The Flexural Creep Behavior of Commercial

Wood-Based Panels under Cyclic Relative Humidity ()
-Prediction of Long-Term Creep Deflection by Short-Term Creep Test-

Hideo HORIE

Five commercial panels (hardwood plywood,softwood plywood, OSB, particleboard, and
fiberboard) and trail strand-particle board were tested for ten cyclesand 170 daysfor flexura creep under
cyclic relative humidity at 20

The results indicated that creep deflections after ten cycles could be predicted by regression
curves of the data from three cycles (time period of one cycle was 28days).
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Table 1. Description of the tested panels.

Js JAS

Nominal  Actual e i
Panel h ’ Classification ! Manufacturing
Panel type Symbol thl(gmgzss ?&%ﬂ%’ by JASIIS Species nation
. 12HPWL 12 0.63 2 G - -
Commercid products Hardwood plywood ) Type special, Class 2 (5ply) Tropical wood Indonesia
2 (5 )
Softwood plywood 125PW1 12 0.61 Type , Class 2 (5ply) Dahurian larch Japan
3 ( , 112mm  SPF,
osB 120sB1 12 066 “Class 3 (Liquid PF, Strand length 112mm)  SPF, Aspen Canada
M-18
PB 12PB1 12 0.79 Type M-18 Japan
MDF, M-25
FB 12FB1 12 0.66 MDF, Type M-25 Japan
3 10% 10%
Trial products Strand-particle board @ 125PB1 12 0.63 Resin content : Face 10%, corel0%
1.0% 1.0%
Wax content : Face 1.0%, Core 1.0%
Strand species : Todomatsu (Abies sachalinensis)
0.5¢ 24x 100mm
Strand size : 0.5% 24x 100mm
a) 1.4:1

Note a) Forming : Non-oriented Construction Face Core:Face=1:4:1 Resin:Melamine urea formaldehyde.

B 2 1
20 1 3
12mm 170 1 7
10 4
4 3 2
10 3
2.
1 5 3% 6 0oSsB PB FB
3 SPB
SPB 12mm 90 20mm
x 80cm 2 6
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Table 2. Mechanical properties of the tested panels.

JIS Js

4 3-point bending test Thidmess svelling tet

4-point bending test by JS A 5908 4 I<] Js byJSASB

B B/ 4pointbending  Intemel bondtest
Pand  Panel Air-dry condition Air-dry condition Wet condition B Wet/Air-dry /3paintbending hyJSASB TS
s/mbd No.

Thickness Denstty MOE MOR Densty MOE MOR Dexty MOE MOR MOE MOR MOE MOR Dexdty IB Densty 1-day 7-days
immersing immersing
(mm) (g/cm®) (GPa) (MPa) (g/cm®) (GPa) (MPa) (g/cm®) (GPa) (MPa) (GPa) (MPa) (g/cm®) (MPa) (glcm®) (%) (%)
1 12.14 0.708 10.70 52.1 0.670 7.70 54.2 0.702 6.20 41.8 0.81 0.77 1.39 0.96 0.698 1.07 0.685 1.8 3.6
2w 2 12.09 0.677 7.63 50.2 0.658 5.92 426 0.679 559 40.5 0.95 0.95 1.29 1.18 0.700 1.24 0.698 1.8 2.8
3 11.81 0.501 7.83 39.4 0.498 545 484 049 474 31.1 0.87 0.64 1.44 081 0.513 145 0.506 1.3 1.9
1 11.80 0.606 8.84 38.3 0.580 5.97 457 0590 3.38 274 0.57 0.61 1.48 0.84 0.598 1.36 0.605 4.4 4.6
2PVl 2 11.85 0.614 8.93 41.6 0.613 6.49 46.3 0.628 3.24 224 0.50 0.49 1.38 0.90 0.613 1.57 0.620 3.2 4.5
3 11.75 0.611 10.29 56.8 0.611 5.77 49.2 0.611 4.40 31.6 0.78 0.64 1.78 1.15 0.613 1.31 0.619 4.7 4.9
1 12.57 0.640 6.65 29.6 0.624 395 283 0.636 157 13.3 0.41 0.48 1.68 1.04 0.672 0.44 0.681 7.2 215
2081 2 12.16 0.654 6.21 28.3 0.640 4.03 284 0592 151 11.0 0.38 0.39 1.54 0.99 0.646 0.40 0.644 6.5 229
3 11.87 0.673 7.48 33.1 0.643 496 31.8 0.628 1.34 12.1 0.27 0.38 1.51 1.04 0.621 0.37 0.620 5.9 223
1 12.06 0.793 3.89 19.2 0.791 3.58 244 0.775 0.74 5.0 0.21 0.20 1.09 0.79 0.775 0.86 0.777 4.2 127
12PB1 2 12.07 0.781 3.70 19.0 0.789 3.59 24.7 0.776 0.76 5.1 0.21 0.21 1.03 0.77 0.761 0.81 0.750 4.2 124
3 12.05 0.787 3.71 19.9 0.781 3.50 225 0.796 0.81 5.6 0.23 0.25 1.06 0.88 0.778 0.84 0.783 4.1 125
1 12.05 0.645 3.28 30.0 0.633 2.79 31.4 0.646 0.75 7.4 0.27 0.24 1.17 0.96 0.655 0.43 0.646 1.9 6.6
12FB1 2 12.02 0.680 3.64 33.4 0.679 3.32 38.2 0.671 0.80 7.8 0.24 0.20 1.10 0.87 0.669 0.44 0.664 1.9 6.7
3 12.00 0.651 3.37 30.5 0.644 2.88 32.0 0.647 0.73 7.1 0.25 0.22 1.17 0.95 0.648 0.41 0.645 2.0 6.8
3R 1 12.53 0.609 4.50 21.3 0.623 3.99 351 0612 190 185 0.48 0.55 1.13 0.61 0.605 0.75 0.595 4.0 14.1

2 12.06 0.642 5.04 254 0632 431 371 0632 226 203 053 058 117 0.69 0638 087 0635 3.7 14.8

2
29.4N(3kgf)
1 1
3
3 2
2
3.2
1965 1968
Fig. 1. Creep testing facilities.
1)
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Table 3. Type of evironmental conditions in creep test.

Environmental condition Time period Total time
Condition of one cycle The Number
type Before test At test (d) of cycle (d)
1
Constant 1 20 65%RH 20 65%RH 22 1 22
2
Constant 2 20 65%RH 20 90%RH 28 1 28
1 28 4 170
Cyclicl 20 65%RH 20 40 RH,20 B85%RH 22 i

Table 4. Actual cyclic environmental conditions.

Actual condition
at moisture desorption

Actual condition
at moisture adsorption

Condition Target Temperature Relative humidity Temperature Relative humidity
type condition () (%) () (%)
mean 20.4 40 20.6 84
1 20 40%RH,20 85%RH min. 17.3 34 19.0 79
max. 21.9 50 21.4 89
10.4
21.0
18.3 238 2 80 40
1993 1994
1993 4
1 )
3
22.6
9.9 12.7
24.0 12.8 11.2 20
18.6 13.1 55 7
1987 1989 13
12mm
134 10.3 31 20 20
9 89 7 36
9 1
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a)

Table 5. Regression curves (power function)® of creep deflection under aech environmental conditions.

Panel No.1 Panel No.2 Panel No.3
n 110 n 110 n 110
Constant of  Coefficient Constant of  Coefficient Constant of  Coefficient
Panel Environmental power function of correlation  n/nof ciclicl  power function of corrdlation  n/nof ciclic 1 power function  of correlation  n/nof ciclic 1
symbol conditions A n r (dataof 10cycles) A n r (dataof 10cycles) A n r (dataof 10 cycles)
COnsltantl 0.765 0.028  0.971 0.35 0.878 0.010 0.928 0.19 1.011 0.018 0.949 0.30
Congtant 2 1.323 0.053  0.985 0.67 0.596 0.045  0.869 0.86 1.462 0.008 0.637 0.14
12HPW1 ,
Ojclicl(dataofscycls)bf 1.059 0.092  0.999 1.17 1.096 0.069  1.000 1.32 1.472 0.045 0.997 0.77
)
Ojclicjj‘i(%aaaof 10 cycles)” i 1.113 0.079  0.988 1166 0.052  0.743 1.397 0.059 0.988
COnsltant 1 0.858 0.023  0.987 0.25 0.876 0.018 0.967 0.13 0.853 0.029 0.969 0.36
COngtant 2 1.632 0.031  0.969 0.33 1.379 0.036 0.971 0.26 1.755 0.024 0.976 0.30
12SPW1 o
O/clicxiaL(daIaofscycls)m 1323 0.090  0.995 0.96 0.900 0.118 0.995 0.86 1.374 0.077 0.995 0.95
b
q/cl?(c?l(dataof 10 ¢yclesp 1.305 0.093  0.993 0.837 0.137  0.992 1.355 0.080 0.987
COnsltant 1 0.932 0.087  0.992 0.36 1.104 0.060  0.993 0.22 1.120 0.102 0.992 0.39
COngtant 2 2.004 0115  0.992 0.47 1.825 0.107  0.990 0.40 2.319 0.102 0.994 0.39
120SB1 )
Q/clicx?L(dalaofscycls)m 1577 0.266  0.998 1.09 1.051 0.268  0.999 1.01 1.186 0.268 0.998 1.03
b
Q/clic]gj(dataof 10 cyclesp) 1.726 0.243  0.995 1.060 0.266  0.999 1.228 0.260 0.997
COnsltant 1 2.112 0.084  0.993 0.43 2.108 0.089  0.994 0.46 1.901 0.105 0.987 0.50
COngtant 2 6.006 0.114  0.992 0.58 6.093 0.114  0.994 0.59 5.827 0.116 0.994 0.56
12PB1 )
Q/clicx?L(dalaofscycls)m 3518 0202  0.999 1.03 4.000 0.186  0.998 0.97 3.751 0.206 0.999 0.99
b
Q/clic](ln(dataof 10 ¢yclesp 3607 0.196  0.998 3895 0.193 0.996 3.729 0.208 1.000
COnsltant 1 2.203 0.050  0.980 0.17 1.994 0.05s1 0.978 0.22 2.048 0.068 0.977 0.22
Congtant 2 6.847 0.137 0.995 0.47 5913 0.150  0.997 0.64 6.311 0.141 0.998 0.47
12FB1 )
Q/clicx?L(dalaofscycls)m 2971 0266  1.000 0.91 3513 0.173  0.990 0.74 2.896 0.265 1.000 0.88
b
q/cl?(c?l(dataof 10 ¢yclesp 2.693 0292  0.998 2760 0.235  0.946 2.515 0.302 0.996
COnsltant 1 1.653 0.048  0.984 0.32 1.469 0.067 0.985 0.45
COngtant 2 2,600 0.097  0.995 0.65 2.856 0.094  0.996 0.63
12SPB1 y
Q/clicx?L(dalaofscycls)m 2.115 0.160  0.998 1.09 2.053 0.164  0.997 1.09
w i
Cydlic 1 (dataof 10 cyclesP) 2.223 0.147 0.997 2.164 0.150  0.997
a)
a)  Regression curbve is power function be written as:
P
o) Ax Tn
4 t A n
where & is creep deflection (mm); t is elapsed time (d); A and n are constant.
b) 3
b) Referto Fig. 3.
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