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Abstract

This study aims to empirically analyze the damage patterns of wooden architectural heritage affected by climate and environmental
changes, providing fundamental data for preservation and management. Recent cases of cultural heritage damage caused by heavy
rain and wind disasters indicate a strong correlation with climate change. In this study, approximately 80 types of damage terminology
were classified through the analysis of regular and intensive inspection reports from the National Heritage Administration, identifying
major damage types such as cracking, decay, and deformation. In addition, temperature and humidity sensors were installed on an
outdoor wooden architectural model to measure environmental variations under real conditions. The results revealed significant differences
in relative humidity and temperature depending on the building orientation and measurement position, even within the same site.
Although the relative humidity under the eaves rose up to 85% at night, it remained lower overall than that of the north and south
fagades. Furthermore, the north and south sides exhibited a longer moisture absorption period—about six hours more than under
the eaves—maintaining wood moisture content and thus providing more favorable conditions for fungal growth. These findings suggest
that site conditions and physical factors critically influence the deterioration of wooden heritage buildings. This study is significant

in presenting an integrated approach that combines damage-type classification with climate data—based environmental measurements.
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Fig. 1. Number of cases of damage to domestic cultural heritage
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Fig. 4. Cultural heritage investigation damage terminology
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Fig. 7. Damage terminology ratio
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Fig. 11. Damage phenomenon in outdoor experimental models

48 0DODO0DOO0DOO0OO 0270 40 00990 20250 110

00 000 00 o0 o000 ooo ooo oooo
ooo 000 bbb ooobD oo 000 boboob oo
0 o0 bbb 0ooo.00 ooo bobbobb 000 ooo
ooo bbb oobb.ooo 0 00,9000 OO OO0 O
ooo bboo oobbo,b000 oob 0o oob 00 o
oood. oo Fig 120 OO0 0ODOO OO0 0OOD O OOOO
oo 00 oo 0 oobbbo oo boo 0obo oob oo
0 0ooo oobo booo.

Fig. 12. Damage to the lower part of the column

(3 0000DO0 O -00 boooo oo

Fig. 30 OO0ODODOD ODDODO ODOO ODDODODO 80%000
00 o0 o0 ooooo.bb,00,b0bb ooob o
0od0o o000 o0 ooooobob boo boo oo
0.00 00 000 b o000 oboooo,ooo o0 O
Ood 00O 1oo 0bbbobob0O ooooo 8% 0od oo
oo oobh 000 oo bob. 00 0bbo oo oo
oooo oo 0 bbobb O00 toobo ooo.

ooo 0ooO0 OO0 20240 100 00O OOOOODO OO
500 OO OO0 110b00,000 12500 00O OO0 OO
OOd. Fig 130 30 OO0OO0ODO OO OO0 OO OO OO O
Ooo0d oogg &% 00D Doo.obb ooobb oo
0o o0 ooooob oo,00,00b 00 00 bo oo
0 oo obobo bbb ooog.

Ood 10 OO0 00 0D 1s0 0ooogo oobo 80%
000 o000 00 oo Dogg.bbb boo
000 000 00 bOoDb Fig 120 OO0 OO0 DOO OO
oo o0 bobbb 000 oo bbb OO0 ooo oo
0o ooo oo b og.

Fig. 140 OO0OOO OO0 0O O0O0O0O 2400 OO0 O
oo oooobo.obobbb 00 7000 0D OO0 0o
o000 ooO 1oo0Db0 8% 000, 13000 O 70% 000
0 0000 300 oo ooooo.oo bbb ooob O
Oo0d bobobO0O OO oooo oo 8% 0ood oo
ood.00 000 bobb o0oo 0o oo Dooo,boo
0000 000 obbbo0o ooob.bb e bbh oooo
80% 00 00000 800D bOOO,00 OO OO o000
oooonD 8% 00 000 goobo,000 bbb oo o



[Provider:earticle] Download by IP 210.117.XXX.XX5 at Thursday, December 11, 2025 6:47 PM

S EZRH%
100

920

80 VIVW/VV‘—L’ — ! [4—>

e &
60 i F/\

(ol

2&°C

VY 7
40 109~13 10.14~16 10.23~26 10.29~31

“ —R|1(8F) BEC

LX|1(5F) RH%

NW'\NVJ\M ‘Aﬁ s

—YX3(EF) 2&°C

TYX3(EF) RH%

—YX|5(X 0} 2E=°C

—YX|5(X0h RH%

Fig. 13. 30-day Temperature and relative humidity graph

100
920
80

(2EF°0) 25

70

60
50 I |

|
+AX1(EE) ®LX|3(
|

10

= EIREED oo 45
|

(RH%) | i : ;
| = - 10
|

|
|
|
*Zh 1

S FR1(EF) ®LA3(HF) ALR5H0O

|
i | I
| | |
234567 89101112131415161718192021222324

Fig. 14. 24-hour Temperature and relative humidity graph

ooo 200 0D 00 90O ooooo.

oo 0obb oooo bbb ooo bbb oo obob o
oo.0b0 0 00 o000 o ooo bboo boo o
ooo ooobobo boboobb bbb booo oo.oo o
o0 ooo ooob bbb bbb bbobo.obob ooo
ooo bobob OO0 bobb.obbbb oooo oo
0 80% 000 000 000 OO0 00 Ooobo bog 1so
0000 oo,oobobob oyuobob e bbb OO O
ooo0o bbb Doooo oo bboboo o oo oo
ooo.

oo oo oob oo,0b,0b0 00 b0 0o bboOo oo
000 000 0ooo. 000 oo bbb 00 1.5m,
gooob 2sm o0 OooODOOD.00 OO0 oo o
oo oo0o obb bbb boooo og,bob,00 0 o0
oo ooo booo og.

oo 000 o000 oo bo ooobob oo oo o
o0 ooooo,b oo oo oo oo o bbb oo
oo ooobobo oooboobo bbb bbb oo ooo. oo

oo 0obb 0o oo 0000 oobo boo oo b-oo
o0 ooob oobb.00 o0 oo oooo o
ooo boobb 0000 oobo bbb oooo oooo.

4.0 0

U ddd o000 oo0 oo oooouoo oo ooa
oo oot oooob boboob,00 oobo bbb bo
ogooboboobbo oo ot obbb o000 ooooo
ud ooobob.o ooob bbb oo.

uo,0000o0 ooobob bboo ooo b0 sobbOo
g oooooo,o b ot ooo ob oo,o0ob-00,0
u,g0-0oo,0o0,0b0 000 obbuo ooobbo.ooo
oo oooo oo ooobob oo 0o oboob oo
ud oo-o0-00 0 oodo oo oboobob booo.

gd,00o0oo ooo bbb o0 0boo0 oood
o000 OO OO,00000 OOO OODOOD boo o

00000000000 0270 40 00990 20250 110 49



[Provider:earticle] Download by IP 210.117.XXX.XX5 at Thursday, December 11, 2025 6:47 PM

oooo.bob oo, 00,00000 0-00 OD OOO
oo oobo ooobooboobo bobb oo booo.oobo oo
oo 0b 000 bobb ooobo boo oooobo.bo 11
U0 0oo0 100 OO0 OoODO OO ODOD bDhDOoOO 80%
oooo bobbob ooooo oo 00 ooo obooo.

go,00 000 2400 000 OO0 bbb boo,o00
Oooo,00 0000000000000 O0DODOOO0O O
o0 00D 000.00 00000 8% 00 0000 oo
oob0O o000 000 3% 000040,00 160 00 80%0
oooo ooobo boboob bbb booO.00 ooboo oo
Oooo7000 00000 00000 O0O 000 00 9d
00 0000 0o 2000 00 000 oo booo oboo.

go,bbooo0b0 00 ooo oo,o00,00 bbb ooo
oo bbobO ooo oobbbh oooo oooob.ooo
oo o0-00 00 00 00 000 bo obob0o mO0 O
o0 000 00000 0 10%000.00 0000 80% O
oo ooobO oobDb OO 000 000 oo oooo o6
oo ooO,0 1500 00 00000.00 0b O0-00 0o
0ooo0O0Ob000o0,00 000000000000
oo 000 oobobO 000 0ooo.0,000 000 o
oo ooobO bbobo 00 0 o0 oob booo.

oo o0 booooo bbb ooo 0ob booo oo o
o,00,00,00 0 00000 0ODbO Oobb boo.o
0000000000 0boobo boo 0bo oo bo o
o0 00 00 b0bbO ooo bboo oobbo.boo oo
o0 ooooobo ooob ooob ooobob boDbo O
oo 0ooo obb oo o000 oooo booo o
OooobO bbb o000 0oobb b0 oooooo ooo
ooo.

oo ooo oobb ooob 0o 0O bbb ooobo oo o
oo ooobo oo ooobb bbb bbobooo oo.oo0
oo b0 000 oooo ob,o00 bbb, o0 bo, o0
Ooobob0Oo0ooobobb ooobob oooo,000 000 o
0O 00 00O bbbbb0 000 ooooo oo.

50 oooooOo0O0DO0O0 0270 40 00990 20250 110

—_

ooono

ooooo,0000 oooodooo oooo oog,o0bo0o00
oooo, 2022

2. 00000O,00000000D00DOOO0 ODOOOO,0000O0

10.

1

—_

13.

14.

oooo, 2023a.

goo0ogo, 0000000 ooooD oooo oboo og og
0o00 00 o0o oooo oo, 2023b.

go0o00, 0000 oboo 00 00D00O@2023~2027), 2023c.
go0o0Oo, 0000 ocboooog oo, 2024.

2050 00 0C0O0O00OOO,0000 0000 OOOoO O 01w™
oo oooo, 2023.

Boesgaard, C., et al., Prediction of the indoor climate in cultural heritage
buildings through machine learning: First results from two field tests,
Heritage Science, 10(1), 2022.

Kim, Y., Evaluating environmental factors using microclimate survey and
computer fluid dynamics analysis of Korean traditional wooden
architectural cultural heritage: Focusing on the Kim Myeong-KwanGotaek,
Heritage Science, 11(1), 2023.

Kim, Y., & You, K., The study to environmental factors using microclimate
survey of traditional wooden Silsang Temple in Korea, Environmental
Monitoring and Assessment, 190, 2018.

Shin, D., & Ahn, S., Wood conservation, Seoul National University Press,
1996, pp. 66-67.

. Spalt, H., The fundamentals of water vapor sorption by wood, Forest

Products Journal, 8(10), 1958.

. Stamm, A., Wood and cellulose science, Ronald Press Company New

York, 1964, p. 549.

Wang, J., & Ochiai, C., Spatial composition and building techniques of
farmhouses prone to windstorms:a case study in Arakawa Village, Shiga
Prefecture, Japan, Journal of Asian Architecture and Building Engineering,
21(6), 2021.

Wang, P., et al., When the digital twin meets the preventive conservation

of movable wooden artifacts, Herit Sci, 11, 2023.

0o 0 0 0O:2025. 10.10
0O000Q0A0: 2025 10. 29
0O000Q0A0: 2025 10. 29



	Abstract
	1. 서론
	1.1 연구의 배경 및 목적
	1.2 연구의 내용 및 방법

	2. 이론적 고찰
	2.1 기후환경과 목조건축물 연구 동향
	2.2 국가 건조물 문화유산 관리
	2.3 목조건축물 건축 특징

	3. 조사 및 분석
	3.1 목조건축물 피해현상 및 유형화

	4. 결론
	참고문헌

