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DaKkynbTET OCBOEHUA NOA3EMHOIO MPOCTPAHCTBA, acnMpaHT Kaqaenpbl
CTPOUTENBLCTBA FOPHbIX NPEANPUATAI N NOASEMHBIX COOPYXEHWIA

BIIMSHUE MOIMHOCTHM IMPOTEPO3ONMCKUX IJINH
B KPOB/IE TOHHET HA CMENEHHA KOHTAKTA LJIHH
C HAHOCAMHU

HccnenoBaxne HanpsikeHHO-4eopMUpOBaHHOTO COCTOAHUA MAaccKBa NOpPOoA Npit NPoBeaeHn! nepe-
rOHHbIX TOHHENEN B CIIOUCTON cpede npeacTasnaeT cobon AOCTATOMHO CROXHYIO reOMEXaHNYecKyio 3afady.
B craTtbe OTpaXeHbt peaynbTaThl UCCReaoBaHWi NNockoro (ABYMEPHOTO) HanpsiKeHHO-AehopMUPOBaHHOTO
COCTOSIHUA MaccuBa nopo/] BOKpYr neperoHHoro ToHHens CaxkT-Tletepbyprekoro MeTporonnTeHa MeToaom
KOHeuHb!X anemenToB. O60bLleHE! AaHHbie UCMbITaHUA PU3NKO-MEXaHUYECKUX CBOWCTB NPOTEPO3IOHCKUX
[MWH, NPOBEAEHHbLIX B pa3Hble rofdbl pasnuyHbiMy Opranusauusmu. [puBegeHa pacyeTHas cxema, npeg-

" cTaBnAwLan cobon AByxcnonHyto nnactuHy pasmepom 80 x 80 M ¢ TOHHENeMm auameTpoM 6 M, npoiaes-
HbiM Ha rnybuHe 60 M OT NOBEPXHOCTM B NPOTEPO3OACKUX TMIMHAX, NOKPLITLIX TONWEH YeTBEPTUYHbIX OTNO-
KSHUIA NEPEMEHHO?A MOUIHOCTU, BbisSIBNEHbI NPUYMHBLL M MEXaHU3M AedOPMUPOBAHWUA NOPOLHOW TOMLLY,
OCE[aHUI KOHTAKTA YETBEPTUYHBIX OTITOKEHUI C HAHOCaMM W, KaK CIeLCTBIE, AHEBHON MOBEPXHOCTU. Pe-
3yNbTaThl PACYETOB, BENUUMHLI OCEaHWsA KOHTYpA TOHHENs!, 0CedaHWs KOHTaKTa rnuH ¢ HaHocamu Np no-
TonouuHe 5 v 20 M, ocenaHns HEBHOM NOBEPXHOCTY, NOATBEPAUMM CHENAHHOE paHee NPeanocnoXeHue o
TOM, YTO Ha AechopmMaL i NOKPOBHOM TOMLLM CYLUECTBEHHO BNMAET MOLLHOCTb [MIUH B KPOBME TOHHENS.

The research of the stress-strained state of the rock mass when driving stage funneis in a stratified
medium represents a rather complex geomechanical problem. In the article the results of the research of fiat
stress-strained state  of the rock mass around the Saint-Petersburg underground stage tunnel by a finite
element method are presented. The test data of physical and mechanical properties of Proterozoic clays,
which were carried out by different organizations in different years, are generalized. The design is given and
it represents a two-layered plate of 80 x 80 m with a tunnel of 6 m in diameter, driven at the depth of 60 m
from the surface in Proterozoic clays, covered with Quaternary deposits of variable thickness. The causes
and mechanizm of rock deformation, a subsidence of the contact between Quaternary deposits and
overburden and, as a result, a subsidence of the surface are detected. The results of calculations, the value
of the tunnel contour subsidence, the subsidence of the contact between clays and overburden at the ceiling
of 5 and 20 m, the surface subsidence have confirmed the made earlier supposition that the overburden
deformations are essentially influenced by the thickness of clay in the roof of the tunnel,

N3 NpakTUKX CTPOUTENBCTBA CTAHLUN B

30HaX pa3MblBOB (CPEAHHH CTAHLMOHHBIHN TOH-
HENb CTAHIMM «AIMUpanTeiicKas») H3BECTHO,
YTO C YMEHBLIEHHEM B KPOBN€ TOHHEJ MOUL-
HOCTH IIOTOJIOYHHBI TIPOTEPO3OHCKUX TJIMH

CMeElLIeHUA «16a» 3ab08 ¥ KOHTYpa TOHHENS

YBEJIUUYUBAIOTCA, & YCTOMYHBOCTE MOPOJA B 3a-
boe cHwxkaerca. MOXHO NpeArnooXuTh, YTO

COOTBETCTBEHHO MEHSFOTCS U OCAJAKY KOHTAKTa
HAHOCOB C IJIMHAMU M, KaK CJIEICTBHE, OCAJKH

OBEPXHOCTH . JINA BHISBICHHS 3aKOHOMEPHO- |

" ITocobue 1o NPOSKTHPOBAHHUIO MEPONPHUATUIM
IUI 3aLIMTHI DKCIUTYATHPYEMBIX 34aHUH U COOpYXKe-
HUH OT BJHAHHUS TOPHOIPOXOMYECKUX padoT mnpu
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cTe# neopMHPOBaHUS NPOTEPO3OHCKUX TVIMH
BOKPYI' CTpOSIIMXCS BLIPaOOTOK MpH pa3iiny-

' HOM MOIIHOCTH IVIMH OT CBOJA IO YETBEPTHY-

HBIX OTJIOKCHHH BBIIIOJIHEHO MOJIENUPOBAHUE
HATIPSKEHHO-1EPOPMUPOBAHHOTO  COCTOSTHUA
MacCHBa METOJOM KOHEYHBIX BJICMEHTOB. 3a-
naya permanack B IUIOCKON (JABYMEpPHOH) 110~
CTaHOBKEe. PaccMOTpeHO COCTOSIHME YyyacTKa
MaccuBa ryOHHOH oT noBepxHocTH 80 M, mu-
puHoii 80 M, ¢ TOHHENEM JIHaMeTpoM 6 M,
npolaeHHBIM Ha rirybuHe 60 M OT noBepxHo-

CTpoMTENLCTBE MeTpomonureHa / B.D.Ilopakos,
B.M.Conosbe, B.M. Kanyctun v ap. JI.: Crpoiius-
nat , 1973.
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Puc.l. PacdueTtuas ¢xemMa

CTM B HPOTEPO3OMCKUX TJHHAX, TTOKPBITHIX
MOLIIHOH TOJILIEH YETBEPTHYHBIX OTJIOXKCHHH.
PaccMOTpeHB! crieyrolIMe BapuaHTBl pacyeT-
HBIX cxeM (puc.1). B nepBoii HaHOCH B paiione
CTPOUTENBCTBA MMEOT MOIIHOCTE 55 M, MOLI-
HOCTb I'/IMH (OT KPOBJIM J0 KOHTAKTa € OTJIOXKeE-
HUAMU) — 5 M. Bo BTOpO# 3TH BeaMYHHBI CO-
CTaBJISIOT, COOTBETCTBEHHO, 40 u 20 M. Ousu-
KO-MEXaHHUUYECKHWE CBOMCTBA TPYHTOB IIpE/l-
cTaBnieHb B Tabn.1.

Tabruya |

CeoiicTBa rpyHTOB
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XapaKTEpUCTUKH CBOMCTB IIMH B Tab.l
3a7laHbl HA OCHOBE 00O00INEeHHUA JAaHHBIX HCIIbI-
TAHUH [JIMH, BBINOJHEHHBIX B pa3sHbie TOJB!I B

JIIY, JIUVDKTe, JJUCH, BHHUMH, BHUU

M.C.by3koBa,
A.B.Ky3b-

Taa3e,
H.H.AcrpaToBa__g

P.H.KpeMHeBoii,
B.H.banyxuna,

| Tonnesns (tabn.2).

MUWHAa, FO.M. Kapramosa, 5.B.Marpeesa H ApYy-
| THX, [960- 1988 rr.).

[Mopoanas Tosa, npezLCTaBHmomaﬂ co-

0Ol ABYXCNOMHYIO MTACTHHY, MOJAEIMPOBAIACE

[JIOCKUMH TPEYroJbHBIMU 3JIEMEHTAMH, TIO-
OuvHroBas o0Jesika TOHHEJISE — YeTBIPEXYroJib-

| HBIMH 2JIeMeHTaMK. BzaumopeiicTBre mopon-
| HOrO KOHTYypa M Kpenu-oOIenKyd HMUTHpOBa-
| 10Ch € TOMOWLEEIO NPOMEXKYTOUHBIX JBYMEPHBIX

3JIEMCHTOR, MOACIHPYIOMUX paboTy CI0st TaM-
| IOHAXKHOTO MaTepHana. |

Ha MOJIEJIAX TOJNYYeHBl TNePEeMELICHUS M

HAIPSDKEHUS B KOKIOM y3ie cetkn MKD.

B KaxI0M U3 JBYX CJAy4acB pacyeT BbI-

| monuancs aga pasa — 0e3 TOHHENS U ¢ TOHHE-

niem. B BapuanTe Oe3 TOHHENs OMy4eHBl 0Ca/ji-
KA MOPOAHON TOJIUM IOJ JNEHUCTBUEM CODCT-
BEHHOTO BECa, B BAPMAHTE ¢ TOHHEJIEM — OCa/i-

| KM OT COOCTBEHHOTO Beca M OT CTPOMTEIBCTBA

TOHHEJIsI, BMECTE B3ATbIE. Pa3HMIa 5TUX ABYX

BCIIMYHUH HdaBadJid <(‘IHCT}’TO)) B@HH‘-IHH}’ OCaa10K
MOBEPXHOCTH KOHTAaKTa ¢ HAHOCAMHU W 3€MHOM

MOBCPXHOCTH, BBI3BAHHLIX CTPOHTCIABCTBOM

PesyjapTathl pacyeTa MOATBEPAMIH, YTO

| MOLIHOCTE TJIMH B KPOBJIE TOHHENS ABJIACTCA
QaKTopoM, CYIIECTBEHHO BIIMSIOIIUM Ha Je-
{ popMauuu MOKpOBHOW Tojmy. OcefaHusi MNo-

BEPXHOCTH KOHTAaKTa ¢ HAaHOCaAMM Npu NOTOJIO-

‘4KMHE S M OKasanuch B 2,5 pasa Oouibllie, YeM

npu 20-MeTpOBOM NEPEKPBITUM TOHHEISI IUIH-
HaMM. XapaKTEPHO, YTO NPy MaJOU NOTOIO0UYH-

He ocajka OBEPXHOCTH KOHTAKTa I'MMH ¢ Ha-

HOCaMHM NMPaKTHUYECKHM HE CKa3ajlach Ha MOBEPX-

| Hocth. [lo-BMAMMOMY, NpPY MOIIHOH TOJIIE
' HaHOCOB (55 M) HMeeT MecTo SPPEKT «3arnbI-
BaHUs» MYJbJAbl OCCHAHMI, MMEOLIEH MaJIyIO
| mupuHy, c1aGbIMH IPYHTaMH MOKPOBHOM TOJI-

. B cnydae pacrnonoxeHdsi TOHHEIS Ha pac-
| cTosiiuM 20 M OT KOHTaKTa MYJIbJa OCEeNaHMs

[0 TpaHULE MEXAY closMu umpe. HecMmorps
Ha 3HAYUTEbHO MCHBILECE OCCAAHHUE B LICHTPE
MYJIbAbl, 32 CUET €€ LUMPUHBI OCagKH Npocie-

| ’KMBAJOTCs ¥ Ha 3¢MHOM MOBEPXHOCTH.
[uaporexuuku (Hayudsle otuersl B.J[.JIom- --

N3MeHEHUE HANpPsSKEHHOIro  COCTOSIHHA
BMELUAIOLIEr0 MaCCHBa U Kpenu A3y4dasoch ITy-
TEM COMOCTABJIEHUS 3HAUYCHUH MAaKCHMaJbHEIX
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Tabruya 2

PesynsTaTrsl pacyera

CMCUISHHS, MM

PacyeTHbiit BAPHAHT
CBOJ TOHHEHA

3emHas 110BEpXHOCTh KoHTakT I''tiH ¢ HaHOCaMH

OT CoOCTBEHHOTO BECA IPYHTA 123
Ot Beca rpyHTa U IPOXOAKH TOHHENS 163
OT NPOXOIKH TOHHES 40

- MOIHOCTD NOTOIOYHUHEI S M

MOMIHOCTh HOTOJOUHHBI 20 M

OT cOOCTBEHHOTO BECa IPYHTa 130
Ot Beca rpyHTa ¥ NPOXOJAKU TOHHENS 164
OT NpOXOJAKH TOHHENA 34

534 148,1

534 173.6

0 5.5

i 422 217,8
427 2277

Tabruya 3
Maxcnmaﬂhﬁsle HANpsOKeHUS B TOHHe e
Hanpgmenm pacqe’mme (qﬁcnmenb) M eCTECTBEHHEIC (3Hamenarens), MIla
Mozens "  KpoBs Ha PACCTOSHUH, M

boka | |

Koutyp 1.0 2.9 S
Momar 220 | 2.32 0.039 0.144 0.238 J 0.437
OIAOTEES L 081 4 0809 0.75 078 | 0.69
OTOIOYMHA 3 M 0.781 0,736 0.72 0,76 0,602

HanpsHKEHUH B XapaKTepHBIX TOYKAaX MOJIENH
MpH MOIHOCTH TIOTOJIOYMHEI IHMH 5 1 20Mm ¢
HAMpPSDKEHUSIMH B MACCHBE IO MPOBEJEHMS BbI-

paboTku. B Tab1.3 npejcTaB/ieHsl MaKCUMab-
HbIC HampsHKeHUs B OOKaX Ha KOHType TOHHENS
M B IIepEKPHIBAIOLIEH TOJIUE Ha paccToAHMAX 0;
1,0; 2,5; 3,5; S M OT ¢BOAA TOHHENS I10 BEPTH-

KaJbHOH OocH ceueHus. Bee HanpsixkeHHs CKU-

MatoIHe.

[1o BenurHe HAIPsKEHUH BUHO, YTO NIPU
«Manoi» (5 M) MOTONOYUHE KOHIUECHTPALIMA Ha-
NpsKEHMH B OOKaX M B [OTOJIOYHMHE HECKOJIBKO
BBIIE, YeM NpH MOIIHOM (20 M) IEepeKpHITHM

TOHHES IMHHaMM. B oboux ciiyyasx Haj TOH-

HeneM (bopMHpyeTcsl 30Ha pasrpy3kd ¢ Kodd-
QuULMeHTaMH  KOHUGHTPALMM  MaKCHMMANbHBIX
HATIPSDKEHUI B KpOBJIC (Ha PACCTOSHHM 10 5 M
ot KoHTypa) ot 0,07 mo 0,67. Ha puc.2, 3 noxka-

3aHO pacripejiesicHHe MaKCUMAJIbHBIX Harpshke-
HUKA BOKpPYr TOHHENsA (MmoTrojiodydHa d M). Ha

pHc.2, 3 TaKKe 3aMETHO BBIACIAETCS 30HA pas-
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| ee
AE(POPMHUPOBAHHOE COCTOSHUE NOPOJ B MPHU3a-

IPY3KU B KpOBJI€ ¥ mo4uBe TOHHENA. CpaBHEHUE
HAIpPSEKEHHOTO COCTOSHUSA BMELIAIONIMX MOPOJX
B PAaCCMOTPEHHBIX CJIyyagx TOKAa3hIBAET, YTO
30Ha BausiHusE TOHHens Ha HJC moTonouyuHE!
JIOKAJIM3YETCS B €€ Npeaenax, T.e. 0 KOHTaKTa
[JIMH C YeTBEPTUUHBIMM OTIIOKEHHSIMH.

Takum 00pazoM, MOIIHOCTE MOTOJIOYMHEI
[JIMH B KPOBIIE BJMSET HE TOJBKO HA BEJIMUUHY
CMCILIEHHUsI, HO H Ha HANPSKECHHO-

601‘«11101‘3’1 30HE. COOTBeTCTBeHHO CHWXKAeTC yc-

NaBJICHHC [JIMH Ha BpeMeHHy}O erHB «16a

' 3a004. Ilpu ManbIX NOTONOYHHAX HENb3d MC-

KAKOYATh TAKUX OMACHBIX IJIs IpH3aboMHOM
30HBI SABJICHMM, KaK BBLIJABAMBAHMUC IJIUH €O
CTOpPOHBI 32005 MpH ero pa3padboTke, Koraa 3a-
6o# yacTuyHO HenojkperuieH. s BeipaboTok
GOJBIIMX TPOJETOB BEPOSTHOCTH  ONACHBIX
POSIBJICHANH TOPHOro JaBICHHS B 3a005X BO3-

| pacraet. B Takux YC/IOBHAX NEPBOCTEMEHHOE
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Puc.2. Hanps>xeuns B maccuse

3Ha4YCHHE UMEIOT JKECTKOCTh BPEMEHHOU KPETH
A TaMITOHAXX 3aKpEIHOro MPOCTPAHCTBA [10C/Ie
YCTAHOBKM KaXXJOro Kojplja xpend. B 3Toi
CBSI3M OUYEBHAHBI MPEUMYIIIECTBA TEXHOJOTMHU
MPOXOJKY U KpErUIeHUs TOHHEJed, odecriedu-
BAalOLHE ONEpEeKAIOMUA WIH  CICAYIOUAN

Puc.3. JlebopMaumu Maccusa

BCiesd 3a 3aboem BBOA 0Ojenkd B padory, Ta-
KHE Kak: MPOXOJKa C ONepeXarolliuM Kperie-
HHEM CBOJA C OBICTPOTBEPAEIOIUMH CMECIMH,
KpeIUleHre TOHHEeNeH OI0UHOM Kpenbio, o0xa-
TOW B TIOPOLY, KpeIuieHHE MpeccoBaHoi Oe-
TOHHOM 00 e NKOIH.

Hay4neiii pykoBoaurens npopeccop, A.1.H. FO. H.O20poonuxos
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