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AStudyoftheHugoniotofmortar

MasamichiISHIGUCHl●,MasatakeYOSHIDA●■,｢血shioNAKAYAMAM

TomOharuMATSUMURA'●,IknmaM ASHI',At8umi MrYAKE',

andTbrushigeOGAWÀ

Althoughconcreteandmortararewidelyuseda8rawmaterial8forbuildingconSt.ruction,there

arefewBtudieBOntheirequationsof8tate(EOS).Inthispaper,theHu官OniotEOSofmortarwa且

measuredhypieZ0･re8iStivemangaminpre88uregage8.Thegagewasinsertedintwo仇inA16061

pIateSWhichwerelocatedbetweentwomortarplate80rbetweenasandlayerandamortarplate.

Thepressure-timeprofilewasanalyzedbyu8ingI.heimpedancemismatchmethod,andtheEOS

datawasdetermined･TheobtainedHugoniotwaseXpreSSedbyalinearU8-uprelation8hip;Us=
1053+3･41up,whereLTsandupare8hockandparticlevelocities(m/8)reSpeCtively･Theobtained
pressureprO81eswerefairlyreproducedbyaone･dimen8ionalhydrodynamiccomputationsu8ing

thisexperimentallyobtainedformula.

1.Introduction

TTLeShockcompressionteehlOlogieShavebeenex･

tensivelyapphedtomaterialSynthe8i8andprDCe88･

lng,Spacescience,medicaltechnologyand800nl'.

ReSearChe80ftheequationofState(苫OS)underhigh

pressure,inparticular,thedataofHugoniotEOS

havebeenreportedformanymateria182I.concrete

andmortar.whichcontain8fineraggregatethan

concrete3),arewidelyusedaBthemostbasicraw

materialSforbt山dingconstruction,aJldareutili2Xtd

toconstructexplosivewarehou8e8andnuclear

powerplantswhichmightbeexposedtohigh

dynamicpressuresunderunexpectedaccidents.

Analysisofsuchexplo8ionaccident8requires

detailedknowledgeofthecharact.eriSt.ic80rthe

materialsunderdynamicloading8.Blastingthese

materialsin,forexample,urbanbla8tingSa180has
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aneedtoknowthedynamicre8POn8eOfthe8e

materialstOintenseShockloadingS.Haletal.(1998)

reportedtheEOSofconcretewithseveral喝gre-

gateSizcS･l'u8ingavelocityinterferometrictech-

niques.Theyderivedtwoequation80fconcretefor

higherandlower8tre88eSpartsrespectively,based

onthedataupto2000m/80rtheparticleveloeitieS.

AlthoughthepropertiesSucha8Strength,propaga-

tionor8tre88Waveand8imulation8forbla8ting

buildingStructur eshavebeenreportedin80meOther

paper8引-RJ,therearerev8tudie8inve8tiptingthe8e
EOS.Inthiswork.theEOSofmortar.whichi8relか

一ivelymoreuniformthanconcrete,isreported

usinganimpedancemi8matChtechniquewithone

ple250-re8i8tivepre88uregage.

2.Materiat

Concreteandmortarareamixtureofoement,ag･

gregate,Water,andsomeadmixture8forparticular

properties.Accordingtotheparticle8ize,theag一

gregateiscla88i丘edtofineag訂egateandcoar紀One.

Theformeri8de丘nedthattheaggregatepa88e8

through10mmsieve,and5mm8ievemoretha血

85%inweight.ThelatterStay80n5mm8ievemore

than85%.Mortarisde8medaSmixturewithafine

aggregateforintegration91.Inthiswork,mortar
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Rg.1Experimentalblockdiagra

mplate8Weremadeup臥)mordinaryportlandoemen

t,8Andwhichpa88edLhrough the4.75mm8tandard

Si

eveaSafinea耶Fegate,andpurewater.Themix･Cure

proportionwa台portlandcement:8and:purew

ater=1:2:0.65inweight.Aftermixingandmolding,themortarplatesWereplacedfor48hour

8andtheywerecoveredwithwetclothesandSea
ledupwithpolyethylenepla8tic丘lmtokeepthemmo

istforcuringaSIon首a828day8.TheseplatesW

erethenpoli8hednatlywithin±0.3mmroughne88,an

dwereuSedforexperiment8.The8eaverageden-8i

tywith95%confidenceintervalwa82080±35kdm3

.3.ExperimentalandderivationofHLJgOniot

dataTheexperimentsWereperformedu8ingpiezo

-re8i8itivemaJIPninpre88uregage8(MN10-.050-EFEP)manufacturedbyDyna8enlnc..andtheir

averagere8i8tanCeWas0.04ohm8.Thepre88ure-time

prtlSleBWererecordedbydigitalwaveformre･corder

B(SonylもxtronixRTD710A).Dyna8enCK-3-.050-

300wa8u8edfortriggeredcon8tantCurrent8uppl

y,andwiLSBettDdi8Chargeabout800mV(un-dernoqcompre88ioncondition)puketothegage8f

or180-190JJ8.Thecon五gurationofexperimentald

e-vice8iB8howninFig.1.TbobtaintheEOSo

fmor･tar,thegagewasin8ertedintotwo2mmth

ickAl6061plat88Whosedensitypo≡2703kg/m3,an
dtheHugoniotEOSiBalreadyknowna8Ub･=5350+1.
34u,(m/8),WhereUs(m/8),up(mJ8)areShockandpar･ Material)Material2(Mortar) トー≠150-

1 UJlit:nmFig.2I

uuBtrationoftheexperimentalassemblytidevelocityre8peCtivelyC).Atypicalexperinenta

lSetupi8ShowninFig.2.One-dimensionalplaneSho

ckwavewasgeneratedbytheplanewavegen-erator.Ni



Table1Experimentalre8ultSAndobtAm edShockandparticlevelocitie8

ShotNo.

1

ExploSiveS Pa
(GPa)

Nitromethane 14.6

Nitromethane 5.9

Nitromethane 8.8

PBX80RU 17.0

CompositionB 5.5

6 ●HN/HH≡75/25wt.% 18.8

3J
n

S
S
a･)
a

Pb up Us
(GPa) (km/8) (km/8)

10.0 1.07 4.48

3.3 0.53 3.00

5.JI 0.70 3.71

12.4 1.18 5.08

2.7 0.52 2.56

14.1 1.25 5.42

H̀Niehydra血enitrateandHHindicate8hydrazinehydrate.

Tim
eFi且3Observedpre88ure-timepro丘leofmangami

n8age

tousetheobservedpeakpreB8ure8COrre8pOndi

ngtoeachprofile.Be8ide8,itiSCOnSideredth

atthistechniqueCanbeapphedtoobtaintheHugo

miotEOSofunknownmater

i818.4.Res

ultsandDjscLlSSionBa8edonthedatalistedinTable1,theobt

ainedこち-updataareplotted

onFig･5･Thetwo8egmentformuladerivedbyHall

etal.".thehighpre88urepartUs=2235+l･75up(
m/8)andthelowUs=551+4･52U,(m/8),areal80plotted･Fipre58how8al1 Material1(SeeFig.

2)19.9mmtuckmortar30.0mmthickcopper,and20

.0mmthickmoぬr19.9mmthickmortar,and20.

Ommthュ(:k阜andlayer20.6mmthickmortar46.5m

mthickmortar,and4

5.8mmtucksandlayer14.5

mmthickmo血′■ ′′A16061 ′′∫∫＼ I....p.

J/I,■■′.′ ●一′ 一一_-.-( MaterjaI2-'..一_一一一

一一一一 (Mortar)PartjcleVelocityFie41mlStlationoftheimpedancemi matchmethod

thedotshaveagoodl血旭aritywiththecoencientof

determinationR2≡0.9688(氏isthecorrelationco
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500up(

m/S)Fig･5Us-a,Hugomiotofconcreteandmortar･
Sohd止nei8therelationshipformortardeterm
inedbythisWOrk.Da8hedlinesindicatether
ela-tionshipforconcretederivedbyHallet
al.(1998

).therelationshipderivedbythisWOrkAtswell

theobtaineddata.UsingtheHugoniotEOSor(1)

andtheMie-Grunei8enEOS.wecarriedout.numer

icalSimulation8Withone-dimensionalLagran

gianhydrodynamiccodeLl'.TheGraneisencoe皿cie

ntrofmortarwa8estimatedbyr毎28-1.Inthes
imu-lation,theexplosivesuSCdfortheplanewave

gen-erat,Orwerechangedtotheequivalentnitromet

haneinweight.Thetotalme8hnumberwasSetar

ound700.Figure86and7Showtheobservedpres8

ure-timeprofi1e8andSimulatedre8ult8fortheShot

No.1and4respectively.It8eem8thatthesimul

atedresultforshotNo.1agreesWiththeobse

rvedpro丘lecomparatively.InFig.7,theobservedst

ressiBgradudlyincreasingbehindthe8hockfronto

fむstSteepriSingup,andi8Separatehl0mthesimul

atedresult.The8treS8Wavepeakscorrespondingt

oPeandPbatthetimei,(seeFig.3)matchthesim

ula-tionandtheagreement80fbothlinesaregener

allygod.Iti88upPO8edthatthisObservedpheno

menai8attributedtoconsiderablewave8truCt.urein

theheterogeneou8material,thati8,thegrainsand

theSmutwillcausediLrerentparticlevel∝itiesand

willoccurmanyrenection80fthestresswaveat

thecontact8urface8.Theform80f8treS8Waveil

lus-tratedinFig.6and7werediLTerent,80itmigh

tbepo閃iblethattheEOSwasChangedatthres

holdpre88urearound15-16GPa.TheexistenceO

ftheproce880rrelaxationforwavepropagationdu

etothematerial8truCt.ureCannotberejected,

too.Although themicroscopicphenomenacan notbe

5
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∫ShotNo.4answeredexplicitlynow,it8eem8tha

tthequantityofstateundershockcompre88ionof

mortarcouldbe8imulatedwellcomparatively.

Be8ide8,theproposedtechniquecanbeapplied

toobtaintheHugoniotEOSorunknownmateria

ls,anditisu8efu1forbla8ting,designingofparti

cularpurposeconstructi

onand800n.OurlowestPre88uredataexi8t

ataroundthehighestpressureportionorthelower

丘tofthetwo丘tsofHalletal.andtheexistenceO

fdiqerentEOSrelationshipatlowerpre88urefor

ourmaterialShouldbeansweredbyfurtherexperim

entsatlowerpressurereglme.

5.Conclusionlnthi8WOrk,u8ingpiezo-re8i8tivem

anganingagesinsertedbetweenthinA16061plat

冶Who8e打upniotEOSisalreadyknown,wederiveこら

-upre)ationlShipofmortara8Us=1053+3･41up
(mJB)･Onthesimulationre8ult8withone･dimen8i

onalhgrangianhydrodynamiccode,weobtaincomparativelygood



agreementtotheexperimentalpressure･time

proSles.Onaccountorthepos8ibilityoftheexist,-

enceofchangingHtlgOniotpoint,iti8neCe88arytO

checkI〕Pthere8pOnSeforthemorehigherandlower

pres8urearea.Todeterminehowtheheterogeneous

natureofconcreteandmortarin且uenceSthedecay

oftheshock,pulseattenuation8tudieswouldbe

appropriatetopurSueforthesematerial8.The

effectofI,heaggregate8i2:eandacqui8itionof

theHugoniotEOSoftheaggregate(Band)which

mightbeattenuablematerialisalsoafutureinves-

tigation.
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モルタルのHugoniotに関する研究

石口昌道',吉田正典榊,中山良男7F',松村知治仲,

高橋伊久磨書,三宅淳巳',小川輝繁'

コンクリートやモルタルは堅固な建築材として幅広く用いられているにも関わらず,衝撃圧縮下での状

態方程式に関する研究は極めて少ない｡本研究は,マンガニンピェゾ抵抗ゲージを用いてモルタルの状態

方程式を実験的に求めた｡モルタル板の間もしくは砂の層とモルタル板の間に,状態方程式が既知であ

るA16061を介してゲージを設置し,圧力プロファイルの観測をおこなった｡測定されたピーク圧力にイ

ンピーダンスミスマッチ法を用いることによりモルタルの状憶方程式データを導き,U6-1053+3141up

(m/良)という直線関係を得た｡さらに1次元ラグランジ3.流体計算コードによる圧力伝播シミュレーショ

ンをおこない,実験データと比較的良好な-敦を得たo
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