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Stress Relaxation in Relation to the Non-equilibrium State in the Wood-water System
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Fig. 1 _Apparatus

(a) Outline of the apparatus
: specimen : comparator
@® : electrical contact point

(b) Electrical circuits for measuring
relaxation loads by a lamp @
® : sparkless relay connecting with

the electrical contact point @ in (a)

(D : other relay for the lamp ©

(c) Fixed end of a cantilever
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Table 1. Modulus of elasticity and proportional
limit by load-deflection curve at 25°C
E : Modulus of elasticity
op : Proportional limit

Waterlogged Air dry
Specim-| Ex103 op |Specim-| Ex103 ap
en kg/cm? |kg/cm? |en kg/cm? |kg/cm?2

1 5.20411 1673 6 | 9.634¢ 25.17
2 5.3514] 23.93 7 110.3212] 29.66
3 5.1901 24.91 8 9.7201|  24.49
4 4.9599,  29.15 9 9.9311] 33.81
5 5.2360] 26.25 10 9.6903 28.80
ave. 5.2083 24.19| ave. 9.8595 28.39

ofoci=1—m log t ()
o, o1 ¢ Bt X1 min. B 350
m :
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Fig. 3 Stress relaxation curves both in water
and air (25°C)
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Fig. 4 Stress relaxatin curves during seasoning
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Table 2. Relaxation loads at one minute and near the end of drying
Loading method : simple beam for 25°C and cantilever for 30°C
P,, Pt : load at time {1 and t min.,, respectively
ue : moisture content at the end of the relaxation experiment, being nearly equal to the
equilibrium m. c. except the transient at 30°C

P
Moisture condition Specimen Py T ¢ i3 P,/Pt Ue

g min. g % %
11 139.90 1,500 107.08 72.%5 1440
N Rican (I SR« RIRE NN & NI R ¢
onstant s . s . . .
Air dry R.H.80{ 14 144.94 1,480 107.07 7387 15.4

(25°C) ave. _ _ — 72.27 —
T8 13750 7,500 13.74 9.5 15.4
_ R I 80 17 14759 1,450 7.75 5.25 145
Transient - H 18 137.96 1,500 15.09 10.94 1473
19 146,01 1,500 21,59 14.79 14.2
25°0) ave. — — — 10.13 14.6
7 3581 7,500 517 14.05 79
enw | % | 33| (B[ 12| £3| o
Transient T 24 3381 1,500 6.76 17.42 18.0
30°C) 25 R 1,500 7.90 20.70 16.7
ave. — — — 16.71 17.4

Table 3. Constant deformations during relaxation and residual deformations after deloading
vo : Constant deflection , ys : Spring back when deloaded
yr : Residual deflection , Pe ; Load at the end of the relaxation experiment

Moisture condition Specimen Yo Vs Vr vr /vo
cm cm cm %

21 0.579 0.042 0.537 92.75

22 0.670 0.062 0.408 90.75

Transient R. H. 80 23 0.563 0.035 0.528 93.78

24 0.649 0.065 0.584 89.98

(30°C) 25 0.583 0.071 0.512 87.82

ave. — — —_ 91.02

16 0.244 0.016% 0.228 93.44

) R. H. 80 17 0.257 0.006* 0.251 97.67

Transient . 18 0.253 0.010% 0.243 96.05

. 19 0.261 0.020% 0.241 92.34

(25°C) ave. — — — 9%.87
P, Pe P;—Pe (P1—Pe )/Py

: 86g g8 ;a4é

Constant | Waterlogged {| 1} e | S B | uw

: 13 147 .93 94.03 53.90 36.44

@) [Airdry R H. 80f 14 144.94 91.67 53.27 35,75

ave. — — — 36.63

* Values calculated from an average |1 /E (Table 1), Pe and a form factor.
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Fig. 5 Drying processes by u and ¢
u is the moisture content and ¢ is the
ratio of the moisture being still able
to evaporate to one desorped by
equilibrium.
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Fig. 7 The relationship similar to that of
curves ¢—log t is seen in the
relaxation during seasoning.
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Summary

The stress relaxation of Buna under constant deflection has been investigated in the conditi—
ons of both moisture transient and equilibrium states. The transient conditions are almost nearly
equal to natural seasonings in the atmosphere (25°C and 30°C, R. H. 80).

The relaxations during drying from the waterlogged to the above air dry conditions were found
to be increased enormously(Fig. 3) at a course of drying. This conspicuous phenomenon of the
relaxation seems to be followed with an extraordinary increase in residual deformation when
deloaded. This was confirmed in Table 3 and its magnitude was as large as 90 per cent or more

of the constant deformation given at first.
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Over the range studied here, the rate of drying does not affect the course of relaxation but
changes its time scale (Fig. 7). It was then concluded that the stress relaxation during drying
went on in accordance with the progress of drying of wood. And the great increase in relaxation
occured in the second decreasing rate of drying (Fig. 8). A further research for the plastic

deformation due to the non-equilibrium state in moisture will be desired.





