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Mode II Energy Release Rate for the End-Cracked Wood Beam

Katsumi OKUSA
(Laboratory of Forest Civil Engineering)
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Fig.1. Cracked wood beam for measuring the mode II fracture toughness (Gpg).
P: concentrated load, I: span, h: beam depth,
b: beam width, a: crack length, c: distance
from crack-side supported point to the loaded point.
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Fig.2. Elements along the crack.

i, k: nodal points on the lower surface of crack.
j, I: nodal points on the upper surface of crack.
n: nodal point not on the crack surface.
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Fig.3. Cantilever beam subjected to vertical distributed load at the free end.
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Fig.4. Double cantilever beam used to measure the mode I fracture
toughness (¥;¢) of wood.
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Fig.5. Tensile stress (dy) in the vicinity of the front of crack
tip for the double cantilever beam (Fig.4).

r: distance measured along the prolongation of the crack
line from the crack tip.
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Summary

The method with firm foundation for determining the mode II fracture toughness (&g,)
of wood has not been established yet. In the previous paper, the author proposed a
bending test method which is applicable to measure ®y., as shown in Fig. 1, and derived
the equation (2) for calculating the energy release rate (&y). However, the corrections
for the value (@5) calculated by eq. (2) should be examined because eq. (2) is an approxi-
mate formula which is based on the beam theory of “Material Strength”.

In this research work, the deflection (v) of the loaded point and the strain energy
(U) of the cracked beam, as shown Fig. 1, were calculated by use of the finite element
method (FEM). The source list of FORTRAN program used for the calculation is presen-
ted in the appendix. For analysing the problems of the cracked beam, the subroutine
“CRACK”, which makes the vertical displacement of the upper crack surface exactly equal
to that of the lower crack surface, is included in this program.

After the vertical displacement v, (for the crack length a,) and v, (for the crack length
a,=a,+4a) of the loaded point in the cracked beams are obtained by use of the FEM, the

energy release rate calculated as follows;
Gy=0U0/0A=P(v,—v,)/(2bda),

in which A is bda, b the beam width, and P the vertical concentrated load.

The coefficients of correction to the value @u contain the parameter @//(=¢&) and h/!
(=7%), in which a is the crack length, / the span and k& the beam depth. In the case of 7
=1/15 the coefficient F, is obtained by use of eq. (20), which is applicable to the range
£=0.20~0.55, and in the case of £=0.3 the coefficient F, is obtained by use of eq. (22),
which is applicable to the range »=0.05~0.10. The relationships of F, versus (e¢//), and
F, versus (#/!) are shown in Fig. 7, and Fig. 8, respectively. When £%¢,=0.3 and
7¥7,=1/15, the coeflicient of correction F (&,7) is obtained by use of eq. (25), if the
values of & and 7 differ little from &, and 7, respectively. Using these coefficients, the
accurate value of the energy release rate can be determined as follows;

©y=(F, or F, or F) x@&.
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APPENDIX
SOURCE LIST
1 - MAIN PROGRAM
2 - FEM(BAND MATRIX)., CRACKED BEAM
3 - COMMON/B1/MTLK.NPOIN.NELEM.NBOUN.NCONC,NCP.TH
4 - COMMON/B2/EE1(10) ,EE2(10) ,EG(10) ,EPR(10)
5 - COMMON/B3/X(1400) ,Y(1400) ,NOD(1500.5)
6 - COMMON/B4/NF (20) ,NBX (20) ,NBY (20) , VBXY (40) .NL (50) ,VLXY (100)
7 - COMMON/B5/NCPP (80)
8 - COMMON/B6/6ST (2800,124) ,TF(2800) ,DELTA(2800)
9 COMMON/B7/D(3.3) .DBA(3,8) .CK(8,8)
10 DATA NO.MO.NB0/2800.124.60/
11 -
12 - CALL INPUT
13 NN2=2xNPOIN
14 - NB1=0
15 - DO 225 LK=1,NELEM
16 - KN=4
17 IF (NOD(LK.4).EQ.0) KN=3
18 - KN1=KN-1
19 - DO 250 I=1,KN1
20 I11=f+1
21 DO 250 J=I1.KN
22 - NB=TABS (NOD(LK.,I)-NOD(LK,J))
23 - IF(NB.GT.NB1) NB1=NB
24 - 250 CONTINUE :
25 - IF(NB1.LE.NBO) GO TO 225
26 WRITE(6,700) LK.NB1.(NOD(LK.,J).J=1.KN).NBO .
27 - 700 FORMAT (1HO,3HLK=.14,5X,4HNB1=,13,5X,4HNOD=.413,5X,4HNBO=,13)
28 STOP
29 225 CONTINUE
30 - NBW=(NB1+1) %2
31 - WRITE(6,200) NN2.NBW
32 - 200 FORMAT (1HO.4HNN2=,14,5X.4HNBW=,13/)
33 - :
34 - DG 210 MT=1.MTLK
35 - D6 220 I=1.NO
36 - TF(1)=0.0
37 - DO 220 J=1.M0
38 - 220 GST(I,J)=0.0
39 - REWIND 8
40 - WRITE(6.600) MT
41 600 FORMAT (1HO.10X.3HMT=,12/)
42 - @=1./(1.-EPR(MT)2s2xEE2(MT) /EE1 (MT))
43 D(1.,1)=EE1(MT)=xQ
44 D(2,1)=D(1.,2)=EE2(MT) *EPR(MT) xQ
45 - D(2.2)=EE2(MT)xQ
46 - D(3.3)=EG(MT)
47 - D(1,3)=D(2.3)=D(3,1)=D(3,2)=0.
48 -
49 - DO 230 LK=1,NELEM
50 - KN=4
51 - IF(NOD(LK.4).EQ.0) KN=3
52 - CALL ESTIF (LK.KN)
53 - CALL BANDM(LK.KN)
54 230 CONTINUE
55 REWIND 9
56 - WRITE(9) ((GST(I.J).I=1,NN2),J=1,NBW)
57 -
58 - IF(NL(1).EQ.0) GO& T6 110
59 - DO 120 I=1.NCONC
60 NI=NL(I)
61 - TF(NIx2-1)=VLXY (2%1-1)
62 - 120 TF(NIx2)=VLXY (2x])
63 - 110 CONTINUE
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17

2717
278

279 -
280 -

282

283 -
284 -

285

286 -

287
288
289

290 -

291

292 -

294
295
296
297
298
299

300
301

303 -
304 -
305 -

160

140
130

150

180
170

210

10

30

40

20

DO 130 I=1.NBOUN
K=1
IF(NBX(I).EQ.0) GO TO 140
NI=2% (NF(I)-1)+K
VB=VBXY (2% (I-1) +K)

CALL PREDIS(NN2.NBW,NI.VB)
IF(K.EQ.2) GO TO 130

K=K+1

IF(NBY(I).EQ.1) GO TO 160

CONTINUE

IF(NCPP(1).EQ.0) GO TO® 150
CALL CRACK (NN2.NBW)

CONTINUE

CALL SOLVE(NN2.NBW)
IF(NCPP(1).EQ.0) GO TO 170
DO 180 K=1,NCP
KK1=NCPP (K) %2
KK2=KK1+2
DELTA(KK2)=DELTA(KKI1)
CONTINUE

REWIND 9
READ(9) ((GST(I.J).I=1.NN2).J=1.NBW)
CALL RESULT(MT,.NN2.NBW)~

CONTINUE
sTOP
END
SUB (3)

SUBROUTINE BANDM(LK.KN)
COMMON/B3/X(1400) .Y(1400) ,NOD(1500,5)
COMMON/B6/GST (2800.,124) ,TF (2800) .DELTA(2800)
COMMON/B7/D(3.3) .DBA(3.8),CK(8.8)
DIMENSION NS(8)

KN2=KNs2

DO 10 I=1.KN

NS (Ix2-1)=NOD(LK.I)%2-1

NS (Ix2) =NOD(LK.I)=2

D8 20 I=1.KN2

DO 20 J=1.KN2

IT=NS(I}

JJ=NS (J)

IF(JJ-11) 30.40.40

KK=11

[1=JJ

JJ=KK

JU=JdJ-11+1
GST(II.JJY=GST(II.JJ)+CK(I,J)
CONTINUE

RETURN

END

sus  (4)
SUBROUTINE PREDIS(NN2.NBW.NI.VB)
COMMON/B6/GST (2800,124) .TF(2800) .DELTA(2800)
TIE=JE=NBW
IF(NI.LT.NBW) IE=NI
IF ((NN2-NI).LT.NBW) JE=NN2-NI+1l
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306 GST(NI,1)=1.

307 TF(NI)=VB

308 IF(NI.EQ.1) GO TO 40

309 D6 10 I=2,IE

310 TF(NI-I+1)=TF(NI-1+1)-GST(NI-1+1,1)xV8
311 - 10 GST(NI-I+1,1)=0.

312 - 40 IF(NI.EQ.NN2) GO TO 30

313 D6 20 J=2.JE

314 TF(NI+J-1)=TF(NI+J-1)-GST(NI,J)sVB

315 - 20 GST(NI.,J)=0.

316 - 30 RETURN

317 END

318 SUB (5)

319 SUBROUTINE CRACK (NN2.NBW)

320 - COMMON/B1/MTLK ,NPOIN.NELEM.NBOUN,NCONC.NCP,TH
321 CGMMON/B5/NCPP (80)

322 COMMON/B6/GST (2800.124) ,TF (2800) ,DELTA (2800)
323 DO 10 K=1,NCP

324 KK1=NCPP(K)s2

325 KK2=KK1+2

326 GST(KK1.1)=GST(KK1.,1)+GST (KK2.1)

327 GST(KK1,2)=GST (KK2-1,2)

328 JE=NBW+1

329 IF(KK2.LE.NBW) JE=KK2

330 D8 20 J=4,JE

331 GST(KK1-J42,J-1)=GST(KK1-J+2,J-1)+GST(KK2-J.J+1)
332 20 GST(KK2-J,J+1)=0.

333 IE=NBW-1

334 IF (NN2-KK2.LT.NBW) IE=NN2-KK2+1

335 - DO 30 1=2,IE

336 - GST(KK1,1+42)=GST(KK1,I+2)+GST(KK2.1)
337 30 GST(KK2.1)=0.

338 GST(KK2.1)=1.

339 GST (KK2-1.2)=0.

340 10 TF(KK1)=TF (KK2)=0.

341 RETURN

342 END

343 SUB (6)

344 SUBROUTINE SOLVE (NN2,NBW)

345 COMMON/B6/GST (2800,124) ,TF(2800) ,DELTA (2800)
346 - NBW=NBW+1

347 NN1=NN2-1

348 DO 10 I=1.NN1

349 MJ=T+NBW-1

350 - IF (MJ.GT.NN2) MJ=NN2

351 - NJ=1+1

352 MK=NBW

353 IFC(NN2-1+1).LT.NBW) MK=NN2-I1+1

354 ND=0

355 D8 20 J=NJ.MJ

356 MK=MK-1

357 ND=ND+1

358 NL=ND+1

359 DO 30 K=1,MK

360 NK=ND+K

361 30 GST(J,K)=GST(J,K)-GST(I,NL)®GST (I.NK)/GST(I,1)
362 20 TF(I) =TF(J)-GST(I,NL)STF (1) /GST(I.1)
363 10 CONTINUE
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364

365 -
366 -

367
368
369
370
371
372
373
374

375 -

376

377
378
379
380
381
382
383
384

386
387
388
389

390 -

391
392
393
394

395 -

396
397
398
399

400

401

402 -
403 -
404 -

405

406 -

407
408

409 -
410 -

411

412 -

413
414
415
416

418
419

420 -

421
422
423

424 -
425 -

426

Pl

5300

5400

5500

5000

420

440

430

DELTA(NN2) =TF (NN2) /GST (NN2. 1)
D6 40 K=1,NN1

1=NN2-K

MJ=NBW

IFC(I+NBW-1).GT.NN2) MJU=NN2-1+1
5=0.

DO 50 J=2.MJ

N=[+J-1

5=5+GST(I,J)*DELTA(N)
DELTA(I)=(TF(I)-S)/GST(I.1)
NBW=NBW-1

RETURN

END

SUB (7)
SUBRGUTINE RESULT(MT.NN2.NBW)
COMMON/B1/MTLK.NPOIN,NELEM,.NBOUN.NCONC.NCP.TH
COMMON/B2/EEL1(10) ,EEZ2(10) ,EG(10) .EPR(10)
COMMON/B3/X(1400) ,Y(1400).NOD(1500,5)
COMMON/B6/GST (2800.124) .TF (2800) .DELTA(2800)
COMMON/B7/D(3.3).DBA(3.8).CK(8.8)
DIMENSION EDIS(8).SIGMA(6)
WRITE(6.5300)
FORMAT(1HO.//.10X. 'NODAL DISPLACEMENT'/)
WRITE(6.5400) (N,DELTA(N%2-1) ,DELTA(Nx2) .N=1.NPOIN)
FORMAT (4 (1X.1H(.14,1H),1X.2E13.5))

CALL FORCE (NN2.NBW)
WRITE (6.5500)
FORMAT (1HO. 'FORCE(J) " //)
WRITE (6,5400) (N, TF(Nx2-1) ,TF (N*%2) ,N=1.NPOIN)
REWIND 8
ENERGY=ENEGI1=ENEG2=ENEG3=ENEG4=0.
WRITE(6,5000)
FORMAT (1HO.4H LK.5X,3HORX.7X.3HORY,.7X.2HSX.,12X.2HSY,11X,3HTXY.12X
1.,4HENE1, 10X, 4HENE2.10X,4HENE3,10X.4HENE4., 10X, 4HESUM//7/20X . T8H(ENE!L

2=(SX)2%x2/EX/2 ., ENE2=-P122xSX*SY/EX. ENE3=(SY)*22/EY/2,ENE4=(TXY)%xx2
3/GXY/2)77)

DO 410 JE=1.NELEM

READ(8) LK.ORX,ORY.KN2, ((DBA(I.J).I=1.3),J=1.KN2),AREA
KN=KN2/2

DO 420 J=1.KN
JJ=(NOD(LK.J)-1) %2

II=(J-1)22

DO 420 L=1.2
EDIS(IT+L)=DELTA(JJ+L)

CONTINUE

DO 430 1=1.3

SW=0.

DO 440 K=1.KN2

SW=SW+DBA (1,K)*EDIS (K)
SIGMA(I)=SW

CONTINUE

VOL=AREA*TH
ENE1=SIGMA (1) *xx2xVOL%x.5/EE1 (MT)
ENE2=-SIGHA(1)xSIGMA(2) *VOL*EPR(MT) /EEL (MT)
ENE3=SIGMA(2)x22xVOL=* . 5/EE2 (NT)
ENE4=SIGMA(3) sx2xVOLx,  S5/EG(MT)
ESUM=ENE1+ENE2+ENE3+ENE4
ENEG1=ENEGI+ENE1
ENEG2=ENEG2+ENE2
ENEG3=ENEG3+ENE3
ENEG4=ENEG4+ENE4
ENERGY=ENERGY+ESUM
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427 - IF (NOD(LK.5).EQ.0) GO TO 410

428 - WRITE(6.5100) LK,ORX.ORY.(SIGMA(I).I=1.3).ENE1.ENE2.ENE3,.ENE4 ,ESUH
429 - 410 CONTINUE

430 - 5100 FORMAT(IH ,I4.2F10.3.8E14.5)

431 - WRITE(6,5200) ENEG1.ENEG2.ENEG3.ENEG4.,ENERGY
432 - 5200 FORMAT(1HO,5X,.6HENEG1=,E13.5,.5X,6HENEG2=,E13.5,5X,6HENEG3=.E13.5.,5
433 - 1X,6HENEG4=,E13.5,10X,13HTOTAL ENERGY=,E13.5/)
434 - RETURN

435 - END

436 - C suB (8)

437 - SUBROUTINE FORCE (NN2.NBW)

438 - COMMON/B6/GST (2800,124) ,TF (2800) .DELTA(2800)
439 - D8 10 I=1.NNZ

440 - $=GST(I,1)=*DELTA(I)

441 - IF(I.EQ.1) GO TO 50

442 - JE=NBW-1

443 - IFC(I.LT.NBW) JE=1-1

444 - D6 20 J=1.JE

445 - 20 S=S+GST(I-J.u+1)sDELTA(I-J)

446 - 50 CONTINUE

447 - IF(I.EQ.NN2) GG TO 40

448 - KE=NBW

449 - IF((NN2-1+1).LT.NBW) KE=NN2-1+1

450 - DO 30 K=2.KE

451 - 30 S=S+GST(I,K)*DELTA(I+K~-1)

452 - 40 TF(I)=S

453 - 10 CONTINUE

454 - RETURN

455 - END

RO T

MTLK: #¥lofEsEs, NPOIN: %3, NELEM: ZEZE&EEH, NBOUN: ZM23HE I LTV 2HHE

NCONC: #miEhs5isehnsfsas TH: #ioE s, EEI(MT), EE2(MT), EG(MT), EPR(MT): MT %
Ho#kElov o 7% Ex, By, ARG Gxy, ¥7 YV U vey; X(N), YAIN), N=1~NPOIN: FENHi
HAoX, YEE; NOD(M,]), M=1I~NELEM, J=1~5: EMEXOHLES, NOD (M, 4)=0 2=AREZE,
NOD(M,5)=1or 0 REBEHRENZEOMBOEZIZZER2EKT,

NF(Q), I=1~NBOUN: Zhs#Esh2H50%S; NBXI)=1or 0, NBY(D) =1 or 0 @z h#hX A,
YA moEMSEE S i3 AH; VBXY (2+1-1), VBXY (2+): X7H, YAROEMOREME, NLO),I=1~
NCONC: #HEXS520naHA0%ES, NLQ)=0 g®ESS AL N3HEAD20HEEET; VLXY (2I-1),
VLXY2+D): #EOX G, YITHOKD

NCPP (1), I=1~NCP: 7 5 v 7O FHHEOHLAES, WiEd 2 LFEo&HAE = NCPP (I)+1, NCPP(1)

=0 379 I PEELZNL E2ERT S, NCP: 75 v 7E EOEET 2880,

GST(,]), I=1~2+«NPOIN, J=1~NBW: &R~ Y v 7 20WAKRL Y ELES, ERHIOHD 21
#3275, NBW 2 b 3,8y KIET NBW=(NB1+1)%2, NBl: —EHZH I 2HEAFFOEORAM,
TF(), I=1~2«NPOIN: #i&mE XY hL,

DELTA (D), 1=1~2«NPOIN: #i&ZHR <7 ko

DA D: FHEEHREBBI 3 EH—0TAY M) v 72, DBALD: SH—E8EM~ M) v 72, CKT, 1)
giwﬁgﬁt? I\ l) D4 7 Ao



