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�¾f]�Z]�Ã|���a�É{ÓÂ§�½Âf��CFT��Ê¼f�Ì��,Êm�Zy��Y|m�½YÂÀ��Ä]�{ÓÂ§�Á�Ê¸yY{�Äf�Å�½YÂÀ��Ä]�¾f]��Y�¶°�f»�d�Y��ºÆ»��Y�Ê°Ë��¶»YÂ��¾Ë�e
½Âf��¾ËY��Zf§���{��Â�v»��iY�,ZÅ��Ê»�É{ÓÂ§��Y|m�Ê³|ÀÀ¯��|�Z]���eM�{Y|y��¹Z´ÀÅ�Ê»���^À»�É{ÓÂ§��Y|m�,Ã�Z���{�É�Â����ÊÀf]�Äf�Å��Y��e{Á��Á�{Â�

�Â^v»��iY�Á�|��|ÅYÂy�ºÌ¸�e�À¯{Y{�|ÅYÂy�d�{��Y�ÊÀf]�Äf�Å��]�Y��{Ây�Ê³|À���]ZÀ]�|À¯�¶¼ve�Y��Ã�Z��É�Âv»��Z]�|ËZ]�Ê¸yY{�Äf�Å�¾ËY����Y��a
�eM�¹Z¼eY�Ê¼¿�Á�d�Y�Ã{�Ây�­�e�¾f]�,�Ìv»�ÉZ»{��ÅZ¯�¹Z´ÀÅ��{�,Ã�Z���{�É�Â��|]ZË�Z]�Y��{Ây�d»ÁZ¬»�|¿YÂe����ÌÌ¤e�Á�Ã|����^À»�{ÓÂ§�¾ÌÀr¼Å

d�Y�Ã{Y{�¶°���Ê¼¿��a�|À¯��Â�v»�Y��ÊÀf]�Äf�Å�Á�{{�³�Z]�{Ây�ÄÌ·ÁY�¶°��Ä]�|¿YÂe��½Âf���Zf§��,��Zu�Ä ·Z�»��{���Á|»�Ã|��dËÂ¬e�ÉZÅCFT�dve�
d�Y� Äf§�³� �Y�«�Ê���]� {�Â»��eM� �iY� �ºÆ»�½Âf�� Ä�z�»�¾Ë�e�� ÉZÅCFTÃ|ÀÀ¯�dz�� ,Ã|��dËÂ¬e���½Âf��¶yY{� Äf§�³� �Y�«� ½�Z¬f»�Ê·Â��ÉZÅ

Ê»�|À�Z]��µ|»��ZÀ��É�Z�½Âf��{Á|v»���¹�¿��Y�Ã{Z¨f�Y�Z]��Â¯~»�ÉZÅ���Y�§YANSYSd�Y�Äf§�³��Y�«�Ê]ZË��Y�{�Â»�½M�dv��Á�Ã|��¹Zn¿Y����µZ¼�Y�dÆm
�{�Y|¿Zf�Y�ÊÀvÀ»� �Y� ,½Âf��ÉÁ��c�Y�uISO-834d�Y�Ã|��Ã{Z¨f�Y�� ��Â^v»��iY��ËY�§Y� ,Ã|»M�d�{�Ä]�lËZf¿��¹Z´ÀÅ� �{� Y��É{ÓÂ§� �Y|m�Ê³|ÀÀ¯

��Ìv»�ÉZ»{��ÅZ¯��»�ËZ»���Ä¸u��Y�Ã{Y{�½Z�¿|¿��dz���Y�Ã{Z¨f�Y�Z]�½Âf��É�]�Z]�dÌ§���¾ÌÀr¼Å�Ã|ÀÀ¯�d�Y�Äf§���eÓZ]�ZÅ���
½Z³�YÁÉ|Ì¸¯����Â�v»��½Âf��Ê³|�CFTdz��,{Á|v»���ZÀ��,Ã�Z���{�É�Â���eM�,�Ã|ÀÀ¯�É�]�Z]�dÌ§����ËY�§Y�,Ê·Â��ÉZÅ� 
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ºf�Ì���Ã�Z��ÉZÅ�]�ÄmÂe�Z]�Ã�YÂ¼Å�,¦¸fz»�ÉY�{�]�Z¯�Á��Â¿�Ä
Ê»� Y�mY� Á� ÊuY��� ,Ã�Z��|¿Â�� �µZ�� �{���Y� Ã{Z¨f�Y� �ÌyY� ÉZÅ

½Âf���\¯�»�ÉZÅ�Ã�Z�� �{��d�Y� Ã{�¯� Y|Ìa�É{ZË��kYÁ�� ZÅ� ��¾ËY
½Âf��Ä]� ZÅ���,±��]� Ä¿ZÅ{� Z]� Ã�Z��dyZ�� �Â�À»� Ä]� Ã|¼�� �Â�

Ä]�{ZË��Ä¬^���Z¨e�Y�Ê»��Z¯�|¿Á��]�[����
½Âf���ÉZÅCFT�½Âf���YÂ¿Y� �Y�Ê°Ë���ÉZÅÊ»�\¯�»��|À�Z]

Ê]�ÉZËY�»�½{Â]�Y�Y{�Ä]�ÄmÂe�Z]�Ã�Á�»Y�Ä¯�Á���Z¼�Ã{�¯�Y|Ìa�kY�|¿Y��
Ê»�ZËY�»�¾ËY�Ä¸¼m��Y���ÌyPe�Ä]�Á�¾f]�Á�{ÓÂ§�¶]Z¬f»��iY�Ä]�½YÂe

�½|��®Ìf�Ôa� ,�eM��]Y�]� �{�d»ÁZ¬»� ,Ê �Â»��¿Z¼¯�½{Zf§Y
Ä§��� ,Êm�Zy� É{ÓÂ§� Ã�Y|m��¥~u� ¶Ì·{� Ä]� ÄÀË�Å� �{� ÊËÂm

\·Z«��Á�[M��YÂ¿Y��{�\�¿�Á�Ã{Z¨f�Y�dÌ¸]Z«�,Ã�Z���{�d«Â»�É|À]
YÂÅ�½Âf��Ä]�d^�¿��f�Ì]�Ê¿Y�v]��Z]�¶¼ve�Á��Ã�Z�Y�Ê·Â¼ »�ÉZÅ
{Â¼¿�]�[����

½Âf��Ê»�[Z�u� Ä]� Ã�Z�� ºÆ»�ÉY�mY� �Y� ZÅ�|ÀËM� ��¹Z´ÀÅ� �{
�eM�½Âf��½|Ë{�\Ì�M�,É�Â���Ã�Z��Ê]Y�y�Á�¹Y|Æ¿Y�Ä]��nÀ»�,ZÅ
Ê»�{Â���ZËY�»�Ä]�ÄmÂe�Z]½Âf��É��ÉZÅCFT�½Á�§Y�Á��Ã{Z¨f�Y�Á�

                                                 
1-�Composite columns 
2-�Concrete filled steel tube 

½Âf��¾ËY��Y�Ã�Z���{�ZÅ��eM�Ä¯�Äf°¿�¾ËY��¯}��Ì¿�Á�,ZÅ���{�É�Â�
Ã�Z��½Y�^m�cZ¨¸e� Ä¿ÓZ�� ,ZÅ�Ê»� �Z]� Ä]�É�Ë~aZ¿��¾ËY� �{� Y~·� ,{�ÁM

½Âf��¾ËY��Zf§��Ê���]�Ä]�,Ä·Z¬»��Ã|��ÄfyY{�a�c�Y�u��]Y�]��{�ZÅ
d�Y����

�a�½Âf��ÁY�Ä¸u�»��{�,¾f]�Z]�Ã|�Êe�Y�u�É�Y~³�Z]�µ,��Zq{�
Ê»�ÃZeÂ¯��b��Á�µÂ���ËY�§Y�¾ËY�Ze�{Â���{Ây�d»ÁZ¬»�0Ô»Z¯�Ä¯

Ê»�d�{��Y�Y��|Å{��½Âf��¾ËY�Ê»�ZÅ��d�{��Y��Y��a�Y���Z]�|À¿YÂe
|ÀÀ¯�¶¼ve�¾f]�ªË����Y�,É{ÓÂ§��Y|m�d»ÁZ¬»�½{Y{���¾ÌÀr¼Å

Ê»��ÅZ¯� ½Âf�� Ä]� �Ìe� µZ�eY� �{� dÌ^¸���É�Y~³�Z]� Y�Ë�� ,|]ZË
Z»�³�½Âf�� Ä]� �Ìe� �Y� Ê�¼y� ½Z¼»� µZ¬f¿Y� �ÅZ¯� h�Z]� ÊË
Ê»�{Â��]�[���

µZ�� �{�Ã{�f�³� cZ ·Z�»� ,�ÌyY� ÉZÅ�½Âf�� ÉÁ�� �]� ÉY��ÉZÅ
CFTd�Y� Äf§�Ë~a� c�Â�� c�Y�u� �]Y�]� �{�� ��Ä¿Â¼¿� ½YÂÀ�� Ä]
Ê»��cZ¬Ì¬ve�Ä]�½YÂeKodur{Â¼¿�Ã�Z�Y����½Âf��Ä¯�{Y{�½Z�¿�ÉÁ

CFT�Z]�Ã|���a�Z]�Ã|��dËÂ¬e�¾f]�YÂ§�¥ZÌ·É{Ó,��ZÌ�]�d»ÁZ¬»�
½Âf�� Ä]�d^�¿� É�eÓZ]��Z]� ¾f]� Á� Ê·Â¼ »� ¾f]� Z]� Ã|�� �a� ÉZÅ

Ê»� Y�Y{�ÓZ]�d»ÁZ¬»�|�Z]�]�[��Han��ÄËÓ�µZ¼�Y� Z]��¿Y�Z°¼Å�Á
�½Âf��ÉÁ���§Zv»CFT�dve�Y��½M�,Êe�Y�u��Z]��iY�Á�Ã{Y{��Y�«�

Àf§�³�ÄnÌf¿/|�Ä¯��{��Y/»ÁZ¬»�½{Y{�d/]��{�d/]Y�/�{�c�Y�u����
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½Âf��º�q��Â��Ä]�,�§Zv»�ÄËÓ�µZ¼�Y�½Á|]�ÉZÅ���Y��f�Ì]�É�Ì³
½Âf��d�Y�Ã{Â]��§Zv»�ÄËÓ�Z]�ÉZÅ��½M��Ê�ËZ»�M��{�¾ÌÀr¼Å�ZÅ

��§Zv»�ÄËÓ�ÉY�]�{�°¸¼��¾Ë�fÆ]�Ä¯�|¿|Ì���ÄnÌf¿�¾ËY�Ä]��´Ë{
��Ë��ÉZ»{�,{ÓÂ§�ÉÁ�550oC�ÄËÓ�d»Zz���ËY�§Y�Á�{Â]�|ÅYÂy�

]Y�]��{�½Âf��d»ÁZ¬»��]��§Zv»�{�Y{�ÊËY��]��ÌiPe��eM��]��Á�
�[� �Zha��{�c�Y�u� µZ¼�Y� Á� {Á|v»� LY�mY� µ|»� �Y� Ã{Z¨f�Y� Z]�

�½Âf��ÉÁ�� �]�É| ]� Á{��ËY��CFT�Ä¯� |Ì��� ÄnÌf¿�¾ËY� Ä]�
��Y� Ã{Z¨f�Y� Á�É{ÓÂ§� �Y|m�d»Zz���ÅZ¯� ,��¬»�{Z ]Y��ËY�§Y

Ê»��ËY�§Y� c�Y�u� �]Y�]� �{� Y�� ½Âf��d»ÁZ¬»� ,t¸�»� ¾f]��|Å{
]�[� �HanÅ� Á���¿Y�Z°¼]�[�½Âf���´Ë{�Ê�ËZ»�M� �{�CFT�Y��

Ã��·��Z]��iY�dve��¶°��Ä¯�|Àf§�³�ÄnÌf¿�Á�Ã{Y{��Y�«�c�Y�u�Á�ÉY
Ä¿Â¼¿� É�Ë~a�Ê»��ÅZ¯� É�Âv»� �Z]� �ËY�§Y� Z]� ZÅ��¥ÔeY� Á� |]ZË

d�Y��f�Ì]�\eY�»�Ä]�Ê ]�»���Z¬»�Ä]�d^�¿��Á|»���Z¬»�É��¿Y��
Yin���¿Y�Z°¼Å� Á]�[´�ËZ»�M� È ·Z�»�®Ë� �{� �Ì¿��ÄnÌf¿� ÊÅZ

�Ä¯�|Àf§�³½Âf���Ä�ËZ¬»��{�É�eÓZ]�d»ÁZ¬»�,�Á|»���¬»�Z]�ÉZÅ
Ê»�½Z�¿�{Ây��Y��eM�¶]Z¬»��{��]�»���¬»�Z]�|ÀÅ{���Ê�ËZ»�M��{

� �´Ë{Taoa� ½Âf�� ,�¿Y�Z°¼Å� Á�CFT¹ÁZ¬»���Z]� Ã|�� É�Z�
©�Á��Ä¯� |Àf§�³� ÄnÌf¿� Á� Ã{Y{� �Y�«�c�Y�u�dve� Y��ÊÀ]�¯�ÉZÅ

¬»� ,�eM� �� »� �{� ¾f§�³� �Y�«Ä¿Â¼¿� Êfz�� Á� d»ÁZ��Z]� Y�� ZÅ
ÄËÓ�{Y| e��ËY�§Y��|ÅYÂy��ËY�§Y�ZÅ{Y{�]�[��Chung�½Y�Z°¼Å�Á�

]��[ÄnÌf¿� �Ì¿���,{ÓÂ§� Á� ¾f]� t·Z�»� {Â^Æ]� Ä¯� |¿{Â¼¿� É�Ì³
Ê»��eÓZ]��eM��]Y�]��{�Y��½M�d»ÁZ¬»��t·Z�»�{Â^Æ]��ÌiPe�Ê·Á�,{�]

Y� {ÓÂ§� �Y� �f�Ì]�\eY�»�Ä]��eM��]Y�]� �{�d»ÁZ¬»��]�¾f]d�� ��Z]
�,É{|��µ|»�®Ë��Y�Ã{Z¨f�YSong½Âf��½Y�Z°¼Å�Á���Á��]�»�ÉZÅ

�É�Âv»��Z]�dve�c�Y�u��ÅZ¯�Á��ËY�§Y� Z]�\Ìe�e�Ä]� Y�� �Á|»
�Ä¯�|Àf§�³�ÄnÌf¿�Á�Ã{Y{��Y�«½Âf����Àe�\�¯�Ä]��{Z«��Á|»�ÉZÅ

Ê»��f�Ì]��Z]�ÄnÌf¿��{�Á��eÓZ]�Ê·Â��|�Z]���dÌ§���,Z»{��ËY�§Y�Z]
�¿��Á|»�½Âf��É�]�Z]Ê»��eÓZ]��Ìv»�ÉZ»{�Ä]�d^��{Á�]��[���

� �
��Êe�Y�u�É�Y~³�Z]�� �

�½Z»���Y{Â¼¿��Y�,Êe�Y�u�É�Y~³�Z]�µZ¼�Y��Â�À»�Ä]±�c�Y�u�
� Ä»Z¿� ¾ÌËMISO-834� d�Y� Ã|�� Ã{Z¨f�Y��� ¶°�������Song�

]��[Á�Yang �]��[µ|»� ÉÁ�� Y�� ÊÀvÀ»� ¾ËY� �Ì¿���{Ây� ÉZÅ
Ã{�¯�µZ¼�Y�|¿Y� ��µ|»�¾ËY�ÉÁ��c�Y�u�µZ¼�Y�ÃÂv¿�,ÊÅZ´�ËZ»�M

ÊÀvÀ»� �]� ª^�À»�ISO-834 (1980)�]��[Ê»��|�Z]� ��Ä¸u�»
�Ä�]Y���{��Y{Â¼¿�¾ËY��ËZ»�³����d�Y�Ã|��Ã{�ÁM���

��
�¶°���c�Y�u��ÅZ¯�Á��ËY�§Y�{�Y|¿Zf�Y�ÊÀvÀ»�� �

ISO-834�������
 
������������     �������������������������T= T0 + 345 Log(8t + 1)��

��
ºË�Y{�½M��{�Ä¯����

T0��{�Ìv»�ÄÌ·ÁY�ÉZ»��
t���½Z»���]�Ä¬Ì«{�\�u���

T���½Z»���{��Ìv»�ÉZ»{t��
� �Ìv»� ÉZ»{� �ÅZ¯� ¹Z´ÀÅ� �{��ËZ»��� Ä¸u�»��¾ËY� ,

¾ÌËM��Ä]�ÄmÂe�Z]�Ä»Z¿��ÄWY�Y�É�´Ë{�Ä�]Y��,Ã|���¯}�c�Y�u��Y{Â¼¿
d�Y�Ã{Y{��Ê»�Ê�y�c�Â��Ä]�Ä�]Y��¾ËY�|�Z]���Ä�]Y��������

��
���T =                                                                             

h  10.417 (t � th)                th ≤ 30 

h4.167 (3
60

ht ) (t-th)30 th ≤ 120

h � 4.167(t � th)th>120 
��

ºË�Y{�½M��{�Ä¯���
T0���Ìv»�ÄÌ·ÁY�ÉZ»{�(20oC)��

t���½Z»��Ä¬Ì«{�\�u��]���
T��½Z»���{��Ìv»�ÉZ»{�t��\�u��]oC���

Th���\�u��]�c�Y�u�Äm�{��j¯Y|uoC��
th��Ä¬Ì«{�\�u��]�c�Y�u�µZ¼�Y�½Z»���
tp��Ä¬Ì«{�\�u��]�c�Y�u��� »��{�¾f§�³��Y�«�Ê¸¯�½Z»���

(B-C-C')���ËZ»�³�Ä¸u�»��
(C-D)���ËZ»���Ä¸u�»��

C��Z£M�Ä¸u�»½|��{������
��ËZ»�³�Ä¸u�»�¹Z¼eY��Y��a�Á��Ìv»�ÉZ»{��ÅZ¯�¹Z´ÀÅ��{

��ËZ»��� Ä¸u�»� �Z£M�,Yang �]��[�Á� {ÓÂ§�ÉY�]� Y�� Ê�]YÁ��
d�Y� Ã{Y{� ÄWY�Y�¾f]� ��Ã{�¯� ÄWY�Y��Z�Y�¾ËY� �]� Y���]YÁ��¾ËY�ÉÁ
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�Ê]ZË�Z]�É|u�Ze�{ÓÂ§�Ê°Ì¿Z°»�cZ�z�»�,Z»{��ÅZ¯�Z]�Ä¯�d�Y
Ê»��­�e��Y��a�¾f]�Ê·Á�,{Â��,É�]�Z]�dÌ§����ÅZ¯�Á�½{�Ây

{Y{�|ÅYÂy�d�{��Y�Y��dÌ¸]Z«�¾ËY����
Song�]��[�� µZ�� �{����,��Ä¸u�»� Ä]� �Â]�»� �]YÁ��
�ËZ»��Yang �]��[¹�¿� �{� Ã{Z¨f�Y�dÆm� Y��¾f]�ÉY�]����Y�§Y

ABAQUS�Ã{Â¼¿� ÄWY�Y�É|Ë|m��]YÁ�� Á� Ã{�¯�sÔ�Y�É|u� Ze�
d�Y��ZÅ�Y�§Y�¹�¿�Ä]Z�e�¶Ì·{�Ä]�,��Zu�È ·Z�»��{�ÉANSYS�Á�

ABAQUSd�Y�Ã|��Ã{Z¨f�Y�Ã|��sÔ�Y��]YÁ��¾ËY��Y�,���
��
����½Âf���{�c�Y�u�µZ¬f¿Y�� �

d¼�«�ÉZ»{�Ä^�Zv»�Á�½Âf���{�c�Y�u�µZ¬f¿Y��¦¸fz»�ÉZÅ
�ÉY�Y{�,½Âf���Y�|Àe�Z^��Ä¯�d�Y�Ä¸u�»����

¦·Y�É{ÓÂ§�Ã�Y|m�Ê¸yY{�Á�Êm�Zy�t���ÉZ»{���Z»�³�
eÓZ]� ÉZ»{� Z]� º�m� �Y� ÊfËY|Å� c�Â�� Ä]�ÉZ»{� Z]� º�m� Ä]� �

¾ÌËZa�Ê»�µZ¬f¿Y��e�|]ZË���ÊËZ»�³�½ZË�m�Ä¯�½M�Ä]�ÄmÂe�Z]�¾ÌÀr¼Å
Ê»�d¯�u�©ZeY�ÉZ�§� �{��Ä¬Ë��� Ä]�½Âf�� Ä]� Z»�³�µZ¬f¿Y� ,|À¯

Ê»� ¹Zn¿Y� �Ì¿� Ê�]Ze�{�Ë~a� �,¾ËY�]ZÀ]��ÉZ�§� �Y� c�Y�u� µZ¬f¿Y�
� ½Âf�� Ä]� ¥Y��YCFTºÅ� �iY� dve� ,��dËY|Å� Á� �]Ze� ½Z»�

Ê»�|�Z]� �� Ä�]Y���� �� ��Âe� Ä¯Wang�]��[�,d�Y� Ã|�� ÄWY�Y�
Ê»�\¸�»�¾ËY��´¿ZÌ]�|�Z]���

��
q = h (Tf � Ts) + İó (èf

4 � ès
4)          �������������    ���  

��
ºË�Y{�½M��{�Ä¯���

q��ÊËZ»�³�½ZË�m��
h���]Y�]�Ä¯�Z»�³�ÊfËY|Å�µZ¬f¿Y�\Ë���25W/(m2oC),��

Tf���eM�Ê^�¿�ÉZ»{��
Ts��½Âf��t���Ê^�¿�ÉZ»{��
èf���ÉZ»{¾ËÂ¸¯�\�u��]��eM�ª¸�»��
ès��¾ËÂ¸¯�\�u��]�½Âf��t���ª¸�»�ÉZ»{��
ó� ��Á�d�Y�¥Á� »�¾»�f·Â]� ½Z¨f�Y�d]Zi� Ä]� Ä¯�\�ZÀe�\Ë��

� �]Y�]� ½M� �Y|¬»5.669×10-8 W/m2.k4d�Y�� ��t��� ÉZ»{
� Ä�]Y��µÁY�d¼�«� �Y� �Ì¿� {ÓÂ§�Ê¸yY{��� �ÉZm� Z]��ÉZ»{�É�Y~³
Ê»�d�{�Ä]�É{ÓÂ§��Y|m�Êm�Zy�t���|ËM���

[�»{�ÊÀf]� Äf�Å�Êm�Zy�t���ÉZ� ��,½Âf��¶yY{� �{
Ê»�dËY|Å� �Â¿� �Y�c�Y�u�µZ¬f¿Y�|�Z]� ��ÉZ»�³�µZ¬f¿Y� �{� Ã�YÂ¼Å

�,cÁZ¨f»�Êe�Y�u�cZ�z�»� Z]� Ã{Z»� Á{��Z¼e�¶v»� �{� ,ÊfËY|Å
�¦¸e�d]Zi�w�¿�®Ë�Z]�c�Y�u�µZ¬f¿Y�¹|��¶Ì·{�Ä]�Z»�³��Y�É�Y|¬»

Ê»�{Â�� �½Âf�� �{� �Ì¿� ¾f]� Á� {ÓÂ§� ¾Ì]� �Z¼e� ¶v»� �{��ÉZÅ
CFT{Y{�|ÅYÂy�w��Ã|Ë|a�¾ËY� ,� ��­|¿Y���¯�Z]�dÆm�¾Ì¼Å�Ä]

�Ä�]Y���Y�Ã{Z¨f�Y�Z]�,Ã|��¥ÔeY�c�Y�u�������Âe�Ã|��ÄWY�YZha�
]��[|��|ÅYÂy�Ä^�Zv»�¾f]�t���ÉZ»{�,���
��
�������������������������������������������q = á(Ts � Tc)            ��

á= /c ckC t                                              
��

ºË�Y{�½M��{�Ä¯���
á��c�Y�u�¥ÔeY�\Ë����
k��{ÓÂ§�c�Y�u�µZ¬f¿Y�\Ë����
t��d�Z��\�u��]�½Z»���

Ts��É{ÓÂ§��Y|m�Ê¸yY{�t���ÉZ»{��
Tc��ÊÀf]�Äf�Å�Êm�Zy�t���ÉZ»{��
Cc��¾f]�Ã�ËÁ�ÊËZ»�³�dÌ§����

cȡ��¾f]�Ê·Z´q��
_�ÊÀf]�Äf�Å�Ê¸yY{�ÉZ»{��Ä¿YÂf�Y�¹Z�mY��{���,¶°��ÉY

��{�c�Y�u�µZ¬f¿Y�,�eM��{�Ä¿YÂf�Y��Ìv»�¾f§�³��Y�«�c�Â���{
d§�³� |ÅYÂy� ¹Zn¿Y� Ê�Z �� cZ�fz»� ��dÆm� ,�Â�À»� ¾Ì¼Å� Ä]

�ÊfËY|Å�c�Y�u�µZ¬f¿Y�Ä�]Y��,Ä¿YÂf�Y�Ê¸yY{��Z¬¿��{�Z»{�Ä^�Zv»
�� Ä�]Y�� µÁY�d¼�«����Ä¿YÂf�Y� ºf�Ì�� �{� |ËZ]� ,��{Â�� ½ZÌ]� ÉY
��¶°��������]ZÀ]��Ä�]Y��¾ËY����Ê»�d�{�Ä]�|ËM���]ZÀ]���Y�«�Z]�¾ËY

�Ä¸�Z§� Z]� Ä�¬¿� �Å�ÉZ»{� �Y|¬»� ,ÊÀf]� Äf�Å� ÃYÂz·{� �Z ��½{Y{
d�Y�Ã|��¾ÌÌ e�ÃYÂz·{�Ê�Z ��]��[���

��

q= -hAr 

r

T



 ,   (Ar = 2ðrL)                                ���  

 

q= 

)ln(

)(2

i

o

i

r

r

TTkL
o

                                         ���  

 

��
� �

�¶°���Ä¿YÂf�Y�ÃZ´f�{��{�ÊÀf]�Äf�Å�c�Y�u�µZ¬f¿Y��ÉY��
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��É{ZÆÀ�Ìa���Z¬»���
Ê»� ,Ã|�� ½YÂÀ�� \·Z�»� Ä]� ÄmÂe� Z]��Ä¯� d§ZË�{� ½YÂe

½Âf����{��´Ë{���Z¬»�Ä]�d^�¿�É�eÓZ]�d»ÁZ¬»�ÉY�Y{��Á|»�ÉZÅ
Ê»� c�Y�u� �]Y�]�|À�Z]� �¼Å��ÅZ¯� Ã|¼�� ¶¸�� �Y� Ê°Ë� ¾ÌÀr
�½Âf��d»ÁZ¬»CFT��Y�É{ÓÂ§� Ã�Y|m�ÊËY|m� ,c�Y�u��]Y�]� �{�

d�Y�Ã{Â]��Z�^¿Y��Y��a�¾f]� ���ËY�§Y��iY��{�Ä¯�É{ÓÂ§�Ã�Y|m
�,Z»{��ÅZ¯��iY� �{�{|n»��Z^¬¿Y� Z]� ,d�Y� Ã|�� Y|m�¾f]� �Y� Z»{

Ê¼¿�{{�³�Z]�{Ây�ÄÌ·ÁY��ËY���Ä]�¶»Z¯��Â��Ä]�|¿YÂe����iY��{�{ÓÂ§
Ê»���^À»�c�Y�u��¿�¯��ËY�§Y�½M�ÄnÌf¿�Ä¯�{Â���Á�Ê·Â��ÉZÅ

d�Y�Ê�Z ����Â^v»�¾f§��¾Ì]��Y�,|ÀËM�§�¾ËY�¶�Zu��¾f]�Ê³|�
�½�Á�Ê¬]Z»�Á�{Â]�|ÅYÂy�Z»{��ËY�§Y��iY��{�É{ÓÂ§�Ã�Y|m���Âe

Ê»�¶¼ve�ÊÀf]�Äf�Å�Y��Ã{�YÁ�|À¯���Ê·|»�ÄWY�Y�Z]�,�Â�À»�¾ËY�ÉY�]
� ½Âf�� �YCFTz�� Z]� Ã|�� dËÂ¬e�d���f�Ì]� É�Ì³�{� Á� Ã|ÀÀ¯

�É�f�Ì]� Ê³|��Â�v»� �Y� ÊÀf]� Äf�Å� ,¾f]� Z]� É{ÓÂ§� Ã�Y|m
dË�»��Y�Ä¯�d�Y�Ã{Â]��Y{�Ây�]��d^�¿�½Âf���Â¿�¾ËY�Ã|¼��ÉZÅ

�Ê·Â¼ »�½Âf��Ä]CFTÊ»��|�Z]���
dz�� �Y� Ã{Z¨f�Y� s��� Ä¯� Ê¿Z�¯� Ä¸¼m� �Y�Ã|ÀÀ¯���{� Y�� ZÅ

½Âf���ÉZÅCFTÃ{Y{�{ZÆÀ�Ìa��Ê»� ,|¿Y��Ä]�½YÂeTao�]��[�Ã�Z�Y�
{Â¼¿� �� {Y| e� �Y� Ã{Z¨f�Y� Z]� ÉÁ�� Á��dz����Á� Ê¸yY{� Ã|ÀÀ¯

�½M�Ä�ËZ¬»�Á�Ê¸Ì�f�»�Á��]�»���Z¬»��Zf§��Ê���]�Ä]� ,Êm�Zy
�½Âf��Ê·Â¼ »���Z¬»�Z]CFT�d�Y�ÄfyY{�a����Ê�Á{�§�¾ÌÀr¼Å

�µZ���{�����]��[� �iY�Ê���]�Ä]� ,����Z¬»� �{� Ã|ÀÀ¯�dz��
�½Âf���{��]�»�Á��Á|»�,Ê ¸��d�ÅCFT�Á�Ê°ÌeZf�Y��Z]�dve�

Ã��·�d�Y�ÄfyY{�a�ÉY� �dz�� �Y� Ã{Z¨f�Y� ,�Â¼n»� �{�Ã|ÀÀ¯���{� ZÅ
½Âf��� ÉZÅCFT��]� �{� Y�� �Ë�� ÉZËY�»� ,Ã|�� �¯}� cZ ·Z�»� �{�

d�Y�Äf�Y{����
�½Âf��É�]�Z]�dÌ§����ËY�§Y� 

��Â^v»��iY��ËY�§Y��É{ÓÂ§��Y|m�Ê³|� 

�¶°���ËY�§Y��½Âf��É�Ë~a 

dz���Y�Ã{Z¨f�Y�|Àq��Å�|ÀÀ¯Ã�,½Âf���{��f�Ì]�ÉZÅ��\mÂ»�
�Â^v»� �iY� �ËY�§Y�Ê»� É{ÓÂ§� Ã�Y|m� Ê³|ÀÀ¯��Ê·Á� ,{Â�

�Ìa�Ê»�ÊÀÌ]��eM�¹Z´ÀÅ��{�Ä¯�{Â��Ã|ÀÀ¯�dz��¾ËY�,É�Â���ZÅ
�Ë��� Y��c�Y�u���ÅZ¯�d����Á� Ã{�¯�¶¬fÀ»�ÊÀf]�Äf�Å�Ä]��e

|ÀÅ{��ËY�§Y�c�Y�u��]Y�]��{�Y��¾f]�d»ÁZ¬»����{�,dÆm�¾Ì¼Å�Ä]
�É{ZÆÀ�Ìa���¬»�½Âf��ÉY�]CFTdz���Y�,�Ã|ÀÀ¯��É�f¼¯�ÉZÅ

d�Y�Ã|��Ã{Z¨f�Y�Ê¸^«�s���Á{�Ä]�d^�¿���Z]�½Âf���Â¿�Á{�Y~·��
� Á�dz������¬»� Z]� ½M� �Zf§�� Á� ¶Ì¸ve� Ã�Á�a� ¾ËY� �{� Ã|ÀÀ¯

�½Âf��Ê·Â¼ »CFT�d�Y�Ã|��Ä�ËZ¬»����¶°���{���Z¬»�¾ËY����
Ã|��Ã{Y{�½Z�¿�|¿Y����

��
���������¦·Y�������������������������������[��������������������������������k���

� �
�¶°���½Âf����Z¬»���ÉZÅCFTÉ{ZÆÀ�Ìa��¦·Y���Ã{Z�,� �

[��Z]�Ã|��dËÂ¬e�Ã|ÀÀ¯�dz��,�k��Z]�Ã|��dËÂ¬e��dz��
Ã|ÀÀ¯� �

��
½Âf��Ê³{��§� {�Â»� �{�ZÅ(D/t) ¾ÌËM� ,�� Ä»Z¿ACI�{ZÆÀ�Ìa�

Ê»�®qÂ¯��Y|¬»�¾ËY�Ä¯�|Å{���Y��e��|�Z]���dz��{Z ]Y�ÀÀ¯Ã|��ZÅ
�Y� �Ì¿��� �Ê¼¿� �ÁZne� {ÓÂ§� ��¬»�t����¾ÌËM��]YÂ�� Ä¯� |ÀÀ¯
�Ä»Z¿EC4� Á�ACIÊ»� Z��Y� Y���|ËZ¼¿�]��[� ��,¶Ì¸ve� ¹Zn¿Y�dÆm

½Âf��ÉZÆf¿Y�Á{� ZÅ����d�Y�Ã|��µ|»�Á�Äf§�³���¿��{��Y{�Ì³��
�,½Âf�� ÉZÆf¿Y� Á{� �{� Ã{�f�³� c�Â�� Ä]� É�Y~³�Z]� ¾ÌÀr¼Å

ºÅ�Ã�³� �]� ,¾f]� Á� {ÓÂ§� �]� ½Z»��Y� ZÅÊ»� µZ¼��� {Â���Á{� |À¿Z¼Å
\¸��Äv¨�����

��
��µ|»��½M�ÊnÀ��dv��Á�{Á|v»���ZÀ��É�Z���

µ|»�Ä¿Â¼¿�É�Z���¹�¿�Z]�É{ZÆÀ�Ìa�ÉZÅ��Y�§Y�ANSYS11�]��[�
d�Y� Äf§�Ë~a�c�Â�� �¹�¿�¾ËY�¶°�� �ÌÌ¤e�µZ¼�Y�dÌ¸]Z«� �Y�§Y��ÉZÅ

�Á��Z�§��{�¾f]�Ê³{�Ây�­�e�Á�d�°��ÃÂv¿�,É{ÓÂ§�Ä«�Á�±��]
Âf���¿Z¼¯� ,��¯{�Y{� Y��c�Y�u�µZ¼�Y� Á�½� �½Z¼·Y���Z¯� Ä]�ÉZÅ

� ½Âf��É�Z�� µ|»� �{� Äf§�CFT½Z¼·Y� ¶»Z�� ,��ÊÀf]� Äf�Å� ÉZÅ
(Solid 65),� É{ÓÂ§� Ã�Y|m�(Shell 43)�Ê�Z¼e� ½Z¼·Y� Á�

(Contact 178)Ê»��|À�Z]����Z¼e�É�Y�«�]��Â�À»�Ä]�Ê�Z¼e�½Z¼·Y
Ê»��Z¯�Ä]�½Z¼·Y��Â¿��Å� �Y� Ã�³� Á{�¾Ì]���¤·� Á�Y�Y{� Á�{Á��Ä��É

�É{Y�M�Äm�{(Ux, Uy, Uz)Ê»�Ã�³��Å��{��|�Z]���dÌ¸]Z«�¾ÌÀr¼Å
d�Y�Y{�Y��­Z°v��Y�Á��Z�§�¶¼ve� �¶°������Ã|��¶Ì¸ve�µ|»

¹�¿��{�Ä°^��ÃY�¼Å�Ä]��Y�§Y�Ê»�½Z�¿� Y��Ê�Z¼e�½Z¼·Y�Á�É|À]�|Å{��
�­�e� �Y��a� {ÓÂ§� Á� ¾f]� Ê�y�Ì£� ÉZÅ�Zf§�� Ê���]� �Â�À»� Ä]

¶Ì¸ve� ¹Zn¿Y� ,Ê³{�Ây�Ì£� ÉZÅ[ZÀfmY� �»Y� ®Ë� Ê�y����Ë~aZ¿
Ê»�|�Z]� �½Z¼Å�½Z¼·Y� ,|��½YÂÀ��Ä¯�Ä¿Â³��dÌ¸]Z«�Ã|��[Zzf¿Y�ÉZÅ

Ê»� Y�Y{� Y�� Ê�y�Ì£� ¶°�� �ÌÌ¤e�|À�Z]� ���Y� ��Zu� È ·Z�»� �{
¶Ì¸ve�d�Y� Ã|�� Ã{Z¨f�Y� t·Z�»� Á� Ê�|ÀÅ� Ê�y�Ì£� ÉZÅ� ���{
Ä¿Â¼¿��dv��dÆm�Ã|��[Zzf¿Y�ÊÅZ´�ËZ»�M�ÉZÅ�½Âf�� ,ÊnÀ���ZÅ

³�d¼��Á{��Y]�Ê°ÌeZf�Y�É�Y~³�Z]�Á�Ã{Â]��Y{�Ì�Ä�¹Z³�Ä]�¹Z³�c�Â�
Ä¿Â¼¿� �]� Ê�ËY�§Y� Á�Ã|�� µZ¼�Y� ZÅ�|¿Y� �,\Ìe�e� ¾Ì¼Å� Ä]���Â¿� ¾ËY

½Âf��ÉÁ��,��Zu�Ä ·Z�»��{�É�Y~³�Z]�d�Y�Ã|��µZ¼�Y�ZÅ���
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Ê�Z¼e�½Z¼·Y��

��������������
��

�¶°����µ|»��¹�¿��{�½Âf��É�Z��Ê�Z¼e�½Z¼·Y�ÃY�¼Å�Ä]��Y�§Y 

��
������dv�µ|»�ÊnÀ���½Âf��{Á|v»���ZÀ��É�Z�CFT�

�c�Y�u�µZ¼�Y�½Á|]�Á�É�Âv»��Z]��iY�dve��
�¶�Zu�lËZf¿�Y|f]Y��{�,Ã|��ÄWY�Y�µ|»�dv��Ê���]��Â�À»�Ä]

� ½Âf�� É�Z�� µ|»� ¶Ì¸ve� �YCFT�½Á|]� Á� É�Âv»� �Z]� dve�
d�Y� Ã|�� Ä�ËZ¬»� Ä]Z�»� Ê·|»� Ê]�ne� lËZf¿� Z]� c�Y�u� µZ¼�Y��

� Ã|��[Zzf¿Y��ËZ»�M� Ä¿Â¼¿�µZ�� �{�������Âe�Schneider�
]��[d�Y�Äf§�³��Y�«��ËZ»�M�dve�����Å��Y�,�ËZ»�M�dve�½Âf�

�Ã{Â]�Ê�ËY�§Y�¹Z³�Ä]�¹Z³�c�Â��Ä]�É�Y~³�Z]�Á��Y{�Ì³�¥���Á{
d�Y� �� ½Âf�� Z]� Ä ·Z�»� {�Â»� É{|�� µ|»C1�©Â§��ËZ»�M� �Y�

� d�Y� Ã|�� Ä�ËZ¬»�� µÁ|m���� ���Á� É{|�� È¿Â¼¿� �Zf§�� Ä�ËZ¬»
¶°���{�,Ê]�ne�����d�Y�Ã|��Ã{�ÁM����

��
�µÁ|m����Âe�Ã|���ËZ»�M�½Âf��cZ�z�»��Schneider 

½Âf��¹Z¿��Ê «YÁ�| ]��
�D(mm) 

��Y|m�d»Zz�
É{ÓÂ§�(t) 

D/t��L/D��

CI���
�������������
���

{ÓÂ§��f]//¾��
As��

(mm2) 
Fy ��

(Mpa)��
Es ��

(Mpa) 
Ac 

(mm2)��
f'c ��

(Mpa)��
Ec ��

(Mpa)��
���
������ ��
��� ���
�� ��
�� ��
�� 

��

��
� �

�¶°����ÌÌ¤e��Y{Â¼¿�Ä�ËZ¬»���½Z°»±Ä¿Â¼¿�É�Âv»��Z]���ÉZÅ
�É{|��Á�Ê]�neSchneider� �

½Z¼Å��¶°���{�Ä¯��Â�����Ê»�Ä�uÔ»��ÊË�m�¥ÔfyY�,{{�³
Ê»�º�q�Ä]��Y{Â¼¿�Á{�©Z^�¿Y��{�{�Ây���¥ÔfyY�¾ËY�{ZnËY�¶ËÓ{

Ê»� Y���¶Ì·{� Ä]� {Á|v»� ��ZÀ�� µ|»� �f�Ì]� Êfz�� ½YÂe
�»�É|À]�d^�¿� �f¼¯�ÉZÅÊ¸»Z¯Z¿� {ÂmÁ� Á�Ê «YÁ�µ|»� Ä]���ÉZÅ

Ã|ËY��ËY���{Â^¿� ,Ê·Z¼fuY��Ê·Z¼fuY�ÉZÅZ�y�Á�ÃZ´�ËZ»�M� �{�µM
{�]�¹Z¿�ÊÅZ´�ËZ»�M�Ä¿Â¼¿�dyZ��Á�¾f]��ÔfyY��{���

��
����dv���µ|»�ÊnÀ���½Âf��{Á|v»���ZÀ��É�Z�CFT�

ºÅ�É�Y~³�Z]�dve�Êe�Y�u�Á�É�Âv»��Z]�½Z»���
�ZÌ�]� Ê¸Ì¸ve� Á� ÊÅZ´�ËZ»�M� cZ ·Z�»��ÌiPe� ÄÀÌ»�� �{� É

½Âf��ÉÁ��c�Y�u��ÉZÅCFTd�Y�Ã|��ÄWY�Y�� �µ|»��j¯Y��{��ÉZÅ
Ä¿Â¼¿�ÉÁ���]�c�Y�u�ºÌ¬f�»�µZ¼�Y�ÉZm�Ä]� ,Ê¸Ì¸ve��®Ë��Y� ,ZÅ

��Y�{ÓÂ§�Á�¾f]�cZ�z�»�¶Ë|^e��Â�À»�Ä]�®Ë�ÂXe��]YÁ��É��
¾ÌËM� Á� {Y�§Y���Âe� Ä¯� ��¿� {�Â»�ÉZ»{� Ä]��Ìv»�ÉZ»{�Ä»Z¿��ZÅ

Y�,d�Y�Ã|��{ZÆÀ�ÌaÊ»�Ã{Z¨f��{Â���Ê»��]YÁ��¾ËY�Ä¸¼m��Y��½YÂe
��Âe� Ã|��ÄWY�Y��]YÁ�� Lie�]��[� ,LV�]��[�� ÁHan�]��[�Á�

¾ÌËM��Ä»Z¿EC4�]���Á���[{�¯�Ã�Z�Y�����
©Â§��]YÁ��Ê»� �»Zm� �¯~·Y�|À�Z]� ��ÄWY�Y��]YÁ�� �Y� ,dÆm�¾Ë|]
���Âe�Ã|�Han�@��>�Ã|���Â�v»�¾f]�cZ�z�»�¦Ë� e�ÉY�]�

� �Ìv»� ÉZ»{� �{�� �]YÁ����� Ze������ �� ÁLie����� ��¾f]� ÉY�]
� �eÓZ]� ÉZÅZ»{� �{� {ÓÂ§� Á� Ã|�� �Â�v»�� �]YÁ������ Ze�������

d�Y�Ã|��Ã{Z¨f�Y���
¦·Y�� �Àe� �]YÁ��±�ÉZ»{� �{� Ã|�� �Â�v»� ¾f]� ÉY�]� �¿�¯�

��Ìv»�20oC����
��
�����������������������������������������������������������������������y =��

      x�x2
                          x≤ 1                          

     
( 1)o

x

x x  
               x >1 

��
�����������������������������������������������������������������������ç=  

    2x ≤ 1                               ���Á|»���Z¬»                                                
   1.6 + 1.5/x        x >1 ������]�»���Z¬»  

��
���â0 =                                                                 

2.36×10-5

0.25+(-0.5)^0.7] 

�Á|»���Z¬»���������   ����������
        

(f'c)0.5
0.5 ≥ 0.12��

�]�»���Z¬»����     ���������������������������
12.1

)'( 1.0
cf

������

 

���������������������  �����������������������������������
ckc

ys

fA

fA
��
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[���Àe��]YÁ��±�ÉZ»{��{�Ã|���Â�v»�¾f]�Á�{ÓÂ§�ÉY�]��¿�¯�
�Ìv»��Y��eÓZ]��>20oC����

�{ÓÂ§����
��
����ós =                                                               

 
����ós=                                                             

                                    ås≤ åy
( ,0.001)

0.001 s

f T
���

( ,0.001)

0.001 s

f T
 +f [T,(ås � åy + 0.001)] �                      

.           f(T , 0.001)                                          ås>åy 
 
åy= Es . fy  ,  f(T,x)=(50-0.04T).{1-exp(-30 + 0.03T ) 
.x0.5}×6.9. 

�¾f]����
��
��������������� ������������óT = f'c[1 + 1.986(T-20)3.21

×10-9]��
��
����������������������åc =( 1300+12.5f'c+800î0.2) ×10-6 ��

(1.03+3.6×10-4T+4.22×10-6T2) 
��

��������������  ������������������    ������������������( )s y

c ck

A f T

A f
 ��

��
½M��{�Ä¯�ºË�Y{�ZÅ���

��
åo =(1300 + 12.5f'c + 800 0.2)10-6   ,  x=åc/ åo  ,   
y=óc/óo� ,  fck = 67%.f'c� 

��
 f'c���d»ÁZ¬»��j¯Y|u��Ä¿YÂf�Y�Ä¿Â¼¿�Ã�Á���¾f]�ÉY��
fy����Ìv»�ÉZ»{��{�{ÓÂ§�ºÌ¸�e��Àe��

(T)�fy���Z]�ÉZ»{��{�{ÓÂ§�ºÌ¸�e��Àe�Ìv»��Y��eÓ��
åo����Ìv»�ÉZ»{��{�¾f]��j¯Y|u��¿�¯��
åc���Z]�µZ¼�Y��Y��a�¾f]��¿�¯��
óo��¾f]��Àe��j¯Y|u���Ìv»�ÉZ»{��{�Ä¯óo�� f'c��

As���É{ÓÂ§��Y|m���¬»�t����
Ac���ÊÀf]�Äf�Å���¬»�t����

�µZ���{�Ä¯�Ê�ËZ»�M��Y�,{Á|v»���ZÀ��µ|»�Ê���]��Â�À»�Ä]
������Âe�Han �@�>d�Y�Äf§�³�¹Zn¿Y�d�Y� Ã|��Ã{Z¨f�Y� ,��

½Âf���Zf§��Ê���]�Ä]��ËZ»�M�¾ËY� �{�ÉÁ��ÉZÅCFT���Z¬»� Z]�
ºÅ��iY�dve��]�»�Á��Á|»��ÄfyY{�a�É�Âv»�Á�Êe�Y�u�ÉZÅ�Z]�½Z»�

d�Y��½Âf���Ì¿��ËZ»�M�¾ËY��{�ÄÌ°e��{�ZÅ�ÃZ³�Ê»��Y{�Ì³�ZÅ�|À�Z]��
�cZ�z�»�½Âf��cZ�z�»�Z]�Ã|��µ|»�½Âf�C-1-1��ËZ»�M�

{�Ä¯�d�Y�ª^�À»µÁ|m�������d�Y�Ã|��Ã{�ÁM���
 

�µÁ|m�����Âe�Ã|���ËZ»�M�½Âf��Ä¿Â¼¿�cZ�z�»�Han�@�>� �
Êm�Zy���«��

�mm� 

��Y|m�d»Zz�
É{ÓÂ§��

�µZ¼�Y�½Z»�
�c�Y�u�min���

��j¯Y|u
µZ¼�Y�c�Y�u��

 
¹Z¿ ½Âf���

�����������������
{ÓÂ§��¾f]��

Fy ��
(MPa)��

Es��
(MPa)��

f'c ��
(MPa)��

Ec ��
(MPa)��

 
 

C1-1 

��� ������ �
�� ����� 

��
� ÉZ»{� Ze� Ä¿Â¼¿���� c|»� Ä]� {Y�´Ìf¿Z�� Äm�{����Ä¬Ì«{�

�d�°��Ä�v·��d�Y�Ã{Â]�Êe�Y�u��Z]�µZ¼�Y�dve��ÊÀvÀ»��ÉZÅ
��Àe±�Ä¯�¾f]�Á�{ÓÂ§�ÉY�]�Ê¸Ì¸ve�µ|»�Ä]�Ã|��µZ¼�Y��¿�¯�

��]YÁ���Y�����Ê·Y�����Ã|��kY�zf�Y�¦¸fz»�ÉZÅZ»{��{���{�,|¿Y
�µZ°�Y�����Á����Ã|��Ã{�ÁM�|¿Y� �Ô»Ê»�Ä�u���ËY�§Y� Z]�Ä¯�{{�³

d�Y�Ã|��Äf�Z¯�¾f]�Á�{ÓÂ§�d»ÁZ¬»��Y�,�Ìv»�ÉZ»{�����Â�À»�Ä]
�Ê «YÁ� µZ¼�Y� Ä]� ,Z»{��ËY�§Y� dve� ½Âf�� ªÌ«{� �Zf§�� Ê���]

d�Y� Ã|�� ÄfyY{�a�Ê¸Ì¸ve� µ|»�ÉÁ��c�Y�u� Äm�{� ��|ËZ]� Y|f]Y
�½Âf��{ÓÂ§�Á�¾f]�Êe�Y�u�cZ�z�»CFT�Ä]�Z»{��ËY�§Y�dve�

�� µZ¼�Y� Ä¿Â¼¿{Â� �Ä]��]YÁ�� �Y� �Â�À»�¾Ë|]����Âe� Ã|»M�d�{�
Lie�Á�Stringer�@��>d�Y�Ã|��Ã{Z¨f�Y����
��

��
��

�¶°������Àe��Y{Â¼¿�±�Z]�¦¸fz»�ÉZÅZ»{��{�{ÓÂ§��¿�¯�
Ã|��ÄWY�Y��]YÁ���Y�Ã{Z¨f�Y� �

 

��
��

�¶°������Àe��Y{Â¼¿�±�Ã{Z¨f�Y�Z]�¦¸fz»�ÉZÅZ»{��{�¾f]��¿�¯�
Ã|��ÄWY�Y��]YÁ���Y� �
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¾ËY� �Y� Ã{Z¨f�Y� Z]Ê»��]YÁ����c�Y�u�µZ¬f¿Y�\Ë���½YÂe�Ks��,
� Ã�ËÁ�ÊËZ»�³�dÌ§���Cs��c�Y�u��Z�^¿Y�\Ë��� ,�ás� ��ÉY�]� Y�

{Â¼¿�Ä^�Zv»�¦¸fz»�ÉZÅZ»{��{�¾f]�Á�{ÓÂ§� ��¾ËY��{�¾ÌÀr¼Å
��ÅZ¯�Á�c�Y�u��]Y�]��{�É�Ì³�Y�«��Y��a�¾f]�[M��Ìz^e�,�]YÁ�

d�Y�Ã|Ë{�³��Â�À»��Ì¿�½M�d»ÁZ¬»���
d¼�«� ÉZ»{�¸fz»� ÉZÅ��Y� |Ë{�³� �¯}� Är¿ZÀq� �Ì¿� ½Âf��¦

��]YÁ���� �� Ze����½M�µZ¼�Y��Y��a�Á�Äf�³�Ä^�Zv»��Z]� ÃY�¼Å� ZÅ
d�Y� Ã|�� ¶Ì¸ve� ½Âf�� ,Ê°ÌeZf�Y� É�Y~³�Z]� ��dve� µ|»

ÊÀvÀ»�¹Z³� Á� Êe�Y�u� ÉZÅ��Z]� \�ZÀf»� Ê°ÌeZf�Y� É�Y~³�Z]� ÉZÅ
� ,�ËZ»�M�¹Z³� Z]� �Z]� �ËY�§Y�ÉÁZ�»� ÉZÅ�d�Y� Ã|�� ¶Ì¸ve� ,��

Z»�M�|À¿Z¼Å�Á�É�Âv»�É�Y~³�Z]���Zu�Ä ·Z�»��{�,Ã|���¯}��Ë
ºÅ�,Êe�Y�u��É�]�Z]�dÌ§����j¯Y|u�Ze�Á�Ã|���Á����¨���Y�½Z»�

Ã|��Ã{Y{��ËY�§Y�½Âf��|¿Y���¶°���{�¶Ì¸ve�¾ËY�lËZf¿�����Ã{�ÁM
d�Y� Ã|�� �¿Â¼¿� �Z�^¿Y0Ô»Z¯� ¶°�� ¾ËY� �{� c�Y�u� �iY� �{� Ä�

d�Y�{ÂÆ�»��Ê»�Ä�uÔ»�§��,c�Y�u�µZ¼�Y�Ä¯�{Â��Y��½Âf���Zf
�eM�Ä�v·�|À¿Z¼Å�ÄÌ^��Ã�Z���{�É�Â��Ê»�É�Z��|ËZ¼¿� ��Är¿ZÀq

Ê¸�� ,|Ë{�³� Ä�uÔ»�dv�� �{� Ä¯� ÊW�m� cZ§ÔfyY� º£���ÊnÀ�
µ|»� ,|Ë{�³� Ä�uÔ»�Ê¸Ì¸ve� Ä¿Â¼¿�É�Z����Y� {Á|v»� ��ZÀ��ÉZÅ

|¿{Â]��Y{�Ây�]�ÊËÓZ]�d«{���
 

� �
� �

�¶°����É�Âv»�¶°���ÌÌ¤e��Y{Â¼¿�Ä�ËZ¬»�±�½Z»���Ä¿Â¼¿��ÉZÅ
c�Y�u�ºÌ¬f�»�µZ¼�Y�Z]�Ê¸Ì¸ve�Á�Ê]�ne�Han�@�>� �

� �
���½Âf��É{|��¶Ì¸ve� lËZf¿�CFT��Z]� Á�c�Y�u�dve�

É�Âv»��
��z]��{�Ã|��ÄWY�Y�\·Z�»�Ä]�ÄmÂe�Z]�����Y~³�ÌiPe�¶»YÂ��,

½Âf�� �Zf§�� �]�� ÉZÅCFT�Y� |Àe�Z^���eM� �]Y�]� �{�� ��cZ�z�»
É�Y~³�Z]�ÃÂv¿�Á��Â¿� ,½Âf���{�Äf§���Z¯�Ä]�t·Z�»�,½M�ÉÁ���]�

½Âf����¬»�{Z ]Y�Á��Â¿�,¾f]�Ä]�{ÓÂ§�Ã�Y|m�Ê³|À^�q��¾ËY��Y��
 ·Z�»��{�Ä¯�Ê���]�{�Â»�ÉZÅ�f»Y�Za� ,Á�Ä�Äf§�³���¿��{���Zu�

�Y�|Àe�Z^��,d�Y�Ã|����

�É�Y~³�Z]�ÃÂv¿���É�Y~³�Z]�¶»Z����{�Ä¯�Êe�Y�u�Á�Ê°ÌeZf�Y�ÉZÅ
Ä¿Â¼¿�Ä]�¦¸fz»�½Z»��Ä��-d�Y�Ã|��µZ¼�Y�ZÅ 

�Ê�|ÀÅ� cZ�z�»�� ���ÌÌ¤e� �iY� ,½Âf�� {Z ]Y� �ÌÌ¤e� �iY� ¶»Z�
�d^�¿��ÌÌ¤e��iY�Á�É{ÓÂ§�©�Á�d»Zz�D/t�½Âf�� 

Ê���]� ¾ÌÀr¼Å�Ä�ËZ¬»� Á� ZÅ��ÉÁ�� �]� Ã|�� ¹Zn¿Y� ÉZÅ
µ|»�Ê»��Ë��s���Ä]�{Á|v»���ZÀ��ÉZÅ��Z]À|���
��dÌ§��� �{�É{ÓÂ§� �Y|m�d»Zz��Á���¬»� ��«� �ÌiPe�Ê���]�

½Âf��É�]�Z]��ÉZÅCFT�-c�Y�u��� »��{�Äf§�³��Y�« 

�½Âf�� É�]�Z]� dÌ§��� Ä�ËZ¬»��� ÉZÅCFT�Z]� Ã{Z�� ��Z¬»� Z]�
½Âf��½Z»�� c|»� �{� Ã|ÀÀ¯� dz�� ÉY�Y{� ÉZÅ��¦¸fz»� ÉZÅ

-c�Y�u��]Y�]��{�½Âf��É�Ì³�Y�« 

��yZ��Ê���]��RSI�����{�½Âf��É�]�Z]�dÌ§����j¯Y|u�d^�¿
�Ìv»�ÉZ»{��{�Äf§�³��Y�«�½Âf��Ä]�,c�Y�u��� »���

Z ]Y� µÁY|m� �{� ,¶Ì¸ve� ÉY�]� É{ZÆÀ�Ìa� cZ�z�»� Á� {���
¦·Y���Á���[��d�Y�Ã|��Ã{�ÁM���
�µÁY�ÃÁ�³���½Âf���,d]Zi�É{ÓÂ§���¬»��Y|m�d»Zz��¾f�Y{�Z]�ZÅ

�d^�¿�,½M��^e�Ä]�Á���«D/t�½M�Ê»��ËY�§Y�ZÅ�|]ZË���
�¹Á{� ÃÁ�³�� �½Âf�����¬»� �Y|m�d»Zz�� ,d]Zi� ��«� ¾f�Y{� Z]� ZÅ

½M�É{ÓÂ§��Ä]�Á��ÅZ¯�ZÅ�d^�¿�,½M��^eD/t½M��Ê»��ËY�§Y�ZÅ�|]ZË� 

� �
�µÁ|m��½Âf��cZ�z�»��Ã|��¶Ì¸ve�ÉZÅ�� �
¦·Y�d]Zi��Y|m�d»Zz��Z]�,�[�d]Zi���«�Z]�� �

Num Labels D (mm) ts (mm) D/t Time 
(min) 

T (oC) 

C21-10 500 14.65 34.14 10 680 
C21-20 500 14.65 34.14 20 780 

 
1 

C21-30 500 14.65 34.14 30 840 
C22-10 500 13.21 37.86 10 680 
C22-20 500 13.21 37.86 20 780 

 
2 

C22-30 500 13.21 37.86 30 840 
C23-10 500 12.73 39.29 10 680 
C23-20 500 12.73 39.29 20 780 

 
3 

C23-30 500 12.73 39.29 30 840 

�¦·Y���
Num Labels D (mm) ts (mm) D/t Time 

(min) 
T (oC) 

C11-10 478 14 34.14 10 680 
C11-20 478 14 34.14 20 780 

 
1 

C11-30 478 14 34.14 30 840 
C12-10 530 14 37.86 10 680 
C12-20 530 14 37.86 20 780 

 
2 

C12-30 530 14 37.86 30 840 
C13-10 550 14 39.29 10 680 
C13-20 550 14 39.29 20 780 

 
3 

C13-30 550 14 39.29 30 840 

�[���

                                                 
1 �� Residual strenght index 
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��d^�¿�D/t�Ê»��ËY�§Y�Ä¸u�»�Ä���{�,ÃÁ�³�Á{��Å��{�|]ZË���¾ËY
d^�¿��Äf§�³� ��¿� �{�d]Zi� Á� �]Y�]�É�Y|¬»� ÃÁ�³� Á{� �Å�ÉY�]� ZÅ

d�Y�Ã|�� 

�Ä¿Â¼¿�,É{ZÆÀ�Ìa���¬»��Å��{���c|»�Ä]�ZÅ���,���Á����Ä¬Ì«{�
Ã|�� Ã{Y{� �Y�«� c�Y�u��� »� �{��|¿Y� �½Z»���Z]� �]Y�]� ,�Â¯~»� ÉZÅ

c�Y�u��ÉZÅ����,����Á����Êf¿Z��Äm�{��Ê»�{Y�³��Z]À|���
�½Âf��{Z ]Y��½Âf��|À¿Z¼Å� ZÅ��Ã|��[Zzf¿Y� Ã|�� Y�mY�lËY��ÉZÅ

�d�Y�ÄÌ°e��ËY���Á��Z]�µZ¼�Y�ÃÂv¿�tÌ�Âe��z]��{�ÊÅZ³�������
½M�µÂ���ZÅ����{ÓÂ§�ÉY�]�Á��f¼Ì¸Ì»�Fy=293MPas �Á Es= 

2.01e5¾f]�ÉY�]�Á�,f'c= 39.6 MPas Á�� Ec= 27800�{����¿
d�Y�Ã|��Äf§�³���

¶Ì¸ve��dz�� ½Á|]� ��Z¬»� Z]� ½Âf�� `Ìe� Ä�� ÉÁ�� �]� ZÅ
,Ã|ÀÀ¯�� Z]��� Á��dz���d�Y� Äf§�Ë~a�c�Â�� Ã|ÀÀ¯� �¶°�� �{�

����½Z»��ÉZÅ�Y{Â¼¿�,±�Ã|��¶Ì¸ve�½Âf��Ä¿Â¼¿�®Ë�½Z°»�ÌÌ¤e�
d�Y�Ã|��Ã{�ÁM��ËZ»���Á��ËZ»�³�Ä¸u�»��{���Ã|ÅZ�»�Är¿ZÀq

Ê»�Ä¿Â¼¿� ,{Â��a� ZÅ��{� ,É�Âv»�É�Y~³�Z]� Á�c�Y�u�µZ¼�Y� �Y��
Ê»��Z�^¿Y� �Zq{� Y|f]Y�|¿Â�� �Ê»� Ä�uÔ»��ÄÌ·ÁY��Z�^¿Y� Ä¯� {{�³

� Ã{Z�� ½Âf��Ã|�¿� dËÂ¬e� ��¶Ì·{� Ä]� ,c�Y�u� µZ¼�Y� �iY� �{
Ä¿Â¼¿��Y��f�Ì]�¾f]�Z]��f¼¯�É�Ì³�{�Ê»�Ã|��dËÂ¬e�ÉZÅ�|�Z]���
� ½Âf��É�]�Z]�dÌ§��� �ZÌ »CFT��ºÌ¸�e� ,c�Y�u� �]Y�]� �{�

¯Ê»�½Âf��Ê¸¯��¿Z¼¯�µ{Z »�Ä¯�d�Y�ÊÀf]�Äf�Å�¶»Z�|�Z]��
�Ã�Y|m� Á� Ã{�¯� ¶¼ve� ÊËZÆÀe� Ä]� Y�� ÊËZÆ¿� É�]�Z]� dÌ§��� ¾f]

§//Ë���ºÌ¸�e�Z]�É{ÓÂ/��q��Y�,�e/�d�Y�Äf�³�k�Zy�É�]�Z]�Äy�
�Â^v»��iY�ZÆÀe�Á�Ê»�µZ¼�Y�ÊÀf]�Äf�Å��]�Ê³|ÀÀ¯��|ËZ¼¿��¶°�

��������
��

��
� �

�¶°����½Z»���Y{Â¼¿��ÌÌ¤e��Ä¿Â¼¿�½Z°»�C11É�Ì³�Y�«�ÉY�]��
�c|»�Ä]�½Âf���c�Y�u��� »��{�Ä¬Ì«{�� �

��
��

��
�¦·Y������������������������������������[���

� �
�k���

�¶°�����¶»Z¯�ºÌ¸�e�Ä¸u�»��{�{ÓÂ§�Á�¾f]��{��Àe��Âf¿Z¯�
�½Âf��ÉY�]�¾f]C12�c|»�Ä]�Äf§�³��Y�«�Ã{Z������{�Ä¬Ì«{�

c�Y�u��� »��¦·Y�É{ÓÂ§��Y|m�,�[�ÊÀf]�Äf�Å�,� �
k�½Âf��Ê¸¯���¬»�� �

� �
����½Âf��É�]�Z]�dÌ§���Ä�ËZ¬»���ÉZÅCFT��ËY�§Y� Z]�

��«�(D)½Âf����
�ÉÁ��½Âf����¬»���«�d^�¿��ËY�§Y��ÌiPe�Ê���]��Â�À»�Ä]

½Âf�� ,É�]�Z]�dÌ§����µÁY� ÃÁ�³�ÉZÅ�d]Zi� �Y|m�d»Zz�� Z]� ��Z]
Ã|��Ä�ËZ¬»��´Ë|°Ë�|¿Y� ��¶°���{�����½Z°»�ÌÌ¤e��Y{Â¼¿�,±Z]���
½Âf��ÉY�]� É�Âv»�� Z]� Ã|��dËÂ¬e� Á� Ã{Z�� ÉZÅ�� Á���dz��

�c|»�Ä]�½Âf��É�Ì³�Y�«�½Z»��c|»�ÉY�]� Ã|ÀÀ¯����{�Ä¬Ì«{�
d�Y� Ã|�� Ã{�ÁM� Ä¿Â¼¿� ½YÂÀ�� Ä]� c�Y�u��� »� ��Ä¸�Zu� lËZf¿

Ê»� ½Z�¿�½Âf�� �{� Ä¯� |Å{��c|»��ËY�§Y� Z]� ,Ã|�� dËÂ¬e� ÉZÅ
,��¬»� ��«��ËY�§Y� ,c�Y�u� �]Y�]� �{�½Âf��É�Ì³�Y�«�¾Ë�f�Ì]�

Ä¿Â¼¿�É�]�Z]�dÌ§���ÉÁ��Y���ÌiPe�d�Y�Äf�Y{�ZÅ���¶°���{�����,
½Âf��É�]�Z]�dÌ§����ÉZÅCFT�ÉZ»{� �{� Ã|��dËÂ¬e� Á� Ã{Z��

Ã|��Ä�ËZ¬»���¬»���«��ËY�§Y�Z]��Ìv»�|¿Y� ��Ã|���¯}�¶°���{
Ê»� Ã|ÅZ�»���ËY�§Y� Z]� Ä¯� {{�³����� Á�����d^�¿� Ä]D/t���{

½Âf��M� É�]�Z]� dÌ§��� ,Ã{Z�� ÉZÅ½�� \Ìe�e� Ä]� ZÅ��� �� Á����
d�Y�Äf§ZË��ËY�§Y� �½Âf��ÉY�]�d^�¿�¾ËY��Z]�Ã|��dËÂ¬e�ÉZÅ��

dz��� ,Ã|ÀÀ¯�� �� Á��� �½Âf�� Á�� Z]� Ã|��dËÂ¬e�ÉZÅ��dz��
�,Ã|ÀÀ¯�����Á������{�Äf§�³��Y�«�½Âf���Y��f¼¯�Ä¯�d�Y�Ã{Â]

d�Y�Ã{Â]�c�Y�u��� »����
��
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��

��

��
� �

�¶°����Ä¿Â¼¿�É�]�Z]�dÌ§���Ä�ËZ¬»��Z��ÉZÅ�Z]�Ã|��dËÂ¬e�,Ã{
��Á��½Z»���{�Ã|ÀÀ¯�dz������Ä¬Ì«{��

� �

��
� �

�¶°�����d^�¿��ËY�§Y�Z]�É�]�Z]�dÌ§���Ä�ËZ¬»�D/t�{��
½Âf���ÉZÅCFT�Ìv»�ÉZ»{�{�� �

��

Ê»� Ä�uÔ»�� ½Âf�� ��«� d^�¿��ËY�§Y� Z]� Ä¯� {{�³CFT�,
��ËY�§Y� |��{� ,{Â�� Ã{Y{� �Y�«� c�Y�u� �]Y�]� �{� ½Âf�� Är¿ZÀq

�\eY�»�Ä]�½M�É�]�Z]�dÌ§���ÉZ»{��{�Ä¯�d�Y�Ê»Z´ÀÅ��Y��Ì]
|�Z]�Äf�Y{��Y�«��Ìv»����ÌiPe�,��¬»���«��ËY�§Y�,�´Ë{�c�Z^��Ä]

Ä�uÔ»�¶]Z«��½Âf��É�]�Z]�dÌ§���ÉÁ�� �]�É�eCFT��]Y�]� �{�
�Ìv»�ÉZ»{��{�Äf§�³�Y�«�½Âf��Ze�d�Y�Äf�Y~³�c�Y�u���

� �
����½Âf��É�]�Z]�dÌ§��� Ä�ËZ¬»���ÉZÅCFT��ÅZ¯� Z]�

É{ÓÂ§��Y|m�d»Zz��(ts) 

�dÌ§��� �{� É{ÓÂ§� �Y|m� d»Zz�� �ÌiPe� Ê���]� �Â�À»� Ä]
�½Âf��É�]�Z]CFTÄ¿Â¼¿�d¼�«�¾ËY� �{� ,c�Y�u� �]Y�]� �{���ÉZÅ

�¹Á{�ÃÁ�³�d]Zi���¬»���«�Z]��Ã|��Ä�ËZ¬»��´Ë|°Ë�Z]�|¿Y���dÌ§��
½Âf��É�]�Z]��Z]�Ã|��dËÂ¬e�ÉZÅ��c�Y�u��]Y�]��{�Ã|ÀÀ¯�dz��

�¶°���{�Ä¿Â¼¿�½YÂÀ��Ä]�����Ã{�ÁMd�Y�Ã|�����lËZf¿�Ä]�ÄmÂe�Z]
Ê»� Ä�uÔ»� ©Â§��Ä]� É{ÓÂ§� �Y|m�d»Zz���ÅZ¯� Z]� Ä¯� {{�³

� ½Y�Ì»��,��{ÂmÁ� Ä]� ��¬»� É�]�Z]� dÌ§��� �{� Ê¿Y|Àq� �ÌÌ¤e�
d�Y� Ã|»ZÌ¿� �Ê»� Ä�uÔ»� ¾ÌÀr¼Å���ÅZ¯� ¾Ë�f¼¯� Ä¯� {{�³

½Âf��É�]�Z]�dÌ§����c|»�Ä]�½Âf��É�Ì³�Y�«�½Z»��c|»��{�,ZÅ
���Y�u��� »��{�Ä¬Ì«{�d�Y�Ã{Â]�c� ��dËÂ¬e���¬»�¾ÌÀr¼Å

�Z]�Ã|���É�]�Z]�dÌ§����{��ÅZ¯��Y|¬»�¾Ë�f¼¯�,Ã|ÀÀ¯�dz��
Ã{Â]�Y�Y{�Y��d�Y���¶°���{�����½Âf��É�]�Z]�dÌ§���,CFT�Z]�

�Á� Ã{Z�� ��Z¬»� �{� �Ìv»� ÉZ»{� �{� ��¬»� {ÓÂ§� |��{��ÅZ¯
��{�½Âf��É�]�Z]�dÌ§���Z]�Ä¸�Zu�lËZf¿�Á��´Ë|°Ë�Z]�Ã|��dËÂ¬e

�u��]Y�]d�Y� Ã|��Ä�ËZ¬»�c�Y� ��µZ°�Y�Ä�ËZ¬»� Z]���� �� Á�����
Ê»� Ä�uÔ»�½Âf�� �{�d»ÁZ¬»��ÅZ¯� |��{� Ä¯� {{�³���Y�«�ÉZÅ

�Ì]� ,c�Y�u� �� »� �{� Äf§�³f½Âf�� �Y� ����{� Äf§�³� �Y�«� ÉZÅ
d�Y�Ã{Â]��Ìv»�ÉZ»{����

��

��
 

�¶°����½Âf��É�]�Z]�dÌ§���Ä�ËZ¬»���c�Y�u��� »��{�ÉZÅ
É{ÓÂ§��Y|m�d»Zz���ÅZ¯�Z]]�½Âf��ÉY��2Stiff��
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��
� �

�¶°����½Âf��É�]�Z]�dÌ§���Ä�ËZ¬»���Z]��Ìv»�ÉZ»{��{�ÉZÅ
É{ÓÂ§��Y|m�d»Zz���ÅZ¯� �

��
½Âf�� �{� ¥ÔfyY� ¾ËY�� Z]� Ã|�� dËÂ¬e� ÉZÅ�dz����Ã|ÀÀ¯

½Âf���Y��f�Ì]�Ê»�º�q�Ä]��´Ë{�ÉZÅ�{�Ây����{�Ä¯�d�Y�½M�d¸�
½Âf��¾ËY�dz���f�Ì]�{Y| e�,ZÅ�Ã|ÀÀ¯�Ë���µZ¬f¿Y�\mÂ»�,ZÅ����e

�Ë��� Y��{Ây�d»ÁZ¬»�½Âf��Á�Ã|��ÊÀf]�Äf�Å�Ä]�c�Y�u���Y��e
{Y{�|ÅYÂy�d�{���

��
����½Âf��É�]�Z]�dÌ§���Ä�ËZ¬»���ÉZÅCFT��ËY�§Y� Z]�

dz��{Y| e�Ã|ÀÀ¯�ZÅ��
�¶°��Ä]�ÄmÂe�Z]�������� »��{�Äf§�³��Y�«�½Âf��ÉY�]�Ä¯

� c|»� Ä]� c�Y�u���,d�Y� Ã|�� Ã{�ÁM� Ä¿Â¼¿� ½YÂÀ�� Ä]� Ä¬Ì«{�
|��Ä�uÔ»�d^�¿��ËY�§Y�Z]�Ä¯�d�Y�ÃD/t½Âf���{����ËY�§Y�,ZÅ
dz�� {Y| e�Ã|ÀÀ¯��É�]�Z]� dÌ§��� �ËY�§Y� �]� É�f¼¯� �ÌiPe� ZÅ

d�Y� Äf�Y{� ½Âf�� ��{Y| e� �ËY�§Y� �ÌiPe� ¾Ë�f�Ì]� ¾ÌÀr¼Å
dz��Ã|ÀÀ¯�½Z»��c|»��{�,ZÅ��Y�{�É�Ì³�Y�«�ÉZÅ ��{�½Âf��c|»

�c�Y�u��]Y�]���Ä¬Ì«{���d�Y�Ã{Â]��½Âf����dËÂ¬e�ÉZÅ�Z]�Ã|��
dz��½M� Z]� ,�Ì¿� Ã|ÀÀ¯�dz�� ªË��� �Y� Y�� c�Y�u� Ä¯�Ã|ÀÀ¯��ZÅ
�Ë���Ê»� µZ¬f¿Y� ÊÀf]� Äf�Å� Ä]� �e��É�]�Z]� dÌ§��� ÉY�Y{� ,|ÀÅ{

� Z]� Ã|��dËÂ¬e�½Âf��Ä]�d^�¿�É�f�Ì]�dz���Ã{Â]� Ã|ÀÀ¯�|¿Y��
�¶°�� �{���� �dz�� {Y| e��ËY�§Y� �ÌiPe� �Ì¿�Ã|ÀÀ¯��ÉZ»{� �{� ZÅ

¼¿�É�]�Z]�dÌ§���ÉÁ���]��Ìv»Ä¿Â�d�Y�Ã|��Ã{Y{�½Z�¿� ZÅ� ��Z]
½Âf���{�É�]�Z]��ËY�§Y�ÉZÅ|��{�Ä�ËZ¬»��c�Y�u��iY�dve�ÉZÅ

½Âf��Á�Ê»�Ã|ÅZ�»� ,�Ìv»�ÉZ»{� �{�Äf§�³�Y�«�ÉZÅ��Z]�Ä¯�{Â�
dz��{Y| e��ËY�§Y�Ã|ÀÀ¯�½Âf��É�]�Z]�dÌ§��� ,ZÅ��Ä]� 0Z^Ë�¬e� ,ZÅ

d�Y� Äf�Y{��ËY�§Y�½Y�Ì»�®Ë� �dz�� ,�´Ë{�c�Z^�� Ä]�Ã|ÀÀ¯��ZÅ

��� ½Âf��É�]�Z]� dÌ§CFT�¹|�� Á� c�Y�u� µZ¼�Y� ½Z»�� �{� Y��
Ã{Y{��ËY�§Y�½Y�Ì»�®Ë�Ä]�0Z^Ë�¬e�,½M�µZ¼�Y�|¿Y� 

��

��
��

��
��

��
� �

�¶°�����{Y| e��ËY�§Y�Z]�ZÅ�½Âf��É�]�Z]�dÌ§���Ä�ËZ¬»�
dz��Ã|ÀÀ¯�½Z»���{�ZÅ����d^�¿��ËY�§Y�Z]�Ä¬Ì«{��D/t� �

��
Ê»� Ä�uÔ»� ¾ÌÀr¼Å��Z]� Ã|�� dËÂ¬e� ��Z¬»� �{� Ä¯� {Â�

�dz�dz�� {Y| e� �ËY�§Y� Z]� ,Ã|ÀÀ¯�Ã|ÀÀ¯�� �Y� ZÅ�� Ä]���,{|��
º�q� �ËY�§Y� ��Z¬»� É�]�Z]� dÌ§����{�¯� |ÅYÂz¿� Y|Ìa� É�Ì³

��½Y�Ì»�Ä]��j¯Y|u�����½Âf���{�,¶Ì·{�¾Ì¼Å�Ä]��ÉZÅCFT�Ä]�,
��Y� Ã{Z¨f�Y� ,c�Y�u� �]Y�]� �{� É�]�Z]� dÌ§��� �ËY�§Y� �Â�À»

½Âf��� Z]� Ã|�� dËÂ¬e� ÉZÅ�dz���ÄmÂe� Z]� ,Ã|ÀÀ¯�|��{� Ä]�
�� ,É�]�Z]� dÌ§��� �ËY�§Y§�//�Ä]� d^�¿� É�f�Ì]� É{Z�f«Y� Ä

�Z¬»//�Z]�Ã|��dËÂ¬e���ÀÀ¯�dz��/{�Y{�Ã|���
� �
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��
� �

�¶°����½Âf��É�]�Z]�dÌ§���Ä�ËZ¬»���dz��{Y| e��ËY�§Y�Z]�ZÅ
Ã|ÀÀ¯��Ìv»�ÉZ»{��{�ZÅ� �

� �
�����yZ���RSI 

��]Y�]� �{� ½Âf�� d»ÁZ¬»� Ê���]� ÉZÅ�ZÌ »� �Y� �´Ë{� Ê°Ë
�Zv»� ,c�Y�u��yZ�� Ä^RSI½Âf��ÉY�]���ÉZÅCFTÊ»��|�Z]��

� �yZ�RSI��{� ½Âf�� É�]�Z]� dÌ§��� �j¯Y|u� d^�¿� �]Y�]�
�c�Y�u��� »�Np��ÉZ»{��{�½Âf��É�]�Z]�dÌ§����j¯Y|u�Ä]�,

��Ìv»(Nu)Ê»���|�Z]��Ä�]Y�������@�>���
��

p

u

N
RSI

N
                                                     ����  

��
½Âf�� É�]�Z]� dÌ§��� Y|f]Y� ,Ä¸u�»� ¾ËY� �{�� ÉZÅCFT�

� c�Y�u��� »� �{� É{ZÆÀ�Ìa�� c|»� Ä]��� ,��� Á���Ä¬Ì«{���
��j¯Y|u�Ä^�Zv»��Y�¶�Zu�lËZf¿��]�ºÌ�¬e�Z]��b��,Ã|��Ä^�Zv»

½Âf�� É�]�Z]� dÌ§�����Ìv»� ÉZ»{� dve� ,��¬»� ºÅ� ÉZÅ
(20oC)� �yZ�� �Y|¬»� ,RSIfz»� ÉZÅ�f»Y�Za� �iY� dve��¦¸

d�Y� Ã|�� Ê���]� �� �yZ�� Ê���]� �Â�À»� Ä]RSI��ÌiPe� ,
�dÌ§���ÉÁ���]��Y|m�d»Zz��Á�½Âf����«�Ä¸¼m��Y�ÊËZÅ�f»Y�Za

½Âf��É�]�Z]��ÉZÅCFTÃ|��Ä�ËZ¬»��´Ë|°Ë�Z]��|¿Y��Ä�ËZ¬»�¾ËY��ZÅ
�d^�¿� Á� µÁY� ÃÁ�³�ÉY�]� Ä¿Â¼¿� ½YÂÀ�� Ä]D/t=37.86��¶°�� �{

������Á�����d�Y�Ã|��Ã{�ÁM���
°�� Ã|ÅZ�»� Z]� ¶����Ê»� Ä�uÔ»� ,�½Âf�� �{� Ä¯� {{�³��ÉZÅ
�Z]�Ã|��dËÂ¬e�d^�¿��Y�Ã{Z¨f�Y�,Ã|ÀÀ¯�dz����ÉZÅD/t��eÓZ]�

��Y��
����Y|¬»� ,RSI�|ÅYÂz¿��ËY�§Y�ÊÆmÂe�¶]Z«�½Y�Ì»�Ä]� Y��
{Y{���

��
��

��
��

��
� �

�¶°�����½Âf��É�]�Z]�dÌ§���Ä�ËZ¬»��ÉZ»{��{�µÁY�ÃÁ�³�ÉZÅ
��{�Z»{��ËY�§Y�Á��Ìv»D/t=37.86��

��

��
� �

�¶°������d^�¿�Ä�ËZ¬»�RSI½Âf����ÉZÅCFT��ËY�§Y�Z]�
�d^�¿D/t� �
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� d^�¿� �{� ¾ÌÀr¼ÅD/t=39.29� �yZ�� ¾Ë�f�Ì]� ,RSI�
½Âf�� ÉY�]�d�Y� Ã|»M� d�{� Ä]� Ã|�� dËÂ¬e� Á� Ã{Z�� ÉZÅ� ��Z]

dz�� {Y| e��ËY�§Y�Ã|ÀÀ¯�� �Y|¬»� �Ì¿� ZÅRSI�{�Y{� Ê·Á�¿� |¿Á���
�Ë���c�Y�u�µZ¬f¿Y� ,�»Y�¾ËY�¶Ì·{�½Âf���{��e�Â¬e�ÉZÅ�Ã|��dË

Ê»��Ë���ºÌ¸�e�\mÂ»�Ä¯�|�Z]��dÌ§����ÅZ¯�Á�ÊÀf]�Äf�Å��e
�Ã{Â]� �Ìv»� ÉZ»{� �{� É�]�Z]� dÌ§��� Ä]� d^�¿� ½Âf�� É�]�Z]

d�Y� �É{ÓÂ§� �Y|m�d»Zz���ÅZ¯� Z]�¾ÌÀr¼Å� ,��yZ�RSI�
d�Y�Äf�Y{��ÅZ¯��½Âf���{�,�Â�À»�¾Ë|]��ÉZÅCFT��ËY�§Y�Z]�,

Ê»�,��¬»�É{ÓÂ§��Y|m�d»Zz��Á���«�¿�Ä]�½YÂed^����eÓZ]�ÉZÅ
RSI{�¯�Y|Ìa�d�{����
��
��ÄnÌf¿��É�Ì³��

ÄÌ�Âe� Á� lËZf¿� |Àq�Å��Äf§�³� ��¿� �{� cÓZu� Ä]� {Á|v»� ZÅ
¶Ì¸ve�ÉY�]�Ã|��Ê»�Ã|��¹Zn¿Y�ÉZÅ��Z]ÀÊ»��Z�f¿Y�Z»Y�,|��Ä¯�{Á�

�»Zm�{�]�Z¯�Á�¶¼��Ã�Âu�ÉY�Y{�lËZf¿�¾ËY����¿��{�{�YÂ»��Y�É�e
¶Ì¸ve� �{� Ã|�� Äf§�³��Z]� ��Zu�ÉZÅÀ|� �� �Y�¶�Zu� lËZf¿� Ã|¼�

Ê»�{Â¼¿�Ã�Z�Y�¶Ë}�{�YÂ»�Ä]�½YÂe���
��½Âf�� �{� ��¬»� ��«��ËY�§Y���,Ã|��dËÂ¬e� Á� Ã{Z��ÉZÅ

d�Y�Ã{Y{��ËY�§Y�Y��É�]�Z]�dÌ§������]�,��¬»���«��ËY�§Y��ÌiPe
� ½Âf�� É�]�Z]� dÌ§��CFTº�q� ,c�Y�u� �]Y�]� �{�����Y� �e�Ì³

d�Y�Ã{Â]��Ìv»�ÉZ»{��{�Äf§�³�Y�«�½Âf����
�����ÅZ¯��dÌ§����ÅZ¯�\mÂ»�,��¬»�{ÓÂ§��Y|m�d»Zz

�½Âf��É�]�Z]CFTd�Y�Äf�³�� �½Âf��{�Â»��{�ÄnÌf¿�¾ËY��ÉZÅ
�©{Z���Ìv»�ÉZ»{��{�Äf§�³��Y�«�Á�c�Y�u��� »��{�Äf§�³��Y�«
,É{ÓÂ§� ��¬»� �Y|m� d»Zz���ÅZ¯� Ä¯� cÁZ¨e� ¾ËY� Z]� ,d�Y��

�½Âf��É�]�Z]�dÌ§��CFT�½Âf�� �Y� �f�Ì]�c�Y�u��]Y�]� �{� Y��
�Y�«¾ÌËZa��Ìv»�ÉZ»{��{�Äf§�³��d�Y�Ã{�ÁM��e� 

��dz�� {Y| e��ËY�§Y��Ã|ÀÀ¯��½Âf��É�]�Z]�dÌ§��� �{� ,ZÅ
CFTd�Y�Äf�Y{�ÊËY��]��ÌiPe�,� ��Z]�Ã|��dËÂ¬e�½Âf���dz��

½Âf�� Ä]� d^�¿� É�]�Z]� dÌ§��� ¾Ë�f�Ì]� ÉY�Y{� ,Ã|ÀÀ¯��Z]� ÉZÅ
½Âf��É�Ì³�Y�«�c|»��ËY�§Y�Z]�Êfu�,d�Y�Ã{Â]��´Ë{���Z¬»��ZÅ

�{Ã|�� dËÂ¬e� ½Âf�� ,c�Y�u� �� »��� Z]��dz�����Y� ,Ã|ÀÀ¯
d�Y� Ã{Â]� �Y{�Ây�]� É�eÓZ]� É�]�Z]� dÌ§��� ���ËY�§Y� ¾ÌÀr¼Å

dz��{Y| e�Ã|ÀÀ¯���Y�ZÅ��Ä]���Ä]� Y��½Âf��É�]�Z]�dÌ§���,{|��
º�q�½Y�Ì»�d�Y�Ã{Y|¿��ËY�§Y�É�Ì³��d�{��Â�À»�Ä]�Y~·��ÄË�Ê]ZË

dÌ§����½Âf���{�ÓZ]�ÉZÅCFT�Y�Ã{Z¨f�Y�,�Z]�Ã|��dËÂ¬e���¬»�
�{Â]�|ÅYÂy�Â´]YÂm��Ì¿�Ã|ÀÀ¯�dz�����|Ë{�³�Ã|ÅZ�»�¾ÌÀr¼Å

dz�� {Y| e� �ËY�§Y� Ä¯�Ã|ÀÀ¯�� ,ZÅ���{� Y�� ½Âf�� É�]�Z]� dÌ§��

�ÉZ»{��{�Äf§�³��Y�«�½Âf��Á�c�Y�u��� »��{�Äf§�³��Y�«�½Âf�
d�Y�Ã{Y{��ËY�§Y�½Y�Ì»�®Ë�Ä]�P^Ë�¬e�,�Ìv»� 

���d^�¿�RSI½Âf����ËY�§Y�Z]�,ZÅ�Äf§ZË��ËY�§Y�,½Âf����«�
Ä]� d�Y�Ä¿Â³�� d^�¿� ¾Ë�eÓZ]� �{� Ä¯� ÉYD/t����Y|m� d»Zz�� Z]

d]Zi�� ,RSId�Y� Ã{Â]� Y�Y{� Y�� �Y|¬»� ¾Ë�f�Ì]�� ���Y|¬»� ¾ÌÀr¼Å
RSId�Y�Äf�Y{��ÅZ¯�É{ÓÂ§��Y|m�d»Zz���ÅZ¯�Z]�� 

��Ã|ÀÀ¯�dz��{Y| e��ËY�§Y���½Âf�� �{� ZÅCFT� �Y� ,RSI�
d�Y� Äf�Z¯� ��¬»� �Ä¯� s��� ¾Ë|]½Âf����ÉY�Y{� ,Ã{Z�� ÉZÅ
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ͳǤ������������� 

The concrete-filled steel tube (CFT) column is a composite system that is made with concrete as inner core and 
thin walled steel as outer tube. The enhancement of load capacity, increase in lateral stiffness, inherent ductility, use 
in high rise and long span buildings and fire resistance, are some benefits of CFT columns [1].Columns are the most 
parts of buildings in fire that carry loads of structure. When fire happens in a structure with CFT columns, the steel 
tube is the first part of these columns, subjected to fire. Therefore, the steel tube expands and concrete core carries 
remaining loads. It's a main disadvantage of CFT columns [2]. In the present study, finite element modeling of 
stiffened circular CFT columns is presented. The main characteristic of the stiffened CFT column is internal 
longitudinal symmetric stiffeners its internal stiffeners that are longitudinal and symmetric. For predicting the load 
capacity of the proposed sections of CFT columns, the time � temperature curve is applied to the model. 
 
ʹ. Methodology 

͸ǤͷǤ�Fire exposure 

The temperature of the column rises up (Eq. (1)) and cools down (Eq. (2)) according to the ISO-834 fire curve 
(Fig. 1) [3-5]. The temperature is applied to nodes of the columns. 

 

T= T0 + 345Log(8t + 1)                                                                                                                                               (1) 

 

                Th � 10.417 (t �th)th ≤ 30                                                                                                         (2) 

htht-th)th ≤ 

h � 4.167(t � th)th>120 
 

 
 

Fig. 1. ISO-834 (1980) standard fire curve 
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where T is the fire temperature in ◦C; t is fire exposure time in minute; ��B�C�C�� is the heating phase; ��C�D�� 

is the cooling phase; ��C�� is the starting point of cooling; To is the ambient temperature in ◦C; th is the fire duration 
time in min; Th is the maximum fire temperature in ◦C and tp is the total fire exposure time in min. 

 

͸Ǥ͸Ǥ�Heat transfer analysis 

The heat transfer process in concrete filled steel tubes includes radiation, convection and heat conduction, all of 
them are varying with time. There are four heat transfer processes, from fire to outer steel tube surface, from outer to 
inner steel tube surface, from inner steel tube surface to outer concrete surface and heat transfer into core of concrete 
from concrete surface [6,7]. 
 

͸Ǥ͹Ǥ�Suggested sections 

One of the main disadvantages of CFT columns is the expansion of the steel tube when subjected into the fire. 
Therefore, the confinement of core and finally, the load capacity of CFT column will be decreased. In order to 
improve the performance of CFT columns, subjected to the fire, a stiffened steel section is suggested in CFT 
columns as shown in Fig. 2. The stiffeners enhance the confinement of columns by increasing the contact area 
between steel and concrete. Hence, the confinement of CFT columns is preserved in heating and cooling stage of the 
fire exposure. Therefore, it is expected that the load carrying capacity of CFT column to be increased. 

 
Fig. 2. Suggested sections for CFT columns: (a) Simple, (b) with 2 stiffeners, (c) with 4 stiffeners 

 
͸.ͺǤ Finite element modeling 

In the present study, finite element modeling of stiffened circular CFT columns is presented. These models have 
been analyzed using ANSYS (Ver. 11) [8]. In order to investigate into the behavior of the stiffened CFT columns 
under axial and thermal loadings,FE analyses should be undertaken involving the geometric and material 
nonlinearities. Three-dimensional solid element (Solid 65) has been used for modeling of the concrete core, shell 
element (Shell 43) has been used for modeling of the steel tube. Three-dimensional node-to-node contact element 
(Contact 178) has been used to model the contact between steel wall and concrete core. Modeling of separation, 
sliding and contact between two nodes during the loading process are the capabilities of this element. Fig. 3 shows 
the CFT column, modeled in ANSYS. 

 

 

 

 

 

 

Fig. 3. FE modeling of CFT column 

͸.ͻǤ Verification of finite element modeling 

The material properties of concrete and steel are changing when subjected to the fire. Therefore, some 
researchers define material properties in ambient temperature, heating and cooling phases. In order to verify the 
accuracy and validity of the finite element modeling, the numerical results, obtained from nonlinear static analysis, 
have been compared with the experimental results of the CFT columns. Regarding the axial loading, an 
experimental CFT column with circular section has been used according to the specifications undertaken by 
Schneider [9] and in order to verify the accuracy and validity of the equations used for applying fire to the CFT 
column, model specifications are according to Han [10]. Consequently, it has been found that the finite element 
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model is reliable enough to be used to undertake nonlinear analyses for comparative investigation into the behavior 
of the sections of CFT columns with and without stiffeners. 

 

͸.ͼ. Material heat coefficients 

The thermal coefficients in CFT columns have been investigated by many researchers. In the present paper, the 
coefficients for concrete and steel tube, provided by Lie and Stringer [11], are adopted. The thermal properties such 
as conductivity coefficient (k), specific heat(c), density (ñ) and coefficient of expansion (á) have been defined in 
these equations. Also, they considered the water evaporation of core concrete after sbeing exposed to the fire. In the 
evaluation of temperature, k and á decrease, and c increases after a few minutes of fire exposure. They also 
considered these specifications of concrete and steel in their relations. 
 

͵Ǥ������������������������ 

A total of 54 CFT stub columns, in three types, including simple, 2 and 4 stiffened circular CFT columns, have 
been analyzed after subjected to fire. The specimens are divided into two groups (with the same wall thickness and 
with the same diameter). All of the specimens, have the same wall thickness and the D/t ratio increased in three 
steps. All of the specimens are subjected to real fire in ANSYS in three time durations, namely 10 minutes (680oC), 
20 minutes (780oC) and 30 minutes (840oC) according to standard fire curve, shown in Fig. 2. In suggested sections 
the area of stiffeners, is 30% of total area of CFT column and L=3810mm. For steel, we have: Fy= 293MPa and Es= 
2.01e5MPa. For concrete, we have: f'c= 39.6MPa and Ec= 27800MPa. 
 

Ͷ. Conclusions 

In the present study, finite element modeling of stiffened circular CFT columns is presented. The main 
characteristic of the stiffened CFT column is its internal stiffeners that are longitudinal and symmetric. These 
models have been analyzed using ANSYS. Having verified the finite element modeling, several different analyses 
have been undertaken. Based on the results of analyses, the main conclusions are as follows: 

- Increasing the tube diameter in simple and stiffened CFT columns has increased the load carrying capacity of 
columns. The increase rate of the load capacity in CFT columns during fire exposure is more considerable than 
ambient temperature. 

- Decrease in the wall thickness of CFT columns, in simple and stiffened columns, decreases the load carrying 
capacity of columns. The decrease rate of the load capacity in CFT columns during fire exposure is more 
considerable than ambient temperature. 

- Increasing the number of stiffeners has enhanced the load carrying capacity of CFT columns. However, 
increasing the number of stiffeners from 2 to 4 dose not have considerable effect on the load carrying capacity of 
CFT sections (only 2%).Therefore, the use of 2 stiffeners is more economic, and strongly recommended for CFT 
columns subjected to fire. 

- The residual strength index (RSI) is defined to quantify the strength of the CFT columns to standard fire. RSI is 
the ratio of ultimate strength corresponding to the fire duration time into the ultimate strength at ambient 
temperature [10]. According to the analysis results, decreasing the number of stiffeners and increasing the tube 
diameter, has enhanced the RSI of CFT columns. 
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