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Kiln Drying Schedule Modification for Pitch Pine Using Drying Resistance*!

Kyung Sub, Lee*?: Hee Suk Jung*®

Summary

For the modification of kiln drying schedule, relations between drying resistance R and
moisture content or drying times were found 2.5cm-and 5.0cm-thick pitch pine (Pinus rigida
Mill.) board and dimension lumber by the conventional kiln drying schedule until the average
moisture content was 10%. The results of this study were as follows.

1. Drying resistance increased curvilinearly as moisture content decreased, and was higher
for dimension lumber than for board at a given moisture content.

The relationships between drying resistance and moisture content for the conventional kiln
drying schedule and thickness of lumber were

1) R, =6795x10° M7 27" for 2Scm-thick board by the conventional kiln
drying schedule.

3) R, ,=5206x10% M™1-55"% for 5.0cm-thick dimension lumber by the conven-
tional kiln drying schedule.

2. As drying time increased, moisture content decreased and drying resistance increased
at the same time. Gradient of slope for dimension lumber was gentler than board.

3. The predicted drying times to 10% moisture content with the conventional kiln drying
schedule were a little shorter than actual drying times with relatively small error.

4. Tt is necessary for the conventional kiln drying schedule to be modified to provide the
desired final moisture content at minimum drying time with no significant degrade under severe
drying conditions.

5. The kiln factors for 2.5cm-thick board and 5.0cm-thick dimension lumber with the
conventional kiln drying schedule were 1.112, 1.136, respectively.
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Table 1. Initial MC and Green volume Sp. Gr. of
drying specimens.

Thickness Sp. Gr. Initial MC

(cm) Avg.  Std.dev. Avg.  Std.dev.
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Table 2. Conventional kiln schedule

for 2.5cm—and
5.0cm~—thick Pinus rigida board and dim-—

ension lumber.

Thickness  Drying ime D.B.T. W.B.D. W.B.T.
{cm) (hr.) 9] Q) 9]
0--25 74 6 68
2.5 25--49 77 9 68
49--69 79 13 66
0--13 74 8 66
13--25 77 3 69
25--37 79 11 68
5.0 37--49 82 11 71
49--61 38 14 74
61--73 88 14 74
73--85 93 17 76
“Included 1—hr. heating period.
(Pd —PwiAt )
R= AI\I( ............... 1)
R R (mb—
d: iR E 2] 2
Pw: BERERE 5]

At B AR AT “(hr
AMC %ka’hﬁ?’“b A HRAE%

ob SIRHCHTS) BALR, HIRERRCl W O 3.2.5, § - HIRERE S AR
wigptel B rekaTh . }Hﬂ((msz-/] i’.ﬁi\ﬁ_& 4 38 ojgatHrh
Table 3. Vapor pressure of water at temperature from 30 to 119°C(mb)}.*
Temp.
. 0 1 2 3 4 5 6 7 8 9
("C)
30 42 45 48 50 53 56 59 63 66 70
40 74 78 82 91 9% 101 106 112 114 117
50 123 130 136 143 15C 157 165 173 181 190
60 199 209 218 229 239 250 261 273 286 298
70 312 325 339 354 370 385 402 419 436 455
80 473 493 513 534 556 578 601 625 649 675
90 701 728 756 785 815 845 877 909 943 978
100 1013 1050 1088 1127 1167 1208 1251 1294 1339 1385
110 1432 1482 1532 1583 1630 1691 1747 1804 1963 1924

* Adapted from “Vapor pressure of water at temperature from--15 to 374°C”,

and Physics, 31st edi., pp. D143~ 144.

Handbook of Chemistry
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Table 4. Sample calculation of drying resistance of 2.5cm-thick Pinus rigida board.

Time D.B.T. W.B.T. Pd Pw Pdt AMC R
(hr.) ("C) Q) (mb) (mb) (mb-hr.) (%) (mb-hr./%MC)
12 74 68 370 286 1008 17.3 58.3
24 74 68 370 286 1008 12.9 78.1
36 77 68 419 286 1596 15.6 102.3
48 77 68 419 286 1596 8.7 183.4
60 79 66 455 261 2328 35 665.1

Table 5. Sample calculation of drying resistance of 5.0cm-thick Pinus rigida dimension lumber.

Time D.B.T. W.B.T. Pd Pw Pdt AMC R
(hr.) cC) Q) (mb) (mb) (mb-hr.) (%) (mb-hr./%MC)
12 74 66 370 261 1308 12.4 105.5
24 77 66 419 298 1452 6.6 220.0
36 79 68 455 286 2028 5.3 332.6
48 82 71 513 325 2256 5.1 442.7
60 88 74 649 370 3348 6.2 540.0
72 88 74 649 370 3348 35 956.6
84 93 76 785 402 4596 2.8 1641.4

Table 6. Final MC and regression equations of moisture content and drying resistance for 2.5¢cm-and

5.0cm thick Pinus rigida board and dimemsion lumber.

Thickness(cm) Final MC Equadon* r?
25 10.0 R=6.795X 10'M~#"" 0.94
5.0 9.9 R=5.206 X 10'M 0.91

‘M =average MC (%).

¥ =significant at 1% level.
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Table 7. Total drying resistance(mb-hr.) for 2.5cm-thick Pinus rigida board at various MCs.

MC 0.0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9

10 13513 13479 13443 13408 13373 13338 13304 13271 13237 13204
11 13172 13140 13108 13077 13046 13015 12984 12954 12925 12895
12 12866 12837 12809 12781 12753 12725 12698 12671 12644 12617
13 12591 12565 12539 12514 12488 12463 12439 12414 12390 12366
14 12342 12318 12294 12271 12248 12225 12203 12180 12158 12136
15 12114 12092 12071 12049 12028 12007 11986 11966 11945 11924
16 11905 11885 11865 11845 11825 11806 11787 11768 11749 11730
17 11711 11692 11674 11656 11638 11619 11602 11584 11567 11549
18 11532 11515 11498 11481 11464 11449 11430 11414 11397 11381
19 11365 11349 11334 11317 11301 11285 11270 11254 11239 11224

0 1 2 3 4 5 6 7 8 9

20 11209 11062 10924 10793 10670 10553 10442 10336 10235 10139
3C 10046 9958 9873 9791 7912 9637 9564 9493 9425 9359

40 9295 9234 9174 9116 9059 9004 8951 8899 8849 8800
50 8751 8705 8660 8615 8572 8530 8488 8448 8408 8369
60 8331 8294 8258 8223 8188 8153 8120 8087 8055 8023
70 7992 7961 7931 7902 7873 7844 7816 7789 7762 7735
80 7709 7683 7658 7633 7608 7584 7560 7536 7513 7490
90 7468 7445 7423 7402 7380 7359 7339 7318 7298 7278

*Decimal fraction at the top of the table are intended to be added to the whole numbers in the ex-
treme left-hand column as needed. Thus, in the first row, the drying resistance for an MC of 10.1%

1s 13479,
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Table 8. Total drying resistance(mb-hr.) for 5.0cm-thick Pirzus rigida dimension lumber at various MCs.

MC 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
10 26677 26532 26388 26247 26108 25971 25836 25703 25572 15442
11 25315 25189 25065 24943 24822 24704 24586 24470 24356 24243
12 24132 24022 23914 23806 23701 23596 23493 23391 23290 23191
13 23093 22996 22900 22805 22711 22618 22527 22436 22346 22258
14 22170 22084 21998 21913 21829 21747 21664 21583 21503 21423
15 21345 21267 21190 21114 21038 20963 20883 20816 20743 20672
16 20600  2053C 20460 20391 20323 20255 20188 20120 20055 19990
17 19925 19861 19797 19734 19672 19610 19548 19488 19427 19367
18 19308 19249 19191 19134 19C76 19019 18963 18907 18852 18797
19 18743 18688 18635 18582 18529 18477 18425 18373 18322 18271

0 1 2 3 4 5 6 7 8§ 9
20 18221 17739 17291 16873 16483 16117 15773 15449 15143 14853
30 14579 14318 14071 13834 13609 13394 13188 12991 12802 12620

40 12445 12278 12116 11960 11810 11665 11525 11389 11258 11131
50 11008 10889 10773 10661 10552 10446 10343 10243 10145 10050
60 9958 9868 9780 9694 9610 9529 9449 9371 9295 9221
70 9148 9077 9008 8940 8873 8808 8744 8681 §62C 8560
80 8501 8443 8386 8330 8275 8222 8169 8117 8066 8016
90 7967 7919 7872 7825 7779 7734 7689 7646 7603 7560

“Decimal fraction at the top of the table are intended to be added to the whole numbers in the ex-

treme left-hand column as needed. Thus, in the first row, the drying resistance for an MC ot 10.1%
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Table 9. Comparison of predicted and actual drying
times of 2.5cm-and 5.0cm-thick Pinus rigida

board and dimension lumber.

. Thickness(cm)
Variable 73 =5
SRAM of initial MC(mb-hr.) 8134 10243
{RdM of final MC(mb-hr.) 13513 26825
Net fRdAM(mb-hr.) 5379 16582
Actual {Pdt(mb-hr.) 5984 18836
Actual drying time(hr.) 52 84
Predicted drying time(hr.) 48.6 78.1
Error(hr.) —3.4 —5.9
Error(%) —6.5 —7.0
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Fig. 6. Drying resistance and MC as function of
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Pinus rigida dimension lumber.
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