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High-temperature drying of Pinus densiflora and
Pinus rigida dimension lumber *'

Moon Jae Park*” . Hee Suk Jung*~

Summary

Korean red pine (Pinus densiflora S, ct 7.7 and picch pine (Pinus rigida Milly 5 X 10cm dimension

mber were dried i a kiln providing a cross-circuladon velocity of 5 m/sec at dry-and wet-bulb

temperatures of 116 and 71°C, followed by 3 hours at %1 and 857C. Compared to dimension lumber

dried ar temperatures not in excess of 30°C, drving times and drving defects of the high-remperature

dried lumber were as follows,
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To dry to 10 percent moisture content, the high-temperature schedule of Korean red pine and
pitch pine lumber took less than one seventh the time required by the conventional kiln drying
schedule.

High-temperature drying rate and conventional drving rate to 10 percent muoisture content of
Korean red pine lumber were 2,75 and 0.35% hr. and those of pich pine lumber were 3,35 and
0.40% hr. respectively.

Compared to lumber of both species on convenuonal schedule, meisture  gradient . of high-
temperature lumber was greater.

Compared to lumber on conventional schedule, maximum surface checking of high-temperature
lumber of both species was severer, and maximum end checking ot high-temperature lumber of
both species was similar to that of lumber on conventional schedule.

Compared to lumber on conventional schedule, Korean red pine lumber dried at high-
temperature showed more honeycombing, but piteh pme lumber dried at high-temperature
showed significantly slighter honeycombing.

Compared to lumber on conventonal schedule, the high-temperature lumber showed less warp-
ing in lumber of both species.

Collapse and caschardening of Korean red pine and pitch pme lumber on both scheules were

shght.
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Fig. 1. Sawing patterns of sample log
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Table 1. Size of sample logs
) ? Pinus densiflora 1 Pinus rigida
Variables S ‘
| logl log2 ! logd | logd | logh | log6 | log? f log8
Buit end diameter{Cm) 1 37 % 32w 28 36 30 28 1 26
Top end diameter(Cm) Loz |29 | zs 27 | B0 | 28 | 26 ) 6
Log length(m) | 15 116 |16 | 16| 18] 18 18 | 18
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Table 2. Initial moisture content, heartwood content, and specific gravity of drying specimens for

Pinus densiflora and Pinus rigida

. High-temperature drying Conventional
Variables - . .
1st run 2nd run 3rd run kiln dryving
Finus densiflora
Avg. St. dv. Avg. St dv. Avg. St dv. Avg. St. dv.
Number of 10 10 10 10
specimens
Initial MC 53.7 12.8 36.9 6.12 41.2 7.02 41.5 4.67
Heartwood )
87.0 13.2 89.0 83.0 164 89.0 184
content
Specific )
. 0.42 0.040 041 0.034 0,42 0.029 0.39 0.0Z5
gravity
Pinus rigida
Number of 10 10 10
specimens
Initial MC 80.3 156 806 18.8 749 148 73.3 16.5
Heartwood
17.0 255 16.5 249 185 298
content
Specific X )
. 0.52 0.014 0.51 0.028 0.51 0.027 051 0.025
gravity
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Fig. 2. Stacking method of dimension lumber

in high-temperature drying.
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Table 3. Conventional kiln drying schedule for

S0mm Pinus densiflora and Pinus rigida dimension

lumber
Moisture content DBTCC) WEBT.(°C) EMC{%)

above 40 B - 57 53 -
40-35 B 56 138
35-40 65 54 114
30125 15 56.5 44
25.20 il 59 RO
20-15 s 61

below 15 3 52
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Fig. 3. High-temperature drying curves for
Pinus densiflora and Pinus rigida di-
mension lumber.
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Fig. 4. Conventional kiln drying curves for
Pinus densiflora and Pinus rigida di-

mension lumber.
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Table 4. Final moisture content and distributions of moisture in shell, intermediate shell. and core
for Piaus densiflora and Pinus rigida dimension lumber
! High-temperature drying { Conventional
Variables ] j
Ist run 2nd run . 3rd run kiln drving
Finus densiflora
Avg. St dv. Avg. St dv. . Avg. St dv. Avg. St dv
Final MC(%) 2.7 1.66 67 1.33 . 82096 5.8 045
MC after cooling |
for 48 hours(%) ; 107 1.26 95 087 ;12 098 7.3 0.33
Moisture Shell | ]
distribution 01090 | 82031 | 103040 | 73033
(%) [ntermediate ) ’ . |
109 231 &85 1.04 PuT 1.0v 7.2 0.36
core
core | 1191685 | 92170 106 197 74074
Pinus rigida
Final MC(%) I 85138 | 9515 | 75154 6.1 0.57
MC after colling ) ) ‘ ) .
113118 | 117095 . 95132 72 058
for 48 hours(%) { f [
i\'_{ms,mr? Shell 96143 | 98040 88067 | 72028
istribution. | i ‘
™) Intermediate Core| 116324 | 128184 94176 | 69072
core | 135176 | 155194 . 112247 | 73114
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Fig. 5. Surface checks for Pinus densiflora di-
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Fig. 6. Surface checks for Pinus rigida dimen-
sion lumber.
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Table 5. Honeycombing for Pinus densiflora and Pinus rigida dimension lumber

. High-temperature drying Conventional
Variables . .
1st run I 2nd run ] 3rd run kiln drying
Pinus densiflora
Avg. St dv.| Avg. St dv. | Avg. St. dv. | Avg. St dv.
Number of lumber with
3 2 1 0
honey comb occurred
A ber of h
verage number of foney 07 1.25 0.4 0.84 0.2 0.6 0
comb occurred
A depth of h
verage depih ot honey 62 115 3.0 6.51 20 4.23 0
comb occurred(Cm)
Maxi depth of h
aximum depth of honey 14.9 9.9 111 0
comb occurred(Cm)
Pinus rigida
Number of lumber with
2 4 5 5
honey comb occurred
= f
Average number o 0.3 067 08 1.32 0.7 0.82 0.6 0.70
honeycomb occurred
Average depth of 1.5 3.97 5.0 7.98 80 105 14.9 21.2
honeycomb occurred(Cm) R o ' ' ' ’
Maximum depth of 111 118 419 450
honeycomb occurred(Cm) ‘ ’ ) b
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Table 6. Warping for Pinus densifiora and Pinus rigide dimension lumber
. ) High-temperature drying Conventional
Kind of warp ] " - -
Ist run | Znd run | 3rd run kiln drying
Pinwus densifiora
Avg. St dv Avg. St dy Avg. St dv. Avg. St dv.
Crook
(mm) Before colling | 05 1.48 05 0.79 0.6 0.72 0.5 0.84
Bow
(mm) Before colling 0.7 1.17 0.4 0.84 0.6 077 0.7 1.23
After coolling 0.6 1.10 0.4 0.34 0.7 0.86 0.9 0.69
Cup
(mm) Before colling 0.0 0.00 0.0 0.00 0.0 0.00 0.5 074
After coolling 0.0 0.00 0.0 090 0.0 0.00 0.4 0.73
Twist
{mm) Before colling 14 251 1.6 133 25 269 3.3 285
After coolling 1.3 2.46 1.2 1.51 2.3 247 1.2 333
‘ Pinus rigida
Crook
(mm) Belore colling 0.2 051 07 1.14 0.7 091 0.8 094
After coolling (3.2 049 06 109 06 082 1.2 1.13
Bow
{mm) Before colling 04 093 04 119 0.2 028 04 062
Afrer coolling 05073 (0.3 081 0.2 027 0.6 091
Cup
(mm) Before colling 0.2 0.38 0.0 0.00 0.2 063 0.5 087
After coolling 0.2 057 0.0 0.00 0.2 063 0.2 0.60
Twist
{mm) Before colling 22101 4.0 278 26 171 4.9 2.30
After coolling 1.4 099 38255 | 3.0193 4.0 2.15
BREHEAHN 2URAe) FAFEES G5 8 aguh, nedzA LUTH EETEE R
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@ High-temperature
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Fig. 9. Thickness shrinkage for Pinus densiflora

dimension lumber.
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Fig. 10. Thickness shrinkage for Pinus rigida di-

mension lumber.
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11. Width shrinkage for Pinus densifiora di-

mension lumber.
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Fig. 12. Width shrinkage for Pinus rigida dim. -

ension lumber.
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“ollapse and casehardening for Finus densiflora and Pinus rigida dimension lumber

; High- terﬂ;;e;a;ure drymg Conventional
Variables . , y
1st run | 2nd run i 3rd run kiln drying
Pinus demiﬂam ......
Avg. St dv. | Avg. St dv. {Avg. Stodv. | Avg. 5t dv.
Collapse(mm) 0.79 0.63 0,79 0.41 1073 046 0.80 058
Casehardening{%) 15.6 6.99 L9 212 -1.3 7.06 146 460
Pinus r;;';';
ollapse{mm) l 061 0.49 068 0.52 066 .45 118 0.70
Casehardening{%) j 2549 713 10.3 5.8) G.1 ThQ 14.3 7.80
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