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A8tudyof8ympatbeticdetonationof155mm munition8

froJnblastWaveOutput

Yo8hioNakayama●,TakayukiAbe●,KunihikoWakabaya8hi',
Ei8hiKuroda●,KenOkada●,TbmoharuMat8umura●,Mit8uakiIida●,
M88atakeYo8hida●,andShuzoFujiwara●

Thi8Paperpre8ent8rlnding80fanexplosionriskevaluation8tudytoobtainb88icdata

concerningthe8ympatheticdetonationofmunitionsfor8afetreatmentormunitions.

Trinitrotoluene(TNT)wasu8eda8aStandardexplosiveandtnodelmunitions0日55mmin

diameterwereexplodedinthefieldexperiment.TheStaticoverpre的ureOfblaBtWLIVe8Were

me88uredby6pie乙Oelectricgage8locatedatbetween10mand100m.Fromthebla8tdata,

b188Lwaveparameter8(peakoverpre8Bure,timeofarrival,durationandpositiveimpulse)Were

obtainedandTNTequivalentma88e80fmunition(ら)weree8timatedba母edonthepeakStatic

overpre88ureandpo8itiveimpulse.Re8ult88howedthatsympatheticdetonationoccurredupto

17munitions.Moreover.theTNTequivalentmassimcrea8edwithdi8t8nCe.Thi8tendencymay

beduetotheSlowburnlngOfTNTintheacceptormunition8.

1.lntroduction

AnumberorexperimentalAndnumerical8tudie8

havebeenpresentedontheha21arda88e88mentOf

SynIPatheticdetonationorvariousmunitionsl-2J.

MIL･STD･2105B3Ihasbeene8tabli8hedforthe

Standardte8t8andte卓tPrOCedure8fora88e88ment

of88fetyandin8en8itivemunitionsCharacteristics

formtlnition8,munition8ub8y8tem8andexplosive

devices.However.tllehazardorSympathetic

detonationduringexcavationormunitionsand

theirexplo8ionoutputh88notbeen8tudied.1b

addre88thi卓,afieldexperimentwa8COnducted

u8ing155mmmunition8rIIledwithtrinitrotoluene

(TNT)torecordblastWavepre88ure8,fragment

velocityandexpansionbehaVior80fmetalca8e8.

Thispaperreportsthere8ult80fblastpre88ureB,

evaluate8TNTequivalentma8888aneXplo8ion

outputindexanddi8Cu88e8theoccurrenceof
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Sympatheticdetonation.Adescriptionofthemethod

andre8ultsofhigh･叩eedmotionpicturecameras

arealsopresentedll.

2.ExperiTnentSetLJP

The8ymPatheticdetonationte且tCOn8ist80f

detonatingonemunition(donor)adjacenttoone

ormorelikemunitions(aCCePtOr8).Theobjective

istoevaluatethelikelihoodorbdetonationreaction

beingpropagatedfromoneunittoanotherwithin

agrouporStackormunitions.AccordingtoMILI

STD･2105B,oneormoreacceptor8arepO8itioned

atlocation(8)deemedmostVulnembleto

Sympatheticdetonation.Ttledonori8typically

positionedatthecenterofthegrouporStack.

Whereappropriate,thete8t凸etupaI80incorporates

dummyunit8tOprovideadditionalconfinementof

thedonorandacceptor(8).Inadeparturefromthis

procedure,thepresent8tudyexamine白the

8ymPatheticdetonationte8tduringexcavation.In

thi8Ca且e,thedonori8pO8itionedatthetoporthe

grouporStackandit8COnfinementi8Onlya

Shallowcoverofearthmound.

Arrangement80rt88tmunition8forSympathetic

detonationtestareShowninFigure1andthe

explo8ive8usedareBhowninTableI;No.1･1･li88
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Table1Experimentalconditions

ExperimentalNo. TNTexp108ive8 BooStereXplo8ive8 Phcementofexplo8i

ve1Ype M888(k) Si乙e(mm) 竹pe Ma88(kg)0.097 SiEe(mm) PhcementTh)e Distance(mm)No.1-I-1 Munition 6.8 0.D.155 Picricacid H

ori之OntalHOB● 350No.1-2-1 Munit.ion 13.6 0.D.155 Picricacid
0.097 VerticalSOD●● 50No.1-3-1 Munition 13.6 0.D.155 Pic

ricacid0.肘7×2 HorizontalHOB● 350No.ト3-2 Munition 20.4

0.D.155 Picrieaeid0.097 VerticalSODtt 50No.1-4-1 Munitioーl121.隻19.0_早loo.510.D.155 Picricacid0.097 t7ori乙OntaltX)8●{ 500No.3-I EXp108iVe ¢202×204○442×417Pentolite***0.19835 ¢51×61 Surface HOB● 372No.3-2 Explo8iVe Pentolite****2.03 ○125×105 Surface HOB● 8

46I,' heightofbur8t=heightbetweenthecenterofexplo8iveandground8urraCe**,' Standom'di8tanCe=distancebetweenthebottomofmumitionandground8urf

ace'**;depthofbur8t=depthbetweenthecenterorexplo8iveandground8urraCe
****;PETN:TNT=50:50

byma88ws ,_ / / / 喜 美 =;=_,;A__,,7

No.1･1･1 No.1-か1主 主召 LLJ, ,y 喜No.141(side) No･114-1(frDntl ノン Directionofb

lastgagesFig.1Experimentalconditionste8trOrdetonfltionor8Singlemunition;No,1･2･l

i8for1donorand2acceptor8PO8itioned8ide･by･si

de(Separationdi8tanCei8100mmand0mm);No.l･3

･1i8atestfor1donorand1acceptorpositioned

tail･to･no8e(ibid.60mm);No.1･312iSatestby1do

norand1acceptorpo8itioned8ide･by･side(ibi

d.60mm);No.l･4･Li8for1donorand17acceptorSPO8itionedSide-by18ide(ibid.0mm)bur

iedshallowundergroundatthedepthorexplo

8ionof0.5m.Themunition8i苫eWl18about630mmin

lengthand155mmindiameterandthema880fexp

losivew886.8kgorTNT(po=1575kg･m -3)anditsboosterWas0.097kgorpicricacid(p｡=1420

kg･m '.1).Forthecalibrationorpre88uregage8,surfaceburstOfrightcylindricalc88tTNT

explosives(po=1600kg･m●.1)havingama880f10 kgand100kgintestNo.311andNo.3

･2anditsboo8terSWere0.2kgand2kgorpentol

ite(pentae

rythritoltetranitrate(PETN):TNT=50:50byma88

)(p｡=1620kg･m'3),re叩eCtivelyweredetonated(

8Caledheightorbur8tW88about0.18m･kgllI3) .

Abankmadeupoflarge88ndbzlg8Wa卓8taCkedaroundthemunitiontore8trictfragmentnight

pathto1directiona8ShowninFigure1

(b).Theinner8izeofthebankw882mwide,2m

deepandI.5mhigh.TheanglebetweenaXi･8ymmet

ricalaxesofthebankanddirectionorblastm

ea8urement8(aZ:imuthangle)wase=1350,not900
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wire(EBW)typedetonator8OtP501,RISICo.lnc.)

and一out)leholddetonatingcordof6.5n)inLength.

TheJetonab rSWere丘托dbyinitiation8yBtemFS43

(fieldexperimentu8e,RISICo.Inc.).
Airbl88tPre88ure8Wereme88uredatthe

di8tAnCe80r10.3m and16.5m byPCB

pieZiOelectricpree8uregageさHMIO2AL2

(8en8itivity=3.6pV･Pall.Iinearity=1%fullBCale,

re80nAntfrequency>500kH乞)and26.4m,40.4m.

60m.and100.9mbyPCBpieZiOe]ectricpreB8ure

印字e8HMIO2AO7(14.5pV･Pall,1%fu118Cale,>250

kHZi).Eachpre朗ure印geWaB皿u8h･mountedtoa

8hArP･edged8tainle8B8teeldisk(whichhadA

diameterOf90TnTTl)inthedirectiorLWheretheFIeak

8taLicoverpre88ureWOuldbemeaOured.The

pre的uregage8Werelocatedモlmaboveground.

Outputfromthepre88uregagesWererecorded

bythediFiti苫er(Gage14100,8ctt.,IOMSample/

8eC.,16bitdch.)lo租tedaH20mfromtheexplosion

point.TheobservationroomsWerelocated8日80

mかomthee叩losionpoint.ThetriggerpulBe8for

EBWdeton8tOr8AtldthedigitizerwereSupplied

fromAdigitaldelaypulsegenerator(BNC555,

BerkelyNucleonicBCo.Ltd.).Theexpcriment8

wereconductedatthete且tSiteofOjojilmrAOrthe

JApanDefenseAgencyinMiyagiprefecture.

4.Results

4.1Staticoverpressuretimerecords

Thetimerecords0fbla8tWaVeJ)atdiBtanCeOr

16.5mforNo.1･1･l.l･2･1,1･3･l,1･3･2,L･4･Iare

8howninFigure2.TheblastwavehistoryOfNo.

1･4･llookBきimilartOtheidealbla8tWaVeformor

TNT.Ontheotherhand,thebla8tWavehi8tOrie8

olNo.1･)･1,1･2･1.1･3･1.andl･3･2differedfrom

theidealcase.Theycontainmorethan2peLIko88

APul8Ctrain,andtheprimaryPeaki8Lowerthan

the8eCOrLdpeak.Thereasonfortlli8maydueto

there爪ectionofb188tWavesOntheinnerwallor

thebank.Thebankofさandbag8WereCOmpLetely

brokenoutinNo.l･411,butintheother

experimentsthebanksWereOnlypartiallybroken.

TheBgureclearlyBhow8thatthepeakpre的ure8

fromthemulti･Jnunition8Ca8eSarehigherthan

thtofSinglemunition.Thi88ugge8tlitht80me

8∝叩tOr(8)reactedandcontributedtogoneratethe
bl舶tWave.Thedetailsaredi8Cu的edlaterinterm8
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ObtainJIcharacteristicblastparameters:p

eakStaticoverpre88ure;time10f･arrivAl;dumtiono

rpo8itivepha8e.aTIdthepositiveimpulBe(theLi

me･inLegmlortheoverpreBBureduringthepositiv

epre88urepha8e).PeakStaticoverpreBBure

and8CAledimptl18eaBa血rlCtionorScaleddiBLAnCeareShown
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tm･kg'tO)Fig.4Scaledpo8itiveim
pulseaSafunctionor8Caleddistance

forTNTinFigure83･4.
A180ShowninFigure3areresults

forTNTofthe8urraCe burstbyKingeryS
)

andfor
TNTinfree8irwhichwerepresentedbyBakeret

al_
ingraphicalform8
61

･

Theimpul帥dataforTNT oftheSurfaceburst

inFigureJIi8estimatedfromdataforTNTinfree

airbyBakeretAl.
bya8Bumi叩thttheimpulse
from血eezLirexplo8ionor2kgofTNTi8equivalent

tothatfrom811rfaceexplo8ionor1kgofTNT(an

a88umptionormirrorrenectionorbh8tWave白0n

rigid wall).
ThepeJIkEItAticoverpre88ure8Were

lowerthanthatofthe8urfaceburstbuthigher

thanthat orthefreeJ)irexplosion.w
hichi8likely
duetotheeffectoftheheight･or-burst(HOB)of

TNT
.
Thepre8enLdata8howgoodagreementwith

thepreviou8re8ult 8
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valueformunition(ら)atdi8tanCe.ForTNT

equivalentmaBSbasedonpositiveimpu18e(MJ),

thevaluesWereScaledbycuberootorthema88.

ThevaluesShouldbeobtainedbyaniterative
method.
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ofdi8tanC

eTNTequivalentma88baaedonpeak8tat

icoverpre88ureandpositiveimpu18ea8afunction

ofdistanceare8howninFigures7･8,respectivel

y.Figure7givestworesultsforNo.l･4･l;one

i8fromoriginaldata,andtheotheri8fromcorrect

edvaluesofundergroundexplo8ionto8urra

Ceexplosion.Forthecorrection,NSWCdatawe

reusedn;theratioRp=PC/Ppwasdefineda8

acorrectionfactortosurfaceexplo8ion,wherePu

i8peakStaticoverpre88ureatadepthofbur8tOfO.5 m,andPsi8peakstaticoverpre88ure8tadepth

ofbur8tOfom･Forsixdistance8,R,=1･36±0･3

6･TNTequivalentTna88eSWereObtainedfromt

hepeak8taticoverpreSSuremultipliedbyt

hecorrectionfactor;theI･eSultBareShownint

hefigurebyopen畠ymbo18.Forpositiveimpulse,

nOcorrectionwasappliedSincetherewa卓nOavailab

ledata.

5.Discussi

on5,1Detonationofsing一emuniti

onCon8ideringtheSinglemunitiondetonati

on(No.1･1･1)rlrSt,TNTequivalentma88Mpwa8-0

.4kgattheneardistanceandincre88edabouto

neorderofmagnitudeagain8tdi8tanCe,andwas

-3kgatthefardistance.ThevaluesM,could

beestimatedonlyatShorterdiStanCe8,andtheywe

reabout1kg.Bla畠tpreS8ureSformunitiondataa

rereportedtobeabouthalftheexplosivedataat

anazimuthangleof0=OofromthereBultofbla

8tpre88ureSforundergroundmaga2iineexplo8iong

)･Thi卓maybeexplainedbytheenergylo

88mechanismbythekineticenergyofmetalcas

e.Peakoverpre88ureatanaZimuthangleof

0=135oi8reportedtobegreatlyattenuatedagain

stdataatO=Ooforanexplosioninacylindric

almetalpipe107.InthepresenteXperiment8,theba

nkwasmadeoflargeSandbag8notSteelandi

t8tunnellengthwa8not80long,80theattenuati

oneErectmaybelower.Duetothe8efact8,theT

NTequivalentma88for8i叩lemunitionw88COnSider

edlow.Therefore,iti8Preferabletothinkthatt

heTNTma880fthepresentexperiment8hould

bediscu88edintermsofrelativevalue8andabsolu

tevaluesShouldbeuseda8referencedata.

5.2Sympatheticdetonationfortyoorthr

eemunitio

nslfacceptor(8)reactedAndgeneratedenergyth

atcontributedtobla8tWaves,TNTequivalentm8

88wouldbelargerthanthatofaSinglemunitio

n.Figure1clearly8howsthatthepeakoverpre88ur

eSformultiplemunitionsarehigherthanfora8ing

lemunition.Therelationbetweenthenumber

ofmunitionsandMpatthefardistancei8notClea

r.btltMpattheneardistancei叩rOpOrtionaltot

henumberofmunitions.MIi8Clearlyproportionalt
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thenumberormunition8''MIforNo.日･li8about

1kg,3-4kgforNo.1･2･1,about2kgforNo.1･3･l

andNo.]･3･2.Alltheacceptor8mayhavereacted

andgeneratedb188tWaVe8independentofthe

arrangementandSeparationdi8tanCe80rthe

munition8.AccordingtoMILISTD･2105B,

munitionreaCtion8areranked(TypeV)burning,

(1ゝpelV)denagrationorpropu18ion,(TypeIII)

explosion.(TypeII)partialdetonation,and(Type

I)detonationinterms0rincrea8inghazard8eVerity.

Mlincreasedgradually叩ain8tdistance,andblast

outputwa卓highatthefardistance.thereaction

typeortheacceptormaybeanexplosionreaction

(TypeIII)orpartialdetonationreaction(吋peII).

Thisconclusioni88uPpOrtedbythefragment8iZeS

orI.hemetalcaseandthe8t.ateOfde8truCtionof

thewitne88plate8Placedaroundthemunitions.

5.3Sympatheticdetonationfor18munitions

lnthi8C88e,bothMpandMIincreasedagainst

di8tanCe.MF.andMIWerearound10kgatthenear

diStanCe8butincreasedt0-20kgatthefardistance

andthecorrectedMpforSurfaceexplo8ionwas-80

kg.Therefore,allthe178cceptor8reactedand

generatedbla8tWavesfromthecompari80nOrMl

forSlngLemunitionwiththatorthe18munitions

case.Thi卓COnClu8ioni88uppOrtedbytherragtnent

8i2ie80fthemetalcaseandthe8tateOrde8truCtion

ofthewitne89platesplacedaroundthemunition8,

ju8ta8inthefewermunition8Ca合e.Moreover,the

increaseOfTNTequivalentma88atthefardistance

8uggeSt8thattheburningofTNTwasmuchslower

thanthedetonationreactionintheacceptor8.These

rlnding8COnrirmthattherei88highri卓kor

8ymPatheticdetonationinthepresent

experimentalconditions.

6.Conclusions

lnordertoevaluatetheexplo8ionriskof

munition8atexcavation,8ympatheticdetonation

te8t80rl,2,38nd18TNTfilled155mm

munition(8)wereconductedandthere8ultantbla8t

wavesWeremea8uredbypre88uregages,andtheir

bl88tp8rameter8WereObtained.TheTNT

equivalentma88basedonbothpeakStatic

overpre88ureandpositiveimpulseWereevaluated

andtheoccurrence80f8ymPatheticdetonation

weredi8Cu88ed.Herearethemainre8ult8.

TNT equivalentma88b88edonpeak

overpre88ureincrea8edwithdi8tanCeandthat

ba阜edonpositiveimpul8eW88almostCOn8tantin

the8inglemtmitioncase.TheTNTequivalentm888

ba8edonimpul8efor8Singlemunitionw88-1kg

andwasmuch8TnallerthanI,hem8880fTNTin

themunition(7kg).Theundere8timationofTNT

equivalentma的inthepresentStudyi8Probably

duetothediffractionofbla8tWaVe8bythebank

Surroundingthemunition(8).Therefore,theTNT

equivalentma88inthepre8enL8tudyShouldbe

evaluatedrelativelyanditi8preferabletocon8ider

thattheabsolutevalue888referencedata.

Forthe8ympathetiedetonationtestOr2or3

munitions0f8urfacebur8t,and18munition80f

8hallowundergroundbur且t,theTNTequivalent

ma88increasedrapidlyforpeakstaticoverpre88ure

baseandgraduallyforpositiveimpulseba母e.TNT

equivalentma88eSbasedonpositiveimpulseWere

almo8tproportionaltothenumberormunition8

anditmaybeconcludedthatalloftheacceptor8

reactedSympatheticallyindependentofthe

arrangementandSeparationdistanceOrthe

munitions.Moreover,TNTequivalentma88

increa8edwithdistance,TNTintheaCCeptOrmay

burnrelatively8lowlycomparedwithrlr8treaction

ofdetonation.
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