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Fig. 1 Methods of bending tests on notched beams.

(A) Small specimen 12, IR E 2 b DIIRBOKE
(B) Normal sized timber beams Pl & UTRILY ORERFEE 2 v

Table 1 The results of bending test of small specimens with reectangular notches

Noteh depth o Pp Prmax Prmux Pax
(Ratio to depth) (10%kgt/cm®) (ket) (kg kgt T Pomax
Omm(FIEROUE) | 14z 10 217::22 368::98 368 1.00
3mm(1/10) 143::13 15620 294:k38 298 0.99
smm(1/5) 1534 7 1146, 1 25423 236 1.08
10mm(1/3) 14811 6471 16923 164 1.03
15mm(1/2) 14611 35::4.0 9217 92 1.00

Specimens : Douglas fir, 2cm (width) X3cm (depth) X45cm (span).

Eo: beding modulus of elasticity of the beams before being notched.

Pp: load at propotional limit.

Pmax ¢ ultimate load of notched beam, equal to load at initial craek extension. Haeh

value is average of 13 specimens and the value with & sign indieates the standard

deviation,

Prmeax : theoretical value of ultimate load by using the assumption that effective depth
is he (see Fig.1A) for the ultimate strength, 4. e.

Zbke

3l

For this comex, MOR of the beam without noteh is used, 7. e.

Imax==1380 kgf/cm?.

Prmax= Comax
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Table 2 The results of bending test of timber beams with rectangular
notehes by BUGIYAMA and TANAKA.?

Noteh depth i Eo Pp Prmax Pomnx Prmax Prax
(Rotio to beam depth) | (10%kgf/cm?) (kgf) (kgf) (kgt) kgf)  Prmax
2em (1/6) ¥ 83:4:12 895210 1745::486  3708:4 376 2575 0.68
4cm (1/3) ; 87411 4204 86 6514188 44664297 1985 0.33
sem (1/2) E 90+ 9 2894 50 B5801:168 45484257 1137 0.51

Specimens : Yezo spruce (Pleea jezoensis Carr.), sem (width) X 12em (depth) X 160 cm (span),
see Fig. 1 B.

Pomax : ultimate load of unnotched beam estimated by bending test of small clear speeimen
eut from the notched beam.

Bach value is average of 4 specimens and the value with = sign indicates the standard

deviation.
Prinex : see Table 1. For ¢omax, MOR calenlated from Pomux of each small specimen is used.

’l‘hen, Prmax= (]Lc/h) 2 Pomax.
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Fig. 5 Example of the relation between strain
energy and crack length small spe-
cimen with 15mm notch depth

The strain energy release rate was obtained

from this regression curve: 9=0,158 kgf/cm

(see Table 3).
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Table 3 The results of numerical analyses by FEM on the
beginning of crack propergation.

Beam sizes 2cm X 3cm X 45¢m Bem X 12em X 160cm
Noteh depth 3mnm Gmm 10mm 15mm 2cm 4em Gem
(Ratio to beam depth) (1/10) (1/5) (1/3) Q/2) (1/6) (1/3) (1/2)
Pp ¢:39) 156 114 64 35 895 420 289
oL (kgt/cm?) 630 624 498 433 376 285 322
gr.r  (kgf/om?) 67 86 81 79 85 76 89
Tr.r  (kgf/cm?) 112 115 93 81 80 62 69
ay —0.72 —0.65 ~-0.60 —-0.87 —-0.60 —0.54 -0.53
7] ~0.41 —0.42 —0.42 —0.43 —0.41 —0.41 —0.42
Ky (kgfeom-t) 21 32 32 33 33 33 40
Ky (kgfecm-1) 95 98 78 67 64 49 54
g (kgf/cm) 0.20 0.25 0.19 0.16 § 0.20 0.18 0.19

Pp: Load at the beginning of crack propergation equals to proportaional limit in bending test
of notched beam.

Elastic constants used for FEM analyses——
Ir=E, in Table 1 and 2,
(Er.r=9 X 10%kgf/cn?, GrLr=GCLr=7.5X10%gl/cm?, pLr=prr=0.49] for 2cmX 3cmxd45cm
beams.
(Eror=10%10%gt/cm?, GLr=Grr= 5 X10%kgf/cm?, pLr=pLr=0.4) for 6cmx 12cmx 160cm
beams.
L,R,7: longitudinal, radial and tangential direetion, respectively,
r.1t direetion between radial and tangential.
i,1: fracture mode.

Table 4 Comparison of the experimental results and the theoretical results
by the three different fracture criteria.

Beam sizes 20m X 3c X 45¢m fem X 12cm X 160cm Coefficient

Noteh depth 3mm gum  10mm  15mm 2cm 4cm 6em  [Average of variation
(Ratio to beam depth) a1 /5 W3 /2 /6 /3 (1/2) (%)
fa eq.(17) 0.91 1,06 0.95 0.9 0.97 0.84 1.01 0.93 8
fx eq. (6) 0.67 0.91 0.88 0.87 0.88 0.85 1.08 0.87 12
fx eq. (8) 0.95 1.23 1.16 1.12 1.12  1.05 1.25 1.13 9
fx eq. (10) 0.70  1.00 0.93 0.92 0.91 0.88 1.06 0.92 12
fz eq. (14) 0.68 0.85 0.80 0.77 0.8 0.90 0.94 0.83 11
Pra/Pp eq.(17) 1.10 0.94 1.056 1.11 1.06 1.22 1.04 1.07 8
Prx/Pp eq.(6) 1.49 1.10  1.14 1.15 1.14 1,18 0.97 1.17 14
Prr/Pp eq.(8) 1.05 0.81 0.8 0.89 0.89 0.95 0.80 0.89 10
Prx/Pp eq.(10) 1.40 1.00 1.08 1.09 1,10 1.14 0.94 1.11 13
Prg/Pp eq. (14) 1.47 1.18 1.25 1.30 1,12 1.11  1.06 1.21 12

Pr.: theoretical results by the fracture criteria, Pp: experimental results.
x, v in equations (7),(9),(16) and (17): direction of prinecipal elastic axis.
o, ¥ in equations (16) and (17): average stress at finite small area ax xay.
Fundamental data used in these analyses:
for fa and Pra finite small area er=1mm, er=0.4 mm,
OLer= 1500 kgf/em?, or.rer=100 kgf/cm?, TLRer=rTLTer=250 kgl/cm?,
L, R, T: longitudinal, radial, tangential direction, respectively.
for fx and Prx Kier=40 kgf/cmt, Kier=219 kgf/cmi ®
for fg and Prg——ygier=0.13kgf/cm, ger=1.1kgf/cm (estimated from the above Kier).
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Summary

To estimate the fracture load of wooden structural elements with notehes LEFM (linear
elastic fracture mechanies) is unsually used. And to estimate those without notches, von
Mises’s criterion or such is used. Considering the basiec concept of LEFM, “Finite Small
Area Theory” was proposed in this study as the unified theory for the above two ecases
1. e. with and without notches. The essence of proposed thery is that fracture occurs when
average stresses at finite small area satisfy the eriterion of von Mises 4. ¢. eq. (17). For
the finite small area aLXop.r, Imm (in grain divection) X 0.4mm (perpendicular to the
grain) was used in this study through trial and error. For the application example, ana-
lyses of bending test problems of wood beams with restangular notches were carried out.
And good agreement was observed between the theoretical results and the experimental
results, which were obtained with small specimens and also normal sized timber beams.
Analyses by means of LEFM 4. e. stress intensity factor X and energy release rate g
were algo carried out for the comparison to the finite small area theory, and the validity
of the proposed theory was observed.





