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　　　　至norderも◎c｝a鵡・the　acoustic　emissio難（AE）character玉sもics　dur加g　te丑s註e宅ests　c◎nducted

perpend隻。漁rも◎the　pla難e◎f　particleboard；we　us愈d　a熟◎tch　in撫e　ce慮a璽portioR　ofもhe

もhickRess（撫¢cもio丑。£もheもes撫g　spec㎞len　des重9黙ed£or磁s　s雛dy。　Weもesもed　h鍛d：made　parti－

cleboards　r鱗）reseRtilkg　a　ra強9琶。だ峯）我r娠de　sizes，　de嚢s呈も絶s　an（i　res嶽co鼓もe鍛もs　forもe嚢s塁e　sもress

whi｝e・ra◎難誌◎撫9　AE　eveRts．　Two認se套s◎rs（yesoRaRt　£reqgeRcy：　14e　kHz）were搬◎澱もed◎費

もhe◎PPosiもξ｝£aces　ofもheもesもsp穆。漁e］臓．　The至ocaも重◎］R　of¢ach　A至護se塁s◎r　atも】k愈ce］kもer〈）£the

spec糠e鍛w撫s　ab◎u員】㎜登◎搬嶽＄crack擁もhe　pa癒cleboard。　We　exa】銃㎞ed藤e嶽搬e丑ce◎f

もhe醜e澱a圭sも澱。綴re盤。も◎rs　o醜he　behavi◎r　o重AE　ge聡r廉。貧磁r聴もe塗s圭1eもe＄もs．

　　　　丁嚢e艶簑s盤esもre盤9もh◎fもhe墾a斑cleboard　was　a挽。もed　by　pa癒。｝e　size，　board　deRs靭and

res重汽C◎黙t¢戦宅．　ReSU］［ts重嚢（慧caもedもha書むhe　higherもhe　tensi三e　styeftgth，もhe　greaもer　the　c㎜U至aもive

AE　event　counts　（Tas）　morrttored，　which　suggests　that　Tms　is　involved　in　the　internal　structure

factors，　simee　tenslle　strength　is　closely　related　to　TAE．　The　difference　in　measuring　distance

from　the　AE　sensor　to　the　fracture　point　significantly　influenced　the　effective　AE　signal

detected．　The　detected　signal　was　attenuated　because　the　distanee　in　the　internal　bond　tests

was　farther　thart　that　in　the　tenslle　tests．　The　load　level　at　fallure　（P．．）　was　significaRtly　related

to　the　load　level　at　the　initiation　of　AE　generation　（PG）　in　the　tensile　tests．　［lrhe　negative

tendency　of　this　ratio　（R，），　the　stress　level　at　the　mitiation　of　AE　generation　（oG）　to　that　at

failure　（intermal　bond　strength），　became　clear　in　the　1）．．　or　TAE　values．

INTRODUCTION
　　　　Particleboard　（PB），　a　wood－based　material，　has　been　widely　utilized　in　many

industrial　and　domestic　applications，　such　as　the　structural　members　in　furniture　or　in

architecture．　lt　can　be　manufactured　to　different　specifications　or　qualities　for　various

appljcatioRs．　The　performaRce　of　PB　is　govemed　by　the　properties　of　the　wood　species，

もhe　adheslve縫sed，もhe　maltuf衰ctur鎗g　sもraもegy　and奮he　produc摂。嚢pr◎cess（】Kollofftairm　et

α9．，1986）．　P］Bもesも撫g　duri嚢9搬a繋ufact嚢ri簸g　and　priGr　t◎use　is　an　areε竈of　spec重a｝im．poト

tance．　We　have　desigRed　a　test　invoMRg　the　fastening　cf　PB　iRternal　structures　te

determ主fte　theもe難s簸e　stre捻9もh　perpendicular　t◎the　P｝aRe（血もemal　b◎鍛d　strengもh），w㎞ch

　　＊Laboraもory　of　Wo◎d　Ma毛eria玉川ch蓑d◎gy，　Depa斑αe臨◎f　F◎res宅Prod斌。もs，　Graduate　sch◎010f

　　　　Bieresource　and　BioeRvirenmeRtal　ScieRce，　Kyushu　University

　　＊＊飛iss血S磁ware　C◎opera穏on，　Na暮asaki　85◎一〇〇35，　Japa致

＊＊＊　Miyazaki　Pxefecture　Weed　U£litzatioR　Researeh　Cepter　885－OC37，　japaA

＊＊＊＊　CorrespGltding　author　（E－flta21：　ymllrase＠agr．　kyushlidi．ac．jp）
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plays　an　important　ro｝e　in　detalled　PB　analysis　aRd　provides　direct　information　aboutthe

adhesioR　cf　the　wood　partic｝es．

　　　Acoustic　ernission　（AE）　teckniques　have　for　many　years　been　considered　the　prime

candidate　for　structural　health　aRd　damage　mQnitortag　in　loaded　structures．　They　offer

the　user　a．資疑mber◎f立癒ereRt　a（至vanもages，血cl嚢（塊co簸粧nu◎us　sensitivity　i嚢憩．onitori登9

capabilities　aRd　the　possibility　of　examiniRg　the　eRtire　volume　of　a　structure．　The

iRcreasing　use　of　composite　rfiaterials　in　loaded　structures　and　their　comp｝ex　damage

develepment　has　created　a　need　for　an　efficient　and　reliable　testing　technique　that　can　be

“sed　di2ring　the　sewtce　life　ef　these　materials　（Miller　et　ag．，　1978　aRd　SurgeR　e＃　ag．，　200e）．

Moreover，　AE　techniques　clearly　have　the　potential　to　serve　as　a　continuous　damage

detectleft　technique　for　composites　axxd　are　efte　of　the　most　effective　methods　for

determinmg　the　relationships　betweeR　the　mechanica｝　properties　and　internal　strueture
of　irftaterial　（Filji’i，．　1997）．

　　　In　order　to　evaluate　the　relationship　between　the　AE　and　internal　bond　（IB）　strength

of　wgod－ba＄ed　composite　paxel　materials　（BeaR，　1985）　as　well　3s　the　effect　of　interxa｝

structure　factors　on　particleboard　（Lin　et　at．，　1994　and　Fujimoto　et　ae．，　i　997），　we

血ves確ated　AE　ge蓑eratio難duri嚢gもens戴e宅ests　perpeR醜ぬrも◎the　plaxxe．　We　obもa魚ed

basic　information　on　the　fracture　mechanism　of　wood－based　materials　and　PB　during　IB

tests　with　AE　raonitoriRg．　Fajiraoto　et　ut．　Roted　that　the　higher　the　IB　strefigth，　the

greater　the　eurnulative　AE　event　counts　（TAE）　monitored，　suggesting　that　internal

sもrucもure　f滅ors　were　relaむedも。．the　lB　sもre強gth，　The　raもi◎（R。）◎f　the　Sもress　level　aも癒e

initiation　of　as　generation　（aG）　to　that　at　failure　（IB　strength）　was　negatively　correlated

もoboth　IB　st卸engもh＆nd　7短．　Bea璽rep◎rもedもhaもde頚sity　correlaもed　we簸with　IB　sもre貧墓甑

for　any　of　the　materials　（PB，　MDF　and　OSB），　and　with　AE　only　when　density　was　related

to　bond　quality．

　　　The　AE　signals　detected　in　the　IB　tests　were　not　AE　generation　at　the　fracture　point

（souree），　Thまs　wasもhe　AE　signal　during　Bもesもsもra簑smi枕ed　thro嚢ghもhe雛emal　p麟s◎f

the　PB　specimen　that　were　detected　by　the　AE　sensor　mouftted　on　the　surface　of　the

loading　block．　Therefore，　the　AE　generated　at　the　fracture　point　during　tensile　tests　in

theもh重。㎞ess（iirecti◎n　of　PB　re艶a加edも。　be　exa惣ed．　The◎切ective　of　our　research

was　to　investigate　AE　generation　at　the　fracture　point　and　the　development　of　minute

fractures　on　various　iRternal　striictEire　faetors．　We　examiRed　a　test　speeimeft，　with　a

notch　in　the　central　portion　of　the　thickness　direction，　using　an　AE　monitoring　system

duririg　teiislle　tests．　This　specimeR　shape　was　siml｝ar　to　the　shape　used　to　testfracture

toughness，　though　the　purpose　of　this　study　was　not　to　measure　fracture　toughness，　This

s敏dy　exam鎗ed　the　AE　ge嚢erated　by　theもe貧s嚢e　load。　We　measured撫e蟄恥eRce　of撫e

血ternal　structure　factors（particle　size，　board　density　a鍛d　res血content）血the　PB　under

もen認e　exam凱aもi◎n　with　AE　signa1目論toring．

MATERIALS　AND　METN［ODS

　　　The　single－layer　p3rtic｝ebcards　were　mftRgfactxred　ik　the　laboratcry　with　phe－

nol－formaldehyde　adhesive（Oshika　Shtnko　Co．，　Ltd．　PB一ユ310）hot　pressed　at　30　kgfrcm2

a翻80℃fo罫12血温tw◎2◎㎜dis融ceba醐s愈d　o漁ev＆翻e　m濾。宅u畑g
factors　shown　iR　Tabie　1．
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Table　1．　Various　manufacturing　conditions　of　particleboard．

Variable
?≠モ狽盾窒

Particle　size

@　（mesh）
Oh　8，8to　12，12　to　24，　and　Through　24

Board　density

@（nominal）
0．5，0．6，and　O．7（g／cm3）

．Res血content

idry　30hd　basis） 5，8，and　11（96）

Unit：　mm

2

9

Specimen　size：　50＊10“20　mm
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　notch　by　2　mm　width　of　band　saw

ig．　1．　A　diagram　of　the　test　spectmen　for　detecting　AE　at　the　fracture　point．

　　A　sample　test　specimen　and　the　AE　sensor　locations　are　shown　in　Fig．　1．　All　test

pecimens　were　cut　into　50　＊　10mrn　pieces．　A　notch　24mm　in　length　was　cut　into　the

entral　portion　of　the　thickness　direction　us血g　a　band　sa繭th　2㎜輌dth．　The　test

pecimens　before　the　tenslle　tests　with　AE　monitoring　were　conditioned　to　an　equjlibrium

t　200C　with　650／o　relative　humidity　（RH）　for　about　four　weeks．　A　1inm　crack　was　made

t　the　bottom　of　the　notch　using　a　razor　blade　before　the　tensile　tests．　Two　AE　sensors

NF　Corporation，　AE－901S，　140kHz），　12　mm　in　diameter，　were　located　on　the　opposite

aces　of　the　test　spectmen．　The　AE　signal　was　measured　during　the　tensile　tests．

　　The　AE　monitoring　apparatus　and　the　tensile　tests　perpendicular　to　the　test　specimen

lane　are皿ustrated　in　Fig．2．　The　two　AE　sensors　were　close　to　the　specimen　center，

bout　1mm　from　the　crack．　Wax　was　used　to　adhere　the　AE　sensors　to　the　specimen．　A

ensile　test　was　conducted　using　a　universal　testing　machine　（Shimadzu　Corp．，

G－100KNE）　at　a　loading　speed　of　O．1　nrmi／rnin．　Both　AE　signals　detected　during　tensile

ests　were　individually　amplified　by　40　dB　using　two　preamplifiers　（NF　Corporation，
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Fig．　2．　Diagram　of　tensile　test　perpendicular　te　the　plane　of　the　test　specimeR，　coA－

　　　　　　t＆ined頭t血もhe　aid◎f　the　AE　I嚢oniもor童Rg　systel駐．

AE－912）。　The　AEもesも血g　sysもem（NF　C◎rp◎raも三〇R，94◎6）was　aga魚a搬p難ed　20　dB　by

もhe　ma拠amp憩er　a陰d　discr㎞aもed　at　a　thresh◎三d三eve孟of　3◎（）mV　a貨er　us血g　a　1◎◎k：Hz

to　1．0　MHz　band　pass　fllter．　The　lead　was　reeorded　from　the　begiirming　untll　the　faifure　oR

arecorder（Sh㎞adzu　Corp．，　AR－6422）．　The　loa（i　level　at　the血itiation　of　AE　generation

（PG）　until　the　loading　level　at　failure　（P．．．）　and　the　analysis　of　AE　signals　during　the

tensle　tests　were　obtained　from　a　computer．　We　exam血ed　the　behavior　of　AE　during　the

tensile　tests　due　to　the血且uence　of　particle　size，　board　density　and　res㎞content　us血9

the　parameters，　P．，．，　PG　and　TAE　（Fujimoto　et　al．，　1997）．　The　AE　amplitude　distribution　as

one　of　the　parameters　was　analyzed　with　the　load　level　set　as　wel｝，

RESULTS　AND　DISCUSSION

Effect　of　particle　size　on　tensile　strength

　　　The　influence　of　particle　size　oR　the　IB　streAgth　and　tenslle　strength　in　the　thickRess

directioR　of　the　PB　is　showu　in　Fig．　3．　There　was　a　teiidency　for　IB　streRgth　to　increase　as

the　particle　size　becarae　larger．　This　was　the　same　as　a　result　we　ebtained　previoii＄ly

（Fajimoto　et　a；g．，　1997）．　［1］he　tctal　partic｝e　sgrface　areas　increased　wheR　the　particle　＄ize
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Fig．3．　C◎ra翼》ar茎so数◎f漁¢茎B　sも驚汽gもh　with撫奪もe嚢s銭e　sもre嚢樽酒負）r　part董。至¢b◎ard　s茎）eci－

　　　　　meR　with　varieus　particle　sizes．

S｝職bO璽s：＝：「re鼓s簸eもesもs（25＊1（｝1／lillM）

　　　　　　ew：　IB　tests　（50＊50mm）

Note：　Specimen　size：length＊width．

became　s搬a慧er，　a蓑d　the　PB瓶a農uねct穫red　wiもh　s殖撮1er　par摂cles慧丑der　the　sa薫e罫es拠

content　consisted　of　total　bonded　areas　with　insufficient　or／and　no　resin．　However，

もe貧s丑eもesもres橿ts　sh◎wed　th蕊the　PB搬ade　w重もh　12も024搬esh　parもicles　had　a　higher

tensile　strength　and　that　the　PB　with　larger　particles　（on　8　and　8　to　12　mesh）　had　low

teRsfte　streRgth．　This　suggests　that　the　area　（bgRded　area　arid　void　area）　of　a　testiRg

specimen　（about　24　“　10rmn）　in　this　experiment　was　small　compared　with　the　area　of　a

specimell　（about　50　＊　50　mm）　iR　the　IB　tests．　Therefore，　the　iRfluence　of　the　voids

between　the　particles　was　remarkable　in　the　case　of　PB　made　with　larger　particles

because　the　bonded　area　was　small　for　the　testing　specimell　we　llsed　iii　this　study．

Particle　size　effect　on　tensile　stress　and　AE

　　　AE　generation　at　the　fracture　point　duriRg　tenshe　tests　in　the　thickness　direction　for

PB　spec㎞ens　with　various　particle　sizes　is　shown血Fig．4．　Both　the　Pm，．・and　T．E　had　the

same　tendency：　the　PB　made　with　12　to　24　rftesh　particles　had　the　highest　P．．．　and　TAE，

followed　by　the　PB　made　with　8　to　12，　through　24　and　on　8　mesh　particles　in　that　order．

These　findings　s猛99esももhaももhe　b◎nded　are翫s　a嚢d　voids　are韮難v◎ived　iR　theもensi至e

strength　and　the　AE　signals　detected，　because　the　bonded　area　is　significantly　related　to

もheもe捻s丑e　sもreR9むh（IB　streRgth）（Ha丑Chien　Li慧θ若αZ．，1994　a難d　F更寿imoto　et　a9．，1997）．

In　other　words，　the　higher　the　tenslle　strength，　the　greater　the　TAE，　which　suggested　that

Z田changed　c（）rr奪spo丑ding　t◎癒e　l◎ad　leve1（IPmax）i鍛塩is乞eRs艶experime就．　T嬉s　was
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the　same　result　as　that　obtained　in　a　previous　study　（Fujimoto　et　al．，　1997）　in　which　the

IB　strength　was　closely　related　to　TAE．　This　therefore　indicated　that　TAE　is　related　to　the

partic｝e　size，　because　the　particle　size　influeRce＄　the　1’．，．．　As　showA　in　the　bottom　of　Fig．

4，　R，　shows　a　negative　tendency　of　P．，，　and　TAE．　This　indicates　that　the　PG　value　is

signi£icant｝y　related　to　the　P．，．　value．　That　is，　AE　at　the　fracture　point　geRerated　later　fer

the　board　with　a　higher　tensile　strength　（that　is，　a　larger　P．，．）．

　　　Handmade　PB　was　manufactured　using　particles　8　to　12　rnesh　at　a　density　of　O．7g／cm3

with　phe嚢。レformaldehyde　adhesive　aも8％resi鷺。◎Rもe蓑t．　The　P＿and　Z田魚the　lBもesもs

and　the　tensile　tests　were　compared　aceording　to　the　distance　from　the　fraeture　point　to

the　AE　seftsors．　The　P．，．　ar！d　TAE　values　obtaiRed　from　each　test　were　Rormalized　（B”ig．　5）．

Results　indieated　that　AE　events　in　tensile　tests　became　larger　than　that　in　IB　tests　at　the

same　load　level．　ln　tensile　tests　the　measuring　distance　from　the　fracture　point　to　the　AE

se“sor　should　be　sirtall，　which　＄uggests　that　tke　AE　sigRai　is　attenuated　because　the

distance　from　the　fracture　point　to　the　AE　sensor　in　the　IB　tests　was　farther　than　that　in
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　　　　　　cleboard　with　the　particle　size　of　8　te　12　mesh．

Syrrtbols：　一：　AE　detected　directly　at　the　fracture　souree　（point）　by　tensile　tests

　　　　　　　　　　　in　this　study．

　　　　　　　一一　一　一：　AE　detected　indirectly　on　the　loadimg　block　by　IB　tests　from　the　previous

　　　　　　　　　　　paper．

the　tensile　tests　（Lin　et　at．，　2001）．

Amplitude　analysis　on　AE　signals　for　various　partiele　sizes

　　　Araplitude　analysis　is　one　of　the　rnost　common．means　of　evaluatmg　AE　signals　when　a

materia｝　undergoes　deformatiop．　ln　geRera｝，　the　araplkudes　of　the　voltage　sigkals

detecもed£ぞ（）獄もhe　AE　seRsor　are　potもed　as　a　distrib達誌ior【aRd　the丑co搬pared　wiもhもheめad

level　（Mll［ler　eS　esl．，　1978　3Rd　SurgeR　et　asg．，　2000）．　The　iRfiueirice　of　p3rtiele　size　gr｛　AE

eveRt，　amplittide　aRd　load　for　PB　specirriens　in　varytag　particle　sizes　is　shown　in　Fig．　6．

The　amp｝itude　distribution　at　each　O．5kgf　in　the　｝oad　range　was　analyzed．　Resu｝ts

indicated　that　the　sarne　tendency　was　present　for　each　particle　size　of　board．　Both　the

｝arge　and　small　amplitude　increased　as　the　loading　level　increased．　The　event　for　both

type　of　amplitude　increased　relatively　untu　the　end　of　loading　（fracture）．　That　is，　the

higher　the　load　level，　the　more　the　large　or　small　the　amplitude．　This　is　because　AE　was

the　elastie　energy　that　was　released　by　the　materials　when　they　were　under　loading　stress

（Surgen　et　at．，　2000）．　Moreover，　the　event　of　the　small　amplitude　increased　significant｝y

before　just　reaching　the　load　failure　level．　lt　is　inferred　that　the　energy　was　released

greatly　before　fracturing　and／or　the　amount　of　minute　fracture　was　greater　than　the　other

load　level　durtng　the　tenslle　tests　for　PB　spectmens　with　various　particle　sizes．
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Fig．　7．　Relatior｛ships　between　TAE，　PG　and　P．．，．　for　parti－

　　　　　　eleboard　specimens　with　various　board　densi一
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Symbols：　Nomina｝　beard　density　（g／cra3）：

　　　　　　　O：　O．7，　rm：　O．6，　A：　O．5．



Aco2Lstic　Emission　Meas2Lrement　ofParticleboard 111

Density　effect　on　tensile　stress　and　AE

　　　Single－layer　PBs　were　manufactured　using　particle　8　to　12mesh　under　31evels　of

board　densities，　O．5，　O．6　and　O．7gtcm3，　with　phenol－formaldehyde　adhesive　at　80／o　resin

COntent．　The血flUenCe　Of　denSity　On　Pm。、，　TAE　and　I）G　iS　ShOw：n血Fig．7．．Pm。．　inCreaSed

with　increasing　board　density，　and　TAE　showed　a　tendency　to　increase　as　much　as　the

density　increased，　which　indicated　that　the　density　correlated　well　with　the　tensile

strength　and　AE　oniy　when　the　board　densification　was　related　to　the　bonding　quality

（Beall，　1985）．　The　PG　value　showed　a　tendency　to　become　larger　as　the　density　increased．

This　indicated　that　the　effective　adhesion　area　among　the　particles　expanded　as　much　as

the　density　increased　because　the　number　of　particles　and　the　amount　of　adhesive

加CreaSed（L血etα1．，1994　and　FUjtmOtO　etαt．，1997）．　T㎞S　SUggeStS　that　Pm。、　pOSitiVely

corresponds　to　the　minute　fractures　that　occur　at　the　mitiation　of　the　load　level　PG．

Resin　eontent　effect　on　tensile　stress　and　AE

　　　Handmade　laboratory　particleboards　were　mannfactured　using　partic｝e　12　to　24　rrtesh

18
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　　　　　　particleboard　speclmeRs．
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fer　a　Rcminal　beard　dek＄ity　O．7g／civ｛3　at　5，　8　akd　l　l　perceRt　leve｝s　cf　resik　coRterit．

Results　indicated　that　P．．．　and　TAE　at　80／o　resin　content　had　the　highest’value，　followed　by

エ1　artd　5　perceRt　iR　that　order（嵐e　t◎p　and漉ddle．◎f　Fig．8），　whereas　R。　sh◎wed　the

lowest　value　at　80／o　resin　content　and　ctifferent　P．，．　and　TAE　tendencies　in　the　tensile一　tests

（もhe　boももom　of　Fig．8）．至n　preVious　s加dies（Han　Chien　L血et認．，1994　a費d　F勇㎞ot◎et

at．，　1997），　P．，．　arid　TAE　showed　the　largest　value　at　8e／o　resin　contertt　in　the　IB　tests．　This

sairte　teRdency　was　also　shown　iR　this　experiment．　in　general，　P．，．　and　TAff　teRded　to

increase　as　the　resin　conteAt　increased　（Beall，　1985）．　However，　an　inner　layer　burst

during　rRanufacturing　in　PB　manufactured　with　the　particles　through　12mesh　and

phekc｝一forra3｝dehyde　adhesive　at　higher　resin　coRtei｝t　（lie／o　aRd　14e／e）．　’］］his　indicated

that　bursts　in　the　inRer　layers　were　caused　by　imperfect　adhesive　hardening　（Fujimoto　et

ffg．，　1997）．　［rhe　P．．．　aiid　TAE　values　at　l　l“／e　resin　cgRtekt　were　lower　thaR　tlriose　at　8e／o．

These　test　results　are加nuenced　by　the　test　parameters伊ma、　and　TAE）just　as　they　were血

previous　studies．　R，　therefore　showed　the　sam．e　teRdency　fts　the　reported　ixx　previous

work，　which　had　its　highes．t　value　at　110／o　resin　coRtent．
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