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Mechanism of the formation and recovery of the drying set in wood
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Comparison of creep deformation during
drying process and equilibrium state of
moisture at 50°C (Radial direction of buna
wood, Applied stress = 20kg/cm?).

a : in tension, b : in bending, O : green
wood drying to 2% moisture content

@ : Green wood kept green, ® : wood kept
at 2% moisture content

Table 1. Creep strain and creep recovery strain during drying and the equilibrium state of moisture.

o

&m cor Ecr Es

% | km km| % km| % | km| % |km| % | km

Equilibrium state

2% m.c. 10.10]0.26 0.13/0.17{0.19(0.10{0.27|0.05]0.13|0.02|0.13

) of moisture
Tension* green 0.39

0.91] 1 [0.37] 1 ]0.38] 1 ]0.16] 1

Drying green—2% (0.40|1.03 2.90{1.91/2.10/0.09|0.24|0.11{0.29{1.71|10.7

Equilibrium state

of moisture green 0.19

Bending**

0.33] 1 {0.21| 1 |0.08/ 1 |0.04| 1

Drying green—2% 10.18|0.95 9.9011.57|4.75{0.11(0.52|0.10}1.25|1.36(34.0

€o . Instantaneous strain, &t : Maximum creep strain,

&m : Maximum value of total strain (€o + &t),

€or : Instantaneous recovery strain, &cr . Maximum creep recovery strain, ¢&s . Permanent strain.

km : Ratio of the respective strain under the other condition to each strain under the green, * . Drying
condition=40°C, 10% R. H., Applid stress=20kg/cm?, thickness of specimen=2mm. ** : Drying condi-
tion=50°C, 9% R. H., Applied stress=13 5kg/cm?, thickness of specimen=5mm
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Fig. 2. Relation between the amount of set and

moisture content

(1.): Dried to 2% m.c. after the loading at

the optional moisture content dur-
ing drying processes.

(2.): Dried to 2% m.c. under unloading
after which the test specimen
dried from green to optional mois-
ture content under the loading.

Applied stress : 20kg/cm?, Drying con-
dition : 40C, 9% R.H..

Table 2. Ratio of each strain to the maximum value of total strain

&Em* go* ct* Eor* ger* cs*
o 2% m.c. 1 0.59 | 0.41 | 0.59 | 0.29 | 0.12
Equilibrium state
) of moisture
Tension green 1 0.34 0.66 0.35 0.40 0.15
Drying green—29%; 1 0.15 0.85 0.09 0.03 0.89
ilibri tat
Equilibrium state green 1 0.58 | 0.42 | 0.64 | 0.24 | 0.12
. of moisture
Bending
Drying green—2% 1 0.11 0.89 0.07 0.06 0.87

*+ . See footnote of Table 1.
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Fig. 3. The effect of temperature on the develop-
ment of drying set.
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Fig. 5. Relation between Jm/Jo in bending and
specific gravity in air-dry.

Jm : Maximum value of the total creep
compliance, Jo : Instantaneous elastic com-
pliance, @ : Coniferous wood, O : Diffuse-
porous hardwood,

O : Ring-porous hardwood. Drying condi-
tion : Hot-air drying (50°C, 9% R.H.)
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Fig. 6. Comparison of creep curves in bending
during the microwave heating and the hot-
air drying (Radial direction of buna)

A : Microwave heating (Pawer 600W), B :
Hot-air drying(50°C, 9% R.H.), Applied
stress = 16.2kg/cm?

Table 3. Creep strain at the each moisture content under the microwave heating and the

hot-air drying.

Creep strain €t; (%)
M.C. 80% | M.C. 60% | M.C. 40% | M.C. 20% | M.C.10% |M.C. 0~2%
Eti | km | €&t | km | €t1 | km | €&t | km | €&t | km | €1 | km
Hot-air drying 0.14 1 0.21 1 0.35 1 0.84 1 1.26 1 1.97 1
Microwave heating 0.99 7.1 |1.26 | 6.0 |1.87| 5.3 |3.27| 3.9 |4.06| 3.2 |{4.45| 2.3

km : Ratio of creep strain under the microwave heating to creep strain under the hot-air drying.
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Fig. 7. Relation between Jm/Jo in bending by the
microwave heating and the specific gravity
in air-dry.

Jm : maximum value of the total creep
compliance, Jo : instantaneous elastic com-
pliance, @ : Coniferous wood, O : Diffuse-
porous hardwood, O : Ring-porous hard-
wood.
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Fig. 8. Relation between Jt or Jo in bending by
the microwave heating and the specific
gravity in air-dry.

Jt : maximum creep compliance, Jo :
instantaneous elastic compliance, @ : Conif-
erous wood, @ : Diffuse-porous hardwood,
O : Ring-porous hardwood.
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Fig. 9. Changes of deflection of the bent piece

recovered by moisture treatment.
A : hinoki wood, B : keyaki wood.
Allows indicate the process of the mois-
ture treatment.
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Allows indicate the transposed process.
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Fig. 13. The changes of deflection by the moisture
and heat treatments
a : Air-dry state of the bent piece, b : Bent
piece recovered by heating in water of
100°C. A : hinoki, B : buna.

Table 4. The deflectional changes of the bent piece recovered by the moisture and
heat treatments.

0O.D. specimen dried | O.D. specimen dried | O.D. specimen dried
after absorbtion of |after sorking in after heating in
water vapor. water at 20 °C. water.
Coniferous woods 0.64 0.48 0.21
Bent pi b Diffuse- d
.n piece by ' ‘1 use-porous an 0.54 0.37 0.17
microwave heating | ring-porous woods
All species 0.56 0.39 0.18
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Fig. 14. The moisture-recovery of deflection of the bent piece.
Notes : A = Hinoki, B = Mizunara, C = Yachidamo
* . Ratio of it in the each condition to the deflection of the first

oven-dry state.

Table 5.
heat treatments.

The deflectional changes of the bent piece recovered by the moisture and

O.D. specimen dried 0.D. specimen dried 0.D. specimen dried
after absorbtion of after sorking in water | after heating in
water vapor. at 20°C. water.
Bent-piece by 0.56+0.06 0.39+0.06 0.18+0.04
microwave heating (53.7%) (20.7%) (25.6%)
Bent piece by hot-air 0.39%0.04 0.23+0.04 0.15+0.04
drying (71.8%) (18.8%) (9.4%)
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Fig. 15. Relationship between initial amount of
compression set and that recovered by mois-
ture and heat treatments for three kinds of
wood.

Notes : O : Rakuusho, @ : Yachidamo, A
: Buna, a : Recovery by moisture treatment,
b : Recovery by heat treatment in water, c :
Recovery by microwave heating.
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Fig. 16. Scanning electron micrographs of transverse section of the ya-

chidamo bent piece.

A : Tension side, B : Center portion, C : Compressive side,
Allows indicate the direction of the induced tensile and compressive

stress.

i P

Fig. 17. Scanning electron micrographs of transverse section of the hoonoki

bent piece.

A : Tension side, B : Center portion, C : Compression side,
Allows indicate the direction of the induced tensile and compressive

stress.
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Fig. 18. Scanning electron micrographs of radial section of the hoonoki bent
piece.

A, B : Compression side of the bent piece,
Allows indicate the direction of the induced compressive stress.

Fig. 19. The shape of the inner surface of trachaid for the hinoki bent piece.

BNl ==

A : Tangential wall of the trachaid on the tension side, B, C : Radial
wall of the trachaid on the compression side.
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Fig. 20. Scanning electron micrographs of the trachaid showing the deforma-
tion of the trabeculae.

A, B : Compression side of the bent piece.
Allows indicate the direction of the induced compressive stress.
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Fig. 21. The transverse section of the rakuusho compressed woods.
The amount of set : A = 12.7%, B = 26.9%, C = 42.6%, D = 58.4%.
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Fig. 22. Scanning electron micrographs of transverse section of the com-
pressed wood for yachidamo (A) and buna (B)showing the deformation
of the ray and the vessel.

Fig. 23. The cell shape of transverse section of Fig. 24. The surface of radial wall of the trachaid
rakuusho compressed wood recovered by after the moisture and heat treatments.
the moisture and heat treatments.
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Summary

In the present paper, an interpretation on the
mechanism of drying set has been given by
investigating the formative and the recoverable
conditions of set, the properties of set-woods
and these anatomical structures.

The details of contents are as follows ;

1. The amount of set that occurred with
accompanied by the reduction of moisture con-
tent and the rapit rise of temperature by means
of the microwave radiation and those that
occurred with only the reduction of moisture
content by means of the hot-air drying were
compared, and the influence of the moisture and
the heat on the development of set were investi-
gated to cover high temperature of about 100°C.
The results indicated that the remarkable set is
not the results of moisture content change,
rather it is the results of heating under the
water-saturated state.

2. The many species used a series of the
experiments were classfied into the groups of
the coniferous woods, the diffuse-porous woods
and the ring-porous woods. From the compari-
son of set between those groups, the effects of
moisture content change on the set is greatly
affected for the both groups of hardwoods
having a high hemicellulose content in compari-

son with the group of coniferous woods. And
the hygrothermal effect is greatly affected for
the group of the coniferous woods having the
high lignin content in comparison with the
group of hardwoods.

3. The cell shape and the inside surface of the
cell wall of the set-woods and the recovered
woods were observed to using the scanning
electon microscope. The wood cell wall
softened by the moisture and heat is able to
developed the set without the destraction and
the separation of cell wall, and moreover if the
set-woods undergo again the moisture and heat
treatments, it is recovered the set by the revers-
ible changes.

4. From results obtained, an interpretation on
the mechanism of the set is given in terms of the
elastic deformation of the microfibriles com-
posed of cellulose and the reversible changes
between the grassly state and the rubbery state
of matrix composed of lignin and hemicel-
luloses including the change of cohesive.
Furthermore, the results of the inspected exper-
iments also showed a good agreement with the
above mentioned interpretation on the mecha-
nism of set.



