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覇漢書　助す鯵, perhaps because it is

すさ国劇はi hat∴the theo「y of fractu「e

蘭は漉a轟es is not appiied to materiai w軸a

日動hのa血F「om the p「evious 「esea「ch, the

S'rtyl of rood w冊a c「ack, eVen When a

Sn田cr積水, has significant c冊erent w皿un-

C凋虞ed wood specjmen (Susanti et aら

2010at; Susanti et aら20’時and Nakao, et

d∴狐1 1)1

Mode =s a simple method in

fracfure mechanjes testjng to obtain the

叩tu「e behaviou「 of mate「ials, F「om many

model can be used to investigate the

OPenlng behaviou「 of materiais include wood,

Single edge-nOtohed bending (SENB) is one

Of the uncomp"cated models which easy to

conduct even w冊a short c「ack. Many

「esearche「 suggested that SENB is a model

for deter「nining the value of /くc based on

f打鵬element anaIysis (FEA) (Walsh, 1972

Vatenth and Aqjanaohoun, 1992). Beside,

釦s創n ct aI. (2010b) suggested that the

fra劇u面g mechanics∴theo「y can be

desHibed the fa柚re behaviour of wood with

a very short crack. Therefo「e言n this pape「,

厨exa面ning the什acture phenomenon of

aga請is nd (Aga伽is sp.) in the tangential-

ra胞ITR) and 「adial-longitud血al (RL)

SyStenS, the singIe-edge-nOtChed model

SPedmen was used.

Th「ee・POint singIe_edge-nOtChed bending

test

The schematic diag「am o=he th「ee-

POint single-edge-nOtChed bending (SENB)

test showed in Fjg. 1, The specimen had a

CraCk at its cente「 w軸the configu「ation of

the specimen shows in TabIe l, it was

SuPPOrted with a span of S, and the load was

appiied at the mid-SPan, The crack leng帖s

defined as a言n軸s Ioading condition. The

nominaI bending st「ess o訂S de「ived from

eIementa「y beam theory as fo‖ows:

6n =壷覇戸

棚

Whe「e Pis the applied load, B and Ware

the beam width and depth, 「eSPeCtively. This

notaめn is app”cabie to∴the crack-f「ee

SpeCimen. When the c「ackiree specimen is

bent, the fa血re-by-bending moment is

53

indu∞d when o), 「eaChes its c「itical vaiue oho,

Which is usua=y defined as the “bending

Streng肝of the mate「ial.

§覗　　　　　　く　弗駿

ト一心′-へ{‾-‾-しっ一切ゝ《)掴ゝゝ--」←“…-、し　べ　ゝ、(杏

Fig・ 1. The schematic diag「am o上the

叫eepoint single-edge-nOtChed bending

(SENB) test.

lrwin et a/, (1958) explained that on。

has been thought to be constanl in the range

Of short crack. When the c「ack length is la「ge,

howeve「, the value of o,,。 decreases with

inc「easing C「aCk length. The「efo「e, the

fractu「e behavior of a material with a long

C「aCk should be anaiyzed using the mode l

StreSS intensity facto「 K/ O「 the energy

「elease rate G/, eaCh o† which is de「ived

based on f「acture mechanics theory,丁he

Value of G/ Can be determined based on

ene「gy conside「ations of mate「ial and is

mathematica=y we=　defined, While KI is

「egarded as a loca=ze pa「amete「 w両ch is

in皿enced by mic「o-St「uCtural iocaI

anisotropy (Morel et aら　2005)i The

measu「ement of G/, Which 「equi「es the load-

defo「mation 「elation co「「esponding to the

C「aCk lengt申s p「efe「able to that of K/. 1f G/

is measu「ed by the SENB test, COmPIiance

Ca=brafron method in which the loading」ine

誌葦露盤嵩盤盤
SPeCimens w皿a sho「t c「ack, howeve「,旧s

d櫛cult to obtain this 「e闘on app「opriately

because the loadjng」ine comp"ance does

not vary with varying the c「ack length so the

loadjng」jne compijance/crack length relatjon

is not app「oprjately dete「mined. ln cont「ast,

杓fo「 which the load-deflecfron relaton is

not 「equi「ed言S mO「e eaSily measu「ed using

an app「OXimathg equafbn than is G/ in spite

Of the less mathematica廿igo「ousness.

Mode l st「ess intensity facto「妬is

de「一Ved us一芸器調On

(2)
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Fig. 2. The師te eIement model used fo川e

SENB test analysis. (a) Ove「aIi mesh言b)

det劃of zone A in (a), and (C) detail of zone

B in (b). The c「ack length a is shown in TabIe

聞

膿THODOLOGY

Agathis (Agathis sp") is one of

fropieal wood species which has unclear

amual rings, the「efo「e it was used in軸s

experime=t. =his expe「iment, aga軸s

lumbe「 with average density 530 kg/cm3 was

used. The lumber has no defect and the

specinlenS Cut from it we「e being regarded

as sma= and clea「 specimens. 1t was sto「ed

fo「 severai months in a room tempe「atu「e

(a「ound 20oC) before cu軸g into sma=

specimens. Then言t was co面med to be in

the al「-d「ied cond緬on which was malntained

to the testing condition.

The configuraton of specimen

dimension shows in Fig" 1. Besides, the

dimension of specimens was used in師s

expe「iment shoun in Table l. Fou「 to ten

specimens we「e used for each ∞ndition" In

the single edge-nOtChed bending tes血g, the

load was app固with c「osshead speed l

mm/min fo「 the test w冊span lengths of 60

and 120 mm, and 2 mm for the testwith the

span length of 240 mm"　The test was

55

conducted un刑the load markedIy dec「eased-

The c「itica=oad P。 WaS determined as the

maximum load,

勧紡割emen書An∂I咋is

For obtaining什e crack geometry

factor,砕e個the緬te element analysis

VCCT method was used,丁he the finite

eiement anaIysjs in the TR system was

found tha川e c「ack geomet「y facto「誰a/り

Shows in Fig, 3i

0∴∴ 0飴　　01　0うら　　02∴∴025　　03　　035

Fig" 3. Relatonships between the crack

geometry factor桁yW) and the equivalent

crack leng肌a/W obtajned by判e VCCT

method in the tangentiaLradjai system and

Eq, (7) proposed by G「oss and Srawley

(1 965).

There was a conce「n that the

o州otropy of the wood migh=nfluence the

c「ack geomet「y facto「・ Howeve「, Fig. 3

shows that the 「elationship between the

crack geometry facto「, f匂明　and the

equivalent crac=ength a刷obtained by the

精霊欝計蔀許諾窯
geome面oa=actor解e明in Eq. (2) fo「

tangential-「adial and radial二Iongitudinal

systems was used the equati6n proposed by

Gross and S「awley (1965),∴∴∴∴ ′

桝脚3飢2鳴戸1 (弾5樹
(7)

Thus, K is de「ived as follows:

KI =蒜書中0タ-1 73勃十8減圧1協十14う勃]

(8)

Fig. 4. compa「es of the no「malized

straln energy release 「ate G催2 ca剛ated

by the VCCT and G7同作2 ca剛ated by the
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Tむte2. The eddional crack A of a athis wood SENB inTR and RL

RL system

S画men A O.38 mm

S画men B O,31 mm

C O.44 mm

0.25 mm

O,33 mm

O.33 mm

The mnde l c雨cal c「ack length w軸

ad鵬瞳maI crack ie噂h △ can be obtained by

請0刷れg印ua的n:

好く㌔椰f(男=げ虹励・(勤

(9)

Otherwise, based on f「actu「e mechanics

Value, the bendjng st「ength vaiue obc and the

mode l critieal stress intensrty facto「 KIC Can

be obtained di「ectly by using additional crack

le吋h 4a as shows in Fig. 7.

「-「‾‾「雪面輔弼商痘‾‾‾‾ ‾‾‾ ‾ ‾ ‾ ‾
ふき　‾　　　　　　　　　"　中五〇二重量喪か尊ぶ⊥うらi田

‾,○○姿は郵ヽ1心雄三貫I尊皇山口ロあぐ事南郊話擁ロ掬l耽I血痕広也i持

一読宝剛ねこ。印南的坤葵中細刷両肘

○ ○ - -鼠霜青寄∞賀担相即帥碗巾卵的廟紺駅

長三三三三‾ !
…　　蕗竜田頃。眼.車は調史担げ卸側組曲は

至

Fig. 7. The 「elathships between the

nominai bending strength on。 and the c「ack

length a obtained

from Eq, (1) and (9),

CONCLUS10NS

l. The f「acture propertjes ofwood can be

Obtained by using fracture mechanics

COncePt, eVen When the crack js sho心

2. The bending strength value ohc and the

mode l c軸cal st「ess intesity facto「 K/C Of

agathis wood speci mens were affected

by the length of the crack

3. Constant critical stress intensity facto「

Value K/C Can be p「edicted by using the

additional crack length △ which is

Obtained by ave「aging all data including

C「aCk length a = 0

4. By using additjonal crack iength △, We

Can be predict the bending strength o17

Value as we= as the criticai s什ess

57

intensrty factor K/C based on f「acture

mechanics value.
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