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Nondestructive investigation of
clay wall structure containing traditional mural paintings.
- The clay walls having mural paintings housed in the protective building
in Muwisa Temple, Kangjin, Jeollanamde Province -
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ABSTRACT This study, in order to do a nondestructive research on the mural walls kept in the protective house in
Muwisa Temple, Kangjin, took four examinations; particle size analysis, XRD analysis, ultrasonic investigation, and
thermo-infrared investigation. Component ratio of mural wall varied; clay of wall bodies consisted of gravel of 1.78
g, sand of 5.39 g, silt of 4.91 g and clay of 6.26 g. Ultrasonic velocity and one-axis compression strength tests done
with eight mural-painted walls yield results as follows; the value of ultrasonic velocity ranged between 71.63 and
3610.11 m/s with the average of 417.44 m/s and on-axis compression strength ranged between 70.34 and 533.28
kg/cm?® with the average of 83.23 kg/cm?®. The value increased in the order of Bosaldo(No.6)<Gwaneumbosaldo
(No.5)<Bosaldo(no.14)<Juakbicheondo(No.20)<Jualbicheondo(No.17)<Obuldo(No.3)<Samjondo(No.1)
<Amitanaeyeongdo(No.2). While the ultra -sonic velocity of clay wall samples made with fresh clay was 850 m/s or
so, the physical property of some spots of the samples showed value below 800 m/s were thought to had been deteri-
orated due to micro-sized crack expanded. The ultrasonic velocity value of around 400 m/s was checked from weak
parts of the samples whose clay wall body had been compressed slowly while below 200 m/s was checked from clay
wall body being in unstable condition where components were easy to be decomposed into granule.
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Figure 1. Views of murals housed since 2005 in the protective house. Of thirty murals kept in the house, ‘A’ is original painting of Three
Buddha Mural drawn in 14th century. B-1 and B-2, Flying Angel Mural re-faced in 17th century. These murals were in the Hall of

Paradise of Buddhism(Kukrakjeon) until 1984.
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Figure 2. View of sample of mural wall. The sample made of natural soil collected with care(A). is about 12~13cm thick. Chopped straw

mixed with soil and twigs were distributed in the center of the wall(B).
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Figure 3. Microscopic observations of the muralpainted clay wall layer and body. Three layers shown in the section of the mural
layer(A). a-1, the area where pigment soaked into the greeny mural-painted layer(B). b-1, the base of 0.2mm thick on the ochre
coloured ground layer(C). While being identical ochre colour, there is visible dividing lines between d-1 and d-2 in the wall structure(D).

Rice straw mixed with ochre coloured clay(E). Hyphae observed from the mural layer(F).

() a | @ a PW-b
h
] "
| . e s
;v' \ Q i/ N !
<
/ Vi | / |
[ / “iee |
/ 2! / e
/ \»E\c- s / R
Ry bl 8
3 7 ) A | I ST M AR A UM M AR IR
26,Cuke 20,Curkoc
e a PW-c 0 a PW-d
“
//\ N
/N . / T
{ /
/ |
,[ \\\\}‘ o / P p oE\?
/ SSh, / Ve e
/ ““3-» Qo a / - i %
LR / -2 e
i k%) 15 Fo) ) 35 40 45. 3 1% i5
28,Cuku 20,Cuka

Figure 4. X-ray powder diffraction pattern showing the soil of mural. M: mica group minerals, Q: quartz, O: orthoclase, P: plagioclase, Ca: Calcite

Sample: a-treatment mortal, b-repainting mural, c-original mural, d-inside soil wall
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Figure 5. Frequency distributions of ultrasonic velocity of samples and mural-painted clay walls investigated.
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Table 1. Values of physical properties measured with mural-painted wall bodies, samples and standard hexahedrons samples

ultrasonic velocity (%) AEZIE (kg/ci)
max min Avr. max min Avr,
Samjondo(No. 1) 3419,97 108.97 528.01 475.79 70.34 87.63
Amitanaeyeongdo(No. 2) 3610.11 161.86 586.67 533.28 7252 93.92
Obuldo(No.3) 1984.13 147.69 470.28 208.16 7193 83.93
Gwaneumbosaldo(No.b) 684.93 160.26 294.48 98.15 72.04 7.7
Bosaldo(No. 6) 771.01 140.41 279.24 103.17 7163 87.63
Bosaldo(No.14) 917.43 161.84 370.85 112.29 7252 82.11
Juakbicheondo(No.17) 984.25 163.88 409.72 116.71 72,61 83.41
Juakbicheondo(No.20) 1070.1 71.63 400.3 122.7 733 83.7
total 3610.11 71.63 417.44 533.28 70.34 84.23
soil wall sample 1862.20 532.48 863.05 129.93 8987 109.66
cube 1 1329.79 900.90 1239.41 14254 11.22 136.48
cube 2 1392.76 1061.57 1232.39 147.83 122.06 134.95
total 1862.20 532.48 1,111.62 147.83 89.87 126.70
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Figure 6. Views of the sections of a mural-painted wall and of samples. The samples(B,C) of wall body had been produced referring to
the section of mural-painted wall smoothened(A).
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Table 2. Representative ultrasonic velocity

soft materials hard materials the others
weathering layer 300~900 granite 5000~6000 soft earthenware 900~2300
soil 250~600 basalt 5400~-6400 hard earthenware 800~2000
alluvium 500~2000 metamorphic rock 3500~-7000 roofing tile 800~1300
clay 1100~2500 sandstone 5000~-4500 modern pottery 1900~5500
sand and gravel (unsaturation) limestone 2000~6000
400~500
(saturation)
500~1500
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Figure 7. Distribution map and damage map showing physical properties. While the graph in top shows a
distribution map of ultrasonic velocity, the one in bottom, the overlapped map of strength and damage.

vewcnyino17)
1 H

[SF iR s macan
e :
3

iz

Figure 8. Distribution maps of physical property and infrared ray of the Juakbicheondo(No.17).
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Figure 9. Distribution maps of physical property and infrared ray of the Gwaneumbosaldo(No.15)and Bosaldo(No.14).



=0t8ts|X| Vol. 18, 2006

mr
rlo
ndﬂ

ol AAo] Vel gl e By BEo
Bl EAU A7 v a s

Figure 82 =4ujete] A= (No 17)2 BA %
Exol GHYM ARE 3 AAlSHAT) 94 A}
& B wsle] o slcta} wgl 3}, $-Z2oA] 257}
w2 Wsleiic). il 5 21.5~222 TE Hol
< ojdf Aule=E 18 TH). ol HAule ¥zl
FHo] R0 715S FA4AAY B B4o] Ast
€ dejolrh, BARE=AME 253 £} oF 400
%5 WeletaL o] & A Al FE Aol H]&] P ER
ZAbg W3l 3 ta 3t Aol weha o] #alo
ERG 2eusrE ‘ﬁﬂ]ﬂ E9E& wdska glor,

=2 vg b deiet wd QE}

Figure 9914 #5324 (No. 5)9Jr HAE(No.14)<]
AN AT BAEEEE v we d7, dEEAT
o B% £xspt maA Wae B e AT
A ye BA4E io]t BRy Aol s}, 2}
A vele f% FHol|A

F

b4

rO
oo
2
fu oy
ol o
o M o
fr T
—E‘ L
o
£ [
[}
= I
o T
rE‘ oX,
oo
I
oo
o (o
o O
Mo oof uo

ol
ox

Ho
o,
T
®
o b
i
Ar
L ool i
i

ﬂ_]_uﬁmloa\
o SR
@E%@

r[oF[Fm
o bz ow
gn%o\’_ﬂl

(e}

I
i fu Mool f
°E‘_|_,>:oij‘°‘l‘_|_'
o 3
.‘Lﬁi;ﬂﬂ%’
N L o

~ 1A
ni%;‘,:rlr
x &5
T
do 2 W 1%
my g,
oo o
ro, o
m;jgoiqmﬁm
1% oX o o,

[
ill(]
s
=
(s
=
o
o
H
R
_?L
=)
g
55
fu
b
T
i
)

R
=
o
L
K3
1
i)
i
o
1o
N,
ro
o
iy
Anj
oX,
i}
%
e
4%
re

AFRZAZE] WAL R Wle] gz g
ulec 32 Ago) et

= &L
= 98 AEA sk, ol lzsk 2%

=
Awsl 7pad ARA 5_4 EE] J Exjo] Sl T3
ot

A E
Fgols} AL ¥e) HES Faehs o] U
A% 27

5} 5l ﬂ%@axﬂ A8 18 o YRE
& ol AR BAE TN 247 3ik o
7 Al 27158 A2e) BT RelHchd 4

o

A

BRI 2haska 22 spgo] Srkele] WAlS FYo]
st wiEE @4l vehd S gtk ol BiA
gz olojd £ 3le T8 ??_ ot

zgw $E9| FF
4L HAE (No.6)<# %E%E(Nol5)<E%E(No.14)<
FH = (No. 20)(FHAE(No. 17)(LEE
(No.3)(3HE=(No. DB Y = (No.2)2 &AolaL
BA|e] 2ol setelr) Sls) Az FAA, AgHA
o) &3t £52 BY AN AFA L 237 &
= 850 & gt ofd 275k Hale] 84S
LECER: L ER e

g A A1k Table 20l ZAsI ¥ale] 233} &=
o Ja& AWE A3, AgdAE vlnd 222 A4
T A EHA = 289 4= 850 % WS Yeld 4 9l
st 32 A2 F s v 2

o ol Ao JFE A HE ¢ U
s 500 Selolel 28 S Slake] 2
ghol etstel el vlsln d=Fdo] EdE R
o] e 4= ok M 2AE Wslse] &
EW3} Al71= 600 Telel 2 ol ZE %)

2g3 £E71 400 %E WSk Z97} Wkt |
o HAe] Hele HES] 237 #do] FgEolzl 4

L%
%‘Z
:"‘é
g
i
i
lo

=
=
s

¢

O
1

o
B o

it

A <



HE Yate| 28| bmtmTet ZARIT - 23

B2 e F3 54 75 7ldE gt ol
3153 A e] @n ZAbelA FAYGAL ALolell F7te]
B A4S kel st Aojvt, kA 400 %E W
oJske Hshe MAE] tEEol Hud ¥ 242 W
A3t dejoltt, HalolA 200 % E= 100 %olsh=
gisle] EAjo] nf - Hdd e R YAES $F 9
3 AEstAU UAke] v del) o) A& Holrt, m}
2 BEAT #FoMe WA AE A & 33
< FHske A E Agsiol & Aoz Azt 3}
BEA] Y0 dsirs ofn| AAJE HF 9ot

e 52158 B9 vlaty] bzl of
M A EHAQ o] AAEA ki 788
A% AFsd ol 2Suade ENRYEY A

Yo g dAoi AdE vlwsled] AESIT

ol 23, 250 4L B9 £4& wista 7 A
o2 IRIF + e Ui, %"3113} ELEd 5

= ATE ¢ e #A BRE g
4= 4Art.

@A 2R vlE Eee] 949 Waged B
He] B4 ezt 7HA gL Ho] BEAed) Eagh 7
Ang ERA0Z AN 4= gldct, oyt A A =
AbE PEZEE W3 e 34 de WM &
2Ag ARl E 2x9 HAPL RS Fol ZANE
FAE 4= glArt. FHXN AR Wi FER] o) )
+ Eﬁrﬁcﬂ aolel AbsE 7)o o] W] ATyt F

HQ
o,
=
oo
!
wlo

il
¥
ofN
ot
ol
=
oL
N
i
e
il

oo o

el

&

o

1%

2

1o

Iz

)

g

@

I

g

_ﬂ
[

uv

ﬁ

o o
M 2 oag &ogx

o R
& e o b fijo
;

4
5
o
)
o
éﬂ
i
e
1
n‘.
‘e
1o ol
>

ngu} gl rﬂ‘&*u‘E e
FeRe Aol Bed B4, ARl e
5ol 7280k eka AFRE o) 2}
HslEg 919 ¥ga) Avare) 240l
£ vhake nhgolt,

o2
> flo ox

e

-

N

HS 9

ch &
N

e
4
facs
N

283} S0 9% SR T} FUEEH
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AEE AES 22 d3, ¥A) AEFL gravel
1.78 g, sand 5.39 g, silt 4.91 g, clay 6.26 go]1

I gravel 1.7 wt.%, sand 37.3 wt.%, silt
26. 6 wt.%, clay 34.2 wt.%°|t}. Bl3lE9] 370

Ae= a% 7t silt 6.2 wt.%, clay 7.1 wt.%,
space 16.7 wt.%°]1 b&9l= silt 22.2 wt.%,
clay 57.4 wt.%, space 20.3 wt.% °l¥ &=
silt 11.3 wt.%, space 22.6 wt.%, clay 66.2
wt.%°lth.

(2N 8 Mae 283 4= BRe HAE

(No.6){HZH AT (No.5)(EATE (No. 14){F2H]
A% (No.20){FAAHE (No.17){2LE=(No.3)X
AET (No. 1 ERNY =(No.2)9] wAloln 2
SoEE MeE 71.63~3610.11 %, HF
417.44 %ol YEUAFA= 70.34~533.28 ke/
cme, It 84,23 kg/emolth, EXH|w A|EA %
S4E Mo 532.48~1862.20 %, B
111.62 %ol AZ5t57= 89.87~147.83 kg/
ant, B 126.70 ke/emo]Th
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B4 05 89 29, 29, 56 404
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el g deolr] e sif ot HEAjeld 9e
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