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º £ W{&{�« �Ï~ >«" JÂ ^úÿn �¦'� º�(�·�, >ª, Nê, �V)ö ~� �z¢
�Ò~&
. �Ï~ >«f ¶�¾Z(¶«¾Z", Zelkova serrata)� C&r
. �z� �� æz¢ Gnb�
&V~&j r ��æï, �R, ÏÒ�~ ��Úö� ¾æÒ
. �^;��'� æzº �z;�ö V¢ ^ ¦
ª(I, II, III-spot)b� ¾*Ú &V~&
. I-spotöº Òïb� æïN" ÿ�ö �ç~ &V� ®&Ë� ;ê
� bæ[� j*® �çj Ê�� ®î
. �f �Ò æï� >îæò �ç~ &V� &Ë� II-spotº Z>
� �Òf ^�Ú;ö F«B bæ �~ J"b� &V>î
. ^�ãf �z� �� bÒ'� ;ê¢ ²

~� £z>Ú ®b� �� �� ^�ã~ �^� �R" Hf �j &V� > ®î
. �Ò& ^�¢ Ê�
� ®æò �� �� ÏÒ ¦êº &V>æ p~
. ��öB ®" 0.5 mm j¾~ III-spotº ÏÒ~ �F�
'.ïj Fæ~� ®b� ^�ãf �*Òf FÒ~&
. �ç~ æz
f ÏÒ¦êfº �ê>îb� ��
öB ®" 0.5 mm �~~ æ�® ��'� *ç�¢� � > ®
. 

Abstract The wooden striker on the Divine Bell of King Seongdeok was examined to identify the species
of the wood and the outdoor wood weathering caused by solar light, moisture, temperature and air. The
species of the wooden striker was identified to Zelkova serrata. When observed the striker with naked
eyes, the results were surface discoloration (graying), cracking and roughness. In order to examine the
morphological changes according to deterioration type, the specimen were separated to three part(I, II,III-
spot). The I-spot was discolored to gray and at the same time entirely covered with dust. So the observation
was impossible. The II-spot was also discolored but its texture could be observed. On it could observe
numerous fungal hypae and dirts like dust flown into the cell lumens. The cell wall has been so weakened
by weathering that it lost the physical intensity. This have made microchecks and splits on the cell wall.
Although fungal hypae covered the cell, they did not result in wood decay. The III-spot, located just
0.5 mm below the surface, was maintaining the natural red-brown color of the wood. Its cell wall was
similar to that of sound wood. These changes are different from wood decay, and limited only to the
surface of the striker-less than or equal to 0.5 mm below. 
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�&Ë²~ Ìf �*b� �� ~ãæz¾ ÎÞÆö
��Úæº B¢~ « ¯Ò& �«ö ±æ pf 'Ëj
¢� ©�¢º ÖJ& &v>Vö ��&
. �ö 1999
j �«ö &� ;& n*ê� 5 «�'� �F�Ò¢
�� ê 2001j¦V ¢jö �®O æ«� î£>Ú *
Òö ��� ®
. 
�«" &NB �J 7ö ¢¹j > ìº © 7~ ~
¾& �Ï(ªÓ)�¢� � > ®æò &NB V�f �

æ dj" > ì
. 
�Ï� ÒÏB �V¢ ÚÚ�� «'" ÿ¢� �V

(1600+°)ö ò
Úê ©��¾ 1N �*(1460j, �N
6+) Ë²� üá(â)°ö ®j ��~ ©¢ &ËW�
�
. � �Vº ^� 145 cm, �& çã 30 cm, Z²

66 kg�� >«f ²¾Z� ¢¦ .¢ê �� ®b¾ æ
.ræê æ«� > ®j ò¢ ç�& ±
� �
.1) 

2003j 3ú 5¢¶ �^VÒö ~~� �Ï~ >«f
²¾Z�� «" �%f ¦ª� JÂ æ«b� �� �
êz >Ú jª
Ú «Wj Ïª® â > ìbæ� �
Ïj vÚ~�¢ �
º VÒ¢ 7~&
.2)


B æ«ö ®ÚB �Ï~ >«� ZÎ «~�� Z
&~
� � > ®
. ��¾ �b� rË�'� G�
öB~ V.¶ò¢ B��ö ®Ú ��¦ "B¢ �'

�
� >«�ê �~ ÏîÒò��~ V�'� ��V
~ {�f z®Ú �^;��'� �zç�¢ C&vº
©� ��� ©�¢� � > ®
. 
V¢B � ��öBº �«" &NB �J~ ~¾�
�Ïö &� ;{� >«j C®� ÏÒ��~ ^�;
��'� G�öB �Ï~ ç�¢ 2k� vº ©ö ~
~¢ v� ®
. 

II. Òò 5 �ÒO»

W{&{�« �Ï �Þf Fig. 1öB ��� æ« �
ö «" ç7'b� �%º ã~ Ç��ç~ ��¦ö
B ²ïj j�~&
. 
>«�êÏ �ò¢ B·~V *� 
Ú*�ã 5 G
nb� ;{� Ç, OÒ, 7F~ â��� �Â>ê�
:�j ò
î
. 
Ò¢�O î���Ö(sliding microtome)b� vþ

20µm~ .Þj B·~� �¾
Bâb� /«~� '
�*.2¢Þ¢ B·~� 7�*�ãb� &V~&
.
>«~ {�f V �ÒB �ç�'� ßû" jv~�
>«j �ê~&
.3) 
�z� �� �^;��'� æz¢ &V~V *�
j�� �Þf Gnb� ¦*¢ ª~~� '' &V~
&
. ¯, b& æï" �þ &Ë bæ& ô� �� ®
Ú ÏÒ~ �ç� &V>æ pº ¦ª(I-spot), æï�

>Ú ®æò bæ& ô� �'>Ú ®æ pj ÏÒ~
�ç� {�>º ¦ª(II-spot)" � :� j¾ ¦ªb�
��öB 0.5 mm j¾ ¦ª(III-spot)�
. 
�
 �Þf 
Ú*�ãb� &V~�B ;{� â�
�~ �Þj '' B·~� .ÃO(gold coating)ê "
Ò*¶*�ã(SEM, Hitachi-3400)b� &V~&
.

 

III. �ÒÖ" 5 �V

1. >«ªC
W{&{�« �Ï~ >«j �ê� Ö" ¶�¾Z

(¶«¾Z", Zelkova serrata)&b� ^��ç�'� ß
ûj Fig. 2(a)-(d)ö ¾æÚî
. 
Ç��� Fig. 2(a)öB ��� �²¦öº 1-2�~ &
;&�" �²�öº 
';~ ²;&�� Î�B 7F
ç _f 2ç~ V�j ~º ÷�&�j ��º ~�Ò
�
. 
&;&�~ Ú¦öº æ¢��Ê� N ®b� »OË
F�çf "*ç 6º �çj ¾æÚ� ®
. 
OÒ��öBº ê&º²f ÏRF~ «��j &V

� > ®
. Fig. 2(b)öB¾" ê&º²~ �r¦öº
�Â�" ê&~ "*öº ê&ç&ê&� �Ò~� ²
ê&öº ¾Fjê& *&~² ª��
. ê&" OÒ

�ç� çv~º ª¢öº v^çã�� �Ò�
. Fig.
2(c)öB¾" OÒ�çf 
�~ ï�^�f ç~~ 1
�� O;^�� ��Úê �WIII;�
. OÒ�ç~ ç

~¦ö ®º O;^� Úöº 
ï~ Ë;Ö;� &V
>î
. 
7F��öBº Fig. 2(d)öB¾" 1-8̂ ��~ OÒ

�ç� &V>� ê&ç^*~ v^çã�� &VB
.
OÒF^�Úöº Ë;~ Ö;� 
> &VB
. 

Fig. 1. The sampling point (ø) was faced to the strike face
of wooden striker.
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�ç�'� ßûb� � >«f ¶«¾Z"~ ¶�¾
Z� �ê� > ®
.
¶�¾Zº *�'b� ¶�~º ¿#�#vÏb�
>� 26 m, çã 3 mö ��� �Ë³ê& ��
. >
«� ^� >;� �;~� >&�� 9ÚB ;¶Ï�
¾ �r>� ò�~� �ö�¾ �Òö �Úê ±
. 
ÏÒº ï�f Ö� jª�� £* J� ¾� ¾ �æ

p� ��� Þ�¢ &�� Ï�~
. Òî� �Ú¾B
ZÒ�6, î�6, V�Ò �b� 
·~² �ÏB
.

2. �Ï~ �z(Weathering) 
JÂ ^úÿn K�~ ~ãö �ÂB �Ïf �, >
ª, Nê, �b'� º�ö ~� �z� 
·� æz¢
�&
.

Fig. 2. Microscopic image of Zelkova serrata. Notes; (a): cross section, (b, c): radial section, (d): tangential section.
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Ñ� *Ú'� �Ï~ �;j Gnb� &V� ��
ÏÒ~ æï, �R, ÏÒ �~ ��Úö �j r > ®
î
.

Fig. 3öB ��� æ« �f �~² RF& ¢��^
®� £* '.ïj j� ®î
. æ« �" >&�f
Fig. 4öB ��� �Ò¦~ &;&�� ®º ��¦¢
V¢B ÿ�öçb� �� 2^ ®� Òïb� æï>
Ú ®î
. 6� ÂËö 
Ú vV *� ;f ÆB �
�bö V�� .¢ö� &V>î
. 
ÏÒ~ Òïf Fig. 5öB ��� �F� Òï� '.
ïj ©� å�j j� ®
. � ¦ªf �· 7ö ç7
'b� ô� �ÂB ÿÎã~ ��æ� ÏÒ �f ��
Úö~ ;ê& �~
. Fig. 6öB¾" �" ç7'�
7/� 'f §Bã� � ¦ªf 
² '.ï� Îj ®
b� ÏÒ~ �ê 
n~&
. �f ?� ÿ¢� Ë²ö
�Â>îz¢ê �· �~ 'êf �Òïö V¢B �
z~ ;êö � N�¢ ��
º ©j r > ®î
. 

��¾ ��� 7�zº Fig. 1öB ��� �Þj â
ÚÞ ��� �Þ~ ï" �Ò ¶�¾ZÒ~ �*Ò¾
" �F� '.ï� ��Â ©b� �j æïf ��ö
Bò ¢ÚÎj r > ®
. 
B 
� ��öBê ��
� 7�z~ p�º 0.05~2.5 mm ;ê~ ÏÒ ��ö
ò �;>º *ç�¢� �
.4) 
�*Ò(Ò®f, sound wood)� ¶�¾Zº '.� �
z¾Ò¢ �¢ �Þj .�� > ®º� >� �Ï~
�òº �z¢ �~æ p�ê Ò¢�O î���Öb�
�Þ~ .�� &Ë~&
. �©f ÏÒ& JÂ �*ÿ
n K�ö �Â>Ú �z� �� ;ê¢ ©îV r^b
� �'� > ®
. 7ª�º ÏÒ~ "Wª� Ò�ò
~ ª�¢ ¢bÊº� æï" ÿ�ö ÏÒ~ bÒ'�
;ê¢ ¶
~² ~º ö�� B
� � > ®
.5)

6 ~¾~ Gn'� æz� Fig. 7öB ��� ��~

�Rj &V� > ®
. � *çf K�ö �ÂB ÏÒ
~ �z¢ ¢bÊº 6 ~¾~ 7º� �¶� >ªö

Fig. 3. The strike cross section of wooden striker. Fig. 4. The opposite cross sectionof wooden strike.

Fig. 5. Appearance of wooden striker to the southeastward. Fig. 6. Appearance of wooden striker on the northwestward.
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~� ©�¢� � > ®
. ÏÒº �F� bÒ' ßW

b� �V~ Ûêö V¢ �Û" OÛj >�~� /Ï
® Ûê& æ~² >� ÏÒ~ ��" Ú¦öº �>N
~ ³êãÒ& �¢^ ÏÒº >»" cJj ~� ��

�� �R� �V² >º ©�
. �©f K��Â Ï
ÒöB B�~º &�'� �z~ *ç�¢� � > ®
b� �&ö 'Ëj ¢~� ¾j& bÒ'� ;ê~ £
z¢ &^J² B
. 
ß® Fig. 8öB¾" �, òÒ~ ãê¦¢ V¢B æ
� N� ����� ÏÒ& &VB
. �, òÒ*~ 7
�z~ N�� �� £zB ¦ª~ �z& æ³>�B
�¦'� j:², Æ·ª�¾ bæ �� î~ �îB~
��j ~�B ¾j& ��� B�~� ��� ���
��æ² B
.4) 
��� bÒ'� æz��~ ��*çf >«" "æ
~ãö V¢ ;ê¢ �Ò�
. �j7~ ÏÒ¢>� �
�N� Ôb� �#>Ò& z �~² ¾æ¾� �Ò¦

& z ��² ��B
.4)

~� ^�~ �^;��'� æz¢ &V~V *� I,
II, III-spotb� ª~~� "Ò*¶*�ãb� &V~&
.
b& I-spotf Fig. 9öB ��� �Þ~ &Ë ��¦
� æï" �þ Gnb� {�� F ;ê� ^�~ �
ç� vâÚ bæ~ [b� ��^ ®
. ��� �;
'� bæº �'F öò jî¢ ÿ�ö :²" �þ
î~ �îB� ·Ï~� ÏÒ~ ��j �.O ���
B ¾. > ®
.4) 6� �'B bæ~ [f Ûê& ¸
f ËîÆ �öº >ªj Ïª® Fæ~� 2b�� �
�b~ �Gö ±f ��j B�� > ®
. 

rb� II-spotf .ïb� æï� >Ú®æò bæ
& vó² ��®æ pj ÏÒ �ç~ &V� &Ë�
¦ª�
. 
Gnb� &V~&j rº &Ë :�ã�
º +æò
�� Òïb� æï>î� bæ~ �'� ��~� ^
�~ �çj &V� > ®î
. 
�^;��'� æz¢ &V~&j r Fig. 10öB¾

Fig. 7. Cracks were caused by moisture observed at the
surface wood tissues.

Fig. 8. As weathering continues, erosion takes place. 

Fig. 9. The outer surface was covered with dirts (I- spot). Fig. 10. The vessel lumen were occupied with dirt particles
and tylosis in early wood (II-spot).
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" &; ê&~ Ç��öB �� æ¢��Êf �þ �

¦öB F«B bæ& ê&j &� zÖ� ®rj &
V� > ®
. Fig. 11öB¾" Ò�ò~ 7ª�� �

� ^�ã~ ;ê¢ ²
~� ^�ç^*~ Ö�� ¶
Î�^ 7*[" ªÒNj r > ®
. £zB ÏÒ~
�Þj B·~º "; 7ö �Z bÒ'� ¶çê �
J� > ®æò ¢N'b�º �� Ò�ò~ ª�� ^
�& ;ê¢ ¶
~&V r^ö �Z *ç�¢� � >
®
.

Fig. 12, 13öB ��� OÒ, 7F��öB �� ^�
¢ Ê�� ®º bæf �Ò¢ £² {�� > ®
.
Fig. 12öB¾" �Òº ôf ªæ¢ ;W~� 
Bj
��� ®b� Fig. 13öB¾" �¦öB F«B J"
b
� ��º bî
� ^�ãö �'>Ú ®rj &
V� > ®
.
^�ã~ «��j &V� �� Fig. 14, 15öB¾"

microfibril~ ãÒ'j V¢B �Z ¾Fç~ �R" »
OËb� ^�ã~ Hf(split)*çj &V� > ®º�
�©f 7�z� �� Ò�ò~ ª�� ^�ã� £z
>Ú �Z *çb� �'B
. 

Fig. 11. Cell wall detached from compound middle lamella
(II-spot).

Fig. 12. External dirts and fungal hypae were covered cells
(II-spot).

Fig. 13. The bundle of fungal hypae were found and
enlarged pit apertures (II-spot).

Fig. 14. Cracks appeared as spiral check in radial section,
running parallel to the microfibril orientation (II-spot).

Fig. 15. Inner layer of cell wall were splitted (II-spot).
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ß® Fig. 16(a)öB¾" ��b~ ±f '·öb� ·
Ï~º OÒF^�~ "æöBº �Ò~ 
Bj {��
> ®b� *Ú'b� ôf �Ò~ �Ò¢ {�� >

®
. OÒF^�~ ^�ãf ^�ç^*ö ªÒ& ¢
Ú¾� ;ê¢ ¶
~� �{ö ~� £² HÎöj r
> ®î
. 

Fig. 16(b)öB¾" &; ê&~ Ú;öº ß® ôf
�Ò~ 
B" bæ �~ ®Bb� {�>î
. �º ê
&f Ú;� �æ� �¢ Û� �Òf bæ �~ F«
� £V r^b� �'B
. �
 �G�º "� æï
�b� ÏÒ~ ��ö �;>Ú �Ò�
. ~æò �

æï�� �Ò�
º ©f 
� ÏÒ¦ê�� �«~�
ÏÒ¢ ¦ê�Ò > ®º ��j �Ë� > ®
� �
> ®
. ^�Úãöº microfibril ãÒ'" ¢~~º ¾
Fç~ �R" ã��~ {Ëj &V� > ®
. 

III-spot� ��öB 0.5 mm jÑ¦ªj .�� �j
&V~&
. 

Gnb� ÏÒ¢ &V~&j r ��¦~ æï"º
�Ò �F� Òï� '.ïj j� ®b� �*Òf 

ªìº ;ê¢ &æ� ®î
. 
�^;��'� &VöB ^�Ú;öº ��¦f j
v~� bæ �~ ®Bb ì� �}� ^�¢ &V�
> ®î
. Fig. 17(a)öB¾" ��öBf �Ò OÒF
^�~ "æöBº �Ò¢ {�� > ìî
. ��¾
Fig. 17(b)öB¾" ^� 7 &Ë Ú;� � &; ê&
Úöº �Ò¢ {� � > ®î
. ÏRFf ê&~ ã

f �*Òf 
ªìb� OÒF^�~ »OË~ Úãj
&V~&j rê ^�ãöº æz& &V>æ p~
.

IV. Ö �

W{&{�«~ >«j ªC� Ö" �� rJê Ò

"º �Ò ¶�¾Z(Zelkova serrata)� {�>î
. V
�ç~1) ÚÏöB �Ï~ >«� ²¾Z¢º ©f 6

Fig. 16(a). Bundle of fungal hypae were observed to ray
parenchyma, especially (II-spot).

Fig. 16(b). Vessel lumen were examined to amounts of
fungal hypae and dirts (II-spot).

Fig. 17(a). No found fungal hypae and dirts in ray
parenchyma (III-spot).

Fig. 17(b). Fungal hypae were found in vessel lumen (III-
spot).
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~¾~ �Ï� �Ò� Ò ìbæ� ¾á rJê Ò
¢
©�
. *Ò ÒVöB «~ �Ïj vÚ~�B z® Ò
Ï>º ¾Z& "� �#>Ò� 6j 6n~� ÖÒ¾
¢~ &�' �#>Ò� ²¾Z� ��Ú ö·� Ö"
& jò& �'B
. 
¶�¾Zº ÏÒ& ÂÆ>º ÚÆ� F'öB� z®
" > ®º >«~ ~¾�
. ~�Ò� &� ê Ó/&
jª�� ¾ �æ pb� ��� Òîj &æ� ®Ú

·� Ïê� ÒÏ>îj ©�
. ��¾ �Ò ³~ �
Ïö &� �Ú'� >«�Ò& *Z� ç�� : 
�
ÚÆ� >«� �Ï~ Ïê� ÒÏ>îj æö &� ©
f r >& ì
. 
W{&{�« �Ï~ �z¢ ÚÚ� Ö" ��b~

ª�� B�~º ÏÒ¦ê(wood decay)fº �ªNj
r > ®î
. 
Gnb� �~j r ��æï, �R, ÏÒ �~ ��
Úö, bÒ'� ;ê~ £z � K� �ÂÏÒ~ *;
'� �z;�¢ ¾æÚî
. 
�^;��'� æz¢ &V� Ö" I-spotöº Òï
b� æïN" ÿ�ö �ç~ &V� ®&Ë� ;ê�
bæ[� j*® �çj Ê�� ®î
.
�f �Ò æï� >îæò �ç~ &V� &Ë� II-

spotº Z>� �Òf ^�Ú;ö F«B bæ �~ J
"b� &V>îæò ÏÒ ¦êº &V>æ p~
. ^
�ãf �z� �� bÒ'� ;ê¢ ²
~� £z>
Ú ®b� �� �� ^�ã~ �^� �R" Hf �
~ æz¢ &V� > ®î
. 
��¾ ��öB ®" 0.5 mm j¾~ III-spotº ÏÒ
~ �F� '.ïj Fæ~� ®b� �*Òf FÒ~

&
. 
Ö�'b� �Ï~ �z� �� æzº Gnb� �
~j r å�b�~ æï, �^� �R, ÏÒ~ ��Ú
ö, 7�z� �� ÏÒ"Wª� Ò�ò� ª�>Ú b
Ò'� ;ê& ²
B © �j 
 > ®
. 
�^;��'� &VöB �^� bæf �¦~ãb
�¦V F«B bæf �Ò~ 
B� ^�Ú;öB &
V>æò ��bö ~� ÏÒ ¦êº &V>æ p~
.
��¾ ��� æz
f ÏÒ��öB 1 mm�ò~ �
�öò �;>º ©�î
. 
V¢B JÂ V* æ«b� �� «ö �%º ¦ª~
ÏÒ& ¶ç>Ú �F� }�ö 'Ëj ��
� 
�
Ö�j ÚÚ > ®Ææò �¢ VB~� ÏÒ ¶Ú��
~ �Ï~ ÒÏ�¦¢ ¢�
� ��� �z ì� �*
~
� Ö� ÚÚ > ®j ©�
. 
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