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}— 280 1 20
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70 100 70—t Fig. 2. Shapes and dimensions of bending
] ] . test specimens (unit: mm). 2k: Height of
Fig. 1. Shapes and dimensions of tensile specimen, 2o: Diameter of central hole.

2b : Width
Diameter of central

test specimens (unit: mm).
of specimen. 2p :
hole.

Table 1. Dimentions of specimens used in
tensile and bending tests (unit: mm).

* Control specimen. 2b:; Width of specimen
used in tensile test. 2k: Height of specimen
used in bending test. 2p: Diameter of hole
bored at the center of specimen.

Material 2,2k 20 9/b, p/k
0. 0% 0, 0%
2.0 0.1
Hemlock 4.0 0.2
6.0 0.3
Particleboard 2 8.0 0.4
article 10,90 0.5
12.0 0.6
14,0 0.7
0. 0% 0. 000*
2.0 0. 111
3.7 0. 206
5.7 0.317
Plywood 18 75 0,417
9.0 0. 500
10.0 0, 556
12.0 0. 667
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View of the bending fatigue test machine.
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Fig. 4. Relationship between stress con-
centrated factor (&) and ratio of diameter
of central hole to width of specimen (o/5)
in tensile test.
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Table 2.

Fracture load of control specimen and that of holed specimen.

P, and

Pg: Fracture load of control specimen and that of holed specimen obtained in tensile
test (kgf). po/b: Ratio of diameter of central hole to width of specimen.

PII -
Material P, p/b
0.1 0.2 0.3 0.4 0.5 0.6 0.7
Hemlock 535 500 412 360 289 198 192 151
Plywood 161 118 107 98 104 8l 49 28
Particleboard 49 — 42 4] 41 35 30 26
perpendicular
20 to fiber
5L latewood direction
° g arlywood
£
¢ %10 —_
e N ® e g - -
Tp-e--f-p-0m---te- 3 parallel
Y. f:j to fiber
L, direction
o]
0 o3 o (a) (b) (c)

o] 0.2 04 06 0.8
P/b

Fig. 5. Relationship between ratio of frac-
ture load of control specimen to that of
holed specimen (3) and ratio of diameter
of central hole to width of specimen (o/b)
in tensile test. @ ; Hemlock, O; Plywood,
A ; Particleboard.

BERB O % Table 2 2R3, chiky, ~
L8y 7, BRBEXG—F 4 7 VR — FOEBRL
wEBirs g 2R @ IckvE L, Fig. 5 iTRd.
ALy 21T p/b B 0.5 ANETRRBEEAERT M
13, BIELOENIERL, MAOBIERICLS
BEETHEELAEROI EERT. A o/b 8
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ERSDOREAFE L. ~sny 2 TIZ, BB

Fig. 6.
men.

Cross section of tensile test speci-

. 1. 37 mm
latewood thickness
0.45 mm

surface layer thickness
0.7 mm

(b) Plywood (inner layer thickness
2. 4mm

surface layer thickness
3Imm

inner layer thickness
17 mm

earlywood thickness
(a) Hemlock (

(c) Particleboard <
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Fig. 7. Relationship between ratio of
strength of control specimen calculated
based on the strength of each layer to
that of holed specimen (8) and ratio of
diameter of central hole to width of speci-
men (o/b) in tensile test. Marks: refer to

Fig. 5.
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Fig. 8. Relationship between notch sensi-
tivity () and ratio of diameter of central
hole to width of specimen (o/b) in tensile
test. Marks: refer to Fig. 5.
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Fig. 9. Relationship between stress con-
centrated factor (a) and ratio of diameter
of central hole to height of specimen (o/#)
in bending test.
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Table 3.

Fracture load of control specimen and that of holed specimen. P, and

P, Fracture load of control specimen and that of holed specimen obtained in bend-
ing test (kgf). o/b: Ratio of diameter of central hole to height of specimen.

Py
Material P, p/b
0.1 0.2 0.3 0.4 0.5 0.6 0.7
Hemlock 160 153 138 117 108 92 80 70
Ply\yood 72 68 66 65 63 53 47 28
Particleboard 41 40 42 41 40 ki) 34 29
2
[~)
P/h=
200}k 4 0 « v,
01 « * ©
% 03 S 8 S
= 04
& L 05
100 08
07
o i L ]
0 02 04 06 08
o 1 I L P/h
0 5 o 10 13 Fig. 11. Relationship between ratio of
Y (mm

Fig. 10. Load () -deflection () diagram
in bending test (Hemlock).
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o—fl% Fig. 10 1CRT. Ko L5iK o/h 5 0.3
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L OhRETZ0E—FELTHD, RErOo LI
EREREE L 72D IC—RBCHEIBRD L7270
EEZOND. CORBRAR, ARBBRATRINL
POREFIBRONIN, N—F 4 7 vH— FRBF
T Aohgho/e. AHRTIE, HEHERER
B3 DICRERERROND bDIT >0 TIZBRE DT
BE, 2Nl RO SV TREATE S REHE
&L 7.

DEI, HEMRRISIRAROBES LAEKK, A
MERICES LB HOR (6) K X DEEL MR
K OIS &SRR OBEIEH & Olh 53R
7o, BmERBEBOMES Table 3 icRid. chkb,

fracture load of control specimen to that
of holed specimen () and ratio of dia-
meter of central hole to height of speci-
men (p/h) in static bending test. Marks:
refer to Fig. 5.
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Fig. 12. Relationship between ratio of
strength of control specimen calculated
based on the strength of each layer to
that of holed specimen () and ratio of
diameter of central hole to heigth of
specimen (po/h) in static bending test.
Marks: refer to Fig. 5.
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Fig. 13. Relationship between notch sen-
sivity () and ratio of diameter of central
hole to height of specimen (o/k) in static
bending test. Marks: refer to Fig. 5.
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soof Tt M0
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Fig. 14(a). Relationship between fracture

stress (¢7) and repetition number to fracture

(N) at different ratios of diameter of cen-

tral hole to height of specimen (o/A).
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Fig. 14(b). Relationship between fracture
stress (g,) and repetition number to fracture
(N) at different ratios of diameter of cen-
tral hole to height of specimen (o/h).
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Table 4.

Calculated value of exponent (m), and constant (a) and coefficient of

~ correlation (R) in Eq. (8). * Control specimen. p/k: Ratio of diameter of central

hole to height of specimen.

o/h . ‘
0. 0* 0. 101 0.203 0. 304 0. 404 0. 506 0.608 0.710
m 0. 099 0. 088 0.122 0,043 0,033 0. 002 0.014 0.018
a 940 913 1048 668 635 513 545 618
R —0'81; —0.94  —0.94 —0.84 —0.61 —-0.09 -0, 56 —~0.60
2
0.2f
= 0 """"‘".";". """
Q phege- P L .
] * 0 L] . —02b
J:
1 L H
0 02 04 06 08
L 1 A
% o0z 04 06 os _ P/h
P/h Fig. 16. Relationship between notch sen-
Fig. 15. Relationship between ratio of sitivity (1) and ratio of diameter of cen-

fatigue strength at 1000 cycles of control

specimen to that of holed specimen (#)

and ratio of diameter of central hole to

height of specimen (p/A) in repetitive

bending test. )
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IShEMRELHBE L. BE% #heh Fig. 15,
16 I7RT. B, 7 &I n/k OREIMICEEL P PRD
TEEEERY. B LofR, D, ARRO L SIKE
bA X BELIMYBRTIE, BTARACERT
ZIEHBEMOEENIILORE VD, BAETHE
HREBRETHEEREEALEATEIEENX
WZ gk,

f& B

~LOyl, SR BIENN-F o7 E—-FER
v, zothkic l BoMAEE BB PEIRETES
ZYREABIEDEOOERNICENE 2 N, B
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ez BT, Z OB ERES MFLAR T OBIER
BEEAL, TOEBRENEPICLZ DI

tral hole to height of specimen (p/A) in
repetitive bending test.
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Summary

The purpose of this study is to obtain basic data on the influence of the
stress concentration on the strength of wooden members with an artificial circular
hole in them. Three kinds of test materials were used, namely, Hemlock (Tsuga
hetellohylla Sarg.), ninelayer plywood and threelayer particleboard. A circular
hole was bored at the center of the specimen, and was varied by the diameter of
it. Tensile and bending tests of three materials were performed. The bending
tests were carried out by center loading method and the bending moment was
parallel to the plane on which the hole was located. Repetitive bending tests
were also carried out for Hemlock.

Notch sensitivity (7 ) was calculated based on the relationship between stress
concentrated factor (a) and the ratio of fracture load of control specimen to
that of holed specimen (3), and from the calculated value of 7, the effect of
the hole on the strength reduction of the specimen was estimated. The results
obtained are as follows. )

In the cases of multilayer materials such as wood (earlywood layer-latewood
layer), plywood and particleboard, the tensile and bending strength of these spe-
cimens with a hole are affected more pronouncedly by the layer construction than
by the stress concentration due to a circular hole. For example, when the ma-
terial has stronger layers in both surfaces as particleboard, it has little strength
reduction by drilling a hole in inner layer.

When a bending load is applied, the specimen tends to fracture on compres-
sion side at lower load level. The strength reduction due to a circular hole in
bending test is greater than that in tensile test.

In tensile and bending tests, the value of notch sensitivity in the case of Hem-
lock is largest of the three materials tested. The value for particleboard, which
is porous material, is smallest. And plywood shows a medium value of them.

In the repetitive bending test with the constant deflection of specimen (Hem-
lock), the fatigue strength is scarcely effected by stress concentration caused by
a circular hole because it is affected chiefly by stress relaxation.




