The Mechanism of Nail Extraction Caused by Increased
Moisture Content in Panelboards (A Follow - up Paper)

Koichi WADA

The Report of the Hokkaido Forest Products Research Institute, No.82 reported on nail
extraction in wood panelboards, and the trouble was assumed to be caused by board
expansion triggered by increased moisture content. The component of nail extraction also
was examined on the assumption that the shearing force on a nail was caused by the board
expansion being restricted by the nail. The present paper reports studies made on the lateral
embedding component on the nail. For simplification"s sake, it was assumed that in a simple
board the component of the nail embedding was partially freed when the nail was embedded
into the wood frame. The force was calculated as the slide of nail embedding with the
horizontal reaction formula of two - hinge parabolic arch. In other words, the slide of nail
embedding was regarded as being equivalent to the distance over which the two hinges
moved. The results of mathematical simulations by use of the formula were found to be
almost the same as those of the shearing experiments reported in the previous paper. The
assumption was also applied to a wall constituted of many boards : the magnitude of the
force was regarded as identical to the total of forces acting on each board. Thus the wall was
considered to be a continual plate, and this continual plate was simplified into a model of
a continuous beam with multiple hinges, and a number of models were made. Then actual
troubles with walls constituted of many boards were classified according to different fixing
and terminal - limiting conditions. The results show that the classification can be of great
use in knowing the mechanical structure of a wall made up of many panelboards. However,
those models need further studying.
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Fig. 1. Testing block No. 1 on low moisture content
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Fig. 2. Testing block No. 2 on low moisture content
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Fig. 3. Testing block No. 3 on low moisture content
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Table 1. Shearing force derived from hinge point shift (kgf)

f : X% (em) point of greatest deflection as cup
(cm) 0.01 0.0 0.04 0.05 0.06
X d=0.01 21.35 21.31 21.24 21.14 21.02 20.88
S& d=0.02 42.69 42.61 42.48 42.29 42.05 41.76
8» d=0.03 64.04 63.92 63.72 63.43 63.07 62.64
2% d=0.04 85.39 85.22 84.95 84.58 84.10 83.52
<& d=0.05 106.74 106.53 106.19 105.72 105.12 104.40
[PR:==0

= 0.07 0.08 0.09 0.1 0.11 0.12
» 20.71 20.52 20.31 20.08 19.83 19.56
41.42 41.04 40.62 40.15 39.65 39.12
62.13 61.56 60.92 60.23 59.48 58.67
82.85 82.08 81.23 80.30 79.30 78.23
103.56 102.60 101.54 100.38 99.13 97.79
0.13 0.14 0.15 0.16 0.17 0.18
19.28 18.98 18.67 18.35 18.03 17.69
38.55 37.96 37.34 36.71 36.05 35.38
57.83 56.94 56.02 55.06 54.08 53.08
77.10 75.92 74.69 73.41 72.11 70.77
96.38 94.90 93.36 91.77 90.13 88.46

0.19 0.2

17.35 17.01

34.70 34.01

52.06 51.02

69.41 68.03

86.76 85.03

EE v VR Erres =1,500kef /e, AV 10mm, HUIE22.5em, 22 €2 15.8em, E.=125tonf/cm
Note:Young’s modulus Egres = 1,500kgf/cot, height10mm, breadth22.5cm, spanl5.8em, E.=125tonf/cm
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Table 2 Shearing force derived from hinge point shift kgf

f : %% (em) point of greatest deflection as cup
0.0

EEL ¥ ¥ 7R B Egrs =1,300kgf/cre, Z4v>10mm, ARIE22.5cm, A~ 15.8cm, E,=118tonf/cn

Note:Young’s modulus Egres=1,300kgf/cnt, height10mm, breadth22.5cm, spanl5.8cm, E,=118tonf/cm

cm) 0.01 0.04 0.05 0.06
0.01 28.46 28.41 28.32 28.19 28.03 27.84
0.02 56.93 56.82 56.64 56.38 56.06 55.68
0.03 85.39 85.22 84.95 84.58 84.10 83.52
0.04 113.85 113.63 113.27 112.77 112.13 111.36
0.05 142.31 142.04 141.59 140.96 140.16 139.20
0.07 0.08 0.09 0.1 0.11 0.12
27.62 27.36 27.08 26.77 26.43 26.08
55.23 54.72 54.15 53.54 52.87 52.16
82.85 82.08 81.23 80.30 79.30 78.23
110.46 109.44 108.31 107.07 105.74 104.31
138.08 136.80 135.39 133.84 132.17 130.39
0.13 0.14 0.15 0.16 0.17 0.18
25.70 25.13 24.90 24 .47 24.04 23.59
51.40 50.61 49.79 48.94 48.07 47.18
77.10 75.92 74.69 73.41 72.11 70.77
102.80 101.23 99.58 97.89 96.14 94.36
128.51 126.53 124.48 122.36 120.18 117.95
0.19 0.2
23.14 22.68
46.27 45.35
69.41 68.03
92.54 90.70
115.68 113.38
Y 7 Errs =2,000kgf/cn, iZ+\>10mm, $RIE22.5cm, Z2¥15.8cm, E,=140tonf/cw
Note:Young’s modulus Egres=2,000kgf/cn, heightl0mm, breadth22.5cm, spanl5.8cm, E, =140tonf/cm
3 kgf
Table 3 Shearing force derived from hinge point shift kgf
f K& (cm) point of greatest deflection as cup
(cm) 0.01 0.0 0.04 0.05 0.06
=0.01 18.50 18.47 18.41 18.33 18.22 18.10
=0.02 37.00 36.93 36.81 36.65 36.44 36.19
=0.03 55.50 55.40 55.22 54.98 54.66 54.29
=0.04 74.00 73.86 73.63 73.30 72.88 72.38
=0.05 92.50 192.33 92.03 91.63 91.11 90.48
0.07 0.08 0.09 0.1 0.11 0.12
17.95 17.78 17.60 17.40 17.18 16.95
35.90 35.57 35.20 34.80 34.36 33.90
53.85 53.35 52.80 52.20 51.55 50.85
71.80 71.14 70.40 69.60 68.73 67.80
89.75 88.92 88.00 87.00 85.91 84.75
0.13 0.14 0.15 0.16 0.17 0.18
16.71 16.45 16.18 15.91 15.62 15.33
33.41 32.90 32.36 31.81 31.25 30.67
50.12 49.35 48.55 47.72 46.87 46.00
66.82 65.80 64.73 63.63 62.49 61.33
83.53 82.25 80.91 79.53 78.12 76.67
0.19 0.2
15.04 14.47
30.08 29.48
45.11 44.22
60.15 58.96
75.19 73.70



4
4 5
0.1mm 0.3mm
1 38m
40kgf
4
4 5
w4l
o
© 65 +
(=]
- "
ESS
(kef) —+
III; V { : :
0 0.5 1.0 15 2.0 2.5
57 W % AL (mm)
Slip

BA4RE —EBIMTERAR
Fig. 4. Load - slip curves
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Nail: 1=38mm, helically threaded nail
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Fig. 6. Application of elastic support for nailing
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NoteJ For the case of Fig(A), a nail is embedded into a wood frame[l

[J 0 O consequently horizontal deflection is arised(]

0 O O The elastic support condition is employed for this case of Fig(B).
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Fig 12. Picture of trouble (type 2)
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Fig. 14. Picture of trouble (type 3)
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