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Stress Relaxation of Wood and Theoretical Models
under Tensile and Bending Strain™

Sang Sik Jang™, Chun Won Kang"

ABSTRACT

Stress relaxation tests have been performed under five different tensile strain levels and five different
bending strain levels. Three different theoretical models have been developed based on four-element
Burger's model, viscoelastic theory and viscous-viscoelastic theory. Experimental data were used to
obtain parameters of the models and to verify accuracy of the models. Among the three theoretical
models developed in this study, three-integral model (Model 3) based on viscous-viscoelastic theory
showed the most exact estimations of stress relaxation under both tensile and bending strains and their
correlation coefficients were greater than 0.99 for all the strain levels.

Model 1 showed little initial stress relaxation. Model 2 showed excessive initial relaxation and, then,
no relaxation after about 20 minute of strain application. Stress retention under strain decreased as
strain increased, which means increased stress relaxation as strain increases. When the strain level
was less than proportional limit, the effect of strain level on stress relaxation was not clearly shown.
However, this effect was increased as strain level increased when strain level was greater than
proportional limit.

Keywords: Stress relaxation, Theoretical model, Tension, Bending, Viscous-viscoelastic model, Stress
retention
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Fig. 1.

Typical stress relaxation curve for wood
under tensile and bending strain.
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Table 1. Parameters for Model 1, Model 2 and Model 3 under tensile and bending strains

Parameters
Model
Al B A; B,
Tension 212846.920 0.998 8.93x10° -0.0816
1 Bending 27.063 0919 1.14x10° 0.483
Tension 212846.920 0.998 21923,740 0.0323
2 Bending 27.063 0.919 3.751 0.00454
Tension 212846.920 0.998
’ Bending 27.063 0919
Table 2. Parameters of kernel functions for Model 3 under tensile and bending strains
Load level, i by b bis Ci
Tension 21030.200 -8696.000 2462.200 0.102
! Bending 1.052 -1.269 0.498 0.235
Tension -17307976.900 15972539.600 -5027278.900 0.129
? Bending 40.533 1.024 -0.461 0.220
Tension 3340135887.500 -4105091941.800 1933568817.700 0.157
? Bending 0.0638 -0.151 0.0957 0211
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Fig 2. Experimental results and estimations by theo-
retical models for tensile stress relaxation of
wood: In order from the bottom, stress
relaxation under tensile strain of 0.00072,
0.00142, 0.00214, 0.00284 and 0.00356,

respectively.
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Fig 3. Experimental results and estimations by theo-
retical models for bending stress relaxation
of wood: In order from the bottom, stress
relaxation under bending deflection of 1.63,
240, 3.19, 407 and 5.17mm, respectively.
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Table 3. Correlation coefficients of theoretical models under tensile and bending strains

Correlation coefficients (R2) under
Mode! Tensile strain Bending deflection (mm)
0.00072 | 0.00142 | 0.00214 | 0.00284 | 0.00356 | 1.63 | 240 | 3.19 | 407 | 5.17
1 0.732 0.821 0.814 0.804 0880 0.890 | 0.879 | 0.873 | 0.875 | 0.989
2 0.884 0.884 0.880 0.896 0.840 0.949 | 0.963 | 0.963 | 0.961 | 0.994
3 0.995 0.997 0.999 0.993 0.992 0.998 | 0.996 | 0.996 | 0.995 | 0.998
1 —— T 3o AFAA vEdEE A &3 24}
So0s T e e 37 wge o] dAFdA HEHE 5744 JFWYL
£ 2F uAUERG e goigien oo mad 2
%’o.g Ay stoMe] SHAETE WIE WYY F7|q
8 webd & A4S A g Ao eyt
$0.85
[}
s
g o8 5.4 g
w
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Fig. 4. Experimental data and estimations by Model
3 for bending stress retention: In order
from the top, stress -relaxation under
bending deflection of 1.63, 2.40, 3.19, 4.07
and 5.17mm, respectively.
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