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ExperimentalstudyontheattenuatiOnofblastwaves

byawaterlayer

● ●● ●●
Dongi00nKin,YoshioNakayama,TomohaJtLMatsumura,KenOkada,

●
AtsumiMiyakc,TTerushigeOgawa,andMasatakeYoshida'●

lllePresentPaperdescribesdleretadonshipbetweendlethicknessofawakrlayeranditsa仕en旧IioncWectonb)ast

waves.¶leblastwavespassingth)udIthewaterlaycrweremeaSuJd usingpiezoeLecdcsensors.TllCreSuksshow

thatFd ov叩TCSSurCSandscaJcdimpdseswcrc rcduccdbyapproximah:Iy97%ad 87%,resFW iv吋 alascaled

depdlO川 ･3m･kg-Ln･ThewalCr)ayeriscon丘mcdtot氾eXtrCmClyc触 iveinattentJatingblastwaves.

TheimpedancemismatchmedlOdlVaSemployedinordertoestimatetheb一astwavepsstJre.ItwasfbtJrtdthatthe

blastwaveprcssuTC00uldbeestimatedbytheimFd ancemismatchmethodforsea)eddepthsdccperthan4m･kg-Jn･

1.lntroductio【

InrecetltyeaJS,duetothehousingsituationandthehjdl

mtcofindusldaldcvcIopment,theinstan∝sinwhichhidl

cneTgCtjcmatc血lsaJt:StOTCd,tramspoTledandconsumedTTCaT
rcsiden血ldisdctshavebccnincTCaSlnginJapan.lfan

a∝idenlom instJChanarea.theblastw aveTeSUlthgbm

aJlexplosionofcncl酢ticmatcn'als00uldcatJSeSCriotJS

也magetostnJCILJTCSaSWellaslossofhtJmaJllilt.TTlLJS,a

b砂crdegreeorsafctyisIquild wheTH JSinBCnCTgCtic

matedah,asisamoreeffectivemclhodfurattenuatingblast

wavesinthecvcntofanexplosion.

nepresentstudybcu虻SOntheapplicationofawater

ob血deasapokntiaJattentJatOr.Severalstdicshave

examinedontheatlenualionofblastwavestJSlngWater

obshdes,forcxamp]C,viawatersprayu2)0-aqucoLLS

fmms3)1)iHowever.these ledlniqucsare cslimalcdto

attcnuahttheovcrprcssurebylessthan20%.neTehavealso

txenantlmberofstudiesonthetJti]izatiorLOfwatercurtains)Gl

andwaterenclosedinanelasticshe117),whichhavetxcn
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showntOTduccoveTpreSSurCbymorethan50%.Basedon

thcscpreviousstudies,itjsLhoudltthatasthedcTtSityofthe

waterobstacleinc7℃aSCSthea仇entJatjoncffbctaJsoinm s.

TllLLS,thepnsentsttJdybcl岨措OntheLJSCOfawaterlayerin

oTdcrtopTCVTntblas(wavedam喝C.TlledeTtSityofthewater

layeris1000kg･m-3whichisthehi紳 dcnsitytnssll)Iefor

awaterdbstacle･hLhcprcscntstudy,inoTdcrlot'nvcstigatc

tJICattCntJa血neqectofthewaterlayer,undeTqter

explosionsweZCpeTbmcd･Ho叩VqVC77)itdet'nfonnadonA)

isavaitablconairblastshmundeTWatCrCXPlosiorLS.Inoldcr

topredictdleeqtCtSOfwaterasanattenualor,moredatais

TqtJiTd onairblastcffbcbundcTVaTiotJS00nditions.¶lC

presentSndyisperbrrTd inallahmpltoinves暮iBak the

Rlationshjpbetwccnthewate-dq)thandthea此nuatjon

effectontheblastwave.

2.Experiments

2.1Blastwavepressurein触eair

¶lCfiTSttestWasPerfbrmcdin触 airinordertoobtain

standaTddata･Figurelshowsthecxpedmentalsetupin触c

air.¶eexptosivc(po:1300kg･m-3)uscdinthisstudy

was 00mprisedof70wt% pentaeTytJtdtolte的nibatc

(PETN)and30wl% siti00nrubber(KE10,Shin-bu

C71cmicaLCb.ud);lhcLatterservedasabindertocontTt)l

thestlaPCOftheexplosivcs.Thewei91tOfexplosivcsranged

bmO･01kgtoO･12kg.TllCCXPlosivcsandthesensors

weretnthloated1mhmanetshaped爪∞rsu血cc.TllC

cxplosiveswereinitiatedbyawircCxplosiontyTXdetonator

(Rp-501,ReynoldslndtJStTicsTnc.).
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b)UpperviewFi81 ExpcdmentaJschJPin触cair

Explosivc(PETN/SR

=70:30wt%)F払2 Expedmcntdsetupwitha

waterhycrTbcblastpressurewasmcaLSd byttll
耽 Piezcc]echicsensorsQ'cB】02A12),wMchwcrclomtCd0

.6,1.2andl･8mhmtheexplosive,rcspccLive)y.T

bcblastwavepTeSSLmVeTSuStimeⅧ rccordcdusingadi

由taJwavcfomlrecorder(SonyTextrDn

ix,帆 710A).TlleblastprcssuJCWasmCaLSUrCdbythee

piezcclccbicsensors Q'cBIO2AI2),which WCTCloaIcd0.

6,1.2aJld1.8mbmdleexplosive,resFXdivcly.TT

leblastwaveprcssurcvcTSuSdJTkWasl∝OrdedtJSingad

i由taJwavcbmlrecorder(SonyTextTt)nix,

Jm 7IOA).2.2BhstwarepressLJre斤omanunderwa

terexpJosionTT]ese00ndtestwaspcrformcdwithawaterh

ycr.Figure2ShowsdleeXperimerLtalsettJPOfthetJndeJWat

Crexplosion.¶leCXPlosivcswerelo現tedO･I,0.2,0.3.0.6
,0.8,0.9,‖ and2･lmbelowthewatersurfhcc.Tb

cchaI野WeightwasconstantaIO･0095kg･n eairblastpressu

resTtSulLing斤on dleLnderwatqexplosionwasrr雌 uTed
byascrLSOrO)cBIO2AI2)lou 0.78mabovethewaICr



3.2AirblastpressLJreS山ththewaterlayer

Figurc4ShowsdlCblastwavehistoriesrecodedwithand

withoutawaterlayer,aladvLrgCdcpdlOfO･lmanda

scTtSOr･tOq losivcchaJP distaTICeOfO･88m･TTleblast

intensityisdearlyattenuatedasaresu一tofthewatertaycr.In

Fig.4,iLwasalsofotJndthatthetimedufationofblastwaveis

muchlongcrinthepresen∝ofawaterlayer.TTledcay

shpcoftheblastwavepressurts passirLgthroudlaWatCl

layerdiffershmttlatOfblastwavepressurespass]ng

thJt)ughthcaironly.TTterearetwoPGSiblccxphnationsfbr

this.OneFXS]bilityisthatthisisduetodleiduenccofthe

rc8edjonwavc10'･whenthepdmaTySh∝kwavercacbcsthe

watersurface,theTededcdwaveisalwaysaraTt血ctionwave.

WkntheraJtfhctionwaveTeadhesthegasbubb)a,tJIC

re8ectedwareisa00mprcss)onwave.TTtccompTeSSIOn

wavealsoBCKSthmudlthewatersurfhα,andp叩agatCSin

tJICair.TllCCOmpleSSionwavemtJSteventtJallybe00mbincd

iJltOtJvbtaslmvepasshglhmudtthewaleI)aycrbythe

pdmafySh∝kw e.TlleOtherFXSibilityisthatthecfrectis

dueloLhc伊Sbubbleene唱yl℃leasedintotheabnosphcrc.At

ascaleddcpdlOfO･5m･kg-1カ,agasbubbkcausedbya

chaTg80fthjssizx:would托adhdleWaterSurFhcctx:fbrcits

00nhCtiontx由ns川 .TllCmCaSurCmCntSOfsh∝kwave

pTeSSu柁StakentJnderwatercotl血medthatlhcgasbubb]c

pulsedisappcaJd.

Figure5showsthepeakoverpressurcs aJldthesated

imputscsv耶 uSdleSCatCddistaJlα.Chmpadsonofthehc

aiT血taddttheⅥtcrhyerdab rcvca)cdthatthepeak

ovcTPTeSSLqtandthescaledimpulsewengrtndyTduccdby

thepほ れ【80fthewaterlayer･Itwascon丘rmcdthatawater
layerwascxtJCmCIye触 iveforattenuatingblastwaves.

FigLqC6showsthe叩 弧 舵 批 nua血nrado(Po-P..)/Po

aJdtheimpulsea他 ltndonradouo-ん)/Ioasahction

ofthescalcddepth,whcTt!PwandPoa陀 theTmk

ov叩l塔SuでwithandwithoutdleWaterlayer,respectively,

aJldん aJldloapedleSCalcdimpuk withandwithoutthe

water)ayeT.respectively.刀leSCaleddepthislbedistance
fbmtheexplosivestothewatersu血 ce.¶lCattCnuation

cffedswCrCfoundtoincrease withLhcscaleddepth.

Cbmpansonofdlea廿enualionratiosofpTCSStJreandimpul父

Tt!VCaJedthattheattenuatione触 onlbcpeakoverprcssurc

wasgeatcrLtlarLthatonthescaledimpdsc.

4.TheoreticalandysisusingthehpedaJICenisnatch

mothod

FiguTC7showsthepTeSStJn的)asabclionofpaJliclc

veI∝吋 h,)forwaterandaiT.neHuBPniotofwateTand

Sci.andTech.EnergeticMaterials.Vol.64.No.2.2003 99

40
(
e

dy)○

Jn
SS巴
d

20-

0

加

40

訓

o

(e
d
y
)

aJnSSaJd

WithawaterLayer

･20 ⊥一一一 一一--｣I-- i0 1 2 3 4 5

Tine(ns)RB4 CompansonofdleOV叩reSStJJBthehi

stories(aid.7mIkg-i)10∞F
＼ --

--.........･.･'.'･､ここ､.''.
tの101m101i-(edy)eJnSSeJd√.6ws･q)eqnduJJ - This

workhfr
ooair0 l11短workvdhawaterLayer

-､0､ -0
.
1020scaleddistance(rrVk9.47

FiESpeakovcTPZW(aaJTd mledimpd se(b)ddl

awaterlayer

.

dJrd･.dV

BJlr
l
･.
I)

0.5
LJ
一一02468101214
scaleddepth(rTVkg
ln)

Fl'gBAKeT]uab'onratI'岱Of野akov叩-CSSu-eandscaled
impulse

airwcTeObtainedbmtheexFmmCrLtddata
lM'
,
Whenthe

pnmaJySTKXkwavercadhesthewatersurfaαwithapTeSS



100 Sci.andTech.EnergeticMaterials,VoL64,No.2,2003

detem血edbytheinlpedanccmismatchmclhod.

Wh enthepdmarysh∝kwavearrivesatLhcwatersurhce,

PICantN=CStiTrLatedbythedishncebmtheexplosivechaJge

tothewaters血 andtheweightoftheexplosivechaJSe.

TTIen,theairblastpTCSSureOfPZCanbcestimatedusingthe

impedan∝mismatchmethod.Fitlal)y,thepressuJ℃althe

sensorlomted0.78mabovetJleWaterSurhcc cantx

eshatedbythescaJcddistarLCC.InthepTCSCntSludy,the

PEN dataofBakerweretJSCdtocstimatcdlCPleSStJreS.

FipTe8showsthethcoTCtica)valuebasedoJlthe

impedan任mismatchmedd aJldlhccxpcrimcntaIdata.Tlle

ageementbetweeTtthetwowasfoundtoimpmvewith

increasingscaIcddepth.Howcvcr,nearthewatersurhce,dle

expehentaldatadeviatesgrcaLlyfbmthethcotcticaldata.

TTLeresultoftheprcscnLStudyshowsthaHhcattenuation

etbctofthepeakovcrpTt:SSu陀 Canbeestimatedbythe

impcdancemismatchmethodforlhc caseofadeep

uttdcTm terexplosion.Inah仙erstudy,moredetailed

meaLSurementSWillbeperfbmlCdforashaHowexplosion.

5.Conclusions

nepztsentpaperdescribestheeffectsofawaterlayeron

theattenuationofblastwaves;

-nepeakoverpTCSStJ托andthescaledimpul父Werereduced

g陀adybydl叩TCSenCeOfthewaterlayer.Itisconn ed

dlataWaterlayerishiddyeabctiveinauentJa血gb)as暮

Waves.

-CbmparingtheattenLJationmtjosofpressureaJldimpuhe,

theauenuatione触 onthepeakovcrprcssurcwasfound

tobegreaterthanthatonthesca一edimpulse.

-TTtedenyshapeofbhstwavepressu陀SPassingth)udta

waterlayerdi批rsbmthatOfb)as暮Wavepressures

passingthroughtheaironly.

-ByLJSingtheim四dancemismatchmethodinLhccaseofa

deepunderwalerexplosion,thea他nuationeffectonthe

peakov叩 reSSurCCanbcestimated.

References

1)cA.Wtxxlhead,I.A.FoxandA aⅥdy,Se00nd

htemationaICbnfeTenCeOnPressureSuTgFS,PaperKl

(1976)

2)aWalkerand氏.AEhsLPrcc.14thISSWpp.269-276

(1984)

3)R.Ra甲etandS.KG雌iths,J.AcousLSnAm .,74,6,

(1983)

4)T.D.PanmkH.KTierandFT.B.Butler,I.HazaJd.Mat.

14,321(1987)

Shockpressure Husonioto【water

Partklcvehcity(up)

Fig･
7IIlustrati o


