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Weather Data for Developing a Good Design of
Wooden Buildings'
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ABSTRACT

This research was performed to supplement the previous research about the driving rain index (DRI) for Korea
determined by using daily weather data for 30 years. The average annual driving rain index (AADRI) was caculated
from the hourly weather data, and the magnitude of DRI was investigated according to wind directions. The hourly
climate data were obtained from the Korea Meteorological Administration (KMA) for the period 2009 to 2017. Of
82 locations investigated, seven were classified into regions where the level of exposure of walls to rain was high.
The result showed quite a difference from the previous results, in which no high exposure regions were observed.
Since the hourly-based and the daily-based annual driving rain index (ADRI) values showed only a slight difference,
the result may be explained by the length of the periods used in both studies. The change of DRI according to wind
directions showed that there was a certain range of wind directions in which driving rain easily approached building
walls. It suggests that the consideration of wind directions with high DRI would be useful to develop a good design
of wooden buildings from the point of wood preservation and maintenance.
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of the level of exposure of wood to the impingement

1. INTRODUCTION

of water can be useful for developing a good design

Wood is a porous material and can absorb water
when exposed to various moisture sources. Although
the amount of moisture absorbed varies depending on
the physica and chemical characteristics of wood, the
more impingement of water on wood generally means
the higher absorption and the deeper penetration of water
into the wood. The increase of the moisture content
of the wood may cause wood decay. Thus the knowledge
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of wooden buildings from the point of preservation of
wooden materials (Chouinard and Lawton, 2001).
There have been studies to evaluate the degree of
wood decay hazard and compare regiona differences
(Degroot, 1982; Kim and Ra, 2014, Kim et al., 2011;
Setliff, 1986; Scheffer, 1971). The research on driving
rain is one of them because, in amost al climates,
driving rain is one of the largest sources of moisture
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of wood used in exterior congtruction and not in contact
with soil.

To quantitatively determine the effect of rain, Lacy
(1962) first introduced the concept of driving rain.
It was postulated that the quantity of rain that passes
through a vertical wall in the atmosphere was
proportional to the amount of rain faling on the ground
and the wind speed while rain is faling. This concept
resulted in driving rain index (DRI) that was expressed
as the product of rainfall and wind speed. Lacy (1962)
classified the level of exposure of buildings to
wind-driven rain as shielded, moderate and high
according to the values of DRI. It was determined in
many countries such as Sweden, Denmark, Canada,
USA, and China, and the DRI maps were created (Boyd,
1963; Chand, 1999; Chand and Bhargava, 2000; Lacy,
1962).

In Korea Ra (2017) investigated DRI for 82 locations
spread al over the country by using daily-based climate
data and reported that there were no high exposure
regions. However, there was a need for additional
research because the hourly-based climate deta can gives
a better estimation than the daily-based data. And there
was no information about wind direction. Depending
on regions, there may be a certain range of wind
direction in which buildings were easy to come into
contact with rain. Therefore, the information of the
magnitude of driving rain according to wind directions
would be very useful to develop a good design of
wooden buildings.

The objective of this research is to supplement the
previous research about the DRI for Korea. The DRI
was determined by using hourly weather data and the
magnitude of DRI was investigated at various wind
directions.

2. MATERIALS and METHODS

Domestic hourly climatic data from 2009 to 2017

were obtained from the Korea Meteorological
Adminigration (KMA). Climate data has currently been
measured at 82 locations, but the hourly data were
measured since 2009. The hourly data of interest in
this research were precipitation, wind speed, and wind
direction. The DRI was determined using equation (1)
and (2).

Dec3l Dec31

ADRI= Y, DRI, ., = M Wrourty X Prgury) = (D)
Jan 1 Jan 1
2017
N ADRI
AADRI= % ......................... @)

where ADRI (m/s) is annual driving rain index, W is
hourly wind speed (m/s), P is daily precipitation (m),
and AADRI is average annual driving rain index (m/s)

In previous research performed by Ra (2017), the
DRI was determined by using daily climate data. Some
studies have used daily data instead of hourly data to
calculate driving rain index because it is difficult to
obtain the climate data for the consecutive periods of
30 years thet is known as climatological normds (Chand
and Bhargava, 2002). It seems that the DRI determined
by using daily climate data have a kind of internal
erors larger than the one determined by using the hourly
climate data.

The 82 locations investigated were grouped into three
categories based on the determined values of average
annual driving rain index (AADRI). According to the
exposure grading proposed by Lacy (1962), an index
value greater than seven represents “High exposure”’,
values between seven and three indicate “Moderate
exposure” and those below three refer to shielded sites.

The hourly-based ADRI values of Seoul were
compared with its daily-based ADRI and the monthly-
based ADRI vaues to investigate the differences among
them. If the differences are dight, the daily-, or monthly-
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based DRI may be used to esimate a precise DRI when
the long term hourly data is unavailable.

The intensity of DRI are evduated according to wind
directions. All the data were sorted according to wind
direction, and the magnitude of DRI was calculated
at the wind direction of 07, 20", 50°, 70", 90", 110°,
140°, 1507, 180°, 200°, 230°, 2507, 2707, 290", 320,
and 340'.

3. RESULTS and DISCUSSION

In this research, the AADRI was calculated using
the hourly climate data measured a 82 locations
between 2009 to 2017 in Korea (Table 1). Unfortunaely,
there was no available hourly data of precipitation, wind
speed, and wind direction before 2009. It may mean
that the result should be used with care because it was
not the result based on the three-decade averages of
climatological variables that are called climate normals.
It is a kind of accepted convention to use dimae normds
in the area related to climate analysis. However, there
is controversy to use climate normas if current climate
conditions are turning in upward or downward
directions. The climate normal is generaly accepted
when the climate conditions are fluctuating.

The regions investigated were grouped into three
categories based on the values of the determined
AADRI-shielded (less than 3), moderate (between 3
and 7), and high (higher than 7). Based on this criteria,
it was found that there were seven regions where the
level of rain exposure is high: Jindo, Seongsan,
Ulleungdo, Gosan, Yeosu, Heuksando, and Wando. The
velues are 10.43, 8.86, 8.75, 8.27, 8.25, 7.57, and 7.35.
All the regions are idands except Yeosu that are locaed
on the southern coast area of Korea

The number of regions with shielded and moderate
exposure to rain was 40, and 35, respectively. However,
the previous research performed based on the daily
climate data showed that there was no region with high

exposure to rain (Ra, 2017). In the research,
Daegwallyeong showed the highest AADRI values of
6.39, which wes classified into the region with moderate
exposure to rain.

Fg. 1 showed the difference of ADRI vaues of Seoul
determined by using hourly, daily, and monthly climate
data for the period of 9 years. The highest values were
observed in the DRI determined by using hourly data,
followed by daily, and then monthly data. The ADRI
values determined on the daily data showed about 6.5%
less than the ADRI determined on the hourly data, and
the monthly-based ADRI 18% less. It may be possible
to use the daily-besed ADRI to etimate the hourly- based
ADRI for the years where no hourly data is available.

The different results of this research compared with
the previous research can be explained by the different
periods that were used in both studies. The daily-based
AADRI determined in the previous research is the
average values for 30 years, and the hourly-based
AADRI is the average values for recent 9 years.
Therefore the result that more high-exposure-to-rain
regions were observed in the 9-year AADRI may offer
a better information on the conditions of recent climate
change. However, specid care is required to interpretate
the results because it may be the simple change of
climate fluctuation.

Annual Driving Rain Index (m/s?

2009 2010 2011 2012 2013 2014 2015 2016 2017
Year

‘ -0-hourly data =~daily data -3-monthly data ‘

Fig. 1. Comparison of average driving rain index
(AADRI) of Seoul determined by using hourly, daily,
and monthly weather data.
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Table 1. Average annual driving rain index (AADRI) values calculated from hourly climate data for the period

2009-2017.
. Rain Wind Direction

Location (mm) N(gz;h 20° 50° 70° (%gg) 110° 140° 160° (S:L%%tg 200° 230° 250° (2W7°§) 290° 320° 340° AADR
1391 005 0.09 045 123 016 010 0.09 008 009 029 059 042 031 0.17 012 005 429
Seoul (477)** (0.04) (0.05) (0.36) (0.57) (0.17) (0.08) (0.05) (0.06) (0.06) (0.15) (0.29) (0.34) (0.20) (0.13) (0.09) (0.06) (1.55)
Busan 1519 013 061 119 027 018 016 0.11 022 014 062 125 050 038 0.07 003 010 596
(315) (0.11) (0.57) (0.57) (0.13) (0.11) (0.11) (0.09) (0.14) (0.09) (0.47) (0.58) (0.26) (0.22) (0.05) (0.02) (0.05) (1.50)
Daegu 1058 0.06 0.02 0.06 009 023 059 045 008 002 004 002 006 022 015 006 004 219
(234) (0.04) (0.02) (0.04) (0.11) (0.14) (0.32) (0.24) (0.09) (0.01) (0.08) (0.02) (0.03) (0.09) (0.07) (0.04) (0.03) (0.64)
Dagjeon 1253 020 0.06 0.06 011 014 040 020 014 027 021 005 007 006 008 015 022 241
(315) (0.09) (0.05) (0.04) (0.07) (0.08) (0.24) (0.10) (0.10) (0.20) (0.10) (0.03) (0.05) (0.05) (0.04) (0.07) (0.20) (0.78)
Gwangiu 1333 015 034 0.80 028 008 008 0.13 019 025 053 038 019 007 005 005 005 3.63
(234) (0.14) (0.22) (0.43) (0.28) (0.07) (0.07) (0.14) (0.13) (0.12) (0.36) (0.14) (0.10) (0.03) (0.02) (0.04) (0.06) (1.22)
Ulsan 1184 029 036 037 022 011 017 019 013 020 015 012 009 011 0.13 012 027 3.02
(315) (0.10) (0.16) (0.19) (0.18) (0.12) (0.19) (0.17) (0.15) (0.17) (0.06) (0.02) (0.06) (0.08) (0.05) (0.09) (0.41) (1.08)
Incheon 1202 018 015 0.17 018 034 033 034 041 059 036 053 024 021 009 013 020 447
(380) (0.27) (0.09) (0.14) (0.22) (0.15) (0.11) (0.20) (0.23) (0.37) (0.17) (0.38) (0.15) (0.22) (0.06) (0.11) (0.13) (1.14)
Ganghwa 1229 015 054 056 016 005 004 005 009 018 040 082 039 011 0.04 005 005 3.69
(467) (0.11) (0.45) (0.22) (0.08) (0.02) (0.04) (0.05) (0.06) (0.13) (0.36) (0.51) (0.19) (0.08) (0.03) (0.04) (0.05) (1.49)
Baengryeongdo 739 003 004 045 097 056 063 027 029 011 036 059 018 026 0.19 006 002 5.02
(251) (0.03) (0.03) (0.35) (0.43) (0.31) (0.32) (0.24) (0.25) (0.14) (0.34) (0.38) (0.22) (0.23) (0.15) (0.05) (0.02) (1.87)
Dongducheon 1382 037 021 012 012 007 010 015 043 019 027 020 023 011 0.07 005 009 277
(501) (0.21) (0.14) (0.06) (0.07) (0.04) (0.10) (0.08) (0.21) (0.12) (0.20) (0.11) (0.13) (0.09) (0.06) (0.03) (0.03) (0.89)
Suwon 1345 010 0.07 013 025 050 044 020 019 016 020 020 024 022 0.11 008 010 3.18
(384) (0.14) (0.08) (0.19) (0.18) (0.32) (0.16) (0.08) (0.09) (0.10) (0.07) (0.23) (0.13) (0.15) (0.04) (0.05) (0.08) (0.95)
v angpyeong 1401 013 0.09 004 009 019 035 033 022 020 016 010 009 013 0.15 015 011 253
(501) (0.10) (0.12) (0.02) (0.06) (0.10) (0.18) (0.16) (0.10) (0.13) (0.19) (0.12) (0.07) (0.11) (0.07) (0.10) (0.05) (0.88)
cheon 1258 015 024 035 025 012 006 0.05 007 013 014 028 016 007 0.04 004 003 219
(414) (0.20) (0.14) (0.16) (0.13) (0.08) (0.04) (0.05) (0.05) (0.08) (0.09) (0.21) (0.09) (0.04) (0.04) (0.04) (0.03) (0.82)
. 1295 019 033 063 023 009 007 006 012 030 040 023 005 003 003 004 008 288
Pau (478) (0.20) (0.17) (0.35) (0.24) (0.05) (0.07) (0.05) (0.04) (0.15) (0.22) (0.14) (0.04) (0.03) (0.03) (0.03) (0.06) (1.05)
1274 051 022 030 024 012 015 0.11 016 011 004 004 004 010 021 040 049 3.25
Sokeho (178) (0.31) (0.08) (0.18) (0.15) (0.10) (0.13) (0.07) (0.16) (0.07) (0.02) (0.01) (0.03) (0.10) (0.08) (0.42) (0.26) (0.59)
Cheorwon 1377 067 041 015 007 006 004 006 011 017 084 029 008 006 008 012 022 343
(377) (0.22) (0.25) (0.12) (0.05) (0.04) (0.05) (0.04) (0.11) (0.10) (0.58) (0.31) (0.07) (0.03) (0.09) (0.12) (0.08) (1.09)
Deegallyeong 1239 0.06 008 025 085 093 039 005 002 001 002 006 024 083 028 008 004 419
(234) (0.07) (0.07) (0.23) (0.73) (0.30) (0.30) (0.07) (0.03) (0.01) (0.02) (0.07) (0.17) (0.41) (0.14) (0.05) (0.04) (0.79)
Chuncheon 1345 029 0.08 0.06 004 003 004 007 012 014 012 008 005 005 006 022 041 184
(433) (0.10) (0.05) (0.04) (0.03) (0.01) (0.02) (0.05) (0.05) (0.09) (0.07) (0.05) (0.04) (0.04) (0.05) (0.12) (0.12) (0.54)
Bukgangneung 1214 035 0.14 008 006 008 011 0.08 008 005 004 006 007 026 028 049 035 259
(228) (0.23) (0.11) (0.06) (0.05) (0.11) (0.08) (0.04) (0.06) (0.05) (0.03) (0.04) (0.05) (0.26) (0.21) (0.17) (0.20) (0.61)
Gangneung 1235 026 023 034 025 011 0.08 0.06 006 005 004 006 009 007 014 018 031 231
(260) (0.23) (0.10) (0.29) (0.25) (0.07) (0.04) (0.05) (0.05) (0.03) (0.02) (0.03) (0.05) (0.02) (0.13) (0.10) (0.33) (0.55)
Donghae 1120 066 032 0.16 004 003 005 0.07 007 007 007 008 006 005 0.11 038 094 316
(288) (0.29) (0.23) (0.12) (0.02) (0.02) (0.05) (0.05) (0.04) (0.04) (0.04) (0.07) (0.04) (0.02) (0.08) (0.18) (0.56) (1.15)

*1 Vaues in parentheses represent standard deviation.
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Table 1. Continued.

. Rain Wind Direction
Locaion mm) '\'(gf,;h 200 50°  70° (ggf) 110° 140° 160° (13%%2'; 200° 230° 250° (‘2’7%3) 2000 300 a0 AR
Wou 128L 022 027 016 006 007 008 03 01L 007 015 017 019 012 008 005 008 202
(434) (0.22) (0.15) (0.10) (0.05) (0.06) (0.03) (0.10) (0.06) (0.04) (0.10) (0.09) (0.19) (0.09) (0.05) (0.04) (0.04) (0.77)
1176 010 006 005 009 015 021 016 010 005 004 004 009 015 013 012 008 162
veongwol o) (0.10) (0.09) (0.03) (0.08) (0.09) (0.08) (0.10) (0.09) (0.04) (0.03) (0.03) (0.05) (0.03) (0.06) (0.06) (0.06) (0.65)
e 1194 021 043 051 010 00l 001 003 030 041 013 004 001 001 002 003 005 230
(334) (0.09) (0.21) (0.25) (0.11) (0.01) (0.00) (0.04) (0.20) (0.24) (0.07) (0.03) (0.01) (0.01) (0.03) (0.02) (0.01) (0.63)
Hongcheon 1185 007 007 022 026 02 011 004 003 003 008 010 015 009 005 OG2 0G2 160
(325) (0.04) (0.04) (0.15) (0.13) (0.15) (0.05) (0.03) (0.02) (0.02) (0.05) (0.06) (0.10) (0.06) (0.03) (0.02) (0.03) (0.49)
ot 1201 026 029 030 020 007 001 001 002 012 0% 037 015 004 002 005 008 231
(347) (0.11) (0.17) (0.20) (0.10) (0.04) (0.02) (0.01) (0.02) (0.09) (0.11) (0.17) (0.06) (0.02) (0.02) (0.03) (0.05) (0.65)
, 1137 011 005 003 007 036 047 043 007 006 005 010 012 019 011 010 008 209
ChUNGY 301y (0.06) (0.02) (0.02) (0.07) (0.19) (0.28) (0.07) (0.07) (0.04) (0.02) (0.04) (0.05) (0.08) (0.08) (0.09) (0.07) (0.71)
Cheongy 1% 021 021 018 006 006 014 019 021 016 008 01 02 009 007 007 013 223
(325) (0.11) (0.09) (0.11) (0.04) (0.04) (0.11) (0.11) (0.10) (0.09) (0.03) (0.07) (0.13) (0.06) (0.04) (0.04) (0.21) (0.66)
1122 005 014 034 069 041 018 013 010 004 002 004 017 058 008 003 003 302
CpIngYINg = oy (0.08) (0.16) (021) (0.43) (0.12) (0.07) (0.05) (0.05) (0.03) (0.01) (0.03) (0.12) (047) (0.05) (0.02) (0.04) (0.92)
1307 006 012 044 039 008 007 011 009 004 007 021 03L 016 004 004 002 223
Jecheon - oay (0.02) (0.08) (0.36) (0.24) (0.04) (0.08) (0.25) (0.07) (0.04) (0.04) (0.15) (0.11) (0.16) (0.02) (0.08) (0.02) (0.74)
bowy 1262 015 011 006 006 008 007 023 042 029 009 007 006 005 009 016 016 215
(283) (0.06) (0.08) (0.06) (0.08) (0.06) (0.04) (0.07) (0.19) (0.19) (0.05) (0.06) (0.05) (0.04) (0.05) (0.12) (0.09) (0.64)
1238 012 022 032 036 022 010 015 021 063 079 050 017 014 012 012 009 4.26
SO 71y (040) (0.19) (013) (0.21) (022) (0.05) (0.20) (0.13) (053) (0.50) (0.61) (0.16) (0.12) (0.08) (0.06) (0.06) (2.08)
1191 010 004 011 013 028 048 024 018 011 005 015 023 025 018 012 008 274
Cheonan = 1) (0.10) (0.03) (0.10) (043) (018) (0.23) (0.16) (010) (0.09) (0.03) (0.08) (017) (0.09) (0.10) (0.10) (0.09) (0.77)
Boryeong 118 078 039 025 016 017 013 009 007 087 109 028 005 003 002 003 007 368
(341) (0.28) (0.28) (0.06) (0.12) (0.13) (0.09) (0.03) (0.05) (0.47) (0.57) (0.25) (0.07) (0.06) (0.01) (0.03) (0.04) (1.30)
by 1277 015 019 016 019 014 013 013 016 014 016 021 015 013 014 OU 013 248
(338) (0.05) (0.07) (0.06) (0.10) (0.09) (0.12) (0.09) (0.07) (0.09) (0.11) (0.13) (0.16) (0.07) (0.09) (0.06) (0.22) (0.80)
1229 008 003 002 005 014 023 020 017 008 004 008 014 024 020 003 006 177
GeumsaN 13y (004) (0.03) (0.01) (0.04) (0.07) (0.10) (0.05) (0.07) (0.04) (0.02) (0.03) (0.08) (0.11) (0.06) (0.02) (0.07) (045)
ey, 1% 021 023 017 016 024 030 028 018 027 03L 02 017 024 022 030 028 378
(305) (0.21) (0.16) (0.09) (0.10) (0.13) (0.16) (0.24) (0.09) (0.22) (0.23) (0.19) (0.19) (0.21) (0.10) (0.39) (0.25) (1.39)
, 1218 015 009 008 007 014 021 033 026 017 015 019 021 015 007 012 018 256
T 019 (0.09) (0.04) (0.07) (0.06) (0.09) (0.15) (0.47) (0.15) (043) (0.14) (0.09) (0.15) (0.07) (0.04) (0.10) (047) (0.89)
1154 010 030 041 029 019 014 019 021 034 037 005 007 011 015 010 011 311
Buan (181) (0.08) (0.32) (0.22) (0.14) (0.08) (0.07) (0.06) (0.09) (0.10) (0.28) (0.04) (0.06) (0.05) (0.06) (0.05) (0.07) (0.75)
- 1334 019 008 010 009 010 012 019 033 031 019 013 009 019 014 010 009 244
(317) (0.09) (0.04) (0.05) (0.06) (0.08) (0.09) (0.06) (0.20) (0.15) (0.10) (0.09) (0.05) (0.10) (0.06) (0.05) (0.05) (0.82)
ongay 132 017 023 018 012 013 018 017 010 008 014 02 017 009 008 009 013 229
(285) (0.06) (0.08) (0.11) (0.08) (0.14) (0.11) (0.10) (0.07) (0.06) (0.10) (0.11) (0.16) (0.06) (0.04) (0.08) (0.13) (0.56)
1262 020 014 036 033 013 006 013 016 012 011 017 012 016 011 008 013 250

Namwon

(239) (0.23) (0.07) (0.35) (0.22) (0.06) (0.05) (0.16) (0.10) (0.09) (0.06) (0.09) (0.06) (0.09) (0.07) (0.05) (0.08) (0.72)
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Table 1. Continued.

Rain Wind Direction
Location (mm) N(g(r};h 20° 50° 70° (%‘?,) 110° 140° 160° (Slglgg 200° 230° 250° (\2/7?) 290° 320° 340° AADR
1494 050 031 013 009 006 012 006 022 033 075 026 020 011 009 007 021 351
ngs (329) (0.14) (0.34) (0.16) (0.09) (0.06) (0.10) (0.04) (0.14) (0.18) (0.35) (0.13) (0.13) (0.05) (0.04) (0.04) (0.13) (1.24)
Gochang 1306 042 008 009 020 026 043 045 025 021 019 007 007 007 008 015 032 334
(276) (0.22) (0.04) (0.03) (0.10) (0.20) (0.27) (0.12) (0.20) (0.15) (0.10) (0.04) (0.04) (0.04) (0.06) (0.07) (0.44) (1.16)
Sunchang 1415 0.07 006 004 009 035 032 028 017 007 005 006 019 062 022 011 012 281
(246) (0.04) (0.05) (0.03) (0.07) (0.20) (0.13) (0.13) (0.07) (0.05) (0.03) (0.03) (0.08) (0.28) (0.11) (0.07) (0.08) (0.76)
1147 063 036 012 010 017 008 079 064 048 014 036 015 004 009 010 019 444
Mokpo (253) (0.62) (0.45) (0.08) (0.06) (0.12) (0.05) (0.31) (0.20) (0.28) (0.08) (0.18) (0.11) (0.03) (0.12) (0.10) (0.12) (1.74)
Veost 1458 005 021 130 199 108 070 051 017 013 051 089 039 010 005 011 008 825
(281) (0.04) (0.18) (1.11) (1.33) (0.67) (0.47) (0.37) (0.19) (0.09) (0.43) (0.45) (0.36) (0.05) (0.05) (0.08) (0.08) (2.67)
Heuksando 1140 037 083 029 045 021 032 131 189 074 024 014 009 008 009 016 035 757
(284) (0.15) (0.62) (0.26) (0.43) (0.16) (0.16) (0.72) (0.44) (0.41) (0.18) (0.15) (0.07) (0.13) (0.08) (0.15) (0.14) (2.49)
Wando 1542 014 016 015 041 059 095 173 129 043 022 025 028 027 021 014 014 7.35
(302) (0.12) (0.13) (0.16) (0.51) (0.85) (0.83) (1.43) (0.81) (0.22) (0.17) (0.32) (0.20) (0.26) (0.24) (0.11) (0.11) (2.50)
Sindo 1452 026 010 006 013 011 081 217 280 083 036 039 038 051 061 033 060 1043
(366) (0.38) (0.09) (0.09) (0.23) (0.05) (0.87) (1.90) (0.70) (0.90) (0.25) (0.20) (0.22) (0.32) (0.46) (0.20) (0.74) (3.67)
Yeonggwang 1261 034 046 024 009 019 023 059 031 028 023 024 022 027 010 008 0.18 4.06
(262) (0.26) (0.56) (0.15) (0.05) (0.10) (0.30) (0.33) (0.16) (0.19) (0.16) (0.20) (0.13) (0.18) (0.07) (0.06) (0.12) (1.60)
1435 023 012 013 018 029 033 09% 099 060 016 017 012 008 008 011 011 463
Jengheung (279) (0.14) (0.11) (0.10) (0.29) (0.39) (0.43) (0.73) (0.82) (0.65) (0.12) (0.15) (0.09) (0.03) (0.04) (0.05) (0.05) (2.00)
Haenam 1274 023 012 013 018 029 033 096 099 060 016 017 012 0.08 008 011 011 463
(285) (0.14) (0.11) (0.10) (0.29) (0.39) (0.43) (0.73) (0.82) (0.65) (0.12) (0.15) (0.09) (0.03) (0.04) (0.05) (0.05) (2.00)
Goheung 1500 014 019 046 019 012 023 039 107 049 028 008 005 005 005 007 017 4.04
(270)  (0.08) (0.10) (0.21) (0.18) (0.10) (0.18) (0.35) (0.63) (0.33) (0.17) (0.06) (0.04) (0.07) (0.04) (0.03) (0.20) (1.48)
Ulleungdo 1562 054 118 226 168 016 014 005 009 015 050 074 040 018 013 021 033 875
(278) (0.58) (1.39) (1.12) (1.85) (0.18) (0.20) (0.05) (0.09) (0.16) (0.28) (0.33) (0.27) (0.12) (0.10) (0.22) (0.26) (2.35)
Uljin 1029 025 0.04 003 006 015 003 010 009 005 005 004 005 020 086 099 036 3.36
(219) (0.15) (0.03) (0.02) (0.05) (0.20) (0.02) (0.10) (0.04) (0.03) (0.03) (0.03) (0.02) (0.20) (0.55) (0.47) (0.25) (0.98)
1000 0.05 0.06 0.03 006 015 032 017 006 0.02 001 005 004 012 019 010 0.04 148
Andong (134) (0.01) (0.03) (0.02) (0.04) (0.07) (0.15) (0.08) (0.06) (0.02) (0.00) (0.05) (0.04) (0.13) (0.10) (0.04) (0.02) (0.25)
Sengiu 1065 0.22 024 014 009 006 004 005 004 004 009 012 009 012 005 006 006 151
(178) (0.11) (0.09) (0.07) (0.04) (0.05) (0.02) (0.05) (0.03) (0.03) (0.06) (0.07) (0.03) (0.06) (0.03) (0.03) (0.04) (0.34)
Pohang 1065 084 058 036 015 008 007 005 005 011 010 009 009 005 005 011 023 3.00
(274) (0.43) (0.37) (0.26) (0.13) (0.07) (0.07) (0.04) (0.05) (0.14) (0.05) (0.06) (0.07) (0.04) (0.04) (0.04) (0.15) (1.14)
1048 016 010 011 003 003 004 009 016 012 008 006 003 005 006 006 007 126
Bonghwa (274)  (0.05) (0.05) (0.05) (0.02) (0.02) (0.04) (0.08) (0.08) (0.09) (0.05) (0.03) (0.02) (0.04) (0.03) (0.02) (0.04) (0.40)
Yeongiu 1217 0.08 0.09 006 009 006 007 011 017 010 005 003 002 009 025 039 012 178
(262) (0.03) (0.13) (0.03) (0.05) (0.03) (0.03) (0.06) (0.10) (0.04) (0.05) (0.02) (0.01) (0.05) (0.14) (0.10) (0.03) (0.41)
Mungyeong 1224 007 002 003 005 020 041 024 008 0.03 0.01 003 002 007 028 015 006 173
(248) (0.02) (0.01) (0.02) (0.03) (0.08) (0.17) (0.19) (0.08) (0.02) (0.02) (0.03) (0.02) (0.04) (0.14) (0.08) (0.05) (0.45)
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Table 1. Continued.

Rain Wind Direction
Location () '\'(gf,;h 200 50°  70° (ggf) 110° 140° 160° (13%%2'; 200° 230° 250° (‘2’7%3) 2000 3200 3ap R
Veongaeo 061 195 029 008 010 007 006 014 011 003 002 004 005 004 00L 006 325
(154) (0.34) (0.73) (0.14) (0.05) (0.06) (0.05) (0.07) (0.08) (0.05) (0.02) (0.01) (0.03) (0.04) (0.03) (0.01) (0.03) (0.87)
Uisong % 016 010 011 010 003 003 002 005 008 005 00+ 005 005 005 005 007 105
(180) (0.03) (0.05) (0.05) (0.07) (0.02) (0.03) (0.01) (0.05) (0.05) (0.04) (0.02) (0.04) (0.03) (0.06) (0.03) (0.05) (0.28)
oo 1022 006 002 004 013 013 018 006 003 004 002 003 003 016 027 009 004 132
(243) (0.03) (0.02) (0.03) (0.06) (0.07) (0.10) (0.03) (0.03) (0.04) (0.01) (0.04) (0.03) (0.10) (0.10) (0.05) (0.02) (0.46)
Veongeheon 26 005 003 006 015 03 03 011 003 002 00L 00 004 010 018 013 008 169
(195) (0.03) (0.03) (0.04) (0.06) (0.16) (0.22) (0.10) (0.02) (0.02) (0.01) (0.07) (0.02) (0.05) (0.07) (0.05) (0.04) (0.46)
Chonguon 1469019 027 033 003 005 015 041 062 058 021 009 013 009 008 006 009 338
(361) (0.10) (0.08) (0.39) (0.02) (0.07) (0.18) (0.26) (0.23) (0.29) (0.18) (0.05) (0.10) (0.08) (0.06) (0.04) (0.06) (1.09)
rongyeong 1516 115 048 037 013 006 010 0S5 110 064 042 023 017 006 005 005 034 5%
(246) (0.90) (0.36) (0.48) (0.16) (0.15) (0.20) (0.55) (0.45) (0.58) (0.27) (0.13) (0.22) (0.06) (0.06) (0.07) (0.37) (1.22)
i 1553 028 020 015 009 026 028 018 011 011 006 004 010 013 006 009 013 227
(388) (0.09) (0.11) (0.13) (0.07) (0.21) (0.19) (0.08) (0.06) (0.07) (0.05) (0.04) (0.08) (0.13) (0.05) (0.05) (0.08) (0.85)
i 1316 006 002 001 003 010 078 057 035 022 007 011 013 010 023 050 021 352
(303) (0.04) (0.03) (0.01) (0.02) (0.03) (0.35) (0.36) (0.15) (0.13) (0.05) (0.14) (0.08) (0.06) (0.10) (0.19) (0.10) (0.93)
uchanguon %0 046 008 008 018 011 009 011 035 03 041 007 03 003 007 018 038 292
(347) (0.41) (0.06) (0.04) (0.24) (0.12) (0.16) (0.11) (0.26) (0.19) (0.26) (0.05) (0.02) (0.02) (0.04) (0.07) (0.20) (1.36)
Vg 1420012 023 08 121 035 005 008 010 008 025 057 043 006 003 004 004 482
(380) (0.14) (0.17) (0.50) (0.36) (0.32) (0.09) (0.17) (0.09) (0.08) (0.11) (052) (0.23) (0.05) (0.03) (0.04) (0.03) (L58)
Seochang 1195 030 018 005 002 003 009 032 022 013 009 009 005 005 005 007 018 191
(255) (0.19) (0.28) (0.03) (0.02) (0.02) (0.07) (0.25) (0.28) (0.06) (0.06) (0.08) (0.06) (0.03) (0.03) (0.03) (0.06) (1.00)
peochoon 120 012 029 047 020 007 001 006 006 012 018 01l 005 005 002 004 004 13
(324) (0.05) (0.23) (0.39) (0.19) (0.06) (0.01) (0.09) (0.05) (0.06) (0.11) (0.05) (0.05) (0.06) (0.02) (0.04) (0.04) (0.79)
_ 1179 017 019 014 005 003 006 020 047 017 006 003 004 004 009 010 014 198
MIVENG 312y (0.09) (0.14) (0.06) (0.03) (0.04) (0.07) (0.16) (0.24) (0.08) (0.03) (0.02) (0.03) (0.03) (0.07) (0.05) (0.13) (0.80)
sonchong 1%L 018 010 072 048 021 011 008 008 007 005 005 007 014 014 010 014 262
(450) (0.11) (0.11) (0.34) (0.44) (0.15) (0.08) (0.05) (0.06) (0.04) (0.05) (0.05) (0.06) (0.07) (0.13) (0.05) (0.07) (1.16)
, 1850 021 013 009 012 037 170 058 008 004 005 006 006 014 029 059 027 478
G e (010) (0.06) (0.05) (0.10) (0.18) (0.68) (0.34) (0.05) (0.04) (0.03) (0.05) (006) (011) (0.20) (0.21) (0.09) (0.95)
1914 055 018 013 018 018 041 028 020 023 027 018 019 014 018 015 025 3.70
Namhae = aom) (0:33) (0.14) (0.10) (0.27) (0.12) (0.27) (0.14) (0.12) (0.15) (0.20) (0.13) (0.11) (004) (0.05) (0.07) (009) (112)
B 1440 036 072 090 102 052 039 041 034 009 011 012 021 021 017 032 027 6.5
jau (444) (0.20) (0.66) (0.51) (0.41) (0.33) (0.38) (0.55) (0.42) (0.03) (0.05) (0.06) (0.12) (0.09) (0.14) (0.20) (0.21) (2.58)
oy 172 042 048 041 018 075 159 147 060 0% 019 023 027 028 018 046 043 827
(280) (0.20) (0.21) (0.27) (0.12) (1.03) (1.16) (0.75) (0.40) (0.15) (0.10) (0.17) (0.11) (0.18) (0.09) (0.20) (0.20) (2.19)
soongen 2% 089 072 077 067 060 0% 079 O7L 062 097 049 021 014 03 022 034 8%
(371) (0.50) (0.25) (0.39) (0.28) (0.40) (0.38) (0.70) (0.41) (0.26) (0.45) (0.26) (0.21) (0.10) (0.23) (0.19) (0.17) (L.91)
, 2002 024 055 139 117 025 025 015 020 040 048 046 051 035 015 012 005 6.72

Seogwipo

(559) (0.16) (0.47) (0.83) (1.22) (0.27) (0.31) (0.19) (0.24) (0.21) (0.22) (0.31) (0.24) (0.21) (0.08) (0.07) (0.05) (2.40)
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Seoul Busan

North (0°) North (0°)

290° 70° 290° 70°

West (270°) East (90°) West (270°) East (90°)

250° 110° 250° 110°

South (180°) South (180°)
Daegu Gwangju
North (0°) North (0°)

290° 70° 290° 70°

West (270°) East (90°) West (270°) East (90°)
250° 110° 250° 110°
South (180°) South (180°)
Daejeon Seongsan
North (0°) North (0°)
1.4 4
1
1
0,8
290° 0, 70° 290° 70°
0.
)
West (270°) East (90°)  West (270°) East (90°)
250° 110° 250° 110°

South (180°) South (180°)

Fig. 2. Change of driving rain index according to wind directions of Seoul, Busan, Daegu, Dagjeon,
Gwangju, and Seongsan.
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Fig. 2 shows the change of DRI of five mgor cities:
Seoul, Busan, Daegu, Dagjeon, Gwangju, and Seongsan
according to wind directions. The speed and direction
of wind a any given location seems to be highly
dependent on loca topography. However, Seongsan,
jgju idand showed a broader range of wind directions
with high DRI than inland regions such as Seoul, Busan,
Daegu, Dagjeon, and Gwangju.

The magnitude of DRI according to wind direction
may have a useful information for developing a good
design from the point of wood maintenance and
preservetion. In generd, the faster and deeper penetration
of water into wood can occur in the direction that the
magnitude of DRI is high. Further research is needed
to evaluate the relationship between DRI and moisture
content at the surface of wooden walls.

4, CONCLUSION

The following conclusions can be drawn from this
research.

1. The DRI were determined by using hourly climate
data for the period of nine years. The number
of regions where the level of exposure of wooden
walls to rain was high, middle, and low were 7,
35 and 40, respectively.

2. The ADRI cdculated by using hourly data tend
to be 6.5% higher than the ADRI cadculated usng
daily data.

3. The AADRI values according to wind directions
showed that there was a certain range of wind
direction in which walls were easy to come into
contact with rain.

4. 1t suggest that the magnitude of AADRI according
to wind directions may be a useful information
to develop a design of wooden buildings from
the point of wood preservation.
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