B nannom naparpade BbIIOJTHEH 0030p, KOTOPBIN COAEPKUT B ce0e HHPOpMAIIIO
0 (hakTopax, BIMSIOUIMX HAa CKOPOCTh KOPPO3UHU, PACCMOTPEH MEXAHHU3M MPOTEKAHMS
KOPpPO3HMH B TPYHTOBOW CpEZE, a TAKXKE BBIIIOJHEHO CPABHEHHUE PA3IMYHBIX 3aLIUTHBIX
nokpbITHH. Taxke nprBeIeHbl JaHHBIE CKOPOCTEN KOPPO3UU U pacUeTHbIE (YOPMYIIBI JIsI
OLICHKH JOJTOBEYHOCTH BUHTOBBIX CBAl.

[Ton3zeMHass KOppo3usl CTaIM UMEET B OCHOBHOM 3JIEKTPOXMMHMUYECKHUI XapaKTep,
MPOIYKTHI KOPPO3UU OOBIYHO OCTAOTCS B KOHTAKTE C METAJIIIOM.

Jlis  mpoTekaHus mpouecca 3JIEKTPOXMMHMUYECKONM KOpPpO3UHM HEOOXOJUMbI
CJIEIYIOIUE YCIIOBUSA:

a)  Hanuuue oOnacTell ¢ pa3jaM4HBIM JJIEKTPUYECKUM IMOTEHIUANIOM (aHOI U
KaTox);

0)  AHOJ M KaTOJ JOJKHBI OBITh AJIEKTPUUYECKH COCIMHEHBI, T.€. IOIPYKEHBI B
cpeay, TPOBOASIIYIO MIEKTPUUECKUM TOK (JIEKTPOJIUT).

DNEeKTpUYECKUN TOTEHIMA]I MOXKET ObITh BBI3BAaH Pa3IUUYMSIMHU B OpPUEHTAIUH
3epeH B CTPYKTyp€ CTajld, HaJW4YUMEe HEMETaJUIMYECKHe BKIIOYECHHH, e(peKToB Ha
MOBEPXHOCTU METajula TAKXE CO3JACT PA3HOCTh NOTEHLMAIOB, KOTOPBIA 3allyCKaeT
npouecc koppo3uu. Ha aHozIe MpOMCXOAWT MPOLECC OKUCIEHUS, Ha KAaTOAE MpOLecc
BOCCTaHOBJICHUS. DJIEKTPOJUTOM B YCIOBUAX MOA3EMHON KOPPO3UU BBHICTYAET BOIHBIN
pacTBOp, Haxonsdmuiics B rpyHTe. CopepikaHue pacTBOPUMBIX COJEM M HOHOB

OMnpeACIIACT SJICKTPOIIPOBOAHOCTD, BRIPAXKACMYIO UEPE3 SJICKTPUUICCKOC COIIPOTHUBIICHHUC.
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OT 3JeKTPOXUMHUYECKOTO0 COCTaBa BOJHOTO PACTBOpA 3aBHCHT CKOPOCTbH KOPPO3HH U
COCTaB PyKaBUUHBI.
Peakiust Ha aHOJIC BBIpAXKACTCs CIICAYIONICH (HOPMYJION:
Fe — Fe*'+2¢ (1.10)
KatoHast peakiysi B IPUCYTCTBUU KHUCIIOPOJIa M BOJHBIX PACTBOPOB
4e+ 2H,0 + O2—40H- (1.11)
[TpuBeaem o6Iy0 HOpMyITy, OIMHCHIBAIOIIYIO MTPOIECC MPOTEKAHNS XUMHUCCKOM
peaKIi KOPPO3UM CTalM B MPUCYTCTBHM HMOHOB BOJOPOJA U BOJBI C JOCTATOYHBIM
KOJIMYECTBOM PaCTBOPEHHOTO KKciiopoa [62]:
4Fe + 302 + 4H,0 + 8H" — 2(F6203 . HZO) + 2H,0 + 8H* (112)
HoHbI BOIOPO/Ia M BOBI COXPAHSIOTCS HAa 00€UX CTOPOHAX XMMUYCCKON PEaKIuH,
9TH KOMIIOHEHTHI SIBIITIOTCS BaKHBIMH YYaCTHUKAMU KOPPO3HOHHOM PEaKIIHH.
Housl OH™ B3aumoseicTByroT ¢ moHamu Fey+ ¢ oOpa3oBaHueM rujpaTa 3aKUCH

Kenes3a, TMOCICTHUA OKHCseTcs a0 Oypod pkaBumHbl - Fe;03; = H,O, umeromei

HECKOJIbKO MoJu(puKalnuid, Hanbosiee pacIpOCTPaHEHHOW U3 KOTOPBIX SBISETCA O —
TEeTHT.

Koppo3ust MeTamioB B pa3MMyHBIX Cpelax omucana B paborax [2, 3, 17, 39, 121,
122], B paborax [35, 67, 68, 79] paccMoTpeHbI BONPOCH HE TOJBKO KOPPO3HWH, HO U
3aIlUTHI OT HEe.

[Ipy u3yueHUH KOPPO3UOHHOTO BO3JACUCTBHUS TPYHTOBOH Cpeibl OOJBITMHCTBO
aBTOPOB yJAENSUIM OCHOBHOE BHHMaHHE HauOoJiee pacHpOCTPaHEHHOMY CITydaro
KOPPO3HH, KAKOBBIM MO JAHHBIM, OITYOIMKOBAaHHBIM B [ /9], siBisieTcst oO1ias (CIyIonHas)
KOPpO3Hsl, MPEANOAraras J0CTaTOYHO PAaBHOMEPHOE pa3pyLIEHUE WIIM PAaCTBOPEHUE
[IOBEPXHOCTH METALUIMYECKUX KOHCTPYKIMKW B arpeccuBHOM cpexe. Iloaromy
noJaBJsionee OOIBIIMHCTBO Pa0OT U OTEUECTBEHHBIX, U 3apyOEKHBIX UCCIEAOBaTENEH,
takux kak ['yrman 9.M., Jlomuackuii B.M., OunanaukoB W.I"., Hpaitep JI.JI, Romanoff
M., King R. u apyrux, HOCBSIIEHO WCCICAOBAHUIO BIIMSHUSA OOINEH KOPpO3WU Ha
JIOJITOBEYHOCTh Pa3IMUHBIX KOHCTpYKIwit [16, 17, 19, 20, 35, 67, 68, 79, 122].

CrpaBoyHble JTaHHBIE O BJIMSHUU arpecCUBHBIX CpeJ Ha METaUIbl TOKa elle

MPEACTABIAIOT COOOW CpeHre 3HAYeHUsS CKOpOCTU Kopposuu [26, 77]. TloaTomy B
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HOPMATHBHBIX METOJIaX pacyeTa KOPPO3HOHHBIH WM3HOC OOBIYHO TMpEaiaraeTcs
YUYUTHIBATh YBEJIMUYCHUEM TOJIIMHBI KOHCTPYKIIUI Ha BEJIMUMHY, PABHYIO TPOU3BEICHUIO
CpeIHEi CKOPOCTH KOPPO3UH Ha CPOK CITyKObI KoHCTpyKiuu [39, 84, 93, 94].

bonpmryro yacte wuHGOpMAalMM O MOJ3EMHOW KOPPO3HHM  MPEACTABISIIOT
JIOJITOCPOYHBIE HUCIIBITAaHUSI, KOTOpble ObUTM TmpoBeaeHsl HamuonansHbiM  Bropo
cranaaptoB B nepuod 1910 u 1955 [112]. 3a sto Bpems Obuio ucnbiTaHo Oosee 300
00pa3IoB MaJOyTIEPOIUCTHIX M HU3KOJIETHPOBAHHBIX cTalield Ha 54 tuiomankax B 15
TUIIaX TPYHTOB, Hauboiee xapakTepHbix ais CIIIA.

Ha ocHoBe mpoBeneHHBIX nccienoBanuii [112, 113] ycTaHOBICHO, UTO CKOPOCTH
KOppO3uu €cTh (QYHKIUS YIEIbHOIO CONMPOTHUBJICHUS TpyHTA. [IpU HU3KUX 3HAYEHUSIX
COMPOTHUBJICHUS TPyHTA (BBICOKAs AJICKTPUYECKasl MPOBOJAUMOCTh) OTMEYaIach BHICOKAs
CKOPOCTh Koppo3uu. {1 00pa3ioB, MOMEIIEHHBIX B TOp(, HAOII0JaTUCh HAMOOJbIIINE
ckopocTu Kopposuu. [lo kareropum KOppO3MOHHON AKTUBHOCTH WJIMCTBIE TPYHTHI
OTHOCATCS K arpeCCUBHOM cpefie. B necuaHbIx 1 KpynmHOOOJIOMOYHBIX TPYHTAX CKOPOCTh
KOPpPO3WUU 3HAYUTEIBLHO HWMKE, MO CTENEeHU KOPPO3MOHHON aKTHUBHOCTU OTHOCSITCA
ci1aboarpeccMBHON U HEarpeCCUBHOM cpeioi. B TIMHUCTHIX TPYHTaX OTCYTCTBYET O0IIIas
TeHJICHIIMS. B 11eJloM, B TJMHHUCTBIX TPYHTaX C BBICOKOW BIIAKHOCTHIO, MMEIOIICH
JIOCTATOYHBIN 3armac pacTBOPEHHOIO KUCIIOPO/1a, 3HAUUTENBHBIM COAEPKAHUEM COJICH U
BBICOKOM KHCJIOTHOCTHIO MMEIOT HAaMMEHBIIIEE COMPOTUBIICHUE U SIBIAIOTCS Hambosee
arpeCCUBHBIMU.

Mapuenko A.®. [35] Ha npuMepe HCCIIEIOBaHUS KOPPO3MOHHAs AKTHBHOCTH
TpyOONPOBOAHOM CTAlM TAK)KE€ OTMEYAET, YTO MEXaHU3MOM KOPPO3MOHHOIO Mpoliecca
SBJISIETCA HAJIMYME KUCIOpOoJaa W BOAbl. Hamuuusi 3TMX ABYX KOMIIOHEHTOB BITIOJIHE
JOCTAaTOYHO JUIsl COBEpPUIEHUS KOPPO3MOHHOTO mpouecca. M mexaHusm Koppo3uu
METaJUIOB COCTOUT HE CTOJBKO B pabOTe MHUKpPO- U Makpomap, a B aIcOpOLMOHHBIX
npoieccax. ABTOp COpPaBEJIMBO YTBEPKAAECT, UTO ABMKYIIEH CUIOW KOPPO3HMOHHOTO
npoiecca sABisieTca 3Heprus. [lo 3Tol mpuUuMHE CKOPOCTh KOPPO3UU METAJLIOB C
MOBBIIIICHUEM TEMITEPATYPhl 0OBIYHO YBEIIMYMUBACTCS, a IPU MOHMKEHUH - YMEHBIIACTCS,
TEMIIepaTypa TakKKe SBISAETCS OJHUM U3 OCHOBHBIX (DAKTOPOB, OMPEACISIIONINM B

Ka’XXJOM KOHKPETHOM CJIy4a€ CKOPOCTb KOPPO3HMOHHOTO ITpOLCCCa.
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B pe3yibTare JIOJITOCPOYHBIX WCTIBITAHHH, MIPOBEICHHBIX
Romanoff M. ycraHoBI€HO CHIDKEHHE CKOPOCTH KOppo3uu co BpemerneM [112, 113]. Dto
CBS3aHO C TOSIBICHUEM 3alUTHOTO CJIOS, COCTOSIIEIO W3 MPOAYKTOB KOPPO3HH,
OCTaBIIMXCA HAa MECTE CBOEro oOpa3oBaHusA. [[aHHBIIN CIOW SBISIETCS CBOEro poja
«Oaprepom», 3aMeIJISIONIMM MPOIIECCHl OKUCIICHUSI METalIa.

Muorumu wuccaemoBaresiMu  otmeueno [13, 35, 112, 113, 121], uro B
BOJOHACHIIIICHHBIX TJIMHUCTBIX TPYHTaX HWHTEHCHUBHOCTH KOPPO3WUU  CTATBHBIX
KOHCTPYKIIMH MEHbIIIE, Y€M B TpPyHTaX ECTECTBEHHOM BIaXHOCTH. B rpyHTax
HApYIIEHHOTO CIIOKEHUS CKOPOCTh OOJIBIIIE MO CPABHEHUIO C TPYHTAMU HEHAPYIIEHHOU
CTPYKTYpHI, T1ie U3-3a feduiura kuciaopoaa (0COOEHHO B TBEPbIX IITMHUCTHIX TPYHTAaX )
mpoliecchl  Koppo3uu 3ameyisitorcsa. HaunOonbias WHTEHCUBHOCTh KOPPO3UM CTaU
OTMEYAETCs B 30HE MONMEPEMEHHOI0 CMAauyMBaHUS M BBICBIXaHUS, 3a CUET 0Opa3oBaHUs
TOHKOM TUIGHKH BOJBI B YCJOBHUSIX CBOOOJHOrO JOCTYIMa K TMOBEPXHOCTH MeETajuia
kuciopoaa u3 armocdepsl. CKOpOCTh KOPPO3UU B JIAHHBIX YCIOBUSIX YBEIHMYUBACTCS B
2-3 paza [79].

I'noro H.M., JIyra A.A. [13] npuBOAsT cieayoue 3HaUCHUSI HHTEHCUBHOCTH

KOPPO3UHU CTAJIbHBIX KOHCTPYKIIMH, peacTaBieHHbIe B Ta0aue 1.1:

Tabmuma 1.1 —  JlaHHBIE O CKOPOCTH KOPPO3UU CTAIBHBIX KOHCTPYKIIHMA
Bun rpynra CKopoCTh KOPPO3UHU, MM/TOJ
[Tecoxk ¢ nnom 0.0031 —0.049
C TpaBUEM 0.0141 —0.0315
[muna 0.0318 — 0.0409
C BKJIFOUEHUSIMU LIECOHS U rpaBus 0.0125 -0.0422

B nHacrosiiee Bpemsi TpyJamMu OTEUECTBEHHBIX U 3apyOEKHBIX YUCHBIX HAKOIUICH
OOJBIION TEOPETUYECKUA M HIKCIEPUMEHTANIbHBIM MaTepuan Mo BOMNpPOCaM CKOPOCTH
KOPPO3UHU METAJUIMYECKUX KOHCTPYKIIMI B TPYHTOBOM CpeEIE.

PesynbraTel nccaeq0BaHUM OTPAKEHBI B CTAHAAPTAX U HOPMATUBHBIX JOKYMEHTAX
MHOTHUX 3apyOekHbIX cTpaH [78, 80, 84, 93, 94].

[To mamemy MHeHuto, HanOoyiee MONHAS KIACCHU(pHUKAIUS MO OLEHKE CTEIEeHU

arp€CCMBHOCTHU I'PYHTOB 11O OTHOIICHWIO K MCTAJINIMYCCKUM KOHCTPYKIUAM IIPUBCACHA B
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OTEYECTBEHHONW HOpMaTHUBHON nuteparype. B coorBerctBum ¢ CII 28.13330.2017
«3ammTa CTPOUTEIbHBIX KOHCTPYKIUMH OT KOPpPO3WHU. AKTyalM3HUpOBAaHHAs peNaKIUs
CHull 2.03.11-85», naubonblnasi CTENEHb arpeCCUBHOCTH TPYHTOB HaOIIOlaeTcs B
Cpele C BBICOKMM COJEpXKaHHUEM BJard, 3HAYUTEIbHBIM CYMMAapHBIM COJAEp)KaHHEM
Cynb(}aToB U XJIOPUAOB, BBICOKOM KHCIOTHOCTh (HHU3KMM 3HaueHueM PH), Taxxke
MOJIOKHUTEIBHON TEMITepaTypoil TpyHTa.

B oOmem MOXHO cjenaTh BBIBOJ, YTO KOPPO3MOHHAs aKTUBHOCTh TPYHTOBOM
cpenbl sBisieTcss (DYHKIIMEH CcOJep)KaHus BIAard, PacTBOPEHHBIX COJICH, JOocCTyna
KHCIJIOPOJa, KUCJIOTHOCTH, TEMIEPATYPBI, YAEIBHOTO JIEKTPUYECKOTO COIPOTUBIICHUS.

B ta6n. 4.1. EBpoxona Yacts 5 1997 [94] ckopocTh KOPPO3UHU B 3aBUCUMOCTH OT
tuna rpyHta cocrasisieT 0.012-0.050 mm B ron. HauMeHblre 3Ha4€HUSI OTHOCATCST K
necyaHbIM U KPYITHOOOJIOMOYHBIM IPYHTaM, HauOoJIbIIuE AJ11 TOpda, 30JIbl, IJTAKOB.

B cootBercTBUM ¢ KinaccuduKaipe aBcTpanuiickux HopM [84] rpyHTOBas cpena
0 OTHOUIEHUIO K CTajld SIBISIETCA AarpecCUBHOM, €ClIM yJelNbHOE 3HAYCHHE
ANEKTPUUYECKOro conpoTuBieHUs rpyHTa MeHee 2000 Om-cM.

B cootBeTcTBUM C amepukaHCKMMH HopMmamu [78, 93] uckmrovaroTcs ciaydyau
MPUMEHEHUSI BUHTOBBIX CBaii 6€3 CrielaabHbIX MEPOMPHUATHH 10 3alTUTE OT KOPPO3UH B
arpeccuBHBIX TpyHTax. CorjacHo [93], TPyHT SBISICTCS arpeCcCUBHBIM K CTalHl TPH
YAEIBHOM JJIEKTPUYECKOM compoTuBieHnu rpynra menee 1000 Om-cMm, pH menee 5,5,
BBICOKUM COJIEp>KaHUEM OpPraHUYECKHUX BEIIECTB, IPOLIECHTHOE COJEPKAHKE CYIb(PaTOB U
xynopuaoB 6onee 0.1%. IIpoekTupoBaHre BUHTOBBIX CBall B arpeCCHUBHBIX I'PYHTaxX HE
JIOTTyCcKaeTcsi 6€3 MpUMEHEHUS! TONOTHUTENbHBIX MEPONIPUIATUI MO 3aIUTE OT KOPPO3UU
(kaTomHas 3ammMTa). Bo Bcex OCTalbHBIX ClIydasiX, CKOPOCTb KOPPO3UM BUHTOBOU CBau
coctaBisger 0.012 mm B roxa. Perko H.A. [106] Ha ocHOBe 000OIIEHHUS PE3yJIbTATOB
UCCJIeI0BAHNM, IPOBEIeHHBIX HanmoHanbHbIM OI0PO CTaH1apTOB MPUBOAMT CIIEIYIOLINE
3HAYEHHUS CKOPOCTU KOPPO3UU MAJIOYTIEPOJUCTON CTaNM B 3aBUCUMOCTU OT YJEIBHOTO

AJIEKTPUUECKOTO CONPOTHUBICHHMS (Tabauma 1.2).
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Tabmuna 1.2 — JlaHHBIE CKOPOCTH KOPPO3UH MAJIOYTIEPOAUCTON CTAIH

B 3aBUCHUMOCTH OT YACIBHOT'O JICKTPHUICCKOTO

CONPOTHUBJICHUS

3Ha4YeHUE CONPOTHBIICHUS rpyHTa | CKOPOCTH, MM/TOT
Bricokoe (<2,000 _-cm) 0.071

Ywmepennoe (2,000-30,000_-cm) 0.033
Cnaboe (>30,000_-cm) 0.008

Kak wu3BeCTHO, OTEUECTBEHHBIMU HOPMAaMH TIPEIYyCMOTPEHO O00s3aTEIbHOE
BEITIOJITHCHUE AHTHKOPPO3MOHHOMW 3alTUThl METALIOKOHCTPYKIMM B 3aBUCHUMOCTH OT
CTETNICHU arpeCCHUBHOCTH IKCILTyaTallMOHHOW cpefbl. JJisi OBBIMICHUS JOJATOBEUYHOCTH
BUHTOBBIX CBal IIMPOKO MPUMEHSETCS METOJ TOPSAYEro OLUMHKOBAHUSA cBaul. TommmHa
MOKPBITHS BHHTOBBIX CBaid, Kak mpaBuio, cocTariser ot 40 g0 100 mxwm [41, 43, 95, 106].

[lo pe3ymbraraM KpYMHOMACHITAOHBIX HCCICNOBAHUM IO OIEHKE CKOPOCTHU
KOPPO3MH HE3AIMILEHHON U OLIMHKOBAHHOM CTall MPOBEACHHBIX Ha 20 Iuroniaakax mo
Bceir Tepputopun CIIA [121, 122] ycTaHOBIEHO, YTO NPUMEHEHHE TEXHOJIOTHUHU
TOpsIYero OLMHKOBAHMS TOBBIIIAET JOJTOBEYHOCTh METATUYECKHX 00pa3moB ot 50 10
98 npoueHToB.

JInsi BUHTOBBIX CBail OIIMHKOBAHHBIX «TOPSIYUMY» CHOCOOOM AMEPUKAHCKUM
WHCTUTYTOM CTaju ¥ cruiaBoB coBmecTHO ¢ AGA (American Galvanized Association)
[82] npennoxxena hopMyina I oNpeeIeHNsT BPEMEHH «HCTIIEBAHUSY OLMHKOBAHHOTO
Metaia 3.0 Mm 1 40-50 MKM IMHKOBOTO MTOKPBITHUSA :

L =35,85"(log 10R — log 10(2160 — 2490 - log 10(pH))) (1.13)
rae R - conpotuBnenue rpynta B OM:cMm.

Ha ocHOBe 1aHHO 3aBUCUMOCTH TIOCTPOSHBI HOMOTPAMMBI JIJIS1 METAJUTHUECKHUX
KOHCTPYKIMH C PA3JIMYHON TOJIIIUHOMN IMOKPBITHS.

CornacHo [93] ckopocTh KOPpO3UH 1l OIMHKOBAHHON BUHTOBOM CBau B TPYHTAX,
KpPOME arpeCcCUBHBIX, COCTABIISET:

—0.015 Mmm/ron1 B TeUeHHE NIEPBBIX JIBYX JIET;

—0.004 mM/roa, B OCIIEIYIOIIEE BPEMSI.
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CHmxeHre CKOPOCTh KOPPO3UH OIMHKOBAHHOW CTaJId CBSI3aHO ¢ 00pa30BaHUEM
KapOoHaTa IIMHKA, MpPU B3aUMOACHCTBUU C YIJIEKUCIbIM Ta3oM. KapOoHar nMHKa
npeacTaBiser coOOM  BEIIECTBO MOJIOYHO-0EJOro  I[BE€Ta, KOTOPBIA  SIBISIETCS
IPaKTUYECKHA HEPACTBOPUMBIM. [ IpOIyKThI KOPPO3HUH [IMHKA MPEMATCTBYIOT IPOTEKAHUIO
AIEKTPUUECKOTO TOKA U 3HAYUTEIHHO CHUKAIOT CKOPOCTh MPOTEKAHUs KOppo3un. Metoy
ropsiYero OIMHKOBaHUS O0OecleurBaeT HAWIYUYIIyl0 CTOMKOCTh K HUCTUPAHUIO U
MOBPEXJICHUIO B TIPOIIECCE YCTAHOBKH CBaid, 0COOEHHO 3TO aKTyaJIbHO MPH YCTPOICTBE B
NecyYaHbIX U KPYIMHOOOJIOMOUYHBIX TPyHTaxX. B mpoliecce peakiyu paciiaBlIeHHOT O IIMHKA
C METauIoM co3Jiaercs psAl ciiaBoB. C BHEIIHENH CTOPOHBI 00pa3yeTcsi OTHOCUTEIBHO
YUCTBIA CIIOM LIMHKA, 3TO CJIOK 00JIajaeT HEBBICOKOW aJAre3ueil U MOKET UCTUPAThCS B
npoiiecce yctaHoBku. Kak mokaszanu uccnenoBanus [82], 3ayeraromiue crijiaBbl xelne3a
(zeta, delta m gamma) umeroT OoJiee BRICOKYIO CTOMKOCTh K UCTHPAHHUIO YeM OCHOBHOM
metamt. Jlensta (delta) u ramma (gamma) ciion 00J1a1at0T YCTORYUBOCTHIO K KOPPO3UH
U MOTyT co3laBaTh OapbepHyro 3amury. Jlpyrue MeToapl  OLIMHKOBAHMS
(ranpBaHMYECKHI, TOPOIIKOBBIM) HE MPOU3BOJAT 3THU CIUIaBbl. M3-3a BBICOKOH
abpa3nBOCTOMKOCTH, METOJ  TOpsSYero  OLUWHKOBAaHMS aBisieTcss  Oosee
MPEANOYTUTENBHBIM, IO CPABHEHUIO C IPYTUMU METOAAMHU 3aLUThI OT KOPPO3UHU.

JpyruM METOJOM 3alUThl KOHCTPYKIUI OT KOPpPO3UHU SIBISIETCS NPUMEHEHUs
JAKOKPACOYHBIX M TOPOIIKOBBIX TMOKPHITHA. [lOpONIKOBBIE MOKPHITUS HAYMHAIOT
NOSBJATHCA OOJiee 4acTO B MPOU3BOJACTBE BUHTOBBIX cBail. [lonnmepHoe mopomkoBoe
MOKPHITHE CHaYala HaIbUISIOT Ha W3Jeiaue, a 3areM npu Temieparype 150-250°C
MOJIBEPraloT OIUIABICHUIO, B pe3yjbTaTe dYero oOpasyercs 3alluTHas IUICHKA.
[TopourkoBoe MOKpHITHE SIBIsIETCS 00JIee U3HOCOCTOMKUM, YeM 0OBIYHOE JTAKOKPACOYHOE
nokpbITHe. OCHOBHBIMHM HEJOCTaTKaMU JaHHOW TPYIIbI MOKPBITUN SIBISIFOTCS: BBICOKAS
HUCTUPAEMOCTb, TMOTEpPs] aJAre3ud MEXIy 3alllMTHBIM IMOKPHITUEM M MOBEPXHOCTHIO
3aIMIIAEMON KOHCTPYKIIMH, a TaK’K€ HapYIIEHUs CIUIOIIHOCTU IOKPBITHS B MPOLECCE
YCTaHOBKH CBai, BCJIEJICTBUE YETr0 MPOUCXOUT MOTEPsi pabOTOCIIOCOOHOCTH MOKPHITHSI.
AHanu3 SKCIePUMEHTAIBHBIX JaHHBIX U UCCIIEAOBAHUM 110 pab0Te 3aIUTHBIX TOKPBITUN
[39] noka3bIBaeT, 4TO KOPPO3HOHHBIE MPOIECCHI MOJ CJIOEM MOKPHITHS HE TOJIBKO HE

OTCYTCTBYIOT, HO HaO60p0T, MMPOUCXOIAT C BOBp&CTaI-OHleﬁ BO BPEMCHH CKOPOCTBIO, YTO
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CBsI3aHO C IIOBBIIOCHUCM IMPOHUIACMOCTH AHTHKOPPO3HMOHHOI'0 MATCpHaia H3-3a C€ro

JECTPYKIIHH.

1.4. OcHOBHBIE CIOCOOBI YCTPOIiCTBA BUHTOBBIX CBaii /151 GyHAAMEHTOB 31aHMI,

COOpPY:KeHUH U 00,1aCTh UX PUMEHEeHUs

HOI‘py}KCHI/IC CBall B I'PYHT OCYIICCTBILACTCA CTPOUTCIbHBIMH MalllMHAMH C

YCTaHOBJICHHBIM CIICIIHAIbHBIM 000pynoBanueM (pucyHku 1.8 u 1.9) [41, 43, 44].

Pucynok 1.8 — Mammnsl a1t ycTpoiicTBa BUHTOBBIX CBail Ha 6aze

TUAPABINYECKUX IKCKABATOPOB PA3IMYHON MOIIHOCTHU (THIpOBpAILATETh HA

LIAPHUPHO-COWIEHEHHOU CTpeie)

Pucynok 1.9 — Mammns! As1st ycTpoiicTBa BUHTOBBIX CBail Ha 6a3e kpaHa-

MaHUITYJIsITOpa (THAPOBpaIIaTeh 3aKpeIlUIeH Ha TEJIECKOITMYECKOW cTpere)
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MexaHu3Mbl 3aBHHUMBAHHS TPEJCTABISIOT COOOW CEPUIHO BBITyCKAaeMbIe
HABECHBIE TUPOBPALIATENH PA3TUYHON MOIIHOCTH, KOTOPBIE COCTOSIT U3 TUAPOMOTOpA
U IUIAHETApPHOIO pEeayKTOpa C OOJBIIMM TEpPeIaTOYHbIM OTHOIICHHEM, a TakKkKe
KOMIUIEKTYIOTCS CHEIMATbHBIMA MEXaHU3MaMH, TIO3BOJISIONIMMY YCTaHABIMBATh UX Ha
0a30BbIe MaIlMHbI pa3audHbiX TUIOB [28, 88, 100]. IN'uapaBiuueckue BpaliaTeard MOI'yT
OBITh CMOHTHPOBAHBI KaK Ha TEJIECKOMUYECKON CTpelie, TaK U Ha COUJIEHEHHOM cTpere.

Kak mnpaBwiio, MallMHBI C TEJIECKOIMUYECKOM CTPENoil (KpaHbI-MaHUITYJIATOPHI)
XapaKTepU3yroTcsi 0oJjiee BHICOKOW TOYHOCTHIO YCTAHOBKHM BUHTOBBIX CBail, OOJBIION
paboueii 30H0H cTpenbl. OJIHaKO, HA MAIIMHBI C IIAPHUPHO-COWICHEHHOW CTPEJIon (Kak
IIPaBUJIO, SKCKBATOPHI) MOXKHO YCTaHABIIMBATH 00JI€€ MOIIHbIE THPOBPALIATENH, TAK KaK
TaKle MalIMHbI XapaKTePU3YIOTCsS OOJIBIITUM 3HAYEHHUEM MaKCUMaJIbHOTO THAPOTIOTOKA,
a TaK)K€ CaMOM KOHCTPYKIMEH COWIEHEHHOW CTpesbl, KoTopas 3 exTuBHer paboTaet
HAa CKpy4YMBaHHE, BO3HHMKAIOIIEe IPU BBUHYMBAHUM CBail, IO CpPaBHEHUIO C
TeJecKonu4yeckoi crtpenoil. Taxxke, MalMHBL, UMEIOIIME THUApPOBpaliaTelib Ha
IAPHUPHO-COUYJICHEHHOM CTpesie, CIOCOOHBI MPOU3BOJIUTH PabOThl B CTECHEHHBIX
ycnoBusix. Hampumep, U3BECTHBI MpakTUUYECKHE CHOCOObI ycuiieHUs (pyHAaMEHTOB B
M0JIBaJIE CYIIECTBYIOIINX 3/IaHNH MyTeM BBUHYMBAHUS CBall yCTAaHOBKaMH Ha 0a3e MUHU-
norpy3unkoB [43, 44]. Bce 310 00ycnaBiuBaeT HanOoIbIIee PACIPOCTPAHCHUE JTAHHOTO
THUIIa MaIIUH (KaK MPaBUiIO, 9KCKaBaTOPOB), OCHAIIICHHBIX HAaBECHBIM THIPABINYECKUM
o0opynoBaHueM 3a PyOeKOM, 3TO CBA3aHO C TEM, UYTO BHUHTOBBIE CBau IIHUPOKO
MPUMEHSIOTCS B Pa3JIMYHBIX 00JIACTAX CTPOUTEIHCTBA.

OneIT IPUMEHEHUST MAIlINH, OCYIIECTBIISIONMINX MOTPYKECHUE BUHTOBBIX CBaH, B
HallIeil cTpaHe, CBsA3aH ¢ yCTPONUCTBOM CBail O0JIBIIOro quamerpa B kadectse omnop JIOI,
a TakKe B HWHXXEHepHbIX BoMckax. Haumnas c¢ 60-x rogoB XX Beka B CCCP
pa3pabaThIBaIMCh MAITUHBI, MO3BOJISIIOIINE BBUHYMBATH CBaW OOJBIIOTO AMAMETpa C
jgonactaMu guamerpom a0 1,2 m [10, 28]. JIas BO3MOKHOCTH MOTPYKEHHE BUHTOBBIX
cBail OOJBIIIOTO JHMaMeTpa HEOOXOIUMO OOECIEYUTh BBICOKHN KPYTAIIUNA MOMEHT,
MO3TOMY CYLIECTBYIOIME OTE€UECTBEHHbIE MAIIMHBI U 000PYIOBAaHUE XapaKTEPU3YIOTCS
OonpImmMu rabaputamu u Maccoi [1, 11, 36]. B Hacrosiiee BpeMst O0JIbIIMHCTBO MaITHH

HC BBIIIYCKAIOTCsA, TaK KaK PC3KO COKPATHJIICA 00BeM IMPUMCHCHHUA BHHTOBLIX CBau
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0O0JIBILIOTO TUaMeTpa.

Haubonee coBepmieHHONW Ha CETOMHSANIHUN JCHH NPHUXOAWTCS CUUTATh
yHUBEpCaIbHYI0 OypwibHyto MamuHy YBM-85 Anamaesckoro 3aBoma OAO
«CTporimopmMarin», IpeTHa3HAYCHHYIO KaK I OypeHUs CKBaYKUH, TaK U JIJIS IOTPYKEHUS
BUHTOBBIX aHKepOB U cBail (pucyHok 1.10) [1].

Mammna YBM-85 co3ganHa Ha 0a3e THIPaBIMYECKOTO KpaH-MaHUNYJATOpa, B

0a30BOM KOMIUIEKTAllMM CMOHTHPOBAHHOTO Ha Iaccu OOpPTOBOrO aBTOMOOWIS Ypai-

4320 (66).

Sl

Pucynox 1.10 — YHuBepcansHas OypunbHas MamuHa Y BM-85, cHabxeHHas

THAPABINYCCKUM KPAHOM-MAHUITYJIATOPOM C 3aKPCIIJICHHBIM PCAYKTOPOM

OCHOBHBIM  MPEMMYLIECTBOM  JTaHHOW  MAIIMHBI  SIBJISIETCA  HAJIU4HUE
TEJIECKOMUYECKON YEThIPEXCEKIIMOHHOM CTpeIbl C pabOYUM BBUIETOM B mpezenax ot 1,8
a0 12 M, mapHUPHO 3aKpeIIeHHOW Ha OMNOPHO-TIOBOPOTHOM TuiaTdopme, 4UTO
obecreynBaeT BO3MOXKHOCTh MOTPYX,aTh HECKOJIBKO CBail ¢ 0JHOM cTosiHKU. HaBecHoi
MEXaHU3M, NPEIHA3HAYEHHBIA JUIsI BBUHYMBAHUS, 33aKPEIUIEH Ha IMOCJIEAHEM BBUIETE
TEJIECKOMUYECKOMN CTPEIIbl U MIPEACTABIIIET COOOM peTyKTOp ¢ OONBIINM MEPEIaTOYHbIM
OTHOIIIEHHEM, O0eCNeUMBAIONIMNA MMPH TOTPYKEHUH CBal MAaKCHUMAaJIbHBIM KPYTSAIIMA
momeHT 85 kH-M. HomuHaneHas ckopocTh BpalieHus peaykropa coctasiser 10 o6/muH,

Macca Mmexanusma cocrasisieT 1500 kr [1, 33, 57].
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HecmoTpsi Ha BBICOKYHO MPOU3BOJUTEIBHOCTh M BO3MOXHOCTh YCTaHABIIMBAaTh
CBaM Ha Pa3IMYHOM BBLIETE, UCIIOJIH30BAHUE K€ IAHHOW TEXHUKH B IIEJISX YCTPOICTBA
CBail TOJI MPOEKTUPYEMbIE MaJIOHArPYyKEHHBbIE OBICTPOBO3BOAMMBIC 3JaHUS SIBISETCS
PKOHOMHUYECKH HEI(D(PEKTUBHO, M3-32 BBHICOKOH CTOMMOCTH TPOIECCa BBUHUYMBAHU.
[Tonomapenko FO.E. u gp. ormeuaet [53], 4TO mprMeHEHHE BUHTOBBIX CBall B KAYECTBE
GbyHIaMEHTOB MaJIOHArpYKEHHBIX 3JaHUM CTal0 BO3MOXHBIM, BO MHOTOM, 3a CYET
MOSIBJICHUS HA CTPOUTEIFHOM PBIHKE 3apy0eKHOT0 000PYI0BaHHUS .

HauGonbiiiee pacrpocTpaHeHue Hjisi YCTpPOWCTBAa BUHTOBBIX CBaili B KadyecTBE
(GyHIaMEHTOB  OBICTPOBO3BOJMMBIX BPEMEHHBIX 3JaHUNA MOJIYYWSIM KpaHbl -
MaHHUIYJATOPBbI, CHA0XEHHbIE HABECHBIM THAPOBpAIllaTENIeM, 3aKpEIVICHHOM Ha
Teseckonmnueckon crpene (pucynok 1.11). CTOMMOCTH YCTpOWCTBAa C NMPUMEHEHHUEM
JJAHHOW YCTAaHOBKHM 3HAUUTEJIBHO HIKE, MO CPaBHEHUIO C HUCIIOJIb30BaHUEM MAIIIWH,

MMPUMCHACMBIX JIJIA YCTpOﬁCTBa cBaii OOJIBIIIOTO AuamMceTpa.

Pucynok 1.11 — OO1uii BU BBUHYMBAHUS CBAU C MIOMOIIBI0 HABECHOTO

THJIPOBpaIaTelisi, yCTPOCHHOTO Ha TEJIECKOMUYeCKo cTpene ycranoBku Isuzu Forward

Pa6oTbl o yCcTpOHCTBY CBail C HOMOIIBIO CTPOUTENBHBIX MAIIMH BKIIOYAIOT B ce0s

CJIEAYIOIIUE ATAIbI:
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— ONpeJelieHue MUHHMAJIbHO KOJUYECTBA CTOSHOK M Pa3MEIICHHE MAIWHbI,

o0ecrnieueHne ee yCTOWYUBOCTH;

— (ukcanus cBau yepe3 MEPEeXOIHUK HA PEIYKTOPE;

— yCTaHOBKAa CBaW C MOMOIIBIO CTPEJIbl HA MECTO YCTAHOBKH;

— BBHHYHMBAaHU CBau Ha MPOCKTHYIO IITyOUHY.

BuHTOBBIE CBaM MMEIOT MOHTa)XKHBIE OTBEPCTHUSI 3aBOJICKOTO M3TOTOBIICHUS, MPH
MOMOIIIM KOTOPBIX OCYILECTBIAETCS TMporecc YycTaHOBKU. CoeArHEHUE MEXITY
MEXaHM3MOM BpalleHWss ¥ BUHTOBOH cBaecll oOecrmeymBaeTcsi C  TOMOIIBIO
«TIEPEXOJJHUKA», BBITOJHECHHOTO W3 MACCHUBHOW CTATbHOW OTJIMBKH COCTOSIICH U3
OTBETHOM YacCTH, KaK MPaBUIIO, KBAIPATHOTO WUJIM KPYTJIOTO CEUSHHSI, 3aKPETUIsIEeMOTo Ha
PEIyKTOpE, a BTOPAst 4aCTh, BBIITOJIHEHA IUAMETPOM, MEHBIIIMM JTMaMeTpa CBau (PUCYHOK

1.12).

a) 0)

Pucynok 1.12 — a) - oOmiumii Bu yCTpOWCTBA TS IIEpeadn KPyTSIIero MOMEHTa K CBae;
0) — epeXOIHUK JJIs IepeIaur KPYyTSIIero MOMEHTa OT TUIPOBpAILlaTEeNsl K BAHTOBOM

CcBac

CymIecTBYIOT pa3IMyHble KOHCTPYKTOPCKHE pEIICHUS Y3JI0B COCIUHCHHS
BUHTOBBIX CBail M HECYIIMX KOHCTPYKIIM. BUHTOBBIE cBa MOTYT OBITh OOBEIUHEHBI
MOHOJIUTHBIM JKEJIE300€TOHHBIM POCTBEPKOM, JJII YEro K CBasM TMPUBAPUBAIOTCS
apMmatypubie crepkad (pucyHok 1.13) [103]. IlpeumylinecTBOM MaHHOIO PpeIICHHE

SBJIIETCS 0O€ecIIeueHre 3alIUTHI B 30HC KI'PYHT-BO3AYyX», I'IC, KaK ITPABUJIO, Ha6J'IIOI[aCTC$I



39
HanOO0IbIIAsl CKOPOCTh MPOTEKAHHUSI KOPPO3HOHHBIX MPOIIECCOB.
B caywae MeTaquIM4ecKOro  Kapkaca, YCTAaHOBKAa KOJIOHH  BO3MOJKHA
HENOCPEICTBEHHO Ha CBAl0, UMEIOIIYI0 METAJUIMYECKYIO IJIACTHHY («Or0JIOBOK») Yepes
00NTOBOE COEOMHEHME, €CIM B KayeCTBE HECYIIMX KOHCTPYKLUUU MPETyCMOTPEHBI

CTCHOBBIC ITAHCIIW, TO BUHTOBBIC CBAl O6’b€III/IH5HOTCH MCTAINIMYCCKHUM POCTBCPKOM.

Pucynoxk 1.13 — @) — oO1uii BUJ BUHTOBOM CBau ¢ apMaTypHBIMH CTEPKHSIMU; 0) —
COEIMHEHNE BUHTOBBIX CBall Yepe3 BBITYCKHU apMaTyphl C paboueii apMaTypoit

MOHOJIMTHOTO POCTBEPKa

B kauectBe POCTBCPKA IIPUMCHAIOTCA 6aJ'II(H N3 MIBCJUICPA UJIN ABYTAaBp (pI/ICYHOK
1.14).

Pucynok 1.14 —BuHTOBBIC CBau, 00bEIMHEHHBIE METAJUIMYECKUM POCTBEPKOM IO/

3aHUE CKJIaaa
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B cTecHeHHBIX yCIOBUSAX IPOU3BOICTBA CTPOUTENBHBIX pa0OT, BAHTOBBIC CBAW MOTYT
OBITh BBUHYCHBI C IOMOINBIO PEIYKTOPA, YCTAHOBJICHHOTO BPYYHYIO Ha CBar, Kak
nokazaHo Ha pucyHke 1.15 [106]. VcraHoBka COCTOMT M3 JIBUTATessl, MacjoHAcoca,
pEIyKTOpa C BBICOKHM II€PEIATOYHBIM OTHOLICHHEM. BBICOKMU KPYTSIIUMA MOMEHT,
CO3JlaBaeMblii  TUJpoBpamiaTesieM, TpeOyeT  yCTpOWCTBa  YNOpPHBIX  Oalok,
BOCIIPMHHUMAIOIINX PEAKLIHI0, BO3HUKAIOUIYI0 NPU JAECHCTBUA MOMEHTA, YTO JIENAET
JTaHHOE 000PYI0BAaHUE MAJIOTIPUTOTHBIM ISl BBHHUMBAHUS CBal 7151 0OBEKTOB «HOBOTOY
ctpoutenscTBa. [lo Hamemy MHEHUIO, HanboJiee palMoOHAIbHOE MTPUMEHEHUE JaHHOTO
METO/Ia CBSI3aHO C PEIICHWEM 3a/1ady, CBA3AHHBIX C YCHJIEHHEM CYIIECTBYIOIIETO
dbyHIaMEeHTa, T.K. €CThb BO3MOXHOCTH IPOHU3BOAWTH PAOOTHI B HEMOCPEIACTBEHHOM
OJIM30CTU OT CYIIECTBYIOIIEro (YyH/IaMEHTa, a B KadyeCTBE YIoOpa HCIHOJIb3yeTCs

HCTIOJABHKHBIC HCCYIIMC CTCHBI MJIM KOJIOHHBI 31aHH.

Pucynok 1.15 — Vicniosib30BaHre BUHTOBBIX CBa JiJis yCUJIEHUS (PYHIaMEHTOB HAIMKUCh

YAQIUTh

BunTOBBIC CBaM TOJKHBI OBITH YCTAHOBIICHBI C BBICOKMM 3HAYCHHEM MOMEHTA U C
HeOobIION cKkopocThio BpamieHus (10-30 o6/muH). MHOTUMH HCCIEI0BATEISIMU

ycTtaHoBieHo [21, 22, 27, 28,92, 105 u np.], uTo a1 obecnedeHus mpoiecca morpyKeHus
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CBal C MHUHHMAJIBHBIM HAPYIICHHEM CTPYKTYphl TPYHTa HEOOXOJUMO BBIMOJTHEHUE
CHEAYIOIINX YCIOBHM:

- nepeMeIlleHUe CBal B TPYHTE 3a OJIMH O0OPOT JOJDKHO COOTBETCTBOBATH
r€OMETPUYECKOMY IIIary BHHTOBOW JIONACTH, B IIPOTUBHOM CJydae
HaOmogaeTcs 3G heKT «OyKCOBaHUS» BUHTOBOW CBaW;

- OTCYTCTBHE TMPOLIECCOB «BBUHYMBAHUA-BHIBUHUYMBAHUS», YTO YacTO
HaOr0/1aeTcsl, Korjga oOOpyJIOBaHME HE pa3BUBAaeT HEOOXOIUMBIN IS
MOTPYKCHHSI KPYTAIIUNA MOMEHT.

B cootBerctBun ¢ 1n.5.3.5 TOCT 20276-2012 «I'pynThl. MeToabl MOJIEBOTO
OMpENENICHUs] XAPAKTEPUCTUK TMPOYHOCTH U  JAeOPMUPYEMOCTH» B Mpolecce
3aBUHYMBAHUS BHHTOBOTO INTamMIa HEOOXOIUMO OOECIeUnTh CHHXPOHHOCTH €T0
BpaIlleHUsI C TOTPYKEHHEM, TaK)Ke OTMEYAETCs, YTO IIyOHMHA IOTPYXKEHUs 3a OJIUH
000pOT J10KHA COOTBETCTBOBATH IIary BUHTOBOM JIOMACTH.

B 3apy6exnbix pekomenpanusx [41, 43, 80], 3a kaxaplii 000poT, cBas JOJKHA
MOTPY3HUThCSA B TPYHT Ha TNIYOHMHY, COCTABIIAIONIYI0O He MeHee 80 IMpOIEHTOB OT Iara
BUHTOBOH JIOMACTH. B MpoTHBHOM cily4ae, KpyTAIIMH MOMEHT 3HAYUTEILHO CHUXKACTCS
U KOppeIamuss MEXKAy KpYTSAINIMM MOMEHTOM U HECYIIEH CIIOCOOHOCTBIO HE
BBITIOJTHSCTCSI, TAK)KE BO3HUKACT HAPYIICHHE CTPYKTYPhI TPYHTA BUHTOBOH JIOTACTHIO,
YTO MPUBOJUT K CHIDKCHHIO HECYIIeH CIOCOOHOCTHM BHUHTOBOM cBau. MHOrUMU
OTE€YCCTBCHHBIMU U 3apyOeKHBIMU HCCIIemoBaTe/IIMu oTMeueHo [25, 28, 63, 92, 105],
YTO, JJI1 UCKIoueHusa 3¢pdexkTa «OyKCOBaHUS» HEOOXOAMMO MPHUKIAAbIBATH OCEBYIO
BJIaBJIMBAOIIYIO CHITY, PAa3BUBAEMYIO MAIIIMHOM.

OObecrieueHre CUHXPOHHOTO TMOTPYKEHHUSI 3aBUCUT OT BBIOOpA IIara BUHTOBOM
JIOTIACTH CBaM, a TaK)KE MaITUH U 000pyA0BaHMS, 00ECIICUNBAIOIINX BBUHYMBAHNC HX B
TPYHT, ¥ CO3JIAlOIINIA HEOOXOAMUMBIN KpyTAIui MOMEHT. VccnenoBarensiMu oTMEUYEHO
[13, 15, 18, 22, 91], uTo YeM MeHbIIE IIar BHHTOBOM JIOMACTH, TEM IUIABHEE CBas
BHEJIPSIETCSI, OCOOCHHO B TUIOTHBIE TPYHTHI, OJHAKO JIsl CBaid, MMOTPYKAEMBIX B TPYHT C
BKJTIOUSHHMSIMHU, 11T JIOTIACTH JOJDKEH IPEBHINIATh HAaHOOIbIITNE pa3Mephl BKIIFoueHU. C
yBEJIMYEHUEM Il1ara JIOMACTH [MPOUCXOJUT TIOBBIIIEHUE COMPOTUBIICHUS TPH

BBUHYMBAHUM CBai, a CJEAOBATEIIbHO M MOIHOCTH IOTPYXKAIOIIETO O00pYAOBaHUS.
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JlaHHBIE TIOJNIOKEHHSI HANUIM OTPaXEHHE B TPEOOBAHMSIX, TMPEIBSIBISIEMBIX K
KOHCTPYKITUSIM BUHTOBBIX IITAMITOB. /{711 BHHTOBBIX MITAMIIOB, HUXKE 320051 CKBa)KUHBI
— 50 MM, 6e3 ipeBapuTeIbHOT0 OypeHus (CaMOBBUHYMBAIOIIUMICS ITamIl) — 80 MM.

JIst coOuroIeHHsI YCIIOBHSI CHHXPOHHOTO TIOTPYKEHUS TIPY BBUHYMBAHUW CBail B
TJIMHUCTBIX TPYHTaX TBEPAOH KOHCHCTEHIIMH, a TakXke B TUIOTHBIX IIeCKax,
NPEIBAPUTEIHLHO YCTPAWBAIOT JTUACPHBIC CKBAKUHBI, TUAMETPOM, HE MPEBBIIIAIOIINM
TUaMeTp CTBOJIa BHUHTOBOM CBaW, IS YMEHBIICHUS JHEPrOEMKOCTH TpoIecca

TIOTPYKEHUS CBAM.

1.5. BeiBoanl no riase 1. 3agauu uccjie10BaHuii

1. B HacTosiiee BpeMsi CYHIECTBYET OOJIBIIOE KOJIWYECTBO KOHCTPYKTHUBHBIX
pelIeHUi BHUHTOBBIX CBail, OJHAKO JlaHHBIE KOHCTPYKIMH pa3padaTblBaIuCh ISt
BOCIPUATHUS OOJBIIMX BJIABJIMBAIOUIMX U BBIJEPTUBAIONINX HAarpy3ok. PazButue priHKa
OBICTPOBO3BO/IMMBIX ~ BPEMEHHBIX  3/laHUM  TpebyeT co3naHusi  3(PPEKTUBHBIX
KOHCTPYKLIMM BUHTOBBIX CBau. JlJIsi COBEpPIICHCTBOBAHUS KOHCTPYKTHBHBIX PEIICHUN
(GyHIaMEHTOB OBICTPOBO3BOAMMBIX BpPEMEHHBIX 3JaHUA B TJIMHUCTBIX TPYHTaX
IIPUMEHSIOT, KaK IPABUJIO0, BUHTOBBIE METAININYECKUE CBAU JJIMHOM 10 3 M U IMAMETPOM
nonacteit 10 0,4 M. B rIMHUCTBIX TpyHTaX 3(PPEKTUBHOCTh BUHTOBBIX CBail BO3pacTaeT,
€CJIM B UX KOHCTPYKTHBHOM PEIICHUH UCTIONb3YIOTCS HE OJHA, a JIBE JIONACTU (BUHTOBBIE
JIBYXJIOMIACTHBIE CBau). Takoe pelieHre MO3BOISET JOCTUYL TpeOyeMoW Hecylei
CIIOCOOHOCTH, YMEHBIIUB UX MAaTEPUATIOEMKOCTb.

2. bonbiast yacTh Mccae0BaHUM MOCBAIICHA U3YUYEHUIO paOOThl BUHTOBBIX CBai
C OJJTHOM JIONACThIO, MEHBIIYIO I0JIF0 COCTABIIAIOT KCIIEPUMEHTANBHBIE U TEOPETHUECKUE
paboThl, MOCBALIEHHBIE U3YYEHUIO B3aUMOJICHCTBUS BHUHTOBBIX CBall C HECKOJIBKUMHU
JonacTsMH (B YAaCTHOCTH JIBYXJIOMACTHBIX CBai) ¢ rpyHTOM. OJHaKo, HET €IUHOTO
MHEHHS 11O BONPOCY ONPENEIICHUS] KOHEYHON OCAJIKM BUHTOBBIX JBYXJIOIIACTHBIX CBail.
Tpebyercs npoBeaeHNE TOMOIHUTEIBHBIX UCCIEIOBAaHUM XapakTepa paOoThl BUHTOBBIX

JIBYXJIOITACTHBIX CBAaM.
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3. BbINOJHEHHBIH B JIaHHOM TrjaBe o0030p M aHajdu3 TEOPETUYECKUX M
IKCIIEPUMEHTATIBHBIX HCCIEAOBAHUN CBUJCTEIILCTBYET 00 aKTyaJbHOCTH BBIOPAHHOTO
HAIpaBJICHUS HAYYHO-NIPAKTUYECKUX pPA0OT Il (PyHAAMEHTOB OBICTPOBO3BOJUMBIX
BPEMEHHBIX 31aHUM.

3ajgauu uccJae10BaAHUM:

1. OOocHOBaTh KOHCTPYKIMIO BHHTOBBIX JIBYXJIOMACTHBIX CBail s
¢GbyHIaMEeHTOB  OBICTPOBO3BOJMMBIX  BPEMEHHBIX  3[aHHI;  BBIIBUTH  BIIMSIHHE
KOHCTPYKTMBHBIX IapaMETPOB Ha UX pabOTy B IJIMHUCTBIX IPYHTAaX.

2. Ha ocHOBE »JKCIIEpUMEHTANBHBIX W TEOPETHYECKUX HCCIEIOBAHUN
YCTAaHOBUTh HECYUIYIO0 CIOCOOHOCTh BHUHTOBBIX JBYXJIONACTHBIX CBAall MU HaNpPsHKEHHO-
ne(OPMUPOBAHHOE COCTOSIHUA TJIMHUCTOTO TpyHTa BOKpYr cBau. CoONOCTaBUTH
PE3yIABTAThl UCCIECIOBAHUN C TAHHBIMU JIJI1 BUHTOBBIX OJTHOJIOMACTHBIX CBaMu.

3. O0ocHOBaTh pacyeTHYIO CXeMy pabOThl BUHTOBOM JBYXJIONACTHOW CBau B
INIMHUCTOM TPYHTE U YCOBEPILIEHCTBOBATH METOJ pacyera €€ OCagKHU IIpU JIEeUCTBUU
BHENIHEW BEPTUKAJIBHOW HArpPy3KH.

4. BBINONHUTE ~ ONBITHO-NIPOMBIIUIEHHYIO  anpoOaluio  pe3ysbTaToB
UCCJIEI0BAHUM pabOThl BUHTOBBIX JBYXJIOMACTHBIX CBall MpH yCTPOCTBE (PyHIAMEHTOB

6I::ICTpOB03BOI[I/IMBIX BPEMCHHBIX 3I[aHHf/'I Ha INTMHUCTBIX I'PYHTAX.
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I'/TABA 2. OKCIIEPUMEHTAJIBHBIE NCCJIEJOBAHUSA PABOTbBI
JIBYXJOMACTHBIX BUHTOBBIX CBAI B TTIMHUCTBIX TPYHTAX

2.1. KOHCprKHl/IH BHHTOBBIX IBYXJOINACTHBIX U OAHOJOIMACTHBIX CBaﬁ,
HCIIOJB3YEMBIX IUIl MPOBECACHUA IKCIICPUMEHTAJIbHDBIX HCCJIeIOBAHNI B

TIMHUCTBIX 'PYHTAX

Ha ocHoOBe BBINOJHEHHOTO 0030pa, U3JI0KEHHOTO B TJiaBe 1, yCTaHOBIIEHO, YTO
HECMOTpsT Ha 3HAUMUTENIbHBIM BKJAJ B HCCIEAOBaHUS pPabOThl BUHTOBBIX CBai
oreuecTBEeHHbIX yueHbIX (boropan JI.41., XKeneskos B.H., Mapuynonsckuii JL.I'., [Tenuyk
B.A., TpopumenkoB FO.I' u np.) pa3paboTka KOHCTPYKIIMM BHUHTOBBIX CBall st
(GyHIAMEHTOB OBICTPOBO3BOJUMMBIX BPEMEHHBIX 3/IaHHUM SIBISETCS aKTyalbHOW. B
Ka4yeCTBE CBal Yallle TPUMEHSIOT METAJUIMYECKUE BUHTOBBIE CBAU C OJHOW JIOMACTHIO.
CBau MOTYT M3TOTOBISATHCSI MOJIBIMH, CO CKOLIEHHBIM HUKHUM KOHIIOM, COCTOSITh W3
OTACJIBHBIX CTAHAAPTHBIX CEeKUHUM. [IpUMEHSIOTCS TakKe€ MHOTOJIONACTHBIE CBaW C
MOCTOSTHHBIM I11aroM Jionacteu. JIomactu MOryT ObITh OJHOTO IUAMETPA WU MOCTETICHHO
YMEHBIIATHCA K HU3Y CTBOJA CBai, B IMOCJIEAHEM CJIydyae MX 4Yallle HUCIOJb3YIOT B
KaueCTBE AaHKEPOB. YUUTHIBas OOJIBIIOE Pa3HOOOpa3ue KOHCTPYKTHUBHBIX peIICHUMN
BOMPOC O TOBBINIEHUU DPOEKTUBHOCTH KOHCTPYKIUA BHHTOBBIX CBall SBISETCSA
akTyaabHbIM. OJHUM U3 TyTeH pelleHus] 3aJa4yvl O TMOBBIIICHUH S()PEKTUBHOCTH
BUHTOBOW CBauW SIBJISIETCS BBEIICHUE B €€ KOHCTPYKTUBHOE PELICHUE BTOPOM JIOMACTH.
Takoe pernierre mo3BOJSIET JOCTUYDL TPeOyeMOoil HeCyIel cCriocOOHOCTH BUHTOBOM CBau
0e3 pPEe3KOro YBEJIUYCHHS €€ TeOMETPHUYECKHX Pa3MEPOB IO CPABHEHHUIO CO CBaeH,
UMEIOIICH oY JionacThb [29, 48].

B Kybanckom rocygapcTBeHHOM arpapHoMm yHuBepcutere wumenu M.T.
Tpyoununa (KybGanckom ['AY) coBmectno ¢ IOYpl'Y (HUY, r. Yensabunck) Obuin
MIPOBEJICHBI AKCIIEPUMEHTAJIbHBIC UCCIICIOBAHUS B TIOJIEBBIX U JJAOOPATOPHBIX YCIOBUSIX
paboThl IBYXJIONMACTHBIX BUHTOBBIX CBall Pa3jiM4YHON KOHCTPYKLMH. DKCIIEPUMEHTHI B

7a00paTOPHBIX YCIOBUSAX MPOBOJMIIMCH JJISL TPEX BUIOB (BapHAHTOB) KOHCTPYKTHBHBIX
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pEelIEHN BUHTOBBIX JBYXJIOMACTHBIX CBal, KOTOPBIE IPUMEHSIIOTCS TIPU CTPOUTEIHCTBE
3maHui, coopykenutii [23, 41, 44, 56, 61, 80] (pucynok 2.1).

Bce paccmarpuBaeMble MOJEIM CBald HUMEIU OJWHAKOBBIE T'€OMETPHUECKHUE
napaMeTphl (IMamMeTp CTBOJIA WM JIOMACTEW, JJIMHA MOJEJEH CBail, pacCTOSHUE MEXIY
jonactsiMu). BUHTOBasg JiomacTh cBail MpeacTaBisia cOOOM OJIMH TMOJHBIM BHUTOK
NOCTOSIHHOM  MIMpUHBIL.  Takas  KOHCTPYKLHMsS  JlomacTed  sBisuiack — OoJee
MPEANOUYTUTENBHON MO CPAaBHEHUIO C JAPYTMMHU PEIICHUSIMHU, TaK KaK MPU MaCCOBOM

W3FOTOBJICHUH CYIIECTBEHHO YIIPOILAETCS TEXHOJIOT U MPOU3BOJCTBA PadoOT.

HET FHET #ET
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Pucynox 2.1 — Mojenu BUHTOBBIX IBYXJIOIACTHBIX CBal 117151 1a00paTOpPHBIX

OKCIICPUMCHTAJIbHBIX I/ICCJ'ICI[OBaHI/If/'I

MOI[CJ'II/I ABYXJIOITIACTHBIX BHUHTOBBIX cBa OBLIIH HN3TOTOBJICHBI n3

yraepoauctod cranmu C245 w uMmenu cleAyrollue NeOMETPUYECKHE NapaMeTphl:

nnunaa cBau 0,7 M, nuametp ctBosia u gomnactei 0,057 m u 0,15 M cOOTBETCTBEHHO.
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Paccrosiuue mexay momactsmu Obuio mpuHato 0,3 M, paBHOE ABYM JAHaMETpaMm
nonactu cBau. JJanHoe paccrosHue (300 MM) BBIOJHEHO KpPaTHO IIary BUHTOBOM
gonactu (60 MM), ¢ Tem, 4TOOBI MOCHEAYyIONIAs JONACTh BBUHYUBAIACh MO MYyTH,
MPONJIEHHOMY HUXKHEW JIONACThIO, TEM CAMBIM HE Hapylias CTPYKTypy IpyHTa. ng
BCEX CBall IIar BUHTOBOW JIOMACTH MNPUHAT paBHbIM 60 MM. YTIbI IIpU BEpIIUHE
KOHYyca /sl BapuaHTa 1 u BapuanTta 3 coctaBisuim 30° u 60° COOTBETCTBEHHO.

Jlns TpoBeAeHHST HATYPHBIX HWCHBITAHWUN OBUTM HM3TOTOBJIEHBI BHHTOBBIC
JIBYXJIOMIACTHBIE U OJTHOJIONACTHBIEC CBau JUIMHOM 2,0 M, nuamerpoM cTBojia 108 Mm
(pucyHOK 2.2).

Tonmuua Hecymux Jonactei B coorBercTBuu ¢ [80] momkHa obecrieynBaTh
COOTBETCTBYIOIIYIO J>XECTKOCTh MPU YCTPOWCTBE M pPabOTEe BUHTOBBIX CBail, U
Ha3Hayanach M3 YCJIOBHUS BO3HHUKHOBEHHS MajblX HNPOTMOOB B cllydyae CBOOOJHO

omnepToi ToHKOH miuactuubl h/r > 0,025, rae r — paauyc gonactu cBau [24].

Pucynox 2.2 — KoHCTpyKLIMM BUHTOBBIX CBait

Takum 06p330M, BBIIICHU3JI0KCHHOC  O4€T 061].[66 npeacraBJICHUC O

KOHCTPYKTUBHBIX PELICHUSAX BHUHTOBBIX CBail (C OAHOW M JABYMs JIOMACTAMH),
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UCIIONB3yeMbIX JUJIs TPOBEACHUS JAa0OpPaTOPHBIX M  HATYPHBIX  (IMOJIEBBIX)

9KCIICPUMCHTAJIBbHBIX I/ICCJ'ICI[OBaHI/Iﬁ B I''IMHUCTLBIX T'PYHTAaX.

2.2. JlabGopaTopHble DJKCIEPUMEHTAJIbLHbIE HMCCJIACJOBAHUA  Hecyluei

CIIOCOOHOCTH BHHTOBBIX ABYXJIOMMACTHBIX CBall B INIMHUCTBIX I'pyYHTax

2.2.1. MeToauka npoBeeHus1 Ja00PATOPHBIX IKCIIEPUMEHTAJIBLHBIX

HccJIe0BaHul

B 1mabopaTopHBIX yCIOBHSX OIICHUBAJIOCH BIUSHUE KOHCTPYKTUBHOTO PEUICHHUS
HIDKHEH 4acTH ABYXJIOIACTHOW cBau (Y4acTOK MPUMBIKAHUS HIDKHEH JIOMACTH K OCTPHIO
CTBOJIA CBaW) Ha €€ HECYIIYIO CIIOCOOHOCTh B TIIMHUCTOM TPyHTE (PHCYHOK 2.3):

1 - BUHTOBas JBYXJIONIACTHAS CBasi C HW)KHEU JIOMACTHIO HA KOHUYECKOW YacTH
cTBOJA (BapuaHT 1);

2 - BUHTOBas JIByXJIOMACTHAasi CBas C HW)KHEH JIOMACTBHIO HA IMJIMHIPHYECKON
4acTH CTBOJIa O3 KOoHyca (BapuaHTt 2);

3 — BUHTOBAs JIBYXJIONIACTHAS CBas C HIDKHEH JIOMACTHIO HA MUJIMHIPUYCCKON

YacTH CTBOJIA C KOHYCOM (BapuaHT 3).

Pucynok 2.3 — OOmuit Bus (parMeHTOB HUXKHEW YaCTH BUHTOBBIX CBaii

JlaGopaTopHble  SKCHEPUMEHTANbHBIE  HCCIENIOBAaHUS  MPOBOIWINCH  Ha
MCKYCCTBEHHO IIPUIOTOBJICHHOM IVIMHUCTOM TIPYHTE — IJIMHE TEKY4eIUIAaCTUYHOU H
MOJIyTBEPAOW KOHCUCTEHUMH. [ JIMHUCTBIM TPYHT, OTOOpPaHHBIM U3 KOTJIOBaHA,
BBICYIIMBAJIA 0 BO3AYIIHO-CYXOT'O COCTOSIHMSA, 3aTE€M €ro M3MeJIb4Yaly B IIapOBOU
MEJIBHUIIE 10 MOPOUIKOOOpa3HOro coctostHus. Mexons U3 3agaBaeMoil KOHCUCTEHIUH

I'pyHTa, pacCUUTbIBAIN COOTBCTCTBYIOINMWC 3HAYCHUA C€ro BJIAXKHOCTH. Pacuer
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KOJIMYeCTBAa BOJBI, TpeOyeMoOW JJs TOJy4eHHS HEOOXOAUMOTO COCTOSHUS
TJIMHUCTOTO TpyHTa, mpousBommics mo meronmke ['OCT 22733—2002. duswuko-

MCXAaHHUYCCKHUC XAPAKTCPUCTUKHU I''TMHUCTOTO I'PYHTA IIPUBCIACHBI B T&6J’IHH€ 2.1.

Tabmuma 2.1 —  Du3KMKO-MEXaHUYECKHE XapaKTEPUCTUKU TTTMHUCTOTO IPyHTA
PU3HKO-MEXaHUYECKUE XapaKTEPUCTUKU ITIMHUCTOIO TPYHTA
I'pynT
p51 p1 I o
e ¢, klla
vemd | WV | tem® Wi | We L ®

I'mira nonyTeepaas 2,76 (0,24 | 1,88 | 0,820 | 0,41 | 0,20 | 0,19 | 16 22

Tomana Texyuennacruinas | 5 26 | 36| 187 [ 101 | 041 | 020 | 076 | 5 11

DKCIEpUMEHTAIbHBIE HCCIEAOBAHMS MPOBOAWINCH B METAUIMYECKOM JIOTKE
pasmepowm B tutane 1000x700 mm u Beicotol 1100 MMm. JIoTok 6B 000pYy1I0BaH aHKEPHOU
CUCTEMOM, COCTOSIIEH U3 METAIUIMYECKON pambl, BOCIPUHUMAIOIIEH PEAKTUBHOE YCUIINE
B IIPOLIECCE MPOBEACHUSA CTATUUECKUX MCIIBITAHUN MOJIENIeH cBaid. MexXly JOMKpPaToOM U
Oankoil ycraHaBiuBasica oOpasnoBbii quHamomerp JJOCM 3-10Y s peructpanuu
CoKUMaroIiero ycmus (pucyHok 2.4). Hanbonpmmii mpeesn n3MepeHus: yCHUITHs JaHHBIM
nuHamomeTpoM coctaiisier 10 kH. JlunamomeTp oGecniednBai NOrpeiHoCTh U3MEPEHUs
¢ TouHOCThIO HEe Ooree 0,5% oT 3HaueHus HauOoJbIero npenena uamepenus. Ocanka
cBaii 3amepsiiachk aByms nporudoomepamu [TAO-6 ¢ nenoit nenenus 0,01 mm (pucyHoK
2.4).

Pa3Mepsl 10TKa JOJKHBI MUHUMU3UPOBATH BIIMSIHUE €r0 CTEHOK U JIHA HA MPOIECC
neopMUpOBaHUS TPyHTa B OCHOBAHMHU ILITaMIIa, 3 TOTOMY BO3HHMKJIA HEOOXOIUMOCTh
MCCJIEI0OBAHMS 3TOTO Bonpoca. CHayana OUEHUBAHNE YCIOBUS JOCTATOYHOCTH Pa3MEpPOB
gotka B miuaHe. C 3TOH 1eJbl0 HKCHOJNb30BaHbl PE3YyJbTaThl AKCIEPUMEHTATbHBIX
UCCIIEIOBAaHUM MO M3YYEeHUIO Ae(opMmaly IPyHTOBOTO MAacCHBa BOKPYT OJWHOYHBIX
cBaii, morpyxkaeMmbix 3abuBkoi. CormacHo uccienoBaHusiM bapromomes A.A. [7], B
TJIMHUCTBIX TPYHTaX rpaHuia 1e(opMupoBaHHON 30HbI B TOPU30HTAILHOM HAIIPaBICHUU
HE TMPEBBIIAeT 6 TUaMETPOB JJIsi OAMHOYHBIX 3a0MBHBIX CBaW, a B TUNIOCKOCTU OCTPHS

cBail 00pa3yroTcs YIJIOTHEHHBIE 30HbI HA IIyOuHy 2,5 - 3 nuaMerpa 1noji OAMHOYHBIMU
b
cBasimu. [IpoBepum ycnoBue 10CTaTOYHOCTH IIMPUHBI JIOTKA: 5> 6d, rue b — mmpuna

J0TKa, d — AMaMeTp CTBOJIAa BUHTOBOM cBau. [loy4aeM ClIeAyIONIYIO OLICHKY:
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WTM >6-0,057 M = 0,342 M, YCJIIOBUE BBIIOJIHSAETCA.
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Pucynok 2.4 — Cxema mpoBeieHus TabOpaTOPHBIX IKCIIEPUMEHTAIBHBIX UCCIIEIOBaHHIMA
paboThl BUHTOBBIX JIBYXJIOIIACTHBIX MOJIEJIEH CBail B METANIMYECKOM JIOTKE: 1 —
METaJUTMYECKHH JIOTOK; 2 — penepHas cucteMa; 3 — muaamometp JJOCM-3-10y; 4 —
nporubomepsl koHcTpykiuu H.H. Makcumosa (tun 6-1TAO (ITM) -0,1); 5 — monens
BUHTOBOMW CBau; 6 — IMUHUCTBINA IPYHT; 7 —METAJUIMYECKAs yIIOpHAs paMa; 8 — JOMKpaT

ruapasianaeckuii J1T3, 31c

[IpoBepuM yca0BHE JTOCTATOYHOCTH TTYOHHBI JTOTKA MPH BBHHYMBAHUKM CBaW Ha
ryouny Ha riyouny 0,6 m. ITpu Beicote noTka 1,1 M u quamerpe nonactu cBau 0,15 m
umeeM: 3d = 3-0,15m = 0,450 M < (1,1 — 0,6)M, YCITOBHUE BBITIOJTHSICTCH.

JIaHHYIO OLIEHKY CJIEYyET MPU3HATH BECbMa Y0BJIETBOPUTEIILHOM, TOCKOIBKY MIPU
BBUHYMBAHUM CBau pa3Mepbl 30H JedopMaliuii rpyHTa 3HAYUTEILHO MEHBIIIE, YeM TPH
BJIaBIMBaHUM WId 3a0uBke. CremoBaTeabHO, pa3Mephl JIOTKA JOCTAaTOYHBIC IS
KOPPEKTHOI'O MTPOBEACHUS UCITBITAHWN MOJICJICH BUHTOBBIX CBal 3aJIaHHBIX Pa3MEPOB.

Kaxxnpiit cioit BeicoToi 150 — 200 MM yHIJIOTHSIJICS TOCTOSIHHBIM JIaBJICHUEM,
paBabiM 0,015 Mna nans co3ganust Tpebyemoro 3Ha4YeHHWs TUIOTHOCTH. [ms
YBEJIIMYCHUS CKOPOCTM KOHCOJHUJAUMU TJIMHUCTOTO TPyHTAa HAa [JHO JIOTKA
YKJIaJbIBaJM CIIOW MECKa CPEIHEN KPYHNHOCTH TONIIMHON 150 MM, moBEpX KOTOPOTO
dbopMHUpOBaATOCh TIIMHUCTOE OCHOBaHWE. Harpyska npukianpiBajgach K TPYHTY depes

METaJNIMYECKYI0 TIacTUHY (mramm) pasMmepamu 980x680x12 (MM), Ha KOTOPYIO
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YKJIQABIBAJICS TapupoBaHHBIN rpy3. [IpwHATOE 3HAaUYeHWE MAaBICHUS OBLIO
YCTaHOBJICHO MPU MPEABAPUTEIBHBIX OMbITaX, MOCBAIIEHHBIX OTPA0OOTKE U TEXHUKE
UCTIBITAHUN. 3HAUYEHUE MIJIOTHOCTHU MPU MOCIONHOM YIJIOTHEHHU KOHTPOJIHPOBAIH
MUKpornieHeTpoMeTpoM MB-2 [37], koTopbIii OBLT OTIpayupOBaH ISl MOJTYTBEPIOH
U TEKY4YeIJJACTUYHON KOHCHCTEHUHMHU TJIMHUCTOM macTel. PaccrosiHme Mexay
TOYKaMmu neHetpanuu 6suto npussato 0,15-0,2 m.

Mopenu BUHTOBBIX JIBYXJOMACTHBIX CBall BBUHYMBAIUCHh Ha TiyOuny 0,6 M
BpyuHYI0 (pucyHOK 2.5). IIpu ycTaHOBKE KOHTPOJIUPOBAJIACH BEPTUKAILHOCTH U TITyOHHA
MOTPYKEHUST 3a OJIUH OO0OpOT, KOTOpas MOKHA OBITh HE MEHEE MEXBUTKOBOTO
PACCTOSIHUSI JIOMACTH, YTOOBI MIPEJOTBPATUTh OYKCOBAHME BUHTOBOM JIOMACTH B TPYHTE.
Monenu BUHTOBBIX JIBYXJIOMACTHBIX CBail BBUHYMBAJIUCH Ha TiIyouHy 0,6 M BpY4YHYIO
gyepe3 JTMHAMOMETPUYECKOE YCTPOMCTBO CIEIUAIBHON KOHCTPYKIUMH (pUCYHOK 2.4),
MIO3BOJISIOIIEE PErMCTPUPOBATH KPYTAIINUKA MOMEHT [46].

Harpy3ky Kk BUHTOBOM CBae MPUKJIAIbIBAIM CTYIICHIMU, BeTUYrHOU He Oosee 1/10
OT OKHJAeMOU MpeaeabHON HArpy3Kku. Kaxkyro cTyneHb BbIIEpKUBAJIN A0 YCIOBHOM
crabunu3anuu JnedpopMaliii TpyHTA. 3a KPUTEPUH YCIOBHOM CTaOMIM3AIUU
NpUHUMAIIM 3HAuY€HUE ocajku cBau He Oosiee 0,1 MM 3a mociemHue 2 daca
HaOmoneHuii. dukcanuio BEePTUKAIBHBIX IEPEMEIICHUN MPOBOJMINA Cpa3y IIOCIe
MPWIOKEHUST HAarPY3KH, 3aT€M TOCIEA0BATEIbHO CHUMAJM YEThIpe oTueTa uepe3 1 MuH,
5 muH, 10 MuH, 15 MUH 1 nanee depe3 Kaxaple 15 MUH MOCIIE€ NPWIOKEHUS CTYIICHU
Harpy3ku. JKCIEpUMEHTAJIbHbBIC JAaHHbIEC 3aHOCHJIN B JKYPHAJIbl UCTIBITAHUHN. 32 YaCTHOE
3HAU€HUE  MPEJEIbHONO  COMPOTHUBICHUS  CBaW  NPUHUMAIM  HArpysKy,
MPEAIIECTBYIONIYIO CPBIBY CBal, KOTOPBIM XapaKTEepU30BAJICS HHTCHCUBHBIM POCTOM
OCaJIK1, HE 3aTyXamllel BO BpeMEHH, MPU MPUKIaIbIBAHUN MOCICIHENH CTYIEHH.

B skcniepuMeHTax BhIICISIIUCH OCHOBHBIE OTIpe/ieisieMble BETUYMHBI: OCaJIKa CBau
S, MM, mpu 3aJaHHOW CTYNEHW HArpy3Kd U YaCTHOE 3HAYCHUE  NPENETHLHOTO
conpoTtuByieHUsa cBau F,, KH. MuHuMaibHas MOBTOPSEMOCTb MCTIBITAHUM JJIsI KaX0TO
ombITa — JiBa (€CIM OTHOCUTENbHAS pa3HUlA B UX pe3yibTaTax He mnpesblmana 10%).
Ecnu paznuna B pesynprarax npessimana 10%, To npoBOAWIOCH 1O TPU UCTIbITaHUS. B
JaJTbHEUIIIEM TIPU OLICHKE Pe3yJIbTaTOB UCIIBITAHUN MIPUHUMAJIUCh UX CPETHHUE 3HAUCHHUSI.

OOt BUA KOHTPOJIBHO-U3MEPUTEIIBHOTO 000pYA0BaHUS ISl TPOBEJCHUS UCTIBITAHUN
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Y OOIIMI BUJ BBUHYMBAHUS UX B TNIMHUCTBIA IPYHT B JIOTKE IPECTABICHBI HA PUCYHKAX
25u?2.6.

Pucynok 2.5 — OGmuii Bu1 BBUHUMBAHUS MOJIeICH BUHTOBBIX JBYJIONMACTHBIX CBall B
TJIMHUCTBIN TPYHT HAPYIICHHON CTPYKTYpPHI (ITOATOTOBKA UCIIBITAHUN BUHTOBBIX CBall B

JIOTKE)

Pucynok 2.6 — O0umii Bua KOHTPOJIbHO-U3MEPUTEIHLHOTO 000PYA0BAHUS IS
IPOBEJCHUS CTATUYECKUX UCIIBITAHUN MOJIETIEN BUHTOBBIX JIBYXJIONACTHBIX CBAl B

Ja00PATOPHBIX YCIOBUAX

Takum o0pa3oM, pacCMOTpPEHHAas BBINIE METOJWKA IO3BOJIMJIA BBIMOJHUTH
Ja0opaToOpHble AKCIEPUMEHTAJIbHbIE HCCJIEJOBAHUS HECyled CIOCOOHOCTHU

BHUHTOBBIX JABYXJIOIIACTHBIX MOI[CJ'ICI;'I CBaMl B TJIMHUCTBIX I'pyHTax.
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2.2.2. Pe3yabTaThl 1a00paTOPHBIX IKCIIEPUMEHTAIbHBIX HCCIIeI0BAHUIM

Hecylueﬁ CIIOCOOHOCTH BUHTOBBIX ABYXJIOIMACTHBIX cBaM M X aHAJIU3

[To pe3ynbraTaM UCHBITAHUN OBLIM MOCTPOEHBI TPaPUKU «OCAJKA-HATPY3Ka»
JJIs. TPYHTOB TOJYTBEPAON M TEKYyYEIUIACTUYHOW KOHCUCTEHIIMU COOTBETCTBEHHO
(pucyHok 2.7).

N3 ananu3a rpa@uKoB UCHBITAHUNA YCTAHOBJIEHO, UTO HauOOJIbIIEH HeECcyllen
CIIOCOOHOCTRIO 00JIaIaI0T MOJENH BHHTOBBIX JBYXJOMACTHBIX CBall C HUKHEH
JIOTIACThIO, PACIIOJIOKEHHON Ha IUIMHAPUYECKON YacTu cTBoja (BapuaHt 3). Takas
3aKOHOMEPHOCTh HaOII0aeTCA Kak JJs TIWHUCTBIX TPYHTOB MOJYTBEPJBIX, TaK U
TeKydenjJacTUUHbIX. [Ipy STOM BBIABICHO, YTO HECyllas CIOCOOHOCTh MOJIENIH
BUHTOBOM JBYXJIONACTHOW CBaW, U3TOTOBJIECHHOM MO 3 BapuaHTy, mpuMepHO Ha 10 —
12 % Oonpllle MO CpaBHEHUIO C MOJEJbI0O CBaW, U3TOTOBJIEHHON MO BapuaHTy |
(pucyHnok 2.1). OTMedYeHHOE yBEJIMYEHHUE HECYIIeH CTOCOOHOCTH CBau MO BapUAHTY
3 CBSI3aHO C JYYUIMMU YCJIOBUSIMHU YIIJIOTHEHUSI TPYHTA B YPOBHE HHKHEH JIOMACTH
BUHTOBOM CBau IMpPHU BEPIINHE KOHYCA CTBOJA, paBHOM 60°. IIpu yrie konyca B 30°
YIJIOTHEHHOE SJApO HE 00pa3yeTcs, BCIEIACTBUE YEro MPOUCXOJAUT CHUKCHUE
Hecyllleil crnocoOHOCTHM CBaM, BBINOJHEHHOW 1o BapuaHty 1. HccnegoBanus
cunernuanuctoB [85, 104, 123] cBUAETENbCTBYIOT O TOM, YTO MPH BIABJIMBAHUU
KOHyca ¢ yrioMm npu BepiinmHe MeHee 30 % yIUIOTHEHHOE SIApO MPAKTUYECKH HE
oOpa3yercsi, a pa3pyllleHHE OCHOBAaHHS MPOMCXOAUT BCIEICTBHUE CIIBUTA YACTHII
IrpyHTa IPU OPOJABIMBAHUU.

HauMeHnblliee 3Haue€HHE HECyIIEH CIOCOOHOCTH BO BCEX OMNbBITaX OTMEUYEHO Y
MO/JIEJIM BUHTOBOW JIBYXJIOTIACTHOM CBAW C HU>KHEU JIOMACTHIO HA NAJIMHIAPUYECKON YaCTH
cTBOJIa 0€3 KOHyca — CTBOJI BAHTOBOM CBaM MOJIbIH (BapuaHT 2). Hecymiast cnocoOHOCTH
B TJIMHE TIOJIYTBEPJIOM KOHCHUCTEHIIMU TpUMEpPHO Ha 15 % MeHbllle 1Mo CpaBHEHUIO C
MOJIENIbI0, M3TOTOBJICHHOW MO BapuaHTy 3. HamOoubiiee CHMKEHHE (mo 20 %)
OTMEYEHO B IPYHTE TEKYyUETUIACTUYHON KOHCUCTEHIIUU MO CPABHEHHIO C MOJIEJBIO CBaU,

BBITIOJIHEHHOM 10 BapuaHTy 3.



53

0 1 2 3 4 5 b 7 8 9P, kH

30 \
\ ]
\

35 n! \ !

1 1
| ]
1 \
40 s '\\
=07 2 i
w=076 2 =09

45 TmEa T mama

50 TEK}"LIEHJ'IEC'H‘IT-H'IEH l'IDJ'I'w'TBE‘pﬂEH
c ¥
S, MM

Pucynok 2.7 — I'paduixu 3aBUCUMOCTH «HArpy3Ka - 0Ca/ika» B TIIMHUCTOM I'PyHTE
TEKYYEIUIaCTUYHOM U MOJyTBEPIOH KOHCUCTEHIIMHU, YCTAHOBJIEHHBIM M0 JaHHBIM
71a00paTOPHBIX UCIIBITAHUN: 1-BUHTOBAs IBYXJIONACTHAS CBas C HIXKHEH JIONACThIO Ha
KOHMYECKOM 4acTH cTBOJA (BapuaHT 1); 2- TO K€ C HUKHEHU JIONacThi0 Ha
UMJIMHAPUYECKON YacTH CTBOJIA O€3 KOHyca — CTBOJI CBau MOJIbIN (BapuaHT 2); 3- TO ke

C HIDKHEH JIOMACThIO HA IWIMHAPUYECKON YacTH CTBOJIA C KOHYCOM (BapHaHT 3)

[IpoBeneHHbIC UCCIEAOBAHUS B J1a0OPATOPHBIX YCIOBUSIX TMO3BOJIMINA BBHISBUTH
(PeKkTUBHOE KOHCTPYKTUBHOE PEIICHUE HIXKHEN YaCTU BUHTOBOM ABYXJIONACTHOU CBau
(BapwaHT 3 — ¢ HIDKHEH JIONACTHIO, PACIIONIOKEHHON HA NUIUHAPUYECKON YaCTH CTBOJIA
CBal C KOHyCOM). Pe3ynbTarbl 1a00OpaTOpPHBIX WCCIEAOBAaHUN pabOThl Mojenen
BUHTOBBIX JIBYXJIOIIACTHBIX CBail B TJIMHUCTBIX TPYHTAX JErNIM B OCHOBY IMOCTAaHOBKHU
HKCIEPUMEHTOB B MOJIEBBIX YCIOBUSIX.

HaOmromaemomMy B DJKCIEpUMEHTE SIBICHHIO PE3KOr0 CHIDKCHUS Hecylen
CIIOCOOHOCTH TIOJIBIX CBall (BapuaHT 2) B TJIMHUCTOM TPYHTE MOXHO JaTh CJIEIYIOIIEE
oObsicHeHue. B mporiecce BBUHUMBAHWS TMOJBIX CBall MPOUCXOIUT 0Opa3oBaHUE
«TPYHTOBOHM MPOOKW», 00beMa TPyHTa, MOCTYMHUBIIETO BHYTPh MOJIOCTH CTBOJIA CBawW.
N3mepeHHas BbICOTa «TPYHTOBOW MPOOKW» 110 Y MOCJI€ BBUHYMBAHUS CBa U3MEHUIIACH

Oonee yem Ha 7 % B rpyHTe noiayTBepaoi u Ha 14 % B TEKy4YEIIaCTUYHOM I'pyHTE. DTO
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MO3BOJISIET CHIENATh BBIBOJ O TOM, UYTO HACTYIUIEHHE NPEAEIBHOIO COCTOSIHHS CBaul B
TEKYYEIJIACTUYHOM M TOJYTBEPAOM TPYHTE MHPOU3OLLIO BCJIECACTBHE BbIJIABINBAHUA
rpyHTa B 1ojocTh cBau. I'orman A. JI. [14] mpu uccieaoBaHUU 30HBI YINIOTHEHUS
TPYHTOB OKOJIOCBAWHOTO MTPOCTPAHCTBA CJIEJIAI BBIBOJ, YTO IPHU NOTPYKEHUU TOIBIX
KPYIJIbIX CBall C OTKPBHITBIM HUKHUM KOHIIOM YacCTh IpyHTa IOIMAAAET B MOJOCTh CBaH,
ATO MPUBOAUT K CHUKEHHUIO 30HBI YIUIOTHEHHUS IO CPAaBHEHUIO CO CBACW CILJIOIIHOTO
CCUCHUS.

[IpoBeneHHbIC MCCIEAOBAaHUS B Ja0OPATOPHBIX YCIOBUSX ITO3BOJIMIN BBHISBUTH
3 PeKkTUBHOE KOHCTPYKTUBHOE PEIICHUE HIXKHEN YacTH BUHTOBOM JIBYXJIOIIACTHOM CBaU
(BapuaHT 3 - ¢ HW)KHEH JIONACTHIO, PACTIONOXEHHON HA IUJIMHIPUIECKON YacTH CTBOJIA
CBal C KOHycCOM). Pe3ynbrarel 71a00OpaTOpPHBIX MCCICAOBAaHUN pPabOThl Mojemei
BUHTOBBIX JBYXJONACTHBIX CBal B TIIMHUCTBIX TPYHTAaX JIETJIA B OCHOBY ITOCTAHOBKHU

9KCIICPUMEHTOB B MOJICBBIX yCI0BUAX [49].

2.3. IlosieBbIe IKCIIEPUMEHTAJILHbIE HCCIe0BAHUS Hecyllel ClIoCOOHOCTH

BHHTOBLIX ABYXJIOIIACTHBIX CBaH B IIMHUCTBIX I'PpyHTax

2.3.1. XapakTepHCTHKA I'PYHTOBBIX YCJOBHI ONBITHON MJI0OIIAAKH

DKCIepuMEHTAIbHASL TUIOIIAAKA Ui IPOBEICHHUS HCCISIOBAaHUM  HecyIei
CIIOCOOHOCTH BHHTOBBIX JIBYXJIONIACTHBIX CBAil B TIOJIEBBIX YCIIOBHX ObLJIa PaCIIONOKEHA
B 2.2 kM ot noc. Kpacnoe Ilone, CocHoBckoro paitona, YensiOunckoit ooactu.

I[To pganapiMv OO0 HND «HOxVYpanTUCH3», B TreoIOTHYECKOM CTPOCHUU
paccMaTpuBaeMoil miomanku g0 riryounsl 10,0 M mpuHUMAIOT y4acTHE MeE3030HCKUe
CTPYKTYPHBIC TJIMHUCTBHIC TPYHTHI (DJIFOBUI), KOTOPBIC SIBISIOTCS MPOIYKTOM (PH3UKO-
XUMHYECKOTO BBIBETPUBAHUS CKAJBHBIX MOPOJ] (rpaHHTa). Y CTAHOBHUBIIMICS YPOBEHB

TPYHTOBBIX BOJ B CKBa)KMHaX 3auKcUpoBaH Ha riayoune 4,0 m.
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WHxeHepHO-re0JOTHUECKH pa3pe3 Mo CKBaXKMHAM MPHUBEACH HA pUCYHKE 2.8.
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Pucynok 2.8 — MHxxeHepHo-reosornyeckuii paspes 1-1

Ha yuacTke mnpoBeAeHHS UCHBITAHUNA BUHTOBBIX CBall AKCIEPUMEHTAJIbHAS

IIomanaka uMeJia CICAYMEC NHKCHCPHO-ICOJIOTNICCKOC CTPOCHUC!

1. MMOYBEHHO-PACTUTEIbHBIN CJI0M MOIITHOCTRIO 110 0,4 M;
2. ragHa JmoBHanbHas (eEM;) — TemHO-Oyporo, cepo-Oyporo mBera, C
OC)KEBBIMH  BKJIFOUCHMSMU, MOJIyTBEPAOM  KOHCHUCTCHIIHH, HeHaOyxaromas,

HernpocagouHas. MomHocTh ciios coctapiisgeT 6omee 10,0 M.

B kadecTBe rpyHTa OCHOBAHUS TSI POBEACHUS HATYPHBIX UCITBITAHUI BUHTOBBIX
cBail ObuT TpWHAT DIMHUCTBIN TpyHT (MI'D - 2) monyTBepmoil KOHCUCTCHIIUH,
3aJIeTAIIMI OT YpPOBHsS mpupoaHoro penbeda mo rayounsl 10 M, u umeromuii
ko3 duImeHT BoJOHACHIIIeHUs (cTeneHb BiaaxHocTh) Sy >0,8. Takoe pemrerue ObLIO
MIPUHSTO IO CIEYIONUM COOOPaKCHHSIM:

- BO-TIEPBBIX, MPU CTENECHU BIAKHOCTH Sy >0,8 TIMHUCTBIA TPYHT HAXOAWUTCS B

COCTOAHUH, OJIU3KOM K IMMOJIHOMY BOJOHACBIIICHUIO; TPYHT B TAKOM COCTOSHHUUN 06ﬂa1[aeT
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MOBBIIICHHON C)KMMAaeMOCThIO M MEHBIIIEH MPOYHOCTHIO [72];

- BO-BTOpPBIX, B MPOIECCE OHKCIUIyaTallMM 3JaHUM WU COOPYKEHUN TPYHTHI
OCHOBAaHHUM MOTYT OBITH JOIOJHUTEIBLHO YBJIAXKHEHBI, MPHUBEIACT K YXYIIICHUIO HX
CBOMCTB.

DU3NKO-MEXaHUYECKUE XapaKTEPUCTUKH TJIIMHUCTOTO TpyHTa (HOpPMATHUBHBIC

3HAYCHUS ) IPUBEJICHBI B Ta0IHUIIE 2.2.

Tabmuma 2.2 — DU3MKO-MEXaHUUECKUE XapaKTePHUCTUKH TPYHTOB (110
narnabiM OO0 «MI'CIT» [60])
Nro-2
['muna
Ne IT'D
DIIIOBHAJIbHAS,
MOJTyTBEpIast
[110THOCTB TPYHTA p, T/CM° 1,94
I110THOCTD YaCTHI] TPYHTA ps, T/CM° 2,73
I110THOCTE CYXOro IpyHTa pd, T/cM® 1,58
EctecTBeHHAas BIaXHOCTE W, I.€11. 0,23
Yucno mmactuaHocTH lp, a.e. 0,26
[Toka3zaTenb TEKy4eCTH pacyeTHBIM CIIOcoOoM I 0,12
Koadduiment nopucroctu €, a.e. 0,731
Koaddunment BogonaceImenus Sy, 1.e1. 0,871
YTroa BHYTpEHHETO TPEHHUSI @, Tpal. 18
VnenbHoe ciemnenue ¢, Mlla 0,047
Monyab obmeii gepopmanuu E, MIla 14

XapakTepHOil 0COOEHHOCTBIO MIMHUCTBIX TPYHTOB Cpeanero u IOxHoro Ypana
SBJISIETCA TO, YTO JIaXK€ B COCTOSIHMU, OJIM3KOM K TTOJTHOMY BOJIOHACBHIIIEHUIO TJIMHUCTHIC
IPYHTHI B OOJIBIIIMHCTBE CIy4aeB UMEIOT TBEPAYIO KOHCUCTEHIINIO. /[[aHHOE ToJIoXKEeH e
MOATBEPAKAAETCS MPOBEACHHBIMU HCCIEIOBAHUSIMU, B XOJI€ KOTOPBIX YCTAHOBJIEHO, YTO
MJJACTUYHOE COCTOSIHUE JJIS JTAaHHBIX TPYHTOB, JaX€ MPHU MOJHOM BOJOHACHIIICHUU HE
xapaktepHo [72]. Kak ormeuaer IlIsery B.B. [72], maHHas 0COOCHHOCTH BbI3BaHa
HaJUYUEM OCTAaTOYHBIX CBsI3€d (CHAsHHOCTH) OT MATEPUHCKOM MOPOJbI, KOTOpPBIE
CO3/IAI0T KECTKUM ckeseT. HaauumeM CTPYKTYpPHBIX CBSI3€H M OOYCIIOBJIEHBI BBICOKHE
3HAQYCHUS TOPUCTOCTU DTUX TPYHTOB. BIaXHOCTh TaKUX TPYHTOB OIpeAeseTCs
COZEPKAHMUEM 3aIEMIICHHOW BOJIbI, HAXOIAILIEHCS B MOpaxX, a HE IJIEHOYHOM BOJIOW,
OKpY’KaIOUIMe MUHEPAJIbHBIE YACTUIIBI U MIPUIAIOIICH TPYHTY IUIACTUYHOE COCTOSIHUE.

Ananus IacropToB J'Ia60paTOpHI)IX U TOJIEBBIX HCIBLITAHUN BBITOJIHEHHBIX JJIA
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HamOoJiee XapakTepHBIX JUIsl Ypalla TIMHUCTBIX TPYHTOB TBEPIOM KOHCUCTEHIUH,
HAXOJAIIUXCS B COCTOSHHM TOJHOTO BOJIOHACHIIICHUS, T[OKa3aj, 4YTO 3HAYeHUs
pacyeTHBIX XapaKTEPUCTUK MPOYHOCTH M CHKUMAEMOCTH OJIM3KU IO 3HAYCHHSIM C
XapaKTEPUCTUKAMU BOJIOHACHIIIEHHBIX TJIMHUCTBIX TPYHTOB B IJIACTUYHOM COCTOSTHUU
[72]. D10 00CTOATENHLCTBO TO3BOJIIET PACIIPOCTPAHUTD PE3YJIBTATHI UCCIICOBAHHUIA Ha

IIaCTUYHBIC ITIMHUCTBIC T'PYHTHI.

2.3.2. MeTtoauka npoBeeHUs MOJIEBbIX IKCIIEPUMEHTAJIBLHBIX HCCJIeI0BAHUI

DKCIEpUMEHTAIbHBIE HCCIEIOBAHUS B TOJIEBBIX YCIOBUSIX BKJIIOYAIu B ceOs
OIICHKY pa0O0Thl HATYPHBIX BUHTOBBIX METAINTMYECKUX CBail. BaxKHBIM 3TaroM npu 3ToM
ObUTM WX WCHBITAHUS BEPTUKAIBHOM CTATMYECKOW BABIMBAIOIICH HArpy3KOH
(cratnueckue WUCHbITaHUS cBai). B sKcnepuMeHTax MCHOJb30BAINCH BUHTOBBIE
MeTaJUIM4ecKue cBau JyiuHoM 2,0 M ¢ auameTpom ctBosia 0,108 M u quameTpom JionacTtei
0,3 M (pucynok 2.9). HuwxkHss jjonacte y 00eUX KOHCTPYKIMK CBaid (OJHOJIONMACTHOW H
JIBYXJIOTIACTHOM) yCTpauBajMCh HAa HUXKHEM KOHIIE HWJIMHAPUYECKOM 4YacTW CTBOJA, a
BEpPXHSSA JIONMACTh (IUIsl ABYXJIOMACTHOW cBam) Ha pacctosanu L= 2,0-D oT HmwxkHeH
nonactu (D -auametp nonactw).

HaTtypHble ABYXJIONACTHBIX M OJHOJIOMACTHbIE BHUHTOBBIX CBaW JJs
HKCIEPUMEHTAIbHBIX UCCIEOBAHNUM OBUIM U3TrOTOBIIEHBI U3 cTanu C245. Cau Obun
M3TOTOBJIEHBI Ha 3aBOJI€ METAUIOKOHCTPYKIIMI, BCE TEXHOJOTHMYECKHUE OIEpalni,
BKJIIOUAs CBapKy, IPOU3BOJUIUCH B COOTBETCTBUU C ONEPAIMOHHON KapTOH.

Metoauka npoBeICHUS UCTIHITAHUN HATYPHBIX BUHTOBBIX CBall IpeaycMaTpuBaia
JIBE CEpHUM JKCIIEPUMEHTOB. B TmepBOM cepuM SKCIEPUMEHTAIBHBIX HCCICIOBAHUN
BBISICHSJICSL BOIIPOC O PallMOHAIBHOM paccTosiHuu L mexay nmonactsmu. Bropas cepus
HKCIIEPUMEHTOB ObLTa TIOCBSIIICHA OI[EHKE HECYIEH CIIOCOOHOCTH HATYPHBIX BUHTOBBIX
JIBYXJIOITACTHBIX CBall 1O CPaBHEHHUIO C BUHTOBBIMU CBasIMH, UMEIOIIUMHU OJIHY JIOTIACTh.

HatypHble MeTayuiMuecKkMe BHHTOBBIE CBau B OOCHMX CEpHUSAX DKCIIEPUMEHTOB
MOTPY>KAJMCh B TPYHT BBHHYMBAHWEM Ha OJMHAKOBYIO TUIyOWMHY, paBHYIO 1,9 M OT
MTOBEPXHOCTH 3€MJIMU. /{7151 3TOr0 HCMOB30BaCs HABECHOW THAPOBPALIATENb, COCTOSAIINAN

U3 TUAPOMOTOPA C IUTAHETAPHBIM PEAYKTOPOM, KOTOPBIA KPEMUJICSA HA TEJIECKOIMMYECKON
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crpene ycranoBku Isuzu Forward (pucynok 2.10). Ilpu ycTpoiicTBe BUHTOBBIX CBaii
KOHTPOJIMPOBAJIACH BEPTUKATBLHOCTD MX MOJOXKEHHSI, @ TAK)KE YCIOBUE MOTPY>KEHUS CBail
3a 0AMH 00OpPOT CTBOJIA BBUHUMBAHUEM, IIpU KOTOPOM ee nepemenienne U coctapisiio
U= (0,8-1,0)-a, rae a—1mar BUHTA JIOMACTH

a) e 6) P

2000
2000

a=80
\

L=640

Pucynok 2.9 — CxeMbl KOHCTPYKIIMM HATYPHBIX BUHTOBBIX METAINIMYECKUX CBaM,

HCIIOJBb3YCMBbIX B OKCIICPUMCHTAX. 4, O — COOTBETCTBECHHO OJHOJIOIIaCTHAsA U

ABYXJIOIIACTHAA CBaU

N . 3

Pucynox 2.10 — OOmuii BU1 BBHHUMBAHKUS HATYPHOW BUHTOBOM JIBYXJIONIACTHOM CBaM C
MTOMOILIBIO HABECHOTO THIPOBPAILATENS], YCTPOCHHOIO Ha TEJIECKONUYECKOM CTpese

ycranoBku Isuzu Forward
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BuHTOBBIE CBau MMEIM MOHTaXHbIE OTBEPCTHS 3aBOACKOIO M3TOTOBJICHUS, ITPU
MOMOIIM KOTOPBIX Yepe3 MEePEXOIHUK OCYIIECTBIISIICS MPOILIECC UX YCTaHOBKHU. PaboThI
M0 YCTPOUCTBY CBail BKJIIOYAIH B ce0sl CIEAYIOIINE dTaIbI:

- (ukcanus cBamn yepes MepexoJHUK Ha PEAYKTOPE;

- MOHTaXX CBau € MOMOUIBIO CTPEJIbI HA TPOEKTHOE MECTO;

- BBUHYMBAHUE CBaM Ha MPOCKTHYIO TTTyOUHY.

[Tocne ycTpoiicTBa BUHTOBBIX CBail BBIACIISUIOCH BpEMs 10 Hadajia IPOBEICHUS
UCIIBITAaHUH («OTABIX» CBai), MPOJOJKUTEIHHOCTh KOTOPOTO cocTaBisuia 7 —10 cyTok B
coorBeTcTBHM ¢ ['OCT 5686—2012. [Ins nmpoBeAeHUs UCTIBITAHUM HATYPHBIX BUHTOBBIX
CBall MCHOJb30BAJIOCh IPHUCIOCOOTIEHHE, B KOTOPOM YIOPOM Ui THUAPABINYECKOTO
JIOMKpaTa CIyXWIa paclpelenuTenbHas Oanka CHenuaibHOM  KOHCTPYKIIHH,
3aKpeIUICHHAas Ha AaHKEpHbIX CBasx. Harpy3ka Ha BHUHTOBBIE CBaW I€peaaBajach
HEHTPAIBHO U COOCHO; UX HArpy>XeHUE OCYIIECTBISIOCH CTYNEeHIMH, paBHBIMH 1/10 oT
OKHMJIAEMOUN TpEeAEeNbHON Harpy3ku. BepTHUKaidbHbIE MEPEMEIICHUS BUHTOBBIX CBai
3amepsin iporudoomepamu H. H. MakcumoBa (tun 6-ITAO (IIM)-0,1) (3aBoackue
HoMmepa Ne 491, 434, ceunerensctBo 0 moBepke Ne 3/3821 u Ne3/1718) ¢ ieHoM neneHus
0,1 MmM. Ha kaxx0#1 cTyneHu Harpy3Ku CHUMAJIA OTCYETHI C IPOTHOOMEPOB B CJICTYIOIIEH
MOCJIEIOBATEIbHOCTU: HYJEBOM OTCYET - Mepei Harpy>KeHUEM CBaW, MEPBBIA OTCYET -
cpa3y nociie NPUII0KEHUs Harpy3KH, 3aTeM MOCIEA0BATEILHO TPU OTCUETA C HHTEPBAJIOM
30 MUH U Janee 4epe3 KaxkIbld Yac 10 YCJIOBHOW crabwimzanuu aedopmaruu. 3a
KpUTEpHUIl YCIOBHOW cTabmiM3anuu aedopmanuii, OpUHITO NPHUPAILEHUE OCAIKH HE
oosee 0.1 MM 3a 1 vyac HaOromeHUI [49].

Pentepnas cucrema Jiiid U3MEpEeHUs NEPEMENICHU BUHTOBBIX CBAW BBIIOJIHSIACH
U3 CTabHBIX YroakoB 50x5. CTOMKM pENepHOM CHUCTEMBl YCTAHABIMBAINCH Ha
paccTosHMM HE MeHee 1,5 M OT Harpyxaemol BHHTOBOW cBau. [Ipu mnpoBeneHunu
UCIIBITAHUI HATypHBIX BHUHTOBBIX CBail 3a YCJOBHYIO CTaOWMJIM3alMIO MPUHUMAIach
CKOpPOCTh UX OCaJKu (TepemMelneHus) B TpyHTe, He Oosiee 0,1 MM 3a mocienHuil yac
HaOmoaeHuil. [IporpaMMoii ucnbITaHuii ObUIO MPEAYCMOTPEHO JOBOAMUTH HATPY3Ky B

Ka)KJIOM OTIBITE /IO BEJIMYMHBI, BBI3BIBAIOIIEH OCaaKy cBail S He MeHee 30 MM, JIn0Oo 10 X
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cpeiBa. 3HaueHue ocaaku S = 30 MM Obuto ycraHomieHo mo dopmyne (7.17) CII
24.13330.2011 — Cgaiinble (QyHIAAMEHTHI, KaK JJis OBICTPOBO3BOJMUMBIX 3JaHUN C
TIOJIHBIM CTaJbHBIM KapkacoM. Ha pucynke 2.11 mpuBeneH OOIMIMI BUJ MPOBCIACHHS

CTaTUYECKUX HUCIbITAHUN BﬂaBHHBaIOIHGﬁ Hany3KOﬁ.

Pucynoxk 2.11 — OOmuii BUJl CTATUYECKUX UCTIBITAHUN TPYHTOB BUHTOBBIMH CBasIMU

B nepBoi1 cepun 3KCIEpUMEHTAIIBHBIX UCCIEAOBAHUM, TAE€ BBISICHSIICS BOIPOC O
BIUSHANA PACCTOSIHUS L MEXIy JomacTsIMH BHUHTOBBIX JBYXJIONMACTHBIX CBall Ha WX
HECYIIYI0 COCOOHOCTh Fy , MCMONB30BATUCH CBaW, UMEIOLIUE PA3IMYHbIE 3HAYCHUS
napamerpa L/D: 1,5, 2,0, 2,5 u 3,0 (L, D — cooTBEeTCTBEHHO, PACCTOSHUEC MEKIY
JIOTIACTSIMU M UX auameTp) (pucyHok 2.12). VcmbiTanus KaXka0i KOHCTPYKIMU CBail (c
pa3IMYHBIM PACCTOSIHUEM L MEXIy JIOMacTsAMH, a TaKKe C OJJHOM JIOMAacThiO U JIByMS
JIOTIACTSIMU) TIPOBOJIMITUCH C ABYX-TPEXKPATHON MOBTOPHOCTHIO.

JInst 3KCHepUMEHTANbHOTO HCCIEIOBAaHUSI HECYIIEeW CIOCOOHOCTH BHUHTOBBIX
OJTHOJIOTIACTHBIX CBal 10 OOKOBOI MOBEPXHOCTH CTBOJIAa ObLTa pa3padoTaHa KOHCTPYKITUS
TEH30METPUYECKON BHHTOBOM CBau (TE€H30CBAaM) C MOCIEAYIOIIMM IPOBEACHUEM €€
CTaTHUYECKUX HCIbITaHWi B riamHUcTOM TpyHTe [31]. TeHnszocmas mpexacraBisiia coOoit
BUHTOBYIO OJHOJIONACTHYIO CBal0 UIMHOW 2,5 M ¢ AMaMEeTpaMH CTBOJIA W JIONACTH

0,108 m u 0,3 M COOTBETCTBEHHO.
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Pucynok 2.12 — KoHCTpyKIIMH HaTYypHBIX BUHTOBBIX JIBYXJIOMACTHBIX CBal C
pasnuuHbIM maroM L mexny monactsmu: 1 -1,5D;2-2,0D;3-25D;4-3,0D, rae

D - anametp nonactu

Jlns npeoOpa3oBaHusl MEXaHUYECKUX Jedopmaluii CTBOJIa CBaM B AJIEKTPUUECKUN
CUTHal wucnonb3oBaiuchk  TeHzopesucrtopbl Mapku [1IKB-10-100XA, xotopbie
HAaKJICMBAJIMCh Ha HAPYKHYIO OBEPXHOCTh CTBOJIA TEH30CBaW. /(11 CHM>KEHUST yPOBHS
NOTPENIHOCTA W3MEPEHMM, IOBBIIIEHUS] YYBCTBUTEIBHOCTH W3MEPHUTEIIBHOM CXEMBI,
YMEHbILICHUSI BIUSHUS TEMIIEpaTypHOW MOTPEIIHOCTH M KOMIEHCALMU AepopMaiiu
n3ruda Mpu perucTpaluu yCUIni, BO3HUKAIOIIUX NP paboTe METAITMYECKOM BUHTOBOM
CBaW Ha BJIaBJIMBAIOIINE HArPYy3KH, TEH30PE3UCTOPHI MOJIKIIOYAIUCH K U3MEPUTEILHON
CHUCTEME MO CXeM€ IIOJHOTO MocTa. M3MepuTenbHbIi MOCT MpPEACTaBIsSeT COOOM

DIIEKTPUYECKYIO CXEMY, COCTOSIIYI) W3 YEThIPEeX TEH30PE3UCTOPOB, CHUMMETPHUYHO
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PACIIOJIOKEHHBIX OTHOCUTEIBLHO OCH MOMEPEYHOr0 CEYEHHUsI CTBOJIa BUHTOBOM CBaM.
Bcero 6wpuio cmontHpoBaHo mATH TeH30MOCTOB (M-I — M-V) ¢ marom 0,5 M,
00ecCIeynBaIINX U3MEPEHUE B/IaBIIMBAIOIINX YCUIIUH B MSTU MOMEPEYHBIX CEYEHUSX T10
JUTMHE CTBOJIA TeH30cBau. CxeMa KOHCTPYKTHUBHOIO PEIICHUS U OOIIMI BUJ TEH30CBau
n300pakeHbl Ha puUcyHKax 2.13 u 2.14.

CtBON MMen YriIyOJeHHs TMOJ] TEH30PE3UCTOPhI, KOTOpbIE ObUIM H30JMPOBAHBI
COCTABOM Ha OCHOBE OJIOKCUIAHOM cMoOibl. [l 3amuThl TEH30PE3UCTOPOB  OT
MEXaHUYECKUX TMOBPEXKICHUN B Tpollecce BBUHYMBAHUS TEH30CBAM HX 3aKpbIBAJU
METaJUTMYECKUMH TUTACTHHAMH, KOTOpBhIE KPENWIM K METaUTMYeCKOMY CTBOJY CBau

BHUHTAaMHM.

1-1
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Pucynok 2.13 — Cxema KOHCTPYKTUBHOI'O PELICHUSI BUHTOBOM
TEH30MEeTpUYecKoi cBau: M-l — TeH30MOCT, COCTOSIIUN U3 4-X TEH30PE3UCTOPOB,
PAacCMoJIOKEHHBIN B BEpXHEM CEYEHUU CTBOJA; M-V — TO ke, pacrooKEeHHbIN B HXKHEM

CCUCHHNH CTBOJIa TCH30CBau
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i

Pucynox 2.14 — OOwmuii BHA BUHTOBOM TEH30CBau C LHU(PPOBBIM
TEH30METPUYECKUM U3MEPUTEIIEM
[IpoBoJ1a OT TEH30PE3UCTOPOB MPOXOAWIIM YEPE3 CIEHHUAIBHO BBIIIOJHEHHBIE B

CTBOJIC OTBEPCTHSI U Pa3MEIIAUCH C €r0 BHYTPEHHEH CTOPOHBI (pUCyHOK 2.15).

Pucynok 2.15 — YeTpolicTBO TEH30pE3UCTOPOB Ha CTBOJIE TEH30CBaU: |- TEH30pE3UCTOP
ITKB-10-100XA, 2- 3anOKCHUIHBIN COCTaB, 3- IPOBO/Ia, BRIBEACHHBIC Yepe3 CTBOJ CBaH,

4-3aIUTHBINA KOXKYX

Jns  Oonee  JOCTOBEPHOM  OLEHKM  PE3YJNbTAaTOB  IKCIEPUMEHTAIBHBIX
UCCIIEIOBAaHUM IO OLIEHKE HEeCyIlled CHOCOOHOCTH MO OOKOBOM MOBEPXHOCTH CTBOJA,
aBTOpoM OblIa MpOBEJEHA I'palyrupoBKa (TapupoBKka) TeH3ocBau. C 3ToOM Lenbpio Obuia
coOpaHa M3MEpHUTEIbHAs CXeMa, COOTBETCTBYIOLIAs YCIOBUSM HArpy>KeHHUs BUHTOBBIX
CBail B HaTypHBIX YCIOBHUSIX M 3aKIOYalach B 00’KaTUM CTBOJIa CBaW BJIaBIMBAIOLICH
Harpy3Kkoi, KoTopas NpHKIaJblBaiack cTyneHsamMu. [IpoaonasHblil nporud cTBOJIAa CBau

KOMITCHCUPOBAJICS paOOTON TEH30pE3UCTOPOB MO CXeMe MOJTHOro MocTta. [ledopmarnmto
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KKIOTO0 M3 TMATH TEH30MOCTOB PETUCTPUPOBAIN LU(PPOBBIM TEH3OMETPUUECKUM
m3meputeneM [[TH-1 na xaxaoill cryneHu. MakcumanbHasi Harpy3ka B Mpoliecce
IpaJyMpoOBKM TeH30cBau He mpeBblmana 75 kH, urto obecneuuBasio paboty
TE€H30PE3UCTOPOB B YIIPYroi 00J1acTH.

BunTOBast TeH30CBasi MOTpy’Kajach B IPYHT BBUHYMBAHUEM Ha IIyOMHY, PaBHYIO
2,4 M OT mOBEpXHOCTH 3eMiu. IIpu ycTpoiicTBE BHHTOBOMl TEH30METPUUYECKOW CBaH
KOHTPOJIMPOBAJIACh BEPTUKAIBHOCTD €€ MOJIOKEHHUSI.

[locne ycTpoiicTBa BUHTOBOM TEH30METPUUYECKOM CBaW BBIACISUIOCH BPEMS 10
Hayaja MpPOBEACHUS HCIBITAaHUN («OTABIX» CBail), MPOJOJKUTEIBHOCTh KOTOPOTO
cocraBmsuia 10 cyrok B coorBercTBUU c TpeboBanusmMu ['OCT 5686-2012-1'pyHTEHI
MeTonbl OJIEBBIX UCTIBITAHUN cBassMU. [IporpaMMoit uctbITaHui ObUIO IPETYCMOTPEHO
JIOBOJIUTh HArpy3Ky B Ka)KJOM ONBITE€ JO «CPbIBa» CBaH, KOTOPBIA XapaKTepU30BaJCs
OBICTPBIM POCTOM OCaJIKH, HE 3aTyxarouie Bo BpeMeHu. McnpiTanust paccMaTpuBaeMoi
KOHCTPYKIIMM BUHTOBOM TEH30METPUYECKOM CBaW IIPOBOJMIMCH C TPEXKPATHOM
MMOBTOPHOCTHIO. B 3KCIEpUMEHTax ¢ BUHTOBOW TEH30METPUUYECKOM CBAcH 3a HECYIIYIO
CHOCOOHOCTh (YaCTHOE 3HAYEHHE IMPEeAeIbHOr0 CONpPOTHBIECHUA) F¢ mpuHHMAanach
Harpy3ka, TNpeAlIeCTBYIOLIas €€ CpbIBY, KOTOPBI XapaKTepus3oBajics OOBIYHO

WHTCHCUBHBIM POCTOM OCAJIKH S, HE 3aTyXaloIlei BO BpEMEHHU.

2.3.3. Pe3yabTarhl B3auMO/1eiicTBUSI BAHTOBOI IBYXJI0NACTHOI CBau NMpPH ee

BBUHYMBAHMH C INIMHUCTBIM I'PYHTOM OCHOBAaHMUA

OIHUM U3 MPEUMYILNECTB MPUMEHEHHSI BUHTOBBIX CBall SBJSCTCS MUHUMAIIbHOC
HapyIlIeHHEe CTPYKTYpbl TpyHTa mpH uX ycrporictBe. OmHAKO, WCCICIOBAHMS
BhInosiHeHHbIE Lutenegger A.J., Vyazmenky, A.M. u np. [100, 101, 124] noka3siBator,
YTO BUHTOBBIC CBaW OKA3bIBAIOT HEKOTOPOE BIUSHKUE HAa TPYHT. Ha OCHOBE IpOBEICHHBIX
UCTIBITAHUH IO OIIEHKE TIOKa3aTesIsl HeIPSHUPOBAHHOW MTPOYHOCTHU IpyHTAa (Cy) 10 U MOCTIE
BBUHYHMBAHHUS CBall YCTAHOBJICHO HEKOTOPOE €ro CHIDKEHHUE. BBIJIO BBISABICHO, 4YTO
CHW)KCHUE HEJPCHUPOBAHHOW MPOYHOCTH 3aBUCHT OT KOHCHCTEHIIMH TJIMHHCTOTO

I'PyHTA, 4 TAKXKC OT Ka4C€CTBa YCTAHOBKH cBaii. HauOompmiee cHmKeHHE IMPpOYHOCTH
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OTMEUEHO /IS CJa0bIX TIIMHUCTBIX TPYHTOB.

N3yyenue nporieccoB pazBUTHs AeGopMaliuii TNIMHUCTBIX TPYHTOB, OKPYKAIOIIHUX
HATypHbIE BUHTOBBIE CBaH, IO3BOJIAT yUECTh IapaMETPhl, XapaKTePU3YIOIIHE YCIOBUS UX
COBMECTHOM pabOThI C OCHOBaHMEM. B 4acTHOCTH, 3TO TO3BOIUT MOACIUPOBATH MPOIIECC
YCTaHOBKU BUHTOBOW CBaW B TNIMHUCTBIM IPYHT YU4€TOM 3a/IaHHBIX MapaMeTPOB MOJIEIIH.
J171s1 5TOTO OBLIO BBHIITOJIHEHO UCCIIeI0BaHNE (DU3UUYECKUX XaPAKTEPUCTUK IPYHTA BOKPYT
HATypHOM BHMHTOBOM CBaW. OKCIEPUMEHTANbHbIE WCCIENOBAHUS MPOBOIWINCH B
CJIeIyIoUIeH OCIeI0BATENbHOCTH:

1. BBUHYMBAJACh HATYpHAsi BUHTOBAs ABYXJIOMACTHAS CBasi /10 3aJJaHHON OTMETKU;

2. Moclie «OTJIbIXa» BUHTOBOM CBau MPOU3BOJIUIIOCH €€ OTKOIKA Ha BCIO IITyOUHY
U HIKE OTMETKH HIDKHeW jomactd Ha 1,0 M. B ropu3oHTaJIbHOM HampaBJiIeHUU CBas
OTKamnbIBajach Ha BenuuHy 0,8 M OT €€ ocu B 00€ CTOPOHBI;

3. oTOupanuch MpoObl TPyHTA IMOJ HIKHEW JIOMAcThbl0 M HA YYaCTKE MEXIY
JIOTIACTSIMU COTJIACHO TTOJATOTOBIIEHHOMN CXEMBI.

HarypHple MeTainmuyeckue CBaW MOTPYXKAIUCh B  TJIMHUCTBIA  TPYHT
BBUHYMBAHUEM Ha riayOuHy 1,9 M oT moBepxHOCTH 3emiid. [[1s1 TOr0 MCHOIb30BAICS
HABECHOMW TUAPOBpAIIATEIb, COCTOSIINA U3 TUAPOMOTOPA C IJITAHETAPHBIM PEYKTOPOM,
KOTOPBIA KpEeNWJICd Ha TENECKOMUYEeCKOl cTpene OypoBOoil ycTaHOBKM. Meroauka
MOTPY>KCHHsI CBAall M XapaKTEPUCTHUKA TPYHTOBBIX YCJIOBHH CTPOUTEIHLHOM TUTOIIAJKH
omnucaHa B maparpade 2.3.2.

OO6pasiibl ¥ MpoObI TITMHUCTOTO TPYHTA AJIsL OTPEICIICHHUS €ro IOTHOCTH, APYTUX
(bU3UYECKUX XapaKTEPUCTHK OTOMPAIMCHh HAa PA3IMYHOM PACCTOSHUU OT OCH BHHTOBOM
cBau. Jlns onpezeneHus MIOTHOCTH TPYHTA UCIOIB30BAJICS METOJ PEKYIIETO KOJblla.
[Ipo6ooTOOpHUKHU MMeENU auaMeTp 69 MM, BBICOTY 53 MM M TOJIIIUHY CTEHKH 2 MM.
BraxHOCTh TpyHTa onpenessiach METOIOM BBICYITUBAHHUS JIO TIOCTOSTHHOM MacChl B T€X
K€ TOYKax, YTO M IUIOTHOCTh, B JIAOOPATOPHBIX yCIOBHsX. JlJIS OICHKH
ne(hOpMUPYEMOCTH MIMHKCTOTO TPYHTA BOKPYT CTBOJIA BHHTOBOM CBaM B SKCIIEPHMEHTAX
Ha OMBITHOW IIOMIAJKE MCIOJB30BajICs MHUKporeHeTpoMerpomM MB-2 (pucyHok 2.16),

KOTOPbIN OBbUT OTrpayMpOBaH Jisi pacCMaTpUBAaEeMbIX I'PYHTOBBIX ycioBHM. I'panuna
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nehopMUPYEMO 30HBI OTIPEACIISIIACH MO0 COBMAICHNIO 3HAYCHHI TUIOTHOCTH TPYHTA C €€
NPUPOAHBIM 3HauYeHUEM. VI3MeHeHHE IUIOTHOCTH B OKOJIOCBAHHOM MacCHUBE TpyHTa
npejcTaBieHo Ha pucyHke 2.17. Ilo pesyiabraram HCCIIEIOBaHHI  BBISBJICHO
HE3HAUUTEIbHOE YIUIOTHEHHE TJIMHUCTOIO TPYyHTa BJOJIb CTBOJIA BUHTOBOM CBauW Ha
paccrosiune He Oonee 0,5 d (d — mumamerp cTBONa cBaW). 3HAYEHHUE TUIOTHOCTH
YIUIOTHEHHOTO TJIMHUCTOTO TPYHTa BOKPYT CTBOJIa BUHTOBOM cBau coctasisiet p= 2,00 —
2,05 r/cM®, a 3HaYeHME IUIOTHOCTH JUIS TPYHTA IIPUPOAHOTO CIOKeHHs paBHO p=1,90 —
1,95 r/em®.

Pesynbratht UCCIIeI0BAHUM MJIOTHOCTH TJIMHUCTOTO rpyHTa
MUKpPOIIEHETPOMETPOM Ha y4aCTKE MEKTy JIOMACTSIMU BUHTOBOW CBau MOKa3aJi, 4TO dTa
XapaKTEPUCTUKU MPAKTUYECKH HE OTIUYAIOTCS OT XapPaKTePUCTUK TUIOTHOCTH JIJIst
JIMHUCTOTO TPYHTA MPUPOTHOTO CIIOXKeHus. B o01acTu mo HUKHEH JI0MacThio CBau HE
HaOJIIoaeTCs YIUIOTHEHUS TPYHTAa M HAPYIICHHE CTPYKTYPHBIX CBs3€il. DTO CBSI3aHO C
TE€M, 4YTO B MPOIECCE MOTPYKEHHE K CBae MPUKIAIBIBACTCS KPYTSAIIMHA MOMEHT, a
BEJTMYMHA BAABIMBAIOIIETO YCHINS HE3HAUUTENbHA.

Hekortopsiii pa3bpoc 3HaYeHUW IJIOTHOCTH MOXKHO OOBSACHUTH HM3BECTHOU

HCOAHOPOAHOCTBIO INNTMHUCTBIX TPYHTOB JJISA TeppI/ITOpI/Iﬁ IOxHoro Ypaﬂa

Pucynox 2.16 — MccnenoBanue 0KoJIOCBAaHOTO MacCHMBa IPyHTa BOKPYT CTBOJIA

BUHTOBOM CBau MUKporeHerpomerpom MB-2
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2.3.4. Pe3yabTaThbl HCC/I€I0BAHUI PAIINOHATIBHOIO PACCTOAHUS MEXKIY

JomactiMu, yCrpanBaceMbIMH Ha CTBOJIE BHHTOBOM CBau

W3 ananuza wucciepoBaHWii pabOThl MHOTOJIONACTHBIX BHUHTOBBIX aHKEPOB,
BBITIOJTHCHHBIX 3apyOexkHbpIMU crienuainuctamu [89, 103, 106, 109, 117] caemyer, uto
paccTosiHue MEXKAY JIOMACTAMH SIBJISETCS Ba)XHBIM MapaMeTpoM, XapaKTEepU3YIOIIUM
paboty cBaii (aHKEpOB) IMpHU JCHCTBUU BHEMIHEW Harpy3ku. (OCOOEHHO aKTyalbHBIM
ABJISIETCS BOIPOC O HA3HAYEHUHN PACCTOSHUS MEXKY JIONIACTSMU JUJIS CBau, JJIMHOU 2,0 —
3,0 M, kak HanboJiee YacTo MPUMEHSIEMbIE JJIsl MaJOHATPY>KEHHBIX OBICTPOBO3BOIMMBIX
3IaHUM.

PanioHaIbHBIM 111aroM JIOMACTEH SIBISETCS TOT, IPU KOTOPOM OOECIIEYMBACTCS
HauOoJIbIIIee BKIIFOUEHHUE JIoNacTel B paboTy U 00ecreurnBaeT MaKCUMaIbHYI0 HECYIITYIO
CIIOCOOHOCTh B TJIMHUCTBIX TpyHTaX. Eciu paccTosiHre MEXy JOMacTsIMU JOCTATOYHO
0OJIBIIIOE, PTO MPUBEAET K YBEJIMYCHUIO JIJIMHBI CBaW, 4YTOOBI M30€XKaTh YCTPOWCTBA
JIOTIACTH B CJI0€ CE30HHOTO TPOMEP3aHUsl, HAIPOTUB, P MEHBIIIEM HHTEPBAJIE, JIONACTh
oyner paboratb HEI(PGHEKTUBHO, T.K. BO3MOXKHO BO3HMKHOBEHHE «B3aMMOBIIUSHUS
JIOTIACTEM.

Pe3ynbTraThl ucnbITaHUM (TIepBasi cepus AKCIEPUMEHTOB) MOKa3aid, 4TO TPHU
paccrossunn L mexay nomactamu 2,0-2,5-D oGecrieunBaeTcs HanOobInas HeCyImas
CIIOCOOHOCTh BHMHTOBBIX JIBYXJIOMACTHBIX cBail Fy¢ mo rpynry. Ilocne orkambiBaHus
BUHTOBBIX JBYXJIOMACTHBIX CBall M HMX U3BJICYEHUS OBLUIO BBISIBJIEHO, YTO TPYHT,
3aKJTIOYCHHBIA MEXIy JIOMACTSAMHU, MPHOOpeTaeT (OopMy «TPYHTOBOTO HMIUHAPA» U
HAauyWHAeT paboTaTh KakK E€IWHBINA IEIBHBIM SJIEMEHT COBMECTHO CO CTBOJIOM CBaif,
B3aUMOJICHCTBYS C OKPYXKAIOIIUM rPyHTOM (prCyHOK 2.18). OmbIThl CBUICTEIBCTBYIOT,
YTO HanboJee KaueCTBEHHO «TPYHTOBBIA IMIIMHIIPY (GOPMUPYETCS JUIsl CBAl, UMEIOIIINX
paccrosaue Mmexnay Jonactasmu L = 2,0-2,5 D. Hanuuue «rpyHTOBOTO IMJIMHAPA»
MPUBOJNUT K YBEITUYCHUIO TUIONIAIA OOKOBOM MOBEPXHOCTH BHHTOBOW JBYXJIOMACTHOMN
CBaW Ha y4aCTKE MEXy JIOMACTSMHU ¥ TIOBBIIIEHUIO €€ HECYIEH CIIOCOOHOCTH B IIEJIOM.
[Ipn yBenmuenun paccrossHus L mexay jomactsamu Oonee 2,5-D meHsiercst xapakrep

paboThl BUHTOBOM JIBYXJIOIACTHOM CBaW. JTO MPOSIBISAETCS B TOM, YTO 00€ JIOMACTH
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BUHTOBOU JBYXJIOMIACTHOW CBaW HAYMHAIOT pab0TAaTh HE3aBUCUMO APYT OT Apyra. [ pyHT
Ha yYacTKe MEXAY JIOMACTSIMH B ITOM Clly4ae yxe He (opMupyercs B «TPYHTOBBII
IIWIMHIP» ¥ HEe paboTaeT KaK eIUHBIN eTbHBIA AJIEMEHT COBMECTHO CO CTBOJIOM CBaH.

[Io pesynapTaTaM OSKCHEPUMEHTAIBHBIX  HCCICAOBaHWN  (TepBas  cepus
HKCIIEPUMEHTOB) OB ~ MOCTPOEH  Tpaduk, XapakTepU3YIOUUHA  3aBUCHUMOCTH
reoMeTpuyeckoro mapamerpa L/D u HecyIe# criocOOHOCTH BUHTOBBIX JBYXJIOIACTHBIX
cBaii Fq. [Ipu 3TOM 3KCHEpUMEHTAIBHO OBUIO BBISBJICHO, YTO HAWOOJIbINAS HECyIas
cnocobHocTh Fg, paBhas Fy = 63-64 xH coorBerctByeT mapamerpy L/D = 2,0-2,5
(pucynok 2.19). Takum oOpa3om, ObLIO MOATBEpKACHO, uTo mmar L (paccrosHue L)
MEXy JIOMACTSAMH SIBJISICTCSI OJHUM K3 OCHOBHBIX T€OMETPHUCCKHX IapamMeTpoOB,

KOTOpBIﬁ XapaKTCPpU3ycCT pa60Ty BHHTOBBLIX IBYXJIOIIACTHBIX CBall B IJIMHUCTBIX T PYHTaxX

[51].

Pucynok 2.18 — O6pa3oBaHue rpyHTOBOTO LIMJIMHAPA B TIIMHUCTOM T'PYHTE Ui CBaU C

paccrogHueM L= 25D, rae D - JIMAMETP JIOMAaCTh BUHTOBOM CBau, M

CHmkeHue HecyIiel cnocoOHOCTH MPU MHTEpBaJie, 6oJiee 2.5 TUaMeTPOB CBSA3AHO

C TeM, UTO «UMJIMHJpP)» TPyHTA TEPSET )KECTKOCTh U yTPAuUBaeT BO3MOKHOCTh pabOTaTh
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COBMECTHO. BBHIy TOT0, 4TO BEpXHsIS JIONACTh MMEET HE3HAUWTEBHO 3ariyOJicHHE
(Menee 4D), mpoUCXOAUT CHUKCHHE BEIIMIMHBI HECYIICH CIIOCOOHOCTH CBAaH B IICJIOM.
YMeHbIlIeHHe HEeCYyIei ClTOCOOHOCTH TI0 TPYHTY I cBail ¢ marom meHee 2D cBsi3aHo,
CKOpEe BCEro, ¢ MEHbINEH IUIOMANbi0 OOKOBOW MOBEPXHOCTHIO TPYHTA, 3AKIFOUEHHOTO
MEXy JIONAcTIMU M HEKOTOPOM B3aUMOBJIMSIHMU JIOTIacTed B mporecce padotsl. 1o

pe3yabTaTaM MCCIIeIOBaHMIA TIOJIYYCH MATCHT Ha MOJIC3HYI0 Mojieib [45].

Fa xH
65

i:“
ai:

Fa=f(L/D)

B B B

3

Ln
(=

v
(¥ ]

0 0,5 1 1,5 2 2,5 3 3,5 LD
Pucynok 2.19 — 3aBucHUMOCTh HECYIIeH CITOCOOHOCTH BUHTOBOM JIBYXJIONIACTHOM CBau
ot napametpa L/D (L, D — cOOTBETCTBEHHO IIIar MEKy JIOIACTAMH U CpeHEe 3HAUCHUE

UX I1aMeTpa)

2.3.5. Pe3yabTaThl HCCJIEI0BAHMI CUJI TPEHHUS TPYHTA 10 CTBOJIY BUHTOBOI CBan

[Tpu cTpouTenbcTBE BPEMEHHBIX U OBICTPOBO3BOAMMBIX 3JaHUN Bce Oosblee
pacnpocTpaHeHuEe HaXoAsAT cBaliHble (PyHIaMEHThl Ha BUHTOBBIX METAJUIMUECKUX CBa,
U3rOTaBIMBAEMBIX U3 CTalbHBIX TPYO auametrpom 0,108 - 0,133 m. Pacuersl ux Hecymien
CHOCOOHOCTH MO OOKOBOM MOBEPXHOCTH CTBOJIA, BHIIOJIHIAEMBIX COTJIACHO IEHCTBYIOIINM
HopmaM (tabn. 7.3 CII 24.13330.2011), OGazupyroTcs Ha TaOJWYHBIX 3HAYCHUSIX

pPacUYeTHBIX  XAPAKTEPUCTHK. OJTHU JaHHBIC TAOJMYHBIX 3HAYCHWA OBUIA TIOJYYCHBI
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npodeccopom Jlyroit A.A. (1950-1960 rr.) Ha ocHOBaHWMH 00PaOOTKH MHOTOYHCIICHHBIX
pPE3yJbTAaTOB MCIBITAHUKA HATYPHBIX CBAall CTATHYECKOM BJABJIMBAIOLIEN HArpy3Kou
(IepeBsHHBIX, )KeJIe300€TOHHBIX | JIp.) ¢ Hecylel crtocoOHoCThIO B nipeaenax ot 200 qo
2500 xH B pa3Ho00Opa3HBIX TPYHTOBBIX YCIOBHSX [8].

[lo pe3ynbTaTam HCHBITAHUNH BUHTOBOM TEH30CBaW B TJIMHUCTOM TPYHTE ObLIU
MOCTPOEHBI TpadUyecKue 3aBUCUMOCTH: OCAJKH (TMepeMelleHus) CBau S, Mm OT
npukiIaasiBaeMon Harpy3ku N, kH; n3MeHeHne BIaBIMBAOIINX YCUIIUI IO JJIMHE CTBOJIA
CBau; U3MEHEHUE COMPOTUBJIEHUS TpPyHTAa IO OOKOBOW TMOBEPXHOCTH BIOJb
crBona cBau f (pucynku 2.20-2.22).

DKCHEepUMEHTAIbHO YCTaHOBJIEHO, YTO HECYyIIas CIOCOOHOCTh TEH30CBaW IO
IPYHTY B pacCMaTpUBaeMBbIX IPYHTOBBIX ycIOBHsX coctaBisieT Fg = 52 kH (pucynok
2.20). Ilpu s5TOM BBISBICHO, YTO NpH TepeAade Ha CBal0 BHEIIHEW Harpys3KH,
BJIaBJIMBAIOIINE YCUJIUS B CEUEHHUSAX CTBOJIa CBall yMEHbILAIOTCA ¢ TTyOnHoil. Hanpumep,
IIpU BEPTUKAJIBbHOM Harpy3Ke Ha TeH30¢Bato B npenenax ot 41 no 44 xH ycumnue B cTBose
cBau Ha rinyoune 0,4 M coctaBusier 42 kH, a Ha rimyoune 1,9 m — 37,8 xH. Eciu xe
Harpys3ka Ha TeH30cBaro coctaBisieT 52 kH, To ycunue B cTBosie cBau Ha rinyoune 0,4 m

cocrarisieT 52 kH, a Ha rimyoune 1,9 m — 47,8 kH (pucynoxk 2.20).

0 10 20 30 40 50 60 N, kH

Fa=52 xH

35

S, My
Pucynok 2.20 — 3aBHCUMOCTb OCaJIK1 TEH30CBaH S OT MPUKJIAIbIBAEMOMN BHEIIHEN

Harpy3ku N (1aHHBIE TOJIEBBIX IKCIIEPUMEHTATBHBIX UCCIIEIOBAHUN )
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CpenHIOI0 BETUYMHY COMPOTHUBIEHUS TpyHTa MO OOKOBOM MOBEPXHOCTH Ha
ydacTKaxX MEXIy TeH30MocTaMmu fi ompenernsum pacdeToM, Kak OTHOUICHHWE YCWINH B
CTBOJIE CBaM K IUIOLIAJAN €r0 OOKOBOM MOBEPXHOCTH HA PacCMATPUBAEMOM YYaCTKE IO
METOJIUKE, OIMCAaHHOM B paboTax [7, 14, 54].

[lomy4yeHHbIE JaHHBIE CBHUJAETEIBCTBYIOT O TOM, YTO MaKCHMAaJIbHOE
COIPOTHBIICHUE TPYHTA 1O OokoBoi moBepxHocTH cBau (f=13,8-14,0 klla) Bo3HHMKaeT
npumepHo Ha riryoune oT 1,0 mo 1,2 M OT MOBEpXHOCTH M HACTYMAaET MOCJIE OCAIKH
TE€H30CBau Ha BeJIM4uHy oT 1,5 10 2,0 Mm.

[Ipn nanpHEdIIEM yBEIMYEHUM HArpy3Kd, HACTYyNaeT HCUeplaHue Hecyulel
CHOCOOHOCTH 1O OOKOBOM TOBEPXHOCTH, HAOJIONAETCI HEKOTOPOE CHIKEHHE
JOCTUTHYTBIX MAaKCUMAJIbHBIX 3HAYEHWM COMPOTUBIEHUS TpyHTa MO OOKOBOM
MOBEPXHOCTH, YTO CBUIETENBCTBYET O «IPOCKAIB3bIBAHUI (Cpe3e) rpyHTa (rpaduku No
5-9, pucynok 2.21). Harpyska, mepenaBaeMasi uepe3 OOKOBYIO MOBEPXHOCTh CTBOJIA
TEH30CBau B MOMEHT HcUepIaHus ee Hecyllen cnocooHocTu coctapnsier Ni=4,8 kH npu
oOmei Harpy3ke Ha cBato N=24 kH. OOwmuii xapakrep nepepacnpeneieHuss Harpy3Ku
Mex1y OOKOBOM MOBEPXHOCTHIO M JIOTIACTHIO BUHTOBOM TEH30CBaW IpPU BO3pPACTaHUU
BHemHel Harpy3ku N mpeacraBneH B Tabnuie 2.3. YacTh Harpysku, Mmepeaaronryrocs
yepe3 gonacTh cBau Ng, Onpeernsiach Kak pa3HuIla MeX 1y BETMYMHON O0IIeH Harpy3Ku
N, mpukianbiBaeéMoOl K CBae W HArpy3Koi, BOCIIPUHUMAeMOW TPYHTOM IO OOKOBOM
MOBEPXHOCTH CTBOJIa BUHTOBOM cBau Nf.

AHanu3upys MoJy4eHHbIE TaHHbIE, MO)KHO OTMETUTh, YTO Ha HAYAJIbHOM 3Tare
Harpy>KeHusi CBau, Harpy3ka nepepacrpeiensieTcs MeKy CTBOJOM CBaul M JIOMACTbIO
NPaKTUYCCKH PaBHOMEPHO, OJTHAKO TpU Bo3pacTtaHuu Harpy3ku oTHorieHue N/Nf pesko
CHIJKAETCSl, UYTO TOBOPUT O BKIIFOUEHUH B pabOTY JIONACTH CBAU U MCUEPIAHUM HECyIen
CHIOCOOHOCTH TEH30CBau MO OOKOBOM MOBEPXHOCTH Fgf yXke Ha MEepBbIX CTYNEHSX
Harpy3ku (npu N=24 kH), nanbHelinee yBeJIUYE€HUE HArpy3Kd MPOUCXOJUT TOJBKO 3a
cyer paboThl HIKHEW JomacTu cBau. llpw JOCTMKEHWHM CBaed Harpys3KH,
COOTBETCTBYMIOIIEH ee Hecyiel crocoOHocTr 1o rpyHTY N=Fy, mons Harpy3ku Ni/N,
BOCIIpYHUMaeMasi OOKOBOW TOBEPXHOCThIO CBau, cocTaBisgeT He Oosiee 10%. Takum
o0pa3oM, JIsi BUHTOBBIX METAJUNIMYECKHX OJHOJIOMACTHBIX CBail AKCIEPUMEHTAIBHO

YCTAHOBJICHO, YTO IIpW BAABJIIMBAIOIIWX HArpy3Kax pPOJb pa6OTBI CTBOJIa CBau HC
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OKa3bIBaeT CYIIECTBEHHOIO BIMSHHS Ha BEJIMYMHY €€ HECYyIIeH CIIOCOOHOCTH
TIIMHUCTBIX rpyHTax [31].
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Pucynok 2.21 — Pacnipenenenre BAaBIMBAIONINX YCUJIUH 1O IJTMHE CTBOJIA

TEH30CBaH MPU €€ HArpyKEHUU

HeobxoauMoO OTMETUTH, YTO MPU HAPYIIEHUH TEXHOJIOTMH TPHU YCTPOUCTBE

BUHTOBBIX CBail, 0COOEHHO B IIIMHUCTBIX TPYHTAX MOJIYyTBEPAON, TBEPIOM KOHCUCTEHIIUH,

IIpH OTKJIIOHCHUAX CBAXM B TOPHU3OHTAJIBHOM HAIIPABJICHHU B IIPOLCCCC YCTAaHOBKHU

IMpOUCXOAUT o6pa3013aHne MOJIOCTEU U 3a30pOB 4YTO JOIIOJHUTCIIBHO CHHXKACT HCCYIIYIO

CIIOCOOHOCTH BUHTOBOM CBaM 10 €€ OOKOBOW MOBEPXHOCTH.

Ecnu oueHuTh Hecyllylo CIOCOOHOCTh IO OOKOBOM ITOBEPXHOCTH CTBOJA

TeH30cBau Fgf pacueToM, coriaacHo JEHCTBYIONIUM HOPMATUBHBIM JJOKYMEHTAM (CI1



74
24.13330.2011), momyunm 3HayeHue, paBHoe 16,0-16,5 kH, koropoe mnpeBplIaeT
npuMeEpHO B 3,3 pa3a 3Ha4UE€HHE, YCTAHOBICHHOE 3KcIepuMeHTanbHbIM IyTeM (N=Fg
=4,8 kH). U3 pacuera no Hopmam cienyer, 4To BKJIal padoThl cTBOsIa cocTtaBisier 30—
40 % ot 3HaYeHHsI HeCyIIel ClIOCOOHOCTH CBau IO TPYHTY, UTO CYIIECTBEHHO 3aBBIIIACT
pOJIb CONPOTHUBIICHUS TPYHTA MO €€ OOKOBOM MOBEPXHOCTH B (HOPMHPOBAHUM OOLIEH
HECYIIEH CIOCOOHOCTH.
Tabmuma 2.3 — OO6mmii xapakTep nepepacnpeneineHus Harpy3ku N Mex Ty
OOKOBOI1 MOBEPXHOCTHIO CTBOJIA CBAaM U JIONACTHIO B ITpOLIECCe

paboThl TEH30CBaH

Buemnss narpyska N, kH 6,0 12,0 18,0 240 | N=F4=52,0

N#N, rme Ni— Harpyska,
BOCITpHHUMAaeMasi 00KOBO 0,4 0,28 0,26 0,21 0,09
MMOBEPXHOCTHIO CTBOJIA TEH30CBaN
Nr/N, rae Nr — Harpyska,
BOCTIpUHUMAaEMasi HUKHEN 0,6 0,72 0,74 0,79 0,91
JIONACThIO TCH30CBaH

HecooTBeTcTBHME  SKCHEPUMEHTAIBHBIX W pacyeTHBIX  3HAYEHUM  CHUJI
CONMPOTHUBJIEHUS! TPyHTA, Ha HAIl B3[JISA CBSA3aHO C TEM, YTO B OTEYECTBEHHOM
HOPMATUBHOW JIUTEpAaType  pacyeTHbIE 3HAUEHUS, KOTOpbIE MPUMEHSIOTCA IS
OTpENENICHUs] CONMPOTUBJICHUSI TPyHTa MO CTBOJY BHUHTOBBIX CBail MaJibIX JMaMETPOB,
OCHOBaHbI Ha TaOJUUYHBIX 3Ha4YeHusx (Tadmn. 7.3 CI124.13330.2011), noay4eHHBIX AJis
JKeIe300€TOHHBIX CBail, MOrpy)KaeMmbIX 3a0uBKOM. I3BecTHO, 4YTO Ha OOKOBOI
MOBEPXHOCTH KeJIe300€TOHHBIX CBail, N3rOTaBIMBAEMbIX HA O€TOHAX M3 LIEOHS KPYITHON
bpakuuu, B mpouecce 3a0MBKM B TJIIMHHUCTBIA TPYHT 0Opasyercs CJlOW U3 CUIIBHO
YVIULIOTHEHHOTO TpyHTa («rpyHTOBas pyOallka»), KOTOpBIi HauyWHaeT padboTaTh
COBMECTHO cO cBaeil [95]. CompoTuBIEHUE CIBUTY CHJIBHO YIUIOTHEHHOTO TpPyHTa
«pyOamikm» ropas3io BbIIIE COMPOTUBICHUS T'PYHTAa MPUPOTHOTO CIIOKEHHS, 3a CUET
3HAYUTENbHBIX PaJUalIbHbIX HANpsHKEHUHM, BO3ZHUKAIOIMIMX B IPOILECCE YCTAHOBKH.
O4eBUIHO, YTO B CIIly4ae MOTPY>KEHUSI METAUIMYECKUX CBail HEOOJIBLIOro JuaMeTpa
BBUHYUBAHUEM, YCJIOBHUS (POPMHUPOBAHUS 3HAYUTENBHBIX DPAIUATbHBIX HAIMPSHKEHUN

BOKpPYT CTBOJIa CBal OTCYTCTBYIOT (BHC,Z[peHI/IC CTBOJIa CBaW HEOOJBIIOTO AnaMeTpa HE
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BbI3bIBACT 3HAYUTCIILHOI'O BBITCCHCHHA I'PYHTA B CTOpOHBI), 4TO U OIPCACIIACT HU3KHC
SHA4YCHUA CHJI COIIPOTHBIICHUA TI'PYHTA II0 OOKOBOI1 MMOBCPXHOCTHU CTBOJIa BHHTOBLIX

METAJUIMYCCKUX CBai, OTMEUYCHHBIC B SKCIIepUMeHTax [31].
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Pucynok 2.22 — PacnipeiesieHre conpoTuBiieHUs rpyHTa f 10 60KOBOI MOBEPXHOCTH
CTBOJIA TeH30cBau: |- mpu Harpy3ke 6kH; 2- npu Harpy3ke 12 kH; 3- npu Harpyske 18

kH; 4- npu Harpyske 24 kH; 5-9 - 11 nocnenyromux cTyneHe Harpy30K

MHuorue 3apy0exHbIe UCCIeA0BaTeNN MPU OLIEHKE HECYIIe ClIOCOOHOCTH CTBOJIA
cBail pa3nuuHbiX KoHCTpyKIui [106, 117, 119] npennararoT y4uThIBaTh MOHMKAIOITII
kodpdunmenT (kodpdumment anaresmm 0<l), YUNUTHIBAIOUIMA CHWKEHUEC CHII
COIPOTHUBIIEHUS 1O OOKOBOM MOBEPXHOCTH B JMarnazoHe 3HaueHuil ot 0,3 it TpyHTOB

TBepaol a0 0,8 — Tekyuelr KoHcUCTeHUMU. KOAQPUIIMEHT o 3aBUCUT TakKe OT YHCIa
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IUTACTUYHOCTU U Kod(dunuenTa nepeyminotaenus rpyHta (OCR), a Takke matepuasna

CTBOJIa CBau.

2.3.6. Pe3yabTaThl M0JI€BBIX IKCIIEPUMEHTAIBHBIX HCC/Ie10BAHUI Hecyleil
CMOCOOHOCTH BUHTOBBIX CBail ¢ 0JIHOI U ABYMSI JIONACTAMM, UX AaHAJIU3

1 00001IeHNe

KoHcTpykTHBHOE perieHue BUHTOBOW JIBYXJIONACTHOM CBau, oOecreuuBaroliee
HanOoJIblIee 3HAYEHHE HECYIIeW CIOCOOHOCTH (C paccTosiHueM L Mexay JIonacTsiMu,
paBHbiM 2,0 D), ObUIO MCHOJB30BAHO B CEPUU KCHEPHUMEHTOB, IJI€ OJIHOBPEMEHHO
(mapasnienbHO) NPOBOAMIUCH UCTIBITAHUSI BUHTOBOM OJHOJIONACTHOM CBAH.

[lo pe3ynbTaTaM napajuICIbHBIX HUCIBITAaHUNU (BTOpas cepusi AKCHEPUMEHTOB)
HATYPHBIX BUHTOBBIX CBail (OJIHOJIONACTHON U JBYXJIOMACTHOW) B TJIMHUCTOM T'PYHTE U
ux 0000111eHUS OBLITM TOCTPOEHBI TpapUecKue 3aBUCUMOCTH OCaIKH (MIEPEMEIICHUS) OT
NPUKJIAJABIBAEMON Harpy3ku («ocajka-Harpys3ka»). B skcmepumeHTax ¢ BHHTOBOM
OJTHOJIOTIACTHOM CBaeil 3a HECYIIyl0 CIIOCOOHOCTh (4aCTHOE 3HAYEHUE MpPereIbHOro
CONPOTUBIIEHUS) Fy MpUHMMANM Harpys3Ky, HpPEIIIeCTBYIOUIYI0 €€ CPBIBY, KOTOPBIH
XapaKTepU30BaJICs MHTEHCUBHBIM POCTOM OCAJKH S, HE 3aTyXarolled BO BpeMeHu. B
HKCIIEPUMEHTaX C BUHTOBOW JBYXJIOMACTHOW CBaei 3a HECYUIYI0 CIIOCOOHOCTH cBau Fy
NPUHUMAIN Harpy3Ky, OJ JeHCTBUEM KOTOPOMW CBas Mojydana ocaaky S, paBHywo 30
MM (Kak ObLIO MPEIyCMOTPEHO MpOrpaMMoi ucnbiTanuit). Kak mokazanu mpoBeneHHbIE
IKCIIEPUMEHTAJIbHBIE WCCIIEeNOBaHUS (BTOpas cepus SKCIEPUMEHTOB) JJIsl BUHTOBBIX
OJTHOJIOTIACTHBIX CBai B IIIMHUCTOM I'PYHTE 3HAUEHHUE HECYIIEH CTIOCOOHOCTH COCTABUIIO
Fq = 48 xH, a nns nByxnonactheix cBaii Fg = 64 xH (pucynok 2.23). Takum oGpa3zom,
MOJTyYEHHBIC PE3YIbTaThl CBUACTEIBCTBYIOT, UYTO B TIIMHUCTHIX TPYHTAX MPH YCTPOICTBE
Bropoii jomactu (L/D = 2,0-2,5) mpoucCXOAHUT yBEIHMYECHUE HECYIEH CIOCOOHOCTH
BUHTOBOM JBYXJIONACTHOM cBau Ha 25 - 30% 1o cpaBHEHUIO ¢ HECYIIECH CITIOCOOHOCTHIO

CBaM ¢ OJHOM JiomacThio [52].
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Kak otrmeuaer Ilonomapes A.b. [54] Hecymas CcHnocoOHOCTh CBaWHBIX
(GbyHIaMEHTOB JIOJDKHA OMNPENENSATCS Ha OCHOBE JAHHBIX O MPENENbHO JIOMYCTHMBIX
OCaJKax OCHOBaHMM M (YHIAMEHTOB ISl COOTBETCTBYIOIIMX 3[aHUI U COOPYKECHHI.
[ToaToMy, ecnii OBI HECyIast CIOCOOHOCTH BUHTOBOM JBYXJIONIACTHOM CBaM OIEHHUBAJIACH
Ipu JOCTIKEHMM ocaaku paBHOM 40 MM (Hampumep Ui 37aHUi, B KOTOpPBIX HE
BO3HMKAIOT YCUJIMSA OT HEPABHOMEPHBIX OCAJIOK), TO Harpy3ka Ha CBaro IpH 3TOM ObLia
op1 Omm3ka k 70 kH (pucyHok 2.23). COOTBETCTBEHHO, HECYyIIas CIIOCOOHOCTH
JBYXJIONACTHOW cBaW oOlleHuBajgach Obl Ha 42 % Oombllne, MO CPaBHEHHUIO C
OJIHOJIOTIACTHOM CBAEH.

70 80P, xH

‘\F.’-::d"xH

N\ Fd =48 xH

S, My

Pucynox 2.23 — I'paduku ocajiok BUHTOBBIX METAUNIMYECKUX HATYPHBIX CBaif,
YCTAHOBJICHHBIE 110 PE3YJIbTAaTaM IMOJIEBBIX IKCIIEPUMEHTAIBHBIX HCCeI0BaHuM: 1, 2 —

COOTBETCTBEHHO, JJI1 CBAM C OJHOW U ABYMS JIONIACTSIMHU

2.4. BbiBoabI IO rj1aBe 2

1. OKCIEpUMEHTAIBHO ~TMOATBEPAKACHO, YTO KOHCTPYKTUBHOE pEUICHUE

JIBYXJIONACTHOM BUHTOBOM cBau (BapuaHT 3), C paclojOKEHWEM HWKHEH JlomacTh Ha
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WIMHIPUYECKOM CTBOJIE SIBNIsieTCSl Haubosiee palioHaIbHOW KOHCTPYKLUEH B
TJIMHUCTOM TPYHTE.

2. DKCneprUMEHTAIbHBIC UCCIIEIOBAHUS CBUIETEIBCTBYIOT 00 3((HhEKTUBHOCTH
paboOThl BUHTOBBIX METAUIMYECKHUX JBYXJOMACTHBIX CBail B TJIMHUCTBIX TIpPYyHTAaX,
UCIIOJIb3YEMBIX JUIsl yCTPOMCTBA (yHIaMEHTOB OBICTPOBO3BOAMMBIX BPEMEHHBIX 3/IaHUM.
[Ipy >TOM MOATBEPXKACHO, YTO OJJHUM M3 OCHOBHBIX F€OMETPHUYECKUX MapamMeTpoOB,
XapaKTepU3yIOIINX paboTy BUHTOBBIX JBYXJIOMACTHBIX CBail B TJIMHHUCTHIX TPYHTax,
aBigeTcs pacctosiHue L mexny nomactsimu. [lpu ayiMHe HaTypHBIX BUHTOBBIX CBail HE
6onee 3,0 m, nuamerpe ctBosna 0,108 M u nuamerpe sonactedt 0,3 M palMoHaILHOE
paccTostHue L Mexay jomacTsMu B MIMHHUCTBIX TPYHTaxX cocTaBiseT 2,0-2,5 auamerpa
JIOTIACTH.

3. M3  pe3ynpTaTOB  IOJIEBBIX  OKCIIEPUMEHTAIBHBIX  HCCIEIOBAaHUMI
YCTAaHOBJIEHO, 4YTO B TIJMHUCTBIX TPYHTAaX Hecyllas CIOCOOHOCTh BUHTOBBIX
JBYXJIONMACTHBIX cBail mymuHOM 2,0 M 1 muametpom jomactu 0,3 M Ha 25 - 30% Oonbire
II0 CPAaBHEHUIO C BUHTOBBIMH OJHOJIOIIACTHBIMU CBasMM C AHAJIOTMYHBIMU
r€OMETPUUYECKUMH Pa3MEPaAMHU.

4, VYcTaHOBIEHO, YTO B TJIMHUCTOM TPYHTE€ MpPU MCHBITAHUM HATYPHBIX
BUHTOBBIX OJTHOJIONMACTHBIX CBail y»e mpu ocaakax Oosnee 15-20 mm Habmromaercs
YBEJIMYEHHE MHTEHCUBHOCTU POCTA OCAJOK, YTO XApAKTEPHO IJisi MX «cpbiBa». [lpu
UCIIBITAHUM AHAJIOTMYHBIX BHHTOBBIX JIBYXJIONACTHBIX CBail B TJIMHUCTOM TIPYHTE
IPU3HAKU UX «CPBIBa» HE HA0II0Ial0TCA A0 HArpy30K, COOTBETCTBYIOIINX OCaJKaM CBaii
S =30mm u 6ornee.

S. Pe3ynpTaThl AKCIEPUMEHTAJIBHBIX MCCIEIOBAHMNA TMOKa3aiu, 4YTO B
TJIMHUCTBIX TPYHTaX HeCyIllas CHOCOOHOCTh BUHTOBOM OJTHOJIONACTHOM CBau MO0 OOKOBOA
noBepxHocTu cTBosna Fg He mpeBbimaer 10% oT BenuuuHbl ee oOmIel Hecyien
cnocobHocTH Fy. VI3 3TOrO CiemyeT, 4YTo MOBBINIEHUE HECYIEH CIOCOOHOCTH BUHTOBOM
OJIHOJIONIACTHOM CBaM 3a CYET YBEJIWYEHHUS [UMaMeTpa €€ CTBOJA HEb3sl CUYUTATh
s dexTuBHBIM ciocobom. Hanbomnee 3ppekTuBHBIM crtocoO0M MoBbIIeHUs Fq siBNIsieTcs
YCTPOMCTBO Ha CTBOJIE BUHTOBOM CBau BTOPOM JOIOJIHUTEIIBHOMN JTOTACTH.

6. Pacuetsl Hecymiell cmocoOHOCTH BHHTOBOW OJHOJIONACTHOM CBau IO €€

OOKOBOM IOBCPXHOCTH Fdf B TJIMHHUCTOM TIPYHTC IIOKa3bIBAIOT, 4YTO HX PACUYCTHBLIC
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s3Hauenust no CII 24.13330-2011 B 3-4 pa3a Oonblie NaHHBIX, YCTaHOBJIEHHBIX
DKCHEPUMEHTANIBHO. [103TOMY CyIIECTBYIOIME NHKEHEPHBIE METOIBI pAacyeTa HECYILEU
CIIOCOOHOCTH BUHTOBBIX OJIHOJIONACTHBIX CBall HY’KJA€TCs B COBEPILICHCTBOBAHUH.

7. [Iponiecc yCTaHOBKM BHMHTOBBIX JBYXJIONACTHBIX CBaldl HE NPUBOAUT K
HAapyILIEHUIO CTPYKTYPHBIX CBA3€H, & HE3HAYNTEIbHOE N3MEHEHHUE IIJIOTHOCTH OTMEYEHO
TOJIBKO BJIOJIb CTBOJIA CBAal M BBI3BAHO JEWCTBUEM pAJUAIBHBIX HAIPSOIKEHUN IIpU
BHEJIDEHUU CTBOJIA BUHTOBOW CBaH. YCTAHOBJIEHO, YTO Ha OOKOBOM MOBEPXHOCTH
BUHTOBOM METAJUIMYECKON CBaW NPAKTUYECKH HE 0Opa3yeTcs CJIOW U3 YIUIOTHEHHOT'O
IpyHTAa.

8. BbIABIEHO, YTO B IJIMHHACTOM TPYHTE NPH BBUHYMBAHMM W HATPYKECHUU
BHUHTOBOM JIBYXJIOIAQCTHOM METAJUIMYECKOM CBal HA YYacTKE MEXIYy JOMNaCTIMH
HapyLIEHUs CTPYKTYpPBI TPYHTA HE MPOMCXOMUT (HE OTMEYEHO CHIKEHUS p, I/cMS). DTO
CBS3aHO C PAllMOHATIbHBIM KOHCTPYKTUBHBIM PEILIEHUEM BUHTOBBIX JIBYXJIOIIACTHBIX CBAX
Y TEXHOJOTHeW ux BBUHYMBaHMA. Lllar onacreil mpu 3TOM KpaTeH PaCCTOSHUIO MEXKIY
HUMU ¥ NPW BBUHYMBAHUM BEPXHAS JIONACTh IOBTOPSIET TPACKTOPUIO BBUHYHMBAHUS

HIDKHEW JIONIACTH, HE Pa3pPhIXJISis TPYHT MEXKy HUMH.
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I'TABA 3. YUCJIEHHBIE UCCJIEAJOBAHUA PABOTBI BUHTOBBIX
JIBYXJIOITACTHBIX CBAM B I'TUHUCTBIX TPYHTAX M OLIEHKA
HOJYYEHHBIX PE3YJIBTATOB

3.1.XapakTepucTHKAa NPOrPaAMMHOI0 KOMILJIEKCa, HCI0JIb3yeMOro I

HCCJIeJ0OBaAHUA paﬁoTbI BHHTOBBIX /IBYXJIOIIACTHBIX cBau

J{nsi 4uCIEHHOTO UCCIeNOoBaHUsI PabOThl BUHTOBBIX CBail OBLT HCMOJb30BaH
JUIEH3UOHHBIN nporpaMMubiii kKomiuieke MIDAS GTS NX, kotopslii pa3zpaboran
cnenuamuctamu komnanun MIDAS IT (MIDAS Information Technology Co., Ltd.),
ocHoBanHoW B 1989 1. B Pecnyomuke Kopee [42] (JUIICH3MOHHOE COTJIAIIICHHE
npusezicHo B npuiioxkennu A). [Iporpammusiii komiuieke MIDAS GTS NX (manee TTK
Midas) pa3paboraH cHeIMaIbHO JJII TPUMEHEHUS B OOJACTH TIECOTCXHUKH U
TOHHeNeCTpoeHus. B Hacrosmee Bpems nanHbii [IK mmpoko nmpuMeHsieTcss B cTpaHax
cpennerr Aszuu, Anonnn u EBpome mpw TPOEKTHUPOBAHUM YHHKAJIBHBIX OOBEKTOB
IPAXKIAHCKOTO, TMPOMBIIIJIEHHOTO M TPaHCIOPTHOTO cTpouTenbcTBa. Komrieke
MO3BOJIIET MOJEIUPOBATh IUIOCKHE, OCECUMMMETPUYHBIE M TPEXMEPHBIE 3a/1auu
B3aMMOJICHCTBUSL COOPYKEHUM C TPYHTOBBIM MacCHBOM. IIporpamMmHBIN KOMIUIEKC
peanu3yeT MeETOJ, KOHEYHBIX OJJIEMEHTOB W COCTOUT U3 HH(POPMAIMOHHON W
BeruncauTeapHol yacrei. C mas 2011 romga mo nexkabpp 2012 roga creruaiucTaMu
npeanpustus OO0 "Tlomzemmpoekt" (r. MockBa) 1Moj PYKOBOJCTBOM aKaJeMHKa
PAACH UnbsuueBa B.A. BeinosiHeHa ero Bepudukarms [12].

Nudopmarmonnas 4vacte [IK — coaepXUT oOMUCaHUS HCMOJIB3YEMbIX THIIOB
AJIEMEHTOB, MOJIEJIeH MaTepuaioB, CIIPAaBOYHYIO cucTeMy. BerauciaurtensHas dacth 11K
mpeacTaBiser coboi Habop Mopyiel (MpPOIecCOpoB), CPEAM KOTOPHIX BBIJACISIIOT
MIPENPOIIECCOP — MOYJIb MOJATOTOBKHU UCXOHBIX IAHHBIX, BHIYUCIUTEILHBIN ITPOIIECCOP

— solver, moctmporeccop — CpeACTBO BU3yaIH3alMy U aHAIH3 PE3yJIbTAaTOB pacyera.
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[IK Midas momuepxuBaeT BCE OCHOBHBIC THIIBI PacuyeTOB OCHOBAaHWUU U
TCOTEXHUYECKUX OOBEKTOB, BKJIOYAs CTAaTUYECKWH (JTMHEHHBIN W HEIMHCHHBIN
pacyeTsl), JUHAMUYECKHH (MOJAIbHBIA aHaiM3, pacyeTbl Ha CEHCMUYECKUE
BO3JICHCTBHSI) pacCyeThl, & TAKXKE pacyeThl YCTAHOBUBILIEHCS W HEYCTAaHOBUBLIEHCS
buIbTpaLuH.

Pacuer B IIK mnpakThyecku TOJHOCTHIO aBTOMATU3UPOBAH M OCHOBAH Ha
YCTOMUYMBBIX YMCICHHBIX MeTonax [12, 42]. Kommekc otinuyaercs ObICTPOICHCTBHEM U
ynoOHBIM uHTepdelicoM Mnpu BBojAE HHGOpPMAIMM W YTEHUU pe3yiabTaToB. Ilpu
MIOJITOTOBKE MCXO/IHBIX TaHHBIX B Midas mpemrycMoTpeHbI ClieAyIOe BO3MOKHOCTH

1) coBmectuMocTh ¢ maketamu CAIIP (AutoCad, SolidWorks, - cucremamn), a
TaK)K€ HaJIWYUE BCTPOCHHBIX (PYHKIMH MO aBTOMATU3ALKUU MPOLECCOB M CO3JaHUIO
CII0)KHOM TE€OMETPHH. DTO TMO3BOJSET CYIIECTBEHHO COKPAaTUTh BPEMS Ha MOATOTOBKY
CJIO’KHBIX (C TEOMETPUUECKON TOUKHU 3PEHUS) PACUETHBIX CXEM, TaK KaK F€OMETpUYECKast
MOJIeJIb MOXET OBITh IMOCTPOEHA C IMOMOUIbIO BCTPOEHHOTO WHCTPYMEHTAapus WIIU
nepenana u3 BHemHero CAD—nakera,

2) aBTOMAaTH3allUsl MPU TEHEepalluh CETOK KOHEeuHbIX anemeHToB (KD) nHa
oOnacTsax 000l (Gopmbl, a Takke Hamuyue (YHKIMI aBTOMATUYECKOW MPOBEPKH
KauyecTBa ceTku K3, no3Bossitoniye BhIONHATD JA€TajdbHbIE T€OTEXHUUECKUE PACUEThI B
TPEXMEPHOUN NTOCTAHOBKE;

3)  oOmmpnas 6ubnmmoreka KD BKtOUaromias MHOXECTBO Pa3IMUYHBIX THUIIOB
AJIEMEHTOB, HMEIOMIMX TMPAKTHUUECKYI0 KJIacCCHU(UKAIUIO JUIsi  MOJEITUPOBAHUS
OCHOBAHUM, KOHCTPYKITUH, CBaii, CBsi3el, HHTEP(EHCOB;

4)  aBTOMAaTHYECKOEC 3aJIaHUC OCHOBHBIX TPAHUYHBIX YCIOBHUH.

K noctounHcTBaM paccMaTpruBaeMoro MporpaMMHOTO KOMITJIEKCA MOKHO OTHECTU
00JIBIIION BEIOOP MOJIENEH TPpyHTA, MO3BOJISIOIINX MOJICIUPOBATH MOBEACHHUE MTeCYaHbIX,
TJIMHUCTHIX W CKAJIBHBIX TPYHTOB.

HauGonbmee  pacmpocTpaHeHHWE  HA  CETONHSIIHUNA  JIGHb  MOJIYYWIIH
yIPYTOTUIACTUYECKUE MOICTTH TPYHTOB BBUIY TOTO, YTO TEOPHS MJIACTHUECKOTO TCUCHUS
JaeT HauOoJiee MPOCTOE OIMMCaHUE mporecca AehOPMUPOBAHUSA MPHU CIOKHBIX MYyTAX

Harpy>xcHusl. YPaBHCHI/I}I, OIMMCBIBAIOIMKE TIIOBCACHHA TIPYHTA 3allMCBIBAIOTCSA B
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muddepennmansHoit popme. IlonHoe mpupamienue aedopManuu CKIAABIBACTCS U3
YOPYruX H IUIACTUYECKUX npupamenui: de;; = de;; + deP;; HesaBucumbie OT
BPEMEHH, YIPYTHUE U IJIACTHUECKUE MpHUpaIieHus aedopmannii J1eiHCTBYIOT HE3aBUCUMO
JPYT OT Jipyra. DTa MPearnochUIKa SBISETCS OOIEPUHITON B TEOPUH ITACTHYHOCTH.

B paborax, MOCBSAIIEHHBIX 0030pY YIIPYTOIUIACTHUECKUX MOJIesiel TpyHTOB  [66,
71, 76] ormeuaeTcsi, 4TO HanOOJIEe COBEPIICHHBIH KJIACC YIPYTOMIACTHYCCKUX MOIEIICH
TpyHTa JUIS ONHUCAHUS IUIACTUYCCKHX jAeopManuii Ha pa3IUYHBIX TPACKTOPHUSX
Harpy>KEHUs MPEACTABIISIOT MOJIEIIH, B KOTOPBIX BBOJISTCS /1Ba HE3aBUCHUMBIX MEXaHH3Ma
rutactuaeckor nedopmarun. [lepBplii MEXaHU3M MPUBOUT K TUIACTUIECKOMY CIBUTY U
JUIIaTaHTHOMY M3MEHEHHI0 00BheMa, a BTOPOHl — K TUIACTUYECKOMY M3MEHEHHIO 00BhemMa
IPY THAPOCTATUIECKOM CXKATHH.

K nmanHOMy Kimaccy Mopeneil OTHOCHUTCS — YHOPYroIulacTU4eckass MOJETh C
U30TPOIHBIM yNpo4YHeHHueM. PaccmaTpuBaemas Mojenb paszpaboraHa mpodeccopom
Bepmeiiepom (Vermeer P.A)) u BnepBbie peanusoBana B [IK PLAXIS mox Ha3BaHueM
«Mozenb yrpounstomerocs rpyaray (Hardening Soil) [64]. B T1IK Midas nannas Mmojiemns
BOIILTA [TOJ] Ha3BaHUEM «MoAuduIpoBaHHas Mojens Mopa — Kynona» (Modified Mohr-

Coulomb Model) (pucynoxk 3.1).

a) q o) 4

) Kpurepuii npognocts
17 S Mopa-Kynona

AcumnToTa

4 Y S Jeh i -

C, Ctg (pl p;.".} p;)l
Pucynok 3.1 — IToBepXHOCTh TEKYUECTH MOJIENIN YIIPOUHSIOIIETOCs TpyHTa (a) U

runepOoIMYecKOe OTHOLICHHE MKy HAPSKEHUSIMU U 1ehopMaliusiMU TIPU IEPBUYHOM

HarpyxeHut (0)
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B otnuume ot naeanbHON ynpyroniacTU4eCKOU MOJEIH, TOBEPXHOCTh TEKYYECTH
HE 3a(UKCUPOBaHa B IPOCTPAHCTBE IIABHBIX HAMPSIKEHUI U MOXKET PACIIMPATHCS B XOC
I1acTuyeckoro aegopmupoBanus. Monenb 00jaee TOYHO, 110 CPABHEHHUIO C MOJEISIMU
UJeaIbHON INIACTUYHOCTH, OUCHIBAET Ae(OpMaII TPYHTOBOI'O MAaCCUBA, 3a CUET TOTO,
YTO BBOJMTCS HECKOJIBKO IAapAMETPOB JKECTKOCTU TPYHTA, 3aBUCALIME OT YPOBHS
JEUCTBYIOLIETO HAIIPSKEHUSI M TPACKTOPHUM HAarpyKeHUs. MoJ1eb IHUPOKO IPUMEHSAETCS
B IIPAKTUYECKUX pacyeTax JUisl MOJAEIMPOBAaHUs IIOBEICHUS IPYHTA IIPH €ro SKCKaBalllH,
IIPU YCTPOKCTBE MOATIOPHBIX CTEH U IMPOXOJKE TYHHEIIEH, a TAKXKE JUJI pacueTa CBalHbIX
¢bynnamenToB. OrpaHu4eHHs] MOJIETU: HECIIOCOOHOCTh YYECTh SIBJICHHSI aHU30TPOIUU
IIPOYHOCTH U KECTKOCTH, MOJI3YUYECTH U JUIUTEIBHON IMPOYHOCTH, HEPUTOJHOCTD IS
MOJICIIMPOBaHUS JIMHAMHUYECKUX mporeccoB [58]. BBuay yka3aHHBIX NPEHMYIIECTB,
CBSI3aHHBIX C BO3MOKHOCTBIO 00JI€€ JOCTOBEPHO MOJIEIMPOBATh MOBEJCHHUE MTECYAHBIX U
[JIMHUCTBIX TPYHTOB IIPH CIIOXKHBIX TPACKTOPUSAX HATPYKEHUS, PacCMaTpUBacMast
MOJIEJIb ITPUHATA B JAIBHEUIINX YHCICHHBIX HCCIEAOBaHUAX.

Moaudunuposannas Mojens rpyara Mopa — Kynona (Modified Mohr-Coulomb)
JUISl ONMCAaHUS TJIACTUYECKUX CIIBUTOBBIX M OOBEMHBIX Jedopmaiuii BKIIOYAET JBE
(GYHKIMM TEKydecTH Uil JEBUATOPHOTO f° ©  W30TPOMHOrO f© HarpyXeHuw,
COOTBETCTBEHHO (prcyHOK 3.1 @). B Monienu peann3oBaHo 1Ba HE3aBUCHUMBIX MEXaHHU3Ma
ONHKCAHUsl YNPOYHEHUS MpU CABUIe M YNpOUYHEHMs MpHu cxkatuu. JedopmupoBanue
IrpyHTa MO TPAeKTOPUHM JE€BUATOPHOTO HATPYXKEHHUS AaNMpPOKCUMHUPYIOT THNEpOOSION

(pucynok 3.1 6), ypaBHEHHE KOTOPOI UMEET BUI:

sl a
Ei 1_q/qa

, s <y, (3.1)

rJie € — BepTUKaJIbHas JepopMarius;

E.

i — MOJYJIb JKCCTKOCTH II0 PE3yJIbTaTaM TPEXOCHBIX HCHBITaHHﬁ;

q — ACBHATOPHOC HAIIPSKCHUC,

Ja — aCUMNTOTUYECKOE 3HAUYCHHUE MPOYHOCTH TIpH cABUre (pucyHok 3.1 0);

R; - xosddumuenr paspyienus; (; = (C-Cotqp—aé)m -
1-sing
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MpenebHOE IEBUATOPHOE HATIPSKECHHUE.

YopouHeHrne TP CHBUTE XapaKTEPU3yeTCsS BO3pACTAaHUEM IPOYHOCTHBIX
mokasaTeneid B pe3yJabTare IMEpPBUYHOTO  JICBHATOPHOTO  JeopMHpOBaHWS.
[TocnenoBarenbHOE TMOJNOKEHHE TOBEPXHOCTH TEKyUYeCTH B XOJ€ CIBHIOBOTO
yIPOYHEHUsT U300pakeHO Ha pucyHke 3.2. [86]. I[ToBepXHOCTh TEKy4eCTH IO Mepe
neOpMHUpPOBAaHUS  paCIIUPSETCS 10 MpeaeiabHo moBepxHocTH Mopa-Kymona.
YrupodHeHHe TpU CHKaTHU XapaKTEPU3YETCs BO3PACTAHUEM KECTKOCTU TPYHTA 10 MEpe

ero 00bEMHOTO YILLIOTHCHUA.

deviatoric stress
o 1-03

\

Mohr-Coulomb failure line

Mean effective stress

Pucynok 3.2 — [TonoxeHne moBEpXHOCTH TEKYUECTH TPU CABUTOBOM YIIPOUYHEHUU

Ob6nactb, orpaHnueHHas Ha pUCYHKe 3.1 a TMOBEPXHOCTAMH TEKYyYeCTHU NBYX
TUTIOB, TIPEJCTaBIIsIeT COOOH 30HY YNPYroro IOBEACHUS TPyHTA, HE3aBUCHMO OT
HaIpaBJICHUS M3MEHEHUS HANPsHKEHHOTO COCTOSTHMS. [Ipu BBIXO/Ie HANPSOKEHUH Ha TOT
WM MHOU Y9aCTOK MOBEPXHOCTU TEKYUYECTH BO3HUKAIOT TIACTHYECKHUE Te(POpMAaIIUU.

PaccmarpuBaemas Mozenb yHpPOYHSIONMIETOCS TPYHTA OIMCHIBACTCS OOJIBIIAM
YUCJIOM TMapaMeTpPoOB, YeM, HaNpuMep, XOpOoIIo u3BecTHas Mojenb Mopa-Kymona.
DKCHepUMEHTAIbHOE ~ OMNpPECIICHUEe MO TpPyHTa C YOpPOYHEHHEM TpeOyeT
NPUMEHEHUST TTPHOOPOB TPEXOCHOTO CXKATHSI, YTO HA MPAKTUKE HE BCETJa BO3MOXKHO.

OnmHako B Hay4YyHO-TEXHHYECKOH ymreparype [58, 64, 86, 87, 115] yxe HakorwieH



85
ONPENICICHHBIA OMBIT JKCIEPUMEHTATBLHOIO OMNpPEACICHUs A3TUX MapaMeTpoB st
Pa3JIMYHBIX TPYHTOB.

[To ymomuanuto B I1IK Midas ainst HEKOTOPBIX MapaMeTPOB MOJICITH TPHUBOIATCS
TUTIOBBIE MX 3HaueHMs. TakuM oOpa3zoM, IiJisi pabOThl C paccMaTPUBAEMOW MOJIEIIbIO
IrpyHTa JIOCTaTOYHO HMMETh WX XapaKTEPUCTUKH, KOTOpPbIE OMNpEIeNieHbl B
KOMITPECCUOHHBIX U CABUTOBBIX Tpubopax. Ilapamerpsl rpyHTa, HEOOXOAUMBIC IS

OTKCaHUs MOJIEIH CBEJIEHBI B TaOIUuHyI0 popmy (Tabmuma 3.1) .

Tabmuma 3.1 — [Tepeuens mapamerpoB At moaean Modified Mohr-Coulomb
Enuaunel
O603HaueHue Ha3Banue
W3MEPCHUs
Ilapamempul npounocmu:
c Cuernienue KH/m?
© Y1071 BHYTPEHHETO TPCHHUS rpa.
P VYron munatancuu (o ymonvanuio P=0) rpa.
Ilapamempuot scecmrkocmu:
Eso CekyIuiit MOIyJIb TPEXOCHOTO HCIIBITAHUS B /2
KOHCOJIUIMPOBAHHO-IPCHUPOBAHHBIX YCIOBHUSX
£ ref KacatenbHbIil MOAYIJIb IEPBUYHON KOMITPECCUH (IO YMOITYAHHIO p
oed ref_ re kH/m
ESO - Eoed f)
Eu™ Moynb ynpyrocTu npu pasrpyske KH/m?
m [Tokazarenb CTENEHHOW 3aBUCHMOCTH JKECTKOCTH OT YPOBHS i
HanpsKeHUH
v Koaddunument IMyaccona -
Jlononnumensnvie napamemput.
OCR KoadduiumeHt nepeynaoTHeHUs -
KNC Koad¢uiment 00koBOro naBieHus rpyHTa -
Rf ITpenenbHoe cooTHoIeHue (r/ga (o ymomyanuio  Rf=0,9); -
Otension ITpouHOCTh Ha pacTsHKeHHE (10 YMOJIUYAHHUIO Gtension=0) KH/M?
p"f OnopHeIil ypoBeHb AaBnenus (mo ymonuanuto 100 KIa) KH/m?

3.2.MeToanka YuCJIeHHbIX HCCIeI0BaHUI Pa00Thl BUHTOBBIX JIBYXJI0NACTHBIX

CBail B INIMHUCTHIX IPYHTAaX

OCHOBHOI 3ajauell NPOBENECHHS YHUCIEHHOTO MOJEIMPOBAHUSA  SBIISIIOCH
COIOCTAaBJIEHUE HECYIIEH CIOCOOHOCTH BUHTOBBIX CBai, MOJYYEHHBIX MO pe3yibTaTam
MOJIEBBIX JKCIEPUMEHTANBHBIX MCCIEIOBAHUN W HW3JI0KEHHBIX BO BTOPOM TJIaBE C
pe3yiapTaTaMH YHUCJIECHHBIX HCClIeAOBaHUNA. PaboT 1Mo M3y4eHHIO HamnpsKeHHO-
ne(hOpMUPOBAHHOTO COCTOSIHUSI BUHTOBBIX CBail B TJIMHUCTBIX TPYHTaX BBINOJIHEHO

OIrpaHUYCHHOC KOJHYCCTBO, OOJIBIIMHCTBO pa60T IIOCBAIICHO OILICHKEC Hecymeﬁ
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CHIOCOOHOCTH BMHTOBBIX CBail (aHKEPOB) B HECBS3HBIX rpyHTax [97, 98, 99, 111, 114,
118]. Xapakrep pacnpenencHusi HANPsKEHUA U MEPEMENIEHUI B TPYHTOBOM MacCHBE
MO3BOJISIET YCTAHOBUTH WJIM TOJTBEPIAUTH CXEMY B3aMMOJCHCTBUS BHUHTOBOM CBaul C
[JIMHUCTBIM TPYHTOM, TIO3TOMY JAaHHBIE YHWCJIEHHBIE MCCIECIOBAHUS SBIISIIOTCS
aKTyaJIbHBIMHU.

s cozmanus pacuerHou cxembl B [IK Midas Obutn MCIonb30BaHbl HCXOIHBIC
JAHHbIE M TapaMeTpbl, COOTBETCTBYIOIIHWE pEaJbHBIM YCIOBUSM CTATHYECKHX
WCOBITAHUA BUHTOBBIX cBad. [Ipomecc ycTaHOBIEHUMsS mMapaMeTpoB TpyHTa IS
YHUCJIEHHOTO MOJIETMPOBAHUS SIBISIETCA BaXKHEHIIel cocTaBistoniel obecrnedeHus
KaueCcTBa OLEHKH HANPSKEHHO 1€(pOPMUPOBAHHOIO COCTOSIHUSA TPYHTOBOI'O MacCHBa.

PacueTHble mapamMeTpbl rpyHTa MPUHUMAIMCh HA OCHOBE T€0JIOTMYECKUX JaHHBIX
JUISL CJIOSI TJIMHBI MOJYTBEPION KOHCUCTEHIIMM B3aMMOJCHCTBYIOIIEH C BHUHTOBBIMU
cBassMu. J[1s1 Ha3HAYEHUS MApaMEeTPOB JKECTKOCTH (KacaTeIbHOTO MOMYJIS TEPBUYHOM
kommpeccut Eoed™, Momyns npu pasrpyske Ey,, noxazamens cmenenu m, OCR) Oblna
OpOBEJCHA pacIIMpeHHas o00paboTkKa JaHHBIX  JJAOOPATOPHBIX  OIpEAEICHUM
ne(hopMUPYEMOCTH TITMHUCTBIX TPYHTOB IO pe3ybTaTaM KOMIIPECCHOHBIX UCIBITAHUN B
COOTBETCTBUH C METOJIMKOM, H3JI0KCHHOM B padote [59].

Ha pucynke 3.3 mpuBeicH IpUMEp ONpeeIeHNs XapaKTEPUCTUK Eqed™ 11 Ey™ mpu
KOMITPECCUOHHBIX UCHBITAHUX, a B Ta0auue 3.2 MpeACTaBIEeH pe3ysIbTaT BbIUMCICHUE
napameTpa m.

Tabnuna 3.2 — Onpenenenue napaMerpa M mno pe3yapraram

KOMIIPECCHOHHBIX HUCITLITAaHUHN

Hanpsoxerne | Momyab ynpyrocTH Eoed™

o1’, kH/m? = Ac/Ae, Ma ITapamerp m
! ! I o m
100 0,05/0,006=8,33 E = ETef ccosp +a,sing
c'cos@' + pfsing

64c0s18° + 250sin18°\™
250 0,05/0,0043=11,62 11,62=833 (6460518° T 1005in18°)
m~0,8
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Pucynok 3.3 — K onpenenennio mapameTpoB K€CTKOCTH MOJIENN

YIPOUYHSIOLIEroCcs TPyHTa

CeKymuii MOIyIb CTaHAAPTHOIO TPEXOCHOTO JAPEHUPOBAHHOTO HMCHbITaHUsS Eso™

PUHEMAJICS PABHBIM Eoeq™

B COOTBETCTBUU C PEKOMEHIAIUSIMH aBTOPOB MOJIEIH.
Koaddunuent mnepeymioraenus rpyHToB (OCR) ompenmensiicss Kak OTHOIICHHE
JIaBJICHUS MPEIBAPUTEIBHOTO YIUIOTHEHUS 0p K IPUPOTHOMY (OBITOBOMY) JIABICHHUIO Oy,

HCIIBITEIBACMOMY B Z[aHHBIﬁ MOMCHT BPCMCHHU.

OCR =2 =2¥™M _ 45 (3.2)

0zq 0038MIla

Muorumu wuccienoBareasimu [38, 58, 64, 73, 74, 75, 87] ormeuaercs, 4TO
XapaKTEPUCTHKA MPEABAPUTEIHHOIO YIUIOTHEHHUS TPYHTOB MIPAcT BAXKHYIO POJIb IPHU
OLIEHKE HAIPSLKEHHO-1e(OPMUPOBAHHOIO COCTOSHUS TPYHTOBOrO MaccuBa. He yuder
9TOro (hakTopa MOXKET MPUBOIUTH K OIIMOKAM MPH ONpEACICHUH IMEpeMEIIeHUuN |
nedopmarimii.

JlaBneHue NpeayIIOTHEHUSI WM CTPYKTYpHAs MPOYHOCTh 0p — MaKCHMAIbHOE
JIaBJICHUE, KOTOPOE MCIBITA] TPYHT IpHU MpeablayiieM Harpyxenuu (preconsolidation
stress) ompezaensuioch MO HM3BECTHOMY Merony Kazazpanoe A. Ha KOMITPECCHOHHOM

KPHUBOI, IEPECTPOCHHO B MOTyIOrapuGMUUIECcKOil mKae.
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Koaddumment Ilyaccona u, mpunumancs no pekomenmanusm H.A. IlpiroBuua
[69], xax st T7TMH M cyrMHKOB paBHBIM 0,1-0,15. Takoii quana3oH 3HAYCHHUN 1 TAKKe
MOJITBEP)KIAETCS IKCIICPUMEHTANBHBIMU JTaHHBIMH, TPHBEJACHHBIMH B paboTax s
TJIMHUCTBIX ITIOBUATBHBIX TPYHTOB [74—76].

s onpenenenus kodhduiuenta 6oxkoBoro aasineHus rpyHra (Ko) (oTHOIICHUE
TOPU30HTAIBHOTO J(PQPEKTUBHOTO HANPSDKEHUSI Oxq K BEPTHKAIBHOMY 0%7q  TIpH
OTCYTCTBUU TOPH3OHTAIBHBIX Achopmanmii &,=0) HaMH UCIIOJIB30BAHO AMITUPUICCKUE
ypaBHeHue, mnpemnoxeHHoe Ilupokoeiv B.H. [76], yuuThiBaromiee yBelIndYeHUE
TOPU3OHTAIBHBIX ~ HAMPSOKCHWH I TMEPEYIUIOTHEHHBIX  TJIWHUCTBIX TPYHTOB
YensaOuHcKon 001acTH:

Ko = 1,2 (1 —sin ), (3.3)

I7Ie @ — 3HAYCHHE YIJIa BHYTPEHHETO TPCHHUS.

[TapameTpbl IPOYHOCTH TPYHTA (@ M ¢) MPUHATHI MO PE3yJIbTaTaM HCIBITAHUN
IpyHTa METOJIOM OJTHOIIOCKOCTHOTO Cpe3a.

TakuM 00pa3oM, YCTAHOBJICHBI CJCHYIOIINE 3HAYCHHS TapaMeTPOB MOJICIIH:
yoenvuwiii gec 19,4 kH/m®; kacamenvhuiti MoOynb nepeuuroti komnpeccuu Eoed™= Eso"™ =
8,3 MIla, modynb ynpyzocmu npu pasepyske - 6mopuunom nazpyscenuu Ey" =21 Mlla,
cmenenb Henuneunocmu kpueou M=0,8, OCR=1,5, xoagpguyuenm Ilyaccona u=0,15,
Ko=0,8; cyennenue Ct =0,041 Mlla, yeon enympenneco mpenus ¢ (phi) = 16,7°; yeon
ounamancuu y=0°.

OcraBIecs 3Ha4eHUs JOMONHUTENbHBIX MapamerpoB Mozaenu (Rt , Giension, P
OBLITM TIPUHSTHI B TIPOTpaMMe TI0 YMOJTYAHUIO.

["eomeTpus pacyeTHBIX MOJIE/ICH BUHTOBBIX CBai co3faBanachk B cpeze SolidWorks
C MOCIIEAYIOIUM HMIIOPTOM B pacuyetHyto cxemy I[IK Midas mpu momormu CAD-
UHTEpPPEHCOB, YTO TMO3BOJIAET YYECTh TCOMETPHIO JIOMACTEeH (IIar JOoMmacTel) It
TIOBBIIIICHUS TOYHOCTH pacueTa (pucyHok 3.4). B 3apy0OexHbIX paboTax, MOCBSIICHHBIX
YHCICHHOMY MCCJICIOBAaHHIO PabOThl BUHTOBBIX cBait u ankepos [90, 98, 99, 111, 114]
JIOTTIACTH TPUHHUMAIOTCS B BHJIE IUIOCKMX JIUCKOB, YTO, HAa HaIll B3TJISA, HECKOJIBKO
CHI)KACT KaYeCTBO PACUETOB.

[TapameTps cBail mpuBeaeHbI B TabnuIe 3.3. B kauecTBe Mojenu MaTepuania cBau
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NpUHUMAJIACh yOpyras Mojelb. MOJEIUPOBAHUE BBIIOIHSAIOCH B TPEXMEPHOU
nocranoBke B [IK Midas g JIBYXJIOMACTHBIX W OJHOJIONACTHBIX CBad. Jlms
MOJICITUPOBaHUs MacCHBa IPyHTa Obljla COCTaBJICHA T€OMETPUUECKas MOJIEIb pa3MepaMHu
3x3x6(h), koTopast pa30uBaach Ha TPEXMEPHBIE IIECTUTPAHHBIC KOHCYHBIC AJIEMEHTHI C

JUHENHON QyHKIueH HOpMBI.

i
i
a
s
- |
-
=
5:

Pucynok 3.4 — KomnbrotepHbie 3d-Moenu BUHTOBBIX cBaii: 1 — ¢ ogHOM; 2 — C

ABYM: JIOIIACTAMMA

Tabnmuna 3.3—  ['eomerpuueckue u puznyIecKue mapaMeTpbl BUHTOBBIX CBal
Ne ni/mt [Tapametpsl cBait 3HaueHue
1 JlnuHa cBaun 20M
2 JlnameTp cTBONA d=0,108 m
3 Jnamerp Jionactu D=0,3 m
4 PaccrosiHne Mexty jgonactsaMu (JUIst JBYXJIOIIACTHOW CBaM) 2D=0,6 m
4 Marepuan CTallb
5 Moy yIIpyTrOCTH CTaTH 2,1 E+005 MIla
6 [ImoTHOCTE cTan 7,85 T/m°
7 Koadduuuent [lyaccona cramu 0,3

B pabote [12] oTMeuaercsi, 4TO HCIOJIb30BaHHE JAHHBIX 3JEMEHTOB SIBIIICTCS
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Oonee MPEANMOYTUTENHHBIM, TaK Kak oOecreynBaeT TMONydeHHe Ooee TOYHBIX
pe3yAbTaTHI TSl HAPSDKCHUIA U TIEPEMENICHUH, YeM TP UCTIOIB30BAHUH TETPAdAPOB.
Ha pucynkax 3.5 u 3.6 u3o0OpaxeHna pacueTHas cxeMa ¢ pa30MeHHeM Ha KOHEYHbIE
aJIeMeHTBI. Moienb cBau 3ariiy0JieHa B MOTYTBEepaAyIo ruHy Ha 1,9 M, kak ObuTO U mpu
peajbHOM CTaTHYECKOM HCIbITaHMUM. B  MecTrax MaKcUMalbHOW KOHIIEHTPALMU
HaIpsHKEHUH U 3HAUUTENbHBIX MTepEMENICHUH, CETKa KOHEUHBIX 3JIEMEHTOB UMelia OoJiee

MEJIKOe pa30reHue, UTs MOBBIIICHUS TOYHOCTH pacyeTa (pUCyHOK 3.5 u 3.6).

Pucynox 3.5 — PacdeTHast KOHEUHO-3JIEMEHTHAS CXEeMa JIJIS MCCIICIOBAHUS paOOThI

BUHTOBOM OJHOJIONACTHOM CBau

Pucynok 3.6 — PacueTHasi KOHEUHO-3JIEMEHTHAs CXEMa JIJIsl UCCIIEI0BAHHUS

paboThl BUHTOBOM JABYXJIONACTHOM CBau

['panuunble yciaoBUs ISl IEPEMEIICHUI ObUTH CIIeTYIOIINE:

- CKOJIB3AlIasa 3aJCjIKa I BCCX BCPTHKAJIbHBIX rpaHeﬁ, OTpaHUYIHNBAIOINX
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pacuetHyro oosacts (X=0, y=0);

- 3azenka (X=0, y=0, z=0) HrKHeli YacTH KOHCYHO-3JIEMCHTHOM CETKH

s 3amaHuss KOHTaKTHOM IMOBEPXHOCTH MEXIY CTBOJIOM BHHTOBOW CBaWl H
TPYHTOM WCIIOJIb30BATHCh HHTEp(ElCHbIE KOHEYHbIe »dJeMeHThl. [l 3amaHus
KOHTaKTHOTO TPeHHMsI, He00X0auMo yKaszaTh koaddunuent R (strength reduction factor)
YUUTBHIBAIONIMA CHI)KCHHE TIPOYHOCTHBIX XapaKTePUCTHK TPyHTa HA KOHTAaKTHOM
noBepxHocTH. JlanHblii K03 (dULIMEHT ObUT YyCTAaHOBJIEH SKCIIEPUMEHTAILHO Ha OCHOBE
PE3yJIbTaTOB OLICHKU CHJI TPEHUS 110 OOKOBOW MOBEPXHOCTH CTBOJIA BUHTOBOMW cBau [31]
u npuauMacs paBabpiM R =0,01 (rnamkas moBepXHOCTB).

MoaenupoBaIMCh CIIETYIOIIUE BUABI BO3ICUCTBUM:

1. dopMHupoBaHHE TPHUPOTHBIX HANPSHKEHUH, OOYCIOBICHHBIX CHIJIAMHU
rpaButanuu ((GopMUpOBaHKE HAYATBHOTO HANPSHKEHHOTO COCTOSTHUS )

2. NOIIAroBOE MPUIIOKEHNE K BUHTOBOW CBA€ BEPTUKAIBHOTO MEPEMEIICHHUS B
45 mM. 3a1aHne BHEUTHETO BO3ICHCTBHS B BUJIE IIEPEMEIICHHS OoJiee MPeAouTHTEIHHO,
TaK KakK MO3BOJISIET N30€KaTh BEICOKOW KOHIIEHTPAIMH HAMIPSDKEHUH B AJIeMEHTaX BOJIH3H
CBaH.

B npouecce QopMupoBaHuss Mojenu ObUIM BbBIOpaHbl TOYKH CeTkHu KO,
COOTBETCTBYIOIIIME IIEHTPY CBail HA ypOBHE OrojioBKa. J[JIsl ATHX TOUYEK B pe3yJbTare

pacdera ObLUIH MTOCTPOEHBI KPUBBIE «HATPY3Ka-0CaIKa.

3.3.Pe3ysbTaThl YNCJIEHHBIX HCCJIeT0OBAHNI Pa00THI BUHTOBBIX CBAH B IVIMHHCTBIX

rpyHTAax

3.3.1. Pe3yabTarbl YHCJICHHOT0 MCCIEA0BAHUS PAa00THI BUHTOBBIX

O/THOJIONMACTHBIX CBAaM

Beimonaennsie nccienaosanus B [IK Midas mo3sonuim ycTaHOBUTh 0COOEHHOCTH
paboThl BUHTOBOM OJHOJIONACTHOW CBaW, a TakXKe HaNpPsHKEHHO-Ie()OPMUPOBAHHOE
COCTOSIHME TPYHTAa B OKOJIOCBAMHOM IPOCTPAHCTBE.

Ha pucynke 3.7 mpuBeneH rpaduk «Harpyska — ocajka», MOCTPOEHHBIH IO
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pe3yJpTaTaM YUCJICHHOTO MOACIMPOBAHUS HATPY>KEHUSI BUHTOBOM OJHOJIONACTHOM CBau
B TJIMHUCTOM TPYHTE.
AHanu3upys MoJy4yeHHBIN pe3ynbTaT, MOXKHO OTMETHTb, YTO TpaduK MPHU OCaIKe
cBau 0osee 20-25 MM pe3KO yBEIMYHUBAET KPYTU3HY, IPAKTHUYECKH MOJAEIUPYS] MOMEHT

CpbIBa CBAauU, KOTOpBIﬁ Ha6JIIOI[aJ'IC5I B SKCIICPHUMCHTC.
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Pucynoxk 3.7 — I'paduk 3aBUCHUMOCTH «0Ocajka-Harpy3kay» (pemenue MKD) mis

OI[HOHOHaCTHOﬁ CBau C JIOIMAaCThIO Ha CTBOJIC

3a kpuTepuil HecyIie cnocoOHOCTH cBau F¢ 1o pe3ynibTataM pacuera MpUHUMAIIN
ocanKy cBau S paBHyr0 20 MM Kak ¥ IPU HATYPHBIX HUCTIBITaHUSX. Hecyras crmocoOHOCTh
BUHTOBOU ojiHOJIONAacTHOM cBau coctaBuiia 43 kH. Ha pucynkax 3.8 u 3.9 npeacrasieHo
pacnpeeNnieHne BepTUKAIbHBIX nepemenieHnid U, u KacaTenbHbIX HalpsDKEHUU Ty, B

IPYHTOBOM MacCHBE JIJIsl OJHOJIONIACTHOM CBaH.

Pucynok 3.8 — Pacnipeienienue BepTUKAIBHBIX MEPEMEIICHUN BOKPYT BUHTOBOW CBau



Pucynox 3.9 — Pacnipenienenue kacarenbHbIX HANPSKEHUH BOKPYT BUHTOBOW CBaH

Hacryruienue npenenbHOro coCTOSHMS U1l OJHOJIONIACTHOW CBal IIPOUCXOIUT 3a
CYeT TIUIACTHYECKHX nedopMaiiuii, BO3HUKAIOIMIMX 33 CUET pPAa3BUTHUS KacaTeIbHBIX
HAIPSDKCHUM Ty; OT JIONAcTH B CTOPOHBI M BBepX. Ilo Mepe yBenmyeHus BHENIHER
Harpy3Ku MPOUCXOIUT «CMBIKaHNE» 30HbI IJIACTHUECKUX AeopMaliil B MacCuBe rpyHTa
Ha HEKOTOPOM pAacCTOSTHUM Haj JonacTtbio cBau (pucyHok 3.9). Takoil MmexaHU3M
pa3BUTHA KacaTeIbHBIX HAMPSKEHUH Ty, 00bICHAET 3G (EKT cpbiBa CBau, HAOIIOJaeMbIl

B DKCIIEPUMEHTAX YK€ MpH ocajikax B 15 - 20 Mm.

3.3.2. Pe3yabTaTbl YMCJIEHHOTO MCCJIEI0BAHUS PA0OTHI ABYXJONACTHBIX CBAI

Bremonnennsie uccnenoBanus B MIDAS GTS NX mo3Bonmiau ycTaHOBUTH
HaNPsOKEHHO-Ie()OPMUPOBAHHOE COCTOSIHUE TPYHTOBOM CpEIbl BOKPYT CBaW, a TaKXKe
MEXaHU3M pa3pyIIeHHs TPYHTA MPU PACCTOSHUH MEXTy jonactamu S/D=2.

Ha pucynke 3.10 mpuBenmeH rpaduk «Harpy3ka — OCaaKa», MOCTPOSHHBIA TO
pe3ynbratam pacuera B [IK Midas. 3a kpurepuii, 10 KOTOpOMY HPOHU3BOIMIACH OIICHKA

BEJIMUMHBI HECYIIeH ClTOCOOHOCTH, MPUHUMAIACh OCa/iKa cBau paBHas 30 MM (Kak U IpH
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HATYpHBIX HcnbITanusx ). Hecymas cmocodHocTh cBau coctaBuia 58 kH.
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Pucynok 3.10 - I'paduk 3aBucumMocTH «ocaaka-Harpyska» (pemenne MKJ) s

JIByXJIONIACTHOM CBau

Pacnipenenenne MepEeMENICHUN u HAMNPSIKECHUN MOATBEPKAACTCS
HKCIEPUMEHTAIbHBIMU UCCIIEOBAHUSIMU 110 MU3YUEHHUIO XapakTrepa paboThl BUHTOBBIX
JIBYXJIOMIACTHBIX CBall B TIMHUCTBIX TPYHTAX U M3JI0KEHHBIX B 2nase 2. Ha pucynke 3.11
@ TIPE/ICTABIICHO paCIpe/ielIeHne BEPTUKAIBHBIX MEPEMEIIECHU B TPYHTOBOM MacCHBE
JUIsL IBYXJIOIIACTHOM CBaW IO pe3yjbTaTaM YHCIEHHOro pacyera. dopmupoBaHHe
BEPTUKAJIbHBIX MEPEMELICHUN MPOUCXOJUT HEMOCPEICTBEHHO MO BHEIIHEMY KOHTYPY
«TPYHTOBOTO LMJIMHAPA» U NOJ HH)KHEW JIONACTBIO CBaW, YTO MOATBEPKIACTCS paHee
BBINIOJIHEHHBIMM ~ YMCJIEHHBIMHM ~ HMCCJIEIOBAaHUSAMH 1O  M3YYEHHI0  pabOThl
MHOT'OJIONIACTHBIX BUHTOBBIX CBall B TJIMHHUCTHIX rpyHTax [97, 116].

Ha pucynke 3.11 © mnpencraBieHa KapTWHA pacHpelesieHUs KacaTellbHbIX
HaIPSDKEHUH Ty;. B pe3ysibTare YMCIEHHBIX YKCIIEPUMEHTOB MO MU3YyYEHHIO MPOLECCOB,
IPOUCXOMSIINX B OCHOBAHUHU IPU YBEJIMYEHHM BIABIMBAIOIIECH HArPYy3KH (IIOIIAroBOE

NPWIOKEHUE HArpy3Ku), YCTAHOBJIEHO, 4YTO IEPEMELIEHUE YacTULl B OKPECTHOCTHU
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HIDKHEW JIONMACTA BUHTOBOW JBYXJIONMACTHOM CBaW HAMNPABICHO MPEUMYLIECTBEHHO B
CTOPOHBI M BHH3, YTO HCKIIOYACT «CMBIKAaHHME» O00JacTe MTPEenelbHOTO COCTOSHUS
TpyHTa HaJ HWKHEH jomactbio cBau. [losTomy, pe3kas moreps Hecyield cnocoOHOCTH
(obdexT cppiBa) TpyHTa B OCHOBAaHMM HIDKHEH JIONIACTH HE XapakKTepHa IS
JIBYXJIOTIACTHBIX BUHTOBBIX CBail, B OTJIMYHME OT CBail, UMEIOIIMX OHY Jionacth [107].

W3 xapakTepa pacrpe/esieHus FOpH30HTaAIBHBIX iepemenienuit Uy (pucyrok 3.12)
CIEIyeT, 4YTO TJHWHUCTBIA TPYHT, 3aKJIIOUYCHHBIA MEXAY JONacTSIMA BHHTOBOM
JIBYXJIOITACTHOM CBau, MPH €€ Harpy>KeHWH padoTaeT KaK €JIMHBIA IEeJbHBIA AJIEMEHT,
COBMECTHO C €€ CTBOJOM (TOPHU3OHTAIbHBIE TEPEMEUICHUS BHYTPU TPYHTOBOIO

IIJTMHpPA TpaKkTHYecku paBHBI Hyr0 Uy=0).

a)

Pucynok 3.11 — I'paduueckoe npeacTaBieHue pacrpeaeacHus: a -
BEPTHUKAIbHBIX MIEPEMEILIEHUH, H-KacaTeIbHbIX HAPSXKEHUN BOKPYT BUHTOBOM

JIBYXJIOITACTHOM CBau



96

Pucynox 3.12 — Xapakrtep pacnpeaencHusi TOpPH30HTATBHBIX IIEPEMEIIICHUH B

OKOJIOCBAaWHOM I'DYHTE

3.4.ConocraBjieHHe PE€3yJbTAaTOB IKCHICPUMECHTAJIBHBIX U TCOPETUICCKUX
Hccjaea0BaHui Hecymeﬁ CIIOCOOHOCTH BHHTOBBIX csaﬁ, HX aHAJIN3 U

00001IeHNe

Ha pucynke 3.13 mpexacraBieHbl TpaQuKu «HArpy3Ka-ocajkay, MOJyYCHHBIC B
pesynbTate pacueta MKD u mpuBesieHHBIE K €IMHOMY MaciiTady, B COMOCTABJICHUH C
MOJIEBBIMU HCIIBITAHUSIMU CBA.

Hecymryro cmocoOHOCTh BHHTOBBIX CBall MO TpaduKy, MOCTPOSHHOMY IO
pe3yibpTaTaM pacuera, Onpeaelisuid MPU 3HAUYCHWN BEPTUKAIBHOTO TepememnieHus B 30
MM, TaK KaK yCTPAaWBacMbl€ BUHTOBBIE CBAaW IMPEUMYLIECTBEHHO HCITOJIB3YIOTCS JIS
3aHUN C METaJUIMYECKUM KapkacoM. Tak Mo pe3yjbTaTaM CTAaTUYECKUX HUCIBITAaHUN
Hecyliasi COCOOHOCTh IBYXJIOMACTHOM M OHOJIONACTHOW BUHTOBOM cBau Fq4 coctaBuna

64 xH u 48 xH, a no pe3ynbratam moaenupoBanus 58 u 43 kH coorBercTBeHHO [52].
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ComocraBnenue nokaszano, 4ro [1K Midas MoxHO mpuMeHSTh IS OnpeaeIeHuUs
HECYIIeH CIOCOOHOCTH BHUHTOBBIX CBail (B 3aBUCHUMOCTH OT MPUHSATOTO KPHUTEpHs) C

TOYHOCTHIO 10 — 17% B TITUHUCTBIX TPyHTaX.
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Pucynok 3.13 — Pacuetnsiii rpagux MKD (1) u rpaduk ctaTmaeckoro uctibITanus (2)

JUTS IBYXJIOIIACTHOW CBAau

3.5. BsiBoabl o pazaenay 3

1. YnucmeHHOE MOJCIMPOBAHHUE C HMCIOJB30BaHHUEM IMPOrPaMMHOI0 KOMILIECKCA
Midas GTS NX sBisieTcst epCleKTHBHBIM METOJIOM IPOTrHO3a Hecylleld CIoCOOHOCTH
BHUHTOBBIX CBail.

2. Tlo pesynbrataM rpadu4ecKoll HJUTFOCTPAIIUU paclpee/IeHUs] KacaTelIbHBIX
HANPSOKEHUH W BEPTHKAIBHBIX IMEPEMEINECHUH TMOATBEPKICH MEXaHHU3M HMCUYCPITaHUs
HEeCyIIel CroCOOHOCTH TPYHTa BOKPYT CBau. TakuM oOpa3oM, oOIee CONMpOTHUBIICHUE
COCTOMT U3 TPeX KOMIIOHEHTOB: COIPOTHUBJICHHS IO CTBOJIy CBaW, COIMPOTHUBJICHHS IO
OOKOBOI TIOBEPXHOCTH TPYHTA, 3aKIFOYCHHOTO MEXIY JIOMACTAMU W CONPOTHBIICHUS

HUYKHEU JIOTIACTH.

3. PeaqcTH4HBIA TPOTHO3 OCATOK W HECYIIEH CIOCOOHOCTU MOXKET OBITh
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JOCTUTHYT NP MOJAEJIMPOBAHUY BUHTOBBIX CBail B YIIPOUHSIOUIEMCS TPYHTE.

Ananuzupys rpaduKiu Ha pUCYHKaX, MO)KHO KOHCTaTUPOBATh:

- NPUMEHEHHE MOJEIN YIPOYHSIOUIEr0 IpyHTa (MOAU(PHUIMPOBAHHOW MOJEIH
Mopa — KysioHa) mo3BOJIIET BBIIOJHATh PEATUCTUYHBIA NPOTrHO3 OCATO0K M HECYIIEH
CHOCOOHOCTH MpU YHUCIECHHOM MOJEIUPOBAHUHU, TaK KaK TEOPETUUYECKUE U
HKCIIEPUMEHTAIbHbIE 3HAYEHUS Ha TIpaduKax pacrojOKEHbl JOCTATOYHO OJIU3KO.
ConocTaBiieHHE TEOPETHUECKUX M 3KCIEPUMEHTAIBHBIX 3HAUEHUI MOKa3ajo, 4To JJIs
BUHTOBBIX JBYXJIONACTHBIX CBAall pPacXOXKIACHHE B OLEHKE HECYyIEH CIIOCOOHOCTH HE
npeBbiaet 17 % B MIMHUCTBIX TPYHTAaX.

- pacueTHbIE TpadUKy IJIs1 ABYXJIOMACTHBIX CBAail HE MPOSIBIISIOT IPU3HAKOB CPbIBA
10 ocanok 40—45 MM, 4TO XOPOIIO COINIACYETCS ¢ AIKCIIEPUMEHTAIbHBIMU TAHHBIMU.

- TpaduK I OJHOJIONACTHOW BHHTOBOWM cBaW mpu ocagkax 20-25 MM pe3ko
YBEIMYHBAIOT KPYTU3HY, IPAKTUYECKHA MOJIEIIUPYETCS CPBIB CBAM, KOTOPBII OTMEYaJICS B

OKCIICPUMCHTC.



99

I''TABA 4. IPAKTUYECKOE UCIIOJb30OBAHUME ITOJYYEHHBIX
PE3YJbTATOB U HAIPABJIEHUSA JAJBHEHIINX UCCJEJOBAHUM

4.1.COBepHIeHCTBOBaHI/Ie MeE€Toaa pacdeTa 0CaAK BUHTOBLIX /IBYJIONIACTHBIX cBai

B I"IHHUCTBIX I'PYHTAX

[To pe3ynbTaTaM 3KCIIEpUMEHTAIBHBIX HccnenoBanuii [49, 51, 52] moarsepkacHO,
9T0 TIMHHCTRIA TpyHT (1), 3akmouyeHHBI Mexay onactsmu (2,3) BHHTOBOM
JIBYXJIONACTHOW CBau IpHU €€ HarpyXeHUH npruooperaeT (GopMy «IPyHTOBOTO LIMIIMHIPA»
(4) v HaunHaeT paboTaTh KaK CAMHBIN IEIbHBIA JIEMEHT COBMECTHO C e¢ CTBOJIOM (5)
(pucyHok 4.1). Hanbonee ka4eCTBEHHO «TPYHTOBBIN ITUIUHAP» (HOPMUPYETCS Y CBail ¢
paccrosianeM L = 2,0-2,5 D [52]. Hanmuue «rpyHTOBOrO HuiuHapa» (4) NpuBOIUT K
YBEIMYECHHUIO IUIOMAAM OOKOBOM NOBEPXHOCTHM BHUHTOBOM JBYXJIONIACTHOM CBaW Ha
y4acTKe MEXIY JIONacTsIMU M MOBBILICHUIO €€ Hecyllei crmocoOHoctu F¢ B menom.
Buemmnsiss wHarpyska N, jeiicTByromjass Ha BHHTOBYIO JIBYXJIOMACTHYIO —CBalo,
BOCIIPUHUMAETCS OKPYKAIOIIUM TPYHTOM Yepe3 CONpOTHBIIeHHE TpyHTa f Ha KOHTaKTe C
OO0KOBOI1 TOBEPXHOCTHIO «PYHTOBOT'O LIMJIMHIPa» U U€pe3 CONPOTUBIIEHUE IpyHTa R oA
HIDKHEH JonacThio cBau. ConpoTuBIieHHE TpyHTA f 10 60KOBOI TOBEPXHOCTH CTAIBHOTO
riaakoro crBosia (5) BUHTOBOM cBau (Ha y4acTKe CTBOJIA BBIIIC BTOPOM JIOMTACTH) MOYKET
HE YUYMUTBIBATHCS, TAK KaK JOJISI 3TOW HArpy3KH JJIs CBald JJIMHON A0 3 M B IJIMHUCTOM
rpyHTe He mpeBbimaeT 5-10% ot ee oOmel Hecymeid crnocooHoctn Fg [31].
BrliensnokeHHoe 1aeT OCHOBAHME CUUTATh, YTO CXEMa B3aMMOJCHCTBHSI BUHTOBBIX
JIBYXJIOMACTHBIX CBAail ¢ TIMHUCTBIM TPYHTOM OCHOBAHUS HE OTJIMYACTCS CYIIECTBEHHO
OT CXEMBbl B3aUMOJICHCTBUSI BUCAYMX CBail, YTO TMO3BOJSET HCIOIH30BaTh M3BECTHHIC
TEOPETUUECKHE MOJIOKEHUS [T COBEPILIEHCTBOBAHMS METO/Ia pacueTa UX OCaIKH.

BoNbIIMHCTBO MPaKTUYECKUX METOIOB pacyera OCaJ0K cBail 0a3upyroTcs Ha
pelIeHN: TEOPHUH YOPYTOCTH O COCPEAOTOUYEHHOW Cuje, MPHIOKEHHON BHYTPH

OJTHOPOJHOIO HM30TPONHOrO MOJYNpocTpaHcTBa (3amadya P. Munmnuna, 1950).
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Bonpocamu onpeneneHus ocaiok OJJMHOYHBIX CBail Ha OCHOBE perieHust P. MunanuHa B
pasHoe Bpems 3aHuManuch bapronomeit A.A. (1986-1994), IN'opoynos-Ilocagos M.I.
(1966), Orpanouu A.b. (1963), CusroBa E.I1. (1961-1963) u ap. OnHako JaHHBIC
METOJIBI  CIIOKHBI JUISI TPAKTHYSCKOTO HCIIOJIb30BAHMS, TaK KaK OTIMYAIOTCA
TPOMO3JIKOCTBIO BBIYHMCIICHUN. 3HAYUTEIBHYIO pOJb B Pa3BUTHU COBPEMEHHBIX
MPAKTUIECKUX METOJOB pacueTa OCaIKH CBaWHBIX ()YHAAMEHTOB IO TEOPUU YIIPYTOCTH
ceirpainu padoTsl bappamosa B.A. (1968-1969), ®emoporckoro B.I". (1972-1978), Frank
R.A. (1974), Poulos H. G. (1968-2005), Randolph M.F. & Wroth C.P. (1978), Tomlinson
M.J. (1994).

Pucynok 4.1 — Cxema B3auMOJICUCTBUSI BUHTOBOM JABYXJIOMACTHON CBau C TJIMHUCTBIM
IPYHTOM: 1-TJIMHUCTHBIN TPYHT; 2,3 — COOTBETCTBEHHO, BEPXHSISI U HUXKHSAS JIONIACTH
BUHTOBOU JBYXJIONIACTHOM CBau; 4- OOKOBasi MOBEPXHOCTh «TPYHTOBOTO IUITUHAPAY
(BHEIIHUI KOHTYP); 5 — CTBOJI BUHTOBOM cBau; L — paccrosinue Mexay jgonactsimu; N —
BHEITHSS BIABJIMBAOIAsl HArpy3ka Ha cBaio; f— conpoTusienne (TpeHue) rpyHTa 1mo
OOKOBOM MOBEPXHOCTH «TPYHTOBOTO ITUJIIMHIPAY; R - CONMPOTUBIEHUE IPYHTA MO/

HWKHEH JIOIIACTBIO, D - AWaMCTp JIOIIaCTH
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Metonuka pacuera OCaJKM OJUHOYHOM CBAaW B CTPOrOM MOCTAHOBKE C YYETOM
BO3MOYKHOCTH €€ NpOCKaJIb3bIBaHUSI B TpyHTE paspaborana PenopoBckum B.I'. u
noJpoOHO omnucaHa B pabote [65], a momydeHHble pe3yibTaThl BkiIoueHsl B CHull
2.02.03-85. Ha ocuoBanuu manHoro merona baxommuueim b.B. u np [9] pa3pabortana
OwIMHeWHass MOJeb pacyeTa ocaJiku OypoHaOMBHOM CBau BOUIEAIIAs B MOCJIEAHIOIO
peaaKkiuio CBOJIa MPaBUJI MO MPOCKTUPOBAHUIO CBAWHBIX (PYHIAMEHTOB (CIa
24.13330.2011).

OnHako, WCIOJB30BaHUE CYIIECTBYIOIIMX  <JIMHEHHBIX»  PEIIEHUNA IIpU
ONPENEIICHNH OCAIKHM OJWHOYHOW BHMHTOBOM [JBYXJIOIIACTHOM CBaW, IOTPYKaEMOU B
TPYHT Ha TIIyOuHy He Oosiee 1,5-3,0 M B iuana3zone BHEIIHUX Harpy3o0k Ha cBaro N=(0,5-
0,8):F4, MOXeT mpuBECTH K CYIIECTBCHHBIM PACXOXICHUSIM (10 HECKOJIIBKUX pa3) ¢
(akTUYeCK H3MEPEHHOW BEJIMYMHOM OCAIKH. ITO OOBSACHIETCS TEM, 4YTO IMpHU
BO3pACTaHUM BHENIHEH Harpy3ku N, 3aBUCHMOCTh MeXIy ocankod u Harpy3koir S=f(N)
JUIsl BUHTOBBIX JIBYXJIOIIACTHBIX CBall CTAHOBUTHCS CYIIECTBEHHO HEJIMHENHOW. Y Kpaes
HUKHEH JIONACTH BUHTOBOM CBAaM MPOUCXOAUT UHTEHCHUBHOE Pa3BUTHE 30H CIABUTOBBIX
nepopmanmii. Iloatomy, s pa3pabOTKM METOJOB pacueTra OCaJKd BHHTOBOM
JBYXJIONACTHOW CBau, HEOOXOJAMMO TMPUMEHEHHUE pEUIeHUI, KOTOpbIE OTpPa)XaroT
peanbHbIN (HETMHEIHBIN) XapakTep ee paboThl B TITUHUCTOM TPYHTE.

Jnsg  onpeneneHus — TEOPETUYECKOM  3aBUCMMOCTHM  OCaJKM  BUHTOBOWU
IBYXJIOMIACTHOW cBanm OT BHemHed Harpy3ku S=f(N) Bocmomb3yemcs npemioxeHnem
HNanmatoBa b.M. u Jlanmmuua @®.K., OCHOBaHHOM Ha W3y4Y€HUU Pa3ACIbHON pabOTHI
HIDKHETO KOHIIa 1 O0KOBOM MOBEPXHOCTH BUCSYMX (3a0MBHBIX ) CBall B TIIMHUCTOM IPYHTE

[18]. [IpuHuMaeM, 4TO HAa EPBOM 3Talle HATPYKEHUS BUHTOBOW JBYXJIOMIACTHOW CBaW

(mo wmarpy3ku Ni) BHemHsis Harpy3ka N mepepacnpenensercss MexIy OOKOBOM
MOBEPXHOCTBI) «TPYHTOBOIO LUJIMHAPA» W HWKHEHW Jsonactero. IlepBeii sTamn
Harpy)XKCHUSI XapaKTepU3yeTcsl PaBHOMEPHBIM (JIMHEHHBIM) POCTOM OCagKhu S
3aBEpIIACTCS HEKOTOPOW BEIMYMHOM OCAIKU S1, TMOCJHE JOCTHXKEHUS KOTOPOU
MPOUCXOJIUT «CPE3» TPyHTA MO OOKOBOW TMOBEPXHOCTH «TPYHTOBOTO UUIUHAPA»
(pucynox 4.2). Ilo npennoxenuto JlanmartoBa b.U. u ap., ocaaka cBau, chopmupoBanHast

B MOMEHT IIOJIHOM peaju3allii COMPOTUBJIEHUS TpyHTa (TpEHHUsA) MO ero OOKOBOM
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noBepxHocTH f, Ha3pIBaeTCs «cIBUTOBOW». BHemmHss Harpy3ka Ni, COOTBETCTBYIOMIAs

OKOHYaHWIO JITHEHHOM 3aBUCHUMOCTH Ha rpaduke ocanok S=f(N), cocraBiser:
Ni1=Nf +Ngr , (41)
rae Nf — yacTh BHEIIHEW Harpy3ku, IMepeaBacMoOil Ha OKOJIOCBAlHBIN MacCHUB

rpyHTa OOKOBOM TTOBEPXHOCTHIO «TPYHTOBOTO NUIMHIpa», KH;

Nr — TO e, Iepe1aBaeMoil Ha TPYHT OCHOBAHWSI HUKHEH JI0MIACThI0 BUHTOBOM
JIBYXJIONIACTHOW CBaW Ha 3Tale OKOHYaHWs JuHEeHHON 3aBucumoctu ocanku S=f(N) (B
MOMEHT TIOJIHOM pealiu3alliid COTMPOTHBIICHUS TpyHTa 1O OOKOBOW IOBEPXHOCTHU

«TPYHTOBOTO HMIMHAPay), KH.

AN
0 Niy A WV N> N.xH
| ! S
| I !
S | | |
e 1
| |
| |
] | |
aS H—1
| |
|
sF==1 ¥ F-—=F-—-fF-- 1.S=f)
|
|
I
ezl B Pesmdoodaado
S. MM

Pucynok 4.2 — Cxema Harpy>keHusi BHHTOBOW JIBYXJIOMACTHOM CBau B TIIMHUCTOM

TPYHTE

[Mpu yBenmuuenun BHemHed Harpy3ku N (N > N;) HaumHaeT TPOUCXOIUTH
pOCKaJb3bIBaHUE (Cpe3) PyHTa BAOIb OOKOBOI MOBEPXHOCTH «TPYHTOBOTO IIMIIMHAPAY.
C aTOro MOMEHTa HacTynaeT BTOPOM ATall HarpyKeHUs BAHTOBOM JIBYXJIONACTHOM CBaH,
Ha KOTOPOM TOJHOCTBIO MPOSBIsETCS pabdoTa HIDKHEH Jionmactu B rpyHre. llpu stom
rpaduk S=f(N) umeeT HeMMHEHHYIO 3aBUCMMOCTh. BTOpoii atan HarpyxeHus (padoThI)
BUHTOBOM JIBYXJIOIIACTHOM CBaW 3aBEPILIACTCS MIPU JOCTHXKEHNUU BHEIIHEH Harpy3ku Ny,

KOTOpasi COOTBETCTBYET MOJHOMY MCUYEPIIAHUIO HECYILEH CTIOCOOHOCTH CBau MO TPYHTY
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U HecTaOMIM3UPOBaHHOM (IpoBajbHOW) ocanke S;. Harpyska Ny, B COOTBETCTBUM C
YCIIOBUSIMU PabOThl BUHTOBOW JBYXJIOMACTHOW CBaW B TJIIMHHUCTOM TPYHTE, COCTaBUT
(pucynok 4.2):
N, = N1+(Nn - NR), (42)
rae N2 - BHENIHssL Harpy3ka, COOTBETCTBYIOIIAs TIOJIHOMY UCYEPIIAHUIO HECYIIEeH
CIIOCOOHOCTM ~ TpPyHTa  OCHOBaHMSI ~ BHHTOBOM  JIBYXJIOMACTHOM  cBau W
HECTaOMIM3UPOBAHHON (TIPOBAJIbHON) ee ocajke, kKH;
N1, Ng — T0 e, uto u B (4.1), kH;
Nn — 4acTh BHEIIHEW HArpy3KH, epeJaBaeMOi Ha TPYHT HUKHEH JIOMACThIO U
COOTBETCTBYIOILIEH MMOTEPE €€ HECYIIEH ClIOCOOHOCTH O IPyHTY, KH.
Harpyska N, Haxoxsimascs Ha rpaduke (pUCYHOK 4.2) B Tuana3oHe HEJIMHEHMHOU
3apucuMocTH ocaaku S=F(N), coctaBiser (N1<N<Ny):
N=N;+A N, 4.3)
rae Ni- To xe, uro u B popmye (1), kH;

A N — mpuparieHue Harpy3Kyd Ha BUHTOBYIO JIByXJIOMACTHYIO CBAal0 C MOMEHTA
OKOHYaHHIO JTUHEHHON 3aBrucuMocTH Ha rpaduke ocagok S=f(N) (ua yuactke ot N; do
Nz,), kH.

Koneunast ocajka BUHTOBOMW JIBYXJIONIACTHOM CBau S mpu 3afaHHON Harpys3ke N
paBHa cyMMe ocaziok Sy u AS (pucyHok 4.2):

S=S1+AS (4.4)

rae S1 — ocanaka, cOpMHUpPOBAHHAST HA TIEPBOM JTAl€ HArpyXeHUsT BUHTOBOM

JIBYXJIOTIACTHOM cBau (3a cyeT aedopmainuid TpyHTa MPU CABUTE BOKPYTr OOKOBOM

MOBEPXHOCTH «TPYHTOBOTO LUJIMH/IPA» U €r0 YIUIOTHEHUS MO HYXKHEHN JI0MACThIO), MM;

AS - mpupalieHue ocaJki BAHTOBOW JBYXJIOIIACTHON CBAaW Ha BTOPOM JTarie ee
Harpy>keHus (3a cuer pa3BuTHsA JAeopMaivii TpyHTa B OCHOBAHWUHU HWIKHEU JIOMACTH
CBaM), MM.

OnpenenuM BHaYajie OCaAKy Si, KOTOPYIO MOJy4YaeT BHHTOBAs JABYXJIOMACTHAS

cBas Ha mepBoM drtane Harpyxenus (mpu Ni=Ni+Ng). Bocrons3zyeMcs aHamTUTHYECKUM

metogom Randolph M.F. u nap. (1978 r.) [108] mns pacyera ocanku BHCSUYEH CBaw,

KOTOpasi HaXOJAuTCsA B JUHEWHO-nepopMupyemoi cpene. ABtopbl metona [108], mpu



104
BbIBOJIC (DOPMYJNBI CUMTAIM, YTO HArpyKEHHWE CBal COMPOBOXKIAIOCH Pa3BUTHEM
NPEUMYIIECTBEHHO CABHUTOBBIX JedopManiii B OKOJIOCBAafHOM MAacCHUBE TpyHTA.
Hedopmariun  rpyHTa BOKPYI CBal aBTOpPHl YCIOBHO TMPUHUMAIXW B BHJIE
KOHLEHTPUYECKUX I[WIMHIPOB, HA TPaHAX KOTOPBIX JCHCTBYIOT KacaTeJIbHbIE
HaNpsHKCHUs (7, To, Tm). POpMyNa IS ompenescHUus OCaJKh cBau W, 00YyCJIOBJICHHOM

JICHCTBUEM KacaTelbHbIX HAMPSIKCHUH (7, To, Tm), BAOJIb €€ OOKOBOI IIOBEPXHOCTH UMEET

By [108]:
w = Doro (rmdr _ ﬂ]n(rﬂ)’ (4.5)

G “To r G To
rae I — TOpU30HTAIBHOE PACCTOSIHHME OT BEPTUKAJIBHON OCH CBau Z 10 JIOOOMH
TpaHMIBl B TIpenenax JUHEHHO-IeQopMupyeMon 00JacTH OKOJIOCBAHOTO MacCUBa
IPYHTa, M;
Tjn - TOPU3OHTAILHOE PACCTOSIHUE OT BEPTHKAIBHOW OCH CBau Z 10 00JacTH,
I7Ie KacaTeJIbHBIMM HANpPsDKEHUSMH B MACCHUBE OKpPY)XKAIOIIETO  TPYHTAa MOXHO
npenedpeys (T,, = 0), m;
Tp — PaAnyC JIONACcTH CBaH, M;
To— KacaTelbHbIE HamNpsOKEHUs, JCUCTBYIOIIME Ha OOKOBOW MOBEPXHOCTH
«TPYHTOBOTO LMJIMHApPa», Klla;
G — monynb caBura rpyHra, klla.
dopmyna (4.5) Gazupyercs Ha TOJIOKEHHUH, YTO BEPTUKAIBHBIC TEPEMEIICHHS
TpyHTa BOKPYT CBau MPAKTHUYECKW HE MEHSIOTCS MO TIyOuHe, a MpU yAaJeHUU OT CBau
oHM 3aryxaT. CreayeT mnpu 3TOM OTMETUTh, UTO MPEAJIOKEHHAs cXema
nehopMUPOBaHUS TPYHTA BOKPYT OJMHOYHOW CBaWl MPH €€ HArpy>KCHHUH BIIEpBBIC Obliia
omucana bapsamoBeiM B.A. [6], kOTOpbIii Ha3BaJl €€ «TEICCKOMMYCCKUI CIBUTY.
bapBamoBsiM B.A. Takxke ObUIO YCTAHOBJIEHO, YTO TOPU3OHTAJIBHBIE MEPEMEIICHUS
IpyHTa BOKPYT CBau OYEHb MaJybl MO0 CPaBHEHHUIO C BEepPTHKaJbHBIMHU (He Oojee 2-5%
BEJIMYMHBI BEPTUKAIBHBIX TIEpeMeEIeHuii) [6].
PaccmoTpuM mcmonib30BaHKe BhIIeyKazanHoro meroaa Randolph M.F. u ap. k

pPacueTy OCaaKH BUHTOBOU JIBYXHOHaCTHOﬁ CBau B I''TMHUCTOM I'PYHTC Ha IICPBOM 3Tallc

ee HarpyxeHus. [ns storo, cormacHo (1), mpumeMm pacuetHyro cxemy (puc. 3) Ha
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nevicteue BHemHeW Harpy3kud Ni. [Ipm 3ToM cumrTaem, 4to ocamka Si, MPOMCXOAWT
OJTHOBpEMEHHO OT Harpy3ku Ni (3a cuer caBura rpyHta no OOKOBOW IMOBEPXHOCTH
«TPYHTOBOTO IMIJIMHIpa» - S¢f) M OT Harpy3ku Ngr (3a cUeT YIUIOTHEHUsI TpyHTa B
OCHOBAaHUM HIDKHEH jomactu - Sg). [lpuHHMMas, 4To 3HAUYEHHA OCAIOK PABHBI MEXKIY
coboli (13 yCcIIoOBUsI HEPA3PBIBHOCTH ) UMEEM:
S1 =S¢ = SR , (458.)
Jlnig onpefeneHust Ocajku S¢ 3aMEHUM JiericTBre Harpy3ku Nf (4acTu Harpy3Kku ot
Ni) KacaTelbHBIMU HANpPsDKCHUSIMU Tp, PABHOMEPHO paclpe/ieICHHbIMH 10 OOKOBOM

MOBEPXHOCTH «TPYHTOBOTO IWIIMHAPay (pUCYHOK 4.3):

Ny
0= 4.6
0 2mrol ' (4.6)
e 7, — paauyCc «TIPYHTOBOrO IWJIMHApPa» (HMKHEH JIOMAcTH) BUHTOBOMN

JBYXJIOIACTHOM CBau, M;
L — BbICOTa «TpyHTOBOrO LMJIMHAPA» (PACCTOSHUE MEKY JIOMACTIMU), M;
Nt — T0 xe, uto u B popmyue (4.1).

Cornacno [108] BepTukangbHOE nepemelnieHre W B ypaBHeHuu (4.5) hopmupyercs
3a CUeT KacaTeJIbHbIX HANPSLKEHUM 7, JEMCTBYIOIIHNX B OKOJIOCBAWHOM MAaCCUBE IPYHTA
BILJIOTH /10 HEKOTOPOT'O PacCTOSHUSA Iy, T€ BEPTUKAIbHbIC MepeMeleHus: paBHbl W = 0
(pucynok 4.3). B pabote aBTOpOB MeTO/la MpEIIOKEHA CIEITYIONas 3aBUCUMOCTbD JIJIs
onpenaeneHus Iny:

T = 2,5-L, 4.7)
rae L — riybuna norpyxeHus cBau.

Y4uThIBas 3T0 MOXKHO CUMTATh, YTO JJI1 BAHTOBOM CBau MAJIOTO IMaMETPa TaHHOE
paccrosiHue OyayT paBHO BBICOTE€ «TPYHTOBOTO LMIMHApa» L, Tak Kak TpeHHEM IO
OOKOBOW TTOBEPXHOCTH CTBOJIA B TJIMHUCTBIX TPYHTAaX MOXHO npeHeopeus [31].

[Toacrasmsist B hopmyny (5) Beipaxenus (6) ¢ yaetom dhopmynsl (7) u mpuHUMAs
W= S¢ MOJIyYMM BBIPAKEHUE JJIs1 ONPEACIICHUS OCAJIKM BUHTOBOM JBYXJIONACTHOM CBau
B TJIMHUCTOM TpPYHTE MOJYTBEpION KOHCUCTEHIMU W L=4r, Ha mepBoM 3Tare ee

HarpykxeHusi (OKOHYaHWE JTMHEHHONM 3aBUCUMOCTH Ha TpadrKe OCaTKU CBaM):

S = 1,15-~L (4.8)

LG '
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riae L — To ke, 4To U B ypaBHeHuUH (4.6).

B dopmyny (4.8) Bxonut Moaynb caBura G, KOTOPBIN 3aBHCHT OT JIEHCTBYOIIMX
KacaTeJIbHbIX HAIMPSKEHUH To, pacIpeICIICHHBIX 10 OOKOBOW MOBEPXHOCTU «TPYHTOBOTO
UUAJTUHIPAY.

XapakTepucTuKa Ha4yaJlbHOTO MOJYJIS CABHUTA TPyHTa JJi JIMHEWHOIO ydacTKa

pa6OTI)I CBal MOJKET OBITh YCTAHOBJICHA 110 COOTHOIICHUAM TCOPHUHU YIIPYTOCTH!

_ _Eo
G = 2:(1+4) » (4.8 a)

rie Eo - momyns nedopmariuu rpyHTa, YCTAHOBJICHHBIM IO pe3yibTaTaM

IITaMIIOBBIX UCTIBITAHUIN B IMANa30HE JIMHEHHON 3aBUcHMMOCTH rpaduka S=f(p);
1 — ko3¢ durment [lyaccona rpyHra.

Harpyska N;  (uacte BHemHei Harpy3kd Ni), KoTopas COOTBETCTBYET
HACTYIUICHUIO TIPEACIBHOTO COCTOSHMS TPYHTAa Ha y4acTKE €ro KOHTaKkTa ¢ OOKOBOM
MOBEPXHOCTH «TPYHTOBOTO IMJIMHIpPA», OMpeaesisieM U3 BblpaxeHus (6), MOJICTaBUB
BMECTO Tg 3HAUCHHE Tmax:

Nf =215 L+ Tipgx, (4.9)
rae L, Tmax— TO e, 4TO U B ypaBHEHUsX (6) u (8a).

KacarenbHbie HAPSDKEHUS Tmax MOTYT OBITH ONIPEACIICHBI U3 YCIOBUS MPOYHOCTH
Kynona-Mopa (1. 5.7.4. CI122.13330.2011):

T=Tnax =0tg8¢@ +¢q, (4.10)

ri€ 0 — HOPMaJIbHOE HANpsDKEHHE, JCHCTBYIOINIEE MO OOKOBOWM MOBEPXHOCTU

«TPYHTOBOTO  IMJWHIpPa» (TOpU3OHTaJbHAs COCTABJISIIONIAS  HANPSIKEHUS  OT
coOCTBEHHOTO Beca rpyHTa), klla

(1 W cq - COOTBETCTBEHHO PacyE€THbIC 3HAUYCHUS yIjia BHYTPEHHErO TPEHUS

W yJIeNBHOTO CIIETUICHUSI TPYHTa Ha y4acTKE €ro KOHTaKTa ¢ OOKOBOW MOBEPXHOCTH

«TPYHTOBOTO LUIIUHIPAY).
Harpyska Nr (uacth BHemHed Harpy3ku Ni) MOXeT OBITH oOmpenesieHa 0

o6rensBectHO Gopmysie Eroposa-Illneiixepa mis sxectkoro kpyrioro mramma [9]:

Sp =~EH (4.10a)

4'G'T0

IJIe IPUHSTHIE 0003HAUEHUs Te ke, uTo U B hopmyiax (5), (6), (8a)
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B cnyusae paBeHCTBa 0OCaJOK «TPYHTOBOTO IHMJIMHAPa» (Sf) M OCAAOK HIDKHEH
jomactu (Sr) ¥ BUHTOBOHW JBYXJIOACTHOW CBau B 1EJOM (S1) B MOMEHT MPHIIOKEHUS
BHeIHe# Harpy3ku Nj 3Hauenue Ng, npu St = Sg = S1 cOCTaBUT:

Nr=4G -1y - Sg/(1 — 1), (4.11)

IJIe IPUHATBIC 0003HAYCHUS T€ XKe, uTo U B hopmyinax (4.1), (4.5q), (4.8a).

Takum o0pa3om, mosiydeHbl (OPMYJbl JUIsI pacdyeTa OCaAKM S1 M BHEIIHEH
Harpy3ku Ni BUHTOBOM JBYXJIOITACTHOM CBaW Ha MEPBOM ATalle €€ Harpy>KeHus (y4acTok
JMHENHOM 3aBUCUMOCTH OCAJIKU OT MPUKJIIAAbIBAEMON BHEIIIHEW HAarpy3Ku).

OnpenenuM Temepb IMpHUpaIIEHNe O0CAIKH BUHTOBOW JBYXJIONACTHON cBam AS B

BhIpaKeHUU (4) Ha BTopoM dtane ee HarpyxkeHus (mpu N>Ni). [IpuanMaem, uto mocmue

JOCTUKEHUS OCAJIKU CBaW S1 MPU COOTBETCTBYIOLIEH Harpyske Ni mpupamieHue ocaaku
AS TIpOUCXOIUT TOJMBKO 3a cueT paboThl TpyHTa MOJ HIDKHEH JomacTeio cBau. Jlis
onpenaeneHuss AS HeoOXOUMO YUUTHIBATh HEJIMHENWHYIO 3aBUCHMOCTbh MEXIY OCaJAKOU
CBau M Harpy3koil. 3HaueHue npupanieHus Harpy3ku AN, nepeaBaemMoii Ha TpyHT 4epe3
HWDKHIOIO JIONIACTh CBaM, ycTaHOBUM 3 ycioBus (4.3), kak AN=N-N; (pucynok 4.2).
st onpenenenust AS ot npupainienust Harpy3ku AN BOCIOJIb3yeMcsl METOI0M
Mansimea M.B. u Hukutunoit H.C. [32]. DToT MeTon Obl pa3zpaboTaH il pacueTa
ocajoK (YHIaMEHTOB MEJIKOTO 3aJI0KEHHsI B HEIMHEWHOHN cTanuu aedopMUPOBAHUSA
IpyHTa U MpEANoaraeT TunepooIMuecKyto 3aBUCUMOCTb MEX/1y OCaJIKON U JaBJICHUEM

II0 UX IIOAOIIBEC B BUAC:

sP(P2—p1)—(P—p1) D1
— 4.12
=5 p1(p2—p) ’ ( )

rJe P1 - HAYaJbHOE JIaBJICHUE HA TPYHT OCHOBAHUs, OTBEYAIOIIIEE YCIOBUIO Havasa
BO3HUKHOBEHUSA 001acTel miactuueckux nedopmaruii, klla;
P2 - IaBIEHUE, COOTBETCTBYIOIIEEC HWCUYEPIIAHWIO HECYIIEeW CIIOCOOHOCTH
ocHoBaHus, klla;
ST —ocanka pyHmameHTa rpu JaBJIE€HUU P1:
p — paccmaTpuBaemMoe AaBJCHHE IO MOJoImBe (yHIAMEHTa, MPU KOTOPOM

ompeNeaeTcs ocaaka S.
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Pucynok 4.3 — PacueTHasi cxema K OnpeiesIieHUI0 0CaJK1 BUHTOBOM JBYXJIOTIACTHON
CBaW S; HA MEPBOM dTarle Harpy KCHHUS:

I' — TOPU30HTAJIBHOE PACCTOSIHME OT BEPTUKAIBLHOW OCH CBau Z 0 JHOOON IpaHUIIbI B
npeesnax JUHEHHO-AehOpMUPYyEMOM 00J1aCTU OKOJIOCBAHOTO MacCUBa TPYHTA, M; Ty, -
TOPU30HTAJIBHOE PACCTOSTHUE OT BEPTUKAJIBHOM OCH CBau Z 710 00J1acTu, T1Ie
KacaTeJIbHbIMU HaNpsHKEeHUSIMU T MOXHO npeHeopeus (T = 0), M; 1y — paauyc JonacTu
CBau, M; To— KacaTellbHbI€ HaIlPsDKEHUS, JEHCTBYIONINE HA OOKOBON OBEPXHOCTH
«TPYHTOBOTO IWIIMHIPay», K[1a; T — To xe, nelcTByOIUE HA pacCTOSTHUM I' (JIUOO Iy) OT
ocu cBau Z, klla; S; —ocagka BUHTOBOW JBYXJIONACTHOM cBau OT Harpy3ku Ni, Mmm; ¢ u
Sr — COOTBETCTBEHHO OCAJIKU 3a CUET CABUIA IPYHTA 110 OOKOBOM MOBEPXHOCTU

«T'PYHTOBOTO NHWJIMHApPa» U 3a CUHCT YINIOTHCHUS I'PYHTAa B OCHOBAHHUN HUKHEH JIONmacTu

(Sr= St=S1), Mm
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[IpeoOpazyem ¢opmyny (4.12), 3aMeHuB naBieHus P, Pi1, P2, ASHCTBYIOMUX IO
noJiomBe (pyHAaMEeHTa, Ha 3HAYEHHE HATPYy30K, MepeIaBacMbIX Yepe3 HIKHIOKO JIOMACTh
B konte mepBoro (Nj;) um Broporo (Nz) sramoB HarpykeHusi (pabOTbl) BHHTOBOIA
JBYXJIOTIACTHOM cBau. 3aMeHUM JaBiieHHe [ 3HaueHueMm Harpy3ku AN. Bwmecrto
JaBJCHUS P1 TMOACTABUM 3HaueHHE Harpy3ku Ng, mepegaBaeMoil Ha TPYHT OCHOBAHUS
yepe3 HIKHIOK JIONACTh CBau (B MOMEHT JocTrukeHus oOmieit Harpy3ku N;=N; + Ng).
3amMeHuUM JaBieHUE P2 3HAYCHHMEM Harpy3ku N, , COOTBETCTBYIOIIEH HCUYEPHAHHUIO
HECyIIell cmocoOHOCTH OCHOBAHHWS HU)KHEH JIOTIACTH CBaWl MpU BHeEIIHEeH Harpyske N»
(pucynok 4.2) . Harpyska Ngr ycranaBiuBaeTcs mo yciosuto (4.11), a narpyska N, B
coorBerctBuu ¢ m. 5.7.11 CII 22.13330.2011-OcHoBanusi 3MaHUM U COOPYKEHHU
(akTyanusupoBanHas penakmus CHull 2.02.01-83%),

BrimonauB 3ameny p, P1, P2 B ypaBHeHuu (4.12) na AN, Ngr , Ny cooTBeTCTBEHHO U
MOCIIe HECTIOXKHBIX MTPe00pa30BaHUN MOTYIUM (HOPMYITY JIJIs ONPESICHUS TTPUPAICHHS

ocanku AS, Bei3BaHHOW peiictBueM Harpy3ku AN=N-N; B amuama3one 3HaYeHHIA

N1<N<N; (pucyHoxk 4.2)

AN(Ny,—Ng)—(AN—Ng)-Ng
Nr(Np—AN) (4.13)

AS= Sl

r]ie, MPUHAThIC 0003HAUCHUS T€ e, uTo U B popmynax (4.1)-(4.3) u (4.8).
Koneunyro ocanky S BHHTOBOW JBYXJIOMIACTHOW CBaWl OT JICHCTBHUS BHEITHCH

Harpy3ku N C yuetom (4.4) onpeaenum Kak:

AN(Np—Ng)—(AN—NRg)-Ng
Ng(Np—AN) (4.14)

S=SI+A5=51+ Sl

Takum oOpaszom, mnomydeHHass (opmyna (4.14) mO3BOJsSET MPOTHO3UPOBATH
KOHEYHBIC OCAJKW BUHTOBBIX JIBYXJIOMIACTHBIX CBAal B IITMHUCTHIX TpyHTaX. OHA COCTOUT
U3 JByX cnaraeMbix. [lepBoe ciaraeMoe y4YWTBHIBAe€T JIMHEWHYIO pabOTy TJIMHUCTOTO
TPyHTa | MO3BOJISIET OMPEIEIATh 0CaIKy CBau, CHOPMHUPOBAHHYIO HA TIEPBOM dTarle €€
Harpy)xeHus. Bropoe — yduThIBaeT HEIMHEHHYIO paOOTy TIIMHUCTOTO TPYHTA M JIaeT

BO3MOKHOCTDB OIPCACIIATh OCAIKy CBaW Ha BTOPOM OTaIl€ €€ HArpy>KCHU.
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JI71st OTIeHKH JOCTOBEPHOCTH MPEMIIOKEHHOTO METO/Ia pacueTa 0CaJ 0K BUHTOBBIX
JBYXJIONMACTHBIX CBall OBLIM BBITIOJIHEHBI TIOJIEBBIE IKCIIEPUMEHTAIBHBIC HCCIICTIOBAHUS
ux pabotel [49, 51, 52]. B ombITax HCMHOJb30Bajach BHUHTOBBIC JBYXJIOIACTHBIC
MeTajinyeckue cBau ¢ aquamerpamu ctBosia 0,108 m u momacrteid 0,3 m. Paccrosinue
MeX Iy JionacTsmu L coctaBisio aBa quamerpa jgomactu (L = 2,0 D). Caun morpysxanuck
B IpyHT Ha riyouny 2,0 m. MccrnenoBanusi NMpOBOAMINCH HAa OIBITHOM IUIONIAJIKE,
CIIO)KCHHOW TIJIMHUCTBIM TPYHTOM - TJIMHOW IIPEUMYLIECTBEHHO IOJIYTBEPAOU
KoHcHcTeHIUU. C y4ETOM JaHHBIX O TPYHTOBBIX YCJIIOBHSIX OTBITHOM IJIOIIAIKH, JAHHBIX
O KOHCTPYKTHUBHBIX U T€OMETPHUUYECKUX MapamMeTpax BHUHTOBBIX JBYXJOMACTHBIX CBai
OBLIIM BBIMOJHEHBI PACYETHI UX KOHEYHBIX OCAJIOK C UCIOIb30BaHUEM (hopmydsl (4.14) u
MIOCTPOEHBI COOTBETCTBYIOITHE TpaduuecKkre 3aBUCHUMOCTH. J[aHHBIE DKCIIEPUMEHTOB
COTIOCTAaBIISIUCH C pe3yJibTaTaMu pacueToB (pucyHok 4.4). beuio ycTaHOBIIEHO, YTO B
nuana3one Harpy3ok N=(0,4-0,8)N, Ha BHHTOBBIC JBYXJIOIACTHBIC CBaW 3HAUCHUS

IKCIIEPUMEHTAIBHBIX U PACUETHBIX 0CaJ0K OTiIM4atoTcs B mpeaenax 20-30%.
0 10 20 30 40 S0 60 70 80 N.xH

45 1

50
S, MM

PucyHok 4.4 — 3aBUCUMOCTb OCaJIKM BUHTOBOM JIBYXJIOIIACTHOM CBau S OT BHEIIIHEH
Harpy3ku N B IIMHUCTOM TpyHTE: 1 — IO TaHHBIM SKCIIEPUMEHTa, 2 — JaHHbIE pacyeTa

0 MpeIaraéMoMy METOY
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4.2 .Pa3padoTka peKOMeHJalMii 0 pacyeTy 0CaJAK1 BUHTOBBIX ABYXJIONACTHBIX

CBall B INIMHUCTBIX I'PYHTAaX. HpaKTI/I‘leCKHﬁ nmpuMep pacuera

Pacuer ocaakd BHUHTOBOW JBYXJONACTHOM CBal B TJMHUCTOM TpPYHTE
PEKOMEHYETCsI BBIIIOIHATD B CIEAYIOLIEH MTOCIEI0BATEIbHOCTH:

1. CocraBnsercs pacyeTHass CXe€Ma K ONpPENeNICHUI0O OCaJKh BHUHTOBOM
JIBYXJIONIACTHOM CBaw.

2. Ocanka BUHTOBOM JBYXJIOIIACTHOM CBaW Sq Ha I€pPBOM 3Talle HAarpy>KeHUd
(COOTBETCTBYIOIIAST TMOJHOW pealu3aluy CHJI TPEHUs MO OOKOBOM MOBEPXHOCTH

IPYHTOBOTO IIWJIMH/IPA) ONpeessieTcs no hopmye:

N
Sy =S¢ =S= 115-—L 1

1 R f ) LG’ ( )
rae Ny - 4acTh BHELIHEH HArpysKH, BOCIPHHMMAaeMOW OOKOBOH MOBEPXHOCTBIO

«TPYHTOBOTO IIWJIMHJPA» B MOMEHT UCUEpIIaHUs €€ HeCcyllen cnocooHocTH, KH;
G — HavaJIbHBIN MOJYNb CIIBUTa rpyHTa, Klla;

L — paccrosiHrE MEXAY JONACTAMH, M;

1,15 — Ge3pasmepHnsiit koabdbunuent npu L=41,, Tae 1, - paauyc J0omacTH CBau,

Jitst aTOTO:

3. OnpenensieTcss HaYaJIbHbIA MOAYNb CABUTa IpyHTa G :

- 8
rae £ — mramMnoBsii MOAYIb aedopmariuy,

U — xkodddurment Iyaccona.
4. Ompenensiercss 3HaueHue Harpy3ku Ny, COOTBETCTBYIOIICH HCYEPIIAHUIO

HecylIel CrocoOHOCTH MO OOKOBOM MOBEPXHOCTH TPYHTOBOTO IMJIUHJIPA:

S , 3
Nf 2mrg- LT 3)

rae T — MakC. 3HAYCHHs KacarelbHbIX Hanpsbkenuii, Klla (KacarenbHbie
HANPSDKEHUs T onpeensiiores cornacHo 1. 5.7.4. CIT 22.13330.2016),

L, r,—To0 %e, uro u B hopmyne (1)
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5. ITo popmymne (1) onpenensieM ocanky Sq.

6. Ompenensierca Harpy3ka N o B OCHOBAaHMH HIDKHCH JIONACTH B MOMEHT
UCUepHaHus HeCyIleld CIOCOOHOCTH MO0 OOKOBOM MOBEPXHOCTH TPYHTOBOTO LIUIUH/PA!
N, = 4G -1y Sp/(1 — ), 4)
e G, vy |- TO Ke, 4to U B hopmynax (1) v (2); SR =51 = Sf M.
7. Onpenensiercss Harpyska N, MpH TOCTUKEHUH OCAJIKH Sp, COOTBETCTBYIOLIECH

OKOHYAHUIO JTMHEHHOM 3aBUCUMOCTH Ha Tpaduke ocamgok S=f(N):
N, =N¢+ N, (5)
rie Nf - 1o e, 4To 1 B popmysie (1), Ng - 4aCTb Harpy3KH, IIEpEaBacMOi Ha TPYHT
OCHOBaHUSI HWKHEW JIOMACThI0 BUHTOBOW JBYXJIOMACTHOW CBaW Ha dTale OKOHYAHUS
nuHelHoi 3aBucumoctu S=f(N), kH.
8. Brruucnsercs Harpyska Nn, COOTBETCTBYIOIIAs TOTEPE HECYIIEH CITOCOOHOCTH

TPYHTAa B OCHOBAHMM HWJKHEW Jjomactd cBau B coorBerctBuu ¢ 1. 5.7.11 CII

22.13330.2016:
Nn :(Ny 'fy b7/| +Nq 'gq 7/| -d +Nc 'gc Cl)bl =
=(2,88-18,6-0,6 + 6,40-18,6-2,0 + 14,84-31)-0,071 = 51,6 kH,
9. I[Io dopmyne (6) nHaxomum mnpupameHue Harpy3ku AN (Harpyska

BOCIIPUHUMACTCA TOJIBKO YCPC3 HUIKHIOIO JIOIIACTh BHUHTOBOM CBaI/I)Z

AN= N- Ny, (6)
rae Ni- To xe, uro u B popmye (1), kH;

N — neiicTByromas Harpy3ka Ha cBato (Ha ygactke oT N1 0o Na,), kH.

10. Omnpenensercsi npupaimieHue ocagku AS Ha BTOPOM JTale HarpyKeHHs
BUHTOBOW CBau:

AN(Np—Ng)—(AN—NR)-Ng

A S T ey

(7)
rie N, u Sy, N, AN —T0 e, 4T0 ¥ B dbopmynax (1) — (6),

11. Koneunast ocaaka § oAMHOYHON BUHTOBOM JIBYXJIONIACTHOW CBaM:
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AN(Nn_NR)_(AN_NR)'NR (8)

S = Sl + AS= S]_ +Sl N (Ny—AN) s

e IPUHATHIC 0003HAUYCHUS Te *Ke, uTo U B popmynax (1), (5), (6)

12. TIpoBepsieTcs BBIOIHEHHUE YCIOBUS IO AedopMaIiisim

S<Suie » 9)

rae Sy - IPEenenbHO TOMyCTUMOE 3HAYEHHUE OCAKU CBan
IIpakTuyeckuii npumep pacdera. TpeOyeTcs onpeaenuTh PaCICTHYIO OCAIKY S
BUHTOBOH JBYXJIOIMACTHON METAJUIMYECKOW CBAaW B TIMHUCTOM TPYHTE IO pe3yibTaTam
e¢ BBUHUMBaHUS (TIOTPYKEHHUS) U MaTepuaiaM WHKEHEPHO-T€OJIOTUYECKUX U3bICKAaHUM.
Hcxoonvie oannvte. Inametp crtBoja d BuHTOBOW cBam coctaBisier d = 0,108 M,
nuametp Jjomacteir D = 0,3 M, ycrpoeHHsIx ¢ marom L = 0,6 M (pucysok 4.5). Obmas

muHa cBau H cocrasnser H = 2,5 M, riryOuHa ee morpy»eHus B rpyHT Z = 2,0 M.

+0,500
NeoSkHY
0,000

P

0,5m

7ak/al/si
TUTUTY

Cyramsox

noayTBEpANE
1,=0.08 Il

2M

M

-~

oo

\
\ D=0,3m

+— S+

Pucynok 4.5 — PacueTHas cxema K onpeAeieHUI0 KOHEYHOM OCaJIKM BUHTOBOM

JIBYXJIOITACTHOM CBau S
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['pyHTOBBIE YCIIOBHSA CTPOUTEIBHON IUIOIIAJKH IPEACTABIEHBI OJHOPOIHBIM
AITIOBUAJIBHBIM CYTJIMHKOM MOTYTBEPA0i KOHCUCTeHIUH 110 TayOouns! 12,0 M. [1o nanHbIM
HKCIIEPUMEHTAIbHBIX UCCIIEIOBAHUN CYTIIMHOK XapaKTEePU3yeTCs CASAYIOMUMU (PU3UKO-
MEXaHUYECKUMHU XapaKTEPUCTUKAMHU: IJIOTHOCTH TpyHTa y=1,86 r/cM3; yron
BHyTpeHHero TpeHus ¢=20°; ynensHoe crerienue ¢=0,03 1MIla; moayns aedopmanuu
rpyHTa E, ycTaHOBJIEHHBIN 1O pe3yJibTaTaM INTaMIIOBBIX -HcnbiTaHuit E=11 Mlla (B
unTepBane naasneHuit p = 0,0...0,1 MIla); yucno mmactuunoctu rpynra l,=0,14;
nokasarenb Tekydectu | =0,08. Buemmnss narpyska N, neiicTByroliasi Ha BUHTOBYIO

JBYXJIOIIACTHYIO CBaro, cocTasisier 65 kH.

1. CocraBimsiem pacyeTHas cXeMa K OINPEACICHUIO OCAJAKA BUHTOBOM
JBYXJIOIACTHOW CBaH.

2. 3anuiieM BBIp@XEHUE IS OTPEICNIEHUs OCAJAKHW BHHTOBOW JBYXJIOMACTHOMN

cBau S; Ha MepBOM 3Talle Harpy:kKeHus (COOTBETCTBYIOINIAS MOJTHONW pean3aiii CUJl

TpEHUsI 0 OOKOBOM MOBEPXHOCTU IPYHTOBOTO HIMJIMHAPA):
N¢
S =Sg = S¢= 1,15-
1 R f ’ mLG’
Jiist aToro:

3. YcranoBuM u3 ycioBus (2) moayinb casura G:

_E 11000
T 2-(1+p)  2(1+40,15)

Go = 4780 Ila,

rae u = 0,15 - koapdunuent I[lyaccona, mpuHUMaEMbIii 110 peKOMeHaausaM [82].

4. TTo ¢popmyine (3) onpenesnsieM Harpy3Ky Ha BAHTOBYIO JBYXJIONACTHYIO cBato Ny
(wactp BHemHeW Harpy3kd Ni), mepemaBaeMoil Ha OKOJOCBaWHBIM MacCUB TpyHTa
OOKOBOI1 MOBEPXHOCTHIO «TPYHTOBOTO IIMIIMHAPA»

Ny =21 15" L * Typgx =6,28:0,15:0,6-38,96 =22k H.

[Ipy 3TOM 3HAYEHUE Tmax HAXOJUM NIPEIBAPUTEIHHO, MCIOJB3YS YCIOBUE

npounoctu Kynona-Mopa:

7, =0-tgp, +c, =07-18,6-17-0,36 + 31=3%/1a

max
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rane o=Ko'o,q — HOpMasbHOE HampsDKeHHe, JelcTByIolee Mo OOKOBOM
MOBEPXHOCTH «TPYHTOBOTO MIIMHAPa» (TOPU30HTAIBHAS COCTABIISIONIAS HATIPSKEHUS
OT COOCTBEHHOT0 Beca rpyHra), klla;
Ko — ko3 purmenT 60K0BOTO NaBIICHUS TIMHUCTOTO TPYHTA, IPHHUMAEM JIJIS
TIOJIYTBEPJIOTO CYIJIMHKA paBHBIM 0,7 B cOOTBETCTBHUH C [69].
5. lMoacrapmsis B popmyiny (1) 3Hauenuss moayib capura G u 3HaueHUe

Harpy3ku Nf BBIUUCIUM OCAKy Sp

s = 115-2 _ 115 22 = 0,002M =02
1T M6 T Y 06m-314-4780 M T e

6. U3 ycnoBus (4) onpenensiem 3HadeHue Ng:

N = 4G -1+ Sp/(1 —p) = 4-7440- 0,15 - 0,002/0,85 = 6,7 kH

7. OnpexensieM MO yCIOBUIO (D) BHEHIHIOW HAarpy3ky Ni , COOTBETCTBYIOIIYIO
OKOHYAHHIO TICPBOTO dTalla HarpyKEHUSI BUHTOBOM JIBYXJIOITACTHON CBau:
N1 = Ni+Ng = 22 46,7 = 28,7 xH.
8. Beruucnsem Harpy3ky Nn, COOTBETCTBYIOIIYIO TIOTEPE HECYIIECH CIIOCOOHOCTH

IPyYHTa B OCHOBAaHMM HWXKHEW Jomacth cBau B cooTBerctBuM ¢ 1. 5.7.11 CII

22.13330.2016:
Ny =(N, &, oy, +Ng &7 -+ N, & -¢)) b1 =
=(2,88-18,6-0,6 +6,40-18,6-2,0+ 14,84-31)-0,071 = 51,6 kH,
9. ITo dpopmymne (6) onpenensem npuparieane Harpy3ku AN:

AN= N- N; =65,0 kH-28,7 kH=36,3 xH

10. [To dopmyne (7) HaxonuM 3HAYEHUE MpPUPALICHUS Ocaaku AS, KOTOpoe
COCTaBHT:
AS=S, AN(Np=Ng)=(AN=Ng)-Ng _ 0,2 363:(51.6 =6,7)~(36.3-6,7)6,7 _ 2.8 cm
NR(Np—AN) 6,7 -(51.6-36.3)

11. KoHeunyto ocajaky S BUHTOBOM JIBYXJIOMACTHOM CBau OT ACHCTBHS BHEIIHEH

Harpy3ku N=65 xH onpeaenum u3 ypaBHeHus (8):

S=85+A5=02cm+ 2,8cm = 3,0 cm
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12. TIpoBepsiem BoiTIONHEHHUE yCinoBHs (9) mo aedopmanusiv

3cMm <3 M, 9)
rae Sy - TpenenbHO JOMYCTUMOE 3HAYeHUE OCAIKU cBau (sl 3MaHUMA C
METANTHYECKUM KapKacoMm npuHuMaem S,;; = 3,0 cM )

Yciaosue no geopmanusimM BbINOJTHACTCS.

Takum 00pa3oM, KOHEYHas OCaJKa BHUHTOBOW JBYXJIOMACTHOW  CBaw,
YCTaHOBJIEHHAsI paCYETOM B pacCMaTPUBAEMBIX TPYHTOBBIX YCIOBHSX, cocTaBUT S = 3,0

CM.

4.3. BHenpeHue pe3yJibTATOB UCCJIe10BAHUI

Pe3ynpTaThl AuCCEpTallMOHHOM padOThl ObUIM BHEAPEHBI NpU pa3paboOTKe
MPOEKTHOM TOKYMEHTAIlMU Ha CIEAYIOIUX O0BEKTax:

- CTPOUTENILCTBE KOMILIEKCa COOPHO-pa300pHBIX AaHTaPOB JIOTUCTUYECKOTO IIEHTpa
B I. Yenmsabuncke (2016 r.).

- CTPOUTEINILCTBE TEIUIMYHOTO KoMIuiekca «Arpollapk» B I'mymkoBckom paiioHe
Kypckoit obmactu (2015 1.);

CnopaBku 0 BHEAPEHUHU PE3YJIbTATOB UCCIIECIOBAHUN MPUBEICHBI B PUIOKEHUH b.

Ha o0nekre: «Komrieke cOOpHO-pa300pHBIX aHTAPOB JIOTUCTUYECKOTO IIEHTPAY,
pacnoyioxkeHHOro B 200 M 0XKHEEe HHAMBUAYAIBHOM XUIIOM 3acTpoiiku «Tepemay
CocHoBckoro paiiona, UensiOuHckoil o0nacTi pH pa3padOTKe TEXHUYECKUX pELICHUI
OBLIIM MCTIONIb30BAHbBI PE3YJIbTATHI UCCIICIOBAHNUN aCIIUPAHTA.

B reonoruyeckomM CTpOCHHMM MIIONIA/IKA MPOCKTUPYEMBIX 3[aHUM MpeACTaBIeHa
CJIEAYIOIIUMU TPYHTAMMU:

— JentoBHanbHasg 4yeTBepruuHas riauHa (MI'D-1) TBepaoil KOHCUCTEHLINH,
KOPUYHEBOI0 I[BETA, HEMpOCaao4yHas, HeHaOyxarollas. 3ajeraer ¢ MOBEPXHOCTH 10
riyouns 2,5 — 3,0 m;

— rnuHa HeoreHoBas (UI'3-2), mectpolBeTHasi, TBepias, Jerkas necyaHucTasl.

3aneraet ¢ mryOuHBI 2,5 - 3,0 M. MOIITHOCTH CJT0S1 CKBaXKUHAMH, TTPOUICHHBIMU 10
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rryouHsb! 8,0 M, 710 KOHIIa HE BBISBIICHA.
Y cTaHOBUBIIUICS ypPOBEHb TPYHTOBBIX BOJ 3adukcupoBan Ha rimyoune 4,0 m. [1o
CTEIEHU arpeCCUBHOCTHU MOJI3EMHBIX BOJ K CTaJIbHBIM KOHCTPYKIUSAM — c1a0ast CTENEHb.

du3nKo-MexaHU4YEeCKHe HOPMATHBHBIEC XapaKTEPUCTUKHN TPYHTOB IPUBEICHBI B TAOIHUIIE

4.1 [60]
Ta6numa 4.1 — HopmaTuBHBIE XapaKTEPUCTUKH TPYHTOB
Urs-1
UIrn-2
I'muna
Ne II'D I'muna HeoreHoBas,
JIeTIOBUATIbHAS,
TBepaast
TBEpAas
[110THOCTE TPYyHTA p, T/CM° 1,93 1,91
TTI0THOCTB YACTHII TPYHTA ps, T/CM° 2,71 2,73
ITI0THOCTB CYyXOTO TPYHTA pd, T/CM° 1,57 1,59
EcrecTtBennast BiIa)xHOCTb W, J1.€1. 0,22 0,20
KoaddunueHT mopucTocTH €, 1.e. 0,729 0,717
KoadduimenT BooHackIeHus Sy, 1.€1. 0,831 0,762
YT0) BHYTPEHHETO TPEHHS ¢, TPa/l. 21 22
VnensHoe crermienue ¢, MIla 0,045 0,057
Monyie obmieit nepopmanmu E, MITa 16 21

Kommieke cOopHO pa300pHBIX aHTapOB BKJIIOUAET B €05 11€CTh 00BEKTOB, pa3Mep
KaKJIOro 37aHus B TutaHe 24x72 M. AHrap mnpencraBiaseT COOOM OJHOATaXKHOE,
JBYXIIPOJICTHOE 37aHUE W3 METaJUTMUECKOro kapkaca. [lman KoJIoHH U pa3pes 37aHus, a
TaKKe Y3JIbI TPEICTABIICHBI B TpUiiockeHHH B. Cxema pacueTHbIX Harpy30K Jijisl HauboJiee

Harpy>KeHHOM KOJIOHHBI KapKaca puBeieHa Ha pucyHke 4.6.

FU Y g [/ AL
- “y,r g LfELf‘mlﬂ maxeciny

(EYEHUA KO/MOHHb!

N=60 H, Q=+1,5«H, Q,==+1,2 kH
M,, M,=0 kH

Pucynok 4.6 — Cxema Harpy30K Ha KOJIOHHY 3/1aHUs
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Ha ocHOBaHMM BBITIOJIHEHHBIX HCCIEIOBAaHUM M PACYETOB ACHUPAHTOM ObLIH
noo0pansl TpeOyemble TeOMETPHUECKUE MapaMeTpbl BUHTOBBIX JBYXJIOMACTHBIX CBait
(nuHa, nuameTp Jonactel). OCHOBaHMEM BUHTOBBIX CBail SIBJISIETCSI HEOTEHOBAsI TIIMHA
tBepaoir koHcucteHmu (MI'3-1). PacyetHbie mapaMeTpbl BUHTOBBIX ABYXJIOMACTHBIX
cBail cBelneHbl B Tabmuie 4.2. BUHTOBBIE CBaul COEIUHSUINCH C KOJOHHAMHU Yepe3
aHKEpHbIE OOJTHI, yCTAHOBJICHHBIE HA OMIOPHOMW IJIACTHHE, IPUBAPEHHOM K cBae. Cxema
CBAHOI'O MOJIA U y3€Jl COCAUHEHNs] BUHTOBOM CBAaW C KOJIOHHOM 3[aHUsI NPUBEICH B
npwiokeHnu 3. KoanyecTBo 3anpOeKTHPOBAaHHBIX CBall MOJ 3JaHME aHrapa — 53 IiT.
OO1ee KOJIMYECTBO YCTAHOBJICHHBIX BUHTOBBIX cBail 324 mt. Ha pucynkax 4.7-4.9
IPEJCTaBICHA MOCIEN0BATEIBHOCTh PAdOT MO YCTPONCTBY (PYHIAMEHTOB HA JTAHHOM

obbekte. Ha pucynke 4.10 — o0muii Bu1 kapkaca 37aHusi COOpHO-pa300pHOTro 31aHUS.

B

&=

PucyHok 4.7 — YcTaHOBKa BUHTOBBIX ABYXJIONIACTHBIX CBAald B MPOEKTHOE MOJIOKEHUE

Tabnumna 4.2 —  T'eomerpuueckue u pu3nUeCKre mapaMeTpbl BHHTOBBIX CBAid
Ne n/mt ITapameTpsl cBaii 3HaueHue
1 I'my6GuHa norpyxeHus cBau 20m
2 JluameTp CTBOJIA U JIONIACTA COOTBETCTBEHHO d=0,108 m, D=0,3 m
3 Paccrosinne Mexay onactsiMu 2D=0,6 m
4 TonuHa J0nacTy ¥ CTBOJIA CBaU 6 MM 1 4 MM
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X
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BiEm
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i |

Pucynox 4.10 —O0muii Bu HECYyIIEero Kapkaca cOOpHO-pa300pHOTO 3AaHUS
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B 2015 r 6b11 pa3paboTtan npoekT GyHAAMEHTOB M3 BUHTOBBIX JBYXJIONMACTHBIX
CBail JJig TEIJIMYHOTO KoMIuiekca «Arpollapky», pacnonoxenHoro B Kypckoii o6iactu.
TermIMuHbIX KOMIUIEKC MO MPOU3BOJACTBY IJI0JIOBOOBOIIHON MPOAYKIIUU COCTOUT M3
0Jloka 3UMHUX Terumil, Mmiomaaeo 11,13 ra u NpoU3BOACTBEHHBIX, CKIIAJCKUX,
aJIMUHUCTPATUBHO-OBITOBBIX OBICTPOBO3BOJMMBIX 3JaHUN H coopykeHui. [lman
TEIUIMYHOTO KOMITJIEKCA TPUBE/ICH B MPUIIOXKEHUH [

bnoku Temnuil nmpeacTaBisioT co00i OAHOATAKHBIE 3/1aHUs KapKacCHOTO TUIIA U3
CTaJIbHOTO  OIMHKOBAHHOTO TMPOQHISL CO CBETONPO3PAUYHBIMH  OTPAXKAAIOIIUMU
KOHCTPYKUMSMHU TPOAOJIBHBIX U OOKOBBIX (hacajoB M3 COTOBOTO MOJMPKApOOHATA.
KoHcTpyKkTuBHas cucreMa Kapkaca TEIUTUI — paMHO-CBs3eBasi. B monepeyHoM ceueHuun
KapKac MpeACTaBIsIeT cOOOW MHOIOIMpPOJETHYI0 paMy. Cxema Harpy3oK Ha KOJIOHHY

Kapkaca npuBejieHa Ha pucyHnke 4.11.

(8o ] 36,1 kH

KonoHHa

Fhk >

0.18 kH

mm

1l

Pucynok 4.11 — CxeMa pacueTHbIX Harpy30K Ha KOJOHHY Kapkaca 0JI0Ka TETUIHII

XS03040 . RIKO

YpoBeHb 3emMnun

1.7 xHm

CoryiacHO TEXHHYECKOMY OTYETY IO MPOU3BOJICTBY MH)KEHEPHO-TEOJOTUYECKHUX
pabotr BemmoaHeHHOoro OBY «KYPCKI'PAXKIAHIIPOEKT» (2014 r.) reomnoro-
JUTOJIOTUUECKHUI pa3pe3 N0 pa3BeNaHHOW CKBaXKMHaMu TiayOunHbl 19,0 M cloxkeH
CYIIMHKaMH M CYIECAMH CBETJIO-OypbIMH, TAJEBBIMM M TEMHO OypbIMHU
NPEUMYIIECTBEHHO TBEPJOHA KOHCHCTEHIIMM,  CBEPXY IEPEKPBITBIMA TOYBEHHO-
pacTUTENBbHBIM. B mpenenax ydacTka 3acTpOMKHM  BBIIEIEHO 4  HHKEHEPHO-
reosiorndeckux snaementa (UI'D). Tpyarer (UID-2 u WID-3) orHOCcATCS K
CJ1ab0MpPOCaJOUHBIM MaKpPOIOPUCTHIM TPYHTaM, 3ajeralouuMm A0 riayounsl 6,0 M.
PacueTHble XapaKTepUCTUKN IPYHTOB IIPUBEAEHBI B Ta0MIE 4.3.

['pyHTOBBIE BOJIBI, Ha MEPHUOJ HU3BICKAHHUM, MPONUIAECHHBIMU BBIPAOOTKAMHU [0
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rryounsl 19,0 M, He BCTpedeHBI. [ €0JI0ro-TUTOIOTHYECKHU pa3pe3 MpeACTaBiIcH B

NPUWIOKEHUU 4.

Ta6numa 4.3 — PacueTHbie xapakTepucTuKu rpyHTa (1o qanasiM ObY
«KYPCKI'PAXJIAHITPOEKT»)
o ]
H o o - =
& Sl 85|23 Ea 29 =)
O = O w =
= SE 55| 8% & 4| 284 ES
C ol EO | & o EE| AE 2 s E
e HaumenoBanue rpyHra 52| 25| ES| 25| 5o E 5 g =
2 < 5| &2 | 82| B9 | XE S &2
= S| 28| ER =8>8 =
= 2 E =l @ 5 5
>
1 | [TouBeHHO-pAaCTUTEIBHBIN CIION

CyrnuHoK cBeTJI0-Oypblil TBEpbIi C
HPOCIOSMH OITYTBEPIOTO,
POCaZ0YHbIN, MAKPOIIOPUCTHIN 6€3
IPUMECH OPTaHUYECKOT0 BEIIeCTBA
Cymniech naneBas TBEp/asi, MbUIeBaTas,
3 | npocagoyHas 6e3 nmpuMecH <0 0,709 | 1,72 23 0,012 18
OpPraHUYeCKOTO BEIIECTBA

Cynech pbpkeBaTO-IasieBas TBEpaas,
4 | omeckoBaHHas1, HETIPOCcaouHas 0e3 <0 | 0.599 | 1.86 21 0.039 33
PUMECH OPTaHUYECKOT0 BElIeCTBA

0,02 | 0,959 | 1,61 22 0,008 9,3

B nepBoHauanbHO pa3paOOTAHHOM MPOEKTE MPUHUMAIUCH BUHTOBBIE CBAaW C
OJIHOW JIOMACThIO TMOTPYKEHHOM Ha ryOuny 4,5 M, nuamerpom ctBosia 0,133 M u
nuametrpom sonactu 0,4 M. Hecyrast cmocoOHOCTh cBau, MOCYUTaHHAs 10 HopMaM (0e3
ydeTa TpeHHUs 1o OOKOBOM MOBEPXHOCTU CTBOjda cBau) coctaBwia 51 kH. Hcexons uz
YCIJIOBUSI PABEHCTBA HECYIIEH CIIOCOOHOCTH OBLITU MPE/IJIOKEHBI IBYXJIOMACTHBIE CBAW CO
CIICIYIONUMHU XapaKTePUCTUKAMU: JIJMHA CBanl — 3,5 M, auaMmeTp ctBoja 108 mm,
nurametp jonacreit 400 Mm.

®parMeHT CBaHOTO TOJISI, @ TAKXKE Y3JIbI MPUBEICHBI B IPUIIOKCHUH 4.

OO111€€ KOTMYECTBO YCTPOCHHBIX BUHTOBBIX CBall MOJI 3[aHUS TEILIUL COCTABUIIO
3 992 mit. 3a cyer yMEHbIIEHHUs] TE€OMETPUUECKUX Pa3MEpPOB BHUHTOBBIX CBail pelieHa
3a/1aya NoBbIeHUs () (HEKTUBHOCTH HYHIAMEHTHBIX KOHCTPYKITHM.

Tak)ke BUHTOBBIE CBal MPUMEHEHBI Ha APYTUX 00BEKTAX TEIIMYHOTO KOMILIEKCa
(ckmaa roToBoi mpoaykiuu, kotenbHas, ABK u ap.). OOmiee KOJIMYeCTBO BHHTOBBIX

JIBYXJIOITACTHBIX cBail cocTaBuiio 4 312 miT.
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3aTpaThl Ha yCTPOMCTBO

Kapkaca 0JI0Ka 3MMHHX TETUTHII PECTaBIcH Ha pucyHkax 4.12 u 4.13.
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Pucynox 4.12 — CToiiku MeTa/NIMuecKoro kapkaca 0J10Kka 3MMHHUX TETLTUI]

D e L—
e

Pucynox 4.13 — Mertamummueckuii kapkac 0JI0Kka 3SMMHUX TETUTUIT
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4.4. HanpaBiieHus 1ajJbHEHIINX UCCIEJ0BAHUI 10 COBEPIICHCTBOBAHNIO METO/10B
pacyera Hecyllel ClIOCOOHOCTH BUHTOBBIX CBall HA OCHOBE JIAHHBIX 0

KPpYTHIIEM MOMEHTE IIPU UX BBUHYUBAHUH

4.4.1. MeToauka u3MepeHusi KPyTsero MOMEeHTa NPHU yCTPOICTBe BUHTOBBIX

cBa

Bennuuna kpyTsiiero MomeHta M,, NpU BBUHYMBAHUU CBAal MOXKET ObITH
WCITOJIB30BaHa IS OIICHKH €€ HECYIIeH CITOCOOHOCTH TI0 TPYHTY, TaK KaK MEXTy STUMHU
BETMYMHAMHU CYIICCTBYET KOPPEIAIMOHHAS 3aBUCUMOCTh, OTMEYCHHAs MHOTHMH
uccienosarenmsimu [89, 92, 97, 105, 126]. B oTe4eCTBEHHBIX CTPOUTEIHHBIX HOPMAX
OTCYTCTBYIOT PEKOMEH/IAIIMHU IO OILIEHKE HECYIel CIIOCOOHOCTU CBail MO pe3ysbTaram
U3MEpPEHUsI BEJIMYMHBI KpyTAllero MoMmentra. OnHako, 3a pyOekoM Takas MpakTHUKa
HIMPOKO HUCMob3yeTcs. HanbombIiryto MmomysisipHOCTh OILICHKH HECYIIel CrocOOHOCTH
BHHTOBBIX CBail MproOpeIio cooTHoleHue, npeanoxernnoe Hoyt and Clemence [96]:

Fi=KM,y, (4.15)
riae Fq — Hecymas cnocoOHOCTh CBau Mo TpyHTY, KH;
M,, — KpyTAILHMA MOMEHT, U3MEPEHHBI Ha NPOEKTHOM OTMETKE HWKHEU
JIOTIaCTH TpY BBUHYUBaHUU, KH ' M;
K; — xoaddunmeHT nmponopruroHaIbHOCTH, KOTOPBIH 3aBHCUT OT AHAMETpa
CTBOJIA CBaM.

CootHomienne  (4.15) ObUTO  YCTAaHOBJIEHO HA  OCHOBE  IPOBEIACHHS
MHOTOYHCJICHHBIX CTATHUYECKHUX HUCITBITAHUN BUHTOBBIX CBali HA OMBITHBIX TUIOIIAKAX,
CIIOKEHHBIX pa3IMYHbIMK TpyHTaMH. (OCHOBHBIM JOCTOMHCTBOM pacueTra HeCyIlei
CIIOCOOHOCTH TIO BEJIMYHMHE KPYTSAIIECTO MOMEHTA SIBJIICTCS ONMEPATUBHOCTH W BBICOKAS
JIOCTOBEPHOCTh TIOJIYYCHHBIX PE3yJbTaTOB. Y CTAaHOBUB 3HAUYCHHE KOA(D UIIMEHTA IS
KOHCTPYKITUM BUHTOBOHM cBaW K: M BBITOJTHUB U3MEPECHHE KPYTAIIETO MOMEHTa M, 1o
dopmyite (4.15) oTeickHBaeTCs BeIMUMHA HecyIlel cnocooHocTu. [Toatomy, pa3paboTka

MCTOJUMKHM OLOCHKH KPYyTAIICro MOMCHTA IIPpM BBHUHYHMBAHHMN SABJISICTCSA Ba)KHOM
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MPAKTUYECKOM 3a1a4eil.

ABTOpOM ObLIa pa3paboTaHa METOJUKA OLEHKM KPYTALIEro MOMEHTa M,, npu
YCTPOMCTBE  BHHTOBBIX  JIBYXJIONIACTHBIX  CBal B  [JIMHUCTBIE  TPYHTHIL
DKCHepUMEHTAIbHBIE HCCIEIOBAHUS MPOBOJIMUINCH B JIA0OPATOPHBIX YCIOBHUSIX Ha
MOJENSAX BUHTOBBIX CBail. MeTOIMKa 3aKIH04YaIach B CICIYIOLIEM.

JIist u3MepeHns KpyTAIero MoOMeHTa M,,, BOSHUKAIOIIETO B PEAIbHBIX YCIOBHSIX
Ipy BBUHYMBAHUM METAUTMYECKUX CBail, pa3paboTaHO pa3paboTaHa KOHCTPYKIUS
TE€H30/IMHAMOMETPA, BHINOJIHEHHAS U3 CTAJILHON TPYObl C HAPYKHBIM JTUAMETPOM 76 MM
U TOJIIMHOM CTeHKU TpyObl 4 MM. TeH30pe3ucTopbl HAKJIEUBAJIUCh HAa HAPYKHYIO
TIOBEPXHOCTH TPYOBI nog yritoM 45° k ee mpomonbHOI ocu. [l mepenadn KpyTSIIEro
MOMEHTa OT BHEIIHEr0 HMCTOYHMKA K BUHTOBOM CBae 4epe3 TEH30JAMHAMOMETD B
MOCJICIHEM BBITIOJTHEHO IO J1Ba OTBEPCTHS B BEPXHEHN U HUKHEH YacTH CTalbHOM TPYOBI.
Jlis mpeoOpa3oBaHMs BO3HMKAIOIIEW B Ipoliecce BBUHYMBAHUA JAedopmanvu B
ANEKTPUUECKUI CUTHAJI HCHoJb30BauCh TeH3opesuctopbl Mapku [TKB-10-100XA. C
LEIbI0 CHWKEHHS YPOBHS IOTPELIIHOCTH M3MEPEHUS, NMOBBILICHHUS YyBCTBUTEIBHOCTH
TE€H30PE3UCTOPOB, YMEHBIIECHHUSI BIUSHUS TEMIIEPATYPHOM MOTPEIIHOCTH U KOMITEHCALUN
nedopManuu U3ruda, TEH30PE3UCTOPHI MOAKIIOYATUCH K U3MEPUTENBHON CHUCTEME 10
cxeMme MOJIHOro MocTa. OOl BUA TEH30AMHAMOMETpA MPEICTaBlieH Ha pucyHke 4.14
[30].

[lepen mpoBeneHUEM HCTBITAaHUM ObliIa BBHIMOJIHEHA OLEHKA YYBCTBUTEIBHOCTHU
TE€H30JJMHAMOMETpPa, KOTOpas 3aKJII04ajach B pacyere BEIUMYMHbI Jedopmanuu & A
Cily4asi U3BMEHEHHMsI KpyTAIero MoMeHTa M,, B nuamnas3one ot 10 no 1000 H-m.

B cooTtBercTBUM ¢ 00001eHHBIM 3akoHOM ['yka, nmedopmarus, usmepsemas
TEH30PE3UCTOPOM, OMPEEIAETCS MO CIAEAYIOIeH 3aBUCUMOCTH:

1
& = E(01 — Uo3),

&3 = =~ (01 — uo3), (4.16)

T E
rne &, & — TepBags M TPeThs TIJaBHble JAedopMalvM, HU3MEpseMbIe
TEH30PE3UCTOPaMHU,

E — Monynb ynpyroctu Marepuaia Tpyosl,
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u - kodddunment Ilyaccona,

01,03 — HauOoJIbllIee U HAUMEHBIIIEE TTIAaBHBIC HATPSKEHMUS.

Pucynok 4.14 — KoncTpykuus TeH30AUHAMOMETpa: 1 — TEH30pE3UCTOPbI, HAKICCHHBIE
noA yriom 45° K poa0JbHON OCH; 2 - COSIUHUTENBHBIC MPOBO/JIA; 3 — CTajibHas TPyOa;
4 — oTBepCTHUsl, BHITIOJHEHHBIC B CTAILHOUW TpyOe JJIsl Iepeaun KPYTAIIEr0 MOMEHTA; 5

— BUHTOBAsI CBasi; 6 — OTBEPCTHE JIJIs1 COEIMHEHHS TEH30/ITMHAMOMETpPA C BUHTOBOM

cBaeu

[Ipu nakneiike TeH30pe3ucTopa nox yriaoMm 45° x mpomonbHOM OCH, BEIMYHHEI
KacaTeIbHbIX U IJIaBHBIX HAMPSKEHUN 07, 03 HAXOJATCS B COOTHOILICHUU:
0, = T,03 = —T, (4.17)

B 10 ke BPCMs1 BCIIMYMHA KaCATCIIbHBIX HaprDKeHI/Iﬁ MOJKET OBIThH OompcaciiCHa 110

bopmyie:



: (4.18)

rae My, — KpyTsIIiii MOMCHT ICHCTBYIOIIMI Ha cBato, Hwm;
Wp — TIOJIAPHBIA MOMEHT CONPOTUBIICHUS CEUCHUS.

I[JI?I CCUCHM B BUC TPY6I>I HOJIHpHLIﬁ MOMCHT COIIPOTHUBJICHUSA OIIPCACIIACTCA 110

cnez:yromeﬁ 3aBUCUMOCTH:

W, = ”Zzt, (4.19)
rae D — nuameTp TpyOB®I,
t — ToymmuHA TPYOHI.
Ecnu noacraButek hopmyny (4.17) B ypaBHenue (4.16) nomyunm:
& = %T(l + U, &3 = —%T(l + w), (4.20)

Jns HM30TpPONMHOro Marepuajia 3aBUCUMOCTh MEXIY YIPYTMMHM KOHCTaHTaMHU

BBITTIAINUT CIICAYIOIIUM 06pa30M:

_ E
T 2(1+p)’

Torna &, = 2Gt, &3 = —2GT, (4.21)

[ToncraBuB B Beipakenue (4.20) 3aBucumocts (4.18) u (4.19) nomyuum:

16M,

T/ 2G, 4.22
! (4.22)

£1=

3HavyeHue nedopMalni, BEIUUCIeHHoe 1o popmyde (4.22) st KpaitHeTo HIKHETO
3HAUCHHS U3 3aJIaHHOTO JMana3oHa M3MEHEHUs KpyTsamiero Mmomenta  (M,,=10 H-m),
nraMeTpa TpyObl TeHzoauHamomeTrpa D =76 MM U TOJIIUHBI CTEHKU t=4 mMm
coctapiser £€,=2,09 e.o.x.

AHanu3 TPUBENEHHBIX  pE3yJbTAaTOB  IMOKAa3blBa€T, YTO IpPU  JAHHOM
KOHCTPYKTUBHOM pEIICHUH TEH30AMHAMOMETpPA YPOBEHb PETMCTPUPYEMOIO CHUTHaja
JIOCTAaTOYHO BBICOK. C y4eTOM MOBBIIIEHUS! YyBCTBUTEIBHOCTH 3a CYET CXEMBI IIOJIHOTO
MOCTa CUTHAJl U3MEPUTEIbHOU HHPOPMALIMK MOKET ObITh YBEJIMYEH B YETHIPE pasa.

Takum oOpa3zom, NpUHATas KOHCTPYKIMS TEH30JUHAMOMETpPA IJIsl U3MEpPEHHUS
KPYTAILIETO MOMEHTa 00JIafjaeT JOCTaTOYHO BBICOKOMW UYBCTBUTEIBHOCTBIO H

oOecrneynBaeT MMPpUEMIICMYIO TOYHOCTb HBMepeHI/Iﬁ BO BCEM JHAIIa30HC HM3MCHCHUA
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KpyTSIIero MomeHTa. Pa3paboTaHHash KOHCTPYKIMS TEH30JMHAMOMETpa 3alllvIleHa
naTeHToM P® Ha mosie3Hyto Moieis [46].

Jns peructpanuu 3JIEKTPUIECKUX CUTHAJIOB C TEH30PE3UCTOPOB HCIOJIb30BaIaCh
0JIOK-cXeMa M3MEpPEHHMs], BKIIIOYaroas B ce0sl TEH30AMHAMOMETpP, TEH30METPUUECKUI
ycunutenab SAHY-26, anamoro-umdpoBoit mpeodOpazoatens E140 (pucyHok 4.15),
COEIMHUTEIbHBIE Ka0enu, NEPCOHAIBHBII KOMIIBIOTED. Hedbopmariu
TEH30JIMHAMOMETpPa BOCHPUHUMAIOTCS TEH30pPE3UCTOpPaMu u Tmpeobpasyercs B
U3MEHCHHUE HAIPSKEHHUS B W3MEPUTEIBHOM [IMArOHajJd MOCTOBOM CXEMBI. YPOBEHb
M3MEHEHUS HAMPSDKEHUS. B U3MEPUTEIBHOM TMaroHajaIu MOCTa BapbUPYETCs B Mpesenax
0,01...10 MB wu mnosromy TpeOyer ycuneHus. Jljisi 3TOro HMCHOJb3yeTCs
CIEHHUAIM3UPOBAHHBIA TEH30METPUUECKUN BOCBMUKAHAJIbHBIA YCUJIUTENb HA HECYILEH
yactore 8AHY-26. YcuiieHHBIN aHANIOTOBBIA CUTHANI C YCUJIMTENS MOCTYNAeT Ha BXOJ
AUTIL, rae orudpoBsIBacTCs U npeBpamniaetTcs B udpoBoii Ko, Pe3ynbrarsl onuppoBKU
JAHHBIX 3amnuchiBaloTcst B mamsaTh [IK u MOryT OBITh MCTIOIB30BaHbI JJISl IPOBEACHUS
00paboTKH pe3yJbTaTOB U JAIIBHEHIIINX UCCIICI0BaHUMN.

MaxkcumanbHbIi YPOBEHb CUTHAJIA B U3MEPUTEIIBHOM TUAarOHaaIu MOCTOBOU CXEMBI
TIOJIy4aeTCs IPH HaKIIeHKe TEH30PE3UCTOPOB Mo yriioM 45° K mpomonbHOM 0cH TPYOBI.
[Ipu 5TOM yrom Mexmy ocsaMu ycTaHoBkHM cocrasiager 90°. B Tom cmyuae, korma
BO3HUKAET OTKJIOHEHUE OT ONTUMAJIBHBIX YIJIOB YCTAHOBKHU TEH30PE3UCTOPOB, BOBHUKAET
CHUCTEMATHYECKasl MOrPEIIHOCTh, CBSI3aHHAsI CO CHUKEHHEM YPOBHSI BOCIIPUHHMAEMOM
nedopmanum.

Jns  Oonmee  JOCTOBEPHOM  OIEHKM  pPe3yJIbTaTOB  AKCIEPUMEHTAIbHBIX
HCCIICIOBAHUM HA MOJICJISIX BUHTOBBIX CBail B JIAOOPATOPHBIX YCIOBHUSAX, ABTOPOM ObLiia
MIPOBENICHA TPalypoBKa (TapupoBKa) TeH3onHaMoMeTpa. C 3Toil 1enpto Obliia coOpaHa
U3MEpUTEIbHAs CXeMa, COOTBETCTBYIOIIAs YCIOBUSM BBUHUMBAHUS MOJIEIEH BUHTOBBIX
CBail B JJaOOPATOPHBIX yCIOBUAX. HIDKHSIS 4acTh TEH30JMHAMOMETpA 3aKperisiiach B
ClIecCapHbIX THUCKaxX, 4Yepe3 OTBEPCTUS B BEPXHEH YaCTH TEH30JUHAMOMETpA
MPUKIIAJIBIBAIICS KPYTSAUIMA MOMEHT, KOTOPBIM CO3/1aBajiCsl MMyTEM MPUJIOKEHUSI K CBae
napsl cwit ¢ miaedoM L=1,0 M. KpyTdmunii MOMEHT NPUKIAABIBAICA CTYIEHYaTO, Ha

K&)K,Z[Oﬁ CTYIICHH CHHUMAJIIMCh IIOKa3aHHUA C TCH30JMHAMOMETPA. IIo pe3yiibTaTaM
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VCTIBITAHUH CTPOWIICS TpaxynpoBouHbI rpaduk M,,=f(AU,s,.), KOTOpBIA TO3BOJISIET
YCTaHOBUTH CBSI3b MEXAY MOKA3aHUSAMU TEH30JMHAMOMETPA M BEJIMYUHOU KPYTAIIETO

MOMEHTa, IPUIIOKEHHOTO K CBae NPU ¢¢ BBUHYMBAHUHU (pUCYHOK 4.16).
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Pucynok 4.15 — Tenzomerpuueckuii ycunurenb SAHY-26 u ananoro-uudposoit

npeobpazoBarenb E140
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Pucynok 4.16 — I'paduk rpagyupoBku Tenzoauaamomerpa M.,=f(AU ;.. ): M., -

KpyTsamuit MomeHT, H-m; AU,;,, — U3MEHEHNE HaNpsKEHUS Ha BBIXOJIE U3MEPUTEIHLHOTO

mocTta, MB
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4.4.2. OcHOBHbBIE Pe3yJIbTAThl H3MEPeHHUs KPYTAIEro MOMEHTA NP
YCTPOJiCTBe BUHTOBBIX ABYXJIONACTHBIX CBAH B JIA00PaTOPHBIX
YCI0BHSX

B mpouecce ycraHoBkM B 1a0OpaTOpHBIX YCIOBHUSIX OLEHUBAIach BEIMYHHA
KpYTSAILEr0 MOMEHTA /Ul JBYXJIONIACTHBIX BUHTOBBIX CBal B IPOLECCE BBUHUYMBAHMS.
[Tocne «otnpixa» TaHHBIE CBau NOABEPTAINCH CTATUYECKUM UCITBITAHUSAM.

OOmuit BUA YCTAaHOBKH [UISI WM3MEpPEHUS KPYTAIIEr0 MOMEHTa B Ipolecce

YCTaHOBKH CBaii B 1a00OpaTOPHBIX YCIOBUSIX N300paxeH Ha pucyHke 4.17.

Pucynok 4.17 — O0muii BUj 9KCIIEpUMEHTATBHON YCTAHOBKY JIJIs1 pETUCTpaIlun

KpYTSIIEro MOMEHTa

[To pesynbpTaTtam 1a00paTOpHBIX UCCIENOBaHUI MocTpoeHsl rpaduku M,,=f(t), mo
KOTOPBIM YCTaHABJIMBAJIOCh 3HAYEHHWE KPYTSIIEro MOMeHTa M,, B 3aBUCUMOCTH OT
BpeMeHHM ycTaHoBkM t aByxsomactHbix cBaii [30]. Ha pucynke 4.18 mpeacraBieHbI
rpaduxu (1, 2) pe3ynbTaTOB TJIMHUCTHIM TPYHT TEKYUYCIUIACTUYHOW M TOJyTBEPAOU

KOHCHUCTEHUUU. AHAIU3UPYs TMOJYyYEHHBIE Pe3yJbTaTbl, MOXHO OTMETUTH OOIIYIO
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3aKOHOMEPHOCTb HW3MEHEHHs BEJIMYMHBI KpYTALIEro MoMeHTa M,, B Ipolecce
YCTPOMCTBA BUHTOBBIX JIBYXJIONMACTHBIX CBail B TJIIMHUCTOM TpyHTe. Ha HavyaibHOM
oTpe3ke BpeMenu (110 t=40 ¢) nporucxXoIuT yBeTUYEHUE KPYTSIIET0 MOMEHTA, CBI3aHHOTO
C MoOOWJIM3aIMel CUJI COMPOTUBJICHUS TpPyHTAa BOKpPYr HIbkHEW isomnactu. [locne
NOTPY>KEHMsSI HW)KHEH JIomacTh  BEJIMYMHA MOMEHTa OCTaeTCs TOCTOSHHOM Ha
npoTtsukenuu mpuMepHo 110 ¢ (t=110 ¢). [Ipu morpyeHun BTOPOH JIONACTH, HAUUHAS C
MoMeHTa BpeMeHu t=160 c, mpoucxoauT MOBTOPHOE YBETUUYEHUE KPYTIIIETO MOMEHTA
M., 10 TOCTHKEHUS €r0 MAaKCUMaJIbHOTO 3HAUECHHUS.

OCHOBBIBasICh Ha MOJIYYEHHBIX pE3yJIbTaTaX, MOKHO OTMETHUTb, YTO KPYTAIIHIA
MOMEHT M,,, HEOOXOAMMBIH JJ11 BBUHUYMBAHUS CBall B IIOJYTBEPAbIC TPYHTHI, B CPEAHEM
B TPU pa3a BbIIIE [0 CPABHEHUIO C MOMEHTOM, BO3HUKAIOIIEM MPH YCTPOIMCTBE CBal B
TEKYYEIUTACTUYHBIN TNIMHUACTBIN TPYHT (M., =200 H'm n 65 H-m cooTBeTCTBEHHO). [Ipn
MOTPYKEHUH BTOPOM JIOMACTH B TPYHT TEKYYEIUIACTUYHON UM  MOJYTBEPAOU
KOHCHUCTEHIIUH, IPOUCXOJIUT YBEIWYEHHUE KpyTamero momeHta Ha 35 u 50%
COOTBETCTBEHHO.

Ha ocHoBe 1abOpaTOpHBIX 3KCHEPUMEHTAIBHBIX HCCIENOBAHMIA pa3paboTaHa
METOJMKa OIIEHKH KPYTSIIEr0 MOMEHTA, BO3HUKAIOIIETO MTPU BBUHYMBAHUU BUHTOBBIX
JIBYXJIOTIACTHBIX CBail B TJIMHHUCTBIM TPyHT. MeToAnKa OCHOBaHAa Ha MCMOJIb30BAHUU
TEH30IMHAMOMETpA CIEHHAIbHOM KOHCTPYKLHMH, TAaTEHTHAas HOBU3HA KOTOPOTO
3amuuieHa nareHroM P® Ha mnoisie3Hyro mozenb. Pe3ynbTaTbl 3KCHIEPUMEHTAJIBHBIX
HCCleIOBaHUM pabOThI ABYXJIOMACTHBIX BUHTOBBIX CBall B IIIMHUCTOM T'PYHTE U JIaHHbBIC
O KpyTslleM MOMEHTEe M,,, BO3HMKAIOIIEM IpPU HUX BBUHUMBAHUU, MOTYT OBITH
UCIIOJIB30BaHbl [JI1  Pa3pa0OTKU PEKOMEHAAIMMI JJi OLUEHKH Hecylled CIOCOOHOCTH

BUHTOBBIX CBail IO TPYHTY
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Pucynok 4.18 — I'paduk n3MeHEeHHsl BETUYHUHBI KPYTAIIEro MoMeHTa M,,, H'm OT
BPEMEHU YCTAHOBKHM BUHTOBOM JIBYXJIOIIACTHOM CBaW B IIIMHUCTBIA IPYHT i, c: | —

HOHYTBGpHOﬁ; 2 — TeKy‘{eHHaCTHqHOﬁ KOHCHUCTCHIIMHM COOTBCTCTBCHHO

4.5. BeiBoabl 1O riase 4

1. Ha ocHOBe pe3ysibTaToOB 3KCHEPUMEHTAIBHBIX U TEOPETUUECKUX UCCIIEOBAHUN
pa3paboTaH METOJ pacuera OCaJKU BHUHTOBBIX ABYXJIONACTHBIX METAJUIMUECKHUX CBaii
JHOU oT 1,5 10 3,0 M B IIIMHUCTBIX TPyHTaX [l GyHAAMEHTOB ObICTPOBO3BOJMMBIX U
BPEMEHHbIX  3/aHui. MeTol OCHOBaH Ha  UCHOJb30BaHUU  d()PEKTUBHOTO
KOHCTPYKTHUBHOT'O PELICHUSI BUHTOBBIX JIBYXJIOMACTHBIX CBAM, KOTOPOE XapaKTEPU3yeTCs
paccrosiareM L Mexy nonactsiMu, paBHbiM L = 2,0 — 2,5 nuamerpa jgonactu.

2. JIns OLEHKM JOCTOBEPHOCTH pe3yJibTaTOB pacdera ObUIO MPOBEAEHO HX
COIMOCTAaBJIEHUE C pe3yJbTaTaMU HATYpPHBIX HCIBITAHUN BUHTOBBIX ABYXJIOMACTHBIX
METAJUIMYECKUX CBAM CTaTUYECKOW BIABJIMBAIOLICH HATPY3KOU. bBIJIO yCTaHOBIIEHO, UTO
JUISt TJIMHUCTBIX I'PYHTOB MOJIyTBEPAOH KOHCHCTEHIINH pacxoxaeHue

9KCIICPUMCHTAJIbHBIX 3HAUYCHUN KOHEYHBIX 0CaJIOK BHHTOBBIX JABYXJIOIIACTHBIX CBaM C
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JaHHBIMU pacyeTa 1o npejiaraeMoMy Metoay He npesbiiaet 20-30 %.

3. Ha ocHoBe 51a60paTOpHBIX SKCHEPUMEHTAIbHBIX HCCIEI0BaHUN pazpaboTaHa
METOAMKA OLEHKH KPYTSIIEro MOMEHTa, BO3HUKAIOUIETO NMPH BBUHUYMBAHUHM BHHTOBBIX
JIBYXJIOMACTHBIX CBall B TJUHUCTBIA TpyHT. MeToAnKa OCHOBaHAa HAa HCIOJIb30BaHUH
TEH30IMHAMOMETpA CIEIHaTbHOW KOHCTPYKIIMHM, TaTEHTHAas HOBHU3HA KOTOPOTO
3anuieHa naTeHroM PO Ha mone3nyo Mojiesb.

4. Pe3ynpTaThl SKCIEPUMEHTAIBHBIX HCCIENIOBAHUN pabOTHl JBYXJIOMACTHBIX
BUHTOBBIX CBail B TJIMHUCTOM TPYHTE W JaHHBIE O KpPYTAIIEM MOMeHTe My,
BO3HUKAIOIIEM MPU WX BBUHYMBAHUHM, MOTYT OBITh MCTOJB30BaHBI ANl pa3pabOTKU

pEKOMEHJaui JJI1 OLEHKH HECYIIEH ClIOCOOHOCTH BUHTOBBIX CBail O TPYHTY.
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3AK/IIOYEHUE

[To pesynpraTaM BBINOJIHEHHBIX HCCIEIOBAaHUI MOXHO CHAENATh CIEIYIOIINE
OOII1e BHIBOJIBI:

1. Ilo paHHBIM DSKCIEPUMEHTAJIBHBIX M TEOPETUYECKUX HCCIIEIOBAHUI
YCTaHOBJIEHO pAalOHAIbHOE KOHCTPYKTMBHOE PELICHHE BUHTOBBIX METAJUIMYECKUX
JIBYXJIOMACTHBIX CBail B TJIMHHUCTBIX TPyHTaxX A (DyHAAMEHTOB OBICTPOBO3BOJIMMBIX
BPEMEHHBIX 34aHUld. OJHMM W3 OCHOBHBIX IAPAMETPOB, XaAPAKTEPU3YIOLIUX padboTy
TaKUX CBail B IIIMHUCTBIX T'PyHTaX, fIBJIsAeTCA paccTossHue L mexnay nomactsamu. [lpu
JUIMHE HAaTYPHBIX BUHTOBBIX cBai 10 3,0 M u auamerpe nonacty 0,3 M panuMoHaIbHOE
paccTosiHue L Mexay JonacTsaMu B IIIMHUCTBIX TpyHTax cocTtasiser 2,0...2,5 nuamerpa
JIOTIACTH.

2. Pe3ynbTarhl 3KCIEPUMEHTAIIBHBIX MCCIEA0OBAHUN MOKA3aJIM, YTO B INIMHUCTBIX
IpYHTax Hecylllas CIOCOOHOCTh BUHTOBBIX JBYXJIONMACTHBIX cBail Fy¢ nmuHOM oT 1,5 1o
3,0 m u quamerpom sonactu 0,3 M Ha 25-30% OobIlie MO CPaBHEHHUIO C BUHTOBBIMHU
OJTHOJIOIIACTHBIMU CBasIMH aHAJIOTUYHBIX TEOMETPUYECKHUX PAZMEPOB.

3. DKCIEepUMEHTaJbHO YCTAHOBJIEHO, YTO B TJMHUCTBIX TPYHTax HeCyIas
CIIOCOOHOCTH BUHTOBOM OTHOJIONACTHOM cBau (auamMeTp cTtBoja He 6onee 0,108 m, mmrHa
cBau He Ooiee 3,0 M) 1o GOKOBOI MOBEpXHOCTU CcTBOJA Fg He mpesbimaer 5-10% ot
BEJIMYMHBI €€ o0uieil Hecymieil cnocodHoctu Fy. M3 3Toro cinegyer, 4ro MOBBILIEHUE
HeCylIel CrOCOOHOCTH BUHTOBOM OJHOJIONACTHOM CBaM 3a CUET YBEJIMYEHHUS JAUaMeTpa
ee CTBOJa Henb3d cuuTarh 3pGekTUBHbIM pemienrneM. Haunbonee 3¢ ekTUBHBIM
pelieHnueM MoBbIIeHusT Fg sBIeTCsl yCTPONCTBO HA CTBOJIE BUHTOBOW CBau BTOPOU
JOTIOJTHUTEIBHON JIOMACTH.

4. AHamu3 JaHHBIX YHCIIEHHBIX U OJKCIEPUMEHTAIbHBIX HCCIIEIOBAHUMN
NOATBEPKIAET CXEMY B3aUMOJECHCTBUS BUHTOBOW JABYXJIONMACTHOW CBau C TJIMHUCTBIM
IPYHTOM OCHOBaHHUsS. BbIABIEHO, YTO TJIMHHUCTBIA TPYHT, 3aKIIOYCHHBIH MEXITY
JOTACTSIMU  BUHTOBOWM JABYXJIOMACTHOW cCBau, mnpuodperaer ¢GopMy «TPYHTOBOTO
WIMHAPa» U HauyuHaeT paboTaTh KaK €AMHBIN IEIbHBIM 3J€MEHT COBMECTHO C €€

CTBOJIOM MpPH HArpy>KeHUM BHEIIHEW Harpy3koil. Hanuuue «rpyHTOBOro LMIUHIPA»
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IPUBOJUT K YBEIMUEHUIO IJIOMAAN OOKOBOM MOBEPXHOCTH BUHTOBOM JBYXJIOMACTHOU
CBaM Ha y4acTKe MEXIy JIOMacTsSMU U TOBBIINICHUIO ee Hecyuied crocobnoctu Fd B
LEJIOM. OKCIIEPUMEHTAJIbHO YCTAHOBJEHA 3aBUCUMOCTb WM3MEHEHHs HECYILIEH
CIIOCOOHOCTH BHHTOBOM JIBYXJIONTACTHOW cBam Fy OT reomeTrpudeckoro mapamerpa L/D
(L, D — coOTBEeTCTBEHHO PACCTOSIHAE MEXKITY JIOTIACTSIMH U HX THAMETP).

5. Ha ocHOBE 4YHMCIEHHBIX HCCIEAOBAHMM YCTAHOBJIEHO, YTO IIPEIEIBHOE
COCTOSIHUE TPyHTa JJIi BUHTOBOW OJIHOJOIIACTHOM CBau HACTYIAET 3a CUET Pa3BUTHS
KacaTeNbHbIX HAPSKEHUH (pa3BUTHS 30HBI CBUTOB) BOKPYT JIONACTH. Takoil MeXaHu3M
UX pa3BUTH OOBACHIET A3P(PEKT «CpbIBa» BUHTOBOW CBaW, HAOIIOJAEMbI B MOJIEBBIX
DKCHEPUMEHTaX npu ocankax 15-20 mm. I [OBYXJONACTHBIX CBad IPEAEIBHOE
COCTOSIHME TPyHTa HAcTyHaeT MO KOHTYpy 00yacTd, KOTopas (pOopMHUpPYETCS MEXIY
JonacTsIMU U npuodperaer GopMy «TPYHTOBOTO LMJIMHIPA», B3aUMOJCHCTBYIOIIETO C
ocHoBaHUEM. OTCYTCTBUE BbIpaX€HHOI0 3(hPeKTa «CphIBay ABYXJIONACTHOU CBAl MOYKHO
OOBSICHUTh pa3BUTUEM 30HBl CJIBUIOB B OCHOBAaHMM HW)KHEW JIONACTH CBau
NPEUMYILIECTBEHHO BHU3 U B CTOPOHBI.

6. Ha ocHOBE pe3ysIbTaToOB SKCIIEPUMEHTAIBHBIX U TEOPETHUECKUX UCCIEA0BAHUM
pa3paboTaH METOJ pacueTa OCaJKH BUHTOBBIX JIBYXJIOMACTHBIX METAIMYECKUX CBai
muHo# oT 1,5 1o 3,0 M B INIMHUCTBIX TPyHTaX A GyHIaMEHTOB OBICTPOBO3BOAMMBIX
BPEMEHHBIX 37aHUil. MeToa OCHOBaH Ha MHCHOJb30BAHMM  3allaTE€HTOBAHHOTO
KOHCTPYKTUBHOTO pPEIIEHUs] BHHTOBOM JBYXJIONACTHOM CBaW M MpeaycMaTpUBAaeT
HEJIMHEMHYIO 3aBUCUMOCTbD €€ OCaJIK! OT ITPUKJIAJbIBAEMOM HATPY3KH. Y CTAHOBIIEHO, YTO
TUTSt TJIMHUCTBIX IPYHTOB MOJIyTBEPAOH KOHCHUCTEHIIMM  PacXOXACHHUE
HKCIIEPUMEHTAJIbHBIX 3HAYEHUU KOHEUYHBIX OCAJOK BUHTOBBIX JBYXJIOMACTHBIX CBai C
JAHHBIMH pacueTa Mo mpemaiaraeMomMy Metoay He mpebimaeT 20-30 %. PaspaboTtansl
PEKOMEHJIallK 10 pacyeTy M KOHCTPYMPOBAHWIO BUHTOBBIX JBYXJIOMACTHBIX CBail B

TNIMHUCTBIX TPYHTAX JJIA (bYHI[aMCHTOB 6I)ICTpOB03BOI[I/IMBIX BPCMCHHBIX BILaHHﬁ.
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CnpaBku O BHEIPEHUU PE3YIBTATOB UCCIEAOBAHUN
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=

MABOYHOAAMEHT

OBIECTBO C Or PAHHYEHHOH
OTBETCTBEHHOCTBIO
«I'nas®@ynpamenm
620137, r.Exarepuntypr, yn.bmoxepa, 1.58,

0d.50.
Tex.: 8 (800) 700-62-82,

e-mail: ekb@glavfundament.ru
OKIIO 20882284

CIIPABKA
0 BHEJPEHHH Pe3yJibTATOB HCCJIeA0BAHNH
acnupanTa kadeapol «OcHoBanus 1 pynaamento» ®I'BOY BO Kyb6anckuii FAY
Maxkcumosa ®eopa AsleKcanapoBuya

Hacrosimel cnpaBkod MOATBEPKAAETCS, 4YTO PE3yJbTaThl JAUCCEPTALMOHHOM
paboter MakcumoBa ®enopa AsnekcaHIpoBHYA, MPEICTABICHHBIE HA COMCKAHUE YYECHOM
CTENIEHH KaHAMJaTa TEXHWYECKHMX HayK, HCMOJb30BaHbl B  IPOH3BOACTBEHHOM
nearensHocTd OO0 «I'nmaB@yHIaMEHT» NpPU YCTPOWCTBE BHHTOBBIX CBaii Ha OOBEKTE:
«Tenmuneii komnnekc «Arpollapk», Kypckas obnacts, ['nymkoBckuii paiion» B 2015 r.
O611ee KOMMYECTBO YCTAHOBICHHBIX B MPOEKTHOE MOJI0XEHUE BUHTOBBIX CBail COCTABHIIO
4312 wr.

JIlvynpiii Bkian MakcumoBa D.A. 3akmouasics B pa3paboTke palHOHAIBHBIX
KOHCTPYKTHBHBIX ~DPEIIEHHHA (YHIaMEHTOB M3 BHMHTOBBIX JIByXJOMACTHBIX CBaii.
M3navanbHO B MpoeKTe ObUIH MPELyCMOTPEHbI OHOIONACTHBIE BUHTOBBIE CBaM OOJIbIIEH
JuinHbl. UHxenepom MakcumoBbiM P.A. Gbula BBINOJIHEHA CEpHs YMCICHHBIX PAacyeToOB
B3aMMOJICHCTBHS BHMHTOBBIX CBali C TJIMHUCTBIM TPYHTOM B TPOCTPAHCTBEHHOMN
MIOCTaHOBKE.

Ucnonb3oBanue pesynbratoB paborsl MakcumoBa @,A. MO3BOJHIO YJIYYILIHTH
Ka4yeCTBO [POEKTHPOBAHHUS, TMOBBICHTh HAAECKHOCTH M O€30MaCHOCTh CTPOUTENLCTBA
obObeKTa. [Ipumenenne SQGEKTUBHBIX KOHCTPYKTUBHBIX PELICHHH BHHTOBBIX
JIBYXJIONACTHBIX CBail NMpPH CTPOUTENLCTBE TEIUIMYHOIO KOMIUIEKCA Jal0 BO3MOXXHOCTH
3HAYUTEJILHO COKPATHTh 3aTPaThl HA YCTPOHUCTBO BUHTOBBIX CBAif.

PyKoBOAUTENB CTPOMTENBHOIO OT/IEA A.B. Ko3nos
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OBILEECTBO C OTPAHUYEHHOW OTBETCTBEHHOCTbIO

«PezuonCmpoir»
454080, r. Yenabunck, np-t Jlenuna, 1. 89, oo.
206. YTBEPXKIAIO

Ten.: +7-(351)-248-69-69, e-mail: @ op ()/ééx5PerMOHCTpoﬁ>>

regionstroy 1 74(@mail.ru
OKIIO 21578832

I'. Kpacunsaukos
)
</

Ao fo.zole N 354

CIIPABKA
0 BHEJIPEHHMH PE3yJIbTATOB HCCIIE0BAHUIN
acrupaHTa
kadenpsl «OcHOBaHUs U GyHIaMeHTE» PTBOY
BO Ky6anckuii TAY
Makcumosa ®etopa AllekcaHapoBHYA

Hacrosime#t cripaskoit moarsepsxaaercs, uto ¢ 15 anpenst mo 27 uronst 2016 . npu
pa3paboTKe MpPOEKTHOH MOKyMeHTauuud Ha obbekTe: «Komrueke cOopHO-pa36OPHBIX
aHrapoB JIOTHCTHYECKOTO LEHTpay», pacrnoioxeHHoro B 200 M [oXHee WHAMBHIYaTbHOM
Kunoi 3actpoiiku «Tepema» CocHoBCKoro paifona, UensiOMHCKON o6nacTu, KoMmaHHeit
OO0 «PeruonCrpoii» OBUIH HCIONB30BAaHEl Pe3yIbTAThl HMCCIIEAOBAHUI acnupaHTa
kadpenpsl «Oud» ®I'BOY BO Ky6anckuii TAY Makcumosa Denopa AnekcaHIpOBHYA.
Acnupant MakcumoB @.A. mpUHUMAIN ydacTue B pa3paGoTKe 0GOCHOBAHMS IpUMEHEHHUS
BUHTOBBIX [BYXJIONIACTHBIX CBad, a TaKXK€ IOArOTOBKE TEXHHYECKMX pEIIeHMH II0
MPOCKTUPOBAHUIO  CBAaMHBIX ~ (QYHIAMEHTOB JUIi  OBICTPOBO3BOAMMEIX  QHTapOB.
Beimonnennsie komnanueit 000 «H0xYpanTUCH3» cTaTHYecKye MCIIBITAHMS BHHTOBBIX
ABYXJIONACTHBIX CBal IO OLEHKE WX HECYIIeH CIOCOGHOCTH MOATBEPKIAIOT PacyeThl
acnupata Makcumosa ®.A.  Bcero Ha paccMaTpuBaeMoM — o0beKTe  GBUIO
3allpOCKTHPOBAHO LIECTh AHrapoOB JIOTHCTHYECKOro IeHTpa (pa3Mep B IuiaHe 72x24 M
KaX/IbIH) 1pH OOLIeM KOIMYECTBO yCTAHABIMBAEMBIX BUHTOBBIX IBYXJIONACTHBIX CBaif
324 wryk.

Hacrosiiias cnpaBka cocraBiieHa B CBS3M C MOATOTOBKOM MaKCHMOBBIM Denopom
AJleKcaHApOBHYEM JHUCCEPTAIIK Ha COMCKAHHME YYEHOH CTeNeHH KaHIUAATA TeEXHUYECKHX
Hayk no cnenuanbHoctH 05.23.02 — «OcHoBaHust M (QyHIAaMEHTHI, IIOJ3eMHbIE
COOPYKEHHUS).

Havaneuuk HHXXCHEPHO-3KOHOMHUYECKOTI0
oTaela :

A.B. JlaBpyxun
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MHUHHUCTEPCTBO OBPA3OBAHUS U HAYKH POCCUUCKOM ®EIEPALIMU

FOJKHO-YPAJICKUI T'OCY/IAPCTBEHHBII YHUBEPCUTET

np. Jlennna, 76, r. Yensduuck, Poccusa, 454080
Ten./dakc (351) 267-99-00, http://www.susu.ru, E-mail: info@susu.ru
OKIIO 02066724sGFPH1027403857568, MHH/KIIII 7453019764/745301001

2,

5% TBEPXKJIAIO
wop 1o Hay4Ho# pabore OYpI'Y

/;\’_ATA . JIbIKOHOB

CITPABKA

00 HCIOIb30BAHHH Pe3yILTATOB HCC/IEI0BAHHUI CTAPIIETro NpenoJaBaTe.is
Kadenpnbr «CTponTebHBIE KOHCTPYKUHH H coopyxkenus» FOYpI'Y (HUY)
Makcnmosa ®@enopa AnlekcaHapoBHYa B y4eGHOM npomecce

B muccepraunonnoii paGore MakcumoBa ®.A. GbUTH pelleHbl BOIPOCHI
COBEPIICHCTBOBAHUSI KOHCTPYKTHBHOIO PELICHHsS H METOIOB pacueTa BUHTOBBIX
JBYXJIONIACTHBIX  CBaM, HCIIO/IB3yeMBIX B KayecTBe  (hyHIAMEHTOB
ObICTPOBO3BOJIMMBIX BPEMEHHBIX 3/IaHHi, YTO BHOCHT CYILIECTBEHHBIH BKIAN B
Pa3BUTHE TEOPUH U NPAKTHKH (QyHIaMEHTOCTpoeHHs. [0y YeHHbIe TUCCepTaHTOM
Pe3y/IbTaThl UCIONB3YIOTCSE B y4eOHOM Tpoliecce ApPXUTEKTYpPHO-CTPOUTETHHOIO
unctutyta FOYpI'Y (HUY) mpu BBINONHEHWH BBIMYCKHBIX KBATH(DHKALHOHHBIX
paboT cTyeHTaMu-6aKanaBpamu, 00yYaOMMHCS 110 HAMPABICHHIO [OArOTOBKHU
08.03.01 «CTpouTenbcTBOY, @ TAKIKe YTEHUH JIKIMH Mo AuciumuinHe «OCHOBaHUS
¥ QyHIaMeHTBI» I8 CTYIeHTOB, o0ywarommxcs mno crenuansaoctd 08.05.01

«CTpOMTENbCTBO YHUKAIBHBIX 3aHUI U COOPYKEHUID.

JlMpeKkTop ApXUTEKTYpPHO-CTPOUTEIEHOIO

uncturyTa FOYpl'Y (HUY), K.1.H., 10LEHT W/ J.B. Yaepux

3aBenyrowuii kapenpoii «CTpouTenbHble KOHCTPYKLIHH
H COOPYIKEHHUS apXUTEKTYPHO-CTPOUTEIILHOIO
uHctutyta lOYpl'Y (HUY), k.1.H, nouesr 1:—';_;:,’5; M.B. Muiiuen

&

-
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TexHuyeckue penieHusl, BHIIOJHEHHbIE IPU MPOEKTUPOBAHUM CBAMHBIX
byH1amMeHToB Ha 00bekTe: «KoMIuieke cOOpHO-pa300pHBIX aHTAPOB

JIOTUCTHUYCCKOI'O LICHTpPa»
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IHpuiaoxenue I'
Hcxonnble TaHHBIE U TEXHUYECKUE PELICHUS IIPU CTPOUTEIBCTBE TEIUIMYHOTO

koMmIuiekca «Arpollapk»
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