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Effect of Reserve Air-Drying of Korean Pine Heavy Timbers on
High-temperature and Low-humidity Drying Characteristics™*'
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ABSTRACT

The pre-air-drying of Korean pine before the high-temperature and low-humidity drying was shown to be effective
in uniform moisture content distribution and prevention of surface check. Our results suggest that initial moisture con-
tent of the timber also plays important role in high-temperature and low-humidity drying method. The pre-air-drying al-
so helps in the reduction of surface checks in Korean pine when compared to the Korean pine dried by only high-tem-
perature and low-humidity. End-coating was not effective in the prevention of twist, shrinkage, case hardening and in-
ternal checks. The pre-air-drying reduces the internal tension stresses which occur during high-temperature and low-humidity
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drying thus decreasing case hardening and also preventing internal checks. The pre-air-drying decreases the moisture
content and causes shrinkage which leads to increased twist in the Korean pine.

Keywords : High-temperature and low-humidity(HTLH), High temperature drying(HD), Air-drying, Internal
check, Final moisture contents, Heavy timber
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Table 1. The quantity for each treatment

Treatment Quantity (pieces)
N-C 5
N-E 5
- kc s
K-E 5
Total 20

N-C, non-kerfed and control; N-E, non-kerfed and end-coating;
K-C, kerfed and control; K-E, kerfed and end-coating

End-coating

End-coating

Fig. 1. Shape of longitudinal kerfing and end-coat-
ing treatment.
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Table 2. Moisture contents of the square timbers af-
ter pre-air-drying

Moisture contents (%)

Treatment
Min.* Avg.* Max.*
N-C 17.1 ~ 27.5 ~ 53.9
N-E 16.8 ~ 31.7 ~ 76.0
 kC 44~ 21~ 472
K-E 16.7 ~ 27.0 ~ 80.5
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Table 3. Drying schedule of the HTLH-HD drying
test for the pre-air-dried square timbers of Korean
Pine

Stage DBT* (C) WBT* (C) Time (hours)
Steaming 95 95 12
HTLH* 120 38 64
HD* 90 68 168
Cooling - - 24
Total time 268

HTLH, high temperature and low humidity; HD, high temperature
drying; DBT, dry bulb temperature; WBT, wet bulb temperature
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Fig. 2. Sawing diagram of the specimens to survey
a distribution of final moisture content.
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Table 4. Final moisture contents(%) according to dis-
tance form the end surface of the HTLH-HD dried
square timbers

Distance from end surface of
Treatment specimen Average
60 cm 120 cm 180 cm
N-C 11.9 11.9 11.4 11.7
N-E 14.2 14.8 13.7 14.2
K-C 10.1 10.1 9.8 10.0
K-E 11.5 12.3 11.5 11.8
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Distance from end surface

of specimen (cm)

Treatment
60 120 180
9.0 106109 113 7.3 75 ||9.7 [10.8(10.2[9.9 |95 [8.9 |[9.0 98 9.7 96 9.0 88
9.2 [13.316.5 16.1 14.5 11.3 | [10.2 [15.5 [15.9 [13.1 [11.7| 9.6 | | 9.7 13.3 14.1 13.7 [11.2 | 8.6
10.0 {14.0 18.3 11.2 10.1 [16.6 |[19.5|17.7 |13.9 | 9.6 9.9 152 18.2 /17.5|12.6 | 8.9
N-C
9.3 [11.9[19.8 171 105 | [9.8 [14.1 [19.2 [18.6 [13.1 |9.3 | |9.7 14.9 181 17.3 12.7 | 9.4
6.5 (10.8 [13.8 15.0 14.1 10.4 9.4 |13.1 {151 [13.7 [11.1 |91 9.4 12.6 13.56 12.4|10.9 | 8.7
83|91 99 104 65 87 ||9.0 [10.1102]9.2 |89 |88 ||87 93 90 89 87 83
N-E
87 83 89 85 81 91 |[84 |81 |80 |78 |77 |87 ||81 |78 |83 |85]|7.8 |81
8.5 10.5 10.8 8.8 |87 | 7.7 8.2 |[10.9|10.7 |86 |8.5 | 7.7 8.2 (11.0|18.012.4 9.6 | 7.1
9.0 14.4 17.0 13.5|10.7 | 8.3 8.8 (14.1 |16.9 |{13.8 (10.5 | 8.0 9.0 (13.8|15.2 [14.2 |[11.0| 8.1
K-C
8.8 13.6 17.5 14.9|11.0 | 8.1 8.7 |[14.3|17.2 |15.7 [12.6 | 8.4 9.1 (141 |15.2 |12.6 [10.7 | 8.2
8.1 10.3 12.4 11.3|8.6 | 8.0 8.0 (10.3 |12.4|12.9 (10.4|7.8 8.6 (11.3|10.7 8.6 [8.8 | 7.7
89 81 7.9 80 76 90 ||83 |76 |78 |79 |76 |82 |81 |81 |83|76]|75]7.9
9.3 |8.7 83 9.2 |89 (9.2 9.5 [10.0 10.5 10.2 9.1 9.3 9.1 84 79 81 8.0 8.9
9.3 |10.5 10.6 10.7|10.4 [8.9 | [ 9.8 |14.8 17.8 15.7 11.2 8.1 | |85 9.8 10.7 10.4 10.6 8.5
10.2 [13.8 17.0 16.6 |13.5 9.4 10.4 [18.8 18.4 10.4 9.0 8.8 12.4 1756 18.4 152 9.6
K-E
9.9 [16.0 .19.9 156.5 [10.2 10.8 [19.0 17.9 10.9 8.8 8.8 14.7 -17.5 10.5
9.9 [13.5 16.5 16.0 [13.0 9.4 | | 9.8 [14.9 16.6 14.4 106 82 ||8.9 13.0 16.4 16.3 13.7 8.9
9.6 |9.5 10.1 10.2 9.4 |8.7 9.4 /9.4 99 95 88 9.0 8.7 83 83 9.0 8.7 8.7
- : Region of above 20% MC on the each cross section
Fig. 3. Longitudinal MC distribution of Korean Pine after HTLH-HD drying test.
£ -5 EdA Zolo] W3k Fig. 40 Ul o9 27} QIR Ao g Almett. vhH Fujgkayet
oh aRAEHE & dEdol:s Fuig A kA 2 o] A o] Aozt wEste] g
12.7%, Fofe 2R A2 22.7%, vid F42 55.1%, 7hsol ofgt TEdy AR ETE 21 = Aok
Hjek g A2 63.9% rasigichk o] Had Fig. 5= 12AS0E & =AM &9 Fo o
oA FA{Ejet IRA A 1+o] Aol ZHzHe] A7 E Y Zdolg Uetliglen], dx & &30l A
o] W duidAdx & IyE dEn vexE5d gh ST 583 o3 n2AFAxE A%
2 F AR FEY Aol v GARE FolE o FAR wsk Hol7l G AL AT 5 Y
UERE gl Z0R Hol FARE AEm=de  oh ReaAo] A9 E 2~4 mmel BA5| WAy
ol ofst Aol ohd meXGAZ A WAE FEI 8 K N-C 859%, N-E 85.6%= ojudddz



AuAAAZT SR BN

O After pre-air-drying
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Fig. 4. Length of surface checks after pre-air-drying
and length of surface checks after HTLH-HD dry-
ing test.

Table 5. Kerf widening rate for the HTLH-HD dried
squared timbers of Korean Pine

Treatment Kerf widening rate (%)
K-C 196.1
K-E 225.2
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Fig. 5. Length of surface checks for each width of
checks occurred on the squared timbers during the
HTLH-HD drying test.
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Table 6. Formation of internal check (mm) for the
HTLH-HD dried squared timbers of Korean Pine
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Table 8. Twist and drying shrinkages for the
HTLH-HD dried squared timbers of Korean Pine

Distance from end surface of specimen

Treatment
60 cm 120 cm 180 cm
N-C None 41 None
N-E None None None
77777 KC  None  Nome  Nome
K-E None None None

Table 7. Average case hardening(%) for the
HTLH-HD dried squared timbers of Korean Pine

Distance from end surface of specimen

Treatment
60 cm 120 cm 180 cm
N-C 2.3 33 4.1
N-E 33 1.1 3.1
””” KCc 16 42 24
K-E 3.7 2.9 2.7
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Drying shrinkage Twist
Treatment (%) (mm)
L* Il * L [
N-C 0.9 1.2 17 19
N-E 0.6 1.2 17 17
oKkC 06 14 25 %
K-E 0.5 1.6 25 23
1, surface of perpendicular to pressure; |, surface of parallel to

pressure
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