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The Temperature-change Caused by
a Static Load Applied to Wood 1.

The temperature-change caused by a compressive load *!

Nobuhiro IMAYAMA *2

This paper reports an investigation of the temperature-change caused by a static compressive
load applied to wood. The phenomenon of the temperature-change caused by an elastic
stress is generally known as the thermoelastic effect.2)®*) J. P. Joule reported on the thermo-
elastic effect on wood by a compressive load in 1869.8) Reports on temperature-change in
the plastic region of stress-strain curves are not within the scope of this paper.

The experimental material used in this study was makkanba, monarch birch (Berula
maximowicziana Regel) having forty-two annual rings. The test specimen was cut from
sapwood outside the seventeenth annual ring away from the pith. The shape of the specimen
is shown in Figure 1. Its specific gravity was 0.61, and its moisture content was 12.2 percent.
The load was applied to the longitudinal direction of the wood. The test was observed under
a constant stress-rate, and the unit of stress-rate was expressed in kg/cm2 /min. The tempera-
ture-change was measured with a five series Copper-Constantan thermocouple as shown in
Figure 2.

The results were:

(1) Up to the proportional limit of the stress-strain curve, the temperature-change caused
by the load is proportional to the stress and strain (Figs. 4 and 5). As is obvious from the
results of the load-unload experiment, the temperature-change is reversible up to the propor-
tional limit (Figs. 7 and 8(a)). The thermoelastic effect in an adiabatic state is expressed by
equations (1) and (2). As the stress-rate greatly increases, the adiabatic state will be approxi-
mated. Then, as'shown in Figure 10, the measured values approach the calculated value which
is obtained by substituting ¢=0.395 cal/g°C, ¢=3.57x107%/°C, ©=0.61 g/cm®, and T'=288°K
into equation (2) where ¢ is the specific heat, & is the coefficient of linear expansion, # is
the density, and T is the absolute temperature scale. It can be concluded that the temperature-
change caused by the stress up to the proportional limit is the thermoelastic effect.

(2) Above the proportional limit of the stress-strain curve, the temperature-change
caused by the stress above the proportional limit is proportional to the strain rate (Fig. 6).
As is obvious from the results of the load-unload experiment, the temperature-change above
the proportional limit is irreversible (Figs. 8(b) and 9).

(3) It can be concluded that the proportional limit agrees with the elastic limit under
the conditions of this experiment.
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