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Moisture Content Change of Korean Red Pine Logs
During Air Drying: I. Effective Air Drying Days
in Major Regions in Korea'@®
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ABSTRACT

Air drying depends on species, density, dimension of wood, the geographical location of the air drying yard, and
the meteorological factors of air drying site. If there are four seasons with large difference in temperature and humidity
like in Korea, the research of the meteorological factors is required in air drying site. In this study, effective air drying
days (EADD) of 24 regions in Korea were calculated by using the average monthly temperature, relative humidity,
and wind speed. The EADD in 24 regions in Korea was ranged from 239 days to 291 days, with an average 265
days. This result is 5 days increased compared to the average of EADD calculated using the meteorological factors
from 1955 to 1984. The results of multiple regression analysis on the EADD and meteorological factors showed that
EADD affected in the order of temperature, relative humidity, and wind speed. As a result of dividing Korea into
4 zones of EADD, the zones of EADD were moved northward compared to previous study due to global warming.
As basic data for predicting the moisture content (MC) distribution of Korean red pine logs during air drying conducted
in Seoul, the average monthly temperature, relative humidity and wind speed for three years from 2016 to 2018 were
presented, and the corresponding changes of the equilibrium MC were analyzed.

Keywords: air drying, effective air drying days, zone of effective air drying days, air drying calendar, meteorological
factor

highly impacted by its location and the climate, requiring

1. INTRODUCTION
larger drying yards, and being unable to dry below

Air drying defines a method of drying green wood
by stacking it in a air drying yard while exposing it
naturally to an open-atmosphere (Jung et al., 2005).
Compared to the artificial drying, air drying has
advantages of barely having any initial facility fees and

energy costs, while air drying has disadvantages of being

the atmospheric moisture level. Because air drying
should be considered factors like species, density,
dimensions of woods, geographical location and
meteorological factors of the drying site, it is difficult
to predict air drying time required for logs and lumbers

with different moisture content (MC). Location like
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Korea where there are four distinct seasons, time
required for air drying is varied in the season initiating
air drying due to the temperature difference between
summer and winter (Simpson and Hart, 2001).

Effective air drying days (EADD) is numerical days
per a month appropriate for air drying based on the
meteorological factor (Rietz, 1972), and when applied,
air drying calendar can be presented for different
regions. Korean and international studies related to air
drying and EADD is subjected to the softwood and
hardwood samples with the thickness of 50 mm or
below. In Korea, there are studies on analyzing the
time required for taun lumbers to reach 20% MC and
obtaining air drying calendar (Jung, 1985), calculating
EADD among 24 regions in Korea and categorizing
4 zones based on the result (Jung and Park, 1986),
calculating and comparing moisture indexes for climate
classification using the meteorological data from 82
regions in Korea (Ra, 2018), and suggesting a regression
equation for monitoring the MC in Korean red pine
and pitch pine wood (Jung et al., 1986). In U.S., there
are studies on measuring air drying time for American
beech with a thickness of 25 mm — 50 mm (Peck, 1954),
ponderosa pine (Peck et al. 1956), sugar maple (Peck,
1957), northern red oak (Peck, 1959), and Douglar fir
and yellow poplar (Denig and Wengert, 1982), based
on thickness of lumbers, timing of stacking, locations
of air drying yards, and meteorological factor.
Moreover, the study on categorizing U.S. regions based
on the average of ‘growing degree days’ suggested by
USDA in 1975 and measuring the required time for
air drying from each region was performed (Rietz, 1972;
McMillen and Wengert, 1978).

This study is a pilot study for analyzing changes
in MC for Korean red pine logs during air drying, and
the EADD for each region was calculated using the
30-years of meteorological data provided by Korea
Meteorological Administration (http://data.kma.go.kr)

such as temperature, relative humidity, and wind velocity

from 24 different regions in Korea. The result was
compared with the study from 1986 (Jung and Park,
1986) to examine the effect of climate change in EADD.

2. MATERIALS and METHODS

2.1. Collecting meteorological data from
the 24 regions in Korea

The study used the data from Korea Meteorological
Administration in order to collect meteorological factors
like temperature, relative humidity, and wind speed,
to examine their effects on MC level in air drying wood.
Korea Meteorological Administration provides an over-
all statistical data on temperature, precipitation, wind
speed, wind direction, humidity, and the amount of
solar radiation from Korea’s main regions. In this study,
in order to parallelly compare the EADD study result
from the 1986 (Jung and Park, 1986) with the recent
changes in the 30-years of EADD of main regions in
Korea, average monthly temperature, relative humidity,
wind speed were collected from the same 24 regions
in Korea (Sokcho, Chuncheon, Gangneung, Seoul,
Incheon, Ulleung-do, Suwon, Seosan, Cheongju,
Daejeon, Chupungnyeong, Pohang, Gunsan, Daegu,
Jeonju, Ulsan, Gwangju, Busan, Tongyeong, Mokpo,
Yeosu, Jeju, Seogwipo, Jinju) which were used in the

precedent study.

2.2. Method of calculating EADD

EADD was calculated using the meteorological data
provided from Korean Meteorological Administration.
The EADD calculation was obtained using the method
provided by USDA Forest Service Forest Products
Laboratory (Reitz, 1972). An appropriate monthly air
drying days were hypothesized as 30 days, and two
days were deducted from it when the average summer
(June, July, August) monthly relative humidity is 5%

or more higher than the yearly average and the average
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summer monthly wind speed was 1.8 m/s or more less
than the yearly average. Five days are deducted when
the average temperature of spring (March, April, May),
fall (September, October, and November), and winter
(December, January, February), is 5.5°C less than those
of the three summer months; two days were deducted
when the average relative humidity is 5% or more higher
than the yearly average relative humidity, or when the
average wind speed is 1.8 m/s or more less than the
yearly average wind speed. When the data from both
relative humidity and wind speed are satisfying the
above conditions, total of four days are deducted (Jung
and Park, 1986).

2.3. Categorization of regional EADD
zone

EADD zones in Korea can be categorized into 4
zones based on the number of EADD: the first zone
is the zone with the EADD of below 250 days; the
second zone is the EADD range from 250 — 259 days;
the third zone is the EADD range from 260 — 269
days; and the fourth zone is the EADD of 270 days
or above (Jung and Park, 1986). This study categorizes
EADD zones using the EADD data from the 24 regions
in Korea based on the recent 30 years of meteorological
data, and compares this data with the past 30 years
of EADD zone.

2.4. Calculation of equilibrirum moisture
content based on the climate
changes in Seoul

In order to measure the change in MC for 16 samples
of air air drying Koren red pine log containing the
initial MC range from 28 — 83% and the diameter
range from 310 — 510 mm, provisional air drying site
is installed on June 2016 in National Institute of Forest

Science located in Dongdaemungu, Seoul. Upon

installation of the air drying site, equilibrirum MC was

calculated based on the average monthly temperature,

relative humidity, and wind speed from 2016 to 2018.
The equation (1) was used to calculate the data, based
on the Hailwood-Horrobin’s adsorption model
(Simpson, 1973).

EMC=——+
w

1800( Kh KlKh+2K1K2K2h2]
1)

1-Kh 1+K,Kh+KK,K*H ) "

where, EMC = equilibrium moisture content (%);
h = relative humidity expressed in decimal form (%/100);

W, K, K;, K, = temperature dependent parameters.

3. RESULTS and DISCUSSION

3.1. Surveying EADD of the main regions
in Korea

On Table 1, EADD, standard deviation, air drying
calendars of 24 regions in Korea is exhibited. The data
was calculated on 1986 utilizing meteorological factors
like average monthly temperature, relative humidity,
and wind speed (Jung and Park, 1986). This data was
calculated using the monthly average of regional
meteorological factors range from 18 — 30 period of
years, and each year of data measurement is stated
below Table 1. Among 24 regions of Korea, the average
EADD was 260 days, the maximum was 288 days
(Seogwipo), the minimum EADD was 237 days
(Chuncheon). EADD was affected the most by average
temperature. Although relative humidity periodically
influenced on September, wind speed had no impact
on the EADD.

On Table 2, EADD of 24 regions in Korea from
1988 — 2017, calculated from average monthly meteoro-
logical factors, is displayed. Because of the recent
increase on the average temperature due to the global
warming, the average of EADD is calculated to be 265
days, which showed 5 days increased compared to the

data from 30 years ago shown on Table 1; the maximum
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Table 1. Air drying calendars

of 24 regions in Korea (Jung and Park, 1986)

Districts Month Jan Feb Mar Apr May  Jun Jul Aug Sep Oct  Nov  Dec ((Si;l;l)
Sokcho® 1243 1343 1743 2243 2643 300 30+0 30+0 28+1 2542 20+1 1541 268+10
Chuncheon* 6+3 943 1442 2041 26+2  30+0 300 30+0 2743 21+3 1543 9+2 23747
Gangneung' 11£2 1243 16+2 2243  27+3  30£0 3040 30+0 28+1 2441 20+£1 1442 26547
Seoul' 8+£3  10£2 1542 21£2  26+2 30+£0 30+0 30+0 29+1 2542 162 10+2  248+6
Incheon' 9+3  11+2  15+0 2041  25+1 30+0 30+0 30+0 2941 25+0 1942 1243 25445
Ulleung-do’ 14+2  14+2 1743 2243 26+£3 300 30+0 300 2941 26+2  21+2  16+2 27549
Suwon® 8+3 942 1542 20«1 251 3040 30+0 300 2941 2243 1642 102 244+7
Seosan® 9+2 10+l 1541 2040 250 3040 30+0 30+0 2941 24+2 1843 1142 25246
Cheongju’ 8+3  10£2 1442 200 25+0 300 30+0 30+0 28+2 2243 15+2 10+2 24149
Daejeon’ 9+2  10+2 1541 2041 251 3040 30+0 30+0 29+1 23+2  16+2 101 24648
Chupungnyeong' 92 11£2 15+1 212 26+2 30£0 30+0 30+0 28+1 2343 17+2 1243 251+8
Pohang' 1142 132 1843 2243  26+2 30+0 30+0 30+0 28+1 24+1 20+1 14+2 26749
Gunsan® 10£3 1142 15+0 2042 250 30+£0 30+0 3040 30+£1 2540 1942 134£3 25645
Daegu' 9+2  11+2 1541 2142 2642 3040 30+0 30+0 28+1 23+3 1743 11+3 25248
Jeonju' 9+3  10+2 1541 2041 2541 3040 30+0 30+0 2941 23+2 1643 11+2 25045
Ulsan' 1242 14+2 1843 2143 252 3040 30+0 30+0 28+1 24+1 20+£1 1442 26648
Gwangju' 10+£2 112 151 2142 251 3040 30+0 30+0 2941 25+1 1842 1343 25747
Busan' 1442 15+2 192 2343 252 3040 30+0 30+0 28+1 26+2 20+3 163 27749
Tongyeong® 14+£2  15+£2  18+3 2443 26+2 30+0 30+0 30+0 28+1 25+2  20+1 15+2 276+8
Mokpo' 11£2 1343 162  20£2 251 30£0 3040 30+0 29+1 2541 200 1542 264+6
Yeosu' 1243 1442 18+3 2243 25+2  30£0 3040 30+0 29+1 2541 20+£1 1542 27149
Jeju' 1541 151 1942 2243 252 30+0 30+0 30+£0 2941 25+1 21+2 17+#3 27847
Seogwipo® 16+2 172 20+1 2442 252 3040 30+0 30+0 2941 27+2 2343 18+3 28842
Jinju® 10+£1 1243 16+£2 2142 26+£2  30+0 30+0 30+0 2941 2442 1843 1242 25942
'1955-1984, 21962-1982, *1964-1984, “1966-1984, °1967-1984, ©1968-1984, "1969-1984, £1970-1984.

EADD was 291 days (Seogwipo), the minimum was
239 days (Chuncheon). By region, EADD of Daegu
was increased by 10 days, from 252 to 262, EADD
of Jinju was also increased by 1 day, from 259 to 260.
The regions showed more than 6 days increase in EADD
are Suwon (6 days), Cheongju (8 days), Daejeon (8
days), Chupungnyeong (7 days), Pohang (6 days),
Daegu (10 days), Jeonju (6 days), and Ulsan (6 days).
The factors affecting EADD are in the order of temper-

ature, relative humidity, and wind speed, and the de-
duction of EADD due to the wind speed was occurred
once in each Chupungnyeong on June 2001 and
Ulleung-do on June 2013. The difference among month-
ly EADD can explain the seasonal change in air drying
speed, and by utilizing each region’s air drying calendar,
it is possible to predict the days require to air drying
woods (McMillen, 1978; Jung and Park, 1986).
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Table 2. Air drying calendars of 24 regions in Korea (1988 — 2017)

Districts Month Jan Feb Mar Apr  May Jun Jul Aug Sep Oct Nov Dec (32}12)
Sokcho 1242 1342 1843 2343 26+3 300 30+0 300 28+0 2542 20£1 1442  271+10
Chuncheon 7£3 10£2 1540 21£2  26+£2 300 300 30+0 28+4 21+3 1542 73 239+£10
Gangneung 1243 1343 1743 2442 2743  30£0 30+0 300 28+3 2543 20£2 1243 268+12
Seoul 9+2  11+3 1542 2142 26+2  30+£0 30+0 30+0 29+1 24+2 17+£2  10+2 25249
Incheon 10£2 1243 16+2  21+2 2541 30+£0 3040 30+0 29+1 2541 18+2 1243 25749
Ulleung-do 14+2 1542 18+2  23+£3 2742 300 30+£0 300 29+1 26+2 21£2 1743 279411
Suwon 942  11£2 151 2142 251 3040 3040 300 29+1 2442 162 10+£2 250+7
Seosan 10£1 1142 1541  214£2  25&1 30+£0 3040 30+0 29+1 251 1742 1242 25548
Cheongju 8+2 1142 1542 2242 26+£2 30+0 300 300 29+1 23+£3 162 9+2  249+10
Daejeon 10£2 1242 1642 2242 2642 30£0 30+0 30+0 28+l 2342 1742 1143 25448
Chupungnyeong  10+2  12+2  16+2 2342 26+2 3040 30+0 30+0 28+1 2442 1742 1242 258+11
Pohang 1343 1442 1843 2442 2743 300 30+£0 30+0 28+0 2541 20+1 1442 273+11
Gunsan 10£2 1242 1541 2041 2541 30£0 3040 300 29+4 2543 1943 1342 259+7
Daegu 10£2 1243 17+1 2342 2742 300 30+0 30+0 28+l 24+1 18+2 1343 262+11
Jeonju 10£2 1242 1542 2142 2642 300 30+0 300 29+1 2441 1743 1243 256+10
Ulsan 13£3 1442 1842 23+£2 2642 30£0 30+0 300 28+l 2441 201 1542 27248
Gwangju 10£2 1243 16+2 2242 26+2 30£0 30+0 300 29+1 2541 18+2 134+3  262+10
Busan 14£2  16+2  19+2 2442 2543  30£0 30+0 300 28+l 26+2 21£2 16+2 280+10
Tongyeong 1442 151 2041 2442 2542 30£0 30+0 300 29+1 254£2 21+£2  16%2 27847
Mokpo 1243 1342 1742 214£2  254&1 30£0 30+0 300 29+1 2540 20+£0 1442 268+8
Yeosu 1343 151 1942 23£3 2643 300 30+0 30+£0 29«1 2642 2142 15£2 276£10
Jeju 1542 162 1942 234+2 2542 30+£0 3040 300 29+l 26+2 21+£2 1743 28149
Seogwipo 162 17+£3 2041 2442 262 30+0 30+0 300 29+1 28+2 2343  19£2 291+£10
Jinju 10+l 1343 1742 2242 262 30+0 30+0 30+£0 28+l 2441 1742 1243 260+£12

3.2. Changes in regional EADD zones

Table 3 shows the categorized regions in Korea based
on the four EADD zones using the 30 years of
meteorological data from 1988 to 2017. Basis on the
data from 1986, comparing the EADD zones from 1955
to 1984, Seoul, Suwon, Daejeon changed their zone
from the 1% zone to the 2™ zone. Daegu, Gwangju,
Jinju which previously categorized as the 2" zone,
shifted their zone to 3™ zone, and Sokcho, Pohang,
Ulsan shifted their zone from the 3" to 4™ As we

previously observed from the average EADD increased

by 5 days, EADD zones were also shifted northward
in latitude, which seemed to be affected by the recent
increase of average temperature due to the global
warming. Unlike Korea’s usual climate classification
which is distinguished by the temperature and pre-
cipitation, EADD zones is distinguished by temperature
and relative humidity. Therefore, south and east coastal
region were categorized under the 4™ zone, the south
province and Gangneung were categorized under the
3™ zone, and the inland area was categorized in 2™

and 1* zone.
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Table 3. Four zones of effective air drying days in Korea

Range of EADD

Districts

1st zone Below 250 days Chuncheon, Cheongju
2nd zone 250 - 259 days
3rd zone 260 - 269 days
4th zone Above 270 days

Seoul, Incheon, Suwon, Seosan, Daejeon, Chupungnyeong, Gunsan, Jeonju
Gangneung, Daegu, Gwangju, Mokpo, Jinju
Sokcho, Ulleung-do, Pohang, Ulsan, Busan, Tongyeong, Yeosu, Jeju, Seogwipo

Table 4. Monthly average temperature, relative humidity, wind speed, and equilibrium moisture content of Seoul

2016 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Temp. (°C) -3.2 0.2 7.0 14.1 196 236 262 280 231 16.1 6.8 1.2
RH (%) 53 52 51 55 56 63 73 64 65 62 57 59
Wind speed (m/s) 25 2.8 2.4 2.4 2.4 2.1 2.1 2.1 2.0 2.1 22 2.2
EMC (%) 9.9 9.8 9.6 10.2 10.3 11.5 13.8 11.5 12.0 11.6 10.7 11.1
2017 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Temp. (°C) -1.8 -0.2 6.3 13.9 19.5 233 269 259 221 16.4 5.6 -1.9
RH (%) 55 54 48 52 52 57 77 71 61 56 54 56
Wind speed (m/s) 2.3 2.4 24 2.6 24 2.4 2.0 2.3 2.0 1.9 2.1 1.8
EMC (%) 10.3 10.1 9.1 9.7 9.6 10.3 14.9 13.3 11.2 10.4 10.2 10.5
2018 Jan Feb Mar Apr May Jun Jul Aug Sep Oct
Temp. (°C) -4.0 -1.6 8.1 13.0 182 231 278 288 215 13.1
RH (%) 48 45 59 55 63 63 68 65 61 59
Wind speed (m/s) 1.9 2.2 1.9 2.0 1.7 1.7 1.5 1.7 1.6 1.5
EMC (%) 9.0 8.6 11.1 10.3 11.7 11.5 12.4 11.7 11.2 11.0

3.3. Changes in equilibrium moisture
content and the climate in Seoul

Meteorologically speaking, although dividing one
calendar year to four seasons, three months in each
season, is reflected upon the solar zenith angle and
the length of day and night which brings the universality
based on the latitude, another meteorological method
of defining four zones is defined based on the average
daily temperature as following (Kwon et al., 2007):
I) The cold period has an average daily temperature
of below 0°C and abundant of snow; II) The cool period
has an average daily temperature range from 0 - 10°C,
and frost is observed occasionally; IIT) The warm period

has an average daily temperature range from 10 - 20°C,

and there is no frost observed; IV) The hot period has
the average daily temperature above 21°C. Korea has
a repetitive II-III-IV-I climate condition, total of four
seasonal changes are observed in a calendar year.
In order to examine the changes in EADD and
equilibrium MC, Seoul region’s monthly average
temperature, relative humidity, wind speed and each
corresponding equilibrium MC are stated in Table 4.
Based on recent 3 years of average monthly tem-
perature in Seoul, January and February are categorized
as (I), March and December are in category (II), April,
May, October, November are in category (III), and June,
July, August, September are in -category (IV).
Equlibrium MC was affected more by relative humidity

than the temperature, and it had a tendency of decreasing
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less than 10% during the winter but gradually increased
to have equilibrium MC of 12.4% to 14.9% during
summer.

Seoul region’s meteorological factors including
average monthly temperature, relative humidity, and
wind speed stated in this study will be used as a basic
data to predict changes in MC distribution of Korean
red pine logs during air drying. Decrease in MC in
the process of air drying will be considered as a
dependent variable, initial MC and diameter of the logs,
temperature, relative humidity and wind speed will be
used as independent variables when they are applied
to a multiple regression analysis. Moreover, the data
will be used to determine 2-dimensional mass transfer
coefficients, moisture diffusion coefficient and surface
emission coefficient, in order to to predict the MC

distribution of Korean red pine logs.

4. CONCLUSION

In order to establish a pilot study for analyzing
MC level for Korean red pine logs during air drying,
the study provides the calculated EADD using the mete-
orological data from 24 regions in Korea such as average
monthly temperature, relative humidity, wind speed,
and based on the result, categorizes the EADD zone.
The obtained conclusions are followings:

1. The average EADD was calculated to be 265 days
with a range of 239 — 291 days, based on the
30-years of average monthly meteorological data
from 1988 to 2017 in 24 regions in Korea. This
result showed a total of 5 days increase, compared
to 260 days which is the average of the study
in 1986. The meteorological factors affecting
EADD were in the order of temperature, relative
humidity, and wind speed, and EADD deduction
resulted from the relative humidity and wind speed
was minimal.

2. As a result of dividing Korea into 4 zones of

EADD, the zones of EADD were shifted northward
compared to previous study due to global warming.
3. The difference in monthly EADD can be used
to explain the change in seasonal air drying speed,
and if utilized with air drying calendar of each
region, it is expected to predict the air drying days

for woods.
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APPENDIX

(Korean Version)

28 : AAAxE AxHE B9 4%, wwet 7], AAARGY Y EAT Wl AzxAele] A4S Tefaob
st} gelbelol o] 44/ de] Tl Gl AL ofE8Tt A20] L& U ATk Kol7h 27| thie] 7)4HelAte] et
A7 asle B Aol AU AEe) AAAE F Yo WIS BA5 9ot /1 ZARE F) 24799 1988
B 201797k 309 W W 71, ATGE, F4) 7HUAAE olstel §RAAALUSE AE3Hch 24499)
SAAAAZUSE 239 - 2919 W92 FRGEE 265U0lgich. o ZIHe 195U H 19847149 742 A2
SRAAAZUSY] B2 26009 Hl3fe] o 59U F71ak gholck. FAAAAZUSGL /PSS CFEEFRY 2, a3
Az S vIAE AL S5, AUSE, B0 SAGt Ao AEE EAADEASE o] §3tol
seldets 4he) RAAAEAST R FHE ATk fEAAARASY} A Feudste] Qaror Haedolx AAE
Aol Hse] SlmA BEOT AT ALAGolA] SHE AR AR AAA% F W4E LIS 23] A%
7|ZAE2 2016ARE 20188711 3U7ko] A HFEE, AUSE, B4 7S ANGT, 1o BE HHHEL

kS AR

LME

A7 Z(air drying; natural drying)= AJAAFE Q] HAE HAAG o] ot AA9 7| 2700 ZE2AIA Tele As
ofm|3tti(Jung et al., 2005). HANRE QFFo] Hste] 7] HH] & oJX] H]Go] A9 gle= o] §l= RHe, 713}
AR 29 P 27 o JWe Aart aska, 71A4%eE olskE X 4= §ivke wxlo] Ak Addxe 549
F, e A7), AAA2GY A0 A 71RJAAE defslof E7] wf ol thekdt TesE e 450 AR
AUz 225 A dgthe A gA gk Sejuetel 2ol 47449 Fhio] Sl Aol olgdt A &&=t
olof] o3 oj AHo] HAAAXE Al&st=tho] wel x4 AZES] Zpo|7} §lth(Simpson and Hart, 2001).

SAHAAZ Y (effective air drying days; EADD)= 7|AFZ A W2 1714 F AAAZ A3t d4(Rietz, 1972)=
ol& o]gsty HANX AUt (air drying calendar)E Z|GHE AAT = Qlrh. HAdx 9 fadddxds< THH
=U-&] A= T 50 mm 0|5kl ] P4et o] tisto] -3 UTh Ijole EEA F B (taun) AR Fo| Tg
20%¢°] sl 28 5= HAdx Y48 £45taL Az AU E 2AAde A(Jung, 1985), =1l 2429 9) f-addd
ZYTE AESIL o5 v o2 4] Ao ER3E o9l(Jung and Park, 1986), 7| &E-S 18] 1otE 4~EA]4x(moisture
inden)Z 1 822]949] 7R S o] §fo] AT AR v HS ATRa, 2018)2} T /A EE BEEH0] 21t}
7] HAdx F g WEE AR AT AT (Jung ef al., 1986) Tol SlTt HlFols T 25 mm
=50 mm HYQ Y E(American beech; Peck, 1954), E4| 2 Al1}l(ponderosa pine; Peck et al., 1956), AFETHEUE
(sugar maple; Peck, 1957), 2% (northern red oak; Peck, 1959), BZ&tA 5 (Douglas fir), B&l}-5(yellow poplar; Denig
and Wengert, 1982) 5] =30 thsto] A= S, A7), BeAAZYe| 917, 1420 12 A2 an7te] 54
At Fol Qir}. E3E va FHE(USDA, 1975)7F AAgE A2 = U4 (growing degree days)2] Bwt7tell 2|Aste] nl=&
Aoz FHsT, 7 o HAAR LA 248 A7 29 9lthRietz, 1972; McMillen and Wengert, 1978).

B ATE T AUT AR AAUE F B4 WSS B3] 9ot HAATE 714 %7175 ol 8 HEl(Korea
Meteorological Administration; http://data.kma.go.kr)of]l AAJE 24X 0| it 307t 7|2, AUGE, 55 5 7IFARE
285t 2t A9 {FRAAAZYFE AEsiGith 11 AnE 1986d0] 2 A E AEH ZIK(Jung and Park, 1986)2}
wstel 7| FHsk] U2 fEAANZAR WakE LAt
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SRR

2.1, I 243 7VgAE 3
Az § BA Y T o] 9T vAe 2 AdlsE, 35 59 71IAE Alsh] st 7134 =71
OlEAIEIE o] &tk P IFHolEAIE ol S F8AI99 7|2, A $5, T 55 QAT 59 7158
gt FAAETE A E o] ek 2 At M= 198610 AbEE FREH AN XY 5 (Jung and Park, 1986)9F 2| 3041t
W F8A99 FaRdARY HlE Hwsly] feto] AFATet LT &2, &4, BF AL, 9, 2FE Y
Ark, B, A, #5923, AL O AF 24k 3 AL 89 5E o AIE AAE, A 5 24X 0] giRt
5

Y 712, AT, B4 BAGEE Sst

2.2, FEAAAZRIS A& WY

7147 =7P7 15 H o HAIE & 713 R | FASY] FEHANZYFE ASSHth FEHAUNR Y, A2 vl A4t
EFUFA(USDA Forest Service Forest Products Laboratory; Reitz, 1972)0)| 4 AA|gH H-S- o] 8a}3ch HAAz| AFst
199 GEAQAZASE 3002 FHP3h, o] SAE, 7, 8ol S3H= B BE ATGEA AR ArhSEe] Hlstol
5% oA 3L B Fol Am Fho) vstel 18 misol AL u 220 FASIAT. BAG, 4, 59, 7HHO, 10,
119), ALH(12, 1, 29)0] &3h o] B 7120l ofgH] 374Ye] B 1t S0 AL et saS AL,
Bt AEE7E A8 ddigEol vlste] 5% ol AU et F&o] ARt FEof Hlste] 1.8 mis ol A& uj 29
SABA AdiEeet F49 2717 27do] FAlO] st 49 495 FASItHJung and Park, 1986).

2.3, AAE FEAAAZASY T2

Sejubere] fEAA FRAAAZ UL whet 2502 ]uke A1, 250 25929] $9IE A2cH, 260 26949
92 AR, 2702 oL AT T 4 9Icklung and Park, 1986). £ Aol i 2 307k VAR E AEH
247)919] §AAAAZUSE o 83to] FAAAAZYLTE TR, o) 3097H] 7|ARRE T8E SRHAAZUS:

dho} ulwshict.

2.4, AEAHY 7z UE HFTrE A=

271382 28 - 83%9] WHYjo|a, WA E-2 310 - 510 mm9] HYQl AUHE A5 162
WSS S4517] Ite] 20169 6ol AMEEA] ST FEAR T Yol AAnxAE 1
S 201643 E 20189719 A7k BFLE, A, 40t olo] UE BTLES ABeth BRTERS A
Hailwood-Horrobin®] Z2H2gl(Simpson, 1973)% ©]-83}o] AAFS}S Tt

EMC:]SOO(

/4

Kh . KKh+ 2K, K,K*H
1-Kh 1+ K Kh+KK,K*h*

where, EMC = equilibrium moisture content (%); h = relative humidity expressed in decimal form (%/100); W, K, K,
K, = temperature dependent parameters.

3. Zn H ¥

3.1 U Faxoe] $EAAAZAS 24
Table 1] S 24X]00) W8 HFLE, ATIGE, B4 71H9IAS o[ §3ko] 1986de] A5E U B fEAANEY
S, BEAR, AAAZE BANE AA5IcHung and Park, 1986). o] Fe ASEE 18 - 3099 A B 7N
olgto] AktEglow, 717to] ZHAES Table 19] ofeholl AABHAT. T 247)210] Hg FEHANZY
2e) 288A(HFIE), Hd 237YE )OI FEAAAZYSE BRLEo] G 7P ol won], St 9do|
Ao GRS VAo, FHS GRS vA Yot
Table 20] 198861528] 20174744 3010] U B 7RIS 272 48 ) 24|20 fEAAVZASE A3}
oAk, 2 7| Fevse] e HFLEo $712 Table 10] AXE o] 3047He] fEAAAZ U0} v]meto] Haghe
26522 oF 59 Z7}al9on], 2t 201U(HFAB), A4 239UE oIk Aol Anny gi7A o] GEAAAE
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L 2529004 262902 1090] Z7H5t0m, 237 92] ke 259%olA] 2609 19| F7Feksick. 62 o) F7Het A%t

U6, AFED, FAG, FFIOD, ZHE, HA10D, 46D, THEY 5 olsiek FAAAALL
S WA= 71 2k, A 3459 eAfeH, S50 UE fFRddd2dSY] $A= 20019 6 5
201349 64 2FE=A0NA 22 1914 L]l Olﬂiﬂ g9 fFadddzdae] Aols AFE dddx £xHskE
A 4 glom, 2 A9e) HAAZAUGES BEE B9 2ANAALASS AT 4 lckMeMillen, 1978; Jung
and Park, 1986).

4>

3.2, A9 faddazds Wt
Tﬂb}ﬂH A9 1988 AHE 2017A71A] 307 7| dA RS o]8-ste] AAME A9 fFadAdz Yol uet 4719
B FAAAR UG R TESFH Table 33+ Zro] B2Er) 1986WL 7]F 02 1955WRE 1984 74x] 9] S-aAAAZR Y

9} v ek AR L2 AE, s, 1‘41**01 AR o]gatl L, AR FEEUE i, B, A57F A3 E
olFatlom, AR LREUY &2, L3}, SAlo] AR o]Fsoiet. A 7| T2dsle]| tE FH2EY SR fFEH
Az Y9 Htgho] oF 5UsH A3t o] {3 %Ldz"‘#ﬂiE Aueit & o7 gyt 2wt gkl oJs) =
S2iuete] dRbyel 7 etia de| 28 2Eof Ao o s fRAAARYs e Addol wsait Aol
w35k, A3e]l FRA A FEo] £xEtgon, YWEAHS =] uhekA A2d 2 A1l EEsHGIc

3.3, AeAge /2T BHESE Wt

A OR 19 349H 48R FHek A wloke] mEet whkel o] WakE et Ao =4 nuiol
SLouk 714l 154 AlhE Tes /1R AATE F ABFL olfdte] Theat o] 4T7HOR FHY 4
SIth(Kwon et al., 2007). 1) 24717k AB7]80] 0°Colahe o] BTk, 1) Weg7|7he A7) 0] 0-10°CE 74
A2t ik ) 24717k A7) 20] 120°CE A7} it 7Ikteleh. IV) AG717ke A7) 20] 21°C ol4folc.
Selbehs ILILIV-IS) 47%k] WHEAOR Uehhs 7| F2AE AT 90w, 1d F 4489 #ab} 24,

Al Wik 2 FEALATAL o FYBLES WikE LU i 4% URh AT B 24
A12A99] 01695 201847H9] U7F BFLE, AhE, F453} olo] 2 FYPSES Table 4o] A3

B2 U ASA199) B R, Ahe, B2 WA 3 RS F20R 1 298] S 3, 129 W
45,10, 1198] 2712k 6,7, 8, 9819] A/em 58 4 ook, Uit B0} AEEE olsjel AE B4
g0 Lol Hlsto] ATAE] QoS Bol won, A Ao 10%el3he FAsGrh WAk S7kete] o} S del 12.4 - 149%
M) At

u

E. oE.

111> o

£ G701 AN AR U L AL, 0l A i U] AdE $ Pod Wil
A1 2 AIAR2A ol AT VUL T ULE BLE FAUIAD 40P HE 006, WIS,
2F, ATGE, B4% SUULE @ CeaARl 449 o] Y AR F 2R A50) Pog A5E Y
2749 BAATE ARel SHBAASY EUGAASE 2R3 Slat 422 24D Aol

438

AT L AR U HAE F F4E WSS R4S St 12ARE S 241949 A Bl AT,
F4 59 7)Y £ AEoI, 1 A0S BgoR SRAAAZASYE RSO, g

1. 198896 201797142 30497F A8 Bt /AAAE DASte] ASHE S 247 90] T 5
- 201919] W9)% Hagke oF 26520019lc o] Tz 1986WS 71E02 o 304 7] Bagkel 260200 vlalo]
o 59 371t grolrk. SERAARUS FHS WAL NPAAE L8, JGT, 49 EAACH, AriEEs
Faol A BHFAL oS

2 Az A FRANAZURE ol ol
PR 2719 GFOR
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