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Estimation of Modulus of Rupture in Bending of Wooden Beam
containing a Square Hole by Vibrational Method

Yoshio NAKAYAMA) Shinji Funwara
Laboratory of Wood Science and Technology, Faculty of Agriculture

Abstract : This paper deals with the estimated method of modulus of rupture in bending of
wooden beam containing a square hole (a square hole of rounded corners, a equilateral triangle
hole of rounded corners) by non-destructive method using vibration. '

Flatsawn grainded samples of Spruce (15 mm by 30 mm in cross section and 450 mm in length)
were used in this experiment. A hole located at the center of the beam length in a sample, and
was varied by the R. :

Concerning both the perpendicular and the parallel bending moment to the plane on which
the hole was located, the estimate method was done.

According to the result of comparison of the estimate average by equation (4) with the experimen-
tal average, adequate results were obtained for wooden beam.

When these samples were used for strength member of framework, the estimate value had to
be culculated by the equation (5), in this cace the estimate values were culculated smaller than
the experimental values. : ‘
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Pe: mE#laY (Perpendicular bending moment to the reduced plane)

Pa: WWAN#RYW (Parallel bending moment to the reduced plane)

obe : iy BEEAE (modulus of rupture in bending by bending test) _

0bcy, obcy @ FEFE B BRI FAE (estimated modulus of rupture in bending by calculation)
(Kg/cm?) . '

obes 1 WA OHEE MV BE %k (estimated modulus of rupture in bending in safety
area by calculation) (Kg/cm?) '

Edo : ®RBHREREADEE ¥ ~ 2% (dynamic Young’s modulus of clear sample) (dyne/cm?)

Edh: ®REAELORBEOBN ¥ v IR (dynamic Young’s modulus of drilled sample)
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(dyne/cm?)

R: RER= Rﬁ%@ﬁ@(&ém@ﬁéﬂ@@%(mg 15%)‘MMMa(mlmym
of hole width of sample (See. Fig. 1)- '

C: [ F, (Circular hole) S

Sr: FHICHAD DB IEMAEF (Square hole of rounded corners)

Tr: FTHCHADHEZE=ZAEAL (equllateral trlangle hole of rounded corners)

S: EHFFH (Square hole)

V:  ETHEM (coefficient of variation) (%)
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where f : fundamental resonant frequency of sample containing a hole (Hz)
# : weight of wood correspond to the volume of the reduced section (g)
Pd : distance from one end of sample to center of a hole (cm)
I : moment of inertia area (cm*) '
! : length of sample (cm)
4 : weight of sample (g)
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Table 1. Summary of constunts of Edh/Edo
Edh :
Fdo =aqR*+ R+
a B 7
S. H —1.7484 0. 5845 0.9073
Pe C. H —0.9000 . 0.2753 0. 9566
Sr. H —1.0999 - 0.3241 0.9414
Tr. H ~0. 8725 0. 2163 0. 9664
S. H —0. 6804 10,3803 0.9353
Pa C. H —0.6276 0.3382 0.9284
Sr. H —0. 6588 0.2747 0.9706
Tr. H ~—0.9924 0.6648 . 0.8784
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obo = 5.53-Edo™ ™" + 159.20
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Relationship between obe and Edo in clear samples
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where Zm: Zm=Zo—Zh
Zo : section modulus of clear sample to the neutral axis of the sample
Zh : section modulus of hole to the neutral axis of the sample
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Table 2. Swummary of cbci/abe (abcz(ade, gbes/abe) and V.
A B C
beJabe |V @ | L v | T v @
abe abe
S. H 1.38 20. 4 1. 00 15.2 0.67 14.5
Pe C. H 0.93 14.8 0.93 14.8 0. 63 15.0
Sr. H 111 11.9 1. 00 10.9 0.68 11.4
Tr. H 1.00 13.5 1.00 12.2 0. 66 14.6
S,C,Sr&Tr 1. 11 23.1 ©0.98 13.8 0. 66 14.3
S. H 1. 46 10. 4 1.00° 7.0 0. 65 7.4
pa | CH 1.20 13.3 1.00 9.0 0. 63 9. 4
Sr. H 1. 09 15.4 1.00 1_2.5 0. 62 12.4
Tr. H 1. 10 12.7 1. 0L 12.0 0. 62 17.6
| s,e,srarr | L ] w1 | oro | 105 0.63 12.5
Pe&Pa | u1s | w2 | 0.9 12.3 0. 65 13.6
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Table 3. Summary of constants of obci/abe.

a b V r
S. H 1. 65 0.81 0. 6672
Pe . C. H _ —0. 1695
Sr. H 0.25 0.99 ) . 0.4162
Tr. H 0.27 0.87 0. 4632
S. H 1. 07 1.07 - 0.7590
Pa _ cC H - . 0. 61 0.96 0. 7060
Sr. H 0.34 0.93 0. 4737
Tr. H ' 0.14 1.03 0.2338

r: correlation coefficient
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