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         rNSTANTANEO(JS DEfrEC[VraN AND tvIECHANrCAL BEHAV:OR

                    oF MrcRocRAcKrNrrr ]N coNcRETE

                                         '                              Takashi WUJr!,H±deo yeKomcHr,

Der)e. of CixrU Engineexing, Civil Enginee=ing Research Xnstitute,

HoJ<}<aidorTnixrewsit:y, HokkaidoDeveloprnentBusceau,

Seppero, crapan Sapporo, crapan

                              sVMMABY

     ewhe inxreseigationg on rnicrocracking in eeonereice speewimens

were made by detecting ehe elastie waves as s±gnals cf exaeking

by rneans of a eryseal rfiiescophone undex simpZe eompwession, sus-

tained oompression and flexure. The craeking oecuxxed at Zoad much

less than that genewail:y reeo(:rnized. Under sshort ntrue ssustained

load, eraeking signals inerease abruptly at 8S% of ehe uXCimate

load which eorresponds iro a cnttical point in ereep of conereee.

xNrrRoDveTrotl

     safety of structuraX ooncrete agaSnst failure eannot be

eeealized withouic a cornpsehensive knowZedge of the natusce of

inelaseie behavior and fraceure off conerete. Therefosce, one off

the rnosic aeeual scelevant prob2ems is to make cleax ixhe ehanges im

the inner sVyueicure of concrete whieh determine fundicamentaZZy

oonereee chara.ctieristies.

     This paper descri1)es the investigations on the meeh&nicaX

beheKriorr of eonewete sspeeiruens under sirnpie eorttpression, susse-

tained oompression end flexure by utili2inq an insealttaneouss

acousticewl technique in connecbion xAiith a direcely optieal

method by means of a miewosscope.
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:ptflE"rgHor) oE DErvEcrriTols:p

     Rernawking the enewgy transfer at the destruction off rnolecuZaw

bonds in the eonstieuenti rnutierials of eoncwete, itc was tried to

receive tihe elastie waves as signals of cracking at ies oeecugeence

by･usinq an exinrernely high sensitive cryseal mierophone on the

surfaee of conerete specimen to explain the geeZaeion besivoreen rniexo-

drael<ing and seress or serain in eondretie, The retteived signais

produeed by exacking were applied to e synehrogeope, qiving a

visual trece, and fed by a icape recorder. Thus the nuTnber and

rnagnitude of sigrvals were eonffrvaed at each stage of Zoading. Zihe

obtained aeous'ticaZ signals ean be cleityly disbinguished from the

scraping end other noises, gince the display of the elasbic waKr@s
                 t/
ofi ehe synehscoseope is very similar to the pattern of BesseZess 'ffunec--

tion as shown i.n ntg. 1 (ReE. X). The pseoposed tieehnicxue, whieh w&s

first t:nt･ed by R"seh (Reff. 2) antil (ffifferene frorn so-caZled soniew

Tnethod (Reff. 3), cnn si:iceesstully caech even the erackinq.s xijhich

an opex'cdi1 meehod failg to dieteet a'e earZy seage off loading.

sr?ny.pr.[E cor{pREssrc).asx･[rEs[r

     iv'h'e siegir spee±yttens of 5 x 5 x ZS crn we=e cuti ffrom fZflO >< 20 cTn

eylindeMis"ar"ri aM. sihe savredi sugehaaeg weTe qyound to observe thet.r

internal stc.:,"'uctiu.me., i, e. ehe loeation of hardienedi eernene paste and

agqregaeeyt.. Bv. zat'.rr,)].y'i,ng loadi iche e,lestia w"as7es were tTaeed and t:he

                                          'nuruber t:Jf cerrae}<inq si.qriRlis was eeounined ain vantoug steps of loading.

The t'i'ec.lti].s of' 'eas'tinq enro sc-,hown elsewhexee (Ref. 4). The nuruber of

siaE'ie,Xs eg"t:guv:}ct by enc'Ege.e"".,ii'v .indicaees ehat cxeaewking of conexete

ocifuws' immedta"b`.tswZ,y uff'{:RD;' 'l:::,'ke firse loading, altchough it has been

qerwe-v"Rl].v ret.:ogniz'G(l t':hcrac'e.c '//:}kLa rn:luiTnuin cegeaekinq., load j.s mpproxi--

maeelv 3CFrd o/'ist.. thde u)LR.:k"x"et,e 2.c)adi <Eg.ff. 5). On ithe other hand, alty
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new cmeaeks awe hardly obsewxred for the foanowing repet±utxiee reonds

up to the previous exeweed load (Ng. 2). The nurnberc of sigx'}ats

increases abwupeZy ae appZied stxeessses off khe ordew of 80 t<) 85%

of ehe uXeiTnaine sewengeh. ThSss ranqe of ewieieaZ load is alToesk

sarfie es ehe xrmZue off 70 to 90% off ehe ultirnenine lobld obsewedi by

prexrious inxrestigaeors (Reff. 5). Acrdiord±ng eo the optienl obssescven--

tiions, tLhee ewacrlcss air eawly seage ofi' Zomdiing are off so--em].,l.edi bone{

cwaal<s ake the interefaeves bekween coancse aggreciaties andi rfit"pt:'rt:.,;:k.wr. ,tv{o.se

of ghern appettsc around the lawqesc aggwegzate partiales dvncil no'c meeltl.l

are ffound eroundi izhe smaXler panceteles. [['hses :bond aevenc'it$i+ nF')rc)easc

pexealZel to the (3rkrection of Zoading and at: the lowew sSc'le off

aggre(;aties. These rresults aq.wee wSth ehe othege inKrestiga'//';ic)n.g ''

                                       '

                                                          tt                                      tt t                                tt tt ttttWriE;((IRAt {VESW

     si]< rblemin and thwee sceinfforeweel eonewet:e bearns haxftri"/･i" 1}.5 sg 1'k'.il". cr're

gquaxee seeweion wewe eestedi. [Vhe reinfowcerTlene xA7ass odi en dieeffc)scffie(n 'vei-s.℃

off Z6 rfirn in dii.arneiresc ffosc each sspeeeirnen. Ct'he bearus wesce sx';.)':)/"e<::'t/:.",.'/.･,,'l

to tihe ehscee--point loadinq wiseh 45 en span kengtih, A slie.".#.,.,. 2 ･em;/･,,'n･t

inhie]<, wdis sewed away ffrrorfi one side off eaeh specirnen an(1 i'hem blhe

guwed suyfaee wag gwound. The mieereocrracks wewe erae&d op'ic:LcraZZs, cm

the polished surff&ee by a raicroscope ae eaeh stege off icr)ERd:1.ng. fXi"n,esce

ig no ev±dienix difference beeween plain and segSnfosccedi ec)'t･).ee:;:'e'eE),

recyawdiinq the magnieudie of ehe ryTaxirnurn arnpZitude eef sj-gnmlE},;, ']it'hi,:.,,

fj.rst ffracking of eonerete ig obsexxred ae Zoading suage rriucih eitxe.Pj J.w,w

lj.han considegeed in geneera!g the firrse signttZ is aaught ain aboulj ,'ni

t:o 6% o{? the ultiTnate kodid ffor plain eonegeeS:e bearns end O.5 'tr;o .QS,tg-

for geeinfogeced concretie bearris. Thus theree is also no esyfidiene

diffeveeneve beeween pluain and reinforced concrete wit`h .rres;pe.e't" t:#
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ehe loading seage where the fiwst mierocrack occurs in the ineewntor

off concreee (Fig. 3). Aeeording to the opticai inveseigations, winh

increase of load, the isolaeed mieroewaeks eake place successiKrety

in the paste near the tension edge of the bearfis and nhen bridge

over the craeks which oecuscgeed pgeeviousiy aZong ehe ssuwfaces off

aggreegates. Theus asc the loading stage of 70 to 8096 off the ultirnaee

load ewo or more eontinuous cracking paehs asce estabZisshed near

the irension edge. The ffailure off tihe speetraen occurs suddenXy

through ene of tihe above-ruent±oned cracking paths or nhrough an

different paeh appeared newly (Fiq. 4, S). The detaUed desewip--

tions can be seen elsewhere (Ref. 8).

SUSTATNED CCMPRESSrON TEST

     The usual shore time corupression tests and shore time eveep

tests for aboue five minuites weye rnade undege ehe various !riagnitude

of sustained load on ptXO x 20 crn dylinder specirnens. Longiicudindik andi

transverse serains in conerete vcrere measured x-rith wire stxain gages.

Aiso the elastie waves produced by mieroewacking weve caughr by

rneons of a crystal rnicrophone. The stress--defforrnation curxres

obtained in the usual corapression tiest show the destniee so-ce.lled

eritical points (Fig. 6), i. e. Point tJ as a rmaxirnurn volurTietxic

contraetion (Ref. 9) and Point r. as alt abrul)t inewease of Poissones

ratio (Ref. 10). The stresses corresponding eo ewo kinks of iog

stress-log stTein lines fow longitudinal defowrttabion, Point u afid

1, may also be taken as eritieal pointg. (Reff. 5). Duutng the first

five minutes under short tirne sustaified load, cracking stgnaSs engee

hardly observed at load less ehan 30% of the ultimate load whieh

nearly concresponds to ehe critical point X, and increase abxupeXy

as shown in Mg. 7 when the sustdiined load reaches ito anboue 8S% of
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ehe uitimate load which corresponds to the critieal peint V. :t

should be noted ehat Point Z represents possibly the sustained

seress und@r which the oewcurenee of rnicxocracks during ereep may

start, Poine k, the seress at the developvaent of microeracks

Xeading ico fatique faiZuve off croncrcte, and Point U, the stress at

Che abrupt inexeesse of ewaeks under ehe long tirve loading. The

K7alue off the stscess at W Xies between 80 tco 9S94 of the ultirnate

serengeh whiZe the vaZuev off ehe stxesss ae g between 50 eo 70% of

irhe ultiirnekee strengkeh (Resi. Zl),

ooNeLVDr,NC RE"4ARKS

     (Z) The exaekinq signaZs of elemstic maves are received at

ioed rauech less irhan 10% of the uXeirp.ate load.

(2) Whe nurnber of signals Snexea$es abrupely ae &pplied stresses

of the order of 80 eo g.594 off ehe uXtimaee sUrength.

(3) Whe sirniZa.r eracking behavior is i"vestigated in eompressiqn

icests as weZl as in flexurai eests for plain eoncreee.

(4) Under short tSme $ustained load, crackinq signalg are hardly

observed at load less than 30% of the ultimate load and increase

abruptly &e R.596 of iche ultimate load whiceh cow=espond to criticaZ

poines in eveep. of concrete.

(S) re is again confirmed ehae ehe cracks ati eayZy geage under

sshere eirtte compressive 1ouding are of bond erecks. Most of them
                              '
eppe&sc parallel to the discection of loading and at the boeeorn of

;ttrgew aggwegates.

(6) The eest geesuZes sshow ehae ehe bearTis eould fail by newXy

epp@ascevd ecrackss xeaeherr ehan the firestly a.p.peasced cTacking line,

aXehough ike hass been genexenZly considered tihat plain concrete beams

would bweak down at khe vescy rnoment of oecurcence off the first
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eracking.

     re is cleasc ehat the rneasurement of ehe eZastie waves ehrough

specirnens duxing ruechanical test offers a powescful eooi paxticu-

larly for seudying ehe vaechanieaZ behavioy of mieroemacking and

the predicbion of the so-ealled true sexengeh off conescete.
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