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

The temperature-change caused by a tensile load *!
Nobuhiro IMAYAMA **

A previous paper!) reported an investigation of the temperature-change caused by a static
compressive load applied to wood. This paper reports an investigation of the temperature-
change caused by a static tensile load applied to wood. J.P. Joule reported on the thermo-
elastic effect?®%) on wood by a tensile load in 1869,9) but after that, it seems that there
are no reports on this subject. Reports on the temperature-change in the plastic region of
stress-strain curves are not within the scope of this paper.

The experimental material and methods used in this study were the same as described in
the previous report.!) The shape of the specimen is shown in Figure 1. The load was applied
along the grain of wood.

The results were:

(1) Up to proportional limit of the stress-strain curve, the temperature-change caused by
the load is proportional to the stress and strain (Figs. 3 and 4). As is obvious from the results
of the load-unload experiment, the temperature-change is reversible up to the proportional
limit (Figs. 6 and 7(a)). The thermoelastic effect in an adiabatic state is expressed by equation
(1). As the stressrate greatly increases, the adiabatic state will be approximated. Then, as
shown in Figure 9, 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 7=288°K into equation
(2) where ¢ is the specific heat, o is the coefficient of linear expansion, o 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 in both cases of tension
and of compression (Fig. 9).

(2) Above the proportional limit, the temperature-change caused by the stress above the
proportional limit is proportional to the strain rate (Fig. 5). As is obvious from the results of
the load-unload experiment, the temperature-change above the proportional limit is irreversi-
ble (Figs. 7(b) and 8). The pattern of the stress-temperature-change curve of the load-unload
experiment up to the proportional limit is the same as the pattern above the proportional
limit. Also its pattern is unique compared with that of compression.

(3) Comparing the stress-temperature-change curve with the stress-strain curve, we can
easily determine the proportional limit in the stress-strain curve. It can be concluded that
the proportional limit agrees with the elastic limit under the conditions of this experiment,
and that the elastic limit can be defined as the point where the temperature-change caused
by the load becomes irreversible.
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Figure 1 Shape and dimension of tensile test
specimen.
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Figure 2 Variation of stress (9, ), strain (&), and
temperature-change () in static tensile
test.

Note: f: time.

Stress-rate = 214 kg/cm? /min.
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Figure 3 Relationship between tensile stress (d,) 05 ‘ [2 : 41

and temperature-change (4).
Note: PL: Proportional limit.
Stress-rate = 214 kg/cm? /min.
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Figure 4 Relationship between tensile strain (¢, )
and temperature-change (6 ), and rela-
tionship between tensile stress (o, ) and
strain (¢, ).

Note: PL: Proportional limit.
¢, : Plastic strain.
8, : Plastic temperature-change.
Stress-rate = 214 kg/cm? /min.
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Figure 5 Relationship between plastic tempera-
ture-change ( 8, ) and plastic strain ( &, ).
Note: Stress-rate = 214 kg/cm? /min.
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Figure 7 Relationship between tensile stress (¢, )
and temperature-change (g) in load-
unload test.

Note: (a) up to proportional limit.
(b) above proportional limit.
---» : loading process.
———= : unloading process.
PL: Proportional limit.
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tensile test above proportional limit.
Note: PL: Proportional limit.
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Figure 9 Relationship between stress (¢) and temperature-change
(6) with various stress-rates in both cases of tension and

of compression.

Note: (a): compression. (b): tension,

: calculated curve by equation (1).

Compressive stress is plus and tensile stress is minus.
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