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Investigation of Tensile and Burning Rate Behavior of Hybrid Glass-Semicarbon 
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Abstract 
In this research, the hybridization effect of Semicarbon fibers (SCFs) with glass fibers on tensile properties and burning rate of 
composites as compared to glass fibers reinforced epoxy matrix composite was investigated. In this regard, four plies composites 
with different arranging of SCFs and glass fibers were fabricated by hand lay-up method. The hybridization of SCFs with glass 
fibers was caused reducing tensile strength and elastic modulus of these composites as compared to glass fibers reinforced 
composite. But the failure strain of these composites was improved. Also, the obtained results showed that both failure strain and 
tensile strength have important role on energy absorption in composites that the effectiveness of these factors proportionate SCFs 
and glass fibers ratio. The results of rate and the cross section of burning showed that with increasing SCFs to glass fibers ratio, the 
flame retardancy of composite increases. 
Keywords: Glass Fibers/Epoxy Composite; Semicarbon Fibers; Burning Rate; Tensile Properties.    
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2 Hybrid Composite 
3 Interlayer 
4 Intralayer 
5 Intrayarn 
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�C�D��� 3 

���	� � ��, L�o�� 7�2���� �����A �> 2 ± (��XI ���3� @�	<�� �4�� 

 .�,  

  

3 -  _�� ) ̀ /�%�  

3 -1 - �4 */0.1��( �''( a7.-  

 U�,7 M�� ����S� -
�C�D��� �A y�A	� M�	� E�>4  ��G

9����H �A �-�, @���� � 7A	� ��, @���� �A ��, �
6�+ �� J��K
� E�>

�� 9�-� ������
+� ��+�	A �� �>�ASTM D3039  ���� 
+� �A

���� .
+� O��� ��--� L��<
+� U��, ����S� 7�� �A y�A	� E�>

 �� �4h6 J��4 �A ��, W)5 EV	�� � 
��, M�	� �P�
+G�

 O��52 .
+� ��, ����� ���� 7�� ��+�	AU�, ��> E�>8  ��11 �A �

 ��, W)5 EV	�� �P�
+G� O��� ��--� L��<
+� E�>����S� Y��	�

 ����� 
��;� U� �A 7A	� ��, @���� �4�� �A 
��� 
��, M�	� �


�C�D��� ���� 9�-� �� �>.��>�  

���� ��+�	A O��5 E�>2  Y�j	A �--� L��<
+� ����S� �

� ��, @���� �4�� U�,) 
�C�D��� �� 7A	8
�C�D��� �( 0S-4G  �

 
�C�D���4S-0G �--� L��<
+� �A Y��	� �A �MPa 91/215  �

MPa 07/61 9��� �� �� �--� L��<
+� 7�	
S� � 7�	
-�A �


�C�D��� �-�, @���� � 7A	� ��, @���� �A ��, 
��;� E��	��> E�>

 �A 
��� 7A	� ��, @���� �4�� M��X � �A .����� L��<
+� �-�, @����


�C�D��� �--�E��: �A ����� �->�� E���� E��	��> E�>  �� ��

 E��	��> 
�C�D���3S-1G  �--� L��<
+� �AMPa 75/81  
���

 
�C�D��� �A1S-3G  �--� L��<
+� �AMPa 90/120 L��<
+� �

 �--�33  .
+� ��	� ���� M>�� �4��  

�C�D��� `�� 7�� �� ��
 � `�� 7�� 
01
 L��<
+� �E��	��> E�>

 E	S�0� ��
6�+ E���� 7A	� ��, @���� .
+� 7A	� ��, @���� 7����

�	�o�C��, U8
� 	2���� �A �x	1 JG�8�� e+�� �� ��
�> E� .���

 �� 	I� � ��
�> �S� ����A ����� E�	�� E���� �x	1 JG�8�� 7��

�	�o�C 9��� ����� ���	�I ��	i �--� M�� u	3� E�>�� E	S�0� -

] ���,17 ��5� U��� �A 7A	� ��, @���� �� 
+� ��3� 7��A 7�� .[

 �� ��
�> ������ ����<
+� B��6 E���� \�3x �x	1 JG�8��


�C�D��� �� �--� L��<
+� M>�� N1�A ��, �
6�+ E��	��> E�>

�� .��,  
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 Z)��2- */0.1��( �''( a7.-�67 �A��� �� */.DK �9(.�7 2�4,�$( �3	 5��67 �7$�4 �� �'�	 5�  

���S� ��  
 �--� L��<
+�

)MPa( 

 P�
+G� O���

)GPa(  
 
��, M�	�(%)  

��, W)5 EV	��  

)j/mm3(  

0S-4G  91/215  80/12  76/1  94/1  

1S-3G 90/120  96/7  34/1  88/0  

2S-2G 36/96  70/6  70/1  89/0  

3S-1G 75/81  30/5  13/2  03/1  

4S-0G 07/61  87/4  68/1  59/0  

  
E
	 8- F7$��bK c�
�%�7 �''( ]9:$� �!�< 5��67 �3	 ,�$( �� 

E( 5��67 */.DK ����( �< */0.1��(  

  

���� ��+�	AE�> M�� ����S� -  U�, � M�	�9C�D��� �
� 0S-

4G C�D��� �
� 4S-0G�	� �A �Y� 
+G� O��� �AP� GPa 80/12  �

GPa 87/4A �7�	
-� 	
S� �7� 
+G� O���P� � �� ��9�� 

C�D���
�E�> 
+G� O��� .����� ��, �
6�+P� � ��7�  `��

C�D���
��> ��
 �E <
+� �A�-�L�� --�� �X � �A � ����M�  �4��

��@�� �� �A 7A	� ��,@�� ,��-� 
+G� O���P� ����E ->��� ����� 

E��: �A  �� P�
+G� O��� E��	��> 
�C�D��� ��3S-1G  O��� �A

 P�
+G�Gpa 96/7  
�C�D��� �A 
���1S-3G  P�
+G� O��� �A

Gpa 30/5 �4/33 .
+� ��	� ���� M>�� �4��   
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 U�,10 V	�� ����S�E C�D��� e+�� ��, W)5
�E�> >E��	�� 

� 9�-� ����>�V	�� .E C 
j��� C� ��, W)5	� �<���  9��C� ��

M��- � 
+� �A M�	�����--� L��<
+� U��1 �� .�  M�	� �  

  

  

�A M;� 
��,��� S.�� V	�� ���� ��E  e+�� ��, W)5

C�D���
�E�> >E��	�� �
� �A �5�� �A .�����T�  ����S� C� ���� 
+� �A

M��- U�,  � M�	�10C�D��� �
� 0S-4G C�D��� �
� 4S-0G  �A

V	��E  ��, W)5j/mm3 94/1  �j/mm3  59/0�	� �A �Y� A7�	
-� 

	
S� �7� V	��E � �A 
��� �� ��, W)5	2� C�D���
��> .�����  

  
 E
	10 - bKF7$�� B$�72 67 �!�< ]9:$� ��	 QR�5��  �� ,�$( �3	

67 E(5�� .DK*/ 0.1��( �< ����(*/  

  

��+�	A �M� A����> �A�� C�D���
� 0S-4G C�D��� �
� 4S-

0G �	� �AY� A7�	
-� 	
S� �7�  ��� .��,�A �
,�� �� 
��, M�	�

A M�� />	A7� �� �� 
��, M�	�@�� �� � 7A	� ��,@�� ,�-� 

C�D��� �� 
+� ��, N1�A
� 3S-1G C�D��� �
� 1S-3G  M�	� �A

 
��,13/2  �34/1  Y��	� �A �4��A7�	
-� 	
S� �7�  �� M�	�

 
01 .��,�A �
,��7
,�� 	
S�7� C�D��� �� 
��, M�	�
� 1S-

3G � L�1 ��5�
6����� �A��� C��� A7� ��@�� �� � 7A	� ��,@�� 

,�-� � .
+�7�  L�1�
6����� C�D��� ��
�E�> >E��	��  N1�A

� 
��, M�	� M>�����, � ��7� C�D��� �� ��
 �
�E�> >E��	�� 

 L�1 �A�
6����� C��� � ��>�-����, ]15 	A .[7�� � ���+�7�  ���I

� y���
+����, C�D��� ���
� A �A7�	
-� ��
6����� 	
.A7�  B��6

� .���� ��7� �A7� �3�� C�D��� �� 
+�
� 2S-2G �� �AU�  7
,��

A7�	
-� �
6����� �A�� A7�	
-�  ��� .�,�A �
,�� �� 
��, M�	�

�
�T� �A7� � ���I
�� .  

 ��C�D���
�E�> >E��	�� S>�-� A 7
,��7�	
-� �
6�����  �A

�3�� 	
.A 7
,��7� � B��6
��� .7� �3� 9��A�  U��1 �� 
+�

�E	2� �X� ?�� 
��, M�	� ����)I	� ?�� ~G�S
j� .
+�	� M�	�E�> 

�� 
��,@�� �� � 7A	� ��,@�� ,�-� �� 	AE 	2���� � N1�A��o� 
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	>�� 
��, M�	�E � ��7� ��` C�D���
��> ����,  C� 	?�
� ��

�� �� 
���@�� C�D��� ��
� >E��	�� � .
+�7� C�D��� �� 
���
� 

3S-1G ���I �AE� � N1�A �� 
+���o� A7�	
-�  
��, M�	�

	>��E ����,�	A .E +�	A� �7� � �� ��
 �7�  `��C�D���
�E�> 

>E��	�� �C�� +�	A �A� A	
-� ;<� B�86 �A���;�  ��
6�+ ���� ��

�����+�	�� j ��7� 
1	+ �A M-� 9��C�E�>  J��K
� M-� �

?��	� ��>�	� � ��7� C�D��� `��
��> � ���j����,.  

�� C�D���
��> 0� J��4 �A� --� L��<
+�� ?��	� AE	
-� 

V	�� �� M�	� �A 
���E C .���� ��, W)5�	� C�D���
��> ����E 

�.��
�> �	� ��
6�+ � /� 
��, M�	 �
�T� C�D��� �� ��
� 0S-

4G  �4S-0G � 9�-���>�  �� L��<
+�--�� �A M;���� /.� -

E	�  .���� 
��, M�	� �A 
��� �+�	A 9�-� ���� 
+� �A T��
�


�C�D��� 
��, EV	�� �� ��� E��	��> E�>1S-3G �2S-2G  �

3S-1G  Y��	� �A j/mm3 88/0 �89/0  �03/1 �� 7��RS> .�,�A


�C�D��� 7�� 
��, M�	� E���� Y��	� �A �>34/1 �70/1  �13/2 

 .��
�> �4�� �A����;� 7�� C�D��� �+
� ���� ��S.  9���  M�	�

V	�� � 
��,E ��
 � ��, W)5E  .����� /> �A�-� ��3� 7��A 7��

�� 
+� �X � �AM� �� �4��@��  �� 7A	� ��,89�C� %� V	��E  W)5

���� ��,E �X ��-� ���� .�7� `�x�� ���>� 9�-�E  �� �� 
+� 9�

�7� C�D��� `�� �+�
� �A M;� 
��, M�	���� /.�E	�  �A 
���

--� L��<
+�� 	>�� M�	� ��5� 
01 �A �� ����E .
+�  
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3 -2 - 0.1��( ,%-.� *+$�*/�4  
U�, 12 C�D��� 7
6�+ 
1	+ ����S�
��> � 9�-� ����>� .

� ��+�	A7� ������> 
�C�D��� H �A9���� 4 G�� , �H����-�  
1	+ �A

 7
6�+mm/min 93/33 C�D��� �
� H �A9���� 4 G�� ��@��  ��,

+ 
1	+ �A 7A	�7
6� mm/min 13/8�	� �A �Y� A7�	
-�  �

	
S�7� �
� .����� �� 7
6�+ 
1	+T� � 9�-���>� �X � �A ��M� 

�� �4��@�� C�D��� �� 7A	� ��,
�E�> >E��	��  7
6�+ 
1	+

� M>����A��  E��	��> 
�C�D��� �� �����: �A1S-3G  
1	+ �A

 7
6�+mm/min 79/22  
�C�D��� �A 
���3S-1G  
1	+ �A

 
6�+mm/min 62/11 7
6�+ 
1	+ �49  ���� M>�� �4��

 .
+� ��	� �7� �A7� �3�� C�D��� �� 
+�
� L��;� 7
6�+ 	A�	A �� -

	� ��, 
+� .7�� �6 �A 7
6�+ 
1	+ �� M>��	: 4�6
�  
���;�

�� M�� �A@�� C .
+� 7A	� ��,�	� ������ ��
6�+� ��@��  7A	� ��,

j ��7� 0S1J�� ��EC�+���� ���	j� �0� @���� U�	
���0�	������� 

����, �
� �T� ;<�J�;� � 9�-���>�  ��40 �� ��
6�+ �4��@�� 

����� ] 
+� ��,17 �26� .[7� � N1�A���, �� ��@�� � 7A	� ��,	2� 

�S��0� ��� �A M���� �A9w� S> �A .��,�A �
,���7� ��U� �X �M� 

�� �4��@�� �� �A 
��� 7A	� ��,@�� ,�-� C�D��� ��
��  
�4�6

 7
6�+ �A 
���;� `�� 7�� ��C�D���
�E�> >E��	�� �� �� M��X � -

�>�.  

U�, 13 Z[+ Q[;� 7
6�+ 
�C�D���E�> >E��	�� �;�
� 

�� �A ��,@�� ,�-� � 9�-� �� 7A	� ��, ���>� �� � ��7�  C	� U�,

A7� j���� �
6�+- G ��
6����� G�� C�D��� 9�,
���> ,�� O�|C�  C�

G � 7
6�+��E�> C�D���
��> ?�� .
+� ��, v]-�	� �EC�+	� 

��@�� � �� 7A	� ��,�9��� C�D��� �� Zx�� J��4 �A
� 2S-2G 

 �A �5�� �A .�	� ��>�-� U�,��9��� 
��o�  e;  �03, �� 
 	I

�� Z[+@��  �� 7A	� ��,
+� ����C�+ � 
S�iE�> 06��� ��@��  ��,

.
+� �
6��� 7A	� �7� � N1�A U��1C�+	� C�D��� U� 9�,
� ��-

��, .C�	� ��@�� �,� I�05 �03, ��-
�� C� 7A	�E	� �����.  
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C�D��� Q[;� Z[+ �A �5�� �A
�E�> G ��
 � ��
6�+�� G�� 

� �� 9�,�9��� C�D��� ��
6�+ �H	> .�	� ��>�-�
� 
6�����	� 

G ��,�A�� G ��� ��>�-� 	
S� 9�,���,�� .U� �7�  ��5� ��
 �

M��E�> j �� �� 
+� ���S��7� C�D��� 7
6�+
� ���o�  �� � ��,

C�D���
� i�A� � �����
+� U��1 .��o�  ���S�� M�� 
�C�D��� ��

	x 9��A J��K
�Y� ��: y�������  L�1�
6�����  }	
-� U8  ��

G��E�> C�D���
� , ���S�� M�� �����S� ,��� C�D��� 
]� C�
� 

] 
+�27� .[��o� G ��
6�+�� G��  7
6�+ ��
 � 	A 
+� 7�S�

C�D���
� ?��	� �A �� ���)2A�� +�	A� C .��,�	� G�� G�� ,9�  ��

j7� � N1�A �7
6�+��o� A Q[;� Z[+	
-� �X � �M�  7
6�+ 
1	+

����,�	A��A .7� ��9��� 
��o� � �� 
 	IEC�+	� C�D���
��>  �� �A

���� U��1E �C�+	� ��@�� C�D��� �� ���S�� M�� � 7A	� ��,
���> 

.
+� �
�A��  

  

4 - %���� S2$�  
� ��7� ;<�=� C�D���
�E�> >E��	�� �C��� ������ �;�
�  ��,

�� �A@�� ,�-� � @���� G �A 7A	� ��,��E��)IE�>  �
6�+ J��K
�

--� B��6 � ���,� � 7
6�+ 
1	+ �7� C�D���
��> +�	A�  .�,

�
�T� C �� �4h6 J��4 �A ���� 
+� �A	� :
+� ��, �����  

1- C�D���
�E�> �;�
�  �A ��,4 G�� ��@�� ,�-�   �4 G�� ��@�� 

7A	� ��, � �A �--� L��<
+MPa 91/215  �07/61 ��	� �AY� 

A7�	
-� 	
S� �7� --� L��<
+�� �X � �A .��
,�� ��M�  �4��

��@�� �� �A 
��� 7A	� ��,@�� ,�-� 
�C�D��� �� E�>

E��	��>� --� L��<
+�� 33  �4�� M>��
 ��.  

2- 
+G� O���P� ��
 �E --� L��<
+� �A�-��  � 
,��

C�D���
�E�> �;�
�  �A ��,4 G�� ��@�� ,�-�  �4 G�� ��@�� 

 7A	� ��,
+G� O��� �AP� GPa 80/12  �87/4� �	� �AY� 

A7�	
-� 	
S� �7� 
+G� O���P� .��
,�� ��  7��RS>�X � �AM� 

�� �4��@�� �� �A 
��� 7A	� ��,@�� ,
�C�D��� �� �-� E�>

�E��	��> --� L��<
+�� 4/33  �4�� M>��
 ��.  

3- C�D���
�E�> �;�
�  �A ��,3 G�� ��@�� ,�-�  �3 G�� ��@�� 

 7A	� ��, 
��, M�	� �A34/1  �13/2 �4�� �	� �AY� 

	
S�7� A �7�	
-� ��
,�� �� 
��, M�	�.  

4- C�D���
�E�> �;�
�  �A ��,4 G�� ��@�� ,�-�  �4 G�� ��@�� 

 7A	� ��,V	�� �AE  ��, W)5j/mm3 94/1  �59/0� �	� �AY� 

A7�	
-� 	
S� �7� V	��E � �� .��
,�� �� W)5	2� C�D���
� �>

/.� M;� M�	�E	� --� L��<
+� �A 
���� V	�� ��E  W)5

.
,�� ��,  

5- C�D���
�E�> �;�
�  �A ��,4 G�� ��@�� ,�-�  �4 G�� ��@�� 

 7A	� ��, 7
6�+ 
1	+ �Amm/min 93/33  �13/8 �	� �AY� 

	
S�7� A �7�	
-� �X � �A .��
,�� �� 7
6�+ �A 
���;�M�  �4��

��@�� �� �A 
��� 7A	� ��,@�� ,�-� �X � 7
6�+ �A 
���;�M� 


 ��.  

6- ���� U��1 ��E �C�+	� ��@�� V	�� � 7A	� ��,E  M;� ���S��
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