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Experimental investigation of dew formation and heat transfer _
in the original upper structure of Sokkuram grotto
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ABSTRACT

Sokkuram grotto, a UNESCO cultural heritage in Kyongju Korea, was originally covered
with crushed rocks over its dome with ventilating holes. The grotto was perfectly preserved
for more than 12 centuries until the upper structure was replaced with a concrete dome in
the early 20th century to protect from total collapse. Since then, heavy dew formed on the
granite surface to seriously damage the sculptures until it was further remodeled with
air-conditioning facilities in the 60s. It is considered that the original upper porous structure
had a dehumidifying capability. This research is made to unveil the dehumidifying mechanism
of the rock layer during the rainy season in that area. A rock layer and a concrete layer are
tested in a temperature/humidity-controlled room. No dew formation is observed for the two
specimen for continued sunny days or continued rainy days. However, heavy dew formed on
the concrete surface for a sunny day after long rainy days. It is thought that the sun
evaporates water on the ground and dew is formed at the surface as the highly humid air
touches the yet cold concrete. On the contrary, no dew formation is observed for the rock
layer at any time. Even in the above worst situation, air flows downward through the cool
rock layer and moisture is removed before reaching inside. Temperature measurement, flow
visualization, observation of dew formation and measurement of air velocity are made to
verify the mechanisms.

g€dgAs [W/mK]
EAEE [W/mK]

s Add

AEe] dugds [m)
vl g [J/kegK] AZEEZFAZ tdE AAF [8]

Fro wE &I [s]

*

*%

279 %% [m/s]
A 23 [m]

=537 ed Wy
A4, =AY d 71AT

TEe ST NE

2aE 92 434 7289 4 (m]



93 HIG ARTEY Frid 22 L EAE o 494 47 589

a8lA 22X
¢ o duaAr | £ [/
PCy
e HUE [kg/m]

LI

2 A7 d3dduve Addiddd @A
S 7N n AP F H2d AR FRe 9F
o] AR F4 AMElulg 71 YHNER o]Fo
A dF9 gFujdellen o W *45‘.%4
1Y 2E&FHo nj ¥ HoAgAvks A F
&0 4% ol

gFA wAde Ao #IAE HIT gL
T7F FqHI Al-‘itﬂ %7] Darcydl 2ls A
g g3t AFE 59 GEFNHozRE B
AAU-EASo|-Er] e #FF mdo (&7
FHAE o] wegogrt =g gy ¥
Aut 2 g&o disiA 2047] Euke] @& AT
7} olFoAY. o d7 oUgA wAE o|&T
©d3 PCB(Printed circuit board)eld el |
A &2, JE Ho|ToA AR(wick)e A
%_O] 9\15}‘.(173)

ol# g ofFA v uid dAFsF i3
AL PE olfFE B TFHY 840 H
ojd FHo] thFA WA Uyl wFoltt A

"é/‘]a}/\lﬂifﬂl ojm] tpFwlAe] AFetel 29I

/\1011 HH o83 FHES #HeErr]

FEHeY A2d 2dgo ANTFRY

ﬁitﬂfﬂl ol2ElAME AWE <3 YA X
Azbs) B 2 A7 & #H53F HIo
<+ d4dsidn s

’&1%%}4 B FRe HH Mz ojopx 2 o
o]z glojd HAZ fEHz 1 ¢ Fe 47
9 E4lo] e FHAYA Aoz d8A o
(Fig. 1 FX). 4¥& AGD €3 3 E) 9 1
m FAZ €949 e FERAen o 949 349rt
AZn AN 2T JPFL2HEH g0 F
717F #Hol BA7X Eog HMAY Alojo] UF
g e F357(Fig. 18 A)E g3 & £& A
U e 9r7x 5Fel HE FEIAYG. ®
g vigeE 27 Aslert &3 Y o2

r$ 2

= oo _|1m 2 L o
lulo oX r"lﬂ r
. Mo lo

FHUNEZ HolUUTt olH Y FzI} FET
7R ALHJAEY, WRY MZEEL 4939
=YEE 3 REged dudn ¥g@

249 AL dArF 1913988 192337HA 3
A 2R BEFAE B AARRE 2R
274 1 m 7HEe shuie E3gE Foz Yo
W3, £ ueg 52W A RoE B
AN o oA il xr7he Fo) XUzt @A
sglch o olwAAE AAe JFE A
o] A,

o]F U AzEEZo) ¥43) T3 3 w4
Ae wolA HUt TadALeT pge F
N Hg Benz FAHYEY o Fo FA
o] o] o} LAUEZ WHAUA Y EWo
ARA ¥ssts Roln WA ge|d F3FY E
"ol B¢k Moz WIHRE AL LAY 0P
4o B39 Fdel Azst goss wAss
H, olulE n& U Aulale TIAPE Fo
2 st Udy EAWe 7 HzEESo
ol oz FAHE A$r By RO
2 4zg,

#utol 3 19613 9WFE 19649 687 AF
dol g ARAY BFEFAL APHA=H F
38 gy g5t 2ae B o k9
A T3 F e ZIYE B H4E @
W AN o) AL AR FEFoz @A

o AHusigon Yo e WG
A#s7] 9 22718 7HEA IQLS o)z
z3 2 93 257 229 e e
Fz7)9 AEoZ AF 2dY A¥ 5 AA
3 Be ZAME =8un Yok

a28g AZote] BHetd RES 95 19719
of #RHHIEATLANNE HE W Ay
ol 227t dolutAl HEe A AN L FAE
4o deAEe HAHE TR TAYE o
Z B9 7td, 42¢ 2AgNY A S o
# Nsls Tl Mue] BAEJ A7|A %A
e Y ANHFALO

a2gd B MZoge 7z YojNE T
ol 22ELE BAEE de AFPHoE 79
S9e7? 2 A WAzE 42Y 27 2R
FRLAA AEd 4R ANTRY 94 2 &
Ze 9% F74 1 m 7Ee o] Fupa e
&7 AASY A2 WA o] AFHA dge &%



550 |37 -

Fig. 1 Estimated original structure of Sok-
kuram. ( A : ventilating holes, B :
entry, C : main hall )
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Table 1 Thermophysical properties of materials

Materials |Temperature (K)|Density, ¢ (kg/m’) Thennal(vcvc;r::;gtivity, k Spec(iji/;{;;?t, cr
e me)| P 20 L w0
Granite 300 2,630 279 775
Table 2 Properties of concrete structure and porous media structure
Concrete structure Porous media structure
Material Cement, water, sand, gravel Granite (diameter : 5~15 cm)
Volume 90x52%40 cm’ 90x52%x40 cm’
Weight 416 kg 265 kg
Porosity 0 0.47
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Fig. 3 Air temperature and relative hu-
midity near Sokkuram.
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