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Effects of Moisture Cycling Period
and Cross Sectional Size of Specimens on Bending Creep
of Wood under Humidity Cycling*!

Masanobu Kawazoe*? and Nobuo SOBUE*®

Bending creep tests of spruce beams 0.5X1.5 cm, 1.0X3.0 cm and 1.5X4.5 cm in cross section were
done under four different conditions of humidity cycling. The relative humidity was alternately held
at 10 and 90%, at a constant temperature of 20°C. In addition to regular humidity cycling with
periods of 1, 4,and 8 days, complex cycles of successive periods of 1, 4, and 8 days were used.

Typical mechano-sorptive creep was observed when the cross section was small or the humidity
cycling period was long. However, unusual mecahno-sorptive creep, namely creep increases during
adsorption and decreases during desorption, was also observed when the cross section was large or
the humidity cycling period was short.

At the first adsorption stage, all specimens showed large increases of deflection. The creep during
adsorption was affected by the history of moisture changes. However, the mechano-sorptive creep
approached being reversible in successive desorption and adsorption stages with increasing numbers
of humidity cycles, i.e., the mechano-sorptive creep arrived at a limit cycle stage.

The accumulated deflection caused by the mechano-sorptive creep became larger as the number of
humidity cycle increased, and finally approached a limit. The limit became larger as the moisture
penetrated deeper into the specimen.

The accumulated deflection was affected by the history of the longest cycle in the previous
humidity cycling.

Keywords : Creep, moisture non-steady state, size effect, humidity cycling period, moisture
history.
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Table 1. Dimensions and basic properties of creep test specimens.
. Width x Height X Length| Span p (g/cm?) E (GPa)
Specimen {mm (mm) N min mean | max min mean | max
L 15X 45X 1050 900 4 0.47 0.49 0.50 13.2 13.3 13.5
M 10X 30 X750 600 4 0.45 0.48 0.51 12.3 13.1 13.9
S 5X15X450 300 4 0.45 0.47 0.49 12.1 12.9 13.5

Legend: o: density, N : . number of specimens, E : modulus of elasticity in bending.

Note: p and E were measured at 20°C, R.H. 509%.
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Fig. 1.

Bending creep behavior and average moisture content for different conditions

of specimen size and humidity cycling period.

Notes:
tively, for specimens L, M and S.

cross sections of specimens are 15X45 mm,

10 x30 mm and 5X15 mm, respec-

the humidity cycling periods are simple cycles of 1, 4 and 8 days each and a
complex cycle of successive cycles of 1, 4, and 8 days.
relative deflection is defined as total deflection divided by the deflection 30

minutes after loading.
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Fig. 2. [Effects of the simple humidity cycling periods. and specimen size on average
creep behavior after the third humidity cycle during the adsorption and desor-
ption stages.

Note: the data are for specimens L and S.

Table 2. Classification of moisture non-steady state
creep types.

. Humidity cycling Specimen
Adsorption stage 01 day cycle Type Period L M S
X 4 day cycle 1 day — — —
48 day cycle Simple 4 days - - +
8 days — +
1 day - — +
Complex 4 days — + +
8 days — + +

Notes: +: the specimen shows typical mechano-

sorptive creep.
— : the specimen shows unusual mechano-

sorptive creep.
: the specimen shows both typical and
unusual mechano-sorptive creep.

H

Fig.3. Effect of the complex humidity cycling
periods on average creep behavior after
the third humidity cycle during the adsor-

20 40 60 80 100 ption and desorption stages.

Note: the data are for specimen M.
Time (hour)
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the adsorption and desorption stages.

Notes: the humidity cycling period is 4 days.

the data are for specimens L and S.

Effect of the number of simple humidity cycles on the creep behavior during
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Note: the data are for specimen L.
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Table 3. Estimation of the number of humidity
cycles to reach the mechano-sorptive creep
limit in the cases of the simple humidity
cycling.

Humidity | qovimen | Parameter A | Parameter B | N
cycle pecimen | Parameter arameter 95%
1 day L 0.18 3.2 9.6
M 0.27 2.2 6.6
S 0.36 2.4 7.2
4 days L 0.59 3.2 9.6
M 0.66 2.3 6.9
S 0.75 1.7 5.1
8 days L 0.82 2.5 7.5
S 0.82 1.6 4.8
Notes: the regression line used is y=A(1—exp(—

N/B)).
: accumulated relative deflection caused by
mechano-sorptive creep.
A limit of accumulated relative deflection
caused by mechano-sorptive creep.
N : number of humidity cycles.
B : a time constant representing rate of satura-
tion.
number of humidity cycles which give 95% of
the amount of the value A.
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Fig.9. Comparison of the accumulated deflection
caused by the mechano-sorptive (MS)
creep in the simple and the complex
humidity cycling of each specimen.
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