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Paccmompeno nanpsasicenno-oeghopmuposantoe cocmosHue 2epyHmogo20 MAaccuéd, Haxoosaue2ocs
MedHcoy 08yMs  NaApaiIelbHbIMU  MOHHENAMU npu  ceucmudeckom eo3deticmeuu. Coomeemcmeyroujue
KOHMAKMHble 3a0auu meopuu ynpyeocmu O0is cpeovl, OCIAONEeHHOU O08YMS OMEEPCMUIMU, DeuleHvl 6
K8a3UuCmamuyeckoll. nocmanoske Ha Oaze memooa KOHeYHulX anemenmos nocpedcmeom IIK JIUPA.
Honyuenvl usonona HanpsAdxXCeHuil, a MAaKdHce 3A8UCUMOCMU MAKCUMAIbHbIX HANPAX’CEHUU 8 yeauxke om
PACCMOAHUS MeHCOY 8bIpAOOMKAMU OISl PATUUHBIX 2PYHMOBBIX YCA0BUIL.

Knrouegvle cnoea: monnens, Kpyenoe nonepeunoe cedenue, 2pyHM, HANPANCEHUS, CelicMuiecKkoe

go30eticmeue

Beenenue

PazButHe coBpeMeHHOH HHQPACTPYKTyphl TpeOyeT pelieHus MpoOjieMbl  KOHICHTPAIUH
TPAHCHOPTHBIX MIOTOKOB B LIEHTPE KPYIMHBIX TOpooB. [IpoGiieMbl 3aTOpOB 1 MPOOOK Ha TOPOTrax aKTyalbHbBI
JUIE MHOTHX CTpaH MHUpa, a YPOBEHb 3arpA3HEHHOCTH BO3/yXa MPOJ0JIKAET PacTH rmoBceMecTHo. OTHUM U3
pPEUIeHNH STOT0 BOMpOCA SIBIISICTCS YBENIWYEHHE OOBEMOB CTPOUTENHCTBA ITOJ3EMHBIX TPAHCIIOPTHBIX
Maructpaneit. [Ipokmagka HECKONBPKMX TPAaHCHOPTHBIX TOHHEJEH, 0e3yCIOBHO, NMPUBEAET K HM3MEHEHHUIO
HaMNpsoKEHHO-1e(OPMHUPOBAHHOTO COCTOSIHMS TPYHTOBOTO MacCuBa. B cBsi3u ¢ 3THM, OOIBIIOE 3HAYEHHE
nproOpeTaeT BOMPOC pacueTa KPemH MOJ3EMHBIX COOPYKEHUH C YUeTOM JCHCTBUS CIEeNU(pUUECKUX BUIOB
Harpy3o0kK, B TOM YKCJI€ BO3HUKAIOLIUX [TPU 3€MJIETPACEHUSX CEHCMHUUECKUX BO3/ICUCTBUM.

CelicMuyeckue KofieOaHus TOHHeNeH BechbMa crielinUIHbL. XapakTepHOH HX OCOOCHHOCTBIO SIBIISIETCS
B3aMIMOJICHCTBHE COOPYKEHUS H OKPYKAIOIIETO €r0 TOCTATOYHO OOJBIIOr0 00heMa CILUIOIIHOW CPEJIb.

Ha ceromHamHuii geHb MEHEE HCCIECJOBAHHBIMU SIBISIFOTCS BONPOCHI Y4Y€Ta B3aUMHOIO BIIMSHHUS
OJIM3KO PACIOIOKEHHBIX TOHHEJIEeH Npu ceiicMudyeckoM Bosneiictun. B [1] paccmarpuBaercs 3amada o
CeiCMHUYECKOM BO3JICHCTBUHM Ha BBIPAOOTKH TOHHENEW METPOIOJIMTeHa MEIKOro 3aJoXeHHs. BizanmHoe
BJIMSIHUE JIBYX OJJMHAKOBBIX MapajleIbHBIX KPYTOBBIX TOHHEJEH MpU JACWCTBHUH COOCTBEHHOI'O Beca MOpO/]
uccienoBaioch B [2]. B maHHOI cTaThe paccMaTpuBaeTCsi HAIPSUKEHHOE COCTOSHHE TPYHTOBOTO MAacCHBA,
HaXOJSIIErocss MeXAy ABYMS OJMHAKOBBIMH MapaijieIbHBIMH TOHHENAMHU (LENHKa) MPU CEHCMHUYECKUX
BO3JICHCTBUAX.

IlocTanoBka 3agaun

Benuuunbl ycunuii B rpyHTE€ MEXKAY TOHHEISIMH OT IPOJOJBHBIX M MONEPEUYHBIX CEHCMUYECKUX
BO3JEHCTBUI OMNpe/ieNieHbl PENIEHUEM IUIOCKOM CTaTUYEeCKOM 3aJaud TEOPUU YIPYTrOCTH TMOCPECTBOM
MPOrPaMMHOT0 KOMIUIEKCA, OCHOBAHHOTO Ha METO/Ie KOHEYHBIX 3JIEMEHTOB.

Mopenb MaccuBa TIOPOJT TIPEICTABIICHA YIIPYTOM TIIOCKOCTRIO, pazMepamu 100 x 100 »m u TommuHON
1 m, B KOTOpOW ammpoKCHUManus HapauieNbHbIX TOHHEIBHBIX BBIPAOOTOK BBIMOJHEHA MOCPEJICTBOM IBYX

KPYIJIBIX OTBepcTHid, tuameTpoM 5 m (puc.l). [myOuna 3anoxxenus: ronneneir npunsita 50 m. CocraBieHb
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YeTBIpE TUIOCKHE MOZCIH. B TTepBoit MoIeI pacCcTOsSHIE MEXK Ty OCSMH TOHHEJIEH BRIOPAHO 8 i, BO BTOPOI —

16 m, B Tpetbeit — 24 m u B uerBepTOod — 32 M. COOTBETCTBEHHO pa3Mephl LienrKa (MaccuBa IMOPO,

PAcTONIOKEHHOTO MEKIY CMEKHBIMHA TOHHEIISIMU) B BEIOPaHHBIX cXeMax cOCTaBIsioT: 3, 11, 19 u 27 m.

Puc. 1. Pacuemnasn cxema maccuea ¢ 08yms moHHeEAAMU RPU 6030€HCMEUN

npodonbubtx celicMu4ecKux cuni

Jnst  uccnenoBaHus —HaNpsLKEHHO-IE(QOPMHUPOBAHHOTO  COCTOSHUSI TPYHTOBOTO MaccuBa IIPH

CEMCMMYECKOM BO3JICHCTBUH,
kareropuii. Takum oOpazom,
CEeCMHUYECKNX BO3JICUCTBUI

YOPYrocTH. XapaKTePHCTHKH

HOPMAJIbHBIX M KaCaTCJIbHBIX HaHpH)KCHI/Iﬁ O';O y GOO

y

PacCMOTpPEHBI CIydad pacroyiokeHuss Tonuenew B rpyHTtax |, Il u 1l
BCJIMUMHBI YCUJIMH B OOJIENKE TOHHEIS OT MPOJOJIBHBIX M IONEPEUHBIX
OTPENEAIOTCA pEIICHHEM 12-M IUIOCKMX CTaTUYECKUX 3a/ad  TEOpUHU

IPYHTOB, a TaKX€ 3HA4YCHUA HeﬁCTBy}OHIHX B OECKOHCYHOCTH BHEIIHUX

o0
, Tyy» Paccuntanmsie cornacHo [3], mpeacrasiensl B

Tabm. 1.
Taonuya 1
Hapamempur zpynmos u Hanpas;cenuil, 603HUKAOUUX NPU CETLCMULECKOM 8030€HCIMEUN 6 ZDYHMAX
PA3TUYHBLX KAMeZOpull
BennunHbl BHEIIHUX YCHUIIUH,
Kare- XapakTepUCTUKHU TPYHTOB MPUIOKEHHBIX Ha OECKOHEYHOCTH,
ropus Mlla
rpyata | T, Vv, V., ol v, E, o’ oy Ty
¢ m/c m/c KH/M’ Mila
I 0,3 2000 1200 22,0 0,20 80 1,47 0,37 1,26
I 0,5 1100 650 18,0 0,27 50 1,10 0,41 0,93
Il 0,7 600 350 16,5 0,35 25 0,77 0,42 0,64
PesyibTaTsl

[TonyyeHHsle B pe3yapTaTe pacyeTa 3HAYCHHsS HOPMANbHBIX HANpPSDKEHHMH B MAacCUBE IIOPOJ,

HaXOISIIMMCS MEX/1y MapajuleIbHBIMU BEIPAOOTKaMH, OT CeHCMHUYECKOT0 Bo3aecTBus, s rpyHTos I, 11, 111

KaTeropuun nNpeacTaBJICHbI B TabmI. 2.
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Taonuua 2

Benuuunnt HOPpMA1bHbIX nanpﬂofcenuﬁ 6 ueinuke om celicmMuuecKozo 3030eﬁcmeu, npu pasjiu4Hom

paccmosanuu mexncoy monnenamu ¢ zpyumax |, 11, 111 kamezopuii

Paccrosinne or | BenuunHbI HOpMaNbHBIX HANPSKEHUN B LIETUKE OT CEHCMUYECKOI0 BO3ACHCTBUS, IPU PACCTOSIHUU

LIEHTpa JIEBOTO MeX]ly IBYMS MapajlieIbHBIMU TOHHeNIMU, Mlla

OTBEpCTHUS, M 8m 16m 24m 32m

Kareropuu rpyHroB
| 1 Il | I Il | I 1l | I Il

2,50 487 | 3,71 2,67 4,75 3,68 2,70 | 4,77 3,70 2,73 | 478 | 3,71 | 2,73
2,75 4,46 | 3,38 2,42 4,26 3,28 2,40 | 4,27 3,30 2,41 427 | 3,30 | 2,42
3,00 3,78 | 2,85 2,03 3,45 2,64 191 3,45 2,64 191 345 | 264 | 191
3,50 347 | 2,62 1,86 3,08 2,35 1,69 3,07 2,34 1,68 306 | 233 | 1,68
4,00 291 | 2,18 1,54 2,32 1,75 1,24 2,29 1,73 1,22 228 | 1,72 | 1,22
5,00 - - - 1,95 1,46 1,02 1,92 1,43 1,00 191 | 1,42 | 0,99
6,00 - - - 1,77 1,33 0,92 1,74 1,29 0,90 1,73 | 1,29 | 0,90
7,00 - - - 1,70 1,26 0,88 1,64 1,22 0,85 163 | 1,22 | 0,85
8,00 - - - 1,67 1,24 0,86 1,60 1,19 0,83 159 | 1,18 | 0,82
9,00 - - - - - - 1,57 1,17 0,81 156 | 1,16 | 0,81
10,00 - - - - - - 1,56 1,16 0,81 154 | 1,15| 0,80
11,00 - - - - - - 1,55 1,15 0,80 153 | 1,14 | 0,80
12,00 - - - - - - 1,54 1,15 0,80 152 | 1,14 | 0,79
13,00 - - - - - - - - - 152 | 1,13 | 0,79
14,00 - - - - - - - - - 151 | 1,13 | 0,79
15,00 - - - - - - - - - 151 | 1,13 | 0,79
16,00 - - - - - - - - - 151 | 1,13 | 0,79

Ilo IMMOJTYYCHHBIM OaHHBIM ITOCTPOCHBI Fpa(bI/IKI/I, XapaKTepU3yronme 3aBUCHMMOCTb MAaKCUMAJIbHBIX

HaNpsDKEHUH B LEUKE OT PACCTOSHUS MEXIY BBIpaOOTKAaMH Ul PAa3HBIX TPYHTOBBIX YCIOBUH (puc. 2).
[Tomyuensl TakKe M3010JI1 HOPMAIBHBIX HANPSHKEHUH O, B LEIUKAX Pa3IMYHONW HIMPHHBI MEXKIY

JIBYMsI BBIpaOOTKaMH KPYIJIOro O4epTaHHs OT ceiicmuyeckoro Bo3neicTBus B rpyHTax |, I, Il kareropwmii
(puc.3).

CpaBHeHHE XapakTepa pacupeeseHrs oIel HalPsDKEHNWH B LIEIMKaX TPYHTOB PAa3JIMUHBIX KaTeropuit
OT CEeMCMHUYECKOro BO3ACHCTBHS MOKAa3bIBAET, YTO BO BCEX CIydasX MAaKCHMAJbHBIE DPACTATMBAIOIIUE
HaNpsDKEHUS] COCPEJOTOYEHBI y OOKOBBIX CTEH, a C)KMMAIOIIME - B KPOBJIE M IIOAOIIBE TOHHEIBHBIX
BEIpab0OTOK. MakcuMalbHbIe pacTATHBAIONINE HANPSHKEHUSI B MacCHUBE TOPOJ MEXIy JBYMSI BhIpabOTKaMu
KOHIIGHTPUPYIOTCS. BOKPYT TOPH30HTAIBHOM OCH CHMMETpHUH TOHHened. [Ipy 5TOM  BETHMYUHEI
MaKCUMAaJIbHBIX HANPSHKEHUH Y KpacB TOHHEJIBHBIX BhIpaboTOK B rpyHTax |l kareropuum Ha 22...24%, a B
rpynTax |1l xareropun Ha 43...45% wmensbiue, yem B rpyHTax | kareropuu. To ecTb, y KpaeB TOHHEIBHBIX
BBIpaOOTOK YMEHBIICHHE BEJIMYMH HANPSHKCHUH B 3aBHCUMOCTH OT YBEJIMYEHHUS UIMPHHBI IeJTUKa

MNPOUCXOAUT PaBHOMEPHO BO BCCX I'PYHTOBBIX KaTCrOPUAX.
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L (MIIa)

32007

Puc. 2. 3asucumocms makcumanpbHbIX HARPANCEHUT 8 YeIUKe O PACCHOAHUA MeIHCOY 6bIPADOMKAMU O

epyumos |, 11, 111 kamezopuit npu paccmosinusax mescoy monnenvnovimu golpadomramu:a-8m; o-16m; 6-24m; 2-32m

I'pynTs! I kaTeropuu T'pyuTer 11 kaTeropun I'pynrTer 111 kaTeropuu

OIS

Puc. 3. H30noa nopmansusix nanpsxcenuii ¢ 2pynmax I, I1, 111 xkamezopuii om ceiicmuueckozo
6030elicmeus, nPU PACCIMOARUAX MEHCOY MOHHEbHBIMU GLIPAOOMKAMU:
a-8m; 6-16m; 6-24m; 2-32m

127



U3 puc. 3 BUIHO, 4TO MAaKCUMAJIbHBIC BEJIMYNHBI PACTATHBAIONINX HAMIPSHKCHUH B IIEHTPATBHON YaCcTH
eNTMKA MMOJYYeHbI TP MUHUMAJIBHOM PACCTOSHUM MEKAY OCSIMU TOHHeueH (8m). YBenumueHne paccTosHUs
MEXy TOHHEIBHBIMH BBIPAOOTKAMU TNPHBOAWT K YMCHBIICHUIO 3THX HampskeHuid. Tak, BETHYHHBI
HanpsDKeHUH B IIGHTPaNbHON YacTH LeiKa yMeHbliatoTces B rpyHTax | u Il kareropun: npu a=16, 24, 32u -
Ha 43%, 47%, 48%, a B rpynTax Il kareropuu: npu a=16, 24, 32u — Ha 44%, 48%, 49%, no cpaBHEHUIO C
BEJIHUYMHOM HAIIPSDKEHUH B LIEHTPAIbHON YacTu 1enuka npu a=8m. IIpuBeacHHbIC JaHHBIE OKA3bIBAIOT, YTO
CTETIeHh CHYWDKEHHS HATPSDKCHUHM B NEHTPATbHOM YacTH IIeJMKa, NMPAKTHYECKH HE 3aBHUCHT OT KaTeropuu
IpyHTa.

U3 puc. 3 takxke BUAHO, YTO M3MEHEHUE HAIPSIKEHHO-AS(HOPMUPOBAHHOTO COCTOSHHUSA LEHTPAIbHOM
YacTH LeNIMKa NP YAAJeHUH TOHHEIBHBIX BBIPAOOTOK APYT OT Apyra pe3ko MmeHsercs. [Ipu sTom xapakrep
W3MEHCHHUST HepaBHOMEPEH. YMEHBIICHUE HANPSHKCHUS B IICHTPATBHON YaCTH IeTIMKA MPH YBEITUYCHUH €ro
mupuHbl: a=8...16m coctaBuser 43%, a=16...24u - 8%, a=24...32u - 2%. IlpuBencHHBbIC HaHHBIC
MOKa3bIBAIOT, YTO C YBEJIMYCHHUEM pACCTOSIHUS MEXJy TOHHEIHHBIMH BBIPAOOTKAMHU BIHSHUE STOTO
pacCTOSIHUS Ha HAMIPSHKEHHO-Ie(OPMUPOBAHHOE COCTOSTHHE TISITUKA PE3KO YMEHBINACTCS.

BriBOaBI

PaccMoTpeB  HampshKeHHO-IC(OPMUPOBAHHOE COCTOSHHE MAacCHBa TOPOJA  OCIA0JEHHOTO JBYMS
BBIPA0OTKAMHU OT CEHCMHYECKOTO BO3JCHCTBHS, BBISBICHO, YTO yJAllCHHE JBYX MapajUICIbHBIX TOHHENIEH
JIpyr OT Apyra BbI3BIBAET NEPEPACIPEACIICHUE HANPSKEHUW B Leauke. M3 mpencraBieHHBIX PE3yJbTaToOB
MOKHO CACJIaTh BBIBOA, YTO HAIIPSKCHUA Yy KpacB TOHHCIIBHBIX BLIpa6OTOK MaKCUMAJIbHBI U II0 MCPE
ynaneHust yoeiBatoT. [Ipn 3TOM yMeHbIIEHHE HANpPSHKCHUH 3aBHCUT OT KaTETOPHU TPYHTOB W IIMPUHBI
nenuka. Peskoe ymeHbllieHHe HanpspkeHud (10 43%) HaOnromaeTcs mpH yIaJICHUM TOHHENCH, TUaMETPOM
5u, Ha paccrosHue 16m Apyr oT apyra, a JNanbHeiliee yBemHUCHHWE ICNMKA HE BIHUSICT Ha BEIHYUHY
HaIpsOKECHUH B HEM.

[Mony4yeHHbIe pe3yNbTaThl JAIOT BO3MOXHOCTh MMPOSKTHUPOBAHUS OoJiee TIETKUX KOHCTPYKITUM 001eII0K

napayiICJIbHBIX TPAaHCIIOPTHBLIX TOHHEJCH IIpU BapbMPOBaAHWUU PACCTOAHNA MEXKITY HUMMU.

UG3UURY UNE63NPESNRULRS LUMNRULESD 26SUNSNPUC Brunk
FNRUELLEGCP UPREY &SLYN FLUUUTUNRT

Quyuik Lunth Shqpuiywui

Kwpunupuybnntpyul b phliupupnipul Zuywunwih wgquyhl huduyuwpul, p.Gplual, 22
tigr6551@mail.ru

Yhunuphyws F ubjudhl wgnbgnipniihg Eplnt gniquiblbn pnibbjbbph dholl nknuwluyjums
gnnilnnuyhll  qubgqyush jupyusunbpnpdiughnli  Jhdwmlp: Bphnt  whgplkpny  pnyugud
Upowjuyph  hwdwp  wpwdquiubnippui  wbuniypul  hwdwywnwupnul - §nbnwlnughb

Juliphpbbpp midynid kb pyughumnmmmpl dhwlbpydwdp JEpobwlwl nwupplph Jkpnph hhdwb
yYpuw, PC LIRA-h dhongny: Umnwmgyws ki jupnidbbph hgnpuownbpp, hiswbu bwl phwdwunid

wpuwiybjugnyl jupnidibph b hnpyudphbph dholi hknun/npnipinibbbph Juwpijudnipinibabpn
nwpphbp gnninughl wuygdwbbbph hudup:
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INVESTIGATION OF STRESSES IN THE SPACE BETWEEN TWO TUNNELS IN SEISMIC
IMPACT

Gayane Tigranyan

National University of Architecture and Construction of Armenia, Yerevan, RA
tigré551@mail.ru

The stress-strain state of a soil massif located between two parallel tunnels under seismic impact is
considered. The corresponding contact problems of the theory of elasticity for a medium weakened by two
holes are solved in a quasistatic formulation on the basis of the finite element method by means of a PC
LIRA. The voltage mosaic, as well as the dependences of the maximum stresses in the pole from the distance
between the workings for various ground conditions is obtained.

Keywords: tunnel, circular cross-section, ground, stress, seismic impact
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