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ABSTRACT 

The studs of wooden platform construction were deemed to be the subject in this study for the 

exploration of prediction models for the charring depth of wood under fires of variable temperatures. The 

purpose of this study was to promote wooden construction technology and to improve the safety of fire 

protection. The specimens for this study came from both native and imported wood. Three 

constant-temperature heating conditions-600, 700 and 800 , and a�  CNS12514-compliant standard 

time-temperature curve, were applied to the charring experiments for framed wooden studs. The test 

results were analyzed against Hamada and Sugawara’s charring models for constant-temperature heating 

conditions and White’s standard fire curve. Comparing the afore-mentioned charring models applied to 

the test results under the heating conditions of the standard time-temperature curve, a fairly good 

agreement among the results was observed 30 minutes after heating commenced.
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��������� �� �� �� �  

� � %��� � � s t ~ 1� � � � Y &� ����� �� V W ������ &� . � �  

�� � � � I� � %��� � � � � � � �� � �� b ����s t ~ � � � � � � ��� � �  

&��� � �  ¡� � %��� ¢ � ��&���£¤s t ~ ¥ ¦ � � � � � § � ¨�5���� 

© ª « ¬ ' Ub �¢ � � � � ¦   ® I 

¯. ° ± ² 0���,v � 3�³ ´ µ ² � �¶· ¸ © ª ¹ �ºv · ¸ � � § � &� � (Yang, 

et al., 2009)�»¼ � s ½ ��� . / � �a8 9 %�¾¿78 ��� . / À Á Â © ª « ¬ ��Ã Ä  

a8 � � %��� � � ¢ � �&� . A¢ � � � Å Æ IÇÈ ��,� �� �É � � a8 9 %� 

� Ê U'V W X 3É TU3�&B Z 3�4 5�Ë-w��� ¢ � �� . � � [ Ì " # y( 	 
 � �

2009)�± Í � � %��� � � ��� &��-. ° 0�  Î ÏÐ Ñ Ò ¶Ó -ÔÕ V W X 3Ö × ¨

2@ 3�4 5�£¤ÇØ Ù Ú &Û Ü I 

'Ý Þ w� � %��� � ß �� . � � [ Ì " # y&f c �! " # $� � %��� ¢ � �¥ ¦

¢ � �5w��y-� . / 0� �78 9 %'* + ¥ à �N Y � � %��� ¢ � �����,-�

. / 1234 56�� �� �78 9 %&" # �$á + � � %��� &� . � � I 

��������� 	 
 � �  �� 	 
 � �  �� 	 
 � �  �� 	 
 � �  �  

� � %��� ���5����PÎ ÏÐ Pâã ~ MTU5äå æ � �¶f �¿7ç 1� è  

éÇU&9 ê « ¬ MV W ë ì ² µ í f �î ïð � � Í ñ N Y ò ó �$E ô Í ñ õ ö �¶� ÷ � P

ø ù f ! Pú û � :PÃ ü ý þ P· ¸ � s �� ~ &�¨( 	 
 � �2004)I' � ó ��� = > ? @ �

� � � 92� 	 
 w��� s t ~ Ê � A � � = > ë  y����D . � � � � � �ë  I � � �

� - 97�� � � � w��� s t ~ Ê � M� � = > ë  z � � s t ~ &D . y( � � � �2008)�

Ë¤¡ë  -< � § K � ��� � d � � �� í �I 

o ��� � �  -��� s t ~ D . � � &" # � ! Þ " # " # f c ����  � � % 

��� D . � � " # �$pw� � %��� � ß �� . � � [ Ì " # y�" # � % Å Æ � Ú ���  

� � �& K N O A! L , ' ��é ( CNS12514ws t ~ �� � d � . ) [ � yN Y H « ¬ D .  

< [ �$* + � � %��� � ß �� .   ® MD . � � &n  � I" # f c g h Î ÏÐ Mâã , 

( * Z � � � � ò ³ ´ �¶Î ÏÐ , ' TU + %,- . ( -D . � � v � ³ ´ &Ú � - / ¨· ¸  

º� Ã X D . � � I 

! " # � 0 ( � � %��� s t � . / 0�����5&��� �� �2�N Y [ Ì " # � 

* + ��� �1Î ÏÐ ¨Ñ Ò õ K 6� . / 0���Ô� ò 1 . 0�� �� �¨2�Û 2 I" #  

$� � %��� &��'( ) �JK 3 r ! L MN O �,�N Y B Z � �< [ �* + ����, 

-� . / 0123B Z 4 56� �� �&78 9 %�$: 4 C �w��� s t ~ Ê � A � � = >  

ë  y � � � 5 &� � ��� &Ê � M � � = > 6 'í �I 
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��������� � � � � � � �� � � � � � � �� � � � � � � �� � � � � � � � � �� �� �� � � � � �� � � �� � � �� � � � � �  ! " # $� �  ! " # $� �  ! " # $� �  ! " # $  

� � %��� �� 8 9 é� u Y '¿d '¢ � �MÔ¢ � ���� ¢ � �º: õ 'D . � ß  

�ID . � ß �'s t ~ � � * ; . ° < = Ý > &¥ ¦ �5�1. m ? @ MG H E F A ² � B C D  

E '� ¦ ¨ F G IH$a8 � � %��� � � � . ° I / 0&G H � �¢ � ���5� . � � J ¤ 

Ç K � ¦ Æ �   L I¶a8 ��� 3�³ ´ &� � 9̈ %�,¿78 ��. / À Á Â © ª « ¬ Ú � 

J ¿N ÇM Ã Ä � � %��� � � b �Ê � &Å Æ I 

w��� s t ~ Ê � A � � = > ë  y&z � � ws t ~ &D . y�� ë U �  ��� N � 

� O 8 9 s t ~ ¨D . Ê � �¥ ¦ ¤ P ( �,ü 3 Q > À �H2 f &� �� ��� R ��,D .  

Ê � S T I �  �,� �" # ���U ( -B Z 3�4 5'V W X 3 V W ¨� �� �78 9 %� 

� � X � Y Z [ ' ¿Ä Å Æ (Yang, et al., 2009)( Kodur, et al., 2002)�Ë¤( -� � %�O ��, 

� Z 0¼ '23B Z Ö × 6��� �� �78 d e ¿Ä Å Æ ¨ [ ' j \ ] I 

�  � � %��� �-V W X 34 56����� 3�2�Í ) M��� �³ ´   ® P�, 

U3M23� �a8 ^ _ �$6+ _ I 
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�B ` a � b " # c d v 2002 �N Y � � %��� " # ( Kodur, et al., 2002)Me � Y � f  

� b g u c d v 2009 �w��� ¢ � �� . � � [ Ì " # y h g h i � � %��� &���5 
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� � %��� ���5� � � � l m p��� O ,' P��© ª M� / PÎ ÏÐ ,Pâã ,P

TU5äI��M��� � �  &³ ´   L ( 	 
 � ä�2007)�$6Hn p 

o1p� O , ' p q �'³ ´ �,� �¥ ¦   L ��Â r l m s <  P t u � ä( ] ^ v�1953)I 

o2p Î ÏÐ ,pÎ ÏÐ ,Ñ Ò ��- w x . ° 0� y � ò z { -. | �� } ¿ * Ý Z � � � � 

H$Î ÏÐ ¨Z � ~ � � v ³ ´ ��H � ¨3�4 5�& � � %��� ����B Z 3� 

4 5ÔÕ V W &X 39 %( Kodur, et al., 2002)I 

o3pâã ,p� � %��� ���& . � � ª � � D âã ,IËâã ,-�� � � JK � �  

¨ � � + %¶� � � � � ¨TU + %�H$¯Î ÏÐ ,� . / ³ ´ ¶ � ; 0�âã ,:% �  

� � � � ¶ � ; �¾��v � ò z { -. | �� B � �¨ �  I 

o4pTU5p� � %��� ��&D . � � ¥ ¦ �� Î ÏÐ ,Mâã ,�»& Î ÏÐ Ý . TU 

-�� O � &0��£¿$Ý . D . � � I�TU - j � } - . j . 0�,� J Î ÏÐ TU

-�� O � 0�j . ��¿Ý . Î ÏÐ � ; ¨0��º¿Ã X D . � � I 

3-2 � � � � � � � � � �� � � � � � � � � �� � � � � � � � � �� � � � � � � � � �  

��� s t ~ D̈ . Ê � �¥ ¦ ¤ � �d e �,�5-ü 3 Q > À H2 f &� �� ��� � R  

�,�5HS � � ¨D . � � Ê � « ¬ I¶� � ¤�,- � � 0�� . Q > H µ ² � � - Q >  

� ª ¨� � / � º¤� �� � � R ¨¥ ¦ Å � � J �,� . Q > ¨0� � � � � ¿�i � � 

� �I�,&� �� �É � � 78 9 %�é ( < [ ¨B Z 4 5¿$d 'U3� �A23� �78  

9 %IN Y U3B Z < [ 0�B Z 3�Ê U'TU3��¶23B Z < [ 0�� � D < [ 4 5 S T  

¶2@ �'ÔTU3�I 

�  U3� �a8 ^ _ �� ! u � ] ^ vM_ ` N Ç 0 ( ��,� �< [ &B Z 4 5JTU 

3��	 � Ã iU3� �� �78 9 %I 

o1p ] ^ U3� �a8 9 %$6( ] ^ v�1953)p 
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$ À � xp� �� �(mm)I tpB Z 0�(min)IΤpB Z 3� ( )� Iapé ( < [ H�I 

o2p _ ` U3� �a8 9 %$6( _ ` N Ç�1978)p 

( ) ( ) }{ η
θθ
θθη .21 Φ−=

−
−

=
af

a
erfc  o2p

( ) ( ) aaf erfc θηθθθ +−=

 
o3p

kt

x

2
=η

 
o4p

dxX −=

 
o5p

ρ
λ

c
k =

 
o6p



� � %��� ��23� �� �a8 9 %" # 7

51 

_ ` < [ 4 5Ê U'JK � � �,�1TU3�M� � � 4 56N Y B Z ��ïK �,U3 

B Z 0 � � 3�d   Û 2 & ^ _ d e �b ó 3�V W :× d � N Y � �d e In  Å � � � $ À �

η pn ¡ 2 �(similarity variable)I fθ pB Z ¢ Ü 3�o�pIθp�� Ü £ 3�(�)I aθ p¤¥
3�(�)Ixp�� � �(mm)ItpB Z 0� (min)Ikp3�� ~  (m2/h)IλpZ � ~  (kcal/m.h.�)I

cpi Z (kcal/kg�)I ρ p q �(kg/m3)I erfc pÂ ¦ §  �¨�IΦpV W : × d � IΧ pZ �
N © � �ohydrodynamic entrance length�mmpI 

ª ^ $ � ] ^ M_ ` &U 3�� a 8 9 % �$ « �oq � ρ =0.35kg/m3p'Ùi j ¬ Øa 8  

9 % �1 400800�U 3B Z &�� � �b c �$k 2 H h I� � 400� U 3B Z 0�] ^ ��  
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k 2 ] ^ M_ ` U 3�� � �a 8 9 % i j k±$ « �'Ù 
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�  2 3�� a 8 ^ _ � � . ² ) ë  &V W X 3 V W ��Õ-�0� ³ 2 B Z 3� 

¨9 % I � U ( -2 3B Z �� � �É ��  a 8 9 % �JK� . ² ) ë  &V W X 3 V W �� 

Ù$ ASTM-E119 V W X 3 V W �� �� � �¨a 8 9 % ª ^ $6(White and Nordheim, 1992)p 

cXmt 1=                                                                    o7p 

bXmt c −= 2                                                                o8p 

a
cXmt 3=                                                                   o9p 

cXamt lnln.ln 3 +=                                                        o10p 

23.1
4 cXmt =                                                                 o11p 
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� n 	 % o7po11p�¨å æ Å �t'B Z 0� ominp�
cX '�� � �ommp� ´ µ  

Å � 1m  4m ¾ '��  ���¤��  ¨ ¶ �I · K 	 % o7po11p N Y �, B Z ��   

a 8 0&̧ K� �d µ � � $6(White and Nordheim, 1992)I  

	 % o7p¤ � Ç Å ��� a 8 9 % � ¹ Ê B Z 0� M�� � �'Ç º W �  ��' » ¼ �  

: K¨a 8 9 % Ī B Z 0� M�� � �' 60 d k M 38mm0���  �� 1m ¯ ' 1.575min/mmI 

	 % o8p' ½ Å ��� a 8 9 % �Æ ��, Q > À vµ ² j ü ¨��  ��-B Z ¤: \ ¸

�� ¾ * ; Z � ¿ © �} B Z 0� M�� � �º ÕÇ º W �  ��¿ · K¡ a 8 9 % I 

	 % o9p'Ô W � ½ Å ��� a 8 9 % �¯ a ¯ À - 10�B Z 0� � B ¾ ��  v� B Á

¯ a ¯ a - 10�B Z 0� · ¸ ¾ ��  v � B Á¯ a ¯ ä- 10�¾ 	 % o9p b̈ c M	 % o7p

n æ I 	 % o9pM 	 % o11p¸ K-��  Â U }��  j Ã 4 5 6 ä 8 9 % I 

	 % o10p��	 % o9p ? ~ ¶ � I 

	 % o11p'Ô W � � Å ��� a 8 9 % ��� � Ä Å M Æ ö Ç v(American Forest and Paper 

AssociationÁAFPA) N Y ��� � . Ê � HJK ä 8 9 % �¤ Robert H. White P ( 8Ø�, Ø È

N Y < [ À �H± É ia 8 �, � Z µ ² �� � �&� [ 	 % I¯B Z 0� M�� � �d µ ' 60

d k M 38mm0� 4m ¯ ' 0.684min/mm1.23(Yang, et al., 2009)I 	 % o11p���  �� 4m � R

¨ + % $	 % o12p(White and Dietenberger, 1999)I 

fcm 532.021.1000564.0147.04 +++−= µρ                                  o12p 

	 % o12p'��  �� 4m ¨ � R + % �� n  Å �� � $À �ρp�, q �okg/ m3pIµp
�, s <  oÊpI fcp�, �� · ¸  I� 4m � R ¨ + % ¿ $ Ë Ì 	 % o11p¨a 8 9 % ��

¥ ¦ ³ ´ �� � �¨ ® ' Í Ø q � ρ M s <  µ (White and Dietenberger, 1999)�̄ q �M s <  

� B ¾ ��  · ¸ I 

��������� �� �� �� � � � � � 	 
 � �� � � � 	 
 � �� � � � 	 
 � �� � � � 	 
 � �  � � � � � � � � � � � �  

Îó 3-2Ïw�, U 3�� a 8 ^ _ yM 3-3Ïw�, 2 3�� a 8 ^ _ y �̈ � �'s ½ 2 3

�� � �7 ² ¿ Y � 9 % �! " # Ð )$U 3�� a 8 9 % �N Y 2 3�� � �7 ² ¿ Y � + _ I

" # J N Y ��, B Z �� � �< [ �B Z 4 5 Ê U 'T U 3�M2 � 3� ¬ a È �)�, Ø 

-� U � � : K&! L MN O �b �K, ��Ñ Ò « �PÓ « PÔ « äR È , Ø�N Y B Z < [ �

Õ � < [ b c * + ��, -2 34 5 6�� � �7 8 9 % �$Ã Ä D . Ê � � &Å Æ I 

��, �� < [  B Z 3�4 5 y æ �" # d ' ¬ K < [ N Y IzÇ K 'U 3B Z �� < [ p 

< [ B Z 3�'U 30�� B Z 0� ¨ � B �� ² �� � �2 � ¨Û j Iz Ö K < [ '2 3��  

< [ p1< [ H Ê U B Z 0� � �B Z 3��'Ô T U 3��< [ $ CNS12514 &V W X 3B Z  

V W '2 3�� < [ &B Z 4 5 Ê U �� ² 2 3B Z &�� � �I 

Õ � < [ Md e + % �( × Ö K < [ b c $U 3B Z �� � �a 8 9 % �N Y 2 3�� � �7 ²  

¿ Y � + _ I* + � � ��, 1Î Ï Ð Ñ Ò 6�Ó -2 3B Z 4 5 0�7 8 ��, �� � �a 8 9 % � 

" # f c J ¿ Ã Ä ��� � � Ê � Å Æ I 
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4-1 ��������� �� �� �� � � �� �� �� � � � 	 
� � 	 
� � 	 
� � 	 
  

�, ¨�� § Õ Ø × Y '(transient)� y æ ¨�, M9 % � Ù � � Ú � ¨�� Y 'I e � � U  

( ��, �� )[ � �� � Û ë  � ¡ ( -�� < [ Ê � �! " # Å Æ CNS ë  M� Ü &< [  

+ � �< [  ® Ê U 'B Z 4 5 PB Z 0� P)�Í ØP� Z ª ä� Ú K < [  ® � � $ À I 

�  B Z 4 5 Ê U �é ( ! " # � ¨� 0 ( U 3�� M2 3�� N Y < [ IzÇ K U 3��  

< [ 3�ë ß � ��, µ ² �� ¾ &3�Ý ' 300��H$B Z 3�Ê U - 300~800� Þ �B Z  

3�� B � / Ê U ' 100�IzÖ K 2 3�� < [ 3�ë ß �Å Æ CNS12514 V W X 3V W �õ ' 

2 3�� < [ &B Z 3�I< [ B Z 0� Å Æ D . 0ß äà Ê U ' 30 d k P60 d k �! < [ '� B  

á ² Md e â̈ Û � , ã ä � n 2 ´ 0S &�� � ���1B © 45 d k &< [ �& R ´ 0S å 15 
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� 4 '« � PÓ«P Ô «äRØ � , �J K BZ + %'ï Z þ BZ + %�- CNS12514 V W  

X 34 5 6 N Y ��� �< [ b c I� , U3BZ ��< [ b c gh �� ' 30)45)60 d k � 

º £ BZ ¤ :�� j * � �� D 0 � � B�� ¾ " �# $ � B�¶��¾ � * Z ß c �H $BZ  
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« � PÔ «PÓ«) � q�  Þ ��� 3& 600P700M 800�U3��< [ ) � 9 � Ý ' 400 

500kg/m3� ) � = Ù q�M+ ÷  �' Ô « 493kg/m3,Ó« 474kg/m3,« � 421kg/m3I60 d k  

U3��< [ b c gh ���� � = Ù ¯ 'Ó« 28.4mm,« � 26.8mm,Ô « 25.0mmI! " # 

< [ &RØ � , -U3BZ 4 5 6 �gh ���� �Mq�  ® &n  ��ygD�$k 9 H h I 
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k 9 � , q�MU3BZ ��� �i j k 

� � �  � , ��� �a 8 9%&� Ü gh �� , q�¤ ³ ´ ��� �M�� ¥ ¦ `    

&Ç �¶ } q� � B¾ ��� �M�� n ( · ¸ ( ] ^ v�1953)( _ ` N Ç �1978)I�! " #� 

U3BZ - 600P700 M 800���< [ b c gh ��� �Mq�&n  �yü oR2 d µ ' 0.004P 

0.041P0.256pI1Yang, et al., (Yang, et al., 2009) "̈ #�� , ) � q� Þ ' 398538 kg/m3� 

�q�M��� �& ��d e b c �-gh i � , q�M��� �. � gD n̈  ��Hugi, et al.,  

(Hugi, et al., 2007)M Lingens, et al., (Lingens, et al., 2005)oq� 350750 kg/m3p "̈ #� % -" #  

n æ b c I 

o/p7 o0p7 o1p7



� � %� � � � � 2 3��� �a 8 9%" #7
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5-3 ������������������������� � 	 
 �� � 	 
 �� � 	 
 �� � 	 
 � � � � �  � � � �� � � �� � � �� � � �  

]^¨U3��� � a 8 9 % o	 % 1p � � a'Ç K ¥ ¦ Å � M q � � n  � (]^v� 

1953)�_` ¨U3��� � a 8 9 % o	 % 2p, 2 q � &Ú � r Æ � Z � ~  � þ �� � �  

� 3 y æ , Ø ¨Z � ~  λ 1 : 30� y n æ �Ë� , 1ü 3Ó - Z d Ì ��Ö × 0Z � ~  λ  

hJ 0.07(kcal/m.h. )� � H $ ! " # · K _` U3��� � a 8 9 % �R Ø � , ¨Z � ~ � � λ  

º æ _` & � � JK 0.07(kcal/m.h. )�  (_̀ N Ç �1978)I» ¯ B Z 3� d µ Ê U 600P700M 800� 

0�? ~ � i ��� � ¨ � R % d µ ' dx −= kt12.1 P dktx −= 15.1 M dktx −= 28.1 I  
 

k 10 ]^M_` U3��7 ² 	 % M< [ ¯ i j  
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� � � � � � � � � � � �� �  � �! " ρ #$ % 421 kg/m3&' $ 476 kg/m3&( $  

493kg/m3)*+ ,#600&700 * 800�)- . / 0 12 3 � + ,4 5 6 "7 8 9 : �; < = > 10 

� ? @> 10 A ? B C �7 8 4 5 6 "D E �F G H ,"I J �K L �7 8 4 5 6 "I J M D B C  

N O �� 1P Q �7 8 4 5 6 "R S � H ,"I J TU V @� �  � ! "�U V W � X P Q �7 8  

4 5 6 "R S U V @Y Z [ J \ ] 600^800� + ,�_ ` a �b ! "c N 421kg/m312 d �B C  

�7 8 4 5 6 "D E �TG H J \ ,"I J *! "U V d �� X B C *K L P Q 7 8 4 5 6 "R S  

U V @ 

e + ,4 5 � � ; < �f D B C *K L P Q �7 8 4 5 6 "�= > 10 � ? @A ? ! "D g  

�$ % h 4 5 6 "� � i ; < j k R l m D E �( $ *' $ 4 5 6 "� � i ; < k R l m D g @ 

� 1$ % 4 5 6 "� � i ; < �*K L n B C �4 5 7 8 9 : f D R l m D E @( $ *' $ o 600

* 700� + ,4 5 6 "� � ; < *K L n B C �4 5 7 8 9 : f D R l m g �o 800� + ,4 5  

6 "� � i �; < p q O ] K L n B C �4 5 7 8 9 : @ 
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CNS12514 r ASTM-E119 s t �u v w,x y q z { ] | 5 ,"�J \ _ ` @� 1} ~ �  

4-3 � � � � � : �� u v w,x y _ ` 1� d � + ,4 5 6 "7 8 9 : �/ 0 K L *B C 4 5  

6 "7 8 9 : �� * White u v w,4 5 7 8 9 : #� : 7)� � f D � � �� � 1� d � + , 

4 5 6 "7 8 9 : �� � | �,"4 5 6 "� � �� � m � � @ 

� K L 7 8 9 : #� : 1)*B C 7 8 9 : #� : 2)�} � ~ � � d � + ,4 5 6 "7 8  

9 : � � CNS12514 w,4 5 6 "� � ; < �= � 5 *> 11 � ? @B C 7 8 9 : �4 5 6 " 

o� � � %  � � J \ � � f K L 9 : E �F G d k � � �K L 7 8 9 : �4 5 � M I J D B C  

7 8 9 : E �%   � ! "� g 4 5 � M I J � E �oJ \ 4 5 � � � � � 60 � � d K L 7 8  

9 : � ] $ % *( $ � P � %  �4 5 6 "E ] B C 7 8 9 : @ 

� 5 � � %  1� d � + ,4 5 7 8 9 : � � CNS12514w,4 5 6 "� � ; < � 
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