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Attenuationofbla8tWavesbyawatercolumn

Dong】oonKim◆.ⅥIBhioNakayama●●,TbmohruMat8umura～,KenOknda仙,

At8umiMiyake'',Tbru8higeOgawa'',andMa8atakeYoShida''

ThiBpaperdeSCribe8theattenuationofabl88tWavebyawatercolumn.肋 rawatercolumn

hadbeengeneratedbyapreviousunderwaterexplo8ion,ab188tWaveWa卓CausedbythedetorLa･

一ionofahighexplosive.Thebla8tpre8Stlre叩a88ingthrough thewatercolumnweremeasured

u8ingpiezoelectricgauge8.There8ult8howedthatpeakoverpre88ureand8CaledimpulseWere

reducedbyabout90%and80%.re8peCtively.Itwa卓COnCltldedthatthewatercolumneuectively

attenuatedtheblastWaVe8.

1.Introduction

Onewaytoreduceb188tpreS8ureistoplaceob･

stacleSbetweentheexplosivesourceand8truCture8

thatrequireprotection.SeveralStudie8havebeen

conductedoTltheattenuationofblastwavesusing

waterob8taCle8,SuchaSWaterCurtain8 L).aqueous

foams2)3)andliquidSheetsl).However,theattenu･

ationeffectsu8ingthe8etechniquesareestimated

toreduceoverpre88urebyrelativelyle88than20%
Ormore,

ThispaperfocuBe80ntheu8eOraWaterCOlumn

asanattenuatOrtOpreventbla8tWavedamage.1b

reducetheinten卓ityofthebla8tWave,iti8neCeS･

SarytOincreasetheden8ityofwater8prayedinto

thespacethrough whichthebla8tWavepa88e8.A

watercolumngeneratedbyanunderwaterexplo-

sionwasSelected.Thi8techniquecancreatehigh

waterdensityaroundthemainexplo8iveSWithin

severallmndredmicro8eCOnd8.Thepre8entStudy
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aim8tOinve8tigatetherelation8hipbetweenthe

behaviorofthewatercolumnandtheattenuation

effectontheblastWave.

2.Experimental
2.1 Thebehaviorofthewaterco一umn

Figurel山uBtrateStheexperimentalarrangemerLt

forme88urlngtheheightandwidthofthewater

column.A8mauCharge(1g)ofexplosivewhichcom･

prisedof70wt%pentaerythritoltetranitrate(PETN)

and30wt%ofBiliconrubber(KEIO.Shin-Et8u

ChemicalCo.Ltd.),wasusedforgeneratingthe

watercolumn･Theaverageden8ityofthechrge8

wa白about1300kg･m3̀･Theexplo8iveforgenerat･

ingthewatercolumnwa貞Settledinapl88tictank(

¢570mmXH450mm)filledwithwater,andwa白

8ittlatedatadepthof130mmfromthewater8ur･

face;theaxi80fBym metryWa8thecenterofthetank.

Theexplosivewa8initiatedbyadetonatororthe

EBW(explodingbridgewire,RP･501,Reynold8In･

du8trie8Inc.)type.Thebehaviorofthewatercol･

umnw88analyzedusingahigh-8peedvideocamera

(RedlakeMotionScopePCIModel2000).

2.2Measurementoftheblastwave

ThemeasurementBy8temforthebla8tWavei8

81BOShowninFig･1･The9どofmainchargethati8

the88meChargeforgeneratingthewatercolumn.

wa合卓etdirectlyabovethewatertank.Themain

explo8ivefortheblastgenerationmustbedetonated

afterdetonationofthewatercolumnexplosive.In
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thisWOrk,thedelaytime(td)iBCOntrOIIedbyadigi･

tatpu18egenerator(DG･535,StanfordResearchSy8･
tem8,Inc.).Thepre88ureOftheblastWaveWasmeal

suredu8ingtwopieヱOelectricgauges(H102A12,

102A12,PCBPiezotronics,Tnc.),whichwerelocated

atthe母amediぬ nceofO･6mfromthemainexplo･

Bive.TheblastwavehistoryVerBuBtimewasre･

cordedusingadigitalwaveformrecorder(Sony
TbxtronixRTD710A).

Theeffectofthedelaytimeonattenuationofthe

blastpre88ureWasinveBtigatcd.Iti畠COnBideredthat

changingthedelaytimewouldalsoChangethewa･

terdensityaroundthemainexplosiveandthere･

fore,WouldinnuencetheattenuationofthehlaBt

preSSure.Inthi8Study,thedelaytimewasβettO10,

50,100,150and500m8.

WalcrCo一umn
DiamctcIOfcoJumn

Ll 50Tn -4 0･6mJFig.1Experimental8etupOfwaterSurfacerise

andforblastWavemeasurement3. Rosultsand

discussion3.1 Thebehaviorofthewatercolumn

Figure28howSthephotographicrecordsOfthe

watercolumntakenbythehigh･8peedcamem.It

i8foundthatthewater畠urfacehasahemiBpherica1Sha

peattd=10ms.ThegTOWthofthedomemaybeconsideredtobecausedbytherenectionoftheshock

waveatthe8u血ce5).Thegasbubblethenmakesthe

hemiBpherica1ShapechangeintoawaterCOl-umn.

Figure3ilIuStratCStheheightsanddiametersorth

ewatercolumnsobtainedforeachdelaytime.It

.iBfoundthatthediameterofthewatercolumniBth

ewide8tWhenthetimedelayiBabout100m臥Thebehaviorofthewatercolumnissuppose

dtobecon･trolledbytheoppo8ingforce80fgravit

yandairre･8iBtanCe. (a)td=10ms

(b)Ed=50

ms(C)td=100ms (d)td=150ms

Fig.2Photo訂aphicrecordforwater8urfaceriBeat
(a)td=10mB,
(b)td=50m8,
(C)Ed=100m8,
(d)td=150ms.
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3Heightanddiameterofwatercolumnver8u8
time

3
.
2AttenLJationofpressureandimpulse
Figure48howSthebla8t'waVehiStOrieSVer8u8

timerecordedwithandwithoutthewatercoltlmn.
ItiSfoundthattlleblastintensityi8attenuated

whenthemainex plosiveiBdeto
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Fig.4Compari80nOrtheoverpre88ure･t ime h
i8tO･

rieS(Weigh torex plo8ive=0･
009kg)
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0 100 200 300 400 500Delaytimet

msIFig.5Non･dimen8ionnlpeakoverpre舶urean

dnon･dimen母ional8CELledimpul占eVerBu8delay

time(Weightorexplo8ive=0.009kg)impu18eratio

(/JJp)verBu8thedelaytime,whereP.,andPoa
rethepeakoverpre朗ureWiththewatercolumnandw

ithoutthewatercolumn,andiand/oarethe8Caled

impul8e(theimpulseWhichi8prO･Portionalto

thecuberootortheexplo8iveweight)withandw

ithoutthewatercolumn.Whenthede･laytime

i8loom8,thenon･dimen8ionalpeakoverpreB8ureA

ndthenon･dimen8iona18Caledimpu18eare0.12ando.2).

Iti8foundthatwhenthediam･eterofthewater

columniBatitS訂eateSt,i.e.JILEd=)()0m8,thea

ttenuationeqectさarea180themostBignificartt.A

tthedelaytimes0f50and150m8.thepeakoverpreSSureandthe8Caledimpu18earealso
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owever,thesere8ult島COntainadegreeOre汀Or｣tt

i8888umedthat仙ewater∽lumndidnotremainuniform

.evenifithdbeenuniformatthebeginniJlg･lLi8

foundthatthewatertankexpand8and8hrink8888

howninFig.3.Thi且lackofurlifor･mityoftlleW

aterCOlumnmayhavebeenduetothedeformationoft

hetank.WhenthedelaytimeisIOmB.theattenua

tioneqect8arele88eVident･Thisi8probablybec

au8ethewatercolumnwasnotCreatedintimetobloc

kthebl舶上Wavebmthemainexplo･宙ive.Afterthe

delaytiJnebecomes150ms,i･e･ia=500m8,th

eattenuationeqectBbecomeleBB･Thi且i8probablybecause

thehigh･den8itypartOfthewatercolumnp脚 e日thr

oughthepointorthemainexplo8ive.ABaresult

.itiBfoundthattheBetOrthedelaytimei8deepl

yconnectedwiththeattenuationef･fectB.ltiSCOnBideredthatthewater

columnden･8it

yhasaStronginfluenceonthede酢でeOrattenu･at

ionorthebla8tWave.4. conclusionsThi8pape

rde8Cribe8theefrectBOfawatercol･umnonthe

atlenuationorbla8tWave白Createdbythedetonation

orallighexplo8ive.Thepeakoverpre88ureand

the8Caledimpu18earefoundtDbere･ducedbyab

out90%and80%.re叩eCtivelywhenthedelaytimei8100mB.lti畠COnfirmedthatawater

columni8OneOfthenoBteffectiveattenuatorsor

bla8tWaVe8. ReferencosI)C.A.Woodhead,J.A.Foxa
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eonpre88ureSurge8.PaPer
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.HaZ･ard.
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