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ABSTRACT  This report does studied for making the method of conserving bracket murals in Daeungjeon of Jikjisa Temple,
through the scientific way. Results of evaluated the conservation status at the braket mural paintings, most serious damage
is structural damage like cracks, breakage, and delamination. After optical investigation, a characteristic point wasn't found
such as underdrawing or traces of a coat of paint. The ultrasonic examination speed by each wall painting was measured
from about 195.8 M/g to 392.7 M/g, according to the location of the surface, and it was able to compare the surface properties
according to the location. In Infrared-thermal image measurement shows that wall layer separation and paint layer
delamination are closely detected, therefore it was able to judge of damage on the objective way. Material analysis revealed
that the walls were made by sand and weathering soil. The wall layer combined sand with less than fine sand size by nearly
5:5, and the finishing layer was found to have mixed medium sand and fine sand at approximately 6:4 rates. However,
In case of finishing layer, mixing ratios of sizes less than very fine sand were found to be significantly lower than wall.
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Therefore, it is estimated that the plysical damage such as the separation between the layers of the walls created in the

braket mural paintings, is continuously caused by changes in the internal stresses and volume ratio caused by the density

differences between the wall and the finishing layers.
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Table 1. Precision analysis items and analysis equipment

classification analysis equipment analysis object
Optical Axiotech 100HD,
microanalysis Microscope Carl Zeiss Germany
roperties SEM 5-2300, Hitachi, Japan west side wall
fnalr;sis of crystal phase XRD MEX(IGXRDX’ EMPYREAN, support layer and
mortar . . alytical, Netherlands finishing layer
chemical component EDX Sigma MS2, KEVEX-superdry, USA
. . . sieve analysis(wet method)
particle size analysis standard of USDA, ISSS
Table 2. Status of mural inside Daeungjeon Hall of Jikjisa Temple
cast wall west wall south wall north wall add up
side mural 3 - 2 5
bracket mural 9 9 15 4 18
mural on upper inside purlin 5 5 11 2 10
mural on behind the buddha 3 3
total 68

Spectrometer, Oxford 7324, Oxford Inc, England/Sigma
MS2, KEVEX-superdry, USA)S ARME-3}te] SHSHJE E4]
& AASE ES nlAR o AME LAY (X-ray
Diffraction, Empyrean, PANalytical, Netherlands/ D/MAX-
2500/PC, Rigaku, Japan)S AME3E SFEZAAAL
Alshedt.
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exfoliation and delammatmn(f»mlshmg Iayer) finishing layer lost caused by exfoliation

Figure 3. Types of damages. (a, b): crack, separation, middle layer damage, (c): exfoliation and delamination(finishing
layer), (d): finishing layer lost caused by exfoliation.

Table 3. Damage level table for the bracket murals in Daeungjeon of Jikjisa Temple [very severe(+++++), severe(++++),
normal(+++), weak(++), very weak(+)]

exfoliation delamination separation
(finishing  (finishing  (painting  crack contamination

middle support

water  biological layer layer

repaired  pulverized

layer) layer) layer) leak  damage damage  damage part pigments

B-E-02 + + + ++ - + + - - - -
B-E-03 ++ ++ + ++ - + ++ - - - -
B-E-04 + + ++ + - ++ ++ - - - -
B-E-05 + - -+ -+ - -+ ++ - - - -
B-E-06 + + + ++ +H+ + + + + - -
B-E-07 + + ++ - +++ + - - - -
B-E-08 ++ + + +++ - o+ ++ - - - -
B-S-02 ++ ++ + ++ - - + + + - -
B-S-03 + + ++ +++ - ++ ++ - - - -
B-S-04 - + + - +++ + - - - -
B-S-05 ++ + + ++ - +H+ ++ - - - -
B-S-06 ++ + + ++ +H+++ +++ ++ - - +++ -
B-S-07 + +++ +++ +++ - - +++ - - - -
B-S-09 ++ - + -+ - ++ ++ - - - -
B-S-10 + + ++ + - +++ + - - - -
B-S-11 +H+ +++ + -+ -+ ++ ++ - - - -
B-S-12 ++ + + -+ +++ + - - - -
B-S-13 + + ++ ++ - - +++ - - - -
B-S-14 ++ + +++ e+ -+ -+ + + - -
B-W-02 + ++ ++ +H+ ++++ +++ + - - - -
B-W-03 ++ + ++ ++ +++ + ++ + + - -
B-W-04 -+ +++ ++ -+ - + -+ - - - -
B-W-05 ++ ++ + + - ++ ++ - - - -
B-W-06 +++ ++ + ++ ++ + + - - - -
B-W-07 +H+ ++ + +++ -+ ++ ++ + - - -
B-W-08 ++ ++ ++ ++ - +H+ ++ - - - -
B N-01 + - + + -+ + + - - - -
B N-02 + -+ + + - + + - - -

B-N-10 ++ ++ ++ -+ ++ ++ ++ - - - +

B-N-11 +++ ++ ++ +++++ +++ + + - - -
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Damage Classification of Bracket-wall Paintings in Daeungjeon Hall in Jikjisa Temple(Inside of east)

5
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3
2 2 Q
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y N
y ]
\ \
\ \
] ¥
o 8y N
B-E-02 B-E-03 B-E-04 B-E-05 B-E-06 B-E-07
W exfoliation(finishing layer) @ delamination(finishing layer) [ seperation(paint layer)
contamination Ecrack water leak
H biological damage M pulverized pigments. = damage of middle layer
@ damage of support layer O repaired part

Figure 4. Damage classification of bracket murals in Dacungjeon Hall in Jikjisa Temple(inside of east).

Damage Classification of Bracket-wall Paintings in Daeungjeon Hall in Jikjisa Temple(Inside of south)

0
B-S-02 B-S-03 B-S-04 B-S-05 B-S-06 B-S-07 B-S-09 B-S-10 B-S-11 B-S-12 B-S-13 B-S-14
| exfoliation(finishing layer) @ delamination(finishing layer) & seperation(paint layer) contamination
Bcrack water leak B biological damage B pulverized pigments
& damage of middle layer B damage of support layer O repaired part

Figure 5. Damage classification of bracket murals in Daeungjeon Hall in Jikjisa Temple(inside of south).
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B-W-02 B-W-03

B-W-06

B-W-07 B-w-08

m exfoliation(finishing layer) mdel
contamination B crack
H biological damage

& damage of support layer

15

™ pulverized pigments
O repaired part

ishing layer) & seperation(paint layer)
S water leak

= damage of middle layer

Figure 6. Damage classification of bracket murals in Daecungjeon Hall in Jikjisa Temple(inside of west).

BN-01 BN-02 B-N-10 B-N-11

m exfoliation(finishing layer) @ delamination(finishing layer)
@ seperation(paint layer) contamination

B crack water leak

® biological damage  pulverized pigments

Figure 7. Damage classification of bracket murals in
Daeungjeon of Jikjisa Temple(inside of north).

34. YA MEEN

3.4.1. 30|F AL 2ot

7+ SHE Aol dish AA@REE AMSSte]
2 AARE 23 HAISolME FLe 2719 EFUA
=9 S A doER FA == Aol HEHA
o, ngS-2 HAS Bl 2717F ekt B &
O 2 o|RofA Rl Ae FUL 5 AUSNTh(Figure 11). E
o MRAE 3 s 450 B EE AoR Hopnp
TS A= S AR A o= 4.

2R 42T, HAS NS Quartz(HF)T A

Chlorite(514})3} Mica group(E) °] AEH3oH,
upzkEof| A& Quartz(4] %), Albite(Z7}4]), Mica group(<
H)ol F78 = AehFigure 12, 13). wEbA WA St vpgd

Folte Mg TR LB Ad B A18E Aow
245},

3.43. 31 2 DMEE] 2

SpeHgE HAZI HAZNAE TS, LFTE
(AD, H(Fe), ZeHHK), T 1u|%:(Mg), ElEFs(T), HEF
(Na)z+ 3(S)°] A& AckFigure 14). vizkF AL 4
(i), LFOIE(AD, H(Fe), FEREK), 7161 (Mg), 24
(Ca), 1230 Eleh(Ti)o] A& = SichFigure 15). W43
YA A ERIAE BEE FHEE 2 Y e
HE FBE Holt B YRHEo] SUAS o|Fu Qo
o, k% AR s YERER Holt TyEE Y
a3 Ao B YAEe] $UAE olR1 gt FHEo|

| glth(Figure 16).

3.4.4. x| Z2 U=EM

YE=EA A7 HAZ) AHE FEAAEY 271+=
27} oF 9.38%, 2B A} OF 15%, =T A} 2F 30.63%,
AIGAF 2F 20%, FAHA}L 9F 4.38%, A E o]} 2F 20.63%
o] ExE Yelith nit3o] AME FEYAEY =2
71 S2YAL <F 0.95%, ZFA}F 2k 9.52%, YA oF
49.52%, MIEAF 2F 30.95%, A AR 2F 6.19%, A E o]3}
oF 2.86%9] B3 E LI TH(Table 6).



delamination of finishing layer identified internal exfoliation

Figure 9. Types of damages(infrared-thermal image measurement). (a): Crack of finishing layer, (b): Damage of middle
layer and exfoliation of finishing layer, (c): Delamination of finishing layer, (d): Identified internal exfoliation.

B-S-14 B-W-04 B-w-05

Figure 10. Ultrasonic examination results.
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Table 4. Ultrasonic data of each bracket murals(m/s)

B-S-02 B-S-03 B-S-04 B-S-05 B-S-06 B-S-07 B-S-08 B-S-09 B-S-10 B-S-11 B-S-12 B-S-13 B-S-14
average 195.8 201.7 2532 2335 241.1 2894 2832 2389 3045 273.1 2821 291.6 3585
minimum  82.0 88.0 139.0 1250 129.0 111.0 1420 106.0 153.0 193.0 1540 151.0 209.0
maximum 594.0 4150 510.0 321.0 &810.0 888.0 1053.0 361.0 609.0 4450 429.0 640.0 673.0

B-W-02 B-W-03 B-W-04 B-W-05 B-W-06 B-W-07 B-W-08 B-N-01 B-N-02 B-N-10 B-N-11 B-E-02
average 387.7 2923 3105 2233 2215 2528 2612 3927 3283 2362 3392 3586
minimum  143.0  129.0 - 107.0  109.0 124.0 128.0 96.0 84.0 98.0  105.0 -
maximum 788.0 627.0 596.0 518.0 4950 4160 533.0 1106.0 1242.0 548.0 755.0 888.0

Base(4)_pt1

Table 5. Ultrasonic data by direction(m/s) Fulcle ot 1422

south west north east

average  265.1 278.5 324.1 298.6
minimum  147.0 110.6 95.8 107.0
maximum 596.0  567.6 912.8 623.0
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Figure 11. Microscopic analysis results. (a): finishing
layer, (b): support layer.
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Figure 12. XRD analysis result of support layer.

Figure 16. Microstructure results(SEM-EDS). (a): sup-

port layer, (b): finishing layer.
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Figure 13. XRD analysis result of finishing layer. Fon, F2 FE 5 FH A st HAE
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Table 6. Grain size analysis results of support layer and finishing layer

over .0 1.0-500  500-300 300-212 212-100  100-75  75-45 4525 through
(mm)  (mm-um)  (um) (um) (um) (um) (um) (um)  25(um)

support _ Weight (2) 0.15 024 033 0.16 032 005 002 006 027 1.60

layer  percentage (%)  9.38 1500 20.63  10.00 2000  3.13 1.25 3.75 16.88 100

finishing __ Weight () 0.02 020 062 041 0.65 0.07  0.06  0.03 0.03  2.10

layer percentage (%) 0.95 9.52 30.00 19.52 30.95 3.33 2.86 1.43 1.43 100
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