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ABSTRACT Conservation treatment that involved filling the lifting parts of wooden cultural heritage
is carried out by obtaining wood or wood powder of the same species and mixing it with synthetic resin
or natural glue to charge the blank area. Various concentrations and mixing ratios of adhesives and
additives are used, depending on the type and condition of the target. Accordingly, in this study, we
determined the conditions of the filler suitable for conservation treatment of wooden sculptures with lifted
or separated bark in the National Museum of Modern and Contemporary Art. The optimal filler conditions
for each adhesive were selected based on drying speed, shrinkage and expansion rates, and physical
deformation degree. Then, to verify their actual applicability, these fillers were applied to wood and
exposed to high-humidity environment and their cross-sections were observed. The fillers showed stable
application in the following order: animal glue, PVAc adhesive, acrylic adhesive. In conclusion, a 1:2
mixture of animal glue and wood powder is a suitable filler for conservation treatment of wooden sculpture
with lifted bark. The results of this study suggest appropriate ways to stabilize the bark that was lifted
or separated from a wooden sculpture, thus enabling the future conservation treatment of the artworks
under similar conditions.
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Table 1. Specific information about adhesives
Types of adhesive Product information Manufacturer information Abbreviation
Animal glue Bonghwang® Nakagawa, JPN A
Acrylic adhesive Paraloid B-72% Rohm & Hass, USA B
. Caparol binder™ Caparol, GER C
PVAc adhesive 2 -

Polysol™ Daeyang Chemical, KOR P
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Figure 1. Filler evaluation specimens.

Figure 2. Wooden specimens.
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Table 2. Information about specimen abbreviations

Adhesive Height Wood powder rate Quercus wood
information (mm) 1:1 1:2 1:3 Wood 1 Wood 2 Wood 3 Wood 4 Wood 5
2 AW H, AW,H, AW;H,

AQil AQ1  AQslT AQd AQsl

Animal glue 4 AW H, AW,H, AW;H, : : : H H
6 AW, H, AW,H, AWH, AQi4 AQA4 AQx4 AQ4 AQs4
2 BWiH,  BWoH,  BWith oy BQi  BQsl BQi BQsl
Paraloid B-72° 4 BW\H, BW.H, BW:H, ; : : s :
6 BW,H, BW,H; BW;H BQ4 BQ+4 BQx4 BQ4 BQs4
2 CWH, CWl,  CWH oo cou 0ol cQl o cqil
Caparol binder® 4 CWH, CWH, CW;sH, ; : : : ;
. Wi CWa.  Cwa., | CQ4 CQ4 CQd4 Q4 CQ4
2 PWilH,  PWaH,  PWih oy pgi Pt PQi PO
Polysol® 4 PWH,  PW,H, PW;H, : : : ; ;
. Wil Pwal  pwa, | PQ4  PQ4  PQ4 PQ4  PQ4
203, 2 5g B % % o BEe ek, 97U mERt ytht
F4 9 A2/ 9RE BANUS A R BRE A S AYNSHE B8] fsto] BANAES S
st FHA Ao e uRo] B Hy Az o) o]F ti7kA] 3G Al =EAY] T TS
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Figure 3. Chart of drying time according to specimen.



ol RE AHo| UM FHE FAGt] Axvt SrE Wk C9PE ARG BE, Waoll Al pEo] A ) dhAys)
ek wasiglch. HAA AS AR A A A Gkoy WiellA] ol W $580) Wl A vt
With ot WiHiE Alefshar, 22 A2k 27004 2

A o A2 Wk ole BE HE ST mhE AR HE e, A
Aol vlal A7 A7 AP et AZA BE AME ZEo] okslE|o] HHo| 7237 B Ao] Ygloz
3F BE AHE 247 oY 2 AV $REQleH, A>SC  HHETHTable 3, Figure 4).
=P>B =02 A2 Ato] o3 S SIStk A
B AHATE FLT A A zol7) Wopdas, & 313 B 2
B u| o] Eold42 wheE AxLws Ve tiFigure 3). TAA A Ax 5, ] e =24 welke 9,
715 @4, 71k 2 Ao R FEE St Table 4). &
312 +%8 S AS AR SHA| AJHOARE ST, Wi
FEHES 2 80| FUT A, AC2P>B A2 24 AHAE B o] ofital Waek Wi 2710014
A Vebtom Al golols Y-S WA ootk o2 &= AJE o] 2 mmel A-ofvt F dAo] Yyt 7%
H2AIE AHERE Al ET} Hstle o F2A AS AR & Wy 2] B AlEoA FAE I HRAIZE HxE

SF AlHOA] & ek} o] WF B P 2 Wt = WA 52 2 43 4A; Alolof] 2AEtE £uli(E, o)
SES U AW H, AJHO o] W 582 7hwurte Axb7)e] &t gl whet e 7%
21%E AS AHESE A F 7P 2 580 TEEGILE o] FA4H B &) goldas AxE: SuiEE
Z W £E2E T M Z FEES AWHOIA 167%2 ZobA] 7]F P4 Fwrt Qo BE, W, 24 o4 &
yelstth J2HA BE AR AJHS T2 HAAE AHE AAE 285k Ao agdolatal ddstt. 73t
3 Aool vl 71 £E80] 2 UEyth o] = B CE AMESE AR AHoA 22 TEEOe
W2 AREER Qlste] thE FAA el §Eo] 22 PE AMESE A& uAlEkA A=, BF W 271
ool 23o] | WhAeh Ao g wohEh J2HA| CetPE o AT YElTh FEe AR R oR WA et Al

Aes ARES AW,S ABET $A $5BS et o, AE A% A B0 FAAE A9 s BelA e
2 A% 208 s A AR & Ao| FFL
a Zolcha sk,
B 314, WIS
FHA AHES] o] W BHEL AlF 2o wE
=% A9 glo] BHAAOR el & el 4
w ZAES vt 23t B vlgo] SR uheh BAE]
iI Fashs AT UEidth. AW, o) 2w W
oo M e wyse i e S AR vk g 2 3
S B T S ST g Selu Siek(Table 5). WA R B Wl 3
B Width direction B Height direction
o FAEL ASB=CP 02 IA YeERgthFigure 5).
Figure 4. Chart of average shrinkage rate by adhesives. ActylA] 2HA| 9] 749 Ro tigh vh-3/do] PVAcAH H
Table 3. Average rate of shrinkage comparison (%)
Type AW] AW2 AW3 BW1 BW2 BW3 CW] CW2 CW3 PW1 PW2 PW3
d.Wlth 14.97 4.63 2.53 027 0.00 023 1.77  0.00 0.13 1.13 0.13 0.00
1rection
gtapdgrd 1.23 1.23 0.71 0.19 0.00 033 026 0.00 012 0.62 019 0.00
eviation
dHe‘g.ht 2460 757 193 000 033 000 107 000 307 140 150 117
irection
Standard

. 1.70 1.02 1.11 0.00 0.47 0.00 0.33 0.00 1.11 0.54 1.22 0.24
deviation
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Bent Hole Becoming powder Crack

Table 5. Average rate of expansion comparison of width direction (%)

Type ot o Gevtgon  Average rate by adhesive G
2 1.7 0.08
A W, 0.9 0.05 1.1 0.07
W; 0.8 0.03
2 0.9 0.06
B A 0.6 0.03 0.7 0.05
Wi 0.7 0.06
W, 0.5 0.04
C A 0.7 0.04 0.7 0.05
Wi 0.7 0.07
\Z 0.5 0.04
P W, 0.4 0.03 0.4 0.04
Wi 0.4 0.04
(A) (B)
! )
“ 1
N . . -
. . 1 T .

Figure 5. Average expansion rate of width direction (%). (A) By adhesives and wood powder rate. (B) By only adhesives.
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Table 6. Physical deformation type
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Figure 6. Overall rate of physical deformation (%).
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Table 7. Physical change of wood specimens according to experimental progress

(- : No additional physical deformation)

Exposure to high humidity environment

Type Sectional observation
After 7 days Moisture saturation

AQi1 - Lifting -
AQs1 Lifting - -
AQs4 Lifting - -
AQ42 Lifting - -
AQs4 Crack - -
AQs4 - Lifting -
BQ1 Lifting - More lifting
BQ,2 Separation - -
BQ:3 - Lifting -
BQ/4 Lifting More lifting -
BQs2 Separation - -
BQs3 Separation - -
BQa4l1 Separation - -
BQ42 Separation - -
BQ43 Separation - -
BQs1 Lifting Separation -
BQs2 Lifting - -
CQi3 - Separation -
CQ4 - Separation -
CQsl - Separation -
CQs2 - Separation -
CQs4 Lifting More lifting -
CQ4l Lifting Separation -
CQs2 Lifting Separation -
CQ43 Crack - -
CQs3 Crack More crack More crack
CQs4 Separation - -
PQi1 - Crack -
PQ2 - Lifting -
PQ:3 Lifting Separation -
PQA4 Crack - -
PQ42 Lifting Separation -
PQs3 Lifting Separation -

PQs3 Lifting Separation -




Table 8. Overall rate of physical deformation

Tvpe Deformation Deformation type (%)
P occurrence (%) Crack Lifting Separation
A 30 16.6 83.3 -
B 55 36.3 63.6
C 50 20.0 10.0 70.0
P 35 28.5 14.2 57.1
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