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Table 1 Experimental results of the bending tests

Type of are Punx Ratioto N COV P. Ratio to 5 COV | Density

specimens (kgh (no notch) (%) | (kgh Prax (%) (g/con)
N 0.0 0 1547 100 9.8 - - - - 0.540
A 1251 0 1261 81.5 15.0 1103 87.4 10 13.8 .534
B 2501 0 836 54.1 11.9 732 87.6 9 11.0 0.528
C 375, 0 649 41.9 21.6 528 81.3 7 32.4 0.534
D 50.01 0 470 30.4 16.4 401 85.2 7 15.0 0.521
R 3751 2 866 56.0 18.6 845 97.6 3 21.2 0.535
S 3751 4 1198 77.4 11.0 ; 1198 100.0 0 11.0 0.528

Number of specimens is 10 for each type.

N: specimens without notches

A, B, C, D: specimens with rectangular notches

R, S: specimens with inclined notches

Prox: ultimate load

P crack initiation load

n: number of specimens whose ultimate fracture occurs after gradual propagation of intial crack
Density: average density of 10 specimens
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Fig. 2 Finite element mesh used in Type D specimen (b/h =0.5)
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Fig. 3 Finite element meshes and the finite small area
(iy Type A ~ D specimen
(if) Type R specimen
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Table 3 Theoretical load of crack initiation and ratio to experimental result.

{Oxer = 1500, Oyer =80, Tayer=120 (kgf/c)

Specimen type A B C D R S
bl h (%) 12.5 25 37.5 50 37.5 37.5
Bla 0 0 0 0 2 4
P, (kgf) 1102.8 732.8 527.6 400.5| 845.2 1197.6 Ave. COV (%)
859 529 385 298 784 1598
0.4%0.2
0.78 0.72 0.73 0.74 0.93 1.33 0.87 27.4
1081 661 479 369 885 1666
0.8X0.2
0.98 0.90 0.91 0.92 1.05 1.39 1.02 18.3
1.2%0.2 1260 767 554 425 963 1742
I 1.14 1.05 1.05 1.06 1.14 1.45 1.15 13.6
1414 858 618 473 1027 1807
1.6%0.2
1.28 1.17 1.17 1.18 1.21 1.51 1.25 10.5
970 590 426 328 882 -
0.4X0.4
0.88 0.80 0.81 0.82 1.04 - 0.87 11.6
Finite 0.8%0.4 1175 710 511 392 953 1810
small area | ’ 1.07 0.97 0.97 0.98 1.13 1.51 1.10 19.0
axXay 1.9%0.4 1348 812 583 446 1020 1850
(mm X mim) ’ ’ 1.22 1.11 1.10 1.11 1.21 1.54 1.22 13.9
1.6%0.4 1500 901 645 492 1078 1896
' ' 1.36 1.23 1.22 1.23 1.28 1.58 1.32 10.7
1166 695 497 380 - -
0.4%0.8 ‘
1.06 0.95 0.94 (.95 - - 0.97 5.7
1348 800 570 435 1075 -
0.8%0.8
1.22 1.09 1.08 1.09 1.27 - 1.15 7.8
1.2%0.8 1511 894 635 483 1122 20565
' ' 1.37 1.22 1.20 1.21 1.33 1.72 1.34 14.7
1658 978 694 527 1168 2067
1.6%0.8 )
1.50 1.34 1.32 1.32 1.38 1.73 1.43 11.3

The upper values show theoretical results: B.. The lower values show P./P. i. e ratio of
theoretical and experimental results.
« + longitudinal (grain) direction
y + direction perpendicular to the grain
P, experimental values of crack initiation load
B, ¢ theoretical values of crack initiation load
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Table 4

(Oer = 1500, 0yer=80, Tuyer =80 (kgf/an))

TR BEHRET

Theoretical load of crack initiation and ratio to experimental results.

Specimen type A B C D R S
b/ h (%) 12.5 25 37.5 50 37.5 37.5
Bla 0 0 0 0 2 4
B (kef) 1102.8 732.8 527.6 400.5] 845.2 1197.6 Ave. COV (%)
: 53 333 5¢ 582
0.4%0.2 723 453 . 259 58 1181
0.66 0.62 0.63 0.65| 0.69 0.99] 0.70 19.9
- Y rr b
0.8X0.2 893 560 411 320 655 }215
0.81 0.76 0.78 0.80 0.78 1.01 0.82 11.5
y & : 1"
1.2%0.2 1027 645 173 367 712 1265
0.93 0.88 0.90 0.92 0.84 1.06 0.92 8.0
16%0.2 1141 717 526 408 758 1308
1.3 0.98 1.00 1.02| 0.90 1.09} 1.00 6.5
" i 2 ‘2 —
0.4%0 4 834 516 376 91 66
0.76 0.70 0.71 0.73 0.78 - 0.74 4.4
Finite 0.8%0.4 988 612 447 345 712 1332
small area | ) 0.90 0.84 0.85 0.86 1 0.84 1.11 0.90 11.9
axXday 1.9%0.4 1116 692 505 391 759 1349
{mm > mm) ’ ' 1.01 0.94 0.96 0.98 0.90 1.13 0.99 8.0
1.6%0.4 1225 762 556 430 801 13/? ‘
1.11 1.04 1.05 1.07 0.95 1.156 1.06 6.5
31 2 50 - -
0.4%0.8 10 624 4 54§
0.94 0.85 0.85 0.86 - - 0.88 4.5
66 51 3¢ 5 -
0.8%0.8 11 : 707 510 392 815
1.06 0.97 0.97 0.98 0.96 - 0.99 4.0
56 3 846 1521
1.2%0.8 1283 781 563 433 5
1.16 1.07 1.07 1.08 1.00 1.27 1.11 8.6
611 469 | 877 151
1.6%0.8 1386 846 6 517
1.26 1.15 1.16 1.17 1.04 1.27 1.17 7.1

Refer to Table 3.
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Fig. 4 Influences of notch ratios and inclined angles on the stress levels in the finite small area
Finite small area: 1.6mm (x) X 0.2 mm (y), P=642kgf (i=1 in case C)

(i) Rectangular notched specimens (A ~ D) P 2 Py 2 = 2
(ii) Inclined notched specimens (C, R, S) O : O |-t O |~
Oxer Oyer Txyer
1500F 1500}
<, 1000} 1000}
=
a.
500 500F
3 1, C i 1 1 1 L
Q 25 50 0 2 4
@ b/h (%) (i) B/a

Fig. 5 Influences of notch ratios and inclined angles on the crack initiation load

Finite small area: 1.6mm (x) X 0.2mm (y) Experimental
(i) Rectangular notched specimens (A~D}  «eeeeee Tayer = 120 (kg{/on’)
(if) Inclined notched specimens (C, R, S) ———— e =100 (kgf/cnf)

- pee= 80 (kgf/sz)
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Summary

Fracture loads of end notched beams were analysed by using the finite small area fracture theory'™"
(FAFT). The theory(FAFT) is that “failure in wood occurs when the average stresses {or average
strains) in the finite small area satisfy the fracture criterion.”.

Tension stress perpendicular to the grain at the reentrant corner is the primary cause of fracture when
the notch is rectangular (Type A ~ D). But in the case of inclined notch (Type R and S), fracture occurs
in shear.

The theoretical results coincide well with the experimental ones. And this comparison suggests that
stress-strain relationship in shear is non-linear or near elasto-plastic. So that 30% smaller 7y than that
obtained in torsion test i e. near chair type shear strength gives good agreement between theoretical and
experfmental results when FAFT is used based upon the elastic analysis of stress distribution.

This study suggests that sizes of the finite small area of FAFT are 0.8 ~ 1.6mm in grain direction and
0.2 ~ 04mm in perpendicular to the grain.These sizes coincide with those obtained in previous
studies!~*'®, Theoretical analysis using FAFT based on non-liear stress analysis will give more acculate
prediction of fracture load in wood structural elements.





