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Basic Properties of Mechanical Wood-Joints
1. Load-slip curves of Nailed Wood-Plywood Joints (1)
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Main-member : Ezomatsu-todomatsu, 204 (2”x4")

X ] . u E 7. Specific gravity,
| i (t/cm?) E : Young’s modulus.
! l 0.44 125.7
| | T (0.43-0.46) (91.4-144.5)
1 1 "o
] 4™
¢ (A) ¢ (B)
Side-member : Douglas fir, 3-ply, nominal 9 mm thick
t t Yy u E, E G
(mm)  (mm) %) (t/cm? (t/cm?) (t/cm?)
9.54 3.20 0.51 12.5 83.9 9.1 7.5
t: actual thickness, ¢ : thickness of face veneer,
E, : Young’s modulus pararell to the face grain.
E, : Young’s modulus perpendicular to the face grain,
G : Shear modulus of rigidity.
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Fig. 2. Effect of nail head management.
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Main-member : Ezomatsu-todomatsu, 204 (2”x4”)

Yu E
l} (t/cm?)
2s :
e T et I it | 0.42 113.4
i 1S5 i (0.40-0.45)  (90.9-145.5)
Grai 1
i E ﬁ i raing :
' | ! i
(Il lemomcmeend
n Side-member : Douglas fir, 3-ply, nominal 9 mm thick
t t/ Yy u E1 & G
(mm) . (mm) (%) (t/cm? (t/cm®) (t/cm?)
9.54 3.20 0.51 12.5 83.9 9.1 7.5
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Fig. 3. Effect of the grain direction of main-member.
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Main-member : Ezomatsu-todomatsu 204 (2”x4")
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| H 1
gt L
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9.54 3.20 0.51 12.5 83.9 9.1 7.5
80,
70
60
250 g == eg=tmf
;; (—T\) —
o i FU9)
40 o LA
/
rl 4
30 ] Z 4/ ’
p 7@
g V7
77
20 y 7
/
4 /
10 o
4 Vi
/ I[‘ /]
%
0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 16 18 2.0 2.2 24
Slip {(mm)

Fig. 4. Effect of the face grain direction of plywood side-member.
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Main-member.: Ezomatsu-todomatsu, 204 (2”x4")

2P y u E r. . Specific
%) (t/cm?) gravity,
u : Moisture
Main-member 0.42 14.0 107.4 content,
0.37-0.48)  (13.8-14.3) (87.2-143.6) E: Young's
- w— modulus.
Mg

.\'Sm;,,,""b,,. Side-member : Kapor, 3-ply, nominal 7.5 mm thick(JAS No. 2)

ﬁ ﬁ t t Ty u E, E, G
F P (mm) (mm) (%) (t/cm®) (t/cm?®) (t/cm?)

7.56 2.05 0.78 9.2 134.2  17.4 7.4

t : actual thickness, #: thickness of face veneer,

E, : Young’s modulus pararell to the face grain,

E, : Young's modulus perpendicular to the face grain,
G : Shear modulus of rigidity.

80

70

@
=)
\\

Load (kg)
\
\
N

40 L

30, - /

20

A
0 -

08. 1.0 1.2 1.4 16 1.8 2.0 2.2 24
Slip (mm)

Fig. 5. (1) Basic load-slip curve of a nailed wood-plywood joint with a
CN50 nail. (Ezomatsu-todomatsu 204 and Kapor 7.5 mm
plywood)
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Main-member : Ezomatsu-todomatsu, 204 (2"x4)

2P
u Yy u E
(%) (t/cm?)
Main-member 0.42 14.0 107.4
(0.37-0.48) (13.8-14.3)  (87.2-143.6)
CNSO
T-side-

=D

Side-member : Kapor, 3-ply, nominal 9 mm thick(JAS No. 2)

==

t t, Ty u E, E, G
(mm) (mm) (%) (t/em?) (t/em?) (t/cm?)

8.67 2.00 0.81 8.3 134.8 33.8 5.9

80
70
-
0 - =
/"
AT A
s =
S -
e A
~ &0
/
p 4
30|
/
AV A
20 ,/ 4
Y,
[ y /1,
oA A
14 Fimvid
0 0.2 04 0.6 0.8 1.0 1.2 1.4 16 18 2.0 2.2 2.4
Slip (mm)
Fig. 5.

(2) Continued. (Ezomatsu-todomatsu 204 and Kapor 9 mm
plywood)
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Main-membe : Ezomatsu-todomatsu, 204 (2”x4”)

2p Tu u E
(%) (t/cm?)
Main-member 0.42 12.2 87.0
(0.40-0.44) (10.8-12.7)- (82.8-89.7)
Ecuso '
\'Sm":'m'b« Side-member : Lauan, 5-ply, nominal 9 mm thick(JAS No. 1)
ﬁ t t Ty u E, E, G
P P (mm) (mm) . (%) (t/cm?) (t/cm?) (t/cm?)
8.87 1.00 0.52 12.1 59.0 36.0 3.8
80
70
60
:msc e N 1A -
3 LT A
3 & -
40 > g
Y117
A V [
30 Vi
"
V
A ] 4
20 P , ) /
)4
/7
10 A // ,/
/
JAVA 1
1 : .
0 0.2 " 0.4 06 08 1.0 1.2 14 - 16 1.8 20 2.2 2.4
Stip (mm)

Fig.5. (3) Continued. (Ezomatsu-todomatsu 204- and Lauan 9 mm
plywood)
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Main-member : Ezomatsu-todomatsu, 204 (2”x4)

jlp Yu u E
(%) (t/cm?)
Main-member 0.42 14.0 107.4
(0.37-0.48)  (13.8-14.3) (87.2-143.6)
5CN 50

l ,Sn":,'n]," A Side-member : Lauan, 5-ply, nominal 12 mm thick (JAS No. 2)
ﬁ ﬁ t | b Yu u E E, G
P P (mm)  (mm) (%) (t/cm? (t/cm?) (t/cm?)

12.25 1.85  0.56 9.1 82.8 42.1 3.9

o
o

Load (kg)

&~
(=]

1 ==
41 L]
- v
1 4
»
47 A
- ]
A i
A /
/] y
/]
[ /
/
/
A
/ V
4
/ /
/ P
/1 / %
{
A -
0.4 06 08 1.0 1.2 1.4 16 - 18 . 20 2.2 2.4
Slip (mm)
Fig. 5.

(4)  Continued. (Ezomatsu-todomatsu 204 and Lauan 12 mm
plywood (JAS No. 2))
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Main-member : Ezomatsu-todomatsu, 204 (2"x4”)

2p
u u E
(%) (t/cm?)
Main-member 0.42 12.2 87.0
(0.40-0.44)  (10.8-12.7)  (82.8-89.7)

5CN S0
T-Side- . . o

member Side-member : Lauan, 5-ply, nominal 12 mm thick (JAS No. 1)
ﬁ ﬁ t t, Tu u E E, G
P P (mm) (mm) %) (t/cm?) (t/cm?) (t/cm?)

11.81  0.90  0.62 8.7 49.9  58.5 6.3

80

o
o

Load (kg)
.

>
o

1]

A

20 7

0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2
Slip (mm)

Fig.5. (5) Continued. (Ezomatsu-todomatsu 204 and Lauan 12 mm
plywood (JAS No. 1))
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Main-member : Ezomatsu-todomatsu, 204 (2”x4”)
2P
Yu u E
(%) (t/cm?)
Main-member 0.42 14.0 107.4
(0.37-0.48)  (13.8-14.3) (87.2-143.6)
5CN 50
T Side- . . .
member Side-member : Douglas fir, 3-ply, nominal 9 mm thick
ﬁ ﬁ t tr 7y u E E, G
P P (mm) (mm) %) (t/cm?) (t/cm?) (t/cm?)
9.54 3.20  0.51 12.5 83.9 9.1 7.5
80,
70
60 -
Pso -
; - y/
o 1
o
- 40 = 1 _
y, I
P / I
-
30|
/V
/I,
20| A // -
1 1] o
i1/ I/ /
10 y /1
JiW4 o
4
-
0 0.2 0.4 06 0.8 1.0 1.2 1.4 16 18 2.0 2.2 2.4
Slip (mm)
Fig.5. (6) Continued. (Ezomatsu-todomatsu 204 and Douglas fir 9 mm

plywood)
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- Main-member : Ezomatsu-todomatsu, 204 (2”x4”)

2P
Yu u E
%) (t/cm?)
[Main-member 0.42 14.0 107.4
(0.37-0.48)  (13.8-14.3) (87.2-143.6)
5CN 50
T Side- .
member Side-member : Spruce, 5-ply, nominal 12 mm thick
ﬁ ﬁ ¢ t Tu u E E; G
P P (mm) (mm) (%) (t/cm?) (t/cm?) (t/cm?)

12.58 -2.50 0.46 13.0 62.5 20.5 4.1

80,

70

0N
(=]

Load (kg)

"
Q

30

20!

-

-
Tl

/| 11
—

0.2 0.4 06 08 1.0 1.2 1.4 1.6 18 20 . 22
Stip (mm) :

Fig.5. (7) Continued. (Ezomatsu-todomatsu 204 and Spruce 12 mm
plywood)

2.4



AEESROERMERE (FH)

Main-member : Hem-fir, 204 (2”x4")

2P Yu u E
%) (t/em?)
Main-member 0.46 13.2 128.6
(0.42-0.50)  (12.3-14.0)  (116.1-147.3)
5CN 50 ' ) ‘
1 Sim‘.':“'b" Side-member : Kapor, 3-ply, nominal 7.5 mm thick (JAS No. 2)
ﬁ ﬁ t L 4”u. u E, E G
P P (mm)  (mm) (%) (t/cm?®) (t/cm®) (t/cm?)
7.56 2.05 0.78 9.2 134.2  17.4 7.4
80,
70
60
20 = e s BERE
e = J
o L1
s
40 y
// vV
Ji
30 A / /
/]
y. AWl 4 /
20 7
A
/ ] { )/
/ 4
/ N7 [ A
I
LA
0 0.2 0.4 0.6 08 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4
Slip (mm)
Fig.5. (8) Continued. (Hem-fir 204 and Kapor 7.5 mm plywood)
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Main-member : Hem-fir, 204 (2”x4”)

P
2 u u E
%) (t/cm?)
Main-member 0.46 13.2 128.6
(0.42-0.50)  (12.3-14.0)  (116.1-147.3)
5CNSO »
T-Side- . g . "
member Side-member : Kapor, 3-ply, nominal 9 mm thick (JAS No. 2)
ﬁ ﬁ t t ry u E E, G
P P (mm)  (mm) (%) (t/em?) (t/cm?) (t/em?)
8.67 2.00 0.81 8.3 134.8  33.8 5.9
80,
70
0 - —
b1
—
L = /
2% 7
3 < -
o ,‘
~ 40 11
/
amay
30 y Y.
Y 4 /
A
.
20 7
/
/ ] y 4
A V
o TV
[N V
I P
0 0.2 0.4 06 0.8 1.0 1.2 1.4 16 18 20 2.2 24
Slip (mm)

Fig.5. (9 Continued. (Hem-fir 204 and Kapor 9 mm plywood)
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Main-member : Hem-fir, 204 (2"x4”)

2P
ﬂ Yu u E
%) (t/cm?)
Main-member 0.46 13.2 128.6
(0.42-0.50) (12.3-14.0) (116.1-147.3)
5CN 50 )
T Side- . . .
member Side-member : Lauan, 5-ply, nominal 9 mm thick (JAS No. 1)

o=
o=>

f tf Yy u E| Ez G
(mm) (mm) %) (t/cm?) (t/cm?) (t/cm?)

8.87 1.00  0.52 12.1 59.0 36.0 3.8

(L
o

Load (kg)

»
(=]

|11
1 l
= A1l
——

= '/

A A

y.d A

/]
4
pd

Y1 1A 1] P yd
4 Y17y - pd 74

P4

y A
r V
A LA
4 A P
A J d
|
0.2 0.4 06 08 10 - 12 1.4 1.6 18 20 2.2 2.4
Slip (mm)

Fig.5. (10) Continued. (Hem-fir 204 and Lauan 9 mm plywood)
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Main-member : Hem-fir, 204 (2”x4")

2P Y u E
ﬂ %) (t/cm?)
Main-member : 0.46 13.2 128.6
(0.42-0.50)  (12.3-14.0)  (116.1-147.3)
5CN50
.Li‘gfn‘ur Side-member : Lauan, 5-ply, nominal 12 mm thick (JAS No. 2)
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Fig.5. (11) Continued. (Hem-fir 204 and Lauan 12 mm plywood (JAS
No. 2))
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Main-member : Hem-fir, 204 (2”x4")

2P
Yu u E
%) (t/cm?)
Main-member 0.46 13.2 128.6
(0.42-0.50) (12.3-14.0) (116.1-147.3)
ECN 50
T-Side-
member Side-member : Lauan, 5-ply, nominal 12 mm thick (JAS No. 1)
ﬁ 1}1 t ty Tu u E, E, G
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Fig.5. (12) Continued. (Hem-fir 204 and Lauan 12 mm plywood (JAS

No. 1))
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Main-member : Hem-fir, 204 (2”x4")

g Yu u E
%) (t/cm?)
(0.42-0.50) (12.3-14.0) (116.1-147.3)
CNSO
# - —
T-Side- Side-member : Douglas fir, 3-ply, nominal 9 mm thick
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Fig.5. (13) Continued. (Hem-fir 204 and Douglas fir 9 mm plywood)
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Load (kg)
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Main-member : Hem-fir, 204 (2”x4")
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u u E
(%) (t/cm?)
Main-member 0.46 13.2 128.6
(0.42-0.50) (12.3-14.0) (116.1-147.3)
5CN.':O
T-Side- . . .
member Side-member : Spruce, 5-ply, nominal 12 mm thick
ﬁ E t t Yy u E, E, G
g (mm)  (mm) %) (t/em?) (t/em?) (t/cm?)
12.58 2.50 0.46 13.0 62.5 20.5 4.1
80
70|
60 e Seam
50 =t
4
40 A /
// {
%0 7 1
/ /
/
/ / /
Z
10 7 7 ¥
[
/1 1] =
[/ —
0 0.2 0.4 06 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4
Slip (mm)

Fig.5. (14) Continued. (Hem-fir 204 and Spruce 12 mm plywood)
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Summary

Basic load-slip curves were presented for some of the common-used nailed wood-plywood
joints with a CN50 nail. . Hem-fir and Ezomatsu-todomatsu (Ezo-spruce and Todo-fir) were used
as the main-member of the single shear test specimen, and seven kinds of plywood were used as
the side-member of it. Preceding the main test program, preliminary tests were conducted on the
effect of the grain direction of the wood member and also on the effect of the face grain direction
of the plywood member, which showed comparatively small effects of them on the load-slip curves
of the nailed wood-plywood joints.



