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OBIIAA XAPAKTEPUCTUKA PABOTHBI

AKTYyaJlbHOCTh HCCeA0BaHus. PaboTaM 10 pPEKOHCTPYKIUU 3JaHUM,
BO3BEJCHHBIX Ha CBaWHBIX (yHIAMEHTaX, U CBSI3aHHBIM C YBEIMYCHHUEM Ha HUX
Harpy3Kku, JOJDKHA TMIPEANIeCTBOBATh OIICHKA HECYIIeH CrnocoOHOCTH cBail. B
OoTIu4YMe OT (YHAAMEHTOB MEIKOTO 3aJOKEHUS, JJIsI KOTOPBIX CYIIECTBYIOT
pEeKOMEHJAIMM IO OMNPEJEICHUI0 PACYeTHOrO COMPOTUBIICHUS TpPyHTa B
OCHOBAaHHH IKCIUTYaTUPYEMBIX 3/IaHHM, JJI CBANHBIX (PYyH/IAMEHTOB, HECMOTPS Ha
HaJIM4YMe MHOTOYMCIICHHBIX HCCJIEAOBaHUN, MOJ00HBIE HOPMATHUBHBIC JOKYMEHTHI
OTCYTCTBYIOT.

Hecymyioo cnocoOHOCTh CBail  ONpenesnsiioT, Kak MpaBWiIo, IyTeM
CTaTUYECKOTO HArpy>XEHHUsl, JJIS Yero BEPXHIOK YacTh HCCIEAYEMBIX CBai
MOOYEPETHO CPE3al0T U MEXAY HHUMH U POCTBEPKOM YCTAHABIMBAIOT JOMKpAT.
[Ipu sTOM cymiecTByeT psif (paKTOpPOB, OCIOKHSIOIMIUX MPOBEIECHUE HCIIBITAHUM:
BBICOKHMI YPOBEHb IPYHTOBBIX BOJ, OTCYTCTBHUE JOCTYyNa K CBae WU oOecrieueHue
yCTOMYUBOCTH (yHAaMEHTa, HampuMmep, MpU Cpe3Ke OAHOW M3 Tpex CBad B
KYyCT€ U T.II.

[TosTOMy HCCen0BaHus, CBA3aHHBIE C YUCIIEHHBIM MOJIEIUPOBAHUEM CBal B
dbyHIaMEHTax CYIIECTBYIOIIMX 3[aHUM W OMNpeAeTeHuEeM pe3epBa HX HECYIIeH
CHOCOOHOCTH, KaK oOOecHeuMBaloOlIfe MOBBIINICHHE HAAEKHOCTH 3HJaHUM H
COOPY>KEHUU MPU PEKOHCTPYKIIHH, SIBJISFOTCS aKTyaJIbHBIMH.

CreneHnnb pa3padOTAHHOCTH T€MbI UCCJIEIOBAHMIA.

B AeicTBylOIIMX HOPMAaTUBHBIX JIOKYMEHTaX OTCYTCTBYET METOJMKA
OIICHKM HECYIEW CIOCOOHOCTH CBail B ()yHIAMEHTaX CYIISCTBYIOIIMX 3/JaHUM.
[Ipennaraembie B HACTOSIIIIEE BPEMsSI AHAJUTUYECKUE M UUCICHHBIC PEIICHUs, B
KOTOPBIX YUYUTBHIBAETCS W3MEHEHHE HaIpPsSKEHHO-Ie()OPMUPOBAHHOTO COCTOSIHUS
OCHOBAHUS MPHU MOTPY>KEHUU CBAW M KCIUTyaTallMy 3JaHus, MPOILUIA anpoOaIuio
Ha HEOOJBIIOM KOJIMYECTBE OOBEKTOB M YACTO JAIOT 3HAYCHHUS HECyIIen
CIOCOOHOCTH, OTJIMYAIONIUECS OT IAHHBIX HATYPHBIX HAOIIOICHUI.

OTteyecTBEHHBIEC U 3apyOEKHBIE UCCIIECIOBATENN OJIAratoT, YTO YBEIMUYCHUE
Hecylled CIOCOOHOCTH CBail B TJIMHUCTBIX TPYHTaX MOXKET MPOJOJDKATHCA B
T€UEHUE HECKOJIbKUX JAecsATuiaeTuid. OCHOBHBIMU (aKTOpaMH HTOTO SBJICHUS
CIIyXKaT:

— pocT 3((PEeKTUBHBIX HAMPSKEHUI BO BMEIIAIOIIEM CBAl0 TPYHTE MO MEpe
paccemBaHUsS W30BITOYHOTO TIOPOBOTO JIABJICHUS W, KaK CJIEACTBUE, YBEIMUYCHUE
COMPOTHUBJICHUS HA OOKOBOM MOBEPXHOCTHU U TOJT HUKHUM KOHIIOM CBau;

— YBEIWYEHUE MPOYHOCTHBIX U Je(OpMAIUOHHBIX CBOMCTB OKOJIOCBAHHOIO
IPYHTA [0 MEPE YCUJIEHUSI CTPYKTYPHBIX CBSI3€M MEXKIY IIIMHUCTBIMUA YaCTUIIAMU;

— yBenuueHue 3(pGeKTUBHOIO pajiyca CBau 3a CUET BOBJIEKAEMOro B paboTy
OKOJIOCBAaMHOI'O TPYHTA.

Leabp mcciaenoBaHmii — omnpeeneHre HEeCcyled CrnocoOHOCTH 3a0MBHBIX
cBail B pyHIaMeHTaX CYIIECTBYIOUIUX 3JaHUI MyTEM YHUCIEHHOT'O0 MOJICIUPOBAHUS
HANPsHKEHHO—Ie()OPMUPOBAHHOTO COCTOSIHUSI OCHOBAHHUSI.



3agaum nccjie10BaHUA:

1. O600mUTH U CUCTEMATU3UPOBATH PE3YIHTATHI HCCIEIOBAHUHN IO OIICHKE
HANPSHKEHHO—Ae(OPMUPOBAHHOTO COCTOSIHMSI M CBOWCTB TPYHTOB OCHOBAHMSI
(PyH/IaMEHTOB CYILECTBYIOIINX 3aHUI ¢ 3a0MBHBIMH CBasIMHU.

2. BpimonHUTh 1a00paTOPHBIE HCCIENOBAaHUS JIEAHUKOBBIX U MOPCKUX
CYIJIMHKOB, HCIIOJIb3YEMbIX B KayeCTBE OCHOBAHMSI CBaWHBIX (PYHIaMEHTOB B
r.ApXaHreinbCcKe, BBIABUTh KOPPEJALMOHHBIE  3aBUCUMOCTH MX  MOAYJS
nedopmManu OT K03 GUIIMEHTa MTOPUCTOCTH U TTOKA3aTeNsl TEKYYECTH.

3. BBIMOTHUTH WCTHBITAHUS CTATUUYECKOM HArpy3kod 3a0MBHBIX CBaii B
(yHIaMeHTax CyHIeCTBYIOIINX 3AaHHM.

4. Co3parb W BepU(UIMPOBATH AITOPUTM YHUCIEHHOTO MOJIEIHPOBAHUS
CTaTUYECKUX UCTIHITAHUHN CBall B cOCTaBe (DYHIAMEHTOB CYIIECTBYIOIIUX 3aHUI.

5. VYcoBepiieHCTBOBATh METOAMKY MWCIBITaHUS CBall B (pyHIaMeHTax
CYLIECTBYIOIMX 3JaHUM W BBIIOJHUTH €€ anpoOalui Ha  O0BEKTax
PEKOHCTPYKIIMH.

O0bekT McciaegoBaHusl — 3a0MBHbBIE KEJIE€300€TOHHbIE MPU3MATUUYECKUE
CBau B cOocTaBe (yHIaMEHTOB CYIIECTBYIOIINX 3/JaHUM.

IIpeamer mcciaegoBaHmii —  Hecymias  CIOCOOHOCTh — 3a0MBHBIX
&KeJIe300€TOHHBIX CBail, MOrPYKEHHBIX B JIEAHUKOBBIE U MOPCKHE OTJIOKEHHUS U
JUTUTEIIBHOE BPEMSI HAXOASIIUXCS MO HAarpy3KOM.

Hayuynasi HOBU3HA HccJ/IeJOBAHMIL:

1. IlonmydeHbl KOpPpENSIUMOHHBIE 3aBUCUMOCTH OJOMETPUYECKOIO MOJIYJIS
nedopMalvy JIETHUKOBBIX U MOPCKHUX CYTJIMHKOB B MHTEpBAJIaX HANPSIKEHUU OT
100 mo 600 kIla ot ko3 puLHIEHTa MOPUCTOCTH U MTOKA3ATEINS TEKYUECTH.

2. Pa3paboTaH anropuTM YHUCJIEHHOTO MOJIEIMPOBAHUS CTaTHYECKUX
ucneiTaunii cBaii B [IBK PLAXIS 3D, mno3posnstomuii HOAy4uTh Tpaduku
«Harpy3ka—ocajika» OJU3KHEe K OSKCIEPUMEHTAIbHBIM 3aBUCHUMOCTSM, TJe
UCXOHBIMH [TaHHBIMH, KpPOME CBOICTB TDYHTOB OCHOBAHHUS, pa3MEpPOB CBail U
PACCTOSIHUSI MEXIY HUMHU, CIY)KaT 3HaYEHUE U MPOAOKUTEIBHOCTh JEHCTBUS Ha
HUX Harpy3KH.

3. IlpennmokeHbl CHOCOOBI UCIBITAHWM CBall B COCTaBE CYIIECTBYIOIIETO
(¢yHIameHTa, MNO3BOJSAIOIIME MHUHHUMH3UPOBATh BIMSHHE CMEXKHBIX CBail u
(dakTopa pasrpy3Kku CBau Mpu MPOBEJACHUN UCTIBITAHUH.

IIpakTHyeckasi 3HAYMMOCTb PadOTHI:

[IpenyiokeHHbI  AJITOPUTM  YHCJIEHHOTO MOZEIMPOBAHUS CTATHYECKUX
UCHIBITAHUMA TO3BOJISIET CYLIECTBEHHO YBEJIWYUTh TOYHOCTh M JOCTOBEPHOCTD
pacyeToB Hecylleld CHOoCOOHOCTH CBaill Juisl JIOOOro Mepuoja BPEMEHU, U TEM
CaMbIM TIOBBICUTh HAJIE)KHOCTh PEKOHCTPYHPYEMBIX COOpPYXKEHHUW. Pe3ynbrarsl
MOT'YT OBITh NPUMEHEHBI B XOJI€ MNPEANPOECKTHBIX PadOT MO PEKOHCTPYKUUU
31aHUN U COOPYKECHUI.

CrocoObl ompezenieHds HeCcyllled CIocOOHOCTH cBail B (yHIaMeHTax
3MaHUNA TYTeM CTaTUYECKUX WCIBITAHUN 0€3 CHATHUA C HUX JEHCTBYIOMIEH
Harpy3ku (marentr P® No 2557277, or 20.07.2015 1.) u c y4eTroM BIUSHHS
cocenHux cBaid (mateHt P® Ne 2583806, or 10.05.2016r.) Moryr OBITh
UCMOJIb30BaHbl IPU MPOBEICHUU 00CIEI0BaHMS ITEpe PEKOHCTPYKIUEH.
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MeTo10J10THSI M1 METO/AbI HCCJIeI0BAHUIA:

1. W3ydeHnne mpeacTaBIeHHBIX B HAYYHOW W HOPMATHBHOHW JHTEpaType
JAHHBIX M0 OIICHKE BO3MOXKHOCTH YBEIWYEHHUS HAarpy3KH Ha CBaW B YCJIOBHSIX
PEKOHCTPYKIIMU 3JaHUN U COOPYKECHUM.

2. OO6o00menne W aHalM3 JAHHBIX NPEIIIECTBYIOUIMX M COOCTBEHHBIX
AKCIIEPUMEHTAIBHBIX UCCIIEOBAHUM XapaKTEPUCTUK TPYHTOB OCHOBAHUS CBaHBIX
(GyHIaMEHTOB, WCHBITAHUA CBall  CTaTUYECKOM  HArpy3Kod, YHCIIEHHTO
MOJIETUPOBaHUSI PpalbOThl 3a0MBHBIX KEIE300€TOHHBIX CBail B HWHXKEHEPHO—
reOJIOTUYECKUX YCIOBUAX T.ApXaHTeIbCKa.

3. ConocrapiieHre pe3yabTaTOB YUCICHHOTO MOJIEITUPOBAHUS, C IAHHBIMU
MOJIEBBIX HCCIIEA0BaHUM, KaKk COOCTBEHHBIX, TaK M JIPYTUX aBTOPOB. AmpoOarius
pE3yJbTaTOB UCCIEAOBAHUI aBTOpa MO IMepeaaye JTOMOJHUTEIBLHON HArpy3Kd Ha
CBaW PEKOHCTPYUPYEMBIX 3TaHHIA.

IToJ10:keHUs1, BLIHOCUMbIE HA 3AIIHUTY:

1. OKCIIEpUMEHTAFHO BBISBJICHHBIE 3HAYCHUS (DU3UKO—MEXaHHUECKHUX
CBOWCTB TPYHTOB OCHOBAHHS CBaliHBIX ()yHJaMEHTOB B I'.ApXaHTeIbCKE, BKIIOYAs
OJIOMETPUYECKHUI MOAYIb 1ehOpMalliy AJisl IIMPOKOTO CIIEKTPa HAMPSKCHHIH.

2. Mertoauka © pe3yapTaThl YHCIEHHOTO MOJAEIUPOBAHUS TpaduKoB
«Harpy3ka—ocaJika» AJisi 3a0MBHBIX CBal MOCIE «OTIBIXa.
3. Metonrka M pe3yiabTaTbl MPOrHO3a pe3epBa HECYLIEW CIOCOOHOCTH

3a0MBHBIX CBal B (pyHAaMEHTax CYIIECTBYIOIIMX 3/JaHUNA B T.ApXaHTeJIbCKE B
M000M Mepro BpEMEHH UX IKCIUTYaTALHH.

4, CriocoObl ucHBITAaHUR cBail B cocTaBe (PyHAAMEHTOB CYLIECTBYIOIIHMX
3JIaHUM, TTO3BOJISIONINE MUHUMU3ZHPOBATH BIUSHUE (haKTOpa pasrpy3Ku CBaul MpHU
€€ OTJEJICHUH OT POCTBEPKA U YUUTHIBAIOIINE PACIIONIOKEHUE CMEXHBIX CBaH.

O0sacTh HcCJeI0BAHMIT  COOTBETCTBYET TMACHOPTy  CHEIHAIbHOCTU
05.23.02 — OcHoBanus u (yHIaMEHTBI, MOA3EMHBIC COOPYKEHHUS, MYHKT 7 —
«Pa3paboTka HOBBIX METOAOB pacuéra, KOHCTPYHPOBAaHUS U YCTpOMCTBa
OCHOBAaHMM, (QPYHIAMEHTOB M TMOJ3EMHBIX COOPYKEHHWA MpU PEKOHCTPYKIUH,
YCUJICHUU U JTUKBUJALIUA aBAPUUHBIX CUTYyaIUil».

CreneHb /J0CTOBEPHOCTH Pe3yJbTAaTOB. J[OCTOBEPHOCTH MPUBOAMMBIX B
JUCCEpTAallM HAYYHBIX TIIOJOKEHUA M BBIBOJOB JOKa3aHAa COIOCTaBIECHUEM
pe3yNbTaTOB  TEOPETUYECKUX HCCIEAOBaHUI €  pe3yJpTaTaMd  HaTypPHBIX
AKCIIEpUMEHTOB. HaJeXHOCTh IKCIEPUMEHTAJIBHBIX HCCIEAOBAHUI JTOCTUTHYTA
MPUMEHEHUEM COBPEMEHHBIX MOBEPEHHBIX MPHUOOPOB U 00OPYIOBaHUS, a TAKXKE
NIPOBEJICHUEM ITOJIEBBIX HCTBITAHUN, B 00BEME IOCTATOYHOM JIJIsi CTATUCTHUYECKOM
00paboOTKH pe3yabTaTOB.

Anpobanus pe3yJbTaToB padoThI. OcHOBHbIE ITOJI0KEHUS
JUCCEPTAlIMOHHON paboThl 00Cyxnamuch Ha Bceepoccuiickoll KOHPEpEeHIHH C
MEXIYHAPOJIHbIM ydacTueM «DyHAaMEeHThI TI1yOOKOro 3aJI0KEHUS U MPOOJIeMbl
ocBoeHHUs1 Tmoa3zemHoro mnpoctpanctBay (ITHUITY, r.llepms, 2014 r.); 71-#
HAyYHO—TEXHUYECKOU KOoH(epeHuuu «M3picKanus, MIPOEKTUPOBAHHUE,
CTPOUTENBCTBO M  OKCIULyaTallMs OCHOBaHUN  (QyHIAMEHTOB 3JaHUM U
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coopyxenuit» (CIIOI'ACY, r.Caukr—IlerepOypr, 2015 r.); HayuyHO# KOH(DepeHuun
podeccopcKo—MNpenogaBaTeIbCKOro  COCTaBa, HAay4YHbIX  COTPYAHHKOB U
acnupaHToB «Pa3Butne CeBepOo—ApPKTHUUECKOIO PErrMoHa: MPOoOJEMbl U PELICHUS)
(CA®Y, r.Apxanrensck, 2015 r.); 19-ii MexnyHapoIHOH MEXBY30BCKON
HAyYHO-TIpakTHUecKOl KoH(pepeHunn «CTpOUTENbCTBO — (OPMHUPOBAHUE CPEIbI
xusHeaestensHoct» (HUY MI'CY, r.Mocksa 2016); Bcepoccuiickoil HayuyHONH—
texanueckoir koHpepenmuu 1o reorexauke (CIIGI'ACY, r.Canxr-IlerepOypr,
2017 r.); 19 mexxayHapoaHOi KOH(EPEHIIUN TT0 MEXAaHUKE TPYHTOB U T'€OTEXHHUKE
(Ceyn, HOxnas Kopes 2017); m Ha wMexkadenpanbHbix cemuHapax CADY
(r.Apxanrensck, 20132018 rr.).

PesynbraTel uccnegoBaHuil ObuiM  UcTONb3oBaHbl: 3A0 «CTpouTenbH—
MOHTaKHBIN TpecT NoS» mpu peKOHCTPYKIIMH 3/1aHus 110 aapecy yia. UymOapoBa —
Jlyunackoro 34 B r.Apxanrenscke u ['AY AO «MHBecTcenbCcTpoi» mnpH
pa3paboTKe MPOEKTHON JOKYMEHTAIMH 10 PEKOHCTPYKIMH 3AaHMs 1O ajapecy yil.
CyBopoBa 17, xopn.2 B r.Apxanrenbcke. Pa3zpaGoTaHHbIE MPOEKTHI MOTYYUIU
MOJIOXKUTENbHOE PEILlIEHNE MOCYAapPCTBEHHOM SKCIEPTU3bl U ObUIN Pealu30BaHBbI.

IMyoaukanuu. [To Teme mguccepramum omyOaukoBaHO 9 HaydHBIX padoT,
BKiIovass 4 nyOnukaumii B XypHanax u3 nepeuHs BAK u aBe B u3naHusx,
Bxomsmmx B 6azy SCOPUS, nonyuyeno tpu natenra P® na nzodperenus.

CrpykTypa H 00beM AUCCEPTALNMOHHOM padoThl. Jluccepranns COCTOMUT
W3 BBEIICHUS, YETHIPEX TIJIaB, 3aKJIOUEHHUS, CIIUCKA JIUTEpPATypbl U MPHUIIOKEHUU.
O6mmit 00beM paboThl coctaBiser 127 crpanun, Brmrovas 50 pucyHkoB u 13
tabymil. CIIMCOK JIUTEepaTyphl COAEPKUT 166 HauMeHOBaHUS.

ABTOp BBIpaXaeT MCKPEHHIOI 0JIaroJapHOCTh COTPYAHUKAM Kadeapbl
«UmxenepHoilt reomoruu, ocHoBanud U (QyngamentoB» CADY wumenun M.B.
JlomoHocOBa (T.ApXaHrenabCK) 3a MOMOIIb PHU MPOBEAECHUN HCIIBITAHUM, COBETHI,
3aMeuyaHus U PEKOMEHAIUK 0 TUCCepTallMOHHON padoTe.

Ocobas 6marogapHocTh — TiIaBHOMY HHXkeHepy AO «Apxanrensck TUCU3»
N.B. bormanoBy 3a nmpeaoCcTaBjICHHbIE MAaTEPUAIIBI IO CTATUYECKUM HUCIIBITAHUSIM
CBall, BHITIOJHEHHBIM B XOJI¢ MHXEHEPHO-TEONIOTHYeCKuX u3bickanuii B 70—-80—x
rojiax B r.ApxaHrelbCKe.

COAEPKAHUE PABOTDI

Bo BBeeHMH 000CHOBBIBACTCS aKTYaJbHOCTb JHUCCEPTAIMU, OMPEIEIIeTCs
1eIb, POPMYITUPYIOTCS HaydHas HOBU3HA M ITPAKTHYECKas 3HAYUUMOCTh, OCHOBHBIE
3allUIIaeMble TOJI0XKEHUS,, BRIHOCUMBIE Ha 3allUTy, MPUBOASTCA CBEICHUS 00
anpoOaiu, CTpyKType U 00bEMe JUuccepTaluu.

B nepBoii rigaBe 1aH 0030p SKCIEPUMEHTAIBHBIX W TEOPETHUYECKHUX
UCCJIEA0BAaHNM PAaOOTHI CHCTEMBI «3a0MBHAsI CBas—TPyHT». [IpuBeneHbI JaHHBIE 11O
W3MEHEHUIO HaIpsSKEHHO—Ae()OPMUPOBAHHOTO COCTOSIHUSI OKOJIOCBATHOTO TPYyHTa
BO BpeMsl TOTPYKEHHUS, «OTAbIXa» M HCIBITAHUM CBall  CTaTHYECKOMN
BJIaBJIMBAIOIICH HArpy3Koi. BeITOIHEH aHaIn3 U3MEHEeHHs HecyIeld criocOOHOCTH
HEHArpy>KeHHBIX U HAarpy>KeHHBIX CBail B EPUOJ «OTAbIXa» U MPH AKCIUTyaTalluu
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31aHU#, COOTBETCTBEHHO. PaccMOTpEeHbI CIOCOOBI YUCICHHOTO MOCITUPOBAHUS
CTaTUYECKUX HMCIBITAHUN CBAail B MPOrpaMMHO—BBIUYHMCIUTEIBHBIX KOMIUIEKCAX, B
TOM YHCJIE C YYETOM HaJIW4Hs U pa3MepoB 30H Je(hOopMUPOBAHKS OKOJIOCBAWHOTO
IpYHTA.

B mnporecce morpyxeHusi cBau MPOUCXOIUT HM3MEHEHHE HaINPsKEHHO—
nehOpMHUPOBAHHOTO  COCTOSIHUSL M, KakK  CJIEeACTBUE, (DUIMYECKUX U
nedhOpMaIMOHHO—TIPOYHOCTHBIX CBOWCTB BMEMIAIOINIETO WX TpyHTa. M3ydeHuto
ATUX SIBJIEHUNU TocBAlIeHbl padoTrel  b.B. baxonnauna, A.A. bapronomes,
B.H. bponuna, H.M. I'epceBanosa, B.H. I'onyOkoga, b.A. /lanmaroaa,
H.M. [JopomkeBuua, A. K. Kycymnbekona, @.K. JlanmuHa, A.A. Jlyrn,
H.C. Hecmenora, A.W. [lomumyka, FO.I'. Tpopumenkosa, X.P. Xakumona,
A.b. ®aneeBa, B.I'. ®enoposa, B.I'. denoposckoro, L. Bjerrum, H.M. Coyle,
C. Reese, G. Koning, L. Koizumi, K. Ito, H.B. Seed, K. Terzaghi, V. Teheng,
E. Franke, A. Vesic, T. Whitaker u ap.

HecMoTpst Ha HEKOTOpBIE OTIWYUS B aHAMM3E (DU3UYECKUX TPOIECCOB BO
BMEIIAIOIIEM CBalO TPYHTE, B MHOTOYMCIIEHHBIX MyOJUKAIMSIX HA3BaHHBIX YUEHBIX
UMeeTCsl psll OOIIENPU3HAHHBIX MOJIOXKEHUH. B yacTHOCTH, O TOM, 4YTO pajauyc
obnactu neopMupoBaHUS TPYHTA B TOPU3OHTAIHLHOM HAMPABICHUM JOCTHTACT
(6...7)d, a mom ocTpueM YIUIOTHEHHBIC 30HBI PACHPOCTPAHAIOTCS 10 TIYOWHEI
(3..35)d, rme d - pasmep momepeuHoro cedeHus cBan. OTauYds B
DKCIEPUMEHTAJbHBIX 3HAYCHHUSX H3MEHEHHUS XApAKTEPUCTUK TPYHTOB B
YKa3aHHBIX 00JIACTAX, BBISBIICHHBIC PA3JIMUHBIMU UCCIIEIOBATEISIMU, OO BSICHIIOTCS
pa3zHOOOpa3ueM IPYHTOBBIX YCIOBUM, OTIWYUSIMU B (hOpME U pa3Mepax CBail.

N3yueHnemM MexaHW3Ma YBEJIMYCHHUS HECYIIed CIIOCOOHOCTH CBall B
[JIMHUCTBIX TPYHTaX B IPOLECCE HENPOJOKUTEIBHOIO «OTABIXa» 3aHUMAJIUCh
poccuiickue u 3apyoOexxnbie aBTOphl:  b.B. baxommun, A.A. baptonomei,
B.H. bponum, H.M. I'epceBanos, B.H. I'ony06koB, b.U. Jlanmaros,
E.D. eBanbroBckuii, H.M. lopomkeBuu, @.K. Jlanmuu, A.JK. XKycynOekos,
B.B. 3uamenckuit, C.A. Kymnaup, A.A.JIyra, P.A.Manrymes, P.M. HapOyr,
H.C. Hecmenos, A.W. Ocokun, B.I'. Oppuxtep, A.B. [Tunsarun, A.b. Ilonomapes,
AMN. MMonmumyk, A.B. CaBunos, 3.I'. Tep—Maptupocsn, F.I'. Tpopumenkos,
X.P. XakumoB A.b. ®anees, B.I'. ®enopos, B.I'. ®enopockuii, A.I'. lamkuH,
C.B. FOmy6e, A.S. Azzouz, M.J. Morrison, S. Bensallam, L. Bahi, H. Ejjaaouani,
V. Shakhirev, K. RkhaChaham, M.Y. Fattah, K.T. Shlash, S.M. Al-SoudMadhat,
K. Gavin, D. Gallagher, P. Doherty, B. McCabe, G.G. Meyerhof, M.F. Randolph,
J.P. Carter, C.P.Wroth, M. Suzuki, T. Fujimoto, T.Taguchi u np. [auHoe
SBJICHHE, WHTCHCUBHO TPOTEKaollee MPUMEPHO B TeueHue mepBbix 60 cyTok,
OOBSCHSIETCA  pacceMBaHUEM  U30BITOYHOTO  TMOPOBOTO  JaBIEHUA U
BOCCTAHOBJICHMEM HApPYUICHHBIX TMpuU 3a0UBKE CTPYKTYPHBIX CBsI3eid B
OKOJIOCBallHOM TPYHTE.

WccnenoBanusi Hecymiel CIOCOOHOCTH CBai, MPOJODKUTEILHOE BpeMS
HaXOJMBIIUXCS MO/ HArpy3koil B coctaBe (DYHIaMEHTOB CYIECTBYIOIIUX 3/IaHUM,
MIPOBOJUIINCH M.IO. AGeneBniM, X.3. bakeHOBEBIM, A.A. bapTtonomeewm,
b.B. baxonauneiM, B.H. BponunsiMm, b.1. JanmaTtoBbiM , X.A. J[>KaHTUMHUPOBBIM,
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JI.B. HdypakoBoi, @.K. Jlanmunabiv, ['.®. HoBoxwioBeiM, A.E. Pagyrussim,
AWM. OcokunbiM, A.B. ITaraneeBbiM, A.b. IlonomapeBsiM, A.B. CaBHHOBBIM,
3.I'. Tep—Maptupocsnom,  B.M. Yauukum,  b.C. FOmkoBbsiMm, F.C. Chow,
R.J. Jardine, J.F. Nauroy, F. Brucy, G. Mesri, T.W. Feng, J.M. Benak, I.F. Wardle,
G. Price, T.J. Freeman, J.L.Jensen, A. Augustesen, C.S Serensen wu mp.
BonbIIMHCTBO aBTOPOB MPHUILIO K BBIBOJAY, YTO YyBEJIMYEHHE HeECyIen
CIIOCOOHOCTH MPOUCXOAUT 3a CUYET YIUIOTHEHUSI OCHOBAHUS IO HIDKHUM KOHI[OM
U pocTa COMPOTUBJICHUSI TPYHTA HAa OOKOBOM MOBEPXHOCTHU CBau. B CBsI3M ¢ 3TUM
JIOTIOJTHUTEJIBHOE Harpy>KeHUe CBail MPU PEKOHCTPYKIIUH MPOU3BOJUTCS, KOT/Ia T
B3aMMOJICUCTBYIOT C TPYHTOM C 0Oojee BBICOKUMHU JedOopMaIMOHHO—
MIPOYHOCTHBIMH XapaKTEPUCTUKAMU IO CPABHEHUIO C BDEMEHEM CTPOUTEHCTBA.

Hanbonee HaneXHbIM CIOCOOOM OIEHKHM M3MEHEHUS HaIpsKEHHO—
e OpMUPOBAHHOT'O COCTOSTHUS BMEIIAIOIIETO CBAl0 IPYHTA BO BPEMEHH SIBJISICTCS
YUCJIIEHHOE MOJEIUPOBAHUE U, B YACTHOCTH, METOJ 3aJlaHHbIX MEPEMEIICHHI, B
KOTOPOM TIPEIyCMaTPUBAETCS TOPU3OHTAIBHOE OOBEMHOE pacCIIUpPEHUE CTBOJIA
CBal Ha pa3Mep €€ IMONEpPeYHOro CEUEHUs] W TOCJIECAYIOIIee BEPTUKAIBLHOE
NepeMeIlleHUEe TMOTYYUBIIErocs 3JE€MEHTa Ha JKCIEPUMEHTAIBHO MOJ00paHHYIO
BEITUYHHY.

[Tpu pabote Han auccepranueil ObUTH W3YYEHBI CIIOCOOBI MCTBITAHUS CBal
CTaTUYECKOM HArpy3Kkou B pyHIaMeHTax CyllecTBYOmUX 31anuil. Kak okazanocs,
UCCJICIOBAHUS BJIMSHUS CHSTHS HArpy3Kd CO CBaW TEpel HCIBITAHUSMHU, IO
OIICHKE BO3JICHCTBHSI COCEIHUX CBali M 0€30MacCHOMY MPOBEICHUIO CTATHYECKHX
WCIBITAHUM B Cllyyae, KOrja BBIBOAUTCS W3 pabOThl OJHA U3 CBall B KYCTE,
BBITIOJTHSUTUCH JIUIITL B HEOOJIBIINX 00hEeMax.

Ha ocHoBaHuuM aHanm3a COCTOSIHUA Bompoca chopMyiaupoBaHa Ieb
MCCIIEIOBAHUM M TIOCTABJIEHBI 3a]1a4u IS €€ TOCTUKECHMUSL.

Bo BrTOpoil riaBe TIPUBOAATCA  PE3YIBTAThl  OKCIEPUMEHTAIBHBIX
UCCJIeIOBAaHUN (PU3UKO—MEXaHUYECKUX CBONCTB TPYHTOB OCHOBAaHUM CBaMHBIX
dbyHnameHToB B r.ApxaHreiabcke. OOOCHOBBIBAE€TCS BHIOOP MOJAENU TPyHTA ISt
JNAJIbHEUIINX PACUYETOB.

B kauectBe Hecymiero ciios CBaHbIX (YHIAMEHTOB B TOPOJI€ CIIyXaT
JICTHUKOBBIE M MOPCKHUE CYTIMHKHU. [[0JI1 UCTIBITAHHBIX CBail B 3TUX OTIIOKEHMSIX
coctaBiasier mnpumepHo (5% wu 25%, coorBercTBeHHO. [l ompeaeneHus
HEOOXOMMMBIX XapaKTEPUCTUK OCHOBHBIX MOJIENICH TPYHTOB IMPOAHATU3UPOBAHBI
JTAHHbIE BBIMIOJIHEHHBIX paHEE WCCICIOBAHUN U TMPOBEICHBI JIa0OpaTOpPHbIE
UCTIIBITAHUST TIO  ONPENEICHUI0 HEJAOCTAIOIIUX  XapaKTEPUCTHUK  Ha3BAHHBIX
OTJIOKECHUMU.

Jns monydeHUsT XapaKTEPUCTUK CHKUMAEMOCTH TMPU HAMNPSHKEHUSAX 10
600 x[la aBTOpOM BBIMIOJIHEHBl KOMIpPECCHOHHBbIE ucnbITaHuss 109 o00pa3uos
JIETHUKOBBIX U 76 — MOPCKUX CYTJIMHKOB, MO PE3YJIbTaTaM KOTOPBIX IMOJIYYECHBI
3aBUCUMOCTH  OJOMETPUYECKOTO Momyis naedopmanuud OT  Kodduimenra
MOPUCTOCTH € U MoKazaTens Tekydectu || (tabmuna 1).
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Tabnuua 1. 3aBUCUMOCTH  OJOMETPUYECKOrO0 MOAyJA Jnepopmanuu  OT
K03 puIMEeHTa MOPUCTOCTH e U TIOKa3aTells TeKy4ecTH || nccienyemMpix TpyHTOB

WNHurtepBan Eoed, MIla

HanpsokeHuH, KI1a | Jleqnukosbie cyrmnkn (gy) | Mopckoit cyriauHok (my;,)
100 — 200 13,6 - 13,2e- 1,51, 11,7 - 8,2e - 1,11,
200 - 300 16,9 - 18,8e - 2,01_ 16,5 -12,4e - 0,91,
300 - 400 35,7 - 43,5e - 2,31, 23,2 - 19,0e - 2,01,
400 — 500 40,7 - 48,2e - 1,21, 31,9-28,7e- 1,11,
500 - 600 48,4 - 57,1e - 1,3l 36,3 -32,0e-1,2I,

Kosddumment Ilyaccona st JEIHUKOBBIX M MOPCKHX CYTJIMHKOB
ONpeAeNsyicss O pPe3yJibTaraM UCIBITaHUH B TpUOOpEe TPEXOCHOTO CKATHS.
HenocrtaTkoM mpu UX NPOBENCHUU SBJISIETCS HEPABHOMEPHOE paclipeseiicHue
TOPU30HTAIBHBIX JehopMaIuii Mo BHICOTE 00pa3iia u3—3a HATUYUS TPEHUS MEXKIY
MOPUCTON MOBEPXHOCTHIO IITAMIOB M TPYHTOM. UMCIEHHBIM MOJEIUPOBAHUEM
TPEXOCHBIX HCIBITAHUN OINpPEAEIEHbl pa3Mepbl 30H BIUSHHUS CWJI TPEHUS Ha
KOHTaKT€ TOPIIOB 00paslia co MTaMIaMi U CKOPPEKTUPOBaHa BhICOTA 0OPA3IIOB Ha
JTanax Harpy>kKeHus. 3aBUCUMOCTb KO3 PUIeHTa nonepevyHoi gedopmaiyu v ot
MOKa3aTesi TEKy4eCcTH TJHMHHUCTBIX TPYHTOB | mpu 3HaYeHuu JieBUATOpa
HanpsokeHut  30-50% or MakcuMalbHOrO TIOKa3aHa Ha puUCyHKe .
DKCIEPUMEHTAIBHO yCTaHOBJIEHO, 4TOo Kod(dduuuent Ilyaccona mpu Harpyske—
pasrpyske vy Haxoautca B nuanazone 0,20-0,24 nid Je€JHUKOBBIX CYTJIMHKOB M
0,16-0,18 — st MmopcKmX.

v 0,40 ;
| ]
0,35 -
|
0,30 - . L
0,25 - o 2
0,20 . . . .
-0,25 0 0,25 0,5 075 |

L
Pucynok 1. 3aBucumocts kodddurnmenta [lyaccona, v, ot mokasarens

TEKy4€eCTH, |, MOPCKUX U JIETHUKOBBIX CYIJIMHKOB:
1 — neqHUKOBBIE CYIIIMHKY; 2 — MOPCKHE CYTJIMHKH

Jlist uccnenyemMbiXx TPYHTOB B KOMIIPECCHOHHBIX TPHUOOpaxX BBIMOITHEHO
onpenenenne kodhduimenta nepeymiotrHenus a0 aasieHuit 1500 klla. OmnbITel
MOKa3ajau, YTO TPYHTHI SBJISIIOTCS HE3HAUUTEIBHO IMEPEYIUIOTHEHHBIMU, CpeHee
3HaueHne kod(pduimenta IS MOPCKHX CYTIMHKOB coctaBwio 1,17, nmms
JIEIHUKOBEIX — 1,56.
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WcnpiTanusiMu B 1puOOpe OJHOIUIOCKOCTHOTO Cpe3a C IOCTOSIHHOM
CKOPOCTBIO JiehopMaliuy MOATBEPKICHBI 3aBUCUMOCTH yTJia AWJIATAHCHHA OT yTiia
BHYTpPEHHEro TpeHus, npemnoxkennsie J.S. Stenfeit, P.A. Vermeer, R. De Borst.
VYron nunataHcuM JisI pacCMaTPUBAEMBIX OTJIO0XKEHUHW MOXKET OBbITh MPUHAT
PaBHBIM HYIIIO.

[lpu pacuere ans moxmenu rpyHta Hardening soil kosddummenta m,
MMOKA3bIBAIOIIETO0 HEIMHEMHOCTh KOMIIPECCUOHHOW KpPHWBOMW, BBISBICHA €r0
CYILIECTBEHHAs] U3BMEHYUBOCTH 10 MEPE POCTA AECHCTBYIOLIETO JABJICHHUS.

B cBf3M €O CIOKHOCTBIO HA3HA4YEHUS ITApaMETPOB ATOM MOJEIH IpHU
MHOTOCTaJIMITHOM pacyeTe HampsHKeHWH B MAacCHBE OKOJIOCBAWHOTO TPyHTA, OBLIO
OPUHSTO pEelIeHUE UCIIOIb30BaTh OoJee mpocTyto Moaenb Mopa—Kyrona, a rpyHr,
BMEULIAIOIIUI CBAIO, IEJTUTh HA 30HBI B 3aBUCUMOCTH OT HANPS)KEHHOTO COCTOSHHUSI.

B TpeTneii rnaBe paccmotrpen anroputm pacuera cBaii B [IBK PLAXIS 3D,
a MMEHHO MOJIEJIMPOBAaHUE HANpsKEHHO—AEPOPMUPOBAHHOTO COCTOSHHS CIJIOEB
OKOJIOCBAaHOIO TpyHTa MNpU NOTPYKEHUH CBaW, MPEMIOKEH CHocod ydera
U3MEHEHMs J1e(OPMALlMOHHBIX XapaKTEPUCTUK TPYHTA B 30HAX Pa3IUYHOTO
HATPSHKEHHOTO  COCTOSIHHS, TIO3BOJISIIOIIUN  MONMYYUTh TpaduKu «HArpy3Ka—
ocajJikay, CXOXHE C OHKCIIEPUMEHTAJIbHBIMU TrpaduKamMu, IOJYYEHHBIMU MpPHU
CTAaTUYECKUX HUCIBITAHUSIX CBaidl, B TOM 4ucie B (yHJAAMEHTaX CYUIECCTBYIOUIUX
3IaHUI  C Y4YEeTOM BPEMEHM DOKCIUIyaTallud COOPYKEHHUS W  BEJIIMYHUHBI
JNEUCTBYIOIIUX HArpy30K.

Opnum cnocoOoB ompeneneHuss Hecyllell CrnocoOHOCTH CBall SIBIISIETCS
METOJ, OCHOBAaHHBII Ha pe3yJbTaTaX YHUCICHHOr0 MozenupoBaHusi. OgHAKO, 110
HACTOSIILIETO BPEMEHU TaKOM NOAXOJ sl 3a0MBHBIX JKEJIE€300€TOHHBIX CBai
NpUMEHSUICS, Kak MpaBuiio, 0e3 yuyera 30H AehOpMHPOBAHUS OKOJOCBAHHOTO
IpyHTa Y OLEHKH U3MEHEHHsS (HU3UKO—MEXAHMUECKHX CBOMCTB TPyHTa B 3THUX
30HaXx.

Onpenenenue 30H JaepopMUpOBaHUS TpPyHTA MpPU TOTPY>KEHUHU CBau
BBITIONIHSJIOCH € TMOMOIbI0 mporpamMmmHoro komruiekca PLAXIS 3D  Ha
TpexmepHoi mozenu pazMepoMm B 1utane 10x10 m. Ciom rpyHTa 3agaBajuch C
ucroyib3oBanueM Monenu Mopa—Kyiona, a cBast — anementamu Plate ¢ abcomoTHO
KECTKUMHU XapaKTepUCTUKAMU. [[1s MONydeHHs HanpsyKEeHUHM B OKOJIOCBAaHOM
TPYHTE€ 4YeTBEpTas 4acTh CTBOJIA pa3Mellaliacb B yriy wozenun. Pacuer
MPOU3BOAWICA B TpHU dTama: | — omnpeaeneHue HanpsHKEHW, Cco34aBaeMbIX
COOCTBEHHBIM BECOM TpYyHTa; 2 — pacueT TOPU3OHTAIBHBIX HAMPSDKEHUH B
OKOJIOCBAalHOM TPYHTE; 3 — pacueT BEPTUKAIbHBIX HAIIPSKEHUI MO KOHLIOM CBau.

["'opu30oHTaIbHBIE HANPSKEHUS MOIYYAId IMyTEM «Pa3ABMKKM» IUIOCKOCTEH
OOKOBOW IMOBEPXHOCTU CBau Ha MOJIOBUHY pa3Mepa €€ MOMNEPEYHOro CEYEHUs.
BeprukanbHble HanpsKEHUs MOJA KOHIIOM CBAaW HAaXOAWIM 33 CYET MEepEeMEIeHUs
CTBOJIa Ha | MeTp BHHU3, UTO cocTaniser (2,85...3,33)d B 3aBUCUMOCTH OT CEUCHUS
cBau. Bennumna nepemenienust Oblja mojnoOpaHa UCXONd M3 YCIIOBUA HauOolee
TECHOI'O COBHNAJEHUS PE3YJIbTAaTOB MOJIEIUPOBAHUSA C SKCIEPUMEHTAIbLHBIMU
JAHHBIMH PA3JIMYHBIX aBTOPOB. MOAEIMPOBaHUE ABYX MOCIEIHUX 3TANOB BEJIOCH C
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OMIMEN OOHOBJIEHUS] CETKU KOHEUHBIX 3JIEMEHTOB, TO €CTh C KOPPEKTHUPOBKOW €€
T€OMETPUH B MPOIECCE pacyeTa.

C uenpr0 uaeaM3aUMy MOJAEIM Ui IOCJHEAYIOIIEro pacyera 4Yepes
IUIOLIAIY S0P HANPSHKEHUN IS KQXKI0T0 MHKEHEPHO—TE0JI0TMYECKOr0 AIEMEHTA
OBLIIM HalJIeHbl pa3Mephl 30H HANPSIKEHHOI'O COCTOSIHUA Y OOKOBOW MOBEPXHOCTH.
ITox KOHIIOM CBau pPacCUNUTHIBATIUCH CPEIHNUE HANPSIKEHUA B ciioe ToauuHou 0,2 M
(pucynok 2). Takas TommuHa BhIOpaHa s KOPPEKTHOTO IOCTPOCHUSI CETKU
KOHEYHBIX 3JIEMEHTOB B porpaMMHoM koMiuiekce PLAXIS 3D.

Bepuduxkanus onpeneneHus YUCICHHBIM METOJOM HECYIIEH CIOCOOHOCTH
CBail TMOCJIE€ HENPOJOIKUTEIBHOTO «OTIbIXa» BBIMOJIHSIACH COIMOCTABIEHUEM
pe3yJbTaTOB pacyera C JaHHbIMM MCIBITAHUA 16 OJMHOYHBIX 3a0MBHBIX CBaii
cTaThyecKou Harpy3kou. JInunHa cBaii 11-16 M, pa3mMepbl MONEPEYHOrO CEYEHUS —
35%35 cMm. Wcnbrtanusa cBail npoBoguwinck uepe3 20-30 aHel nmocie norpyXKeHusl.
B kauecTBEe OMOpPHON KOHCTPYKLHH ISl CO3/IAHUSI HArPY3KU CIIYXKWJIM aHKEpPHBIE
CBal M CHUCTEMa IepeKpecTHhIX Oayiok. llepemelnieHne cBau MpU MCHBITAHUIX
JOBOAWIOCH 10 24 MM, 4TO cocTaBiisuio 20% OT MpeAenbHO AOIMYCTUMON OCaJKU
OCHOBAHHMSI.

a) 0)

100

200

300

500

600
Pucynok 2. Onpenenenue 30H 1ehopMUpOBaHUS OKOJIOCBAHHOTO IPyHTA:
a — COBMEIIEHHAS 3ITI0Pa TOPU3OHTAIBHBIX HANIPSKEHUN OT «Pa3ABHKKI
TJIOCKOCTEHM OOKOBOM MOBEPXHOCTH U BEPTUKAIBHBIX HAMPSIKEHUN OT
MOrpyKeHus cBau Ha 1 MeTp; 6 — uaeanu3upoBaHHAS] MOJIEIb

Pa3mepbl TpexMepHOl MO/IENIM U CBOMCTBA CBaW ISl MOJIYYEHHUS! TpapUKOB
«Harpy3ka—ocaJika» OBLIM aHAJIOTMYHBI Npeablaymie 3agade. CTBON cBau, C
K03 PUIIMEHTOM KOHTAKTa «IUIMTa—TPYHT», PaBHBIM 2/3, pa3Memaics mo ueHTpy.
JUiss  TJIIMHHUCTBIX  TPYHTOB  3a/1aBaJIOCh  HEJIPEHUPOBAHHOE  COCTOSTHUE.
Onomerpuyeckuii Moayib nedopmaiuu Eqeq HazHauyancs mepeMeHHBIM MO Mepe
yAalleHus OT CBau, MCXOJs W3 PAJUYCOB 30H HANPSHKEHHOTO COCTOSHUSL C
MCITOJIb30BAaHUEM 3aBUCUMOCTEH, MPUBEICHHBIX B Tabmuie 1.
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Jns obecriedeHrss CXOIUMOCTH PE3YIbTAaTOB UYUCICHHOTO MOCIUPOBAHUS
WCNBITAHUA CBald CTATUYECKOM HArpy3KOM C JAaHHBIMU IIOJIEBBIX HCIBITAHHUI
METOJIOM peuieHuss oOpaTHOM 3ajaud ObUIM  MOJOOpaHbl  MOMPABOYHBIE
KO3(pULIMEHTHI M JIJIi OCHOBHBIX HECYIIUX CIOEB T'PYHTOB OCHOBAaHHMA BO BCEX
TpeOyeMbIX MHTEpBajiaX HampsokeHuil (Tabnuia 2). B uHTEepBanie HampsikeHUN
100200 «xIla xosdduumenT My Ha3HAYAJICS MO JaHHBIM, [OJYYECHHBIM
A.W. AruiieBsiM.

Tabnuma 2. 3nauenus kodduimenTa My A JISTHUKOBBIX K MOPCKUX CYTITHHKOB

WHuTepBan Koaddunment nopucroctu rpyHra
HanpspkeHuit, klla menee 0,55 0,65 0,75 0,85
100 — 200 5 4,5 4 3
200 — 300 7 55 5 4
300 — 400 9 7 7 5
400 — 500 10 9 8 7
500 — 600 11 10 9 8

B Tabmuiie 3 cpaBHUBaIOTCS 3HAYCHHUS HECyIleld CIIOCOOHOCTH CBaM,
HalJICHHBIC PACYCTHBIM METOJIOM W YHUCIICHHBIM MOJCIMPOBAHUEM, C JaHHBIMHU,
MOJTYYCHHBIMU TTPU UCTIBITAHHUSIX CTATUYECKOMN BIABIMBAIOIICH HATPY3KOM.

Tabnuma 3. Hecymas cnocoOHOCTH CBait

JlnuHa cBaii, M I Fi, xH F,, kxH Fs, kH FolF; Fs/F,
14 0,33 800 939 780 1,17 0,97
14 0,33 950 921 1001 0,97 1,05
15 0,20 1100 1467 1020 1,33 0,93
16 0,10 1100 1459 1042 1,33 0,95
11 0,38 800 568 799 0,71 1,00
16 0,20 1500 1698 1567 1,13 1,04
16 0,20 1400 1324 1522 0,95 1,09
13 0,20 1100 1288 1272 1,17 1,16
14 0,33 1100 1527 948 1,39 0,86
14 0,33 1050 1518 950 1,45 0,91
15 0,18 1050 1357 984 1,29 0,94
15 0,18 1050 1226 1094 1,17 1,04
14 0,30 1150 1074 1186 0,93 1,03
14 0,30 1000 1046 1063 1,05 1,06
14 -0,10 1100 1291 1182 1,17 1,07
14 0,10 950 1541 1003 1,62 1,06

CpenHue 3HaUCHUS 1,18 1,01

[Tpumeuanue: || — nmokazaTenb TEKy4ecTH CyTJIMHKA MO KOHIIOM cBau; F; — Hecyias
CHOCOOHOCTh, TMOJMyYEHHAs CTaTUYECKUMM HUCTbITaHusMU cBail yepe3 20-30 mHeit
nocye 3abuBkw; F, — Hecymas cmocoOHOCTh, HalifieHHas1 pacdeTHbIM MeToaoM 1o CIT
24.13330; F3 — Hecymiasi CHocOOHOCTh, MOTYYEHHAS YUCIICHHBIM MOICIMPOBAHUEM.
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Ha pucynke 3 mpeacTaBiieHbl XapaKTepHbIEe MPUMEPHI IpaUKOB «HArpy3Ka—
OCaJika», TOJYYEHHbIE IO PE3yJabTaTaM CTAaTUYECKUX HCIBITAHUW CBal |
YUCIIEHHOTO MOJIETIUPOBAHUS.

a) 0)
F xH F xH
0 250 500 750 1000 0 500 1000 1500 2000
0 ' ' ' : 0 S ' '
4 - 4 -
8 1 8 - \
12 1 12
16 - 16 - \‘
s 20 A e 20 A !
324 . i 24 - :
Pucynok 3. I'paduku «Harpy3ka—ocaaka JJIsS CBail IOCIIE «OTIbIXa
— DKCIIEPUMEHTAJIbHBIC TAHHBIE; - - --— YUCJIEHHOE MOJICJINPOBAHUE

a — cBas MHOM 14 M, moj ocTpueM cBau JeTHUKOBBIN cyrauHOK ¢ 1 =0,33;
0 — cBas JuuHOM 16 M, o ocTpueM — Mopckoi cyrnuaok ¢ 1. =0,20

Takum  00pa3oM, YHCIEHHOE MOJEIUPOBAHUE C  HCIOJIb30BAHHEM
npocreitieit  Mogenu rpyHra Mopa-Kynona B IIBK PLAXIS 3D wu
NPEJICTaBIIEHHOTO aJirOPUTMa pacyeTa IMO3BOJSET MONYYUTh 3HAUCHHE HeCylleu
CIIOCOOHOCTH CBaid, OJIM3KOE K J@HHBIM HATYPHBIX MCHBITAHUNA CTATUYECKOU
Harpy3Kkoii, pa3opoc 3HaU€HUI JOMYCTUMOW Harpy3ku He mpesbimaer 14...16%, ¢
kod(pdunmrentom Bapuanuu 7,7%.

[Ipu ynCIEHHOM MOJAEIMPOBAHUMU CTATUYECKUX UCHBITAHUNA B (hyHAAMEHTaX
CYLIECTBYIOIMX 3[JaHUN YYUTHIBAJIOCH B3aUMHOE PACIOJIOKEHUE CBail, BpeMs
AKCIUTyaTallii COOPYKEHUS U BEIUYMHA JIEUCTBYIOIINUX HArpy30K.

PasMeppl 30H HamnpssKEHHOTO COCTOSHMSL B OKOJIOCBAMHOM  TPYHTE
(pucyHOK 4) 3aaBaiKucCh B 3aBUCUMOCTH OT JIBYX (akTopoB: 1 — 3¢ heKTHBHBIX
HaAMpsDKEHWH, BBI3BAHHBIX 3a0WMBKOW HCTBITYEMOM M CMEXKHBIX CBail; 2 —
3¢ ()EKTUBHBIX HAIIPSKEHUHN, BEI3BAHHBIX HATPY3KOH OT 3/1aHMUS.

Omnpenenenue HaANPsHDKEHUN OT 3a0WMBKU JIJIs UCTIBITYEMOW U COCETHUX CBaii
BEJIOCH IO AITOPUTMY, MPEICTABIEHHOMY BBIIIIE.

O¢ddexTrBHBIC HANPSHKEHMS, CO3JaBaeMble HArpy3KoW OT 3/1aHus, ObLIU
MOJIy4€HbI HA OCHOBE KOHcoIuaanuonHoro pacuera B [IBK PLAXIS 3D.

UucneHHbple SKCIEPUMEHTHI MOKA3alu, YTO MPU PACCTOSHUU MEXKAY OCSIMHU
cBaii mpesblmatouieM (4...4,2)d, rne d — pasmep UX NONEPEYHOrO CEYEHUS,
BJIMSIHUE COCEIHMX CBail APYr HA JIpyra NpeHeOpeKMMO Majo U OHU pabOoTal0T Kak
OJIMHOYHBIE.
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Pucynok 4. Onpenenenne 308 1eOpMUPOBAHHS OKOJIOCBAWHOTO TPYHTA!

a — MOJeJIb JIJIsl ONIpeAeNIeHHsI 30H 1e(OPMUPYEMOCTHU MTPU OJJHOPSTHOM
PACIIONIOKEHHUH CBald; O — TOXKE JIJIsl KycTa U3 YEThIPEX CBail; B — COBMEIIICHHAS
AIIOpa TOPU3OHTAIBHBIX HAMPSIKEHUN OT «Pa3IBIKKU» ITOCKOCTEH OOKOBOM

MOBEPXHOCTHU U BEPTUKAIBHBIX HAMPSHKEHUN OT MOTPY>KEHUs CBau Ha 1 MeTp

600

B Tex ciuyuwasx, Korja BeIMYMHA HANPSXKEHWH B TPYHTE MpeBbIIIANA
600 Ila, omomerpuueckuii MoOIynb AehOpMAIMM ONPENETSIICS C TOMOIIBIO
sHepreTuyeckoro merona bekkepa. 110 jaHHBIM KOMIIPECCHOHHBIX MCIBITAHUN C
MaKCUMaJIbHOW CcTyrneHbto Harpyxkenus 600 klla crpowsicsa rpaduk 3aBUCHMOCTH
SHEpPruM, 3aTpayeHHON Ha JaedOpMUPOBAHME, OT MPHIOKEHHOTO JaBJICHUS.
VYKa3zaHHas DHEPrHsl BBIUMCIUIACH, KAK ITPOM3BEICHUE [ABJICHUS HA JTaHHOU
CTYITHM Ha OTHOCHUTENIbHYIO JedopManuio. Ha mecTu KOHTpONBHBIX 0Opasiax
JIEIHUKOBBIX M ILIECTH 00pa3liax MOPCKUX CYIJIMHKOB OBUIO YCTAHOBJIEHO, YTO
rpadux npu aasienun ot 400 no 1500 xIla umeer nMUHEWHBIN XapakTep, MO3TOMY
s HanpspkeHuit 6onee 600 klla omoMerpuueckuit Monayiab  jaedopmaruu
HaxOAWICS METOAOM JKCTPAaloJSIUUU MPSIMOHM, MPOXOJAIIEH Yepe3 TOYKH C
Hanpsbkenuem 400...600 klla.

m, 16
14 T
s S -~ e<055
R ——— =065
4] * ’
; —— e=0,75
0

0 200 400 600 800 10001200
Hasnenue, p, klla

Pucynok 5. 3aBucuMocTh K03 (PHUITUEHTOB My OT TaBICHUS ISl CYTJIMHKOB C
Pa3TUYHBIMU 3HAYCHUSIMU KO3 PUITEHTa TOPUCTOCTH €



15

[TonpaBouHbie KO3(PIULIMEHTHI My IS MEepexoja OT KOMIPECCHOHHBIX K
ITaMIOBBIM MOAYJSIM Aedopmaruu s AaBienuit ceoiie 600 klla HazHauamuch
MyTEM 3KCTPANoOJSLUUA C TOMOIIBIO JTOrapu(pMUUECKOW KPUBOM, MOCTPOCHHOM IO
HaYyaJIbHBIM 3HAYEHHUSM (PUCYHOK 5).

Bepudukamus MomenIupoBaHHS — CTaTHYSCKUX  HMCHBITAHUH CBall B
(¢yHOamMeHTax  CyIIECTBYIOUIMX  37aHWil  BBINOJHAJIACh  COMOCTaBICHHEM
pe3yJIbTaTOB pacyeTa ¢ JaHHBIMU HCIbITaHWi. Beero ucneitano 16 cBail jiiuHoM
6...12 merpoB, ceuennem 30x30 mmam 35%35 cM, MNOrPYKEHHBIX B LIEHTPAIBHOU
gacTu T.ApxaHrenbcka Ha 10 oObekTax pekoHCTpykiuu. Mccnemyembie cBau
HAXOJWJIMCh B COCTaBE JCUCTBYIOMMNX (PYyHIAMEHTOB 37]aHU# B TeueHue 2...39 ner.
X wucnepiTaHus BBIIOJHSUIMCh IYTEM CTAaTUYECKOIO HArpyKEHUs, IS YEro
BEPXHIOI0 YacTh CBall Cpe3aii M MEXKIY HUMH M POCTBEPKOM YCTaHABJIMBAJIU
TUJIPABINYECKUIN IOMKpPAT.

Jlnst obecrieueHrs CXOUMOCTH PE3YIbTaTOB YUCICHHOI'O MOJICIMPOBAHUS C
JAHHBIMU TIOJIEBBIX OIBITOB C y4eTOM (hakTopa BPEMEHH METOJOM peIIeHUs
oOpaTHOM 3a7auu ObUIM MOA00paHbl KOI()PUUMEHTH KOHTaKTa CTBOJA CBAaHW C
rpyHTOM Riner = f(t), Toe t — Bpems skcruryaramuu coopysxkenus. [lomyueHnas
3aBUCUMOCTD Ripier = f(t) ipu t = 2 5T MeeT crneayromuii BuI (PUCYHOK 6):

Rinter = 0,603 + 0,094 - Int. (1)

Kak ckazaHo Bblle, Uil CBail mocie «OTAbixa» B TedeHue 25-30 cyTok

npuHAMacs KodGpuiuent Rine=2/3.

Rinter0,95 . *
0,85 -
0,75 -
0,65 . . . . .
0 10 20 30 40 50

Bpewms skenyaranuuy, t, ron
Pucynok 6. 3nauenust K03 (HUIMEHTa KOHTAKTa CTBOJIA CBAU C TPYHTOM Rinter

B Tabnuue 4 cpaBHUBAIOTCS 3HAYEHUS HECYLIEd CIIOCOOHOCTH CBaM,
HalJICHHbIE YHUCICHHBIM MOJIETUPOBAHUEM, C JaHHBIMH, MOJYYECHHBIMH IyTEM
VCIIBITAHUSI CTATUYECKON BAABJIMBAIOIIEH HATPY3KOU.

Pa3bpoc pe3ynbTaToB omnpeseneHus MOMYyCTUMOW Harpy3kd Ha CBaro IO
npejaraeMoMy ajrOpUTMY pacdera OT 3HAYEHUH, MONTYYEHHBIX MPU CTATUYECKUX
UCIIBITAaHUAX, COCTABIIACT OT -12 110 +8%, npu kodpdunuente Bapuanuu — 5%.

Ha pucynke 7 mnpencrtaBieHbl XapaKTEpHbIE MPUMEPHl PACCUUTAHHBIX U
AKCIIEPUMEHTAIBHBIX TPa(PUKOB «HATPy3Ka OCaIKaY.
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Tab6nuia 4. Hecymiast cnocoOHOCTB cBait

JlnviHa cBau, M I t,romel | N, kH | F3, kH | Fs, kH | Fs, kH FalFs
11 0,12 2 145 1040 1000 1060 0,94
12 0,28 15 270 600 700 680 1,03
12 0,28 15 250 600 700 670 1,04
12 -0,28 37 330 1050 1200 1240 0,97
12 0,20 3 250 1260 1250 1300 0,96
12 0,20 3 250 1110 1000 1130 0,88
10 0,11 31 250 580 650 675 0,96
10 0,11 31 297 580 700 680 1,03
9 0,14 31 294 1000 1200 1220 0,98
12 0,27 18 185 650 700 725 0,97
12 0,27 18 215 650 750 735 1,02
6 0,25 39 303 425 550 510 1,08
9 0,22 18 273 840 950 980 0,97
8 0,22 18 207 810 900 940 0,96
10 0,17 29 267 700 850 830 1,02
10 0,17 29 267 720 850 870 0,98

CpenHue 3HaYCHHUS: 0,99

[Ipumeuanue: || — moka3aTtenp TEKy4eCTH CYTJIMHKA IOJ KOHIIOM CBau; t— BpeMs
sKcIutyatanuu 3xanusi; N — geiicTByromasi Harpy3ka Ha cBaio; F3 — Hecymias
cnocobHocTh uepe3 20-30 pgHed mnocie 3a0UMBKHM, MOJy4YEHHAs YHUCICHHBIM
mMojaenupoBaHueM; F, — Hecylias crnocoOHOCTb, MOMYYEHHAs MYTEM CTAaTHYECKHX

UCTIBITAHUNA CBaili B (yHJaMEHTaxX CYHIeCTBYWOIIMX 3aaHuii; Fs — Hecymas
CIIOCOOHOCTh CBall B  CYNICCTBYIOIIMX 3JaHUSIX, TMOJXY4YEHHAs YHUCICHHBIM
MOJICJIMPOBAHUEM.

Pe3ynbraThl omnpeneneHus AOMYCTUMON Harpy3k sl 3a0MBHBIX CBail B
AKCIUTYaTUPYEMBIX 3JIaHUSIX MO TMPEIJIOKEHHOMY aJIrOPUTMYy YHUCJIECHHOTO
MOJEIUPOBAHUS CPAaBHUBAJIUCH C JAHHBIMHU, MOJYYEHHBIMU 110 MeTOIuKe OCOKMHA
A.W., ocHOBBIBaIOIIEHCS Ha J1aOOPAaTOPHBIX JIOTKOBBIX DKCIIEPUMEHTaX. 3HAUCHUSA
JOITYCTUMOM Harpy3Kd Ha cBaro P, mokasaHHbIE Ha pHUCYHKE 8, pacCUMTHIBAINCH
yTeM JEJICHUs HEeCylled crocoOHOCTH Ha KOA(D(PUIIMEHT HAJEKHOCTHU, KOTOPBIH
OPUHUMAJICA PAaBHBIM 1,2 11 CTaTUYECKUX WCHBITAHUNM CBal M YHUCIEHHOTO
MozaenupoBaHus, 1,4 — nis 3HaueHui, noiaydeHHbIX no metoanke OcokuHa A.N.
VYkazaHHble BeMYUHBI, 0003HaU€Hbl OYKBOW P M MMEIOT MHIIEKCHl aHAJIOTHYHbIC
3HaYeHUSIM N.

OTHollleHWE  JONMYyCTMMOW  Harpy3ku Ha CcBau B  (yHIaMeHTax
CYLIECTBYIOIIMX 3JaHUA Pg ¢ ydyeroM MONpPaBOYHBIX KO3PPUIKEHTOB,
npemoxkeHHblx OcoknHoM AWM., K TOMyCTHUMOM Harpys3ke, MOJYYEHHOH IyTeM
CTaTUYECKUX HCMBITAaHWN cBai, maer pazopoc ot -31 mo +17%. Koadduiuent
Bapuauuu naHHoro meroxaa 17% .
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a) 0)
F, kH F xH
0 500 1000 1500 0 400 800 1200
0 ' ' ' 0 '
4 A 4 -
8 - 8 -
12 - 12 -
16 - 16 -
g 20 - 2 20 -
s 24 - s 24 -
B) r)
F, kH F, kH
0 400 800 1200 0 400 800 1200
0 1 1 J O | | |
4 4 -
8 - 8
12 - 12 A
16 - 16 -
S 20 - Z 20 A
s 24 7 s 24 -

Pucynok 7. XapakTepHble KpUBBIC «HArpPy3Ka — OCaIKa»
JUIsl cBail B (hyHAaMEHTax CYIIECTBYIOIIMUX 3aHUIN

—— — DKCIIEpUMEHTAJIbHbIC TaHHbIC; -~ ~'— YUCJIEHHOE MOJICJIMPOBAHUE

a — casg 0,35x0,35 m, qnunHo# 12 M, mox nsiTolt — Mopckoi cyrmHok ¢ 1) =0,20,
Bpems dkcruryatammu 3 rona; 6 — cBas 0,30%0,30 M, pmuHOM 9 M, oA TATON —
Mopckoit cyrnuHok ¢ [,=0,22, Bpems skcruryatauuu 3 roga; B — cBast 0,35x0,35 M,
JUIMHOU 9 M, TIOJI IATOM — JIENHUKOBBIN CyrinuHOK ¢ [, =0,14, Bpems skcruryaTanuu
31 rox; r — cBasa 0,35%0,35 m, nouHoM 12 M, MOJ OATOW — MOPCKOM CYTJIMHOK C
1.=-0,28, Bpems skcruryatanuu 37 jgeT

a) 0)
T 1200 T 1200
5 / ) A
% 1000 2 1000
7 ;/ /
7 A/ 4
800 , 800
4 M
600 o 600
V4
400 £ 400 |
400 600 800 1000 1200 400 600 800 1000 1200

Pucynok 8. 3HaueHus 10mycTUMON HAarpy3KH Ha CBalo M0:
a — JaHHBIM YHCIIEHHOT0 MojenupoBanus Py; 6 — metonnke Ocokunom A 1.
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[IpyMeHeHre MpeaoKEHHBIX aIrOPUTMOB YHMCIECHHOTO MOEIUPOBAHUS
ITO3BOJIMJIO BBIIIOJIHUThH aHAJIN3 MPUPOCTA BO BPEMEHHU COIPOTUBIIEHUS TPYHTA O]
HIDKHUM KOHLIOM M Ha OOKOBOHM IOBEPXHOCTH cBaM A 1jisi Haubojee XxapaKTepHbIX
VI T.ApXaHrenbcka (PyHJaMEHTOB U TUIIOB OCHOBaHUsI (PUCYHOK 9).

a) 0)
A, % A, %
25,0 A . 25,0 A
20,0 A ° 20,0 A
15,0 - o 15,0 A
10,0 A 10,0 -
5,0 1 5,0 -
0,0 — T 00 H=tt—4——+4
0O 10 20 30 40 50 0O 10 20 30 40 5
Bpewms skcnimyaranuu, rog Bpewms skcnmyaranuu, rog
B) r)
A, % A, %
25,0 1 . 25,0 1 o
20,0 A 20,0
15,0 - 15,0 A .
10,0 A 10,0 A
5,0 - 4 5,0 1 & %
0,0 T T T T T 0,0 T T T . .
0 10 20 30 40 50 0 10 20 30 40 50
Bpewms skermyaranuu, rog Bpewms skcnmyaranuu, rog

Pucynok 9. Ananu3 pakTopoB BpeMEHH U HAarpy3KH OT 3/1aHUs HA HECYIIYIO
CIIOCOOHOCTH CBaMu:
a — He3arpyKeHHas cBasi; 0 — cBasi 1o Harpy3kou, pasHoi 50% oT 10ImyCcTUMOM;
B — TO ke npu 75%; r — 1o xke mpu 100%
A — YBEJIIMYEHUE COMPOTUBIIEHUS IPYHTA O] HUKHUM KOHIIOM CBawu;
° — YBEJIMUEHHUE COIIPOTUBIIEHUS TPYHTA HAa OOKOBOW MOBEPXHOCTHU CBaH.

B pesynbrare auddepeHumpoBaHHOTO  aHanu3a  OBUIO  BBISIBIIEHO
clenyronee:

— HauOoJbllIee YBEIMYEHUE HECYIIEed CIIOCOOHOCTH CBau MPOUCXOIUT 32
CUET IPUPOCTa COMPOTUBIICHUS HA OOKOBOW MOBEPXHOCTHU CBaH;

— YBEJIWYEHME HECYIEH CIIOCOOHOCTU IPyHTA 3a CUET CONPOTUBIICHUS MO
HWOKHUM KOHIIOM CBau MPOMCXOAWT NpPH BHEUIHEW Harpy3Ke MpEeBbIIIAONIEH
COIIPOTUBJICHUE Ha OOKOBOW MOBEPXHOCTH CTBOJIA CBaW M HE MpeBblIaeT 5% OT
Hecylel crnocoOHoCcTH uepe3 25-30 Hel mociie MorpyKeHust CBau.

BHenpeHue B NpakTHKy NPEIJIOKEHHOIO ajlropuTMa pacdera I[O3BOJIUT
NOBBICUTH HAJIEKHOCTh IPUHUMAEMBIX IPOEKTHBIX PEHICHUIN IPU PEKOHCTPYKLUHU
COOPYKEHUU U MOXKET J1aTh CYIIECTBEHHBI SKOHOMUYECKUN 3D (PEKT.
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B 4eTBepTOIi IJ1aBe JaHO ONMUcaHUE pa3pabOTaHHBIX CIIOCOOOB UCTIHITAHUS
cBaii B (yHAaAMEHTaX CYIIECTBYIONIUX 3/IaHUA W TPHUBOIATCS PE3YJIbTAThI
HATYPHBIX JKCIEPUMEHTOB II0 ampodaruu OJHOro ©3 Hux. HamedeHsl
HAaMpaBJICHHS JATbHEUIIINX UCCIIEIOBAHUMN.

Ha ocHOBEe HaKOIUIEHHOrO OMNbITAa MCIIBITAHWM CBAll CTATUYECKOW HArpy3KOH
B (yHmameHTax  CYHIECTBYIOIIMX 3JaHUM W  aHAJIW3a  HaNPsSHKEHHO—
neOPMUPOBAHHOT'O COCTOSIHHMSI OKOJIOCBOMHOTO TPYHTa MPEIJI0KEHBI CIOCOOBI,
MO3BOJISIONINE MPOBOJUTH HWCIBITAHUS CBal 0€3 CHATHUA C HUX JICUCTBYIOLICH
Harpy3Ku, a TaKk»Ke ¢ y4€TOM BO3MOKHOTO BIIUSIHUSI CMEXHBIX.

Ha npennoxeHHbie CMocoObl TMOJY4YEHbI TATEHTHI Ha HW300peTeHUe
Ne 2014121977 u Ne 2015112422.

[Ipy mpoBeAeHUWM UCHBITAHUM TO TMEPBOMY CIIOCOOY BBIMOJHSIOTCS
CIEAYIOIINE ONEPALINH:

— OOHa)KeHHE MOJIOIIBLI POCTBEPKA U T'OJIOBHI UCIILITYEMOU CBau;

— BBINIOJJHEHUE C OJHOTO W3 YIJIOB CBaW NPOpPE3U M YCTAHOBKA B HEE
noMkparta (pucyHok 10 a);

— Har"HetaHue pabouyeil *KUJIKOCTU B JOMKpAT JJisi OOeCHEeUeHUs YCUIUs
pacnopa, HCKIIYAIOIIEero NepeMeIleHne BBEpX CBau;

—  BBINIOJIHEHUE BTOPOM MPOPE3U C MPOTUBOIOIOKHOIO yrila ¢ YCTaHOBKOM
B Hee BToporo gomkpara (pucyHok 10 0);

— Har"HetaHue paboueil >KHIKOCTH BO BTOPOM TOMKpaT, ISl oOecreueHus
pacnopa, paBHOTO pacueTHOM HArpy3Ke Ha CBalo;

— BBINIOJIHEHUE MPOpe3el B JIByX APYTrUX Yrjax IOMNEPEYHOTO CEYEHHUS
CBaw, C TMO/Ipe3Koil padoueit apmarypsl (pucyHok 10 B—1);

— Har"eraHue paboueil KMJIKOCTH C MOMOIIbIO OJJHOM HAaCOCHOW CTaHIIUU
B JIBa JOMKpaTa OJHOBPEMEHHO, IS pa3pbiBa OeTOHA B OCJIaOJICHHOM CEYEHUU
cTBOJa cBau (pucyHok 10 n);

— HapalluBaHHUE CTYNEHSMHU Harpy3Ku Ha CBalO, C MOMYTHBIM U3MEPEHUEM
OCaJKH.

[Ipennaraemplii  cmoco0 HWCHOBITAaHUST CBald  CTAaTUYECKOM  HArpy3Koi
MO3BOJIIET OMPEACIISITH HECYIIYIO CIIOCOOHOCTh, HE BBIKJIIOUAsI UCTIHITYEMYIO CBAlO
13 paboThl, HE CHIDKAsl HArpy3Ky Ha HEe W HE JIOMyCKas MepeMEenieHUN BBEpX,
BO3HHKAIONIUX OOBIYHO TPU CHATHHM HArpy3Kd, YTO BaXXHO [JIsi oOecredeHus
BO3MOXHOCTH HCHIBITAHUSI OJJHOW W3 TpeX CBau B Kycre. HampskeHHOE cocTosiHHE
BMEIIAIOIIETO CBAl0 MAacCHUBa TPyHTA, CPOPMUPOBABIIIEECS 32 BPEMS DKCIUTyaTaIUH
dbyHImaMeHnTa, 0 Hadajla WCHBITAHUNA OCTA€TCS HEU3MEHHBIM, TEM CaMbIM
MOBBIIIAETCS JOCTOBEPHOCTh OIPEACIICHUS HECyIIeld CIOoCOOHOCTH CBaul B
dbyHIaMeHTax 31aHMi.

Meron ObLT PUMEHEH B XOJ€ BBITIOJHEHUS MPEANPOCKTHBIX PadboT Mpu
PEKOHCTPYKIIMH TPeX 00BEKTOB B I'. ApXaHrelbcke (PUCYHOK 11).



Pucynok 10. Cxema ucneiTanuii cBau:

a — TIONIEPEYHOE CEYCHUE CBAM TTOCTIE BBITIOIHEHUS TICPBOM MTPOPE3U U
YCTaHOBKH B Hee JIOMKpaTa; O — IOMepeyHOe CEUeHNEe CBaM IOCIIE BBITIOTHEHUS
BTOPOM NPOPE3U ¥ YCTAHOBKU B HEE BTOPOTO JOMKpPATa; B — MOMEPEUHOE CCUCHUE
CBaM IOCTIE MOAPE3KU apMaTyphl B yIJiax; T — BUJI CIIEPENIN 10 HaYalla Harpy>KeHUs
CBau; J1 — BUJI CIICPE/IH B XOJI¢ HATPYKCHHUS
1 — poctBepk; 2 — cBast; 3 — HU3 pocTBepka; 4,6,8,9 — npopesu; 5,7 — nomkpatsr; 10 —
ociabJIeHHOE CeYSHHE CTBOJIA CBar

Pucynok 11. [IpoBeaenre ucnbITaHus
cBaii 03 CHATHUS C HUX JICUCTBYIOIICH
Harpy3KH:

a— 00BbeKT Ne 1;

0 — 00beKT Ne 2;

B — 00BeKT Ne 3
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B Xxonme wucnbiTaHuil TpeaebHOE CONPOTUBIIEHHE CBaW, WCIBITAHHOW I10
IpEeIOKEHHOMY Ccroco0y okazamock oT 5 mo 7,1% Oounbine, yeM I CBaid,
ucnbitanabix Mo 'OCT 5686—-2012 (pucynoxk 12).

[IpencraBieHHOE B AUCCEPTAIIMOHHONW pabOTe YMCIECHHOE MOJCIHUPOBAHUE
ATaroB UCIBITAHUN CBal cTaTUYeckoi BaaBnuBaroiieil Harpyskoi no 'OCT 5686—
2012 u mno 3amare"roBaHHoi Meromuke B IIBK PLAXIS 3D mno3Boanio
TEOPETUYECKH OOOCHOBATh JKCIEPUMEHTAJIbHbIC 3aBHCUMOCTH, IOJTYyYCHHBIC B
XO0J1€ MOJIEBBIX PaOOT.

a) 0)
N, kH N, kH
0 200 400 600 800 1000 0 200 400 600 800 1000
0 J
10
20
=
p=
30

N,kH Pucynok 12. Pe3ynbrarsl ucnisITanuii
0O 200 400 600 800 cgaii:

0 4 ' —— — cBas, ucneitandas mo 'OCT
5 5686-2012
10 A \ — -A— . — CBas, HCMBITAHHAS 110
15 1 \ 3aIllaTCHTOBAHHON METOJIUKE
20 A A a— o0bekT Ne 1;
§25 A " 0 — 00BexT Ne 2;
30 ° '

B — 00beKT Ne 3

D¢ deKkT oT nmpuMeHeHUs MNpeajiaraéMoil METOAMKU BBIIIE B TeX Cilydasx,
KOrJ]a UCIBITAaHUSA CBail MPOBOAST MOCJE JIATEIBHOrO MEPHOJia AKCIUTyaTaluu
37aHud, TaK KaK 3a 3TO BPEMsS MPOUCXOAUT 3HAUYUTEIBHBIA POCT MPOYHOCTHBIX U
ne(pOpMallMOHHBIX CBOMCTB OKOJOCBAaWHOrO TIpyHTa. BepodTHO, 4TO pasrpyska
CBal M HEKOHTPOIHMPYEMOE IMIEPEMEIICHUE €€ BBEPX MOCI€ OTAECIEHUS OT
POCTBEpPKA CHMXKAET CWJIbl TPEHHs CTBOJIA CBauW C IpyHTOM. B ciydasx, korna
OoJbIIas 4acTh JACUCTBYIONICH HArpy3KH TEpenaeTcs yepe3 HWKHUN KOHEIl CBaw,
NOCJIE Pa3rpy3Kd MPOUCXOAUT pa3yINIOTHEHUE TPYHTA, &, 3HAYUT, MOBTOPHOE
3arpy’K€HUE CBauW IPOUCXOMWT B XYIAIIUX YCIOBHUAX, II0 CPaBHEHHUIO CO
c(hOpMHUPOBABIIUMHUCS 32 BPEMS IKCILTyaTalu (PyHIaMEHTA.

Bropoii cnoco®d mo3BosisieT yuecTb BO3MOXKHOE BIIMSIHUE Ha Pe3YJIbTaThl
WCTIBITAHUNA CMEXHBIX CBau.

Crioco6 peanusyercs CIeayoIIuM 00pa3oM (pUCyHOK 12):
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— T0CJ€ OTPBIBKM IPYHTA PSIIOM C PyHIAMEHTOM, OOHAXKArOTCs MOOLIBA
POCTBEPKA U BEPXHUE YACTH CTBOJIOB UCIIBITYEMOM U CMEXHBIX CBal;

— Ha UCHBITYEeMOH U CMEXHBIX CBasX KpEIATCS MpUOOPHI AJIsl U3MEPEHUS
negopmaruii cTBosia — 3KCTEH30METPBI;

—  BBINOJIHAETCS OTACIICHUE BEpXa UCIBITYEMOW CBal OT POCTBEPKA;

— B IIPOCTPAHCTBO MEXIY HCIBITYEMOM CBA€H W IOJOMIBOM POCTBEPKA
YCTAHABJIMBAETCS JOMKpAT;

— pEerucTpupys IOKa3aHHs HKCTEH30METPOB M JaT4YMKa MEPEMEIICHUN,
IIPOU3BOIAT HArpyKEHUE CBAaW JOMKPATOM J0 MOMEHTA JOCTHKEHHS MCXOIHOIO
HaMpsHKEHHOIO0 COCTOSIHUS, TaKMM 00pa3oM OIpENesoT (aKkTUYECKOe YCHIIUE,
JEMCTBOBABIIEE HA HEE 10 HAaYasla UCIIBITAaHUN;

—  CTYIIEHSMH HapallMBalOT Harpy3Ky Ha UCHBITYEMYIO CBAIO, PErUCTPUPYS
OCAJIKy CBal U U3MEHEHUE HAIIPSKEHUN B €€ CTBOJIE, a4 TAKKE B CTBOJIAX CMEXKHBIX
CBal.

3 ,4/\/i, ,4/\/i, ,J\/i, i
Pucynoxk 12. Cxema uCtibITaHUI CBau

1 — pocTBepK; 2 — UCTBITYeMast CBast; 3,4 — CMeXHbIE CBau; 5 — penepHas CUCTeMa;
6,7,8 — ax3ecToMeTpHI

[Io naHHBIM HCHBITAaHUN MO TpadUKy «HArpy3Ka—OCaAKa» OIMPEACNIIIOT
HECYIIYIO CIIOCOOHOCTh CBaW C YYE€TOM BIIMSHUSA COCEAHUX CBAil U pe3epB HeCyLen
cnocoOHocTH. Kpome Toro, B Xoje HCHBITAHUN ompeaensercs QakTuueckas
Harpyska, JIEHCTBYIOLAs Ha MCHOBITYEMYIO CBAal0 B COCTaBe (PyHIaMEHTa, 4YTO
ABIIIETCS. HEOOXOAMMBIM YCIOBHEM pa3pabOTKH MPOEKTa PEKOHCTPYKLIHUU
COOPYKEHHUS.

[To mMepe HakomIeHUS MAHHBIX HCIBITAHUNA TMPEATIOKEHHBIMU CIIOCOOaMU
BO3MOKHA KOPPEKTUPOBKA ajJroOpUTMa YHUCJIEHHOTO MOJIEIMPOBAHUS ISl ydeTa
pasrpy3Ku CBad IOCJIE OTAEIECHHsS] OT POCTBEpKA M yyeTa Nepelayd Harpy3ku B
XOJI€ 3arpy>KEHUS Ha COCEIHHE CBau.

3AK/IIOYEHUE

Ilo pe3synpraram BBINOJHEHHOIO JUCCEPTALIMOHHOIO  HCCIIECIOBAHMS
CEJaHbI CIEAYIOIIUE BbIBOBL:

1. JlabGopaTtopHble HCCIEIOBAaHUS JIEIHUKOBBIX U MOPCKUX CYTJIHHKOB,
UCMOJIb3YEMbIX B KaUE€CTBE OCHOBAHUS CBaHBIX (DYH/IaMEHTOB B I'. ApXaHIrelbCKe,
ITO3BOJIWJIA BBISIBUTH KOPPEJSIIUOHHBIE 3aBUCUMOCTH OJOMETPUYECKOTO MOMYJIS
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nedopmanun s HanpsbkeHuit o 600 kIla um koaddunmenta Ilyaccona ot
MOKa3aTelNss TEeKY4eCTH TPYHTOB M KO3 HIMEHTa MOPUCTOCTU; WCIIOIH30BAHUE
yKa3aHHbBIX 3aBUCUMOCTEN JI€Ja€T BO3MOKHBIM COKPATUTh MPOJOIKUTENBHOCTD U
CTOMMOCTh MH)KEHEPHO-TEOJIOTMYECKUX HW3BICKAHUM MpU  MPOECKTUPOBAHUU
CBalHBIX (PYHAMEHTOB METO/IOM YUCJIIEHHOT'O MOJIEIIMP OBAHHUSI.

2. DKCHEpUMEHTaJbHO JOKAa3aHO, 4YTO TPYHThl OCHOBAaHMS CBaMHBIX
(GbyHIaMEHTOB B T.APXaHTEIIbCKE SBIISIOTCS HE3HAYUTEIHHO TIEPEYITIOTHCHHBIMU U
Opu  pacyeTe WX  HaANpsHKEHHO—Ie(OPMHUPOBAHHOIO  COCTOSIHUSL ~ MOXKET
HCIONb30BaThea Mojenb Mopa—Kynona, npumeneHue 0oJiee CI0XKHBIX MOJENEH,
KOTOpBIE YIUTHIBAIOT KOG (DUIIMEHT MEepeyIUIOTHEHUS, SBIISIETCSI HE00S3aTeIbHbBIM.

3. PazpabGoran u BepuUIMPOBAH AITOPUTM YHUCICHHOTO MOJEIUPOBAHUS
HaNpPsHKEHHO—1e(hOPMHUPOBAHHOT'O COCTOSTHHSI BMEIIIAIOIIETO CBAI0 MAacCHBA TPYHTA,
NO3BOJISIFOIMKA ~ MOJYYNUTh  3aBUCHUMOCTH  «HArpy3Ka—ocCajJKa», CXO0XHE C
pe3ynbTaTaMu HaTYPHBIX SKCIEPUMEHTOB MO CTATUYECKHUM HCIBITAHUSIM CBall JJis
cBail uepe3 25-30 AHell moclie MOrPYXKEHUs, MOTPEIIHOCTh MPOTrHO3a HECYIIen
CIOCOOHOCTH CcBall He npeBbiaeT £15%.

4. Pazpabotan u BepuUIIUPOBAH AJITOPUTM UHUCICHHOTO MOJCITHPOBAHUS
CTaTUYECKUX HCIBITaHUN cBail B (yHIaMeHTaX CYIIECTBYIOIIMX 3/aHUN, B
KOTOPOM KpOME CBOWMCTB TPYHTOB OCHOBAaHUS, Pa3MEPOB CBall M pPacCTOSIHUS
MEXIy HUMH, YUWUTHIBAKOTCA HArpy3Kd Ha CBau U MPOJOJDKUTEIBHOCTh HUX
JencTBUS; BepudUKaIus pe3yJbTaTOB MOACIUPOBAHUS MPOU3BOAWIACH TYTEM HX
COMNOCTABJEHUS C JIaHHBIMM UCIBITAHUM CBald, HaXOASUIUXCS B COCTaBe
NeHCTByIOMUMX (YHIAaMEHTOB 37aHUil B TedeHue 2...39 Jer; MNOorpeunHocThb
MIPOrHO3a HECyUIed CIOCOOHOCTM HaXOAUTCS B HHTepBaie or -12 go +8%.
Brenpenue B MpakTUKy MPEIJI0KEHHBIX aITOPUTMOB pacueTa MO3BOJIUT MOIYYUTh
JUIsi 3a0MBHBIX CBall 3aBUCHUMOCTH «HArpy3ka—ocajika», OJIM3KHME K JaHHBIM
MOJIEBBIX MCCIIEIOBAaHUM, TOBBICUTH HAJIE)KHOCTh PEKOHCTPYUPYEMBIX COOPYKEHUI
U BBINIOJIHUTH MPEIBAPUTENbHYIO OIEHKY YBEIMYEHHsI HECyIleld CIOCOOHOCTU B
mo00M Tepuoa BPEMEHUM M C YYETOM Harpys3ku, JAEHUCTBYIOIIEH Ha CBalo,
HanpuMep, P 00OCHOBAHUY MHBECTUITMOHHON MPUBJIEKATETLHOCTH IMPOEKTA.

5. UucneHHbIMH  DKCIIEpUMEHTAMU Ha  OCHOBE  ampoOOHMPOBAHHBIX
QITOPUTMOB YCTAHOBJIIEHO, YTO HAMOOJbINEE YBEIMUYCHHE HECYIIECH CIOCOOHOCTH
cBaii B ¢yHIaMEHTaX CYHIECTBYIOUIUX 3JaHUN TMPOUCXOAUT 3a CUET MPUPOCTa
CONPOTUBJICHUSI TPYHTa HA OOKOBOU MOBEPXHOCTH, YBEIWYEHUE COMPOTUBIICHUS
IPYHTa IOJ HUKHUM KOHIIOM CBad MPOMUCXOJHUT JIMIb MPHU BHEUIHEW Harpyske,
IPEBBIIIAIONICH COMTPOTUBICHUE Ha OOKOBOM MOBEPXHOCTH CTBOJIA CBAH.

6. Pa3pabotan u ampoOMpOBaH CIOCOO HCHBITAHUS CBalk B COCTaBe
CYILECTBYIOLIET0 (PyHIAMEHTa, MO3BOJSIONINNA COXPAHUTH CHOPMHUPOBABILIEECs 3a
BpeMsl OKCIUTyaTalldyd 3/1aHHUs HANpPsKEHHOE COCTOSIHUE BMEILAIOUIEro CBalo
MaccHUBa FPYHTA U TEM CaMbIM MOBBICUTH JIOCTOBEPHOCTH OIPEAECICHUS HECyIIeH
crocoOHoCTH; A3(HPEKTUBHOCTh TPUMEHEHHUS MPEJI0KEHHOTO Coco0a UCTIBITAaHUM
MOATBEPKJAEHA YUCICHHBIM MOJECIUPOBAHUEM M HATYPHBIMU 3KCIIEPUMEHTAMHU.
Pazpaboran cmoco0 ucmbITaHWN CBall CTAaTUYECKOW HArpy3kol B ¢yHIaMEHTax
CYILIECTBYIOIIUX 3JaHUM, MO3BOJSIOUIMN OMPEAEIsATh HECYIIYI0 CIHOCOOHOCTH C
Y4ETOM BIIMSIHUS CMEXKHBIX CBal.
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