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Takamaro Maku* and Hikaru Sasakr* : The Plane Bending Fatigue Test
of Glued Laminated Wood Cantilever.
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Table 1. Physical and Mechanical properties of TAIWANHINOKI
(Chamaecyparis formosensis MATSUM.)

Density Annual Moisture i Strer‘lgth
Plefemy | Dlmm | W |, Bending | Tension | Compressien | Adnesiont,
0.48 L1 | 1z 712 1230 | 480 | &0
Elastic constant
Ey ® 1 Ep Y U Hpr ¥ { Grr ®
(10*kg/cm?) | (10%kg/cm?) | (10'kg/cm?) (10*kg/cm?)
05 | 054 119 | o2 | o092

1) Urea resin adhesive, in block shear test.

2) YOUNG’s modulus in L (fiber) direction.

3) YOUNG’s modulus in 7 (tangential) direction.

4) YOUNG’s modulus to an angle of 45° in the L-T plane.

5) POISSON’s ratio in the L-T plane associated with a stress parallel to the L axes,

6) Rigidity modulus associated with the directions of L and T, which was calculated from
following equation, Gzr=1/{2ur—1)/Ep+4/Es—1/Er}.

FREMFHFERFY, Div. of Composite Wood, Wood Res. Inst., Kyoto Univ.
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Fig. 20. Development of failures of a notched specimen (type C) by repeating
load.
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to the photograph (before repeating load). 10t it A % B 1 1% clamp

. fD K & B BRI

2l %?/;/ LoWENRRET L LS5

i e %o T D5|AREMIIER

'%o, G, T ¢j%§ﬁmo<%%?5

S LI TR AT G

—or Y 2 WA RS OO
‘“f X \ F Bhea{MEkTH 2.

. ' ; g B BHESFAEKRORICE

! 3 BIE I

’ RFcsED RS, Uk

DRI LTS IR

L Uieth, %7 SR

Fig. 22. Stres§ distribution on a notched beam (type C) DOFEFEA L U TR & [F

bei(;rf: I{Ieopri;llnftrl::sd.component in x direction. BeOTRIC £ 2 THRORT

G4 : 0y at a point A, WL NBEAEL, %

cey * Shearing stress associated with the axes of x and y. P EM A ERY L 2 Cf

BURRE A Sk 7o, T ORI Fig. 24~27 WiRTTE LT, chboBHBER»bIEAY A
L REDEEDOHORANEVOTFL a OHEIbIY, 1, BHOBENLSED
BEOEFEFA RGBSR IN D, cnb% Fig 11, 15, 18, 21 & K+ % & #i#ic X 56
PSAFDHERE I S h T b, AL, Fig. 24 B X U265 B 5 &, 75V 7O TREBLAMN



WA 2R FEROFERHET T

Type D
2 7/ 7 2 74 )
5455 &7 5 67
. .
. I
53 7 T 74 5 67
23
™,
ol /
2 3

P=70 kg

Omaz =500 kg/cm2

op=250 kg/sz Tman =60 kg/cmz

Load cycles

1:2.1x102
4 :1.9%x10
7 : 9.0x10

2 :2.0x10% 3 :8.6x10%
5 : 5.0>10¢ 6 : 8.5x10*

Fig. 23. Development of failures of a notched beam (type D) by repeating
load.

Fig. 24. Crack pattern of strain sensitive lacquer coating

on a holed beam (tvpe A) by a

statical

load per-

pendicular to the photograph (after repeating load).

Fig. 25. Crack pattern of strain sensitive lacquer coating
on a holed beam (type B) by a statical load parallel
to the photograph (after repeating load).

ELTnielh, chik, #
D PYES v #K T e AT 7 ik B
HIZSFFAE L, Jevmfar BT
LT OEBAIE IR H
HTH5TEHRTHDT
»v, Fig. 26 T, <O
8 D e 3 R D RS A
B iR D THEIRIC D T T
L0y, FlkonEmU X
SR AE 2D XS ik
BT 2 < &R EK
L,HRE WS D0 H 5. %
7z, Fig. 25 X * 27 T
i, WEOEFTICH DT
BRRIG T ROAEICE
L TWAEEF2RH BT
H 5o

D OBUEREN LR
DL 7ok b B BER LD
DIRAEOT L D %k
B e iE Bk Fig. 28~31
AT THD.Thhbb,

1) Type A OFRAF Tk
Fig. 28 R TERICRDE

BEOWKES RO O F 525 clamp 225 10em Bixiivie fn bIEMICHT THEL, +H
cm DOEETEAMEHT 5, £, MILEE,DREL AN EZD REOEHTE,



AN M B % 315 (1963)

Fig. 26. Crack pattern of strain sensitive lacquer coating on
a notched beam (type C) by a statical load perpendicular
to the photograph (after repeating load).

Fig. 27. Crack pattern of strain sensitive lacquer coating
on a notched beam (type D) by a statical loadparallel
to the photograph (after repeating load).
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Fig. 28. Principal strain distribution on the skin of a holed
beam (type A) after repeating load (2x10* cycles).
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Fig. 29. Principal strain distribution on the side of a
holed beam (type B) after repeating load (5.2x10*
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Fig. 30. Principal strain distribution on the skin of
a notched beam (type C) after repeating load
(9X10* cycles).
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Fig. 31. Principal strain distribution on a side of
the nothed beam (type D) after repeating load
(1.5 10% cycles).
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Summary

I. Fatigue tests of plain cantilever specimens.

Constant deflections were given repeatedly to plain cantilever specimens of 5-
ply urea resin glued laminated wood (laminae: fllat sawn, 12 mm thick) of TaI-
WANHINOKI (Chamaecyparis formosensis Matsum.), and development of the failures,
decrements of the loads and changes of the mechanical properties in the specimens
were examined.

The results summarized are as follows :

(1) Failures by repeating loads less than the fatigue strengths are invisible to
the naked eye, but there are minute (or microscopic) compression failures in the
maximum stress portion, namely, in the walls of tracheids of this portion, the
“‘slip lines”” seem to come out.

(2) By repeating load larger than the fatigue strength, failures perpendicular
to fibers take place by the normal stresses in the maximum stress portions and
then the notch effects of which produce cleavage (or shearing) failures parallel to
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(or along) the grain. And these failures develop with the number of load cycles
towards the neutral axis or the loading end of the specimens (Fig. 5).

(3) The decrement of the load seems to be caused by decrement of the elasticity,
loosening of the clamp and, above all, decrement of the effective cross area (by
the failures) of the specimens (Fig. 4).

(4) Modulus of elasticity is decreased by the repeating loads (even by a load
less than the endurance limit) and in a range of loading cycles of 105~10¢ the more
the number of loading cycles and the magnitude of the repeating loads increases,
the more the elasticity decreases (Fig. 6).

(5) Tensile, compressive and shearing (or adhesive) strengths in every part of
the specimens are still invariable after a 10° cycle repeating load lesss than the
endurance limit (Figs. 7~9).

II. Fatigue test of holed or notched cantilever specimens.

The glued laminated woods of TAIWANHINOKI same as the one used in the part |
were shaped into four cantilever specimens of types A, B (holed) and types C, D
(notched) in Fig. 10.

(1) The stress (or strain) distribution in the specimens before repeating loads
was obtained by the strain sensitive lacquer coating. The results are shown in
Figs. 11, 12, 15, 16, 18, 19, 21 and 22, in which the stress concentration factor in
the specimen type B is nearly equal to 1, but those in other types of specimens
are about 2.0~2.5.

(2) Constant deflections were given repreatedly under the following initial

loads :

( 45 kg (Maximum normal stress 250 kg/cm*®)

type A
lo5 » ( » s 530 ~» )
2z B 112 »z ( 7 z 250 -~ )
vz C 95 2z ( e o 500 =~ )
| z 2z 500 ~# 7
» D 70 7 i

Maximum shearing stress 60 2~
The initial failures were caused by normal stress parallel to the fibers at
the hole sides (type A), at the face near the clamp (type B) and at the corners of
the notches (type C) (Figs. 13, 17 and 20), but in the specimen type D, failures
along the grain were caused at first by shearing(or cleavage)stresses at the corners

of the notches (Fig. 23).
(3) The loads decreased with the cycles of the repeating loads, and they seem

to be caused by the development of the failures above mentioned.
(4) Strain distributions on the specimens after repeating the loads were de-
termined again by the strain sensitive lacquer coatings, and from the results shown
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in Figs. 24~3l1, it was found that the most strongly stressed portions moved toward

the inner parts of the specimens with the development of failures, and that some
shearing stresses existed at the tip of the failure line along the fiber.
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