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Fig. 1.1 Changes in the supply of plywood materials in Japan [Forestry Agency, 2020] 
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Table 1.1 Wall magnification of post and beam construction in ministry of construction notification 
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1.3  
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Fig. 1.2 Fracture properties of plywood-timber joint 
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2.  

2.1  
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3.  

3.1  

10,000

Manson-Coffin  [Manson, 

1953], [Coffin, 1954]

 

 

3.2  

Fig. 3.1

JIS CN50 [JIS A 

5508, 2009] 4.1 38mm 4.5 50mm [JIS 

B 1112, 1995] CN50

 [JIS G 3532, 2011]
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Fig. 3.1 Specimens of constant-amplitude reversed cyclic bending test for fasteners 
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: a: (m/s2) g: (= 9.80665 m/s2) 

 

15 22.5 30

(3-2)  

 

 M=(L1+L2 )𝑃 (3-2) 
M: (Nmm) L1: A

(=200mm) L2: A B (= 2mm) P: 

(N) 

 

CN50 4.1 38mm 15 22.5 30

3 4.5 50mm 15 4 22.5 30
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Fig. 3.2 Setup of constant-amplitude reversed cyclic bending test for fasteners 
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3.3  

104

3-3

Manson Coffin  [Manson, 1953], [Coffin, 1954]

 

 

∆𝜖p2 =ϵ'f (2N)C (3-3) 
∆ /2 :  : 2N : C: 

 

 

(3-4)  

 

∆γp2 = γf (2Nf)C (3-4) 
γp/2: 2Nf: γf C:  
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Fig. 3.3 Plastic deformation amplitude (γp) and cycle number   
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3.4  

Fig. 3.4

 

 

 

 

Fig. 3.4 Fracture behavior of constant-amplitude reversed cyclic bending test for fasteners 
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15

Fig. 3.5 Fig. 3.5 CN50

80 4.1

38mm 4.5 50mm 50%

 

 

 

Fig. 3.5 Relationship between number of cycle and peak moment (amplitude angle: ±15°) 

CN50 4.1 38mm 
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Fig. 3.6 Fig. 3.14 Table 3.1

Mmax CN50 4.1 38mm 1.81 4.5 50mm 2.24

CN50 4.1 38mm 4.5 50mm

Ecy

1 Ecy-ave

Manson Coffin

Fig. 3.15

Manson-Coffin

CN50
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Fig. 3.6 Moment-deformation angle curve (CN50-15°) 
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Fig. 3.7 Moment-deformation angle curve (CN50-22.5°) 
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Fig. 3.8 Moment-deformation angle curve (CN50-30°) 
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Fig. 3.9 Moment-deformation angle curve (4.1 38mm-15°) 
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Fig. 3.10 Moment-deformation angle curve (4.1 38mm-22.5°) 
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Fig. 3.11 Moment-deformation angle curve (4.1 38mm-30°) 
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Fig. 3.12 Moment-deformation angle curve (4.5 50mm-15°) 

  

-8

-6

-4

-2

0

2

4

6

8

-40 -20 0 20 40

M
om

en
t (

N
m

)

Deformation angle(deg.)

15

-8

-6

-4

-2

0

2

4

6

8

-40 -20 0 20 40

M
om

en
t (

N
m

)

Deformation angle(deg.)

15

-8

-6

-4

-2

0

2

4

6

8

-40 -20 0 20 40

M
om

en
t (

N
m

)

Deformation angle(deg.)

15

-8

-6

-4

-2

0

2

4

6

8

-40 -20 0 20 40

M
om

en
t (

N
m

)

Deformation angle(deg.)

15



23 
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5 6 

  
Fig. 3.13 (a) Moment-deformation angle curve (4.5 50mm-22.5°) 
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7 8 

  
9 10 

  
Fig. 3.13 (b) Moment-deformation angle curve (4.5 50mm-22.5°) 
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Fig. 3.14 (a) Moment-deformation angle curve (4.5 50mm-30°) 
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Fig. 3.14 (b) Moment-deformation angle curve (4.5×50mm-30°) 
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Table 3.1 Characteristic results of the constant-amplitude reversed cyclic bending test 

 

 

 

Fig. 3.15 Relationship between plastic deformation angle and number of cycles to failure 

M max γp N f ΣE cy E cy-ave

(Nm) (deg.) (Nm) (Nm)
5.59 14.61 36.33 54.94 0.76

(0.05) (0.40) (5.84) (4.75) (0.07)
5.78 27.87 10.67 35.10 1.71

(0.05) (1.74) (5.06) (12.01) (0.22)
5.70 42.78 2.50 14.55 2.91

(0.10) (1.13) (0.00) (0.22) (0.04)
6.68 11.84 60.25 73.38 0.71

(0.19) (1.11) (37.66) (23.15) (0.19)
7.17 25.92 9.05 34.21 2.03

(0.10) (0.80) (2.52) (6.30) (0.12)
7.23 41.38 2.20 15.24 3.56

(0.11) (0.98) (0.35) (2.56) (0.09)
3.02 19.79 64.83 89.42 0.69

(0.06) (0.35) (22.68) (30.82) (0.02)
3.16 33.65 25.67 66.52 1.30

(0.12) (0.16) (5.58) (12.48) (0.04)
3.24 47.61 11.17 44.07 1.98

(0.06) (0.82) (1.26) (3.48) (0.07)
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Note: Values in parenthesis were standard deviations

CN50

15°

22.5°

30°

4.1×38mm

15°

22.5°

30°

4.5×50mm

15°

22.5°

30°

y = 36.07x-0.37

R² = 0.97
y = 50.00x-0.39

R² = 0.95
y = 103.62x-0.48

R² = 0.93

1

10

100

1 10 100 1000

γ p
/2

  (
de

g.
)

2Nf

4.5 × 50 mm 4.1 × 38 mm CN50
regression line regression line regression line



28 

  

3.5  

 Manson-Coffin  

 2 CN50

 



29 

  

4.  

4.1  

 

 

4.2  

Fig. 4.1 Fig. 4.2

Cryptomeria japonica : 407 kg / m3 JAS 2

9.0 mm : 536 kg / m3 2 CN50  4.1

38mm 4.5 50mm 1

5

AG-I

= 50kN

SDP-100C 100mm  

2 3

Fig. 4.3  [ISO 16670, 2003]
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Fig. 4.1 Setup of single shear test of joint 
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Fig. 4.2 State of specimen installation in the single shear test of joint 

 

 

Fig. 4.3 Loading protocol in the single shear test of joint 
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4.3  

 [

, 2017] Fig. 4.4
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Fig. 4.4 Elasto-plastic model 
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Fig. 4.5 Fig. 4.6
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Fracture of fastener (CN50) 

 

 
Fracture of fastener (4.1 38mm) 

 
Fastener bending yield (4.5 50mm) 

Fig. 4.5 Fracture behavior in the single shear test of joint 
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Fig. 4.6 Ratio of failure in the single shear test of joint 

 

- Fig. 4.7 Fig. 4.15

Table 4.1 Fig. 4.16 Py

Pmax Pu CN50 4.1 38mm

CN50 1.42 1.79 4.5 50mm CN50 1.61 1.88
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Du

Du CN50 ISO 0.59
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Fig. 4.7 Load-displacement curves in the single shear test of joint (Mono. – CN50) 

 

Fig. 4.8 Load-displacement curves in the single shear test of joint (Mono. – 4.1 38mm) 

 

Fig. 4.9 Load-displacement curves in the single shear test of joint (Mono. – 4.5 50mm) 
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Fig. 4.10 (a) Load-displacement curves in the single shear test of joint (ISO - CN50) 
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Fig. 4.10 (b) Load-displacement curves in the single shear test of joint (ISO - CN50) 
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Fig. 4.10 (c) Load-displacement curves in the single shear test of joint (ISO - CN50) 
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Fig. 4.11 (a) Load-displacement curves in the single shear test of joint (1PER - CN50) 
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Fig. 4.11 (b) Load-displacement curves in the single shear test of joint (1PER - CN50) 
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Fig. 4.11 (c) Load-displacement curves in the single shear test of joint (1PER - CN50) 
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Fig. 4.12 (a) Load-displacement curves in the single shear test of joint (ISO - 4.1 38mm) 

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

2.5

3

-40 -30 -20 -10 0 10 20 30 40Lo
ad

 (k
N)

Displacement (mm)

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

2.5

3

-40 -30 -20 -10 0 10 20 30 40Lo
ad

 (k
N)

Displacement (mm)



45 

  

3 

 

4 

 

Fig. 4.12 (b) Load-displacement curves in the single shear test of joint (ISO - 4.1 38mm) 
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Fig. 4.12 (c) Load-displacement curves in the single shear test of joint (ISO - 4.1 38mm) 
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Fig. 4.13 (a) Load-displacement curves in the single shear test of joint (1PER - 4.1 38mm) 
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Fig. 4.13 (b) Load-displacement curves in the single shear test of joint (1PER - 4.1 38mm) 
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Fig. 4.13 (c) Load-displacement curves in the single shear test of joint (1PER - 4.1 38mm) 
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Fig. 4.14 (a) Load-displacement curves in the single shear test of joint (ISO - 4.5 50mm) 
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Fig. 4.14 (b) Load-displacement curves in the single shear test of joint (ISO - 4.5 50mm) 
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Fig. 4.14 (c) Load-displacement curves in the single shear test of joint (ISO - 4.5 50mm) 
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Fig. 4.15 (a) Load-displacement curves in the single shear test of joint (1PER - 4.5 50mm) 
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Fig. 4.15 (b) Load-displacement curves in the single shear test of joint (1PER - 4.5 50mm) 
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Fig. 4.15 (c) Load-displacement curves in the single shear test of joint (1PER - 4.5 50mm) 
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Table 4.1 Characteristic results of the single shear test of joint 

 

  

P D P D P D K μ ΣE cy

(kN) (mm) (kN) (mm) (kN) (mm) (kN/mm) (kNmm)
0.69 0.42 1.37 9.49 1.24 26.87 1.26 27.21 32.87

(0.17) (0.24) (0.29) (2.06) (0.27) (3.50) (1.41) (15.37) (6.43)
0.65 0.50 1.22 9.10 1.06 15.84 0.92 13.72 65.72

(0.13) (0.14) (0.36) (3.17) (0.28) (3.44) (0.56) (4.58) (26.99)
0.57 0.28 0.98 5.26 0.88 8.27 1.19 10.93 97.15

(0.15) (0.05) (0.21) (0.68) (0.20) (1.74) (0.55) (2.04) (33.21)
1.22 0.60 2.12 11.72 1.92 21.52 2.16 24.33 40.26

(0.24) (0.14) (0.42) (3.98) (0.37) (2.21) (0.74) (7.19) (7.91)
1.03 0.45 1.73 6.80 1.54 8.67 2.28 13.81 58.44

(0.07) (0.14) (0.15) (1.95) (0.11) (1.85) (0.74) (4.42) (9.82)
1.02 0.33 1.60 5.64 1.45 7.54 3.27 15.60 115.10

(0.11) (0.11) (0.07) (1.93) (0.07) (3.54) (1.62) (3.39) (65.70)
1.18 0.99 2.30 15.28 2.01 22.50 1.38 14.77 44.02

(0.14) (0.37) (0.33) (3.57) (0.28) (3.20) (0.59) (4.81) (11.48)
1.22 0.43 2.09 6.60 1.85 8.83 2.87 15.60 62.07

(0.09) (0.20) (0.21) (2.31) (0.17) (1.62) (1.23) (5.51) (5.16)
0.98 0.21 1.54 4.12 1.42 5.17 4.84 17.90 85.04

(0.06) (0.03) (0.24) (0.75) (0.19) (1.15) (1.50) (5.31) (26.21)

4.1×38mm

Mono.

Mono.

Mono.

4.5×50mm

ISO

ISO

ISO

Note: Values in parenthesis were standard deviations

CN50

1PER

1PER

1PER
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Fig. 4.16 Comparison of characteristic values in the single shear test of joint 
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5.  

5.1  

JIS

4

 

 

5.2  

Fig. 5.1 Fig. 5.2

Table 5.1 105mm 105mm Cryptomeria japonica

420kg/m3 105mm 180mm Pseudotsuga menziesii

472kg/m3 JAS 2 9mm 551kg/m3

30mm 105mm

150mm 2 3

CN50 4.1 38mm 4.5 50mm

HD-B20  

150kN

200mm

 DP-500C 500mm

 SDP-100c 100mm
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3

0.2mm/sec

 [JIS A 1414, 2010] JIS  [ISO 

21581, 2010] ISO Du

1 1PER

 

 

JIS  

JIS 1/450 1/300 1/200 1/150 1/100 1/75 1/50 rad

1/50 rad 1/15 rad

3  

 

ISO  

ISO21581 ISO16670 ISO

Du 1.25%

2.5% 5% 7.5% 10%

20% 40 60% 80% 100% 120% 20

CN50

2 3  

 

1PER  

Du 1

ISO
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CN50 1

 

 

 

Fig. 5.1 Setup of shear wall test 
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Fig. 5.2 State of specimen installation (shear wall test) 

 

Table 5.1 Specimen series used in the shear wall test 

 

  

JIS ISO 1PER

Nail CN50 1 - 2 1

4.1mm×38mm 1 3 3 -

4.5mm×50mm 1 3 3 -

Wood
screw

Reversed cyclic loading test
Mono.Fastener
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5.3  

3  [

, 2017] (5-1)
 

 

 Δtrue=(Δbeam-Δsill)- (Δleg× H
B ) (5-1) 

 

true: (mm) beam: (mm) sill: (mm)

leg: (mm) H: (=2767.5mm) B: (=1820mm) 

 

Ds (5-2)  

𝐷s= 1
√(2μ-1) (5-2) 

Ds: μ:  
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5.4  

Fig. 5.3 Fig. 5.4 Fig. 5.4

CN50 1~6 4.1 38mm 11 18% 4.5 50mm 8 21%

CN50

37 31 4.1 38mm 56

4 4.5 50mm 64

CN50 ISO 13 16

1PER 74 4.1 38mm JIS 8 23 ISO 17 45 4.5 50mm JIS

18 64% ISO 46 73 CN50 ISO 1PER
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Cut off 

  
Fracture of fastener 

  
Punching out Withdraw 

Fig. 5.3 Fracture behavior in the shear wall test 



66 

  

 

Fig. 5.4 Ratio of failure in the shear wall test 

 

Fig. 5.5 Fig. 5.13

Table 5.2 CN50 1PER

3

2 1

Py Pmax

Pu

0.83 1.10

DPmax CN50 ISO 0.60 0.61

1PER 0.32 4.1 38mm JIS 0.95 0.53 ISO 0.88 0.56

4.5 50mm JIS 0.77 0.44 ISO 0.75 0.50

Du CN50 ISO 0.62 0.58 1PER

0.29 4.1 38mm JIS 1.04 0.93 ISO 0.82 0.65 4.5

50mm JIS 0.72 0.36 ISO 0.57 0.38
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Fig. 

5.14 Du
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Fig. 5.5 Load-true horizontal displacement curve in the shear wall test (Mono.-CN50) 

 

 

Fig. 5.6 Load-true horizontal displacement curve in the shear wall test (Mono.- 4.1 38mm) 

0

5

10

15

20

25

30

35

0 50 100 150 200 250

Lo
ad

 (k
N

)

True horizontal displacement (mm)

0

5

10

15

20

25

30

35

Lo
ad

 (k
N

)

True horizontal displacement (mm)



69 

  

 

 

Fig. 5.7 Load-true horizontal displacement curve in the shear wall test (Mono.- 4.5 50mm) 
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Fig. 5.8 Load-true horizontal displacement curves in the shear wall test (ISO-CN50) 
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Fig. 5.9 Load-true horizontal displacement curve in the shear wall test (1PER-CN50) 
 

 

Fig. 5.10 (a) Load-true horizontal displacement curves in the shear wall test (JIS-4.1 38mm) 
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Fig. 5.10 (b) Load-true horizontal displacement curves in the shear wall test (JIS-4.1 38mm) 
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Fig. 5.11 (a) Load-true horizontal displacement curves in the shear wall test (ISO-4.1 38mm) 
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Fig. 5.11 (b) Load-true horizontal displacement curves in the shear wall test (ISO-4.1 38mm) 
 

 

Fig. 5.12 (a) Load-true horizontal displacement curves in the shear wall test (JIS-4.5 50mm) 
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Fig. 5.12 (b) Load-true horizontal displacement curves in the shear wall test (JIS-4.5 50mm) 
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Fig. 5.13 (a) Load-true horizontal displacement curves in the shear wall test (ISO-4.5 50mm) 
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Fig. 5.13 (b) Load-true horizontal displacement curves in the shear wall test (ISO-4.5 50mm) 
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Table 5.2 Characteristic results of the shear wall test 

 

 

P y D y P max D Pmax P u D u K μ D s

kN mm kN mm kN mm kN/mm - -

Mono. 1 10.65 9.01 19.93 108.62 18.45 187.27 1.18 11.99 0.21

1 11.05 8.50 20.23 65.02 18.16 109.22 1.30 7.82 0.26

2 10.97 9.21 20.69 65.83 18.38 116.02 1.19 7.52 0.27

mean 11.01 8.85 20.46 65.43 18.27 112.62 1.25 7.67 0.26

1PER 1 9.34 5.73 16.67 34.34 15.27 54.24 1.63 5.79 0.31

Mono. 1 14.95 9.88 25.89 89.61 23.24 132.14 1.51 8.60 0.25

1 14.61 10.61 24.29 85.32 22.19 137.29 1.38 8.53 0.25

2 13.67 9.48 22.15 47.54 19.56 123.04 1.44 9.07 0.24

3 15.81 8.72 25.69 80.61 24.06 124.20 1.81 9.36 0.24

mean 14.70 9.60 24.05 71.15 21.93 128.18 1.54 8.99 0.24

S.D. 1.07 0.95 1.78 20.59 2.26 7.91 0.23 0.42 0.01

1 15.65 10.36 27.47 79.18 24.45 89.69 1.51 5.54 0.31

2 12.70 8.43 22.00 50.28 20.04 108.91 1.51 8.18 0.26

3 12.57 9.49 21.72 51.65 19.52 86.00 1.32 5.83 0.31

mean 13.64 9.43 23.73 60.37 21.34 94.87 1.45 6.52 0.29

S.D. 1.74 0.97 3.24 16.30 2.71 12.30 0.11 1.45 0.03

Mono. 1 16.13 13.45 29.55 99.44 26.75 135.89 1.20 6.09 0.30

1 15.73 8.61 26.20 48.14 23.87 49.51 1.83 3.79 0.39

2 16.95 10.21 28.98 76.41 26.06 97.26 1.66 6.20 0.30

3 17.75 9.14 30.29 44.16 28.14 91.06 1.94 6.28 0.29

mean 16.81 9.32 28.49 56.24 26.02 79.28 1.81 5.42 0.33

S.D. 1.02 0.82 2.09 17.58 2.14 25.96 0.14 1.41 0.05

1 15.80 9.96 28.23 75.04 25.81 77.56 1.59 4.77 0.34

2 16.04 9.60 29.11 75.34 26.22 77.65 1.67 4.95 0.34

3 15.33 9.75 25.94 50.30 22.75 52.24 1.57 3.61 0.40

mean 15.72 9.77 27.76 66.90 24.93 69.15 1.61 4.44 0.36

S.D. 0.36 0.18 1.64 14.37 1.90 14.64 0.05 0.73 0.04

Specimen

4.5×
50mm

JIS

ISO

ISOCN50

JIS

ISO

4.1×
38mm
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Fig. 5.14 Relationship of Cyc.-Mono. ratio for ultimate true horizontal displacement and number of 

fracture fasteners-number of all joints ratio in the shear wall test   
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5.5  

 

 

 

 

 Du



81 

  

6.  

6.1  

4

3

 

 

6.2  

6.2.1  

Fig. 6.1

(6-1)  

 

Fig. 6.1 Bending angle of fasteners in joint 
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𝜃 = tan-1 (δL) (6-1) 
θ: δ: L: 

 

 

(6-1) L  [ , , , 2007], [Kobayashi & Yasumura, 2014]

-

Fig. 6.2 6

3 6 4 6

(6-2)
2 Mode5

(6-1) (6-2) L5  

 

 

Fig. 6.2 Yield mode in proposed equation of Kobayashi et al.  

 

⎩⎪⎪
⎪⎪
⎪⎨
⎪⎪
⎪⎪
⎪⎧ 𝐿3 𝑡12𝛽𝜑 √𝛼2𝛽3𝜑3 + 2𝛽2𝜑2(𝛼2 + 𝛼 + 1)                

𝐿4 𝑡12𝛽𝜑 ⎷
√√√4𝑀p𝛽𝜑4(𝛽𝜑 + 2)

𝐹e1𝑑𝑡1  2
+ 2𝛽𝜑(𝛽𝜑 + 1)         

𝐿5 𝑡12𝛽𝜑 √
4𝑀p𝛽𝜑(2𝛽𝜑 + 1)

𝐹e1𝑑𝑡1  2
+ 2𝛼2𝛽2𝜑2(𝛽𝜑 + 1)      

𝐿6 1𝛽𝜑 √2𝑀p(1 + 𝜑3)𝛽𝜑(𝛽𝜑 + 1)
𝐹e1𝑑                          

(6-2) 
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L3–L6: (mm) t1: (mm)

Mp: (Nmm) Fe1: (N/mm2) d: 

(mm) α: / β: / φ: 

/  

 

6.2.2  

 [ , , , 2007], [Kobayashi & Yasumura, 2014]

 [Johansen, 1949]

(6-3) (6-14) Fig. 6.3 (6-3) (6-14)

 

 

𝐹 = 𝜇𝑃ax−ini      (6-3) 

𝑃ax−ini = min (𝑃head−ini, 𝑃pull)     (6-4) 

𝐾 = 𝑑𝑘1𝑡1𝛼ef 𝛾𝜑(1+𝛼ef 3𝛾𝜑)1+4𝛼ef 𝛾𝜑+6𝛼ef 2𝛾𝜑+4𝛼ef 3𝛾𝜑+𝛼ef 4𝛾2𝜑2 × 0.9     (6-5) 

𝑡ef1 = min {𝑡1, (64𝐸𝐼s𝑘1𝑑 )14} , 𝑡ef2 = min {𝑡2, (64𝐸𝐼s𝑘2𝑑 )14}   (6-6) 

𝑃y = min

⎩⎪
⎪⎪
⎨⎪
⎪⎪
⎧mode1 ∶  𝑑𝐹e1 𝑡1                                       mode2 ∶  𝑑𝐹e1𝑡1𝛼𝛽𝜑                                 mode3 ∶  𝑑𝐹e1 𝛽𝜑𝛽𝜑+1 (2𝐿3 − (𝛼 + 1)𝑡1)       

mode4 ∶  𝑑𝐹e1 𝛽𝜑𝛽𝜑+2 (2𝐿4 − 𝑡1)                  
mode5 ∶  𝑑𝐹e1 𝛽𝜑2𝛽𝜑+1 (2𝐿5 − 𝛼𝑡1)               
mode6 ∶  𝑑𝐹e1 𝛽𝜑𝛽𝜑+1 𝐿6                               

   (6-7) 
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⎩⎪
⎪⎪
⎪⎨
⎪⎪
⎪⎪
⎧𝐿3 𝑡12𝛽𝜑 √𝛼2𝛽3𝜑3 + 2𝛽2𝜑2(𝛼2 + 𝛼 + 1)       

𝐿4 𝑡12𝛽𝜑 √4𝑀p𝛽𝜑4(𝛽𝜑+2)
𝐹e1𝑑𝑡1  2 + 2𝛽𝜑(𝛽𝜑 + 1)         

𝐿5 𝑡12𝛽𝜑 √4𝑀p𝛽𝜑(2𝛽𝜑+1)
𝐹e1𝑑𝑡1  2 + 2𝛼2𝛽2𝜑2(𝛽𝜑 + 1)  

𝐿6 1𝛽𝜑 √2𝑀p(1+𝜑3)𝛽𝜑(𝛽𝜑+1)
𝐹e1𝑑                                                           

   (6-8) ( ) 

𝛿y = 𝑃y𝐾                      (6-9)  

𝐾′ = 𝑃𝑎𝑥𝐿                              (6-10) 

𝑃ax = {mode 3,4 ∶  min{Phead , Ppull × 𝐶pull}     mode 5,6 ∶  min{Phead , Ppull}                               (6-11) 

𝑃max = {
mode 1,2   ∶  𝑃y + 𝐹            
mode 3 − 6 ∶  √𝑃y2 + 𝑃ax2                       (6-12) 

𝛿𝑚𝑎𝑥 =  {
mode 1,2   ∶  𝛿𝑦                       
mode 3 − 6 ∶  𝛿𝑦 + (𝑃𝑚𝑎𝑥−𝑃𝑦−𝐹 )𝐾′

       (6-13)

𝛿𝑢 = {
mode 1,2    ∶ 𝛿𝑦                     
mode 3 − 6   ∶      𝛿𝑦 + (𝑃𝑚𝑎𝑥−𝑃𝑦)𝐾′

                                      (6-14)
F: (N) μ: Pax-ini: (N) Phead-ini: 

(N) Ppull: (N) d: 

( ×1.1)(mm) φ: (=d2/d1) 1,2: (1:  

2: ) K: (N/mm) k: (N/mm3) tef: (mm) E: 

(N/mm2) Is: (mm4) αef: 

(=tef2/t/tef1) Py: (N) L3–L6: 

(mm) t: (mm) α: (mm) (=t2/t1) Fe: (N/mm2) β: 

(=Fe2/Fe1) Mp: (=Ftd3/6 Nmm) Ft: 

(N/mm2) δy: (mm) Pαx: (N) Phead: 

(N) K': (N/mm) Pmax: (N) δmax: Cpull: 

(=0.75) δu: (mm) 
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Fig. 6.3 Estimation curve of load-displacement relationship by proposed equation of Kobayashi et al. 

 

 [Eurocode5, 2004]

(6-15)

 [ , , , 2007]

CN50 41mm

(Fig. 6.4)

(6-16)  [ , 2009]

Table 6.1 Table 6.2 4

5

 

 

𝐹e = 0.082(1 − 0.01𝑑)𝜌     (6-15) 

Fe: (N/mm2) d: (mm) ρ: (kg/m3) 
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Fig. 6.4 Relationship between pull-out resistance of CN50type nail and density of Sugi lumber 

 

 𝐹pull = 125𝜌1.35𝑑0.66           (6-16)                         

Fpull: (N)  

 

Table 6.1 Material properties for estimation curve of monotonic loading by proposed equation of 

Kobayashi et al. (Joint of Chapter 4) 

 

 

Table 6.2 Material properties for estimation curve of monotonic loading by proposed equation of 

Kobayashi et al. (Shear wall of Chapter 5) 

 

y = 3.4489x - 500.08
R² = 0.3877

0
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Pu
ll-

ou
t r
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is

ta
nc
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(N

)

Density (kg/m3)

d 1 d 2 F t ρ 1 ρ 2 t 2 k 1 k 2 F e 1 F e 2 F pull P head-ini P head

mm mm N/mm2 kg/m3 kg/m3 mm N/mm3 N/mm3 N/mm2 N/mm2 N/mm kN kN

CN50 2.87 2.87 594 111.3 159.0 32.4 42.7 22.0 1.16 1.25

4.1 × 38 mm 3.25 4.1 822 104.5 149.3 32.3 42.2 94.4 1.66 1.79
4.5 × 50 mm 3.52 4.5 825 100.0 142.9 32.2 42.0 100.4 1.82 1.96

407.1 536.3 9

Specimen

d 1 d 2 F t ρ 1 ρ 2 t 2 k 1 k 2 F e 1 F e 2 F pull P head-ini P head

mm mm N/mm2 kg/m3 kg/m3 mm N/mm3 N/mm3 N/mm2 N/mm2 N/mm kN kN

CN50 2.87 2.87 594 111.3 159.0 33.4 43.9 23.1 1.16 1.25

4.1 × 38 mm 3.25 4.1 822 104.5 149.3 33.3 43.3 98.2 1.66 1.79
4.5 × 50 mm 3.52 4.5 825 100.0 142.9 33.2 43.2 104.4 1.82 1.96

419.5 551.2 9

Specimen



87 

  

6.2.3  

Richard  [Richard, 

Yasumura, & Davenne, 2003] Fig. 6.5  

 

 

Fig. 6.5 Load-displacement curve calculated by the method proposed by Richard et al. 

 

(6-17) (6-20) F(Δ) Δ

D1 Foschi  [Foschi, 1974] (6-17)

K0  K1  P0

D1 D2 K2 D2 Dend K3 2 (6-18) (6-19)
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Dend 0 (6-20) FD1 (6-17)

D1  

 

 F Δ = P0+K1Δ × 1 e
-K0

P0        0 Δ D1   (6-17) 

F Δ =FD1+K2 Δ D1        D1 Δ D2  (6-18) 

 F Δ =FD1+K2 D2 D1 +K3 Δ D2    D2 Δ Dend  (6-19) 

 F Δ =0                     Δ>Dend  (6-20) 

 

2  

 

 (6-17) (6-20)

est-m  

  [ , , , 2007], [Kobayashi & Yasumura, 2014]

6.2.2 (6-17) (6-20) est-

p  

 

est-p 40mm

0  

Fig. 6.5 part1 part4 (6-21) (6-24) 

Fig. 6.5 part1 part2

part3 part4  

 

 F(Δ)=F
A
+(K4Δ+P2 F

A)× (1 e
K0(UA Δ)

2P2 )  part1 (6-21)  
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 F Δ =F B+ K4Δ+P2 F B × 1 e
Ky UB Δ

2P2    part2 (6-22) 

F Δ =F B+ K5Δ+P1 F B × 1 e
K0 UB Δ

2P1 part3 (6-23)  

 F Δ =F A+ K5Δ+P1 F A × 1 e
Ky UA Δ

2P1               part4  (6-24) 

K4=P2/UA K5=P1/UB Ky=F(D0)/D0 UA UB: 

FUA FUB: =UA UB (6-17) (6-20)  

 

0 P1 P2 UA UB

K5 K4 P1 P2

(6-25) Fig. 6.6

Fig. 

6.6 Mp1 Mp2 0° (6-25)

4 Fig. 6.2 mode5

mode5  

 

P1,2= M p1,2

L
                                (6-25)       

Mp1,2: ±22.5°

0° L:  
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Fig. 6.6 Moment-deformation angle curve of constant-amplitude reversed cyclic bending test for 

fasteners (4.1×38mm, amplitude angle: ±22.5°) 

 

Fig. 6.7
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D0 1 β D0

L

(6-26) 6-27 Fig. 6.6

-6

-4

-2

0

2

4

6

-40 -20 0 20 40

M
om

en
t (

N
m

)

Deformation angle (deg.)

γt 

Mp2 

Mp1 γp 



91 

  

 

 

Fig. 6.7 Load-displacement model multiplied by reduction coefficient 

 

 θ = tan-1(d
L)                (6-26)

γ  

  

 
γe
2

=
∆γt
2

-
∆γp
2

    6-27

∆γt/2: ∆γp/2:  

  

D0 (6-28) Manson-

Coffin  [Manson, 1953], [Coffin, 1954] 3
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D0 
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(1-β) F(Δ) 

F(Δ) 
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∆γp
2

=γf∙ 2Nf
C          6-28  

 2Nf: , γf C:  

 

(6-29) Miner  [Miner, 1945]

γ1  γ2  γi

6-28 N1  

N2   Ni n1  n2  ni

n1/N1  n2/N2  ni/Ni D

D 1  

 

 D = n1
N1

+ n2
N2

+ + ni
Ni

= ∑ ni
Ni

 (6-29) 

n1  n2  ...  ni N1  N2  ...  Ni: Manson-Coffin

D<1: D

1:  

 

D (6-30) D 1

0 D<1 γ D

2 : 0.8 : 

0.5  

 β {     D < 1: γ × D 
D ≥ 1:  1         (6-30)

 

Miner Rain Flow Method [ , , , , , 

1974] Rain Flow Method
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Fig. 6.8

Fig. 6.8

 1/2

 

 

 0 1 3 2 3 2

0 4 5 4 0 3

 

 2 1’ 0 1 3

1’  
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Fig. 6.8 Conceptual diagram of Rain Flow Method   
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6.3  

Table 6.3

Fig. 6.9

Table 6.4 est-m est-p

Kobayashi est-p

CN50 est-p  

 

Table 6.3 Parameters for monotonic loading 

 
Parameters: see Fig. 6.5 

K 0 K 1 K 2 K 3 P 0 D 1 D 2 D end
kN/mm kN/mm kN/mm kN/mm kN mm mm mm

est-m joint,wall 2.21 0.0640 -0.0088 -0.0553 0.859 7.48 26.8 47.9

joint 2.80 0.0707 0 -0.0331 0.749 4.44 7.95 40.0

wall 2.85 0.0746 0 -0.0345 0.767 4.53 8.02 40.0

est-m joint,wall 5.69 0.0824 -0.0081 -0.106 1.42 7.98 17.0 35.8

joint 4.02 0.120 0 -0.0670 1.18 6.67 10.5 40.0

wall 3.96 0.121 0 -0.0670 1.19 6.56 10.3 40.0

est-m joint,wall 6.32 0.108 0.0282 -0.123 1.15 8.11 17.2 35.8

joint 4.33 0.125 0 -0.0749 1.35 6.74 10.7 40.0

wall 4.27 0.126 0 -0.0749 1.36 6.63 10.6 40.0

Test
method

4.5×50mm

4.1×38mm

est-p

est-p

est-p

Specimen Estimation
method

CN50
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Fig. 6.9 Modeling results of monotonic loading and load-displacement curve of monotonic loading 

test 

 

Table 6.4 Parameters for cyclic loading and reduction coefficient 

 
Parameters: see Fig. 6.5, Fig. 6.7, Equation (6-2), Equation 6-28  and Equation (6-30) 

P 1 P 2 γ D 0 γ C L (joint) L (wall)

kN kN - mm - - mm mm

CN50 0.19 -0.19 0.2 1.29 103.62 -0.48 12.8 12.7
4.1×38mm 0.24 -0.25 0.5 2.49 50.00 -0.39 15.0 14.8
4.5×50mm 0.28 -0.3 0.5 2.61 36.07 -0.37 15.7 15.5

Specimen
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Fig. 6.10 Fig. 6.10

Fig. 6.10

4.1×38mm-1 PER

 [ , 2017]

Table 6.5 Table 6.5 Du D 1

Du Pmax

Du Fig. 6.11 Pmax

Fig. 6.12 Py Pmax Pu

0.87 1.28 Dy

1.06 2.68

K μ 0.44 0.77

DPmax

Du CN50-ISO est-p 0.77 1.30

CN50-ISO est-p DPmax

Du 0.49 0.65

Du D est-m D>1 est-p

D<1

est-p
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40mm

40mm 0
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Fig. 6.10 (a) Experimental and estimated load-displacement curves of reversed cyclic loading tests 

for joint 
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Fig. 6.10 (b) Experimental and estimated load-displacement curves of reversed cyclic loading tests 

for joint 
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Fig. 6.10 (c) Experimental and estimated load-displacement curves of reversed cyclic loading tests 

for joint 
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Fig. 6.10 (d) Experimental and estimated load-displacement curves of reversed cyclic loading tests 

for joint 

-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

-15 -10 -5 0 5 10 15

CN50-1PER
est-p

-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

-15 -10 -5 0 5 10 15

4.1 38 mm-1PER
est-p

-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

-15 -10 -5 0 5 10 15

4.5 50 mm-1PER
est-p

Displacement (mm) 

Lo
ad

 (k
N

) 

Experiment results (envelope curve-fastener fracture)
Estimated result Experiment result (one example)

Experiment results (envelope curve-withdrawal failure)



103 

  

Table 6.5 Experimental and estimated characteristic values of the single shear test of joint 

 

 

P D P D P D K μ
kN mm kN mm kN mm kN/mm
0.65 0.50 1.22 9.10 1.06 15.84 1.38 13.72

(0.07) (0.16) (0.20) (3.47) (0.15) (3.77) (0.35) (4.58)

est-m 0.80 0.82 1.29 7.48 1.14 15.04
D >1

0.98 12.91

est-p 0.68 0.53 1.06 4.45 0.98 10.23
D <1

1.28 13.30

0.57 0.28 0.98 5.26 0.88 8.27 1.19 10.93
(0.15) (0.05) (0.21) (0.68) (0.20) (1.74) (0.55) (2.04)

est-m 0.73 0.65 1.15 6.02 1.08 7.77
D >1

1.12 8.09

est-p 0.67 0.51 1.04 4.44 0.94 7.77
D >1

1.31 10.78

1.03 0.45 1.73 6.80 1.54 8.67 2.28 13.81
(0.07) (0.14) (0.15) (1.95) (0.11) (1.85) (0.74) (4.42)

est-m 1.30 0.61 1.90 8.20 1.73 8.52
D >1

2.17 10.68

est-p 1.12 0.65 1.84 6.70 1.66 8.53
D >1

1.72 8.85

1.02 0.33 1.60 5.64 1.45 7.54 3.27 15.60
(0.11) (0.11) (0.07) (1.93) (0.07) (3.54) (1.62) (3.39)

est-m 1.16 0.41 1.73 4.35 1.62 6.25
D <1

2.84 10.96

est-p 1.06 0.56 1.67 4.68 1.52 6.36
D <1

1.89 7.90

1.22 0.43 2.09 6.60 1.85 8.83 2.87 15.60
(0.09) (0.20) (0.21) (2.31) (0.17) (1.62) (1.23) (5.51)

est-m 1.12 0.49 1.83 8.57 1.60 9.04
D >1

2.31 13.03

est-p 1.24 0.64 2.01 6.79 1.85 9.03
D >1

1.94 9.54

0.98 0.21 1.54 4.12 1.42 5.17 4.84 17.90
(0.06) (0.03) (0.24) (0.75) (0.19) (1.15) (1.50) (5.31)

est-m 1.07 0.40 1.61 4.79 1.46 6.43
D <1

2.65 11.68

est-p 1.19 0.56 1.87 4.79 1.71 6.43
D <1

2.11 7.92

Note: Values in parenthesis were standard deviations

4.1×38
mm

ISO

exp.

1PER

exp.

4.5×50
mm

ISO

exp.

1PER

exp.

CN50

ISO

exp.

1PER

exp.
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Fig. 6.11 Comparison of experimental and estimated ultimate displacement Du for joint  

(left: est-m, right: est-p) 

 

 

Fig. 6.12 Comparison of experimental and estimated maximum load Pmax for joint 

(left: est-m, right: est-p) 
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6.4  
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7.  

7.1  

6

 

 

7.2  

6 FEM

FEM EFICOBOIS  [Richard, Yasumura, & Davenne, 

2003] Elements Fin is pour la Construction a Ossature en BOIS

Nicolas Richard

 

Fig. 7.1

6
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Fig. 7.1 Analysis model of shear wall 

 

 

  

6  

  

Table 7.1 Table 7.1

6 (6-17)
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Table 7.1 Parameters of hold-down connection  

 
Parameters: see Fig. 6.5 and Equation (6-17) 

 

  

9.13 109N/m2 7.23 109N/m2 4.72 102kg/m3

4.19 102kg/m3 6.2

109N/m2 6.1 109N/m2 0.3 5.0 108N/m2  

 

7.3  

Fig. 7.2

Table 7.2 50

100mm 50%

150mm 50

Fig. 7.2

6mm

Du

Fig. 7.3 Du est-m 0.73 est-p

0.68

est-m 5 / =0.97~1.16 est-p 3 / =0.92~1.23

P 0 K 0 K 1

kN kN/mm kN/mm

Hold-down connection 90 8.11 0
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Du /

Fig. 7.4

CN50-ISO Du est-m

0.97 1.03 est-p

0.61 0.65

13% 16% CN50

DPmax Du

est-p

Pmax

Fig.18 est-m 0.82 1.23

Pmax est-p CN50-ISO

0.73 0.75
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Fig. 7.2 (a) Experimental and estimated load-true horizontal displacement curves of reversed cyclic 

loading tests for shear wall 
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Fig. 7.2 (b) Experimental and estimated load-true horizontal displacement curves of reversed cyclic 

loading tests for shear wall 
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Fig. 7.2 (c) Experimental and estimated load-true horizontal displacement curves of reversed cyclic 

loading tests for shear wall 
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Fig. 7.2 (d) Experimental and estimated load-true horizontal displacement curves of reversed cyclic 

loading tests for shear wall 
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Table 7.2 Experimental and estimated characteristic values of the shear wall test 

 

  

P D P D P D K μ D s

kN mm kN mm kN mm kN/mm - -

exp. 11.01 8.85 20.46 65.43 18.27 112.62 1.25 7.67 0.26

est-m 10.71 9.72 17.99 61.75 16.25 112.65 1.10 7.64 0.26

est-p 9.61 7.80 15.10 35.36 14.07 70.80 1.23 6.20 0.30

exp. 9.34 5.73 16.67 34.34 15.27 54.24 1.63 5.79 0.31

est-m 10.19 8.79 16.48 46.31 14.76 52.55 1.16 4.13 0.37

est-p 9.44 7.58 14.49 34.46 13.34 49.72 1.24 4.64 0.35

exp. 13.64 9.43 23.73 60.37 21.34 94.87 1.45 6.52 0.29

est-m 16.94 9.73 26.75 51.66 23.62 54.67 1.74 4.03 0.38

est-p 14.93 10.11 26.32 51.81 22.60 54.53 1.48 3.57 0.40

exp. 14.70 9.60 24.05 71.15 21.93 128.18 1.54 8.99 0.24

est-m 16.78 9.75 26.00 50.04 23.21 52.83 1.72 3.92 0.38

est-p 15.03 10.23 25.53 50.19 22.09 52.65 1.47 3.50 0.41

exp. 15.72 9.77 27.76 66.90 24.93 69.15 1.61 4.44 0.36

est-m 15.11 9.26 25.61 52.62 21.64 57.39 1.63 4.33 0.36

est-p 16.79 10.95 29.09 51.86 25.06 54.72 1.53 3.35 0.42

exp. 16.81 9.32 28.49 56.24 26.02 79.28 1.81 5.42 0.33

est-m 14.92 9.26 24.84 50.34 21.31 57.58 1.61 4.35 0.36

est-p 16.69 10.49 28.36 49.43 24.49 60.66 1.59 3.94 0.38

4.5×
50

mm

ISO

JIS

CN50

ISO

1PER

ISO

4.1×
38

mm

JIS
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Fig. 7.3 Comparison of experimental and estimated ultimate displacement Du for shear wall  

(left: est-m, right: est-p) 

 

 

Fig. 7.4 Relationship of estimated-experiment ratio for ultimate displacement and number of fracture 

fasteners-number of all joints ratio (shear wall used wood screw) 
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Fig. 7.5 Comparison of experimental and estimated maximum load Pmax for shear wall  

(left: est-m, right: est-p) 
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7.4  
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8.  

8.1  

5

 

 

8.2  

5 105mm 105mm

419kg/m3 105mm 180mm 425kg/m3

JAS 2 9mm 485kg/m3

30mm 105mm 3 5

4.1 38mm 4.5 50mm

5  

Fig. 8.1

1 1

1

(8-1)  

 

 𝑚�̈� + 𝑐�̇� + 𝑘𝑥 = −𝑚�̈�0 (8-1) 
m: k: c: �̈�: �̇�: x: 

�̈�0:  
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(8-1) kx Q

(8-2)  

 

mẍ + cẋ + Q = − mẍ0 (8-2) 
 

Newmark β  [Newmark, 1959] Newmark β

1ntt (8-3)  

 

𝑥𝑛+1 = 𝑥𝑛 + 𝛥𝑡�̇�𝑛 + (12 − 𝛽) 𝛥𝑡2�̈�𝑛 + 𝛽𝛥𝑡2�̈�𝑛+1
�̇�𝑛+1 = �̇�𝑛+1 12 𝛥𝑡(�̈�𝑛 + �̈�𝑛+1) (8-3) 

 

β t = tn+1 �̈�𝑛+1 β=1/4 1/6

1/8 β=1/4 β=1/6 β=1/8

t t + β=1/4  

(8-3) (8-2) �̈�𝑛+1  

 

�̈�𝑛+1 = 𝑐(�̇�𝑛 + 1 2/ 𝑡�̈�𝑛) + 𝑄𝑛+1 + 𝑚�̈�0𝑛+1
𝑚 + 1 2/ 𝑐𝛥𝑡 (8-4) 

𝑄𝑛+1 𝑄𝑛  

 

(8-4) 1nx (8-3)
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Fig. 8.1 Outline of pseudodynamic test  

 

Table 8.1 m 5 ISO

Pa Co 0.2

g (8-5) (8-6) 4.1 38mm

1.614kN/mm 4.5 50 1.664kN/mm

2% JMA Kobe NS 450gal

BCJ-level2 Fig. 8.2 Fig. 8.3

 (JMA-Kobe NS)  (BCJ-level2) 

Table 8.2 1  

 

𝑃a = min
⎩⎪⎪
⎨⎪
⎪⎧ 𝑃1 120/𝑃y2 3/ 𝑃max0.2𝑃u𝐷s

 (8-5)   𝑚 = 𝑃aCo𝑔    (8-6) 
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Table 8.1 Terms and conditions in the pseudodynamic test 

  

 

 

Fig. 8.2 JMA Kobe (NS) earthquake linearly scaled to have a maximum acceleration of 450gal 

 

 

Fig. 8.3 BCJ level2 earthquake 

 

Table 8.2 Maximum acceleration of seismic waves in the pseudodynamic test 

 

  

Specimen Inertial mass (kg) Initial stiffness (kN/mm) Damping constant (%)

4.1×38mm 5461.53 1.614

4.5×50mm 5426.99 1.664
2
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JMA Kobe NS 315.4 450

BCJ level2 344.3 355.7

Seismic wave Maximum acceleration (gal)
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8.3  

Fig. 8.4 Fig. 8.5 Fig. 8.5

5 JMA Kobe 4.1 38mm 4.5 50mm

65% 72

31 24 BCJ level2 4.1 38mm

4.5 50mm 63% 75

JIS 4.1 38mm 4.5

50mm 8 23 18 64 ISO 17 45 46

73 BCJ level2
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State of the whole test 

 
Cut off 

  

 
Fracture of fastener (right) 

Fastener bending yield (left) 

 
Withdraw 

  

 

 

Punching out  
 

Fig. 8.4 Fracture behavior in the pseudodynamic test 
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Fig. 8.5 Ratio of failure in static loading and pseudodynamic tests 

 

Fig. 8.6 Fig. 8.9

Table 8.3 Table 8.4

1

ISO JIS

 

JMA Kobe 4.1 38mm 4.5 50mm

 

BCJ level2

4.1 38mm-ISO 3 4.5 50mm-

JIS 1 ISO 3

4.1 38mm 4.5 50mm 18

17  

0%

20%

40%
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80%

100%

1 1 2 3 1 2 3 1 1 1 1 2 3 1 2 3 1 1
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Fig. 8.6 Load-true horizontal displacement curve and displacement response  

(JMA Kobe - 4.1 38mm) 
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Fig. 8.7 Load-true horizontal displacement curve and displacement response  

(4.1 38mm - BCJ level2) 
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Fig. 8.8 Load-true horizontal displacement curve and displacement response 

(4.5 50mm - JMA Kobe) 
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Fig. 8.9 Load-true horizontal displacement curve and displacement response  

(4.5 50mm - BCJ level2) 
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Table 8.3 Maximum displacement response and load at maximum displacement response in the 

pseudodynamic test 

  

 

Table 8.4 Maximum load and displacement at maximum load in the pseudodynamic test 

  

 

8.4  

 JMA Kobe

BCJ level2  

 BCJ level2 4.1 38mm 4.5 50mm

 

+ - + - + -

JMA Kobe NS 7.26 4.78 50.40 -97.96 11.48 -26.00
BCJ level2 24.22 23.04 160.83 -168.12 3.71 -4.44

JMA Kobe NS 7.18 4.74 44.04 -70.48 17.70 -30.44
BCJ level2 44.76 36.08 197.29 -64.46 4.63 -6.33

Specimen
time (s) Maximum displacement

response (mm)
Load at maximum

displacement response (kN)

4.1×38mm

4.5×50mm

+ - + -

JMA Kobe NS 15.41 -26.92 19.45 -97.37

BCJ level2 20.35 -19.46 51.25 -48.39
JMA Kobe NS 20.53 -32.48 20.82 -70.28

BCJ level2 26.99 -24.73 53.55 -29.46

Specimen
Maximum load (kN) Displacement at

maximum load (mm)

4.1×38mm

4.5×50mm
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