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Abstract 
In advanced composites , intelligent materials such as memory alloys have been used to improve the mechanical properties of 
various applications. In this study, the superellasticization property of the shape memory alloys has been used to improve the tensile 
strength of polymer - reinforced fiber composites. The effects of volumetric percent and thickness of memory alloy wire on the 
composite reinforced with unidirectional carbon fibers under tensile loading are investigated. For this purpose, composite specimens 
reinforced with unidirectional carbon fibers were constructed by placement of one, three, and five wires of memory alloy with 
thicknesses of 0.2 , 0.3 and 0.4 mm. The results showed that when the samples are stretched, a significant proportion of the tensile 
load is transferred to the wire, and due to the high strain tolerance in the shape memory alloys, the strength of this composite 
compared with the composite sample is increase about 7 times. 
Keywords: polymer composites, shape memory alloys, static loading, tensile strength. 
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�D �1 ���C� 5� �� ��� �� 7�L�� ��b 5�
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L �? _<6 � ��� YCJ� K�? 7��� �� ��A ����� Y�+ �? Y��� d��
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K�	��6 �L�A 2� �+�� K�? X�	� YCJ� �:?�S F��hC8 �� �
���
6
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�2�<��� ���� �� 7�
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2 - FB� B 8-(��C  
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�:L� 7 mm5 .���+ 7��)3��0 P8 �? ���  

 5� X4� X���2� ��3
6� X8�t� F�� �� ���H
6� ���� ��3
6�

 �	+ A�6 ���J�SANTAM  ������
6� �? I?�i�ASTM-D3039  �?

 5  ;	6mm/min 2 ��.�+�?  

      X8�t� F�� 	�U
� -���; �? P�6 ���\� � P�6 ��>Q 7�8	�U
�

�D �1 P�6 	�NO� �6�	? 7�	? �
 	, 	D� �� �2�<��� �44���? 	? ���

 	���B� P�6 ���\� 	�U
� 7�	? .�+1 �3  �5     ���\?� .��+ ��
 	, 	D� ��

        ������
��6� I?��i� X�4� -���2� ��3
�6� �� 7	��,��	S 7�	�? ����C�

ASTM-D3039   ��? 	?�	?cm 5/2  *25      Y��+ .��+ ��
 	, 	�D� ��1 

P�6 F
�? � ���C� A�6 	h���  .�8� �� -�4� ��   

  

  
 G�1-  ",7� �(�� B %;�� #H7�/ '- 
&����4� �C  

  

 Y�+2 2� Y�S ��+ �
A�6 �JHL 2� ���C�  �(	�?   Y��+3   2� ����C�

���C� Y�+ � X���2� 7�	? ����� �8�34���2� 7�84 ��J�  7	��,��	S 7

�� -�4� �� X4� X���2� ��3
6� 	h���  ��  .�8�  

  

  
 G�2-  GIJ ��� �,;�� ���� '- 
&���'- F#�  

  

  
 G�3- ��(�� '- 
&���K&��'3 =-#� �8��3 
C�L*&��'3 =�C  

  

  
              G�4- ��L,�8 �8 ��� �,/#N �-#J ��(�� '- 
&���  
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 [�������01 �������J� ��������C� 7��)�����,�� 7  -������4� �� ������8  

�� .�8� 6� 	�~ �? 92K  �T��
� 2� -���Ck� .0    ���1 	�8 7�	�?3 

 �+ �
A�6 ���C� ���� 6�? T��
� 2� F
 	, F�3���� �? ���.� �R�
� �

 .�+ ��6�J� ���C� �6 7�	? ���1 �� T��
� M�	J�� F�	
4�? �� 7��8 -

 ���,4.6� (	�)� Y?�S �� ��? %  

  

 OB��1- ��(�� =�-PN�$ B Q�>R*� S(�'3 =-#� 
C�L*&��'3 =�C

K*$ 

 P�6 	iS

)mm(  
P�6 ���\�  ���C� 9��  

���C+  

 -   -  C-0W 1 

2/0  1  SC-1W-0.2  2 

3/0  1  SC-1W-0.3  3 

4/0  1  SC-1W-0.4  4 

2/0  3  SC-3W-0.2  5 

3/0  3  SC-3W-0.3  6 

4/0  3  SC-3W-0.4  7 

2/0  5  SC-5W-0.2  8 

3/0  5  SC-5W-0.3  9  

4/0  5  SC-5W-0.4  10 

• SC = Smart Composite 

•  M	1W  ���\� 2� ���1 -� Y�S ��; � 6� P�6 ���4�

.6� ���C� �� P�6 

•  2� �\? ��;W -�4� ���8� .6� P�6 	iS 

3 - K*$ K&��'3 U&�,�  

�D �1 E���� P�6 7��)3��0   2��  �� {���� ���C\� 7��� �� �� ���

   @����A �� ���m� 	��N� P�8 �
�2�<����� �����C� �� ����� ��	��S ��
�6�

�� P8 � ���� -� �������  K��? -� �m� 	N� .�+�? �
+�� �H�� 	N� �����

   P��6 ��
�6� 2�  7K�? [��� |�6 �? ���C� �
���
6K� [��� F
 �

�D �1  ��� �������� @��A X��Z � y��S�\
� � ���    ��p\? �� ���� ���+�?

X���2�   oi�6 �� �������� @��A �� �3
��, �P�6 7��)3��0 �? �8

�� ��0� �? �\iS�? � ����CD���8 ��� ������ ���� ��
A�6 �� �  ���+

�� 	�� F�� ��  7��)�,��? 	�?�	? �� ���C� �	�:C; 7�B��� ���� �����  7��8

 =:
>�.��+ 

  

3 -1- �	�,���(�� == 4�� SB��  

 ������C� ������
?� ��  ������C�) P����6 -�����? 7  ����? (�8����+ 7

         �����C� 	����6 T����
� 7�	��? -� T����
� -��� ��	��S nc��� ����D��

  , ��	��S X�����2� ������  [����0 .�� 	2    �����	J? 7�	���� 	�����B�

�����C�  ����]���S�      ����+ ���� X�	��� �����B� F����hC8 � ����+

�� -�4� ��.�8�  

  

 OB��2- 4�� SB�� ��(�� K�#$ #V$-�0 B 
�-#�� =B#��  

���C�   ��+ 7�	��)N( (%) X�	�  

C-0W 2231  2.62  

      �i?�� I?�i� ����C� 7�	? ���	J? 7�	�� 	���B� �? �0�� �? 7

� �
��

�
  6� �? �
���
6K� [��� n�8 �i?�� I?�i� � 	m���1 X��

�� [��0 �� �� ����3  .6� ��+ �����  

  

 OB��3-  ��(�� �,�7�,�W- OB�� B #V$-�0 K�64�� SB�� =  

���C�   	m�� �1 X��)N/mm2(  �
���
6K� [��� )N/mm2(  

C-0W 74.36  3681.2  

  

3 -2- ��(�� U&�,� �� =�C1 �./�0 4���-8  

 ���C� �61  7�8�� �? P�6SC-1W-0.2 �SC-1W-0.3 �  

 SC-1W-0.4 .��
 	, ��	S X4� -��2� J�  [��04  7�	�� 	���B�

���C� ���	J? ��+ ���� X�	� ���B� F��hC8 � ��+ -��� �� �� �8

 Y�+ �5 �	�� ����C� -�� -�4� �� X4� X���2� �? ��?	� ���R?�0

.�8�  

  

 OB��4- ��� 8�-B K�#$ �-�5� B 
�-#�� =B#�� ��(�� �� =�C1 4��  

���C�   ��+ 7�	��)N( (%) X�	�  

SC-1W-0.2  2613.4  2.19  

SC-1W-0.3  2715.4  2.37  

SC-1W-0.4  20887.4  4.66  

        

  
 G�5- B#�� �-8(��-��(�� K*$ K&��'3 �� X(�#� 
&�	��� =�C1 

4��  

  
  7�	�� 	���B� �? �0�� �?���C� 7�	? ���	J? � 	m���1 X�� 	���B� ��8

�� 6� �? �
���
6K� [��� [��0 �� �� ����5 .6� ��+ ����� 
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 OB��5- �,�7�,�W- OB�� B #V$-�0 K�6 ��(�� �� =�C1 4�� 

���C�  
 X��	m���1 

)N/mm2(  
�
���
6K� [��� 

)N/mm2(  

SC-1W-0.2 90.74  4145.40  

SC-1W-0.3  87.03  3670.09  

SC-1W-0.4  621.6  13329.36  

   
         [��0 I?�i�5  7�	? �
���
6K� [��� � 	m���1 X�� 	���B�

���C��D �1 P�6 �? 7�8���C� �? ��� ��� �
+�� X��Z � �8�+ 7

 X�� 	���B� .6� 	�U
� P�6 ��>Q 	��U� �? ���B� F�� .6�

���C� 7�	? 	m���1 7�8SC-1W-0.2  �SC-1W-0.3  6� P8 �? 5��Z�

�� ��0�� 7�iA ���B� �? �0�� �? ��-� -��� .�	� u	  	?�	? �� �8

 ����2 M�	J�� � -� [�k �� ���C� ��>Q �
A����� 9�; ����� �:���;

�� ��3
6� 5  }��	+ F��hC8 .��+ X���2� 7�iA z;�? �����

��� z;�? P8 ��,��� ?�k� � ��� ����� �2�<��� A�6 �� �iA ��

.�+ �8��A X���2�  

       ���C� 7�	? 	m���1 X�� 	���B� �X���2� 2� �:1	� F�� �� 7SC-

1W-0.4 �D1c� Y?�S d��H� ]�Q�� F�� .���� 	3�� ���C� �� �? 7�

�� -�4� 7��),��? 	?�	? �� 7	
4�? ����? ���B� ���C� �� �8�

���C� �? ��� �44� ���� 7�	? .���� 	3�� 7�8��C:� T��
� �+�? 	�

����B� F�? �3
>��, X�� F�? 7�3 �D �1 P�6 �? ���C� �? ���

��>Q���C� �? =:
>� 7�8 �� T��
� �� 6� ��+ 9�R�� �8�+ 7

 [��06 .6� ��+ �����  

  

 OB��6 - �./�0 4�� �& �� ��(�� �� �8 
�-#�� K�6 K&-:/- S-:��-

�C�� ��(�� �� %I7� �-8 

���C�  
 �L�� �? ��� ���	J? X�� X��Z �

(%) �8�+ ���C�  

SC-1W-0.2 22  

SC-1W-0.3  17  

SC-1W-0.4  735  

               
  [��0 I?�i�6���C� �� � ��>Q �? P�6 �? 74/0 ��:� 	
�  X��Z �

�� ��8�4� ���	J? X�� 	�3C4b�D �1 P�6 7��)3��0 .��+ ���

 |�6 �
�2�<��� ���C� �� 5�
6K�	��6 [��� ���B� X��Z �

�� �\iS �
���
6K� �? 	R�� [��� X��Z � n�8 -���S I�k �� ��+

�+ �8��A X�� X��Z � ^�� -�4� T��
� ��� P�6 ��>Q �� �8�

 ��+ 7��)3��0NO�	�  ������� @��A X��Z � -�Z�� �� �C.� ����?

 ��>Q �? P�6 �� �
��1 �� .���� ����2/0  �3/0 �:��7��)3��0 	
� 

�C� ��8�4� ���C� [��� � ���	J? X�� �� �L�A X��Z � ��+ ��� ��+

 ��>Q �? P�6 7��)3��0 �?4/0 �:�� �� ���	J? X�� ���B� 	
�7 

 Y�+ ����C� �� ����� F�� .6� �
+�� X��Z � 	?�	?6  x>4� yc���

Y�+ F��hC8 � 6� ��+ 7 ���C� �� 	m���1 X�	� F�? ����B� �� �8

�� -�4�8�.�  

  

  
 G�6- ��(�� 
�-#�� K�6 �7&�5� �-8(�� =�C1  ��(�� �� 4��

�C��  

  

  

  
 G�7- ��(�� #V$-�0 K�#$ �7&�5� �-8(�� =�C1 �C�� ��(�� �� 4��  

     

        Y�+ I?�i�7 P�6 7��)3��0 ��>Q �? 7�82/0  �3/0 �:�� -

�? �� 6� �
 �� X8�� ����� X4� [�C;� 2� _� X�	� �L�� �	
� 

 F�� �+ ���+� �:�S C�S �� X���2� 7�	? �� ���8�iA �? �0��

P4b Y?�S d��H� ���B�6� �+�� ^ P�6 7��)3��0 �? ���mm 4/0 

 % �� X�	� �L��5/4  F�� .6� ��K�? ���B� �� 6� �
 �� X��Z �

�� -�4� �R�
�P�6 �� �8� mm 4 ��	S �
�2�<��� ���C� �� �
S� ./

�� �? ��� ��	�, ��? YCJ� �� 7	
4�? ����? ������� 	3�� P�6 ��

 z;�? P�6 ��p1 ��44� 7��),��? 9�3�8 .���� �\iS �? ��+ ����

�� P�6 � �2�<��� _�	��� 2�  F�? ����� 7�	�� �� ��+�D �1 ��� 

.��+ X>�  

  

3 -3- ��(�� U&�,� �� =�C3 �./�0 4���-8  

 ���C� �63  7�8�� �? P�6SC-3W-0.2 �SC-3W-0.3  �SC-3W-0.4 

.��
 	, ��	S X4� -��2� J�  [��07 ���C� ���	J? 7�	�� 	���B� �8

 Y�+ � ��+ ���� X�	� ���B� F��hC8 � ��+ -��� �� ��8  ����C�

�	�� -�� -�4� �� X4� X���2� �? ��?	� ���R?�0.�8�  

 
 OB��7- ��(�� ��� 8�-B K�#$ �-�5� B 
�-#�� =B#�� �� =�C3 4�� 

���C�  ) ��+ 7�	��N( (%) X�	�  

SC-3W-0.2  2715.4  1.49  

SC-3W-0.3  2715.4  1.42  

SC-3W-0.4  19382.6  4.10  
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 G�8- B#�� �-8(��-K*$ K&��'3 �� X(�#� 
&�	��� ��(�� �� =�C3 

4��  

  

       ���C� 7�	? ���	J? 7�	�� 	���B� �? �0�� �? X�� 	���B� ��8

 [��� � 	m���1�� 6� �? �
���
6K� [��0 �� �� ����8  �����

.6� ��+  

 
 OB��8- ��(�� =-#� �,�7�,�W- OB�� B #V$-�0 K�6 �� =�C3 4�� 

���C�   X��	m���1 )N/mm2(  
 �
���
6K� [���

)N/mm2(  

SC-3W-0.2 91.31  6131.38  

SC-3W-0.3  84.57  5942.11  

SC-3W-0.4  576.86  13810.79  

 
           [��0 I?�i�8 [��� � 	m���1 X�� 	���B�  7�	? �
���
6K�

���C� �? 7�83 �D �1 P�6���C� ����� ��� 7�81 ���C� �? ��� P�6 7

 .6� 	�U
� P�6 ��>Q 	��U� �? ���B� F�� .6� �
+�� X��Z � �8�+

���C� 7�	? 	m���1 X�� 	���B�7�8  SC-3W-0.2  �SC-3W-0.3 

 6� P8 �? 5��Z��� ��0�� 7�iA ���B� �? �0�� �? ��-� -��� �� �8

�	� u	  	?�	?. �� -�4� X���2� T��
� 2� �� �
��1 7�	? �� �8�1  �

3 �D �1 P�6�� ���H
6� �2�<��� ������� @��A ��B� 7�	? ��� -

��>Q ���+ ���C� �? ����� �44� ��? YCJ� ������� P�6 F���� 7�8

�2�<��� � ������ �� �� �� ���8-� �8  2�1  �3  F���� ��>Q �? P�6

)2/0  �3/0 ��:� 	
��� ���H
6� ( ��� 7	
4�? �44� ���B� ���+

 �� ���+� ���� ���� F�� .������ (�8�+ ���C�) ���C\� �2�<��� �?

 [��09  �? ��+ ��B� �2�<��� ��3 �D �1 P�6��>Q �? ��� 7�8

2�<��� ���C� �? ��� =:
>�.6� �D1c� Y?�S �?�A �? ���6 �
� 

  

 OB��9-  �� ��(�� �� �8 
�-#�� K�6 K&-:/- S-:��3 �./�0 4�� �-8

�C�� ��(�� �� %I7�  

���C�  
 ���	J? X�� X��Z � �L��

(%) �8�+ ���C� �? ���  

SC-3W-0.2 22  

SC-3W-0.3  13  

SC-3W-0.4  675  

  

      �? �2�<��� ��1 ��3 �D �1 P�6 ��� 5� 2� �� �
��1 ����� P8

���C� ���? ��+ ���H
6� P�6 ��>Q �? P�6 2� -� �� �� 7�4/0 

�:�� ���C� �� 2� 7	
4�? ����? �44� ���B� �6� ��+ ���H
6� 	
�

 �? P�6 �� 6� ]�Q�� F�� 2� ���1 �R�
� F�� .6� ���� -�4� 	3��

 ��>Q4/0 �:�� YCJ� �� ��K�? ����? ������� 	
� ����� �44� ��?

 � n	� �+� � n	� ����� ��? YCJ� F�� �R�
� �� � ���� �2�<��� 	?

	�� �2�<��� _�	��� � M���� �� �3
>��, ��.� ���� �� 	� � �8�

�� 7	
4�? X�	� �L�� ���C� Y�+ �� �� ��� YCJ� �����9  �?

�� ��8�4� �?�A Y�+ �� .��+9 ����B� �� ���	J? X�� F�? 7�

C���� 7�81  � P�63  � 6� ��+ 9�R�� �8�+ ���C� F��hC8 � P�6

 Y�+ �� F��hC810  �
 	, ��	S ����B� ���� 	m���1 X�	� 	���B�

.6�  

  

  
 G�9- ��(�� �8 
�-#�� K�6 �-8(�� =�C1  B3 �C�� ��(�� B 4�� 

 

 
 G�10 - ��(�� �8 #V$-�0 K�#$ �-8(�� =�C1  B3 �C�� ��(�� B 4��  

  

3 -4 - ��(�� U&�,� �� =�C5 �./�0 4���-8 
 ���C� �65  7�8�� �? P�6SC-5W-0.2 �SC-5W-0.3 �  

SC-5W-0.4 .��
 	, ��	S X4� -��2� J�  [��010  7�	�� 	���B�

���C� ���	J? ��+ ���� X�	� ���B� F��hC8 � ��+ -��� �� �� �8

 Y�+ �11 �	�� ����C� -� X4� X���2� �? ��?	� ���R?�0 -�4� �

��.�8�  
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 OB��10- ��(�� 
�-#�� =B#����(�� =-#� ��� 8�-B K�#$ �-�5� B �C-

 �� =�C5 �./�0 4���-8 

���C�  ) ��+ 7�	��N( (%) X�	�  

SC-5W-0.2  2978.3  1.52  

SC-5W-0.3  20756  3.74  

SC-5W-0.4  17765  3.15  

 
  

  
 G�11- B#�� �-8(��-K*$ K&��'3 �� X(�#� 
&�	��� ��(�� �� =�C5 

4��  

  

      ���C� 7�	? ���	J? 7�	�� 	���B� �? �0�� �? X�� 	���B� ��8

�� 6� �? �
���
6K� [��� � 	m���1 [��0 �� �� ����11  �����

.6� ��+  

  

 OB��11- ��(�� =-#� �,�7�,�W- OB�� B #V$-�0 K�6 �� =�C5 4�� 

���C�  
 X��	m���1 

)N/mm2(  
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