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�	
��
 ��	.��N �(=����' &��=� �	
��
 ��	.��N O)�P� �.�� 3�� .+� ��	% ���Q���� ��� ���(=���� ��#��� �= ��� ���� $��,� ���� �- D
,

9:�	� O)�P� �K�4� �� ��R D=�� �B��� +� �(=���� S�G�� ���.4� .���(=����� BRB ��B� �= #0�- ���� �= TU�� ����� +���� +� V	��� ��

'�(,�= ���� �= T9H 	-"���� �����: ��/ ���(.� .�= W��F
��'	% ���4 ���Q� .&�+�=��/� ���(,�= �- ��� 	�� 	X(� �= C�
 3&�+�= '$+�� 

�� W��Y ��F� ��-�+�� '$�(���	�+�= �= L����3 )���� ��/ Z: +� �:�#� �)*)+ ����,. �	=�(=�� [���D
,	��� ������� +���� �� C�%(� �)*)+ �� 

$+�� ����X ����,. �	=� �	�	= 	= ��� '\���� $��DH��� �����0�� G�.]�� �� 3/�� ���(=����� �K�4� �= ��- �.4	� $�,3��^ �- +� ���B ��� 

$��DH�� $��G.�� +� )0���V�� �_4�H����
,� )SMA (�- ����� �� ���Q� +��= �_4�H��� #��= � ��.4� #��&-	=� �(.�� � ���(���� Z: +� 

�	=��=��� �� "�	-��� `�*= �= La��3 )���� ��/ +�=^���	� 3��. �� ������ /��	 +� )0���V�� �_4�H����
,� 	= �:�� ��0 �- *��3��� 

+���� 3F�� �= )0���V�� :�" +� ��/ ����� � (E���� *���( )���� #0�� 	.�- '3�� �� �+��( 3/���+�� $��G.�� ����, .�� ��� :"��Q �= 

������ ��.4� $+	)�� $+����� ����� ���(=����� "���->�� � $+����� �K�4� ����� ���(=����� )0�V� �_4�H�
,���� 	= �:�� ��0 � 	= �:�� ��D
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*�X� �= ���(=����� 3G� � 3&� �= )���� C�X�� �.4	�3�� .�.��c ��� �b��d #�&� ����� �- $+����� �(=����� $�, �= )0���V�� �_4�H��� �:�� 

��0 �� ������ �= $+����� �(=����� $�, �= ���.���( �=�B���B��� 	.&�= � �=�B���B ������� 	.�-� �� D�b.� �����, � �	
��
 >��e�	�� 

�� #�&� ���(�� .)��
 ��� +��$�� �� ������ �= $+����� �(=����� $�, "���->�� �=�B���B��� =�	.&� �� �=	X� ��^�((- �� ���Y� �- 

�����%E �=�B���B �������� �B	=� �������9�.
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,� �:�� '��0 �(=���� "���-'>�� )0�V� �_4�H�
,���� ���.���(' �b��D ����(�
� �*4�'$�( [���	 D
, �����'�� 

��.4� #��&-	=�

     ���
 ��X�– �&��Q:

f��� #�	�
 ���(��

 � 3��= $���C��$���, '2��� '1402 

 [
 D

O
I:

 1
0.

22
03

4/
23

.2
.1

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

ce
j.m

od
ar

es
.a

c.
ir

 o
n 

20
25

-0
7-

18
 ]

 

                             1 / 16

http://dx.doi.org/10.22034/23.2.12
https://mcej.modares.ac.ir/article-16-62823-en.html


رامین مردى، مهدى قاسمیه بررسى و مقایسه رفتار لرزه اى�هاربندى  

178

1- 	
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��&- #�	�� ���  �(=	�- $+	)�� ��	� ^���� +� �4	R J�F�	�� �� 

W�bGY ���+���(, 	.&�= �.��#��� ��&- D����� L4�)� 

��B� �����. +� T	R 	%�� �=�B���B B�F�� �,�� +� ����	�� 

�)*)+ �� #��./����� ��K�4 $����� hB�� ���	%���� 

����, ��	= #���(�� � #�	%&��Q: $��=3�� �- �= ��� ��_(� 

�� $+����� ��K�4 +� M���� A.������ i�.]� ���� �F��B �+ 

���B �(=���� $��G.�� ���((- .M���� i�.]� ���(=���� �= ��_(� 

"��- 	j� ����	�� �F��B $+	)�� � "��- �=�B���B $+���� =� 

��R 3��4���*��0 D�
 $�	-��� .�= ��� ��B� �.�� ����(=���� 

��K�4 �� k	L� ����	�� ���&4 `�*= ��	� ��'��	�� �[�	� 

D
,��� �&���- �l��� ���((- � ��.4� �����: #���.��� �� 

"&- � ��&4 �� hF� �����, .�� �X�.� ��� ��.4�' "��- 

����, �� 3����� ���(=���� $���&� ����, � �� �: #0 

3�4	m $+�� �= ��R D=�� ��B�� "��- �.4�� � W���/��� 

#�	FB�	�9:�� �� �=	X� ���(- .��	= nG�	� #���� ��� &�WU
 

$��DH��� �G�.]� ���(&�: $�, 3�� .+� ���B ��� $��DH�� 

$��G.�� +� �(=���� �4��K "���->�� �� �(=���� "���-:��	�9 

)١BRB � (�_4�H ���V��)0���) ��
,٢SMA .3�� ( ��

����(=���� "���-'>�� �= D�)� �
(�� +� "���- �.�� K�4�� 

�	����B ��'��, ���� �= TU�� �V	�� �= ����� ����+ .���(. 

��)�� W�L)�e� ��� BRB o��� �����- C�X�� �, .�� p	R 

��' �(=���� +� N� �(=	�- �)��L� "-��$�, �= �)�) ��K�4 

� 	: $�, �= WU� D�
&� �,$ ��=]1[.  s�U-� #���
�� �= 

��_(� �H�	R � 3/�� ��.�]� $+����� ����� ����(=���� 

BRB ' ���L� ����+ D��b���� �e/	�t � A�#��+ �= '#0 

"���+0�� �� f���� `�*= �� $�%&���+0 C�X�� ����� �- c��.� 

��� "���+0�� ��	= �H�	R $+�� ����� ����(=���� BRB ���� 

$��G.�� ��	� 34	�]2[ . W�L)�e� #���
�� � ��=�� ��(E��

$+	) 2��: ��� �� �L��� ����b�A.��� �� �= *�X� ���BRB

�� � u�/ ��%)� #���, f�
L� C�X�� �����]3[. Z: +� '#0

W�L)�e� �����	4 ��� BRB�� C�X�� �, �- +� #0���B ��#���

1. Buckling Restrained Brace 

�= "���+0���' A�- � �v�' *(�%�- � w�0�� � s�.�(�4 � 

#���
�� $��,� ���� .�x	�� +�(� +��� �= C�X�� "���+0��� �=

f������� 	.��*= �� $+����� �(x ��FR �= ��_(� s�� 	.�=

+� ��.4� � �	
��
 ��� A.�����  3��]4-6[.  

����(=���� BRB ��B� �= #0�- ���� �= TU�� ������ 

����+ +� �V	�� �(.��' ���� �= T9H "�	-��� �����: ��/ 

�(.��� .�= W��F
'	%�� ��Q�� �.&�+�=��/ Z: ������ �� ��� 

	�� 	X(� �= C�
 3&�+�= '$+�� �� W��Y ��F� ��-�+�� 

'$�(���	�+�= �= 3�L��� ��)�� ��/ Z: +� #���: �)*)+ ��,��. 

���	=�(= D
,	��[���� ������� ����+ �L= +� �)*)+ �� ��$+ ��X�� 

����, .�� ������ 	�/� ��	= n4� ��� D
&� $��G.�� +� 

���V��)0 �_4�H'��
,��� T�	L� به SMA'  �= #��(
 ����� 

�(�,�� �- ����� �� ��Q�� +��= �_4�H��� #��= � ��.4� 

#��&-	=� �(.�� � ���(���� Z: +� ����	=��= �� "�	-��� 

`�*= �= 3�La� ��)�� ��/ +�=^���	� �� �	.(- ��L4	�t $+��

�� ���� ���	= #�	%&��Q: ��	� 3�� �.4	� ���V��)0 

�_4�H��
,��� �- �= #��(
 ����� �(�,�� �./�(, $�,��'� 

3F�� �= A.������ ����.� N��.��$�((- �V	�� ����� ����* � 

��Q����� 	Pb(� �= ��	4 ���(,�= .3��=�� sU�.�� (�h�� 

'�V	�� C�
 ���= �.,�9� "�	- '�����: 3����� K�= �� =	=�	 

�%.�/ � '�����/ 	�
 ��G� 'K�= 3]����, ����� �� 	��[� 

D
,��� K�= � #�
�� 3/�� ���� �= ��Q����� ���� �a��� 

�%�� +� ���B ���*� � ��Q����� ��� ���� �(.�� �- #0 �� �= 

N� $��� >��e� ��	= �	=��- �� ��	��	�� D��F� $�	-3��. 

T�	L���	� � ��	��	=��-	: V��)0 �_4�H'��
,��� �.�����(

)NiTi (3�� �- �F�-	� +� D
�� � C����.�� 3��' ��� =� D�)� 


(��� �� ��� ���� +� D
�� � C����.�� $��G.�� $�,'3�� ��(�* 

$��G.�� +� #0�� ���+ 3�� � �
�� 3�� ��	= $��G.�� �� +��$ 

�4	Y ���P.�� �(,�= �.,��� .�= ���� ��_(� �� ������ �	�/ 

+� ���V��)0 �_4�H�����
, 	= ���: ��0 �- 3�*���� ����+ 

3F�� �= ���V��)0 ��F� ����� � ��(E�� �(�*� ��)�� � 

2. Shape Memory Alloys
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$	�=����	= #0�� 	.�- '3�� �� �(��+ 3/�� � +�� $��G.�� 

����,.  

+� ��� 1970 ;U���� �����= ��	= �= 3�� #���0 

3�Y�/ #��&-	=� ���V��)0 �(.F� 	= ��0 W��Y �.4	�3�� .

���� � #���
�� ��.4� �_4�H ��
, �� ���V��)0 �_4�H��� =� ���: 

��0 )SMA-Fe( �� ���	= ������]7[ . ���V��)0 $+�	��

�_4�H ��	= ���+ D����.: #��= ���� D�)� �= ��0 ���: 	= ��
,���

$+�� �� �	=��-��' �B�� �����= +� #�	%&��Q: �� �= ��/ �Bh 

$�	-��� ..,��� �.]� '	.&�= Z�+	.��� ����	� �*=`	� � 

3��� 	.�- �� ������  �=��(�.���' z
�= �	�	= ��� )0��V�� �� 

�(��+ 3/��+��� $�, 3�� .��� "��- �(�*� A� �= D�)� 

$��G.�� 	.&�= +� ��0 �� h�-	� V��)0 � A� �= D�)� #�
�� ��)�� 

��� ���� �� o��	, ���/��-��� �)��L� 3�� .SMA-Fe�� 

��(E�� ����� 3����� �����/ 'h��(� 3��=�� �	�9:��- 

�4�- � ;�B�	�9: h��(� ���(,�= .�	=��- SMA-Fe �= $Q�� 

��	= ���
� "�:����(� �� $+���� ����= ��G� 3��. ��(E�� �= 

�B�� �= ���� �L��� ��� '��V��)0 "�:�(�= ����, �- 3��� 

SMA-Fe�� �� ������ $�(�0 �= ���	 "��- �.4�� � "�=+�"�: 

��	= $��G.�� �� 3L(Y #��./�� $��G.�� �,��.  

$+�	�� �
���� +� SMA-Fe��� M�� C�� �= 3�Y�/ 

#��&-	=� �(��� Fe-29Ni-18Co-5A1-8Ta-0.01B � Fe-

36Mn-8Al-8.6Ni ��)�� $�,���]8[. �-���� � #���
�� V��)0 

�_4�H��
,��� Fe-29Ni-18Co-5Al-8Ta-0.01B �� ��)�� 

������ �- "�	- 3&�	=	�9: "�= +� 13٪ �� �� ���� S��� � 

3����� �&&- ����= �K�= 1200 ��
��:�%� �� #�&� ����� 

]9[� . V��)0 ��� ��	= 3�*(���� �= 3�(.�0 D��F� +�t0 "(751 

 ��
��:�%� 3�� +� ���(=���� �
�0 +� DF� � 3�� ���+ ����= �-

 h��0 WK�P�� � ��	�� '���, |��/ #��&- ��H�� +� Z(B ���

 .��� �(���/ Z:��V��)0 ��� h��(� ��	= $��G.�� �= #��(
 

�(=���� 3��� �)� #��� ����+ �� �.��N� #�	- �V	�� ����� .

��(E�� ����� � #���
�� V��)0 �_4�H��
,��� Fe-36Mn-

8Al-8.6Ni �= 3�Y�/ #��&-	=� ����= ��K�= �� ���� ��S� �� 

���	= ���	- � W�P]&� #0 �� �l��� ���	- ]10[ ��� �%.�=�� .

 A- ����= ��� �= V��)0 3�� +� ��� 	��[� �= �160-  ���� �� �B��

240 ����b� 	��[� V��)0 ��� �� "(� ��	%�.��� �B�� ����(- 

�- ��� 	�� hB�� �	=��- n��� ��� V��)0 �� n��(Y i�.]� 

$�,3�� .V��)0 Fe-36Mn-8Al-8.6Ni �= �B�� �= "(� +�t0 

D��F� 3�(.�0 �= �'3�*(��� ���� '�.���.�K� "�	- 

3&�	=	�9: >�/ � �%.�=�� A- �= '��� ��	= $��G.�� �� 

$+����� ��K�4 h��(� 3�� � �= ���� D�)� �� ��� "��Q: 

+� ��� V��)0 �� ��(- V��)0 �_4�H�����
, ��(�.��� �= �(
#� 

����(=���� $+�� '��K�4 $��G.�� $�,3�� .W�P]&� ��� �� 

V��)0 �� ���B )1 (�l��� $�,3��.  
 ����1.  V��)0 �� �
���
� W�P]&��_4�H��� �:��  � ��0��(�.���]11[

NiTiFeMnAlNi Definition

68 98 E(GPa) 
435 320 Fy(MPa) 
535 442 FP1(MPa) 
335 210 FT1(MPa) 
170 122 FT2(MPa) 

8 6.13 ɛs(%) 

Table 1.Mechanical properties of SMA-Fe and NiTi 

#�	%&��Q: �� ������ 	�/� �= ���	= #�
�� $��G.�� �+ 

���� �_4�H��
,��� �� ����	=��- ���(�� $+�� � �)*)+ 

�./��	:��� .�� ����� �= �/	= +� ��� W�L)�e� $��,� $�,3��. 

��)�� "��Q: �� ��� �(��+ �= d��b� �	��	 � �)��*��- �� ��� 

1991 ��= �- #0�� #�
�� $��G.�� +� $��� ��(�.��� �� �= #��(
 N� 

	��	�� �)*)+ ���(&�: ����� ]12[n��B #���
�� � �E)� .��	� 

�L)�e� ��� �	
��
 SMA�� �� $+������ �- 3b� �����= 

�
���(�� � �)*)+ ��	� ��'��	�� C�X�� ����� ]13[#�/ . � 

f����K 	j� #��&-	=� SMA �� ��� ��������� ����,�L 

�L)�e� ���	- ]14[. #0 2��: ���L� ��	= �)�� ��#��&-	=� 

#��)���� �	(4 SMA �l��� ���	- .�	�e� � ������ �= N�- 

;����� ����b� � $��G.�� +� ��� ���.4� '����(&�: 
��#� 

$��G.�� +� H3)���� i�.]� ���� �_4�H��
,��� �� �� ��	��	 

����(&�: �= ��.4� �(��= ���	= ���	- ]15[ ��(E�� .	�e� � �

������ �= ���� =����	 �*B� ���b� '�e/	�t �)�� ��	= $+����� 

N� ��L= *�X� �= ���V��)0 �_4�H�����
, �l��� ������ � 4���. 

#0 �� ���	= ���	- ]16[ �� ���- � ������ . ���2011  V��)0 +�

�_4�H ��
,�����(�.��� �� ����(=���� $+�� $��G.�� �	-�� � 
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	j� $��G.�� #��*�� ����(=���� SMA � ����(=���� "���->�� 

�� �= �(�*%��B h��(� �� "��- �=�B���B $���� � ��(E� 

"��- �=�B���B �(�&�= �F�� W��FR ���	= ���	- ]17[ .

 #���
�� � #���������	
� ����B �� ��	= ��F�= ��.4� +	)$ �� 

D:�� �= $��G.�� +� ���V��)0 �_4�H��
,��� ��(�.��� �l��� -$�	��� 

]18[������ . � #���
�� 	�j�� �	����
= ���V��)0 

�_4�H�����
, �� �� ��F�= ��.4� �������� �,	= 3b� 

W�
�	b� $+	)�� d��b� ���	- ]19[. ������ � #���
�� 	� �� 

3�Y�/ �F,�
�X��� � 	j� �_4�H��
, V��)0 ��(�.��� ��	= 

�	.(- ��./�� ����� �,	= �(.= �� o��	, 	b��N +	)$�� �� 

���	= ���	- ]20[#���
�� � ������ . ��	= �=� �&]=	j� 

���������0 SMA �� "��*4� ��.4� �������� '�,	= �= $Q�� 

���%(� �- �� k	L� W�-	b� $+	)�� ��	� ��'��	�� �(./��	: 

]19[ .C���� ���- � �������+�� >����� �&�/ h��0 $��� 

�� 	j� �)*)+ �� �= $��G.�� +� ����(=���� BRB � ����(=���� 

SMA ���� �L)�e� ��	� ����� ]21[ . �= #���
�� � ��~�	�

$��G.�� ��	.�= ���	= ���V��)0 3�*(���� � 3(�.�0 +�4 �� 	� +� 

�_4�H�� ��
,��� ����(=���� $+����� ��K�4 �(./��	: ]22[. 

	���- � ������ :2�� $+	)�� >����� ��(=���� $�, ��K�4 =� 

$��G.�� +� ����(=���� �V��)0 �_4�H��
,��� �� �=��+�� � 

h�	a ��.4� A.������ i�.]� �� ������ ���	- ]23[ ������ .

#���
�� � �= ���	= �&]=	j� ���V��)0 �_4�H�����
, �� 

��F�= ��.4� $+	)�� �������� �,	= 3GB$�, �(./��	: ]24[ .

= �= ������ � ����)� �= *�X� $+�� �	
��
 ���	+����B :��� 

�� h�-	� �= V��)0 �_4�H�����
, �(./��	: � ��(E�� ��#�& 

�����- � #�
���X(� �� ��-�+�� A.��� �+����B � ���� 

�_4�H��
,��� �� �= �(x ����� ����� ������ � ���	= 	-��� 

] 25,26[. ���0 � ������ N� A.��� #��&-	=� ��	= H�	R� � 

��(E�� C�����+�� D:��� �.���: �(x ����� �l��� � �=��+�� 

���	- ]27[CUt .��: � ������ N� ;�� C���=C�� ���B ��	%.�� 

����+ ��	= �WU
& �e/	�t $+����� ����� ��~
� 

�_4�H��
,��� ���(&�: ����� ]28[#���
�� � ������ . �= 

1. ABAQUS 

���	= $��G.�� +� V��)0 ��(�.��� �� "��- h��0 �, ����$ �� 

��	�� � �,�� �,+�=�� �� ����� �,	= �(.= �= $��G.�� �+ C	���*4� 

f�-�=0 �(./��	: ]29[ . D
&.� ���� A.��� N� ������ � ���0

�_4�H ���V��)0 +������
, ��	= �+���= � ��(E�� �H�	R 

D:'�� ��	= "��- ��j0 Al�� � ��4� D:�� ���(&�: ����� ]30[ .

#��&-	=� ��.4� �=��+�� �= ������ � ����	4 ��:��� SMA +� 

Z(B V��)0 ��(�.��� � 3�Y�/ ���(���	�+�= ��:�� �� �WK�P� 

S�� ����.�� ;	.���.4�� �� C	���*4� f�-�=01 �(./��	: ]31[ .

 �= 	�� ��P�� ��� �= ���
 �L)�e� N� C�X�� �= ��(E�� #�&��

D�
&� ���B #�.�$�, +� SMA � ������� �,	= �(./��	: 

]32[- .D�
&� ���B �(=���� N� '#���
�� � ���$�, +� 

#��)���� BRB � ���V��)0 �_4�H�����
, �� ���(&�: ����� 

]33[ ���B �(=���� ��� +� $��G.�� ���	= �= �)��� ��� �� #�&�� .

 ��4 #0 � �(./��	: ��K�4 W��G.� >���� �� 3b� 20 

>�.,3,�%� �)*)+ i�.]� D��b� ���	-. ��
�=� � #���
�� �= 

������ 	�� �(.= C�����+�� $�, �= ����� ������� SMA-Fe �= 	�� 

�(.= C�����+�� $�, �= N�- ������� �(=	- 3���� $�, �= :	��� 

�(./��	: ]34[. ���0 � ������ N� �L)�e� ���
 �l��� ���	- �- 

��~H ��	�� Al�� +�)*) �� #�&� ����� ]35[#���
�� � f�F
 . 

N� �	
��� ���B ��	= C�����+�� � �+���= $+	)�� #�.���� 

D: �H�	R$�, +� DF� �l��� ���	- ]36[3)�� . #���
�� � ���=0

����	
� ��	= ����+�� � D��b� ��.4� ��~
� �(.= 

3����$�, � "�:$��(�$�, �= ����	%��� SMA-Fe ��FL�$�, 

�� N� ��K 3�	
��, �l��� ���	- ]37[$�� #���
�� � ��:�a� . 

����B �� ��	= ��F�= ��.4� ����� ���(= �= $��G.�� +� )0���V�� 

�_4�H��
,��� �= ���: ��0 �l��� ���	- ]38[.  

 �� ��� "��Q: ;U� $�, -� ��.4� $+	)�� ���V��)0 

�_4�H��
,��� 	= ���: ��0 � ��.4� $+	)�� V��)0 �_4�H,�����
 

��(�.��� �= 3�Y�/ #��&-	=� �= $��G.�� +� ;�� �b�D� �
���(�� 

$�(��*4 )2(IDA ���	= ���, .�	
��
 ���0 �= 	%��
� ������ 

$�, � �	�	= ��� A.������ ����(&�: �= ����(=���� K�4�� 

2. Incremental Dynamic Analysis
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���� "���->�� �= #��(
 ����(=���� ����.� �� $+����� 

��K�4 ���� ���	= ��	� ��.4	 $�, 3�� .  

2- 
��
� ����� ��
����� �������  

;�� D��b� �
���(�� $��(��*4 �� IDA D���, �
��X��� +� 

���(x D��b� �
���(�� ��E]���� �����+ ��e/	�t $+��� 

3b� 	�j�� �)*)+ ��= ,W������ W���G.� ��&��*4� 3���.  

C��X�� IDA +���� ��= >��].�� h���(� \/�, W�, 

3-	H ���+ � \/�, �=�	/ ���� .�L= +� >�].�� 

>�.,3,�%��� ��	= D��b� �+��)�� ��	.��� h�e� .��>�] 

h��(� \/�, W�, )١(IM � \/�, W���/ )٢(DM 

���,�=. $+�� ���� �)�e� N� $+�� 7 ��FR 3�� � +� ���X�0 

�- #��./�� ����� M�G��� o��.� 3�� )���	=�(= ��� ��� HA-� 

3��(' >�., �G�R ��� ��� �= 5 �Y�� ���	�� �= #��(
 IM �= 

"��*4� �= W��Y C����� 3=�j =�].��� ��e(� 3��.  

�� ��� d��b� ��	= DM +� \/�, W���/ �=�L= 

3F�� �(�&�= #�
�	��[� �F�� ���= ��FR�� =� M�G��� ��FR )max(θ 

�� ��R #��+ D��b� �E]���� ���+� $��G.��� $�,3��.

3- ������
� �� 	
!"
 �
� �#�$%�  

��	= �.�������+0 >�� ��(=����$�, �= ����(=���� BRB �- 

o��� ����� � *���� "���+0 $�, '3�� �= $��G.�� +� ����	= 

��3-�	.����*�3  ����+�� $���� � ��.�c 3��=$��0 +� #0 

����	= �= c��.� ���%&���+0 ������  $�,3��]40, 39[. 	��P� 

$+�� ����+�� $�, �� D
, )1 (#�&� $��� $�,3��.  

1. Intensity measures
2. Damage measures

 �� 1.+�� ��� $+����� ����	= �� $�,�.����*	3-�

Fig. 1. The model built into the Seismostruct program 

���� +� �- 3�� ��FR �� >�� N� D��, $+�� �������(=� 

+� M�� #���, �� �.&� ��	= �+������ #0 �� D=��� �	����� 

�F��B $��G.�� $�,3�� .M�G��� ��FR ��� 3/3 '	.� M�G��� ��FR 

C�� 9/2 	.� � k	
 ����� >�� 1/6 	.� 3�� .����(=���� ��FR 

��� +� M�� #��)���� BRB � ����(=���� ��FR C�� �����(=��� 

�)��L� ��K�4 �(.�� .W�P]&� ���� � ���(� ��� "���+0 

$�, *�X� $�, �= ����(=���� BRB �� ���B )2 (�l��� 

$�,3��.  
���� 2. G.�� ���� nR��� W�P]&� $��]39[

Brace Beam Column Story 
40.85 Cm2 W21×93 W14×176 1 
W10×112W21×93 W14×176 2 

Table 2. Specifications of sections used 

 d=�e��= ����� '���%&���+0 O)�P� ��K�4 +� M�� 

ASTM-A992Gr50 $��G.�� $�,3�� � ��(E�� ��	= ���

�+�� nR��� BRB  �� C	�'��*4� �K�4 �= 3����� A���� 280 

��
��:�%� �� 	_� �.4	�$�,3�� .�� ����	= ��	= ����+�� 

#��)���� BRB +� #��)� ���:	/ $��G.�� $�,3�� .WK�P�� 

#�.��� �= �: ���	�� � WK�P�� ��	�� �= #�.��� h�Y �� 	_� 

�.4	� $�,3�� .�� $	� ��K�= $+�� N� ��%)� ���9���= 

���
�	��[� �= $+�� ���� $�,3�� � D��b� �
���.�� ��E]��� 

����+ C�X�� �.4	�3�� .�E]���� ����+ ���9���=-	��[� ����
 

�� D
, )2 (#�&� $��� $�,3��.

3. SeismoStruct 
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 �� 2 .��9���= D
��	:� �/	x W��Y �=�� 

Fig. 2. Cyclic loading protocol [39] 

D
, )3 (������ c��.� ��������� Z�+	.��� ���
 

�(=���� ��  �= c��.� ���%&���+0 �l��� $���� 3�� .�=�B���B 

�(�&�= �(=���� � ��	�� 	m�(.� #0 �� ����+�� C�X�� $�, =� 

h��	� 59/1 ���( � 542 ���:��*� 3�� �- �� ����� 

���%&���+0 �= h��	� 7/1 �(�� � 570 ���:��*� ���,�= �- �= 

3�� 	.&�= +� 90 �Y�� c��.� �= 	%��
� �=�&� �(.�� � ���(E� 

��	�� �F��B �(�&�= $+�� � �=�B���B 	m�(.� #0 �� ����� 

���%&���+0 �= h��	� 992 ���:��*� � 98/1 �(�� ;��*� 

$�,3�� �- ��� c��.� �� ����� ����+�� $�, �= h��	� 1003 

���:��*� � 06/2 �(�� �= 3�� $��03�� .��e���� �- �_HU� 

�,' �= $��G.�� +� C	���*4� =��.4	���-$�, � ����+�� 'd��� 

c��.� D=�� �)�F� �� ������ �= c��.� ���%&���+0 ��=3��0$ 

3�� .�X�.��� �= C�X�� ��� �.�������+0' 	��� W�L)�e� � 

��(E�� ���	= ��.4� 	��� A.������ ��(=���� �= ��� C	���*4� 

C�X�� �.4	�3��.  

 �� 3. ����� ����	� F��B�  D=��� ���=�B���B +��)�� ����� C�=� , $�

��+0 ����� ����%&� 

Fig. 3. Comparison of lateral force versus roof displacement of 
modeled sample and laboratory sample 

4- '�
���(   

�� '����� N� $+�� 7 ��FR �= ����(=���� �.G� � �.&� �= 

��YW �)���' ���(&�: $�, o��� ���� � '���� �= ��(
# $+�� 

�(F� ��	= ������ �� A.��� ��(=���� $��G.�� $�,3��]41[ .

 ��L=� �= ���e.�� $+�� ��- #U:6/36 	.� �� ��.��� '��4� �- 

D�
&� $�, +� �� ����� 15/9 �	.� � �� ����� 1/6 �	.� � 

��(E�� 87/22 �� ��.��� ���
 �- D�
&� $�, +� N� ����� 

15/9 �	.� � �� ����� 86/6 ���,�= .d=�e� �= D
, )5(

#�����R �- �� #U: $+�� \]&� '3�� 2 ��(=��� �� 3�B 

�a	
 ���� ���	= ��	� �.4	���� � �= D�)� #���� �� ��� �.��� 

��(� N� >�� ��(=���� �� 	_� �.4	� $�,3��. M�G��� ��FR ��� 

27/4 	.� � M�G��� ���= W��FR 51/3 	.� 3�� � ��(E�� k	
 

����� 15/9 	.� 3�� �- �� D
, )4 (\]&� $�, 3�� .�� 

����+�� ��� $+�� +� �K�4 �= 3����� A���� 345 ��
��:�%� 

� ��� ���%(�-�.(�: ��	= ����+�� '��	�� #�.��� � R���n 

BRB $��G.�� $�,3�� �- �� D
, )6 (#�&� $��� $�, 3�� .

����+�� �� ��.��� n�a Nx�-	� #U: C�X�� $�,3�� � 

���(=���� �� o�� ��� n�a $+�� n��� $�,��� .D- C	B 	)$+�� 

$+�� 2638 �� 3��. W�P]&� ���(� ��� �= ����(=���� 
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BRB �� ���B )3 (�l��� $�,3�� � ��(E�� ne�� ��	�� 

#��
� � ne�� w16x50 3��.  
 �� 4. ���%(� ���-:��.(

Fig. 4. Manegotto-Pinto steel model 

 �� 5. �- #U:�  $+��7  ��FR

Fig. 5. General plan of 7-story structure [41] 

 �� 6.  >�� $+����(=���� 7 ��FR

Fig. 6. Structural braced frame [41] 

 ����3.  �� $��G.�� ���� nR�������+�� BRB

Brace(mm) ColumnStory

Hss 8x8x0.5W14x211 1

Hss 10x10x0.31W14x211 2 
Hss 8x8x0.37W14x145 3 
Hss 8x8x0.31 W14x145 4 
Hss 6x6x0.37W14x81 5 

Hss 5.5x5.5x0.31W14x81 6 
Hss 5x5x0.18W14x81 7 

Table 3. Sections used in BRB modeling [41] 

 � ��	�� ���(� � ���� W�P]&�#�.� �� 	� �� ��

 ��(=���� ���BRB � SMA�� #��
� 3��. ����(=���� 

SMA �� 	� ��FR �= ��
, >�].�� �,$��� �- �.]� �b��� 

(
��

�
)  � 3�4	m ���b� ��. �� ����
� �= ����(=���� BRB 

�.,�� �(,�= �- �� ����B )4 � 5 (	-� $�, 3�� .C+K �= 	-� 

3�� �- 	�� T�� ������ �,�F� ��#��� +� ��R �	.�- +� 

������� ���V��)0 �_4�H��
,��� $��G.�� �	- � ��#��� L���� 

��	= >�].�� ��R �� o�4 �=�B���B +�X� W��FR �� 	_� ='A�	�% 

�- �� ��� W��Y �=�B���B 	�-��H � �F�� W��FR *�� -"�� 

�	�%�&x ���/(� 3,�� .���(=����� �_4�H��
,��� �= 

��b� �H�	R $�,��� �- �(��� ����(=���� "���-'>�� "���- 

��	�9:�� � �� "&- � ��&4 *�� �(��� ����(=���� BRB D�
 

���((-.  

W�P]&� ���(� ���V��)0 �_4�H��� ���� $��G.�� �� 

C	���*4� �� ����B )4 � 5 (�l��� $�,3��.

���� 4. W�P]&� ���(=����� SMA-Fe

Length(m)Diameter(m)ColumnStory

3.30 0.110 W14x211 1 
3.00 0.100 W14x211 2 
3.00 0.098 W14x145 3 
3.00 0.090 W14x145 4 
3.00 0.083 W14x81 5 
3.00 0.075 W14x81 6 
3.00 0.055 W14x81 7 

Table 4. Sections used in SMA-Fe modeling 

 ����5. W�P]&� ���(=����� SMA-NiTi

Length(m)Diameter(m)ColumnStory

1.80 0.096 W14x211 1 
1.65 0.087 W14x211 2 
1.65 0.085 W14x145 3 
1.65 0.078 W14x145 4 
1.65 0.073 W14x81 5 
1.65 0.063 W14x81 6 
1.65 0.050 W14x81 7 

Table 5. Sections used in SMA-NiTi modeling 

W�P]&� ���� ����(=���� SMA-NiTi � SMA-Fe 

dFR ���B )1 ($��G.�� $�,3��.  
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��	= ���	= ��.4� $+	)�� �� A.��� ��(=���� ��B�F 	-� 

$�, +� D��b� �
���(�� $�(��*4 �G.��$� $�,3�� .�� ��� D��b� 

14 3,�%(=�., N��*� D�� �)*)+��� i�.]� �= ����*= ��= 

6,5 �� 7,6 �= �B�� �= s�/  Db� '$+�� 3
	� |�� �,	= � 

d�
 M��� �)*)+ >�].�� $�,��� .W�P]&� ��� >�.,3,�%��� 

�� ���B )6 (�l���$�,3�� � C��� ��� >�.,3,�%��� �= ���B 

�= i�R p	R $+�� ��	= �)*)+ MCE ������ �,$���. �� ��.�� *�� 

������ >�., �G�R ��%���� ��	= >�.,3,�%���� ������ $�, 

�� D
, )7 (�l��� $�,3��. $+�� �� ��H���� �a	4 �� 3)��� 

���	G�)�- � 	�, Z)Z�X�0 n��� $�,3�� � s�/ ��e(� +� M�� 

s�/ M�� D 3�� .#��+ >��(� ��� ��� ��� $+�� 0,96 ����j �= 

3�� 0$��3�� �- �� f���� #�	- >�.,3,�%��� +� #0 

$��G.��  $�,3�� .W�P]&� i�R p	R $+�� �= �B�� �= Db� 

$+�� +� 3��� #��+�� ���+���(, �
�	�0 (USGS) |�	].�� 

$�, 3�� .  
���� 6 - W�P]&� >�.,3,�%���� ���� $��G.�� �� D��b�

PGA(g) MStation
Earthquake 

name

0.443 6.7 Beverly Hills Northridge1994

0.488 6.7 Beverly Hills Northridge1994

0.404 6.7 Canyon 
Country 

Northridge1994

0.472 6.7 Canyon 
Country 

Northridge1994

0.739 7.1 Bolu 
Duzce, 

Turkey1999 

0.806 7.1 Bolu 
Duzce, 

Turkey1999 
0.236 6.5 Delta 

Imperial 
Valley1979 

0.35 6.5 Delta 
Imperial 

Valley1979 
0.225 6.9 Shin-Osaka Kobe, Japan1995

0.233 6.9 Shin-Osaka Kobe, Japan1995

0.284 7.3 Coolwater Landers1992

0.417 7.3 Coolwater Landers1992

0.34 7.6 CHY101 
Chi-Chi, 

Taiwan1999 
0.398 7.6 CHY101 

Chi-Chi, 
Taiwan1999 
Table 6. Accelerometers used in analysis 

C	B $+	)�� ���L� 	� >�� '��(=���� 	=�	= �= iP� C	B 

D- ��FR '3�� �	�+ 	� 3�B *�X� �= �� �(=���� ���,�= � �� 

�X�.� �= 	� #�.� = �W��Y *-	�.� �� 	� ��FR 94 �� 

u�P./� $��� $�,3�� .+� #��)� �=�B���B ��b� ��	= ��� 

#�	- ��	�� � #�.��� � +� #��)� ���b� ��	= ���(=���� ��G.��$ 

$�,3��. d=�e� d��b� C�X�� $�, o��� ���� � ���� ����P 

#�.��� �= �: �= W��Y ���	�� � ��(E�� ��P�� ��	�� =� 

#�.��� = �W��Y h�Y �� 	_� �.4	� $�,���. +� 	��[� ,D
 

���b� ��	�� T	Y 	_� $�, � i�� W��FR �� 3�B ���
 

	= �bGY h�Y �� 	_� �.4	� $�,3�� [41].

 �� 7. R >�.,�G� ��%������� ��$�, � p	R >�., �= 3F��

Fig. 7. Average spectral acceleration relative to the design 
Spectral acceleration 
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�= C�X�� D��b���� IDA �(b(���� �
���(�� $�(��*4 ��	= 14 

3,�%(=�., ��	= 	� 3 $+�� ��(=���� BRB' SMA-NiTi � 

SMA-Fe A��	� ���, .(E���� ������ ���	� ��b��-

�=�B�B�� �	=� ���(=����� ��FR ��� $+����� "���->�� � 

)0�V� �_4�H�
,���� 	= �:�� ��0 �� 	j� ���
� �)*)+ 	�����c �= 

PGA=0.6g �	=� ����� �� D
,��� )8 � 9 (�l��� $�,3��. 

�� D
, )10 (��������� D��b� �
���(�� $�(��*4 ��	= $+�� �= 

��(=���� "���->�� �� ������ �= 	%��
� �= W��Y ���$ $�, 

#�&� $��� $�,3��. �� 	� N� +� �(b(��� IDA 	����� ���
 

W����/ �� 	� +�	� W�, �F��b� ����, .��= ���(- A�� ��	�� 

#��� 	����� W���/ C��� �)*)+'�� �� 	� Oe� W��, ��= ���L� 

�(b(���� IDA W���/ ��B� ����.   
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 �� 8.  ��������	�� ���b�-�=�B���B "���- $+�� �(=����>��

Fig. 8. Axial force- displacement diagram of BRB structure 

 �� 9. � ��������	� ��b��-�=�B�B��  $+�� �(=����V��)0 �_4�H��
,��� 

 	=���: ��0 

Fig. 9. Axial force- displacement diagram of SMA-Fe structure 

 �� 10. (b(�� IDA �	=� 14  $+�� �= $�, ���
� i�.]� 3,�%(=�.,

"���- �(=����>�� 

Fig. 10. IDA curve for 14 different accelerometers applied to 
the BRB structure 

;�� W�
UR� #�	- �YU/ ��	=��� �G�.]� ��B� 

'���� �- $�����	� �� ��
 ��H ��	��	=��-	: #0�� �F��b� 

��%���� ���
� ���,�= .�� ��� ;�� �� 	� Oe� +� 'W�, #�*�� 

W���/ ���L� $�, � Z�� �= �F��b� ��%���� �=��H  '���
� 

�(b(� ��%���� �= 3�� ����0 .$��G.�� +� ��� ;�� �� ��#�� 

�= �e���� �- ��)�� �(b(� �= ����� 3�4	m ��/ ����� ��(�h 

� ��	=��- '3�� 	�� �N �(b(� �� +�	� ����:	� +� Oe� ,W� 

3-	H ���+ �� 	��� �(b(��� �= 3�� 3���(�= D�� �(- +� #0 

+�	� �= �L= �(b(� ��%���� *�� �=3���� ����/ �, ��	= T	R	= 

#�	- ��� \�� $��G.�� +� ����� ���
� 	�	j�� � ��	=��-	� ����/

��=. d=�e� D
,)11 (�= �� 	_� �.4	� 	����� /W������ �L��� 

$�, �� 	� +�	� W�, �= ��B �F��b� ��%���� '�=��H +� ����� 

$��� 50 '�Y�� 16�Y�� � 84 �Y�� $+�= ���
� $��G.�� 

����, .��� ������� �= �B�� �= W����b� D�	- � #���
�� �- +� 

#��(=#���9� ��� ;�� �(.�� >�].�� $�,���]42[. �- ��(E�� 

��Y�� $�, 3�� ������ �� ���B ����� �=�� �- $+���� �= 

������:�� �(�	= �- �� ��� d��b� �� "�	- 12 �Y�� �= #��(
 

�e�� ���.�� D��b� >�].�� $�, 3��. �� D
, )12 (��������� 

D��b� �
���(�� $�(��*4 ��	= $+�� �= ��(=���� V��)0 

�_4�H��
,��� 	= ���: ��0 �� ������ �= 	%��
� �= �YW� 

$����+�� $�, �� N� ������ #�&� $��� $�,3��.  
 �� 11. �(b(���� IDA �YU/ $�,14�	= 3,�%(=�.,� 50% �� s�Y �� 16% 

 �84% "���- �(=����>�� 

Fig. 11. Summarized IDA curves for 14 accelerometers for 50% 
and 16% and 84% percentages of BRB 
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 �� 12. (b(�� IDA �	=� 14  $+�� �= $�, ���
� i�.]� 3,�%(=�.,

)0 �(=������_4�H V��
,���� �:	=���0 � 

Fig. 12. IDA curve for 14 different accelerometers applied to 
the SMA-Fe structure 

Z�� ��������� IDA ��%���� � 2 s�Y 16% � 84% +� 

143,�%(=�., i�.]� |�	].�� �, �- �� D
, )13 (�= "���� 

$��0�� 3��. ��(E�� �� D
, )14 (��������� D��b� 

�
���(�� $�(��*4 ��	= $+�� �= ��(=���� V��)0 �_4�H,�����
 	= 

���: D
�� �� ������ �= 	%��
� �= W��Y $����+��$�, �� N� 

������ #�&� $��� $�,3��.  
 �� 13. �(b(���� IDA �YU/ $�,14�	= 3,�%(=�.,� 50%  s�Y �

��� 16%  �84% �(=����� )0��_4�H V��
,���� �: 	=���0 � 

Fig. 13. Summarized IDA curves for 14 accelerometers for 
50% and 16% and 84% percentages of SMA-Fe bracing 

 �� 14. �(b(� IDA �	=� 14  $+�� �= $�, ���
� 3,�%(=�.,��(�.���

Fig. 14. IDA curve for 14 different accelerometers applied to 
the SMA-NiTi structure 
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D

Fig. 15. Summarized IDA curves for 14 accelerometers for 
50% and 16% and 84% percentages of SMA- NiTi bracing 
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�x	� $+���� 	.&�= ���� ��H	� �e/	�t �����,)�� �����	 

	�-��H ��a��� #�
�	��[� �F�� ��= ��FR�� K�=(' ����� ���(-�	: 

c��.� .&�=	 $�, � $+�� 	.�&�= 3�b� 	�j�� >�.,3,�%���� 

����� ��	� ���	��.   

$+�� �= ��(=���� "���->�� +� �� $+�� �= ��(=���� V��)0 

�_4�H��
,��� 	�	�� �= ������:�� ����� � 	�-��H�� ���a��� 

#��
�	��[� �F�� ���= ���FR�� 10%  ��= �������:�� �
���(�� 

����� .��� �� ����Y 3�� �- h�, $+����� ��(=����$�, �= 

V��)0��� �_4�H�����
, �� �e�� ���H 7% �= 20% h�, ��H�� 

�
�X��� ����� � �� ��� �e�� $+�� �����:�� ����, �- ��� ���� 

�� D
, )16 (�= 3�U
 z��� #�&� $��� $�,���.  

�= ���	= �(b(���� �
���(�� $�(��*4 ��	= 3 M�� ��> 

��(=���� $�, �L)�e� $�, 3b� 	j� 14 3,�%(=�., $���&� $�,

'3�� �- ���R ���H�� ���.4� ��e/ �� $+����� V��)0 

�_4�H��
,��� 	.&�= +� $+�� "���->�� 3�� � ��� $+���� 	�	�� 

���� ��H�� 	�t�
�X��� �����, �- #�����R �- �� D
, 	�+ 

$���&� ����, $+����� =������( $�, �= V��)0 �_4�H��
,��� �� 

���H 3% �� ��H�� �e/ ���= $�������^ �� ����Y �- $+�� 

"���->�� 	���+ ���� ��H�� �e/	�t $�,�3� �- +� ��� ���� 

��#��� �X�.� 34	� ����� ����(&�: =0.02maxθ  ��	= Oe�� 

��	�
��
 3��
� ���4 �� $+����� ��(=���� $�, �= V��)0 

�H�_4��
,��� ����� 3�� �(���: 3�� .+� ��� 3�B ����� 

=0.03maxθ �� ��	= Oe� ��	
��
 3��
� ���4 �� ��� $+���� 

��#��� �� 	_� 34	�.  

 �� 16. ����(b(� ��� IDA � Oe��%����	= �� �(=���� �� 	�� i�.]� 

Fig. 16. Comparison of average level IDA curves for all three 
different braces 
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���(�� � ��� $+���� �=�B�B�� $���� ����= ��- ��  TU/	= �$+� 
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d=�e� D
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, ��F, �= A� D�
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Seismic Behavior of Innovative Braces Using Incremental 

Dynamic Analysis 
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Abstract 
BRBs are a new type of seismic resistance system that is being used extensively nowadays due to their 
enhanced seismic performance than conventional braces. In BRB braces, because the buckling of the steel core 
is prevented, the structure shows more stable behavior. In this type of bracing, the hysteresis performance of 
the bracing is similar to the hysteresis performance of the core material. Another feature of these braces is that 
the ductility of the steel material occurs over a considerable length of the brace. Although BRB braces are 
capable of dissipating large amounts of energy, they are unable to eliminate their residual strains. In other 
words, they do not have the property of self-centering. This leads to the non-return of the structure and to its 
original configuration after the seismic excitations; in the absence of a return mechanism. There may arise 
many permanent deformations in the structure during an earthquake. To overcome these permanent 
deformations, various innovative solutions have been developed in the construction of steel frames, including 
the use of shape memory alloys (SMA) that have two prominent features of shape memory and superelastic 
behavior and can return to their original position after subjected to the various loadings condition. In recent 
years, beside the Nitinol shape memory alloy (NiTi), Iron-based shape memory alloys (SMA-Fe), which have 
many advantages over previous SMAs and particularly due to their lower cost, have been introduced and being 
used in many construction projects. 

 In this research, the seismic behavior of structures braced with BRB, and iron-based shape memory alloy 
and Nitinol shape memory alloys has been investigated. Seismostruct finite element software has been used to 
model these systems. Incremental dynamic analysis (IDA) has been performed on seven story structures 
equipped with X braces with different materials.  

The results of this study show that braced structures with iron-base shape memory alloys undergo less 
maximum displacement and permanent displacement compared to nitinol-braced structures. However, these 
structures experience more maximum displacement than BRB braced structure. The more the structures enter 
the nonlinear stage (in the maximum values of the relative inter-floor displacement demand) the more the 
dispersion of the results increases and the structure is more affected by the input accelerometers. The structure 
with buckling bracing will reach instability later than the two structures with shape memory alloy bracing. 

It is also observed that the elastic stiffness (slope of the linear behavior region) in all 3 braced frames is 
equal to each other. And finally, the IDA curve of the BRB structure is higher than the two shape memory 
alloy structures, and at equal acceleration, it is clear that the displacement of the shape memory alloy structures 
is more than the buckling structure, and it can also be seen that the iron-based shape memory alloy brace has 
a favorable performance and its curve is slightly higher than the NiTi shape memory alloy. Also, two shape 
memory alloy structures move almost together and reach instability at one point. According to the curves, it 
seems that the braced structures with shape memory alloys have performed well and until these structures 
reach instability. 

Keywords:Iron-Based shape memory alloy, buckling restrained brace, Nitinol, Seismostruct, Incremental 
dynamic analysis, Superelasticity, Residual deformation 
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