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ABSTRACT

  This study examined the characteristics of radio-frequency/vacuum dried Korean red pine (Pinus denso-

flora) heavy timbers with 250 × 250 mm (S), 300 × 300 mm (L) in cross section and 300 mm in diameter, 

and 3,600 mm in length, which were subjected to compressive loading after a kerf pretreatment. The fol-

lowing results were obtained : The drying time was short and the drying rate was high in spite of the 

large cross section of specimens. The moisture gradient inall specimens was gentle in both longitudinal 

and transverse directions owing to dielectric heating. The shrinkage of the width in the direction perpendic-

ular to was 21 percent ∼ 76 percent of that of the thickness of square timbers in the direction parallel 

to the mechanical pressure. The casehardening for all specimens was very slight because of significantly 

reduced ratio of the tangential to radial shrinkage of specimens and kerfing. The surface checks somewhat 

severely occurred although the occurrence extent of the surface checks on the kerfed specimens was slight 

compared withthat on the control specimen.

  Keywords : radio-frequency/vacuum drying, kerf treatment, compressive loading, surface check

1. INTRODUCTION

The Korean red pine boxed heart timbers 

with large cross section were extensively used 

in ancient buildings and traditional Korean-style 

houses in Korea.

Two methods, traditional air drying and con-

ventional kiln drying, have been applied to dry-
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Table 1. The dimension, quantity and initial moisture contents of specimens 

Wood assortment Code Treatment Shape (mm)
Quantity

(piece)

Initial moisture

content (%)

Boxed heart square 

timbers

S
Control 250 × 250 × 3600

(Thickness × width × length)

1 36.7

Kerfed 2 49.8

L
Control 300 × 300 × 3600

(Thickness × width × length)

2 77.8

Kerfed 1 89.9

Boxed heart round timbers
Control ∅ 300 × 3600

(Diameter × length)

2 68.7

Kerfed 1 64.0

Table 2. Drying schedule

Drying time (hour) 0∼24 24∼48 48∼72 72∼96 96∼120 120∼192

Wood temperature (°C) 40 42 44 46 48 52

ing the timbers in Korea. However, severe sur-

face checks often occurred on the timber during 

drying and a long drying period was needed. 

Therefore, to develop a new technique to quickly 

dry the timber without surface check is urgent.

This study was to aim at investigation into 

the characteristics of radio-frequency/vacuum 

(RF/V) drying of Korean red pine boxed heart 

timbers with 250 × 250 mm, 300 × 300 mm in 

cross section and 300 mm in diameter, and with 

the fixed length of 3,600 mm, that were sub-

jected to a compressive load after a kerf 

pretreatment.

 

2. MATERIALS and PROCEDURES

2.1. Preparation of Specimens

Korean red pine (Pinus densoflora) boxed 

heart timbers with 250 × 250 mm (S), 300 × 

300 mm (L) in cross section and 300 mm in di-

ameter, and with the fixed length of 3,600 mm 

were prepared in this experiment. The speci-

mens were divided into control and kerfing 

treatment specimen, respectively. The longi-

tudinal kerfs with a width of 3 mm and the 

depth of 80 mm were sawn with a circular saw. 

The dimension, quantity and initial moisture 

content of specimens are shown in Table 1. 

2.2. Radio-Frequency/Vacuum Dryer

The internal dimension of the rectangular 

chamber of a RF/V dryer used in this study 

were 600 cm in length, 120 cm in width, and 

67 cm in depth. The maximum output of its ra-

dio-frequency (RF) generator at a fixed fre-

quency of about 13 MHz, which was turned on 

for 8 minutes and then off for 2 minutes, was 

25 kW. The specimens stacked in the chamber, 

covering with a flexible rubber sheet, were 

compressively loaded by the pressure of 10,000 

kgf/m
2 

during drying. 

2.3. Stacking of Specimens

An experiment was carried out on the boxed 

heart square and round timbers in the RF/V dri-

er, respectively. For the boxed heart square tim-

bers, a positive electrode plate was placed in 
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Fig. 1. Stacking diagram of the boxed heart square 

(left) and round timbers (right) in the RF/V

dryer (unite: mm).

Fig. 2. Sawing diagram of the specimens to evaluate

a distribution of moisture content and the 

casehardening after the end of drying (unite:

mm).

Fig. 3. Sawing diagram of the boxed heart square 

(left) and round timber (right) to survey a 

distribution of final moisture content after 

the end of drying.

the centric position inside the chamber while 

the negative plates were placed on the top and 

bottom of a stack which was consisted of two 

layers of specimens. The L-specimens were 

stacked in the upper part while the S-specimens 

were stacked in the lower part of the chamber. 

For the boxed heart round timbers, all speci-

mens were stacked in the upper part of the 

chamber. The remainder of the space inside the 

chamber was filled with dummy boards (Fig. 1).

Especially, for the kerfed specimens, the di-

rection in the depth of kerf was paralleled to 

the direction of the compressive pressure in or-

der to restrain the widening of kerf during dry-

ing as much as possible, and to reduce the ratio 

of the tangential to the radial shrinkage of 

specimen. 

2.4. Drying Condition

The drying condition used in this experiment 

is shown in Table 2. The ambient vapor pressure 

was kept at an absolute value of 50 mmHg ∼ 

70 mmHg. The wood temperature was controlled 

by a teflon-sheathed platinum 100 Ω sensor 

with a diameter of 3.5 mm, inserting into a 

specimen stacking in the upper part of the cham-

ber, at the distance of 45 cm from an end surface 

of the specimen and 8 cm from the top plate.

2.5. Drying Curve and Drying Rate

One piece of specimen was selected from the 

control and kerfed timber, respectively, to in-

vestigate the moisture content (MC)s of the tim-

ber during drying. The moisture content and 

drying rate during drying were obtained from 

the weight measured at 24 hours intervals after 

the dryer was stopped and the oven-dry weight 

calculated from the final moisture contents of 

specimens. 

2.6. Distribution of Moisture Content 

and Residal Stress 

The distribution of moisture content and the 

residue stress of the specimens were evaluated-

from the specimens, used to investigate drying 

curve and drying rate, at the positions described 

in Fig. 2 after after finishing drying.

All distribution of final moisture content was 
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Fig. 4. Reducing process of the moisture content of 

the boxed heart square (above) and round 

timber (below) during RF/V drying and dry-

ing schedule.

Fig. 5. Process of the drying rate of the boxed heart

square (above) and round timber (below) dur-

ing RF/V drying.

investigated from the 9, 11 slices for the 

S-specimen and L-specimen and the 13 slices 

for the boxed heart round timber, sawn at 10 

mm intervals from the shell to core on the cross 

section of specimen (Fig. 3).

The casehardening of the boxed heart square 

timber was surveyed in the directions both par-

allel to and perpendicular to the pressure in the 

chamber.

2.7. Shrinkage of Cross Section

The transverse shrinkages of specimens for 

square timbers were calculated based on the di-

mensional changes of the thickness and the 

width of specimen before and after drying. The 

shrinkages of the circumferences of specimens 

for round timbers were calculated based on the 

dimensional changes, measued with π tape, of 

the circumferences of specimens before and af-

ter drying.

2.8. Surface Check

The total length and numbers of the surface 

checks occurred on the surfaces of all speci-

mens were surveyed after drying. 

3. RESULTS and DISCUSSIONS

3.1. Drying Curve and Drying Rate

The variation of the moisture content and 

drying rate of specimens during RF/V drying as 

a function of drying time is presented in Figs. 
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Fig. 6. Distribution of the final moisture content of 

the S-specimen (above) and L-specimen

(below) for boxed heart square timber after 

the end of drying.

Fig. 7. Distribution of the final moisture content of 

the boxed heart round timber after the end of 

drying.

Fig. 8. Straight rongs show the state of no stress.

4 and 5, respectively.

The changes of the moisture content (MC) 

and drying rate of specimens during RF/V dry-

ing are presented in Figs. 4 and 5, respectively 

168 and 144 hours were needed to dry from ini-

tial MC to 19% MC for square timber while 192 

and 168 hours were needed to dry from initial 

MC to 15% MC for round timber.

The average drying rate of the boxed heart 

square timbers for the S-control, S-kerfed, 

L-control and L-kerfed specimens was 0.117%/h, 

0.187%/h, 0.331%/h and 0.400 %/h, respectively. 

The difference in drying rates between the con-

trol and kerfed specimens can be attributed to 

the difference in initial MC rather than the ef-

fect of kerfing. The fact that the drying rate of 

the control round timbers with a lower initial 

moisture content was slower than that of the 

kerfed round timbers confirms the explanation 

above.

3.2. Distribution of Final Moisture 

Content

The distribution of the final moisture contents 

in the transverse and longitudinal directions in-

side specimens after the end of drying is shown 

in Figs. 6 and 7, respectively.

Irrespective of kerf treatment and the size of 

cross section, the lowest and highest MC of the 
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Table 3. Casehardening after the end of RF/V drying

Wood assortment
Direction against external 

pressure

End of drying 

60 cm
a

120 cm
a

180 cm
a

S-control
Parallel to 1.02 1.02 1.00

Perpendicular to 1.03 1.00 1.05

S-kerfed
Parallel to 1.00 1.02 1.01

Perpendicular to 1.02 1.03 1.02

L-control
Parallel to 1.00 0.99 1.02

Perpendicular to 0.98 0.97 0.99

L-kerfed
Parallel to 1.03 1.04 1.00

Perpendicular to 1.00 1.01 1.01

Note) 
a
; Distance from one end surface. 

boxed heart square timbers was 11.0 percent 

and 16.6 percent. Even if the RF/V drying was 

applied to such a heavy structure timber with 

the cross section of 300 mm and the length of 

3,600 mm, the drying time to be needed was 

only within 8 days from green to below 17 per-

cent of MC. The lowest and highest MC of the 

boxed heart round timbers was 4.0 percent and 

13.5 percent. These were much lower than 

those of square timbers because more dried 

dummy boards used in drying round timbers re-

sulted in concentration of more energy on dry-

ing round timbers.

The MC inside the both square and round 

timbers showed a distribution of  higher value 

from surface nearer to a centry of specimen 

while that inside the control specimen showed a 

distribution of  higher value of central layer 

than that of intermediate layer at same distance 

from the end surface of specimens. This is due 

to the type effect of dielectric heating specimen 

in the range of the high MC above the fiber sat-

uration point (Kanagawa, 1989; Lee et al., 

1998). 

It was shown that the MC inside specimen 

showed a distribution of higher value farther 

from the end surface at same distance from the 

shell of specimen.

 

3.3. Casehardening

The casehardening after the end of RF/V dry-

ing is presented in Table 3. The shape of 

prongs to be investigated and the caseharding of 

specimen can be seen in Fig. 8.

The casehardening showed a very slight val-

ue irrespective of wood assortment, the direc-

tion against the pressure, and the distance from 

the end surface of specimen. This results from 

the effect of the gentle moisture gradient due to 

dielectric heating. It means that there is a possi-

bility not only to greatly improve the further 

workability because the effect of dimensional 

stabilization can be achieved, but also to engraft 

on precut engineering even though the cross 

section of structural timber is very large if 

RF/V drying is applied.

3.4. Shrinkage of Cross Section

The shrinkages of cross section of specimens 

from green to the end of drying are given in 

Table 4. 

The total shrinkages of cross section for the 
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Table 5. Occurrence extent of surface check of

RF/V dried specimen

Wood assortment

Average 

number 

(number/piece)

Average 

total length 

 (cm/piece)

Boxed heart 

square 

timbers

S-control 31 794

S-kerfed 23 374

L-control 28 871

L-kerfed 34 506

Boxed heart 

round timbers

Control 28 838

Kerfed 16 504

Table 4. Linear shrinkage of specimen after 

RF/V dried

Wood 

assortment

Shrinkage of cross section

Parallel 

to
a 

(%)

Perpen-

dicular to
b 

(%)

b/a Sum

Boxed 

heart 

square 

timbers

S-control 2.84 1.86 0.65 4.70

S-kerfed 3.38 0.72 0.21 4.10

L-control 3.11 2.35 0.76 5.46

L-kerfed 3.94 2.97 0.75 6.91

Boxed heart 

round timbers

  3.31
c

  2.78
c

Note) 
a
, 

b
; Direction against the external pressure 

applied to the surface of specimen during 

drying, respectively. 

      
c
; Shrinkage of the circumference of round

timber.

boxed heart square timbers from green to the 

end of drying were 4.10 percent ∼ 6.91 per-

cent, no significant differences in wood assortment. 

However, the shrinkage of the width in the di-

rection perpendicular to was 21 percent ∼ 76 

percent of  that of the thickness of square tim-

bers in the direction parallel to the mechanical 

pressure. This is because the shrinkage in the 

direction parallel to the pressure is accelerated 

while the shrinkage in the direction perpendicu-

lar to the pressure is restrained by applying the 

mechanical compressive pressure to the surface 

of specimens during drying (Li and Lee, 2004). 

3.5. Surface Check

The average total length and numbers of the 

surface checks occurred on all specimens after 

the end of drying are presented in Table 5.

The surface checks somewhat severely oc-

curred irrespective of wood assortment, how-

ever, the width of surface check of most speci-

mens was not wide. The occurrence extent of 

the surface checks on the kerfed specimens was 

slight compared with that on the control specimen.

It is judged that dying sound timber is impos-

sible with this technique. Therefore, a special 

research is necessary to develop a new drying 

technique. 

4. CONCLUSIONS

The characteristics of RF/V drying Korean 

red pine (Pinus densoflora) boxed heart timbers 

with 250 × 250 mm (S), 300 × 300 mm (L) in 

cross section and 300 mm in diameter, and with 

the fixed length of 3,600 mm, that were sub-

jected to a compressive load after a kerf pre-

treatment can be described as the follows:

The drying time was short and the drying 

rate was fast in spite of the cross section of 

heavy timber being large.

The moisture gradient for all specimens was 

gentle in both longitudinal and transverse direc-

tions owing to dielectric heating.

The shrinkage of the width in the direction 

perpendicular to was 21 percent ∼ 76 percent 

of that of the thickness of square timbers in the 

direction parallel to the mechanical pressure.

The casehardening for all specimens was very 

slight because of significantly reduced ratio of 

the tangential to radial shrinkage of specimens 

and kerfing.
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The surface checks somewhat severely oc-

curred although the occurrence extent of the 

surface checks on the kerfed specimens was 

slight compared with that on the control specimen.
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