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Investigation of the Effect of Nano Graphene 
Oxide on Fracture Resistance of Asphalt 
Mixtures with a Fracture Energy Approach 
 
In recent years, extensive studies have been conducted on 
the effect of different nanomaterials on the performance of 
asphalt mixtures. Also, in the present study, Nano graphene 
oxide (GO) in the amounts of 0.2, 0.5, and 0.8% by weight of 
bitumen was used to improve the fracture resistance of HMA 
asphalt mixture against cracking at negative temperatures. 
Nano graphene oxide (GO) has been introduced as the 
material of the century due to its very unique and excellent 
properties. For this purpose, to investigate the effect of this 
nanomaterial on the fracture resistance of the asphalt 
mixtures, the semi-circular bending (SCB) fracture test at 
temperatures of -5 and -15°C and four different loading 
modes have been used. In addition, conventional bitumen 
tests were performed to investigate the effect of Nano GO on 
pure bitumen in this study. The conventional bitumen tests 
showed that the addition of Nano GO to pure bitumen 
increased the softening point, viscosity, and specific gravity 
and reduced the penetration and ductility in pure bitumen. 
Also, the semi-circular bending (SCB) fracture test results 
indicate that using Nano graphene oxide increases the 
fracture energy of asphalt mixtures and improves the 
resistance of asphalt specimens to cracking. So that mixtures 
containing 0.5% of this additive have the best performance. 
The results show that the use of this amount of additive in 
the asphalt mixture at -5°C and pure loading mode I 
increases by 105% and at -15°C and pure loading mode II 
increases by 60% in the fracture energy. 
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55  54  50  49  56-49 °C  ASTM-D36  ���� =dX�  

63  69  76  104  
100≥ 

Cm  ASTM-D113  
 ��M� R-�)C °

25(  

046/1  04/1  036/1  032/1  - 
g

cm��  ASTM-D70  l7Y9� ��� 

50  53  55  64  70-60 0.1mm  ASTM-D5   n74� =A�.)C °25(  

158  151  145  134  
- 

S  ASTM-D88  
 =��7-��)C °

135(  
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3 -4 - �+�+ ��� ;�<� =�+�<	 .��	/0  !>? ��6

@�+ 3���& ��  

-� ;��
 ��� ��� ��] ����� �.� ��� �1�4�5� 

;��
� ��� ���� Z�I �� \.�7
� ��. �.� ��!W 

�� *��;L�� . ��� 48�9�� ��;� ���;�  6789� 	���X�

�1�4�5� � �;��; �.W ;��
� � �. ..��. .7A�W  =c1�d�

��;� ���;� �P� 7��� �^�!* �� W:��\�  	���X�

6789� ��� �1�4�5� ; �. e�\�;�� Z�I \.�7
� �. ��.� 

4+�� ���5 ��� ��-�!2 =�7�� �; 	�-� ��� ��
� 

�!� �.�� �� � �. .	�� �*� �.�4���W ���5� ^�I!� 

��*h�.� � D8�9�W =�7�� 	���X� �; 7��� �.�� ��� 

�1�4�5� 	1�a �. ��� ��M\��;� ����. � D8�9�� 4+�� 

���; D8�9�� .	�� �*�  

3-4-1- 3&�	0 /�)� �+�+ �6� >?! +�@ �&�3� ��  

=�7�� �� �f�a z!X`I �. �!� ���
 ��� ���.  ��

 =; ��1�4�5 6789� 	�-� ���������� ����; ���;

 ]�� ����� ;� �;) ���M\��; �. 	17,� =8�A �� �8E.

=� ��
 =dX�  x�7I) 	
�� �. 	17,� � (��

�P���� �*++P ] *� �.�4��� (������ � ��7I��o ���29 .[

 R-�3=�7�� � !� ���
 ���� ���.  �. �.�4��� .�7� ��

�� ���� �� z!X`I W�  =�� 	�� �.�> =�*+� W� .*�.

	1�a  k1�
 	1�a �+c ���M\��; ���I k1�
 	1�a �II 

 �i!P�I 	1�a �I/II =!-I � Z�I 	!c>7� �!!QI �; �� ��\  ��

=!i� ] *+P ����29.[  

  
 R-�3 - �. ��
 =�7�� =�*+��� �� :�Y�� � �.W =c1�d�  

� �.W �1�4�5 6789� s7� ��,U =c1�d��  �; D8�9�

c� r���!����� a��<� ������ ��� �7j+� =;  �����;�� 

�5 	���X� ,I 	�-� �;��; �. ��!= � ��*�;� �. .*�!�  ��

5�:*+ ��; 6O�
�� �5 �. .7A7� 	;7<� }Ma  ���

=��*/+� ��  b*� =;24  	��� ���. �;160  =A�.

�����  .��\ �!>� ;= b*� 2 ��. �; 	���� 140  =A�.

�����  ��5 �� |� .*�*� �.�. ���> =��9��\ �. .��\

=�7�� ��� =��7��� ��  �d> �;150 �!8� ���  s�4I�� �150 

�!8� ��� �P���� x�7I o �*++P�7I��� ���: �; 18±600 

 ��-���78!P(AASHTO T-312) ��� �; �= 25/1  =A�.

)AASHTO T-71��. �. (� 155 ���� =A�.� �.��\ 

�;�r��  .��*�����AASTO T312  �I *�*� �P����

�!��  ��:� 1�
� =�7��  =; ��4 .*��; *h�.  

�,� �.�	 	��> ��� ��!W E�; �� =�7�� ��� 

=��7��� ��  	��9f =;1 ����� ���  �� � *� �.�. L�;

=��7��� =�7�� ��  ��,U =;=`4h �.�� ��  	��9f �;25 

�!8� ��� �XI!�  �� �|�� .*�*�=`4h  =�7��5 �. =;

��;� ���5� � ��
!� �.�� �� )SCB�XI (!�  .*�

�� =; e�C����!=8 2 I!�  	��9f =; ���. r��1� �; ���1 

�!8� ���� :�-��  �7< =;25 �!8� ���  �� x�� =i1 �.

� =�7��.�C � �. .*�W X`I!z  s�c� �; Z�I �7< 	i��

.2� )a/r �. (=�7�� �� �;��; 33/0 �� *��;.  

3-4-2- ��"��( �	/0 A�B+��.  

� ��
 �7��5!� �.�� �� )SCB �7< =; (

�.���\ �� ��;� ���;� 6789� 	�-� ���:� ��� 

�1�4�5� 	1�a 	`I ��� ��M\��;�  �.�4��� D8�9�

�� .7�� .�� =�7�� ��� SCB � ��� ��7I �a�� =;�  �;

o � ������ �P��I ��/��.�7I�� ,I!= � �. ..�PW  �7��5

���I� 	1�a ��� ��M\��;�  k1�
 	1�a =8�A ��I 	1�a �

 k1�
II P�I 	1�a �!i� I/II � ��� ��7I  =�7�� �.SCB 

�.�C � �7j+� =; ..�P.�C P�I 	1�a!i� I/II �� ��7I  ��

���� L�� =�   R-� z;�d�4 ] .�P �.�4���7  �12:[  

(D1� QI!!� c>7�!	 -I!= ��\ ��� ��!W  =; 	i��

.7�� }�-�� .=�7�� x�� �.  

 (tQI!!� c>7�!	 .7�� }�-��  .=�7�� x�� ��  

 (�j+I!� ���= �X� �. Z�I=� .7�� 	1�a �;�.  
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 R-�4 - L�� ��� �.�C 	1�a ��� ��M\��;� P�I!i�   

���; �7j+� =; ��� L�� �� �f�a =c1�d� �.� 

Z�I ��� .7��� ��.�C �*� =�7�� �. ��� SCB  �.�4���

-I  .	�� �*�!= ��\ �� �U 	��!=�  �; � �.7; 	;�^

QI!!� c>7�!	 -I!= ��\ 	1�a �	��� 	�� ��� ��M\��;� 

; D8�9�!W  k1�
 	1�aI  k1�
 	1�a �II ��� 

=�7�� �� ����� *� .!+m���W ������� ) 6O�
��� �( =;

/��-� 	i�� ��7+�� 	1�a ��� �cI Z�I Z7�D 

�� ] .7�29��; =P [� � �5 =i��`�� ��7I  =1.�c� ��1 

:.�P =i��`�  

)1(  �� � 2

 ��� � ��

���
� 

��; �5 ��*X� =P�  k1�
 	1�aI � �� 2 �;��;��; �� 

k1�
 	1�aII   ���   �4h �;��;��; �� ��� ���x 

��M\��;� ��� b�7h =; 6O�
� ������� 6�� ��   W!;

2 � �4h �� ��;* ]13.[  

� �.W  ��,U �� =c1�d��� � ��M\��; 	1�a ��,U� 

��; D8�9�� i�!= ���� Z�I \.�7
� ��. �.� ��!W 

.�X� =P *� �.�4���� �� -I Rh�7: �!= ��\ �� ��;� 

	1�a ��� ��M\��;� =�:�\ �j� �. D8�9� � �. �*�W 

X`I!z  ��*A �.3 .	�� �*� �.��5  =-+� =; =A7I �;

 ������ �. 	�-� ��!��-� .�C� � Z�I L���\

 � ���; ����P ��� �+I �!^�I 	`I �I*�� �M� }�dc��

 	8� W!�� =; �*�:� �� ��4I� 	1�a �. W� �� �i!P�I �

 ����5 ��� 	.�*`� =; =A7I �; ����� W� �.

 ���
 �� ���. �!� ��� =�7�� �; 	�-� 2!��-�

)SCB�a ��,; ���� =!i� ���; ( ����; � ���M\��; bE

 �. ��1�4�5 ��� 6789� ���P � ���; 	���X� �,�

 ���M\��; k1�
 	1�a �� ��\.�7
 Z�I �;��; �. 	���X�

I  ���M\��; k1�
 	1�a �(���P 	1�a)II  	1�a)

 �i!P�I ���M\��; 	1�a �. � (���;I/II  .*� �.�4���

 W!+m�� ������ ~d� ���. R>�*a =P W� =; =A7I �;

�� �7< =; ������ �. �7�P z<�+� w8�� �. ��1�4�5 �

 �I �4h W!; ���; �. W!/��!�20-  ���> .��/!���� =A�.

.��. ]14�12[�M1 �  W!�9I � ��,; ���� =!i� ���;

 W� �. 	�-� 2!��-� ����5�����`; ��� 	1�a

 �����. �. =c1�d�5-  �15-  .*� e�C�� .��/!���� =A�.  

 ��*A3- ���������� 	1�a ��� ��M\��; D8�9��  

���M\��; 	1�a (S1, S2) mm  �� 

 k1�
 	1�aII  )50�9(  �4h  

 �i!P�I 	1�aI/II  )50�15(  38/0  

 �i!P�I 	1�aI/II  )50�22(  8/0  

 k1�
 	1�aI  )50�50(  1  

Z�I ���:� �\.�7
 �� �;�  2�P =; �*++-� .�7�

��-�!e  ��E� 	�-�!2 d
� )LEFM R;�> (

�!� ;!+� 8P �7< =; .	����  L��LEFM ����� 

�� *��7I \ ���> �.�4��� .�7�!.� a�� =P!= ��O�!2  �.

�X� �. Z�I Z7� }��<�=�  *��; 2U7P Z�I ���*�� �;

]12.[  

 R-�5 +`+�� ��; -�C;�A� =�7�� ��� SCB 

� ���� �� �f�a =c1�d�� *�. b�7h =; ��; ��*�;� �. .

d
� � :�� �� *;�  �5 �. =P *��; .7
 ��� =dX� =; �I

/��-�� � ���5 .�I� �.7�  �7< =; ��; ��5 �� |�

R;�> ,A7I� � ���P� *;� � �4h =; �I� *��.  

  
 R-�5 - QI ��.7��!!b�� �!�� �C;�A =; 	i��� ��;� 

=�7�� ��� SCB ��. �.� 4+��   
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+m��!W a �. �*++-� ���:�!W ���5�  	�-�

� �*����� �.7� ��� =��*/+� }��<� �. Z�I �� )�; 

W��-� �5 �� (���+� �� .7�� �; ��O� .�W  r��� �;

� b�c1�d�!�!W =��*/+� W��-� �� �� *��7I  *���

.�/� ] *��; .�I 	�-� ��29.[  

��;�+;W ��. �.� �4+�	1�4�5 � *+��� 2  �.��

 �*++-�� =i� � R�� �*++-�� �*+P �� �.!=C ��-�!e  

��E� 	�-�!2 d
� )LEFM� (� *��7I  ��7+� =;2 

8�� �� ;�� ��;� ���;�� *��* \.�7
 Z�I� ��. �.� 

��!W �1�4�5 6789� �.� \ ���> �.�4��� .�7�!.� ]12.[  

� �.W o��� ������� �� =c1�d�� ) 	�-�����; (� 

���;� 6789� 	�-� ���:� ��� �1�4�5�  �*� �.�4���

] 	��30  �31.[ o��� �������� ) 	�-��� ��*X�  (

o���� � .�7�!�� ��;� �1�4�5 6789� �. Z�I L���\�  ��

���*�� \!�� �� � � *+P� ^_I *��7I!� �.� :�� ��� 

vOh� �:� �; �*++P�� 6789� ��� �1�4�5�  	�-� �;��; �.

9�I 	>. =; ��!k � .*�.W  �������-� ��������� ��� 

����� ��;� �9I!W �1�4�5 6789� 	�-� ���:��  �.

� �	�� Z�I L���\ �;��;�� /��;��� ���P� ��-� =;!e  

��E� 	�-�!2 d
� )LEFM ������� =; 	i�� (

/��XU� ��� � .��. 	�-�] 5 �� Rh�a� /��i��� 

Xd+�� i��+� �� ��� �;x c>��� ] .��.14 �28  �31  .[

��;� o��� =i��`�� +`+� �� 	�-�� ��;-�C;�A�  zi<

 .��*�����RILEM TC50-FMC �� �7��: ��] �� 

� �.�4���� :.7�  

2(   �� � W�
A���

 

3(  ���� � �D
2 ! a� # t 

 ��5 �. =P ��) 	�-� �o��� �.�c�%
&'� �(W�  �.�c�

) 	�-� ��PJ �(���� ) 	�-� ~d� �.�c�&' �(D 

) =�7�� �d> �.�c�m �(a ) =!1�� Z�I �7< �.�c�m � (t 

) =�7�� 	��9f �.�c�m.	�� (  

 �. 	�-� ����5 e�C�� *��� b��U78: 	�,� �.

 R-�6 .	�� �*� �.�. ����  

  
 R-�6- 	�-� 2!��-� ����5 e�C�� *��� b��U78:  

4- �9+�C D�7 �  

4-1 - �	/0�. +�<	�=  ;�<���� �+�+ �6� >?! 

+�@ �&�3� �� )SCB(  

���5� SCB ��� 6789� ��� �1�4�5� 

vOh� 7��� �; �*�  W:��\ *!�P���M\��; 	1�a ��,U 	`I� 

��. �. D8�9���� 5-  �15 - ���� =A�.� .��\ ��;� 

�X�=� �5 	�-� l�7
 �� e�C�� *� .!^�Ib�� Q�� ��!� 

� ���> B`; .�7� =��.� �.� !\.�.  

4-1-1- G�H�� +&�,"�!  

R-� 7 =�7�� 	���X� ��� �1�4�5� vOh�  �; �*�

7��� ) W:��\ *!�P�GO( \.�7
 Z�I �;��; �.�  �.

��.��� 4+�� � ���� ��� *�.. ���]  �; =P .�. ����

� :�� 7��� *h�. ) W:��\ *!�P�GO ( 6789� �.

�1�4�5e�\ �� o��� �������� � :� �*�;� �. 	�-�� 

�� *;� � ��P�*a =; �I!��  ��*X� �. .7
 5/0 *h�. ���� 

>!� �� *�� � ��; |��� 	1�a ��� ��M\��; ���  �.�c�
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 ��4h38/0  2 �� ���P� *;� 1�� �. ��  �.�c�8/0 ��XI �5 ��*X��i � 	;�^� *���.  

  
  

 (D1�)Me=0 (t) Me=0.38 

  
 

 

 (�)Me=0.8  (b) Me=1 

R-� 7 - 6789� 	�-� 2!��-� ����5 ]��� 	1�a � ����. �. D8�9� ��1�4�5 ���  D8�9� ���M\��; ���  

�W � ����� *�. ,; ��*X� =P!=+ �� ��;�  �.�4���

7��� ��  W:��\ *!�P�vOh� ��7+� =;  6789� �. �*++P

�1�4�5� .��. .7A�. ��;�+;�W �� ]��� zi<  ��7I =C!��

 ��*X� =P 	:�\5/0 �� *h�.  *��7Ii��+� ��*X�� ��;� 

 :��.� 7���  W:��\ *!�P��1�4�5 6789� =;� *��; e�\ �� .

�C�5�  7��� =P W:��\ *!�P����.� ���\ ��� 8���� ��a� 

�P�!�� �����:� ��;�+; �	�� .7
 ���
�� �.W > �; y�I�n!� 

��\���� ;7
�  7��� V>�� �. ..��.*!�P� W:��\ b��n =; �

>!� � 2�P� *+P � �I\�� \*+i�U� �IE�;� � ��.�C 

�� �. � *+P!=C �*/+�=� �� � �� =; b*� =;!*�7 

�� � :� B��; � *��7
� ��P 	���X�� ��; ��  6789�

�1�4�5� ����. �.� ��!W �� � �; ��O� ..7��W 7��� 

 W:��\ *!�P��� *��7I �!��� \*+i�U�  �; �� 6789�

�.�C 2 1�YI� �^�� ;!W >!�  � b��n7���  W:��\ *!�P�

� :�� *�.�; � \78A!�� -�I ��!R �!��-Z�I  �. ��

����.� ��!W �I ] *+P 	���X� Z�I *�� �;��; �. ��,;5  �

32.[  

QI =i��`� �� |�!!� .�X� �.� o����  �. 	�-�

�.�X�  7��� D8�9�W:��\ *!�P�  �.� :� *� k9�� �

5/0  *h�. 7��� W:��\ *!�P�,; *h�. ��7+� =;!=+�  B��;

� :�� o���� ��. �. 	�-�� 5- ���� =A�.�  =; .��\

I�I!w  .�*a57 �38 �24  �105  *h�. �.�X� e��I ���;

��  ���; w!I�I =;)��  ��4h �.�c�38/0 �8/0 (2 � 

�� .7� 1�a �.� �.� :� =P5/0  *h�.7���  W:��\ *!�P�

 =;,; *h�. ��7+�!=+ ���.� :� � :� B��;� o���� 

��. �. 	�-�� 15- ���� =A�.� .��\ I�I =;!w  .�*a

60 �21 �10  �12 	1�a �. *h�. �� ���  w!I�I =;

 ��4h �.�c�38/0 �8/0  2 ��� ..7�  

� :� ��P�*a� o���� =�7�� .�7� �. 	�-� ��� 

��a �2/0 �5/0  �8/0  *h�.�.� :�� ��. �.� 5-  =A�.

����� �I =; .��\!Iw  �;��;53 �105  �64 *h�. �� *��; 

���I =P� �W � :�� �� ��M\��; 	1�a �.	1�a � I  ��4I�

1�a �. .	�� �.��:�� � :� ��P�*a =P� o����  �. 	�-�
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 ��1�4�5 6789� =; r� 7��� �.� :� =P *�.�P L�� \

 �� :� B��; ��:���; 	1�4�5 �.�
 ���a e�\ =�!�
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=��� �� � �� Z�I �� �. ��YI� �*+�. �*++-� �.�C 

�� .7� �P =; �C+� =P�� ��YI� b�*>  �. � �*+�.
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