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UnderseaBlastingforHonshu-Shikokn BridgeRoute
byElectromagneticFiringMethod

bytkuoFUKUYAMA暮.KeiichiroTANIGUCHIJt+

Ma与80YAMASHITA●■+wdMas8ShiNAKANO++■●

Aserieso1largeSCdetJndeTS飽 bhstingoperAtiorLShzLSbeencoTTIpletcdalKoji皿a･

S血 ideBridgeRouteorHonshu･SttikokuBridgeAuthority.whichisoneorthebig

civilengineeringprojectinJAPtl.ThetechnicaldiqlCuhiesfacedintheseblastingworks

werethedepthorthesea.ther叩idtidalctJrreTItandthepro7EimityoroilplantWhich

tneantFoundyibrationlmdLobeminimised.h particular,theconditionsatpier6P

necessitatedetnploylnentOfAnelectromagneticfiringmethod(E.F.M.).hthisp叩er,

theauthorsdiscussthedeyelopmentortheE,F.M.eTnPloyed,Andtheautualrleldpro･

cedureused.TheresultsfromrleldmeasurementWereillgoodagTeementwiththoseez･

pettedonthebasisofthcoreticaIcnlculaLiorL乱TheunderseAb18Stingopemtionwassuc･

ceSSfullycompletedwithoutAnyproblems.

1. 1ntroduction

lnJapan.WeArenowWOrkit)gonAbigcivilen･

gieeringprojectHonshu･ShikokuBridgeRotJte.

Threeroutshvebeenpropsedtoconnectthe

HonshumainlandtotheShikokui818nd,zLndthe

KojimA･SAkaideBridgeRouteisthemostimportant

mongthem.Thisroutecrossesoverthetlisan

Straits(9.5Km)fromisletloisletbyelevenbridges

89ShowninFig.I.

Though underseAb189LirLgWOrkisnecessLarytO

BetthesuqlCienLbedngpweronthebed-ockto
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supprtthebridgestructtlreS.itisverydi爪cultto

performordinaryblastingindeepseavaterandrap-

idli°e.Insuchcases,dieelectT･Omagneticrlring

method(E.F.M.)isyerytISeful.

TheJluthorsconcernedirkextensivebl舶tingwork

usingtheE.F.M.AlthepiersiteoEtheSouthBisaJl-

SeloBridgeRoute,thesouthernmostbridgeonthe

Kojim8-S8hideBridgeRoute.IrLdlispaper.the

designortheunderseAblaSdngworkbyE.F.M.,

thec8lcuhtedresultsbasedotHheelectromagnetic

theory.Andtheprocedureofthe鮎ldwork8J･ede･
scribedASAhistoricalcaseof8CttJAlremote-Controll-

edfiring.

2. CircLJmSt8nCOS

TheSouth BiSAn･SetoBridgeisASuspension

bridge.thehrgestonthisrot)te.Thescaleofthis

bridgei88Sfo1lowS:thespanlengthis1.loom;the

heightorthemaintoweriS195m;theheightofthe

bottom ofthemoorfromthesealevelis65m;the

diaTneterOrthemAinwireropeisl18cm;thebridge

isadoubledecker.theupperbeitlgafour･lane

carroadAJldthelowerAfour･18rLetrainrailroad.

Thesouthernpierofthisbridge,named6Pin

Fig.2,islocatedintheseverenaturalcircumstances

inthAlthemiLXimumtidalcurrentreaches3.5kT)OtS

Andthedepthoftheseais32Tn～34m.AlhJViA1and
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Fig.1 PlanofKojima-SakaideBridgeRoutedil

uyialfornationsIiewith athicknessoflOm～Ismunderthesea,A

Jtdthegmnitebedrockisbe-neaththem.

Thepier6Pisformedbya瓜isson38m(NS)×61m(

EW)×55m(height).Tosetthecaissonnat,and

onthehrdbedrock,theoverburdenandtheeroded

granitemu専lbedredgedout.ttwasplan･nedtha

tthebottomofthecaissonwouldbefacedin

thephncof-50mfromtheseaIcbelandthebusting

&rcAWOutdbe48tnx69m.givingasurplusspce

ofsevemJmetersaroundthecaisson.Undertheab

ovecircumstances,itwasdecidedtoapplythe

overburdenbl舶tibgmethodaJldtheE.F.M.aftertheoreticalcon

siderationsand preliminaryexperiments.Inthis

blastingwork,8Seriousproblemwasthatanoilreliningplantholdingmanyinstallations sensitive

togroundvibraliorLW8SIocated8tAdis.tanc

eof600～ 700Tn血omthe6Psite.Torestrainthegrou

ndvivralionattheAbovererlningplanttOlessthan2Lines,thebustingareaWAS

diyidedinto21lots.

asshowninFig.3.3. Designl

ngOfE.F.M.3.1StrewthofmagneticfieldTheb

lasterL814Wconsistsof8pick･upcoil.afiringc

ondenser(C=20vF+)andAnelectricswitch.Whenthis

bl也sterissetinAnalternatingmagneticfield,an

electromAgneticforceisitlducedbetweenthetermin

alsofthepick･upcoil,AndthisforceisrectiEi

edtoD.C.andchargedintothecondenser.The

abilityofLB･4Wis65V/AT/mandittakesabout

90secondstoreachfullcharge.though iti

slimitedto31VelccLricAIlyinpractice.Ontheothtrhand.2,4m
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3B18Stingp山tcrn.

todetomtethecapEDX･2.
Fromtherelationof

Q=CV3/2,t
heyoltageVch8fgedinthecondenser

mustbemorethan15.
SV
.
Takingthesafetyhctor

of2,
thenecessaryYOltagebecomesover31.
OV.
Accordingly,
thestrengthofthemagneticrteldact-
ingontheblasterisgivenas31/65=0.478
AT/m.
3
.
2Dimensionsofexciting

loopsWhentheself･elevatingphtforn(SEP)worksto driulhcblastingholesAtthecornersofblasti

ngarea,thelegsoftheSEPoq･Setabout12mfr

omthearea.Topreventtheloop也blebeingcutordam

･agedbylegsoftheSEP.AndcoverthewholeblaSt･

ingAreAbyAloop,theexcitingloopisreqtJiredt

obe80m〉く120m.But,consideringthecapacityof

theelectricsourceandtheimpedanceoftheloop,

itseemsSomewhatdiErICulttokeepthesafet
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(H))or2.Therefore.thebhslingareaWASdivided

intotwoprts.(I)isthesouthIineblock,(II)t
hecenterAndthenorthlineblock

stogether.FortheformerAnexilingloop(I)

or60m)く120mwasused,Andfortheutter8loop(I

I)of67mx120m.3.3 Magneticfjeldbyexcitingloop

(in8ir)Exciting)oop(I)waslaiddownonthes

eabot･tom,whichisSlightlyunevenAnddips

tOthenordl･west.Theactualsh叩COftheloopisshowninFig. 4.Thedepthofthehopcenterwas-3

3mAndthepositionoftheblasterwasAbout-45m.

ThenAg･neticfieldwascAlcuI8tedbyuseOfACOmp

llter.Fig.4showsthedistributionortheyerticAl

mag-neticfieldiTltheplaneOr-45m

(H.)whichisex･presse

dinthemtiototherleldH.斗(I)at一hecenterortheloop.H.33(I)iscalculatedAS

HdJ(I)=0.011



TheleaststrengthofH書intheblastingareaap.

pearsatthesotlthside･ccnterportion,whereH.-

0.82H-33(I).

Simi1arly,Fig.5showsthedistributionofH書/

H.33(ⅠⅠ)forloop(ⅠⅠ)andtheleastStrengthzLppearS

nearthecehter,where

H--0.89H,33(lI),and

H.33(II)-0.0109Nl(AT/m).

3.4 Attenu8tionbyseawater

WhenanelectromagTleticfieldisinducedinsea･

water,anattentionshouldbepzlidtotheattenuation

oftherleldbecausetheconductivecurrentinthe

seawatercannotbeneglected,though itmaybe

noaccountofLheattenuationinairorontheordi-

naryearth.lncaseofthccirctllarloop,themag･

rLCticfieldoccumnglnaCOnductivemediumhas

beenexplainedinapreviouspaper.)) lnoursitu-

ation.▲theConductivemedium(seaWater)islimited

bytheseabotbm,andthebl臥sterissetinthebed

rock,anon･conductivemedium.lnsuchacase,the

solutioniswrittenasfollows:

H3･-号IoA
211
1十Jが一点12

ezJo(pl)Jl(a)),之≦0.1)

Thesolutionforarectanguhrloophasnotbeen

H2ZIHz33

I.0a.50.00.5I.01㌦

PQ句 fゝJ'r浴 SII

l■ttrL Tj )d

Tt○e

k ′- -■Fig.6Verticalmagnetclleld
salongtheaxisoftheexcitingloops. completed,butithasbeenconfir

medexperimental-lythatthedistributionofthemagn

eticfieldbythecircularandtherectangularloop

salmostcoincidewitheachothernearthecenter,

providedthattheverticalmagneticfieldsatthece

nterofeachloopareeven.TheraditJSalOfthecir

cularloopcorre-spondingwiththeverticalmagnetic

f)el°H書3I(I)isgivenbyal=42.4mfromther

elationofHoe=NI/2a.1)Similarly,a2-45.

9mforH.33(tI)∴Fig.6showsthecomputed

resultsofHぉalongtheaxisofthecircularloop.In

caseofloop(I),2-12m,a1-42.4m,henceち/匂=0

.283,thenweob-tainH3.=0.39H.33(I).Inthe

sameway,forloop(Il),H2.

=0.36H.33(II).ThehighestdegreeofatLen

uationbythcsca-waterappearsatthecenterpartof

theloop,sothatitissuWICienttomakesureofth

estrengthofthemagneticfieldatthe

centerohhcloop.3.5

ExcitingcuorrentFromtheaboveresults,theindu

cedverticalmag-neticfieldwithaminimumvalue

H2.atthecenterofloop(I)

canbewrittenasH2.=0

.39×0.0118×NIxヮwhere,ワisthechargingratioof

the丘ringcondens-er,andittakes90%for60seco

_nds.TakingN=3,H3.becomesH如-0

.0124･J(AT/m).ItmustbeH3.>0.478(AT/m),

asabovemention･ed.WegetEinal

ly,tl>39.8(A).SimiIar

ly,forloop(II),H如-0.36〉く0.0109x3･ZxO

.9-0.0106･t(AT/m),

andZ2>45.1(A).4. Underseablastingwork

4.1 PreparationsSomepreparationswererequired

bcforetheblast-ingwork.First,theworkingare

awasmarkedwithbouys.Next,theexcitingloopcab

lewaslaidontheseabottombyacable.shiptoma

kearectangleofabout80mx120m.Then,thecabl

ewasshiftedandLixedtoanchorsbydiverstom

akedimensionsof60mx120mloop(D.(Later,this

cablewasshiftedagainto67mx120mloop(ⅠⅠ)).

Aterminalofthetransmittingcablewasconnect

edtotheexcitingloopbyawaterproofconnectora

ndanothertermi･rtalwasledtothecontrolroo

m ontheseashore,wherethesourceofexcitingcurr

entwasset.Fig.7showsthesectionalfigures

ofboth cablesandFig.8theschematicarrangem

entofequlpmCnt.K8gy8Kayaku.Vol.45.No.
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r●W-YBrnHiTlにFjg.7叫 Seclionortheexcitingloopcable

(b)SectionofthetransmittitlgCable.Thecoincidenceofthetheoreticalcalcuhtionwi

ththeactualoutputvoltagewasconfirmedby

fieldmeasurement.Fig.9showstheobservedvolt

t嶋eSalongverticalboreholebelowthecenterofl

oop(I).ThevoILAgesofthebl臥sterat-45m

was4813undertheexcitingcurrentof57.

7Aand550hertZisuErIcienttodetonatetheca

pEDX･2.1nAddition,seismicdetectorsandpres

suregaugesE∃-一息 h.1 toc

heckgroundvibrationandwaterpressureWerearrang

edattwelvepointsAndthreepoints･4.2 Dr‖iq

andchrg事n9Thediameterofeachblastingholewas

146mmandthcbottomoftheholewaslocatedAl-4

5m.Theblastingholesweredriuedby6一̀Wellman"b

orirLgmachineswhichwereequippedomtheSEP,andt

heholeswereprotectedbyhardvinylpipes.ThedynamitefortJnderseAblast

ingGX･lwascomposedor50-70%NG･gel.15-20%A

mTnOniumnitrate.10-20%bariunsulphte.andothe

rm&te･rills.ltwaspackedinurLitsof2Kg,

andthe血 m･eterwas76mTnandthelength335mm.At

thept･ternsofNo.1,4,6,7,thechargeswereSong/h
oleandtherestwere20Kg/hole.Theprime

rdynamiteconsistedofthebl&ster,thecapEDX･2,25gtetr
ylastheboosterandthe2KgGX･lAndWZLSAtt

hetopof
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●BBtJre-T8blo1 DataOf

blaslings.No. Date Numbe〇一holes Cモ芸rgg)eS

MdLX.tinesatS41 NoV.12

.1980 12 360 I.542 NoV.20.1980 12 360 0.98

3 NoV.30.1980 12 360

0.974 DeC.9.1980 12

360 0.695 Dec.18.1980

24 480 0.776 Dec.27.

1980 24 720 0.987 Jam.12.1981 24 720 0.92

8 Jan_22.1981 36 720 0.

919Jam.30.1981 36 720

0.84lO Feb.14.1981 36

720 0.98ll Feb.22.1981

36 720 1.ll12 Mar.4

.1981 54 1080 1.5713 Mar.13.1981 54 1080 1.27

14 M肌 23.1981 54 1080 I

.4315 Apt.1.1981 54 10

80 I.5916 APT.12,1981

36 720 I.1917 Ap√.21.1

981 54 lOBO I.58l8 Ap

L30.1981 54 1080 I.3819 May.9.1981 36 720 I

.5020 May.17.1981 54 1080 I.7921 May.26.

1981 54 1080 I.35rooEELWasSwitchedonandth

eexcitillgCtJrrentOr5500hertz爪owedtothel
oopby56A･57AurLderthetJSuAlconditions.AAer60

seconds,theswitchwasopen

edandallchrgesrLredatonce.Accordingtotheexpe

rimentalresults,theirregul8rilyoffir.ingtimewaslessthn1ms. AfterthecoTTIPletionofeachbusti

ng.theresist-anceofthecables.insulationresi8tAnCCbetwee

nthecablesAndthescawaler.andtheotJtPulvo

ltagesoftheblaSteratthecenterortheloop

(seabottom)werechecked.TotaltwentyonebI8

StingswereczLrriedoutinthiswayinlhcordershow

TIinFig.3.TableIshowsthedAtAOft

hoseblaStings.Theworkwascompleted88tisfacto

rilyinaboutahalr･yeArwithoutarLytroublesACC

idents.5. Conclusion8WhentheeleclroTnAgnelic

rlringmethodisusedinthesea.theAttetluAtion

ofthemAPeticrleldcausedbythe8eAWAtCrisver

yimportant.Infact.theeqectorthcSeaWatCrtOth

emagneticfieldwasrelatedmcarlytothesqtJ8r

eOfLhcmdiu80(theexcitingLoop.andtheintensityofmagneticfiel

d,i.e.outputorthebuster,droppedto36-39%or

lhAtinAir.AStheexcitingloopwasCOnSidemblcurge

ittthisrield.lth88beenestJlblishedtobrecaS

tthedistributonofthemagneticrleldbythe

theoreticalcAtCuhtions,Andlhcbothresu)tsofcAl

culationBAndthel)eldmeASurement8WereingoodACC

Ord.SOWeCouldACCOmplishthisworkwithconr

ldence.AndAllblaSt･lngSwerecompletedstJCCeSf
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電蛾鼓導起爆法による本四橋水中発破工事

福山都生事, 谷口敬二邸●●

山下理堆暮暮暮. 中野堆司●+++

El本の庇大土木工群の一つである,本州四国連絡横工中の児島-坂出ルートの水中苑虹 称

が終った｡この水中尭鼓工事では技術上の無間として.水中発破施工喝所の水深が深いこと.

瀬光が速いこと,発破現場のす(･近くに石油括製工場があり.発破の振肋を叔中限lこすること

がとりあげられた｡

特に6P地点では砲屯済専決による水中発破を採用する外はないということとなった｡喝斑

傭萄発破法を開発してこれを英際の工事に用いた佑巣を記述し.理妙計井と施工上の勝間燭と

が期待通りICあり.しかも水中発破は魚群成功をおさめたことを租借する｡

- Jβ- エ恭火燕協会肪


