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ABSTRACT

This study was performed to identify the effect of end-coating around pith of heavy timbers of
Red pine and Korean pine on high temperature and low humidity drying characteristics. Total
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drying times were 268 hours, and ranges of final moisture content was investigated that Red Pine
9.2% to 108% MC for square and round timber, in case of Korean Pine 150% to 220% MC for
square timber, 128% to 20.4% MC for round timber. Moisture content distribution of Red Pine was
a uniform, but part of high moisture content was found in Korean Pine. In case of Korean pine,
the surface checks were occurred more severe than in case of Red pine, and end-coating
treatment were investigated to be ineffective on surface check. The internal checks were only
formed on the two timbers. The value of the case hardenings was investigated that the ranges
3.7% to 91% for Red pine. In case of Korean pine, on the other hand, the case hardenings presence

a few as 209% to 358%.

Keywords : High-temperature and low-umidity pretreatment (HTLH), High temperature drying
(HD), final moisture contents, heavy timber, internal check, case hardening
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ole]] &gk A7)0 U5-S-Eo] FAH ] LAFAY
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Table 1. The quantity and initial moisture content of specimen for each treatment

i Timber type Quantity Initial MC
Species (size) Treatment (piece) %)
Non- Control 5 557
Square kerfed End-coating 5 591
(20 x 20 x 360 cm) Control 5 575
Kerfed i
End-coating 5 367
Red Pine Non- Control 4 440
Round kerfed End-coating 4 780
(20 x 360 cm) Control 6 666
Kerfed .
End-coating 6 880
Sub total 40 -
Non- Control 5 511
Square kerfed End-coating 5 517
(21 x 21 x 360 cm) Control 5 703
Kerfed i
End-coating 5 585
Korean Pine Non- Control 6 429
Round kerfed End-coating 4 548
(20 x 360 cm) Control 4 728
Kerfed i
End-coating 6 701
Sub total 40 -
Total quantity 80 -
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Table 2. Drying schedule of Red Pine and Korean Pine

Stage Processing time (hours) Dry bulb () Wet bulb ()
Steaming 12 % 9%
HT-LH 64 120 88
HD 168 90 68
Cooling 24
Total time 268
" im e 3. 231 Y DA

VA A A ZJ

Fig. 2. Sawing diagram of the specimens to
survey a distribution of final moisture
content.
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Fig. 3. Sawing diagram of the case hardening
for wood assortment after the drying test.
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Distance from end surface of specimen (cm)

Treatment
60 120 180

8.7/89/9.0(95 9.2/94| |97]93|8.4/98[102/45 |85 85/9.2 9.1[88 9.3
8.7 10.0/10.3 114%10.5 9.2 |9.510.0[11.8/10.3/10.1/82 | 8.1 10.4/12.1/11.7 9.5 | 9.1
8.7 10.7/11.6/12.1/11.2 9.6 | | 9.6 [10.0{13.0/13.1]11.8/ 8.1 | 8.6 |11.2[12.7/13.3] 0.7 | 0.6

Control ' i '
8.8 [10.0/10.8/11.7/10.5/ 9.4 | [10.2/11.212.7|13.512.6| 9.7 | 8.0 [10.7|12.2|12.5/10.5 9.2
8888|9108 9495 10.0;10,611,411.4.-10,6 0.0 83|9.0[10610.7/9.9 0.1
No- 9.4 94|95 9.8:9.4j9.8 10.059,5 9.7 9,4j9,1 04 88|86 s.gja.g g.ojg,z
kerfed 10.1]9.6[9.9] 9.7 0.6 [10.4| [9.4 0.4 |03 008894 [0.0]80]0.5]0.4]0.3]0s0]
9.3 10.6 11.210,3i 9.2/958/| |9.4]11.111.1/10.6 9.0 | 9.5 |8.6|9.4|10.3/0.8|9.1 |0.4]
Fnd- 9.7 10.9/11.8/10.9/ 9.5 9.8 | 9.7 [11.6{11.6/11.9/10.4| 9.4 '8.810.7/11.5/11.0 9.3 | 9.8 |
coating || 9.2 [10.2/11.4 11.4/10.0/ 9.6 | | 9.3(11.5[12.512.3/10.8/ 9.5 '8.810.7/11.411.0 9.1 | 9.4 |
9.7 (10.1{11.2/ 99| 9.1 |95 9.1|10.0(11.2/110.9/ 9.8 | 9.6 8.7 19.8(11.0/10.3| 9.1 |10.8
98(9.2|9.2 9'4.9'5 10.3| |10.0/9.5 9.7/ 9.9| 9.3 (10.3 91/89|92|91|9.0/|99

10.3/9.6(9.5| 9.4 (9.0 | 9.0| |9.7/9.2(9.0 8.9 88|87 |97 9.4 9.5/9.6 9.3 95
9.5/9.1(10.3]10.2 9.4 |8.9| (9.6|9.4 [10.1/9.7|8.9 8.2 |9.1[9.8(11.3/11.0/9.5 9.2
9.3 (10.0/11.0/10.6/ 9.0 | 8.8 | | 9.8 |11.6{12.4/11.0/ 565 | 8.0| | 9.3|11.0[12.5[12.3/10.6 9.2

Control : ! ! | !
9.0 9.4 10.4/9.3(8.3(8.9| 9.7 (11.7(12.710.4/ 8.2 | 7.8 | 9.1 10.0/10.6/11.1/10.0| 8.0
90|92 9.2|/93|85|85| |9.3(10.1(10.8/ 9.3|85|7.9 |84|8.3|8.0/84 /85|85
9.1/83 86(86(8.7|91| |96(88(89 88|84 /84 [84/82/80/81/80]/82
Kerfed — — — E— 5
10.1|19.5|9.6 | 9.5 99 108 10.2;8.4 8.8(8.9(9.0(10.0| (10.8/9.4 |9.1|9.5|9.2 (10.3
9.2 (10.7|/9.7111.4 8? 96 9.1 /86 82(82(83|93 9.3|18.7|9.2|9.3(9.0|8.8
End- 9.2 |111.2{10.4/11.4| 8.0 9,3 9.0/9.0|9.2|9.0(9.4|9.4 B9|89|96|9.6(9.2|89

coating |89 0.4 /9.0 9.3 88(9.3| 9.2 9.4 10.210.1/9.8|95 9.1/0.0/8.7 86 86 87

8.7|74|77/73|79/93||91/87/93/08/9.2 /94 04|83 81|78|8.2|87

0.2|8.0/8.2 80 88[10.1] [11.0/9.4 9.3/ 9.1|9.3 106 |[10.1/89|0.1|9.1]|0.1 |96

Fig. 4. Longitudinal MC distribution of the square timber after HTLH-HD of Red Pine.
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Distance from end surface of specimen (cm)

Treatment
60 120 180
7.719.8110.8/8.8|7.1|58 6.4|8.6(10.3110.5/9.6 7.4 6.1 8.6/10.2/9.8 8.6 |8.0
11.0{19.8/25.7|19.9/11.9| 6.8 8.1 16.0(21.8/22.6/16.1| 8.5 8.9 19.0|23.4(21.1|14.8| 8.5
10.5(13.9/30.8|35.4/17.9| 7.8 8.9 |21.9|27.5|43.0(22.3|10.1| | 9.7 |24.8/33.1/30.3/20.5| 8.9
Control

7.6 |14.1|49.4(61.2|20.6| 8.8 9.1 121.2|27.5|28.5(22.4|110.2| |10.2|22.3|28.9(29.6/22.4(10.7
8.4 117.3/124.9(24.4/14.9| 7.5 B.4 |15.7(20.6|21.1(16.1| 7.6 8.8 |16.4|21.5(21.8/15.4| 7.6
7.3(10.4/11.0{10.8/ 7.3 5.3 6.1/92/95|92|7.8|86.0 8794110193 |7.7(6.1

Non-

kerfed

7.6 12.5/115.4{13.7(11.7|7.5| |8.4|10.8/8.7|8.9|9.2|7.0 |6.6|7.0(10.4/8.1/8.9|4.3

10.7|23.8(28.6(27.6(16.9(11.3| [14.9]23.9|25.0|122.7|21.012.2| |8.5(18.1|23.0/24.9/21.2| 9.1

Fnd- 10.7|25.3(36.9|46.0|33.5|111.6| [13.2|27.2|31.9|32.2|28.3|15.8| [12.0|23.8|27.1|36.4|35.0|13.3

coating |14 |04 4|35.3|36.8/25.8|11.7| |13.1/30.8|44.4|40.9]29.6|14.6 |10.8/23.5(20.0|53.4|33.4/10.4

11.9|22.5(27.6/41.1|24.4({11.2| [13.5/35.3|32.2|32.4|25.1|12.3] |11.9/25.9|33.0|57.4/43.3|14.3

9.1 |12.7(13.6/14.6/16.4| 7.9 | |7.9|12.5(12.9/16.2|13.0/8.2| | 9.1 |12.8/13.7/116.3/13.4| 7.5

6.4 [11.4{15.0/114.9| 9.6 | 5.1 52|65|6.3|6.4|6.0|43 43|53|5.7 545047

10.1/22.3|30.4|28.9(17.0| 6.1 8.9 [15.2|11.6/11.7|14.2| 7.5 | | 6.810.9/ 9.3 |10.3|10.4| 6.2

11.8/34.2|57.4(28.4(12.8| 5.6 | |14.9|25.0/24.7|24.3|23.3|12.0| |11.6/21.5|24.4|26.3|23.0|10.4

Control
11.8/94.9\1062(30.0{11.6| 6.7 | |17.1|28.3|32.1|29.7|25.5(12.1| |13.8|26.2(34.8|35.7|30.3|13.2

8.5(23.0|148.4|35.0/117.1| 8.1 | [13.6|24.6(66.5(51.6(21.2| 8.5 | |11.2|20.5|44.5|38.8|23.7|10.6

5.719.7(14.4114.3110.9| 5.5 7.7112.0{21.117.5(10.6| 5.6 6.8]9.8|16.6{16.0/11.4| 7.1

Kerfed

8.8(11.811.9|110.6/ 8.3 | 5.9 |7.8|16.7|22.0{14.3| 8.5 /53| |5.3|6.5|6.1 |6.3|7.1|6.1

17.5/25.5(26.9|21.7(12.9| 6.8 | |13.7|72.5|72.5(27.2{16.1| 7.3 | | 8.5|14.4|/12.4/15.2|/16.3| 8.6

End- 48.885.0|40.8|23.3| 0.8 | 5.5 (24.0|122.1|75.8(31.4(13.7| 6.3 | |11.3|24.6/39.0(43.9|34.9|10.8

coating | \og 5143.0140.7(25.5|10.8 5.8 [18.8/89.5(45.8/37.6|16.1| 6.4 | |12.6/51.6(1113|44.6|47.1|16.4

18.2|31.7(31.6|24.9|15.6| 7.4 |13.8|127.4(35.7(20.5(18.2| 7.6 | |11.3|54.5|74.0/38.4|26.8|11.9

7.4112.5(13.5(10.9(10.0{ 8.0 |7.0|12.8{13.5(14.8/11.0/ 6.3 7.2(14.4{19.9/111.7| 8.6 | 7.1

E Region of above 20% MC on the each cross section
Fig. 5. Longitudinal MC distribution of the square timber after HTLH-HD of Korean Pine.
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Non-kerfed / Control Non-kerfed / End-coating
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Fig. 6. Longitudinal MC distribution of the round timber after HTLH-HD of Red Pine.
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Fig. 7. Longitudinal MC distribution of the round timber after HTLH-HD of Korean Pine.
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=

Avea of surface checks (m'/piece)

Avg length surface checks (om/piece)
Area of surface checks (m'/piece)
Avg length surface checks (on/piece)

contral end-coating control end-coating control end-coating control end-coating
Mon-kerfed Kerfed MNon-kerfed Kerfed
Treatment Treatment
Fig. 8. Extent of surface checking on the square Fig. 9. Extent of surface checking on the
timber after HTLH-HD of Red Pine. round after HTLH-HD of Red Pine.
Table 3. Kerfed expansion rate for each species and treatment
Species Timber type Treatment Expansion rate (%)
Control 97.7
Square .
) End-coating 1413
Red Pine
Control 844
Round .
End-coating 1227
] Control 1156
) e End-coating 1219
Korean Pine
Control 913
Round i
End-coating 640
oul WErlgel ol AT FAT HAT £ o] oFolAol & Ao By
99HFig. 8, Fig. 9). A=At LA o) FRPEPA] kel Qlof ARTR] WYL A
G BLE A QLIS 91.7%9) 1413%, 4 FESA olake] BRI FEo] AAHUA 5
FAVGA 84.4%9h 122.7%% FAF O IRANE B BANRAS HF) A48 Wae] Fadol
AFAENA 30% o3 o] 2gE 3 81T+ 9l o IAFAEE 23 U5 IFHNEE FA
A tH(Table 3). AA A E AEstE s 2eldE T dEA A 2T
A A ol A A AE s 2 Figs. 10, 110 YE} o 2E AFRAS FaAlT)Ed HAH o] 0’3}
UiRion, & dEuhal Zol= A7) F A 249~539 cm, SHARE A7y SA L] A9 UlFel d& 20% ©]
HAF715 A 182~460 cm W2 Aok vluls) 31 F-917F el WA RSk e, 937
o] 4ds W Tdo] UAE AL I Usdth SAE WETLEE 3 AFAY vE-EeEe] E4
271 AN ME7ea d=ag gl o5k A o A Fxsta ASdch weEba W] gl
Wakd whAo] fo s Foll  gldlew, 457 20% ol8tZ Az} o] "t FE&o] 2§
AN A= A 7} oF 267t EEo] o A sto], AE AW YR = 2RITER M3k
AO7 ZALEo] &7t o AL ] s Ao 2 Alm T}
e = ATk AT AF7]FA o] Az A A HH (20042 AEHe] B3 A5E AR
e S 7AaA717] fsiM e iE ThEel FeshE A2 ol HA I, A Axo A HAYsE 3
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Fig. 10. Extent of surface checking on the square
timber after HTLH-HD of Korean Pine.
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Fig. 11. Extent of surface checking on the

round after HTLH-HD of Korean Pine.
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Table 4. Occurring the extent of internal check for each treatment of Red Pine

o33

Distance from end surface of specimen (cm)

Tirynpzer Treatment % 120 180
Length (mm) Piece Length (mm) Piece Length (mm) Piece
Non- Control 55 1 212 3 137 3
kerfed  End-coating 180 3 9% 3 154 3
Square
Control None 152 3
Kerfed i
End-coating 157 4 194 5 105 4
Non- Control 69 1 191 3 116 3
kerfed End-coating None 147 2
Round Control 134 3 N 101 1
ontro one
Kerfed .
End-coating 91 1 52 2 103 3
Table 5. Occurring the extent of internal check for each treatment of Korean Pine
. Distance from end surface of specimen (cm)
T;ymll)eer Treatment 60 120 180
Length (mm) Piece Length(mm) Piece Length (mm) Piece
Non- Control 136 4 76 2 57 1
) kerfed  End-coating %3 1 None 54 1
Square Control Non 130 5
n e
Kerfed )
End-coating None 79 1
Non- Control 54 1 176 2 47 1
kerfed End-coating None 65 1 9 2
Round
Control None 20 1 None
Kerfed
End-coating None 42 3 36 1
Table 6. Case hardening for treatment after the HTLH-HD drying test
Shec reatment Distance from end surface of specimen (cm) Average
cies reatmen
be 60 120 180 €0
Non- Control 60 26 26 37
. kerfed End-coating 25 18 38 60
Red Pine
Control 21 134 118 91
Kerfed )
End-coating 38 37 82 52
Non- Control 26 225 177 209
, kerfed End-coating 211 255 239 235
Korean Pine
Control 310 364 401 358
Kerfed ]
End-coating 295 177 272 248
FEBITE AFTIsAE G 7 wE 59 2 o] Fo|xdtaL BY|E ofH R Al S
o om qlall Az § SAHIe Fhdo] gele of EAell= AFE 7S Bavt s B 0% s
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Table 7. Twist and drying shrinkage for each treatment

Drying shrinkage (%) Twist (mm)
Species Treatment Square Square
pe : 5 Round 54
1 I € I
Non- Control 24 30 31 22 20
, kerfed End-coating 23 28 42 17 17
Red Pine
Control 22 32 24 20 20
Kerfed ]
End-coating 23 29 26 2 22
Non- Control 10 15 11 7 7
) kerfed End-coating 13 14 07 4 5
Korean Pine
Control 03 15 08 7 7
Kerfed i
End-coating 06 21 10 9 10
* Surface of perpendicular to pressure
** Surface of Parallel to pressure
=t 71 =2

D Az T5 A SAFNE AT
Aol 75 9.2~10.8%, St 421715 A 15.0~22.0%,
DF715 A 12.8%~20.4% HAZ 242k YERsit)

2) auFAle] AEsE B vl Au)s)
Hjgtylgol] osk AHEdel fAE Folet
L= [ sl s
£0] 30% °)% 9 &3
A AR e =)
A e AEA A LA E A
cagA g o3 g3t Qe AR X

3) FEdea" A e} MErtES R Ege
A JAZE Yl Ao w ZAEAT. UREE
T BT AL EANA o Ao g
W& Al A gl HAEkel

4) FUA}ELE 2T A5 37 9.1%= 7t

8ol Aol EASHA] ko, Al A=
20.9~35.8%=% Zv]e FEo|ATt.

5) ‘dtetse] Ao o FEE MT 0.7%.,
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