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OueHKa BAMSIHUSI B3PbIBHbIX pa60T Ha YCTOMYMBOCTL CrapeHHDLIX
TOHHEeAEeN

TyaH Munb YAH',

CioaHb Ham BYN' ',

KyaHr Xuey YAH',

KyaHr Xtou HFTYEH? ™,
Bnagumup UBaHosuy FONUK® ™

"XaHOoWCKMUIN YHUBEPCUTET FOPHOro Aena 1 reonorin, BoetHam, XaHol
2MHCTUTYT TpaHCMOPTHBLIX TEXHOMNorui, BoeTHaMm, XaHoi
3CeBepo-KaBkasckuin rocyaapcTBeHHbIV TeXHOMornyeckuin yuusepcuteTt, Poceus, BnagukaBskas

AKTYaABHOCTB VICCAEAOBaHMSI OBBLSICHSIETCS HEOOXOAMMOCTBLIO CTPOUTEALCTBA BOALIIOTO O6LEMA MOA3EMHbBIX TPAHCMOPTHBIX MArMCTPAAEN B YCAOBUSIX
CAOXKHOCTPYKTYPHbIX MOPOAHBIX MACCMBOB BheTHama. PelueHune 3aTpoHyTO NMPOBAEMBI MOXKET CAY KMTL OCHOBAHMEM AAsl OMTMMM3ALIMM MPOLIECCOB CTPO-
UTEALCTBA MOAZEMHbBIX OGLEKTOB MHOTOLIEAEBOIO HA3HAYEHMSI.

LleALro VICCAEAOBAHMSI SIBASIETCS] YCTAHOBAEHME 3aKOHOMEPHOCTEN MEXKAY TEXHOrE€HHBIMM HAMPSKEHUSIMM BCAEACTBUE B3PbIBHbIX PAGOT B HOBOM TOHHEAE
M COXPAHHOCTLIO KOHCTPYKLMIA Y FOPHLIX MOPOA B CyLIECTBYIOIIEM TOHHEAE AASI OMTMMM3ALIMM MaPaMETPOB KPernei TOHHEeAE.

CBepx3aAayei VICCAGAOBAHMS SIBASIETCS] MOAYYEHME KOAMYECTBEHHDIX MapamMeTPOB HAMPsSYKEHHOCTM MaCcCMBA MyTEM MOAEAMPOBAHMSI YCAOBUI TOHHEAS! B
3aAAHHLIX YCAOBMSIX METOAOM KOHEYHLIX SA€MEHTOB C YYETOM TOTO, YTO AABA€HME B3pblBa NMPU PaCIIMPEHNM BCIIOMOTaTeALHOTO TOHHEAS! A0 MPOEKTHOro
CeYeHMs! KOHLEHTPUPYETCSl HA KOHTYPE MPOEKTHOrO TOHHEAS.

IMpeameToM MCCAEAOBAHMS SIBASIETCSl TPAHCTOPTHLIV TOHHEAL XaliBaH Ha aopore Cepep—tOr BretHama.

Pe3yabTaTni m nx obcyxaenmne. [IPUBEAEHS METOAMKA M PE3YALTATLI YMCAEHHOTO MOAEAMPOBAHMSI MO rporpamme Phase 2 ycAOBMIT CTPOUTEALCTBA
OCHOBHOTO M BCMTOMOTaTteAbLHOrO TOHHeAel. [ToAyYeHbl napameTpbl pacnpeAeAeHusl HarNpsDKEeHN U AechopmaLinii B OKPECTHOCTSIX BCMIOMOTaTeAb-
HOTO M KarMTaALHOrO TOHHEAEN MPU M3MEHEHUM B3PLIBHOTO AAQBAEHMSI. [TOAYY€EHbI KOAUYECTBEHHBIE 3HAYEHMST GE30MACHOTO AAsl KPEMW B3PLIBHOTO
AQBAEHMSI B SAEMEHTaX CUCTEMbI O6OMX TOHHEAEN. PeKOMeHAOBaHbI 6e30mMacHble MO (PAKTOPY YCTOMYMBOCTM KPENM TOHHEAEN NMapaMeTpbl B3PLIBHLIX
pabor.

BoiBoAbI. [eHepUpyeMble B3PLIBHLIMU PABGOTaMy TEXHOTEHHBIE HAMPSKEHMS BO BMELLAIOLEM CTPOUTEALHBIE OOLEKTbI MTOPOAHOM MACCUBE HE PA3pyLIAoT
Kperb TOHHEAs], €CAV HE MPEBLILLAIOT YCTAHOBAEHHOW AASI AAHHBIX YCAOBUM BEAUUMHDI, U PETYAMPYIOTCSI TEXHOAOTMYECKM MyTEM BbLIOOPA PALIMOHAABLHDIX
NapameTpoB B3PLIBHLIX PABOT Ha AIOBOM CTaAUM CTPOUTEALCTBA.

KaroueBbie croBa: B3PLIBHLIE pa60TLvl, B3PLIBHASI BOAHA, AQBA€HUE, KPErlb, TOHHEADL, Harps»>KeHus1, yCTOﬁ‘-IVIBOCTb.

BEAEHMe
[Tpoxozka HOBOTO TOHHeNsI BOMM3M CYILIECTBYIOLIETO WM PAcCLIMpeHe TPAHCIIOPTHOTO TOHHEIS Ha JOpOre
Cesep-10r BreTHaMa OCyIeCTB/IACTCS 6YPOB3PBHIBHBIM CIIOCOOOM, KOTOPBIII IIMPOKO MCIOIb3YIOTCS BO BpeTHaMe
[1-3]. B 6ynymem TonHenu XariBas, [leoka, KyMoHr u fipyrie 6ynyT pacIIMpAThCA TAKUM XKe CIIOCOOO0M.

CocTossHME U YCTOIYMBOCTb TOPHBIX IOPOJZ, BOKPYT TPAaHCIIOPTHOTO TOHHENS, a TAaK)Ke OlleHKAa BIMAHMUA B3PBIBHOTO
BO3/IEIICTBIS OT IIPOXOAKI HOBOTO TOHHEJISI Ha CYIeCTBYIOIINIT TOHHE b ObIIN OLieHeHbI B Pab0TaX BbeTHAMCKIX YYeHbIX [4-9]
¥ YUIEHBIX [PYTUX CTPaH Mupa, B ToM yucrie u Poccun [10-15].

Llenpio MCCIENOBAHNUSA SABIACTCS YCTAHOBJICHNE 3aKOHOMEPHOCTEN BIMAHMA B3PBIBHBIX pabOT B HOBOM TOHHeNIE Ha
KOHCTPYKIIMM U OKPY>KAIOIINI TOPHBI MaCCUB B CYIECTBYIOLIEM TOHHEJIE, YTO CIY>KUT OCHOBONM ONTUMM3ALUU [TaPAMETPOB
Kperei.

ITocTaB/ieHHas Lie/Ib JOCTUIAETCS MOCPEICTBOM MOZAEIVPOBAHNUSA HAIPSHKEHHO-Te(OPMUPOBAHHOIO COCTOSHMA TOPHOTO
MaccyBa BOKPYT BCIIOMOTaTe/TbHOTO ¥ KaIUTA/IbHOTO TOHHEIEN IIPY M3MEHEHNM SKBMBAJIEHTHOTO B3PbIBHOTO JIJaBTIEHNUA.

ViccnepoBaHusA BBIIONHEHB! JIs yCaoBMil TOHHend XaiiBaH Mexpy Txbla Txuen Xis u JJananrom (BberHam),
npoitgenHoro B 2005 1. ¢ o6meit gnHO BIPA60TOK 6280 M, B TOM YIC/Ie IBa MApPajUIe/IbHBIX TOHHES, YeThIPe TIOTOCHI
JUIS1 aBTOMALIVH U BEHTVW/ISAL[MOHHBIE CTBOJIBL. IIpo6/ieMa 3TOro TOHHE/ISI XapaKTepHa ¥ /IS APYTVX TOHHeIEN U OI3eMHBIX
06bekTOB BreTHaMA.

Pesyavtatbl 1 Mx 0OCy KaeHME

D1aBHBIT TOHHEND MMeeT WMPKUHY 13 M. BcrioMoraTenbHbIN TOHHEIb HAXOAUTCA Ha paccTosAHMM 30 M OT IJTABHOTO U MIMEET
wromans 15,5 m? (puc. 1).

Tl mocTVKeHMs 1Ie/M MCCIefOBaHMsA MCIIONb30BaHO YMCTIeHHOE MOJepoBanue 1o nporpamme Phase 2. JInvHa ToHHeNA
6,3 KM, IO3TOMY MOJE/IMPOBA/IN YCIOBMA YacTU TOHHEA, IIPMHAB, YTO IOPOAIbI MMEIOT HEM3MEHAIMECA CBOiCTBA. Bemomo-
raTe/IbHbIII TOHHENIb MMeeT WVPYUHY 5,3 M U BBICOTY 4,5 M. CylecTBYIOIIMII TOHHEIb 3aKpeIUIeH Xele300eTOHHON KPEeIbio ¢
TOJILMHOM 35 CM, apMaTypoii ;uaMeTpoM 22 MM M PACCTOAHMEM MEXJY 37eMeHTaMu apMaTypbl 20 cM. Pe3ybTaThl 41C/IEeHHOTO
MOJIeTTMPOBaHN A IPUBEJEHbI Ha PUC. 2.
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ToHHenb XanBaH

BeHTUNALUMOHHBIN
CTBO/

Ha [JaHaHrckom HanpaeneHuu

PucyHok 1. Mogenb ToHHens XanBaH Bo BbeTHame.
Figure 1. The model of the tunnel Hai Van in Vietnam.

PucyHok 2. Cxema 4McrneHHoOro moaenvpoBaHus.
Figure 2. The scheme of numerical modeling.

Pasmepsl Mogenu: mupuHa 125 M, BeicoTa — 90 M. DKBMBa/JIEHTHOE B3pbIBHOE IaBJIeHIE [/IsI MOJeIMPOBAHIA MOXKET OIpe-
HeTAThCA TI0 POpMYIIE:
p=0,00337p?,

I7ie p — JaB/ieHMe B3pbIBHOM BOoNMHbI, MIla; p — mnoTHOCTD 3apskanuA BB; v — ckopocTb B3pbIBHOJ BOMTHBI, M/C.

[Tpepmonaraem, YTO [aB/ieHMe B3pblBa IPM pPaCIIMPEHMM BCIIOMOTaTeIbHOTO TOHHENA [0 IIPOEKTHOTO CE4YeHUs
KOHIIEHTPUPYETCA Ha KOHTYPe IIPOeKTHOTO TOHHeNA (puc. 3-6).

MopennpopaHyeM OonpefieNIeHbl ITapaMeTPhbl B3PHIBHOTO NaBJIeHNA Ha KOHTYPe BCIIOMOTaTeNbHOrO TOHHENA. PaccMarpuBas
COBMECTHO [OVHAMMKY CIWI B KpelM ¥ IOVHAMHKY B3PbIBHOI'O [aB/JI€HNA IIPY PAaCIIMPEHNN BCIIOMOIaTEIbHOTO TOHHENA,
OIIpENENINT BENIMYVHY B3PbIBHOTO [ABJIEHNA, KOTOPOE€ HE pa3pymaeT KOHCTPYKIMNIO. PeSyJ'II)TaTbI pacueTa HaIIpAXKEHHO-
I[C(bOpMI/IpOBaHHOI‘O COCTOAHMA BOKPYT' BCIIOMOIaTE€/IbPHOTO 1 KalMTAa/IbHOI'O TOHHeJTen IIpy MSMEHEHNN 3KBUBAJIEHTHOTO
B3PBIBHOTO JIaB/IEHNS II0Ka3aHbl Ha puc. 7-9.

3aKOHOMEPHOCTDb JMHAMMUKI CUJI B CYILIIeCTBYIOIIEM TOHHeNE UIIIoCTpupyeTcs puc. 10-12.
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a 6

PucyHok 3. MogenupoBaHue 6ypoB3pbIBHOIO AaBreHus B 3a60e. a — Lnypbl B NEpBOii rpynne; 6 — B3pbIBHOE AABIIEHNE B LUMypax.
Figure 3. Modeling of drilling-and-blasting bottomhole pressure. a — blastholes in the first group; 6 — blast pressure in the blastholes.

PucyHok 4. PesynbraTbl MOAENMpoBaHus Npu B3pbiBHOM gaBrieHun 20 MMa.
Figure 4. The results of modelling with blast pressure of 20 MPa.

PucyHok 5. PesynbraTbl MOAenupoBaHus npu B3pbiBHOM gaBneHun 15 MlMa.
Figure 5. The results of modelling with blast pressure of 15 MPa.

PucyHok 6. luHaMuka B3pbIBHOro AaBrieHUs Npu NpoxoAke BCrioMoraTenbHOro ToHHens. a — B3pbiBHOe AasneHue 20 MlMa; 6 — 15 MMMa;
B — 10 MMa.
Figure 6. The dynamics of the blast pressure while tunneling. a — blast pressure 20 MPa; 6 — 15 MPa; B — 10 MPa.
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Total
Displacement
m

0.00e+000
2.50e-003
5.00e-003
7.508-003
1.00e-002
1.25e-002

1.50e-002
1.75e-002
2.00e-002
2.25e-002
2.50e-002
2.75e-002
3.00e-002
3.25e-002
3.50e-002
3.75e-002
4.00e-002
4.258-002
4.50e-002
4.75e-002
5.008-002

PucyHok 7. PacnpepeneHue HanpsbkeHUn U cMeLLeHUin npu B3pbiBHOM AaBrneHuu 10 MIMa. a — pacnpegeneHune BepTuKanbHbIX HanpsKeHW
Ha KOHTYype ToHHeneW; 6 — pacnpefneneHne CMeLLEHNIA Ha KOHTYPe TOHHENEN.

Figure 7. Distribution of stresses and displacements at an explosive pressure of 10 MPa. a — distribution of vertical stresses on the
contour of the tunnels; 6 — distribution of displacements on the contour of the tunnels.
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PucyHok 8. BekTop cmelLeHUsi FOPHbIX MOPOA U 30HbI HeyNnpyrux AedopMaLnii Ha KOHTYpe TOHHernel Npu B3pbIBHOM AaBneHuu 10 MMa.
a — pacnpefeneHe BEKTOPOB CMELLEHWI TOPHbIX NMOPOZ, BOKPYT TOHHeNEe; 6 — 30HbI Heynpyrvx AedopmaLmin BOKPYr ABYX TOHHENEN.

Figure 8. Displacement vector of rocks and plastic range of stress on the contour of tunnels with an explosive pressure of 10 MPa. a—
distribution of rock displacement vectors around tunnels; 6 — plastic range of stress around two tunnels.
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PucyHok 9. PacnpeneneHue HanpsbkeHUI U cMmeLleHuiA Npyu B3pbiBHOM AaBneHun 7 MMa.
Figure 9. Distribution of stresses and displacements at an explosive pressure of 7 MPa.

PesynbraTel MopenmpoBanus (puc. 13-15) CBUAETENLCTBYIOT O TOM, YTO B3PhIBHOE JIaB/IeHe MeeT ONTHMaIbHOe 3HaJe-
HIfe, TIOKa 3Ha4YeHUsA BHYTpeHHMX cul (M, H, Q) B Kpemmu CyIecTBYIOIIEro TOHHE/A PaBHbI 3HAYEHMAM BO BCIIOMOTATE/TbHOM
ToHHere. [Ipy sHaveHuy B3phIBHOTO HaBaeHusA 4o 7 MIla cuibl B CylecTByIOIIEM TOHHENIE HE U3SMEHIOTCA.

Pesy/nbTaThl MOJEMPOBAaHMA IOKA3bIBAIOT, YTO B3PBIBHBIE PAOOTHI BO BCIIOMOIaTe/IbHOM TOHHeJIE KallMTaTbHOTO TOHHEIA
XariBaH He OKa3bIBAIOT OIIACHOTO BJIMAHV Ha YCTONYMBOCTD KOHCTPYKIUM KPEIN B CYILIeCTBYIOLeM ToHHere (Tabm. 1-2).
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PucyHok 10. iIvHaMuKa npoaonbHON CUbl B KPenu CyLecTBYOLLIero TOHHENs 40 B3pbiBa U Noche B3pbiBa BO BCNOMOraTerisHOM TOHHene.
Figure 10. The dynamics of axial force in the poling boards of the existing tunnel before the explosion and after the explosion in the
auxiliary tunnel.
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PaccTosiHne no nepuMeTpy KanutanbHOro TOHHENA, M

chyHOK 1. .U,VIHaMVIKa VI3I'VI68IOLI.WIX MOMEHTOB B Kpenu cylliecTByHOLWero ToHHend A0 B3pbiBa U nocre B3pbiBa BO BCNomMoratesibHOM
TOHHene.

Figure 11. The dynamics of bending moments in the poling boards of the existing tunnel before the explosion and after the explosion
in the auxiliary tunnel.
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PucyHok 12. AnHamuka cunbl NONepevyHoro ce4eHUs B Kpenu cylecTBYHOLEro TOHHeNs A0 B3pbiBa U Nocre B3pbiBa BO BCoMoraTterb-
HOM TOHHene.

Figure 12. The dynamics of the cross-section force in the poling boards of the existing tunnel before the explosion and after the
explosion in the auxiliary tunnel.

Ta6nuua 1. Noka3saTenu pacluMpeHus BcnoMoratensHoro ToHHens XanBaH npu B3pbiBe.
Table 1. Expansion numbers of the auxiliary tunnel Hai Van while explosion.

Mokaszatenb 3HavyeHve
Iny6uHa wnypos L,, M 1,3
Pacctosinne mexay wnypamu B pagy W, m 0,8
YaenbHbi pacxog BB g, kr/m® 0,8
O6wwwmin pacxon BB Qg, kr 42,75
KonunyecTso wnypos N, wr. 98
AnvHa 3apsana B wnype Bo Bpy6ax L, M 0,6
Anvna sapspa Bo Bpy6ax L, M 0,7
[nuHa 3apsifa B KOHTYPHO rpynne L, m 0,3
[nvHa 3apsina B KOHTYpHO rpynne L, m 1,0

Tabnuua 2. MapameTpbl 3apsixkaHus WNYPOB B 3a60e TOHHEeNSA.
Table 2. The parameters of hole charging at a face of the tunnel.

CymmMapHas macca 3a- - Yron HakrnoHa,
Snex- M?Qﬁiﬁ" Obuee  [ny- p:!)na BB, kr GFS::a rpag.
Wnype! Homep Tpoge- nehns WWinyp yucno  GuHa nepe- OnuHa, —Fopm-
wnypa TOHa- wny- wny- Ha 1 Yucno M BepTu-

Top Bpemenu, poB  POB,M wnyp LWNypoB Beero  6ypa, Kanb 30w

Mc M Tanb

OT60MHbIN Wnyp 1 1-8 1 25 2 16 1,3 0,6 8 4.8 0,7 5,6 90 115
OTOOWVHbIV Wnyp 2 9-16 5 125 2 16 1,3 0,6 8 4.8 0,7 5,6 105 105
OT60MHbIN Wwnyp 3 17-24 9 250 1,5 12 1,3 0,45 8 3,6 0,85 6,8 90 100
OT160MHbIN Wwnyp 4 25-34 11 350 1,5 15 1,3 0,45 10 4,5 0,85 8,5 90 95
OT160MHbIN Wwnyp 5 34-41 13 450 1 8 1,3 0,3 8 2,4 1 8 90 90
OT60MHbIN Wnyp 6 42-51 15 600 1 11 1,3 0,3 11 3,3 1 11 90 90
KOHTYpHbIN Wwnyp 52-66 17 800 1 16 1,3 0,3 16 4,8 1 16 90 92
MopowBeHHbIN Wnyp 1 67-75 20 1125 1 16 1,3 0,3 16 4,8 1 16 90 92
MopowBeHHbI Wnyp 2 76-80 21 1225 2,5 15 1,3 0,75 6 4,5 0,55 3,3 90 92
MopowBeHHbI Wnyp 2 81-98 30 4350 2,5 17,5 1,3 0,75 7 5,25 0,55 3,85 90 92
Umoeo - - - - 142,5 - - 98 42,75 - - - -
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PucyHok 13. BypoB3pbIBHble paboThbl NPY paclUMPEeHU BCIOMOraTesibHOro TOHHens.
Figure 13. Blasting workings during the expansion of the auxiliary tunnel.
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PucyHok 14. Cxema pacnonoxeHus LNypoB B 3a60e BCNOMOraTeribHOro TOHHens.
Figure 14. The boring hole pattern at a face of the auxiliary tunnel.
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PucyHok 15. Pa3pylueHue Kpenu cyLLiecTBYIOLEro TOHHENA nocre B3pbiBa BO BCOMOraTtefi.HOM TOHHenNe.
Figure 15. Destruction of the poling boards of the existing tunnel after the explosion in the auxiliary tunnel.

BbIBOADI

Hp]/[ BC/IIMYNMHE B3prBHOI‘O OaBJICHUA O 7 MHa Hp]/[pOJIHO-TeXHOI‘CHHI)Ie Hal'[pH)KeHI/IH B MaCClBE€ HE paspymamT erl’[b
TOHHEJIA.

HIIS{ yMeHbﬂleHI/Iﬂ BSpI)IBHOI‘O OaBJICHVIA U IIOBBIIICHIIA yCTOI/uI‘{I/IBOCTI/I KOHCprKHI/Iﬁ erHI/I n yCTOI?I‘H/IBOCTI/I HOPOH BOprI‘
TOHHeJIe!l PEKOMEHIYeTCA MCIIOIb30BaHMe 3TIeKTPOSEeTOHATOPOB C CepyAMM 3aMelIeHIil, OPMeHTHPOBKA HaIpaBJIeHNUA yhap-
HOJ1 BOJIHBI TIPOTMBOIIONIOXHA HATIPaB/IeHNUIO BOIMSY PACIIONIOKEHHOTO TOHHETISL.

[Tossiiienne 3¢ eKTUBHOCTI pabOTHI B3pbIBa JOCTUTAETCA IPUMEHeHNeM A depeHIIaTbHOI CXeMbI C HedJIeKTPUIECKI-
M Cpe)lCTBaMI/I B3prBaHI/IH n pa]_[I/IOHaTII/ISaIH/IH CXEeMbI pr6a - HOCPCI[CTBOM I/IHI/II.[I/II/[pOBaHI/IH B3pblBHO]7[ CeTn B Hal’IpaB]’IeHI/II/I
MUHUMMN3ALUN HETATMBHOI'O BIAMAHMA BSprBHI)IX BOJIH.
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Evaluation of influence of blasting workings on the stability of double tunnels
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Relevance of the study is explained by the need to build a large amount of underground traffic arteries in the complex structural rock masses of
Vietnam. The solution of the problem can serve as a basis for optimizing the processes of construction of underground multipurpose facilities.
Purpose of the study is to determine regularities between technological stresses due to blasting workings in a new tunnel and keeping of construction
and rocks in the existing tunnel to optimize the parameters of the tunnel poling boards.

The most important task of the study is to obtain quantitative parameters of stress of the rock mass by simulating the conditions of a tunnel under
specified conditions using the finite element method and taking into account that the explosion pressure during expansion of the auxiliary tunnel
before the design section is fixed on the contour of the designed tunnel.

The subject of the research is the Hai Van transport tunnel in the North-South Vietnam road.

Results and discussion. The methodology and results of numerical modeling using the Phase 2 program for the conditions of construction of the main
and auxiliary tunnels are given. The parameters of the distribution of stresses and strains in the vicinity of the auxiliary and main tunnels with varying
explosive pressure are obtained. The quantitative values of safe explosive pressure for poling boards in the elements of the system of both tunnels
were obtained. The safety parameters of blasting workings are recommended (according to the stability factor of poling boards).

Conclusions. Technogenic stresses generated by blasting workings in the rock mass that encloses building sites do not destroy the poling boards of
a tunnel, if they do not exceed the value specified for these conditions; they are technologically regulated by choosing rational blasting parameters
at any stage of construction.

Keywords: blasting workings, blast wave, pressure, poling board, tunnel, stress, stability.
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