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ABSTRACT

KEYWORD

Purpose: This study investigates the long-term weathering performance of exposed timber facades by comparing =4 THALE

uncoated and pigment-coated larch cladding systems and derives design implications for their application under
Korean climatic conditions. Method: Field observations and photographic comparisons were complemented by

e oy
251 23}
3443

digital image color analysis in the CIE L*a*b* color space using ImageJ. Two residential buildings were examined  £|z|& o|0|z| 2
at completion (2015) and after nine years (2024). Weathering patterns were evaluated according to facade
orientation and floor level, while climatic differences between Vienna and Korean cities were assessed using

publicly available meteorological and air quality data. Results: The uncoated facade exhibited orientation- and

Timber Facade
Larch Cladding

floor-dependent weathering caused by cumulative UV exposure and wind-driven rain. The west-facing uppermost  Natural Weathering
facade showed the greatest greying, whereas lower north-facing areas exhibited darker discoloration associated  Natural Greying
with biological growth. Localized fungal staining occurred at end-grain details with insufficient drainage and ~ Digital Image Analysis

ventilation. In contrast, the pigment-coated facade maintained a uniform appearance without significant
orientation- or floor-level-dependent discoloration after nine years, demonstrating the effectiveness of surface
treatment in reducing weathering variability. Compared with Vienna, Korean cities are expected to experience
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greater weathering risks because of higher wind-driven rain, solar irradiation, and particulate pollution. Based on  Accepted Jul. 23, 2026
these findings, practical design and maintenance recommendations are proposed to improve the long-term

durability of exposed timber facades in Korea.
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Table 1. Comparison with previous studies

Author Evaluation

G method Climate Key contribution
Feist & Chemical North Flrst. eluc1dat10n' of the
. . greying mechanism through
Hon [4] analysis America |, . .
lignin photo-oxidation
Demonstrated
. Outd . .
Feist . oor North | orientation-dependent
specimen . . .
[5] America | weathering differences and
exposure

protective effects of coatings

Monitoring of Defined limit states for

Grill . . .
et al. [6] coating Europe | exterior coatings and
) degradation proposed recoating intervals
Construction Described the facade
Jansen .
[10] technology Europe | construction of the Aspern
report D12 project
Lee WUFI South Quan.ti.ﬁed regional. climate
. . conditions and moisture loads
et al. [8] simulation Korea
across Korea
Field
Kropat observation Systematized weathering test
. . N/A .
et al. [7] | and simulation methodologies
comparison
Hill Literature Review of timber durability
. N/A
et al. [2] review and surface treatments
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Aoz Jit,

1.3. 9 go] A9

3| 5k(natural greying of wood): HA] ®Ho| 2te]AM-4=E-u]
AE-9] E?:]- x]-&oi HAHoz QJHHAH oz 312].0]._ 2t 43

A ‘E‘”g’ o] (b ack mo d growth on tImber surfaces) 2| &7 0l
T2 54 @A oA 2ote G HFE, B 224 YR E #A}
HEshs B¢ F24 gt Azt 2 & Qo

AHA749-(Wind-Driven Rain) : HF2] 93k drof 4=2] o] ofdd
AP veko 2 AR 9¥of A4 rgels o2 7HO L o) T
o] 42 AFSFATHISO 15927-3). A= =4 o4 A) <]
T ok 9 F3t £ 5 AAste A Wgolrh

2.1. B4 A 43} wAYSE

B AEHEL AEZ QA N7} FuAER 0 A9tE]TY
02 o]2o]7 7] A (matrix)Ao G E AZA Bz 717
(Fig. 1.).

BER AL AT AN 20 FYHROT B A% WY
o] OF 40~50%8 AA T}, ABE 02 AL ATl £ A%
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Wood protection required

Cellulose

e o ot

Cellobiose
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Fig. 1. Natural degradation process of cellulose

Table 2. Classification of timber use classes (Gebrauchsklasse, GK)
according to DIN 68800

Wood moisture content and Main Deterioration

GK
environmental conditions Agents
Permanently dry (MC<20%),
GK 0 . e N
relative humidity<85% one
< 0,
GK 1 Permanently dry (MC<20%), Insects

relative humidity<85%
Intermittently wet (MC>20%),
GK 2 relative humidity>85% or

temporary condensation
Intermittently wet (MC>20%),
GK 3.1 no moisture accumulation

within the wood

Intermittently wet (MC>20%),
GK 3.2 localized internal moisture
accumulation

Insects, fungi

Insects, fungi, leaching

Insects, fungi, leaching

Predominantly or
permanently wet (MC>20%)

Insects, fungi,
leaching, soft rot
Insects, fungi,
leaching, soft rot,
marine organisms

Source: DIN68800-1: 2011, Informationsdienst Holz p.14

GK 4

GK 5 Permanently wet (MC>20%)

21 v Al (microfibri) & @45, ol AEA1E 214
F S-S QT4 B2 A o] dat= A (UV) T
_17§| Q9lo ] Eo]-;@ oz XP_QO}_ _]4-730]1;]- _‘}'_ZH }\ﬂ__\tlﬂﬂ
o 724 A 2 1 d (lignin)-& Aol EH A ¢ F4AES}
13- (photo—oxidation)& &3 £} 127} E3|€ct, o] & Zajw
glado] g ool 8E=H AEE 2 2 (cellulose) 7F EH =
Zo] 3uiA o 2 H3tsin, o]Zlo] EA 3] M3k(natural greying
of wood) 9] 7] BAZ &=jA glcHA4]
> E OhE 70 g3t aclo|th £ H% 9
whet gt 52 YRSk, o] A B - E
ZA=5tt, 3] np3a] A (end grain)-S A-G W}
o FFEoto] SHHTE &5 £t 4= vff o] =TS
Table 2.9} Zo] 5L 2] DIN68800-2 A ] gh&3 1 7
o me} Gebrauchsklassen (AH4-5-2, ©I5F GK)-& GK 05-& GK 5
Atolel GK 0, 1, 2, 3.1, 3.2, 4, 58] & THA R A &dt=d] |5 £
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7o) A w29 24 shils dubd o 2 AF2E2 3(GK 3)9
algste] GK 3 58 276 a3t 5ol o] 99 lego] A4H
oHOJ. TR FA) 0| o] A&A o7 AU SA 7o
£t (algae), ©17]F(mosses) 59 A=t @

}\H_L}. _\_LD:] Oﬂ_g]. l:ﬂ-o]- P O]E}- %—{5] 7@61—_?.

A=)
s g 2ke] A 74l Ht

N

g9 A Azd EA

A4 (Larix decidua, Larix kaempfer)2 J g4 5 H1 4 =
e Ad $Fo =, g2 M O] 2 (earlywood) 2t &

F (latewood) AFe] 9] HiH|7} wlj-¢- ZFgtd] o] &= Y 4E 54
1491 EZ] o]r,]- 7] 74];@ Hxl = % 1;:_]-/\ (elastlcity)ﬂ- =
(toughness)= AU 1L Qlom 4-aze]-4

2t 3kste Y d o= Qs oA, Hl A, £ F2E, 14N A
2o AHgETh Zolu UALE o8 Z1AIA e (nails and
screws) = & o1& §lo] 7Fs5tH & (bonding) 45

Ao = FHoutH9].
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AL Bol W G A% RS A0 ofo] 7] Hhize] 5
A9 2l ade] BaH@A 45} 2 Fo] o s et
(5. Wel2 B3} 5% We QA} Ho] Ewio] 2 ok 9 3
o et 28 SRR Aol gt of Wl 4 Wsk Dt
A5k Qa0 2 Figolit o]7] & w4 o] 23]e ¥ & AT,
A% YA L Ho] YA 02 el Ao] bk, sle] wet
Qe AP WA AL ST 5 ek Aok fRE
2 Y42 FEUG, A7 HEAIEE o AR 29 218
7| vl Aol S 20] G FAG EORA Aol A
CHIL 4 84 vf7e] steit 34 Se Aol 017%'7H7}w
257 ghowl 1 502 mAlR @A) o9 Sol wel Soirt Ay
@ A2} ol oA\ 7] Fakh, ol g sl HAs F9lo] At
202 4] Fgolsh wAsH Brt.

3. A3l JH2

3.1. & Al Seestadt Aspern D12, Hl, @ AEZ|o}

FAG Z2AE= @ AE 2o} Hl 22+ Seestadt Aspern A=

Al W AEFAR, querkraft Architekten®} Berger+Parkkinen©]
& AAst 20159 F3H FxstolHeE Azolth(Fig. 2,
Fig. 3). &8 Al= 9GS BA(E 120~150mm, F7 19mm)E
AWdor AT FEF d v o2 sfglo, HjHo] 3cm ]
E 7% (ventilated cavity)o] SR = o] It} EI 90D 9] o5&
7HAH oF 9, 000m2 H2(19,38678) 2 HEE wtd (@A A
ATH10). FH AL =o|7t v|nd dAsto] vz %20
et & E? 5ol A E o EAof o] A Sl g2 Al
ot H19] 713= FH o] 7| 377 Cib (Y 719 =, &
712 oF 11T, 98+ 2432 oF 650mme]TH11].

O‘EL of -l

f e 2

Fig. 2. Housing D12, Seestadt Aspern, Vienna, Austria, 2015
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Fig. 3. Aspern D12, Siteplan © Querkraft architekten

Fig. 4. Wohnen am Dantebad, Munich, Germany, 2026

3.2. IZAHE: Wohnen am Dantebad, @3, =
Florian Nagler Architekten A2 2016 &5 4% 752 A}

5178 (GEWORAG) o]}, 2ol ozt el whle] 43122

T APE A8 thFig. 4.). W 5L Cfb 715 Hi(d &4

& 2F 950mm)[12]of] $1#]15kH, )5 3]&(access gallery)©] 552
EAegE 02 B Aspern D129 5 £5-FUA]
71-94 719 e AolA vht 2§75 W SIS Bl A

gz &84 4 Urh(Table 3.).
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Table 3. Project overview

Wohnen am
Item Seestadt Aspern D12 Dantebad
Year of completion 2015 2016

Vienna (Cfb, annual
precipitation 650mm)

Munich (Cfb, annual

LS G s precipitation 950mm)

Building type Cooperative housing Social housing

Coated rough-sawn

Uncoated vertical .
vertical larch boards,

Exterior cladding arch boards. 19mm

19mm
Ventilation cavity
thickness 30mm 50mm
Sy @i Dec. 2024 (approx. 9 Apr. 2026 (approx.

years in service) 9.5 years in service)
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4.1, F9d M3} Bl
1) Seestadt Aspern D12

Fig. 5.9} Zo] EgZoll A 2Pt o Aol A= 20249 2
A A 2%l Z3stA ?Q}H‘ﬂ 23] M (silver— grey)oigl 235}

o] gz ¥ AEI¢l HHH, A S FoM = A5 ddF(larch) 2
7 Eo] G2 E| 11 Q1ict. 2AFE vl 2 o= 4 3% 25
o] 5445k A9E A epkort, okl S ol el A 4
Bo o 245 whe Aol Bas gl
bl

=59 A% mAE oM =(Fig. 6.) &

ot
ne
r\l

v o)A}
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Fig. 7. South-facing facade, Wohnen am Dantebad, in 2018
(source: dataholz.eu)
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g 2pej o] 2| &Aoo = AHgotal, E R AE S5t o] 21
AT AZto] AojA nlAE 2ol 7H&H Ao w ATt

2) Wohnen am Dantebad

FAF A1 (F 9 "ol A Dantebad 5 ¢]ol] wh2 A A} Z}o] 7}
et sl gl 4 A1 2] 0%
B4 A7) £9E AREesH s} uAUZe TaS

_q.x—] oz 017\-"01- 7] OLE._ OH/HE]E]-
FEAE 23 243 S Teld) ATGA e A
o 558 67| o] ol 2 A 1245} 4

S 2 A A AT 1] kg 24A 2 e 2

L:OII _I

_I

o
1
o
L
e
_>li
J;
u
)
_r;,
ru
é
[
e
B
0
52
i
19
_?_ll
L, ru[o
L
_r,L

Dantebad HEZ“EOHH“ 3] AH 0] 7]'°H7‘] A
S m(Fig. 7.) ol £3°] 94 o] At AH7H2] o] A=A glo]
A 25S GA5E AJATHFig. 8.). o] #gt Ayt o B 7Y
o] zre] Ao olgt 2l 1 FAteHphoto-oxidation) & A AA 7]
T8 AEE AgAoto] FoHE &}stttE Feist[5] 9 Hill et al.[2]
o] H etk Yx|gitt, wpaba] £ Al A - A 2777
o FAG FAo AL 4= S AA ASENA Felg A



Fig. 10. North-facing facade, Wohnen am Dantebad, in 2026

EER R

4.2. 34 343} v
1) Seestadt Aspern D12

Fig. 9.9F Zo] g5 MpAIEY] ¢ 252 35 % 93 A- A
A el 24 sMst g ddd o 5 9 otse U
&5 AgE A i %110 = 91‘214. ol gt 1 Aol
2’45 orebsl(Parapet) 7912 AT 222 H 2HF 425 24
Zof Aeld-Fotsol + “ﬂ]i EEEY B3 A S HETS
o] 271511 AFA 78 (Driving Rain) @] W19} 77} =obA]
2~

2 WA R sl AR B4 A% Aol2 3147} 371
sh7] tf2Ql 202 FolHrk @I TAT E @ A AR
A S0l AR 37 Qe A B A9 W W] e A
S 8 B4 e LR 28 91 4 gl

2) Wohnen am Dantebad

Dantebad+ 45 2 9|8 3% (access gallery)©] 9|8 FSHE
Hosty EAfHo] FAtel HABE Apdhsto] F9 A4t Zfo 7}
2w 2] ke (Fig. 10.).

43, 5 Bago] WA 29l 2L U BA
1) Seestadt Aspern D12

@ Ao FHE 54 A2 5t 18 Z2uk(fire
barrier profile) SFgh THAf up2] o]l 52 A Fgo]olrhFig. 11.).

Fig. 11. Aspern D12, Black mold on a fire-protection profile in a
facade system, 2024

4 VAVA‘KVAVAVAVAVAA
i 2!

Abbildung 4: Ausschnitt Fassadenschnitt D12

Fig. 12. Aspern D12, Elevation and section, © Querkraft architekten
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4.4. AZA Wst F987t

1) Seestadt Aspern D12

Fig. 15., Fig. 16. @ Fig. 17,014 L}efLb=0] 2015--2017—2024
Al A1 Bl E SRR H, £ 29 FRE G4 TAE FSEE
FHoR 27] slMsE AEIG L, 99 A= ‘%*Hi‘%i >4
5 437t gete] AaE el At S Fgo] T RS A <t
55 O] TAFE ol A = 337} m] A 1St 422 0] %9}01] o7
27 9lon o] TRHel AL HLYAZE YE ET (wood
decay)$t= FEHT EA9] 83K greying)+= AdA o)W o
&l do R, 24 JHA = A= FoljshA gt v el o
gt g7t A= ool 4" &= et 54, k2 go], A9 3=l A
A HAERAE & ATt 2§ B EA nht

_>,i'ml

P

N
N
S o
[}
(a>)
)
N
fo "
_Qi

5 B HI8 8 2002 ol +-8749] 4t 251 vl
e AEOR O 4 98-S HiZR I3, et REF A4 10
olghe AT A9 A SEo] 2 Aasele o Hakg A

A SR P 2 olgate Aol Golah Ro] Fastet,

2) Wohnen am Dantebad

Dantebad FE A= A Tl A Al 52T Hgo] & HAR
A= FFA FYAHE2 AZ(Fig. 18)0]v ZAFFAI= &
(Fig. 19.)0] o] A np-a7 o] A | 5to] 57}k ARz Y ‘—I,-gio}ﬂ] TE7A
+ Y=tk ot o] E W E5 & 27 2} o] o] Rof 7]

A= gorom T golit 34 e fA Tt ?‘E‘.xo W Al 1A
T e Ahe ol AdeH (A2 @7 29, 2026.04

<

45. B HEEA

41~4.49) BRH PR ANE RG] o) A A 422
g5 O AE oju]A) A BAE St B4 T Image]
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Fig. 17. Aspern D12, in 2024

Fig. 18. Wohnen am Dantebad, in 2016, © Stefan Miiller-Naumann



Fig. 19. Wohnen am Dantebad, 2026

Fiji v.2.17.0& A-g5F9.00, CIE L*a*b* 4 g3kl A Hm(L*),
A5 50", F-3 F0") g2 FEHA. 24 2 &g 2
=0 AAANTA L QFRUNCRRE Gt FF A AR(2015)
T A7} 25 g @4 A41(2024'd 1249, iPhone 16 #F)ol
o} 7 AT 22 2719] Apolg BASH] 918f 7] ROI L. 24
-2 AEotR oL, FF AR FA2 o] 2 WU 2
z719] zto] &2 Q5] A FSle| A B2 A o2 epgoia] e By
ol A& = QT ofof mhet BA& H-857] o2 Fhe AHgskale
A ) Ao A =

e AR A% SR CH P99 4
o} A% AH oz vweks B B4 Fot B4 0 Qe o
el Slaf way AN, 209 2AE, 45 424 5 14
A% 04871202 I Fst 59 XA 2 228 3~47)
o] ROIZ A48t BRGLE Akl ke Alef dhelsteict

AFE

— 2 2 2
- \/(LZmean _'Limean) +(a2me(m _alme(m) +(b2memz _blmean)

AE Fto] 2 0|5t 7 {9 Apol7h A9 QIA| 7] ¢Fom, 5
olFellAl= Eet Mat, 10 ool A= A Wt dAsitha &
4= QuH14]. 24 A3}, 2A3E(5%) 9] AB= A3 32.0, E3F 24.7,
TF 212, B3 2128 TEEHSGOH, RN FF
27.8, A3k 21.8, 53 5.8, 93 5.2 eyttt B4 ROIO] gt
& AHEote] 54 9 AHE eheletgl o, vt ARRI o] G A7)
oF &k 70| Afolste] YK gFEo| A= L* gho] Eato] Ao
& 3A yepgth weba] JE e AdiA Q] WAgE o o
7 A A £33} 552 v wsks A RE 4 stg chFig. 20., Fig.
21., Fig. 22., Fig. 23.).

Fig. 24.9 W2 AAZ(IE)L AE 2445 TALE A 7H3
AA(AE=32) UeRoH, o= B7I3F F2tol uhg A7 WA
2 EH 5Pt o] AP NS AAR M, FEE A
B A=At o 2 ARt ol A 5l W= Qi Dantebad+=
A O A=Y AT A 9 FHCRRE 5 ARE A
SHA] Z5te] 20164 25 2% dataholz.eu 570 AHA13E 20260 &
A AHE EEsth 5 o B Avt i 4B oF
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Table 4. Correspondence between DIN 68800-1 use classes (GK)
and korean wood use categories (H) (Source: [9,15])

GK Exposure condition KS Typical applications
Interi 1
GK 0 No exposure None nterior structura
members
GK 1 Interl(?r., dry Hi Fumlturfe,' interior .wall
conditions and ceiling materials
Under roof, Roof rafters, members
GK 2 condensation or H2 ) 7. .
. . adjacent to insulation
occasional moisture
Exterior exposure Protected exterior
GK 3.1 withistructural DA cl@ding, balcony
protection (eaves); ceilings, sheltered
no direct rainfall facades
Direct exteri
;fcosz:eeg)r Exposed fagades,
GK 3.2 . p . H3B decking, exterior walls
wind-driven rain and ;
. without eaves
solar radiation
Deck support posts,
GK 4 Direct contact with H4A/ landscape edging,
soil or fresh water H4B embedded timber
members
. Mari d tal
GK 5 Contact with seawater HS5 anne and coasta
structures

Table 5. Comparison of climatic characteristics of Vienna, Seoul,
and Busan (Source: [3,11])

Parameter Vienna (Wien) Seoul Busan
Kppen Climate Cfb Dwa Cfa
Classification
Mean Annual 11.5°C 13.0°C 15.1°C
Temperature
Annual 650mm 1,437mm 1,519mm
Precipitation
Annual Solar 1 o e | 1 238kWhim? | 1482kWhim®
Irradiation
Mean Annual
T Spesd 3.4m/s 2.5m/s 3.6m/s
NEA BAE AT, ol A= A7) oF 60%7} 6~9Y At
BiE 717l 5. ol A @r|7tel AF 5= 9= 54 U
2 R0 AES ATHE F0] 7] whitoll, 9o 2.38) B2 H]
uoh A9 &4 Y 2 5 ok B 480 @ $AYSE o
60~T09= ol uTe] HE4 FAYHOR AT FIES T
Skt (3]
2) 0113(;3:

o)A FAY] 2l 1d-E Rafiote] BMSHE Uo7 T

ott. A7t W+ YAFS Wl WA A12(1,238kWh/m?), *J(Q,k

1,482kWh/m’) & §-419] ¢ ¥1(eF 1,210kWh/m?) B.ch oF 2
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Table 6. Estimated composite weathering index by city (vienna=1.0

as reference)

Parameter Vienna Seoul Busan
(reference)

Wind-Driven Rain R 1.0 1.63 247
UV Exposure UV 1.0 1.02 1.23
Air pollution PAs 1.0 1.76 1.4

Composite Weathering

Index WI (0=B=y=1/3) 10 147 170

Table 7. Summary of design and maintenance recommendations for
timber facades under Korean climate conditions

Recommenda- . Related
tion Key Content Basis Standard
Min. 30mm clearance
1) End-grain - water-repellent D12 black mold [29]
protection treatment - metal case observation ’
capping
2) Ventilation >40mm (double the | Wind-driven rain | KDS 42
ot KDS minimum of exposure 50 10
- 20mm) ~2.3xVienna [22]
Accelerated
3) Eaves/ Design shading angle weathering [921]
overhang <60° from fagade observed at ?
uppermost floor
4) F.loor— . . Shorten inspection Floor-level AE This
differentiated | interval for uppermost differential results study,
maintenance floor by 1.5-2x [6,7]
Pre-appl
5) Surface ; ;fezfigatieyto Dantebad: no
treatment P& g recoating required [4,5]
. reduce long-term
selection after 9 years
burden
Mandatory insect Risk 'of tlmt?er KDS 42
6) Insect screen at top and pest infestation 50 10
screen bottom of ventilation | in warm Korean [15.22]
cavity climate i
7) Metal e uiv:lZ:t'm:n(i:ularl Corrosion KDS 42
qurvatent; b Y| acceleration by 50 10
connectors critical in coastal .
marine salt [22]
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