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Effects0frockpre88ureOnCrackgenerationduring

tunnelbla8ting

Wdb･JinJUNG●,ManabuUTAGAWA●●,YujiOGATA巾,
Ma8ahiroSETOT,Kunihi8aKATSUYAMA…,At8umi MrYAⅨE●,

andTbru8higeOGAWA'

Weperformeda8tre88analy8iBintheareaaroundASmoothb188tingboreholeontheexpected

fracturelineofAtunnelinordertoclari&theeqectofrockpre88ureOnCrackgenerationduring

tunnelbla8ting.Wea180Carriedoutteatbla8t80nPMM plateJl,marbleplate8andBAnd8tOne

blockBth08eWereaBBumedtheboreholeorLtheexpectedfmcturelineinthetunnelwA8under

initialrockpre88ure.Inaddition.wemadeanumerical8imulationorablastandcomparedwith

there8ult80rt.heI,e8tbl88t8.

OurreBult8ShowedthattenOile8treSBWa8generatedaroundthebort!holebytheeaectofiJdtial

rockpre88ure.Moreover,AroundtheboreholeintheβidewallandintheShoulderpartofthe

tunnel,i.C.theintermediatepointbetweentheroorandtheJBidewall.ten8ile8tre88WaJ?alway8

generatedvertieauywithreBPeCttOtheexpectedfractureline.However.aroundtheboreholein

theroofofthetunnel.thepo8itionwheretheten8ueBtre舶WAJigeneratedvarieddependingonthe

8tateOftherockpreB8ure.Moreover,there8ult80fthete8tbla8t8usingplate8andblocksClearly

indicatedthatcrackBWeregeneratedand8PreadintheSamedirectiona8theappliedpreB8ure,

andthatblaBtingintheareaaroundtheboreholeintheinitial8tre88Statehadtheeqectof

creatingandlengthemingcrackJ3.There8ult80fbla8t8imulationShowedAgood8greementwith

theexperimenhlre8ultS.

1.tntroductjon

Wh enexcavatingundergroundcave8andmouJl･

laintunJle18byblasting,theformAtioAOfaflat

exC… tionJltLrhceanddamagetOthewalkhveto
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becontrolledA8much88pO88ibleinordertoreduce

overbreak.Forthi8rea80n,8mOOthblastinghas

beenu8ed.andquantitativere8eaJthbywhichto

a餌e88thelevelofdAmageCausedbybl舶丘喝 tOthe

8urrOundingmekm888andtheAreainfluencedby

exはVationhasbeeninv鶴tiptedJl～S)

DuringexcavationofcaVe8andtuJuelJSd館ptln-

dergroundorinmountains,theinitialr∝kpre88uZe
withintherockma88i8relea8edandthe8tre卵in

thetxdrockaroundtheunder耶 umdcaveOrtuJuel

i8redistributed.KnowiJlgthedeg柁etOWhich8treB8

i8COnCentratedinthe8idewallsOfanunderFOund

caveortunnelby8uChredistributioni8important

froma88fetypointofview,andmuchresearchon

thistopicha母alreadybeencompleted6卜 9l

ThefraCttLremeChani8mOfrtnkin8mOOthbla8t･

ingi8nowknowntobeaJifollowB.First,AC108ed

cracki8generatedinanadjacentholebythe8tre88
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wavefromtheblastinitiallydebnatedinthebore-

hole.Next,thisgene柑tedclosedcrad⊂i8developed

bytheblastintheadjacentholeandafracture

8urfacx!iBgeneratedlO).EAtBuyamaetal.川clari･

且edtheeqectoftheguidehallinSmoothb188ting,

andYamaguchiandShimomuraI2日 3Iexecutedan

experimentdmodelandpveittheoreticalcon8id･

erationfromtheviewpointoftheStateOfthe8tatic

8tre88.Moreover,boringAnddetonationaccuracy

tocontrolthecrackhaveimprovedinrecentyears

duetotheadvancementorteclmologyl州 7).How-

ever,untilnow,explanations0fthe8m∞thblasting
mech8ni8mhavenotcon8ideredtheconcentration

of8tre88insidethe8idewAnBarOtmdthetunnelthat

originAte8fromrockpre88ure.hparticular,the

eErectofthedistributionof与tre88aroundthebore-

holei8undearatpresent.

ThepurposeOfthisresearchi8tOelucidatebw

thedi8tribtltionofBtreBBOriginatingfrotnrock

pre88ureintheareaaroundtheboreholeaqeCt8

Crackpnerationwhenblastingattmnel.We丘rst

performeda8tre88analy8iBOftheareaaroundthe

Smoothblastingboreholeontheexpectedfractwe

line.WealsoCarriedouttestbla8t8thatwere

a88umedtheboreholeforBmOOthblaSting,andthe

generationandp相即 880fthecrad亡WereCO血 med.
Finally.weeiJn血 tedabh8tandobservedthecrack,

thencomparedthemwiththereBult80ftheteBt

bl88t8.

2.Stressdistributionaroundasmoothblasting

borehole

2.1Cond'肘onsofanalysjsandanabticalrnodel

Weemployedthe丘niteelementmethodtoana一

lyZCthedi8tributionofJitre88intheareaaJ'Ounda

8mOOthblastingborehole.FortheCalculation.we

usedthegeneral･purpo8e丘miteelementandyBi8

pro酢amANSYSin8tAlledbythecalculationcenter

attheTBukubaAdvancedCompudngCenterofthe

A酢nqyOflndtlBtridSdenceandTbchmlogy.

lntheaJVdyticalmodel.theblastholeJ3Otherthan

theboreholefor8mOOthb188tingontheexpected

fr83gAr tiTLeWereaBBumedtohvealreadydeto･
hatedimmediatelybeforethedetonationofthe

charyintheboreholefortheSmoothblastingin

thetunnelfromthe8ur血ceoftlleearthtoadepth

Table1PhyBicalpropertieoof的mplemate血 18
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1FimiteelementmeShe80fthemodel

of200m.
Acomplexvaluefortheinitidrock

pre88ureWa卓indicatedinvariou8placeB.
Inour

amlyBiB,
however,weexa
minedtwokindsOrrock

pre紬ure:Adeadloadintheverticaldirectionand

hydrtntaticpre88ureactingaBrockpreBBure.
We

AhoaBBumedthatthebedrockcomited00mpletely
ojgrw
ite.Thble18how8thevariouevaluesOfphy8i-
calproper
ties0fthemateriah.
TYLe丘血teelement

model(Fig.
1)wasdividedintoelementBwith

120.234no
desand59.
806elements.
Wetookthe

8hapeOf atunnelq棚･8 eCtiontobetheBanea8
thehr酢cm88-Sectiontunnelonthe脚OndTbmei-
MeiJBhin叩脚ay.

2
.
2Resuttsdanarysis
Fi伊.
28md3Showthem血u皿primipal8t柁88
diBtributionJl且 m
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(a)Bore

holeA (b)BoreholeB (C)BoreholeCFi82S
tre88di8tributionofmaximumprincipal8tre88aroundaborehole(Adeadloadintheverticaldirec

tion)i I __-I(a)BoreholeA (b)BoreholeB

(C)BoreholeCFig.3StreB8distributionofmaximumprincipal8treS8aroundaborehole

(hydro8taticpre88ure)rtnf(boreholeB)andt

heintermediate8houlderpart(boreholeC)wit

hAdeadloadintheverticaldirec-tionandwithh

ydroStaticpre88ureactinga8therockpre88ure,re

叩eCtively.The8tre888howni8thetensile8tre88

inunits0fPaさCa18.Firot,therockpreB8ureW88take

naBadeadloadintheverticaldirection.AtboreholeA(Fig.2(a)).ateruileBtreBB

of5.64MPawa8匹neratedinahori2X)ntaldir∝tion

atthetopandbottomoftheborehole(pointsa

andb).Atboreholea(Fig.2(b)),5.45MPa

often8ile8tre88Wasgeneratedinaho血 ntddirectionat

thetopandbottomoftheborehole(pointsa'an

db').Inaddition,atboreholeC(Fig.2(C)),

aten8ile8tre88of3.05MPawasgeneratedper

pendicularlyAtpointsa"andb"alongtheexpectedfracturelin



Fig.4SdhematicdiaqamOft朗tbh8tOnplate8and
bloek8

prop

ertiesOfthe8amPles･3.2 Testmeth

odWecamiedoutteatbla8t80nPMMAplates(2

00mmx200mmX21mm),marbleplates(200mmX2

00tnmX23mm)and88ndBtOneblock8(300mmX300mmX3

00mm),Fig.48how8a8CheJnaticoftheexperime

ntaleq巾pment.Inthetest,Weused8且atjack

toapplyverticalpre88u托Ontheβideofthete且tSampl

e.Inthis8tateOfappliedpre88ure.ApreCiBedet

onAtOr10)卓etuPinthecenteroftheSamplewasinit

iated.Weu8edatdgh･叩eedcnmerAtocheckthegene

rationandprogrW 80fthecracksCau8edbythedeton

ation.Weusedcohr35-zzLnmmtaking26frameBata

8peedof2×10Sframe8/8(frameinter･valof5JL8

).Wealsoperfomedatestb188tWithoutaddedp

reB8ureforcompriBOn.Thepreci8edeto･natOrWasi血

tiatedwithanaccurAtely･controuedbl舶tiAgmAdhinemad

etvNipponEhyakn KK,andthehigh･8peed租meraWe

usedwastheModel124FramingCameramadebyC

ordin.Tbjudgethevalueofthep托88u托app

hedwitha且atjacktotheBideofthete8t8anple,

weusedamateridtestermanufactllmdbyMrs,a

nddeterniJndbeforebndtherelationshipbetweenp

re88tlreandJitrain(Fig.5).U8iJlgthisZelationBh

ipthepreBBuZeVduewa卓obtainedfromtheam

ountof8trainontheteatSampleduetopre88uri

2KBd88tjack.Strainw88meaeuredfromapointof

30mmawayfromthecenteroftheborehole.3.

3 FbsubanddlscussionFromtdgh-8peedcameraphotographsOfかaCtu托 0･200ー･400l-

-亡'B.600-800-10000 5 10 15

20×10･OFig.5Relationbetweenpre88

ureand8trainpw 88duringbhetinginaPMMApht

ewhentherew88nOpre88ure(Fig.6),wecanob
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FiB6High･8peedcameraphotograph80ffractureprue88duringblastinginaPMMAplate
(withoutpre88ureOntheβ

ideoftheSample)50JJ8 7

0JJ8Fi



(a)Withoutpre88ureOnth
eBideoftheSample (b)Withp

re88ureOf5MPaFig.9Photographs0fmarble
plates8氏erbla8tingSiヱe:200mmX200mmX23m

m(a)Setupphotoqaphof8and8tOneblockbeforeblasti

ng (b)PlanephotographFi且10Photograph80fth
ecoreneartheboreholeofa8andBtOneblockbeforeandafterbla8ting(withpre88ureOr5MPa)

Block8iZie:300×300×300,Core8i2ie:¢10

0.Length300.Unit:mmtheblockandtheplate.Furthermore.avert

icalpreJIBureOf5M

Pawa台appliedtothe88nd8tOneblock.Allofth

eabovere8ult8COn丘rmexperimentallythatprt!8

8uJYaPphedtDPMMAplates,marbleplatesand

8andetOneblocksaqeCtBthegenerationAnddevelo

pmentofcrack8.andth上thecrackBappearandprog

re88inthedirectioninwhichthepre88urei8appl

ied.4.Blastsimulation4.1 Conditionsofan

alysisandanalyticalmode一WeperformedablastBi



useddynamicetrengthforcompre88ive8t柁ngthand

tenBile8trengthwhichbecamettlejudgment8tan-

dardforcrackgeneration.Tablelli8tathevalueB

forvariouBphysicalpropertie80fthematerialB.

Tbfindthedynamic8trength,wefir8tu8edre･

8ultBOfthebh8tingteatOnaPMMAplatetoobtain

theStrainrate(;=7.37(1/8eC))upondetonation.

WethenmeasuredthedynamictenBile8trengthby

amethodba8edonHopkin80n'8effect.Inthecase

ofmarble,wewereabletoobtainarehtion8hip

betweenthedynamictensile8trengthSdtandthe

Strainrate(;)thati8eXpre的edby

&-13.86;0･355 (1)

whereiiBtheStrainrate.Fromthisequation,the

dymi ctensile8tZenqthwhentheStrainratei87.37

(1/8)iB28.17MPa,whichiB4.54tine8theStatic

tensile8trength(6.2MP免).Be姐uSethedynamic

compre88ive8trengthofthemaJ.bleWABnotOb-

tained,AValue4.54time8the8taticcompreBBive

8trengthof301.39MPawa台&8Bumedhere.

Fig.128how8thechJlgeOfthepre88ureaccord-

ingtotimeduetoadetonation20),actingonthe

innerwallofaborehole.血laly8i88how8thatthe

re8ult80fboththeexplo8ionexperimentu8ingthe

PMMAplateandtheBi皿ulationcorre8pOndtothe

I.l.,I.-1..:'it=窪鉦 二̀.

(a)10〝8 100

0

80

0貫 600■ll■1-▲
O｣

≡.a40

020

0 50 100 15

0Timclps) 20

0Fi且12Thepre朋ureformationduetobla8tingin
aborehol

e姐 owimgequation

:P-P.(e-16000L-e~3榊 h) (2

)wheretrepre8entStine(FLJ))aJIdP｡iB1,042Mph.

4.2 Resultsanddiscussio

nFig8.13and148howthe8imulationresultsfo

rthegenerationanddevelopmentofcr8CkBwithn

opre88ureappliedandwithaVerticalpreJ38ureOf

5→ ､ ●●■.十I.リ.I.一.一一;∴,I.･'r-/'lJ...J....l一

一■(b)25

LL8Fi813Simulationre8ultforthegenerationanddevelopmentofcra

ck8(withoutpreBStlreOntheSideofthemod

el)(a)lops (b)25FLB



MPaapplied,respectively.Inthecaseofmopre8-

8ure,WeOb8er･VethatradialcracksWeregenerated

amundtheblasthole,andthat25FLO8氏erthedeb-

nation,thecracksCOntinuedtoprogreSBradially.

Wh enaverticalpre88t)reOf5MPawasapplied,

radialcracksWereinitiallygeneratedaroundthe

bla8tholeintheBaneWaya8WhennopreBSureWa8

applied.And25118afterdetonation,theybecame

onelongcrackintheverticaldirection.

5.Conclusions

Weperformeda8tre88analyeiBintheareaaround

a8m00thblaBtingboreholeontheexpeetedfracture

lineofatunnelinordertodari&theeqectofrock

preB8ureOnCrackgenerationduringtunnelbla8七･

ing.Weal80Carriedouttestbla8t80nPMMAplates,

marbleplate8and8and8tOneblocksWhichwere

a88umeda8aboreholeontheexpectedfracttJre血e

inthetunnelunderinitialr∝kpre88ure.Inaddi-

tiorhWemadeanum erical8imulationofablastand

comparedwiththere8ult80fthetestbla8tS.We

obtainedthefollowinginformation.

(I)Thetensile8tre88Wa8generatedaroundthe

boreholebytheeffectofinitialrockpre88ure.

Moreover,aroundtheboreholeintheSidewan

andintheShoulderpartofthetunnel,i.e.the

intermediatepointbetweenther∞fandthe尽ide
wal1,tensile8tre88Wa8alwaySgeneratedverti-

CallywithrespecttOtheexpectedfractureline.

However,aroundtheboreholeinthemofoft.lle

tunnel,thepoeitionwherethetensile8tre88W as

generatedvarieddependingonthe8tateOfthe

rockpresSure.

(2)There8ult80fthete且tbla8tSusingplatesand

blockBClearlyindicatedthatcracksWeregener-

atedand8preadinthe台amedirectiona8the

appliedpre88ure,andthattheinitialStre88in

theareaaroundtheboreholehadtheeffectof

creatingandlengtheningαack8.

(3)There8ult80fbla8tSimulationShowedagood

at汀eementwiththeexperimentalre8ults.
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トンネル発破時のき裂生成に及ぼす地圧の影響

丁 佑鎖●,歌川 学♯,緒方雄二⇔,瀬戸政宏.',

勝山邦久….三宅浮巳暮,小川郷繁●

トンネル発破時のき裂生成に及ぼす地圧の影響を明らかにすることを目的として,トンネルの破断予定

線上に設けたスムースプラスティング用装薬孔周辺において応力解析を行った｡また,初期地圧を受けて

いるトンネルの破断予定線上の装薬孔を想定し,PMMA板,大理石の板および砂岩のブロックを用いた発

破実験を行った｡さらに,き裂を考慮した発破シミュレーションを行い.文教結果との比較を行った｡そ

の結果,初期地圧の影響によって装薬孔周辺には,引張応力が発生することが分かった｡また.トンネル

の側壁および天盤との中間点である肩掛こおける装薬孔の周辺には,常に破断予定線と垂直に引頒応力が

生じているが,天盤における装薬孔の周辺には,地庄状態によって引張応力の発生位匿が異なることが分

かった｡また.板およびブロックを用いた模擬実験を行った結果,圧力の影響を受け,加圧方向と同じ方

向にき裂が生成および進展し.装薬孔周辺の初期応力状態が発破によるき裂の生成および進展に影響を及

ぼすことが明らかとなった｡さらに,発破シミュレーションを行った結果,実験結果と非常に良く一致

し,正確な発破シミュレーションが可能であることが明らかとなった｡

(●横浜国立大学工学部物質工学科 〒240-8501横浜市保土ヶ谷区常盤台79-5

I産業技術総合研究所地圏資源環境研究部門 〒305-8569茨城県つくば市小野川16-1

…愛媛大学戯学部地域環境工学科 〒790-8566松山市椿味3-5-7)
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